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SECTION 1

INTRODUCTICN

Disposal of orgyanic wastes from metal finishing is an increasingly
costly alternative to reprocessing and reuse. Resulting in mate-
rials suitable for in-plant resue, use as fuel, or resale to and
reuse by other uses, secondary processing of these wastes could
conserve raw material consumption and thus recuce the amount of
waste that ultimately would enter the environment. Under EPA
contract 68-03-3025 Monsantc Research Corpcration (MRC) assembled
data on the nature of metal finishing industry, current practices
in using, recycling, and disposal of organic fluids, type and
quantity of organi: fluids used and organic wastes generated by
the metal finishing industry categories including metalworking
(metal rolling, cutting, grinding, and heat treating), solvent
cleaning 'degreasing), and surface coating (painting and rust pre-
vention) (refer to Section 4.1 for further definition of those
metal finishing operations included and excluded from this study),
anc technologies available for recovery. reuse, and disposci:-of
organic fluids and wastes.

To collect relevant information, a thorough literature search was
conducted followed by limited industry contacts and visits to envi=-
ronmental regulatory agencies in several industrial states. Waste
sampling and analyses were not included in the program scope.

The purpose of this report is to summarize program findings. The
report 1s organized into six sections. Following the summary, and
the conclusions and recommendations in Sections 2 and 3, Section 4
gives information on the size, growth, SIC code distribution, and
geographic distribution of the metal finishing industry. In Sec-
tion 5, the metal finishing industry and operations are described
including raw materials used, and wastes produced. Section 6
describes technologies for ref-ning, reclamation, reuse, and dis-
posal of metal finishing waste products.

Raw data on industry waste caracteristics collected from state
agent files are appended.



SECTION 2

SUMMARY

Approximately 150,000 industrial plants in SIC Codes 25 and 33-39
comprise the United States metal finishing industry. The purposes
of this study were (1) to describe the metal finishing industry
and its use of organic materials, (2) to describe the guantity
and composition of organic wastes from metal finishing, (3) to
describe the current technologies used to recover or dispose of
these materials, and (4) to draw conclusions and make vecommenda-
tions as to future work that needs to be done to improve the ways
in which organic residues from the metal finishing industry are
reused or disposed of.

2.1 INDUSTRY DESCRIPTION

This study of the metal finishing industry focuses on processes
which use significant amounts of organic materials. These are
(1) the metalworking processes, (2) solvent cleaning, and

(3) product coating processes.

Metalworking processes use oils. They are of four types:
(1) metal removal, (2) metal forming, (3) heat treating, and
(4) rust preventive coating.

Metal cutting operations, such as machining, require oils both as
lubricants and coolants. Emulsified oils or soluble synthetic
fluids are sold as concentrates, then diluted with water before
use. HMetal forming operations use oils primarily for lubrication.
The hot and cold-rolling operations used for production of steel
and aluminum strip and sheet use many different types of oils.
Heat treating operations, such as quenching, use mineral and
emulsified oils to gquickly reduce metal temperatures. Straight
mineral oils are used to coat steel coil as a rust preventive.

Degreasing or solvent metal cleéning uses nonagueous solvents to
clean surfaces of all of the common ferrous and nonferrous metals.
The four main types of organic solvents used for solvent metal

degreasing operations are: alcohols, halogenated solvents, hydro-
carbons, and ketones.

Paints are classified in two major categories, as solvent-based
or water-borne paints. The water-borne paints were developed to
decrease the total amount of volatile solvent emissions and are



widely used as product coatings. However, solvent-borne enamels
and lacguers remain the most widely used in the automotive
industry. Six major methods are used for the application of
product coatings in the metal finishing industry: (1) spray
painting, (2) dip coating, (3) flow coating, (4) roll coating,
(5) electrodeposition, and (%) powder coating.

2.2 ORGANIC WASTES

The annual quantities of organic materials used in metal finish-
ing, the amounts of organic waste currently collected, and the
estimated amounts that could be collected are shown below.

Waste

Annual Waste potentially

consumption, collected, collectable,

Use 106 kg/yr 108 kg/yr 10 kg/vr

Metalworking (oils) 760 180 480
Degreasir.g (solvents) 670 580 630
Product coatings (paints) 1,050 200 200
TOTAL 2,480 960 1,310

The 0ils may be petroleum-based mineral oils (used straight),
emulsified oils, or synthetic oils. Commonly used additive types
include anti-oxidants, rust preventatives, extreme pressure

addltlves, viscosity index improvers, pour point depressants,
fatty oils, and emulsifiers.

Waste mineral oils may contain sulfur, chlorine, flucrides,
nitrogen, phosphates, metal chips and fines, sediment, water,
PCBs, oxidation products, and phenolic compounds as contaminants.

Waste emulsified and synthetic oils may contain metal particles,
biodegradation products, tramp o0il, nitrosamines, and residues
from o0il additives--including sulfur, phosphorus, chlorine, zinc,
lead, copper, and phenolic compounds--as contaminants.

The waste solvents may be halogenated or nonhalogenated and may
contain oil, grease, wax, metallic particles, etc.

Waste coating may contain hlgh concentrations of organic solvents,
resins, and heavy metals

2.3 RECOQVERY AND DISPOSAL

Environmental requlations usually prohibit the discharge of
untreated organic wastes from the metal finishing industry into



surface walers because they contain unallowable concentrations
of both organic and inorganic pollutants.

With iacreasingly restrictive environmental regulations, disposal
of waste o1ls is becoming expensive. Therefore, refining/recla-~
mation/alternate applications are viable options for waste o0il
generators.

Refining/reclamation technology for waste straight o0ils is well
developed. Independent re-refiners accept waste oils for refining
based on their composition and compatibility with refining tech-
nology used in their plants.

Waste emulsifiied o0il treatment reclamation technology has been
well developed in recent years. Economics of on-site or off-site
treatment oxr disposal for a plant will depend or the volume of
waste emulsified oil generated. Larger plants generally treat
their waste prior to discharging wastewater to surface waters.
Smaller plants exercise oif-site treatment or disposal options.

1t 1s possible that some plants might still be illegally disposing
of waste emulsified oil into sewers. The use of regional facili-
ties to treat waste emulsified oils from small plants has been
considered.

Synthetic fluids are expensive, so fluid maintenance and manage-
ment programs in the plant are utilized to increase fluid life
expectancy. Very limited technology 1is available at present to
reclaim spent synthetic fluids. Synthetic fluids marufacturing
firms are developing water soluble biodegradable synthetic fluids
to avoid costly disposal problems. Dispesal a.terrnatives and
costs are bighly dependent on the chemical formulations of syn-
thetic fluids, which are generally treated as proprietary infor-
mation. For this reason, very limited information is available
atout treatment or disposal of spent synthetic fluids.

Waste solvents have high potentials for recovery and reuse. Also
the Resource Conservation and Recovery Act (RCRA)} lists waste
solvents as hazardous waste, so they are to be disposed of in
accordance with the regulations.

Reclariation technology for waste solvents is well developed. Due
to RCRA regulations, disposal of waste solvents is becoming very
expensive. For this reason more generators are starting to use
the services of waste solvent reclaiming firms. Waste solvent

reclaiming firms have been growing in number since RCRA regula-
tions came into effect.

The major application method contributing to paint waste is the
spray coating method. The waste is almost exclusively disposed
of in either sanitary or secured landfills. A very small portion
is incinerated. . :



Paint wastes have limited recovery or reuse potential. Waste
coating may or may not be a hazardous waste depending on 1ts com-
position. The disposal practice will depend on whether the waste
1s nazardous or ronhazardous. RCRA testing will be required to
classify a waste coating as hazardous or nonhazardous.

2.4 CONCLUSIONS

Conclusions from this work and recommendations based upon them
are included. Specific batch scale studies, engineering studies,
and economic studied which are needed are listed.
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SECTION 3

CONCLUSIONS AND RECOMMENDATIONS

CONCI,USIONS

The 150,000 metal finishing plants in the United States use
2,480 nillion kilograms of organic materials per year.

At present approximately 40 percent of these materials are
collected for reclamation or disposal by processes such as
incineration, landfill, or using in road paving. The other
60 percent which is not collected, is disposed of by proc-
esses such as vaporization lesses, process losses on-site,
and dumpaing.

The metal finishing indastry is concentrated in ten heavily
industrialized states: California, Illinois, New York, Ohio,
Michigan, Pennsylvania, Texas, New Jersey, Massachusetts,

and Indiana (in order of number of large plants).

These states are the ones with the most potential for setting
up reclamation centers since they generate the largest amount
of wastes.

The organic wastes from the metal finishing industry come
primarily from the metalworking, solvent cleaning, and prod-
uct coating processes.

The wastes from the metalworking and solvent cleaning proc-
esses generally contain sufficient concentrations of organ-
ic or inorganic contaminants to make them environmentally
unacceptable for discharge to surface waters without
treatment.

Paint wastes vary from innocuous to hazardous; hence, deci-
sions must be made on each one individually to determine
whether or not there are restrictions on the manner in which
they are disposed of.

Waste 0il compositions vary considerably, depending upon
their initial compositicn, the process in which they are
used, the severity of the operating conditions (temperature
and pressure), and tie degree of recycle or reuse.
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3.2

Waste mineral oil refining and reclamation technology is.
well devzloped technically, but their economic practicality
is in question. At present only a small fraction of the oil
which could be re-refined is processed for reuse. The rel-
atively small volume of oil being processed and its fluctuat-
ing quantities produce uncertainty in the economic ylablllty
of this approach. As long as there are few regulations
requiring or strongly encouraging re-refining, 1t will con-
tinue to be a solution for only a small fraction of oil
disposal problems.

The costs of disposing of waste oil are increasing, making
re-refining or reclamation more attractive economically.

High-priced synthetic metalworking fluids are increasingly
used in the industry. The recovery potential for synthetic
fluids is unknown at present.

Few reclaimers handle waste oil water emulsions, or synthetic
or water-based metal working fluids.

Solvent recovery is handicapped by the diversity of solvents
available and the small quantities of specific solvents at
some locations. Some solvent recovery companies are not well
qualified, and they are frequently underfinanced.

Some solvents are complex.mixtures of chemicals that are
difficult to recycle.

Disposal companies are basically incingratlng waste solvents
at high cost. Disposal coste are sc high that waste solvent
generators are reluctant to call them.

Most solvent recyclers only process a limited number of sol-
vents. They may not provide a service to many small waste
solvent generators.

RECOMMENDATIONS

3.2.1 Bench-Scale Studies

(1)

(2)

Establish a bench-scale or pilot-scale demonstration project
for treatment or reuse of metalworking fluid wastes of the
types and amounts that would ke generated in small metal-
working plants. A study of an emulsion treatment process ‘
would be appropriate since this type of process currently is
presenting problems.

Conduct a bench-scale or pilot-scale study to determine -the
influence of oil additives on re-refining processes, and the
feasibility of recycle or reuse of metalworking fluids after
changing the additive composition.



(3)

(4)

(5)

(6j

(7)

Through laboratory analysis and bench-scale studies, inves-
tigate the effects on fluid performance characteristics and
hazard potential of increased concentrations of .23ditives
{(as in repeatedly recycled or reused fluids).

Conduct bench-scale studies to determine effective methods
for breaking the emulsions and oil/water separation.

Investigate on a bench-scale method for removing water from
emulsified oils without breaking the emulsion, reconditioning
the o011, rediluting with fresh makeup water, and returning
the oils to service with minimal treatment.

Conduct a bench-scale or pilot-scale study to determine the
types of metalworking fluids most effectively re-refined.

Conduct bench- or pilot-scale studies to investigate the
recovery potential of synthetic metalworking fluids, and
identify appropriate recovery technologies.

3.2.2 Engineering Studies

(8)

(9)

(10)

(11)

(12)

(13)

(14)

Conduct a survey of large metalworking plants (large-volume
users of metalworking fluids) to determine the present extent
of metalworking fiuid recycle or reuse; identify and categorize
by type of fluid, type of operation, type of machine, type of
metal, etc. Conduct a study of-plant metalworking operations
to determine costs associated with in-plant vs. external anal-
ysis and treatment of metalworking fluids, and cost-effective
process improvements to conserve fluid usage.

Identify alternative uses for recycled metalworking fluids,
degreasing solvents, and waste paints.

Investigate technologies for dewatering or conceatration of
metalfinishing sludges.

Identify alternative uses for nonhazardous metalfinishing
sludges, still bottoms, etc.

Investigate alternative disposal methods for hazardous

metalfinishing sludges and still bottoms, such as burning
paint sludges 1in a cement kiln.

Through ar in-plant engineering study of metalworking opera-
tions, recommend a preventive maintenance program to prolong
the working life of synthetic metalworking fluids.

Conduct a wastestream sampling program to establish pre-
treatment standards for disposal of waste oil.



(15)

(16)

f
!

Based on the results of sampling, desiyn a waste treatment
system to increase the recoverable portion of waste metal-
working fluids. ‘

Conduct an in-plant engineering study to jmprove the segre-
gution of metalwerking fluids preparatoiy to recycle, reuse,
or re-refining.

3.2.3 Economic Studies

(17)

(18)

(19)

(20)
(21)

(22)

(23)

‘24)

(25)

Investigete small metalworking plants (<20 employees) tc de-
termine . he feasibility of metal finishing fluid reuse or re-
cycle and identify economical alternatives fer the small user:

Initiate and demonstrate economic incentives (tax-sheltered,
depreciation-acceleration) for these small metalworking
plants tc practice recycle or reuse as a cost-effective
alternative to disposzi.

Investigate the effectiveness of financial incentives on the
establishient of regional metal finishing waste fluid recy-
cling cznters and waste exchangers in the more heavily indus~
irialized areas of the Urited States identified in this
report.

Investigate the economic feasibility of emulsified oil
treatment or reclamation in small plants.

Conduct an economic study of the oil re-refining and solvent
and paint reclaiming industries.

Conduct a study to icentify the recoverable portion of metal-
finishing wastes and determine the econom:ic value and potenti.
uses for recovered materials.

Identify present disposition of wastes and ascertair. the
degree of hazard presented for each, particularly if they
are currently disposed of in improper ways.

Aid both large and small manufacturers in complying with
nonpolluting program by encouraging safe disposal, recycle,
or re-refining in a practical and eccnomic manner. Essen-
tially develop a handbook for metalworking fluid and clean-
ing solvents recycle, re-refining, reclamation oc disposal.
1t would present practical methods, economics of operation
and provide the manufactursrs with acceptable alternatives.

Considering the disposal problems of different localities and
size of industrial operations, set in motion a project to en-
courage recyclers by demonstrating the market, suggesting
processing alternatives and showing the economic advantages
for the communities.



(26) Catalog present commercial services, listing by marufacturer,
locality, end types of solvent and oils processed. Note de-
ficiencies and consider problems. Frequently, it is difficult
for a waste generator to find a recycler. 1f inadequacies '’

are identified and publicized, private industry may fill the
void.

(27) Investigate the available processes and methods for recy-
cling solvents and metalworking fluids to determine thear:

+ Effectiveness for EPA Compliance

- Effectiveness of process economics

- Note deficiencies and address research to correcting
deficiencies so that acceptable processes will be
available to control pollution.

(28) Review precent recycle and disposal methods used by the in-
dustry and compare them with present EPA regulations. Note
degree of environmental insult and injury occurring and rec-
ommend a practical approach to reducing injury. Consider the
effect of more regulation, improved recycling and disposal
technology or economic incentives. In effect, develop a
program to correct the problem where it exists.

10



SECTION 3

CHARACTERIZATION OF METAL FINISHING INDUSTRY

4.1 METAL FINISHING INDUSTRY CRTEGORIES

Nearly half of the total industrial activity in the United States
is classified as metal finishing. Metal finishing thus comprises
the largest single industry segment. It spends .45 percent of
total cdollars expended by industrial plants for materials, makes
40 percent of all capital expenditures, emplovs 47 percent of all
industrial workers, accounts for 53 percent of the total industry
payroll [1] and includes 148,719 plants [2].

The 1.S metal finishing industry is classified into eight major
groups and 58 subgroups under Standard Industrial Classification
(5IC) codes 25 and 33 through 39, as shown in Table 1 [2]. Based
on the 1977 Census of Manufacturers [l], except for Alaska, the
retal finishing industry was found in all states and the District
of Columbia as shown in Table 2 [3]. Seventeen states and the
Pistrict of Columbia list plant population of less than 1,000.
Califorria has the largest metal finishing plant pepulation,
22,296, and is followed by New York with 12,888 plants. An addi-
tional 7 states-~Illinois, Massachusetts, Michigan, New Jersey,
Ohio, Pennsylvania, and Texas--~have plant populations of more
than 5,000. This is illustrated in Figure 1.

Although all plants use organic fluids and produce organic wastes,
it 1s the larger plants that are likely to generate waste quanti-
ties significant enough for economic segregation, reprocessing,

and reuse. Out of the total of 148,719 plants, 48,907 (one-third

{1] Richards, D. W.; and Suprenant, K. S. Study to support new
source performance standards for solvent metal cleaning opera-
ticns. Appendix reports. U.S. Environmental Protection Agency;
1976 July 30. Contract 68-02-~1329, Task Order No. 9.

[2] Development document for effluent limitations gquidelines
and standards for the metal finishing point source catecory.
Washington, DC; U.S. Environmental Protection Agency; 1980
June; 557 p. EPA 440/1-80-091la.

[3] 1977 Census of Manufactures, Geographic Area Series MC77-A-1
through MC77-A-51. Washington, DC; U.S. Department of Com-
merce, Bureau of the Census; 1978.
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TABLE 1. SIC CODES COMPRISING THE METAL FINISHING CATEGORY INDUSTRY {2]

SIC major group and subcategory of manufacture with defanition

Major Group 25 Metal Furniture, Except Laboratory and Hospital Furniture

251
252
253
254
259

Household Furniture

Office Furniture

Public Building and Related Furniture
Partitions and Fixtures

Miscellaneous Furniture and Fixtures

Major Group 33 Primary Metal Products, Except Metal Forgings and Stampings

331 Blast Furnace and Basic Steel Products
332 Iron and Steel Foundries
333 Primary Nonferrous Metals
334 Secondary Nonferrous Metals
335 Nonferrous Rolling and Drawing
336 Nonferrous Foundraies
339 Miscellaneous Primary Metal Products
Major Group 34 Fabricated Metal Products, Except Machinery and Transportation Equipment
341 Metal Cans and Shipping Containers
342 Cutlery, Hand Tools, and General Hardware
343 Heating Equipment (except Electric and Warm Air, Plumbing Fixtures)
344 Fabricated Structural Metal Products
345 Screw Machine Products, and Bolts, Nuts, Screws, Rivets and Washers
346 Metal Forgings and Stamrings }
347 Coating, Engraving and Allied Services -
348 Ordnance and Accessories, except Vehicles and Guided Missiles
349 Miscellaneous Fabricated Metal Products

/ (continued)
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TABLE 1 (continued)

SIC majo: group and subcategory of manufacture with definition

Major Group 35 Machinery, Except Electrical

351
352
353
354
355
356
357
358
359

Engines and Turbines

Farm and Garden Machinery and Equipment

Construction, Mining and Materials Handling Machinery and Equipment
Metalworking Machinery and Equipment

Special Industry Machinery, except Metalworking Machinery

General Industrial Machinery and Equipment

Office, Computing, and Accounting Machines

Refrigeration and Service Industry Machinery

Miscellaneous Machinery, except Electrical

Major Group 36 Electrical and Electronic Machinery, Equipment and Sup,lies

Radio and Television Receiving Equipment, except Communication Types

Miscellaneous Electrical Machinery, Equipment, and Supplies

361 Electric Transmission and Distribution Eguipment
362 Electrical Industrial Apparatus
363 Household Ayppliances
364 Electr.c Lighting and Wiring =Squipment
365
366 Communication Equipment
367 Electronic Components and Accessories
369
Major Group 37 Transportation Equipment
371 Motor Vehicles and Motor Vehicle Equipment
372 ° Aircraft and Parts )
373 Ship and Boat Building and Repairing
374 Railroad Equipment
375 Motorcycles, Bicycles, and Parts
376 Guided Missiles and Space Vehicles and Parts
379

M.ccelianeous Transportation Equipment .
(contipr*ed)
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TABLE 1 (continued)

SIC major group and subcategory of manufacture with definition

i

Major Group 38 Measuring, Analyzing and Controlling Instruments: Photographic, M¢dical

and Cptical Goods; Watches and Clocks

381

382
383
384
385
386
387

'

Engineering, Laboratory, Scientific, and Research Instruments and Associated

Equipment
Measurirg end Controlling Instruments
Optical Instruments and wenses
Surgical, Medical, and Dental Instruments and Supplies
Opthalmic Gooas
Photographic Equipment and Supplies
Watches, Clocks, Clockwork Operated Devices, and Parts

Major Group 39 Miscellancous Manufacturing Industr:es

391
393
394
395
396

399

Jewelry, Silverware, and Plated Ware

Musical Instruments

Dolls -

Pens, Pencils, and Other Office and Artists' Materials

Costume Jewelry, Costume Novelties, Buttons and Miscellaneous Notions,
Precious Metal

Miscellaneous Manufacturing Industries.

except
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TABLE 2. PLANT POPULATION FOR THE METAL FINISHING
INDUSTRY BY S1C CODES AND DY STATE [3]

1977 SIC Coude

25, 33 thru 39

25 3 34 35 36 37 38 39 (total)
All esteblished inatruments
with 20 with 20 with 20 wWith 20 With 20 with 20 with 20 with 20 with zo
exploy- employ- exploy- enploy- exploy- exploy~ esploy- enploy-~ ecploy-
een or ety Or ees or ees or een or acs 7 ees or eed Or e¢es or
State Total more  Total more  Total more Total wore  Total more _ Yotasl mors  Trtal more  Totnal wore  Total »ore
li.b:.:n 169 62 158 102 437 193 439 12 118 53 158 61 % 16 1338 29 1,668 620
Alas - - - - - - - - - - - - - - - - - -
Arizona 103 21 64 36 261 62 380 -7 159 so 100 23 78 13 219 26 1,364 308
Arkansas 124 51 52 26 216 k] kD)) 65 90 51 121 as 7 ¢ 100 23 1,00 343
California 1,752 570 794 358 4,366 1,39 6,711 1,278 3,047 1,13: 1,906 626 1,450 430 2,262 392 22,296 6,181
Coorado 127 28 (3] 23 318 98 517 112 158 49 113 27 2 29 260 4 1,673 410
Connecticut 113 42 229 122 1,007 418 1,344 a1 €23 206 169 78 209 108 282 88 3,13 1,375
Delavare 9 1 9 [ 47 13 58 12 12 S 12 6 13 S n i 191 51
District of
Columbia - - - - 19 6 1 . 2 - - - - - - 17 ¢ 97 12
Florida 546 122 110 49 976 268 1,049 188 506 159 669 169 246 52 669 T4 4.770 1,082
Georgia 228 94 as 47 464 180 624 153 165 74 169 61 s 21 207 47 2,017 877
Havaii 30 6 - - 36 9 33 3 - - 21 4 - - 83 11 208 33
1daho 20 H 10 4 7 2 129 21 8 2 49 12 - - 47 5 336 69
I1lirois 142 S5 583 k¥4 2,647 1,148 3,480 1,036 1,089 $57 300 140 484 18% 842 258 9,558 3,703
Indiana 262 128 283 184 931 449 1,386 413 329 186 L11] 243 129 4“ 267 718 4,015 1,727
Iowa 65 23 n [} 29 i18 S64 210 95 4“4 102 38 S1 14 142 37 1,289 $2%
Kansas 80 20 56 29 290 107 559 163 110 37 163 69 41 17 113 17 1,412 459
Kentucky 93 38 61 49 304 146 413 135 110 66 85 kL) kx4 12 112 34 1,217 514
Louisiana n 13 42 24 282 96 396 102 70 20 224 87 35 6 129 18 1,255 366
Maine 3s 12 13 4 86 27 114 3 43 n 86 12 22 ] 69 11 468 129
Baryland 108 30 62 30 310 113 p 111 99 179 80 117 29 107 26 154 3 1,388 «39
Rassachusetts 295 a8l 249 129 1,195 40 1 634 439 6684 326 189 E1 ] 435 1713 600 1”7 $,281 1,817
Nichigan 317 132 581 329 2,439 1,060 3,983 1,206 479 201 624 304 251 96 464 89 9,148 3.4a7
Minnesota * 133 a8 12 4 609 250 1,112 322 79 120 151 56 145 7 266 59 2,807 965
Hissisoippf 159 76 35 28 161 70 233 70 73 48 n 36 25 9 70 21 834 358
Xissouri 196 10 140 80 620 240 893 22) 242 110 194 74 108 4?2 293 6 2,686 915
Montana 14 4 16 6 44 10 51 7 7 1 24 5 - . 45 ] 201 7

{continued)



91

TABLE 2 (continued)

1377 51C Code

25, 33 thru 39

25 33 34 35 36 37 38 39 (total)
All established instruments
with 20 With 20 wath 20 wilh 20 With 20 With 20 With 20 wWith 20 With 2
eproy- esploy- employ~ eor,loy~ employ- employ- enploy- employ- ewploy
‘es cr ees or ces or ees or ees or cea or ecs or ees or ees o
State Total more  Total more  Total Dore  Total more  Total more  Total more  Total more  Total more  Total more
hebraska 32 iz 26 15 130 S3 263 63 50 28 43 15 33 16 73 13 650 21
Navada 24 5 12 3 65 10 68 7 LY 9 21 3 16 3 69 16 310 3
tew Hampshire 61 19 3 22 133 k.3 225 n 110 51 27 S 60 25 63 16 718 24
Rew Jersey 324 104 314 159 1.555 532 2,173 506 219 390 225 7 431 179 754 240 6,695 2,18
Hew Mexico 34 3 21 7 74 13 148 18 43 12 20 5 20 4 238 13 598 7
New :ori 1,028 257 466 223 2,542 780 2,871 636 1,527 581 430 134 854 312 3,170 72} 12,888 3,68
Nort
Cavolina 664 391 a7 L1 469 192 841 208 200 98 177 $3 78 27 234 49 2,750 1.06
North Dakota -7 - - - 23 4 92 25 - - 11 3 - - 25 6 152 3
Ohio 307 m 659 403 2,376 1,113 3,683 1.1 647 357 468 224 a3 129 590 146 9,061 3.59
Oklahoma 95 16 a2 44 448 171 . 650 154 124 47 134 59 80 21 160 20 1.820 S3
Oregon 123 31 72 33 406 122 560 130 149 46 210 56 [:}} 18 185 10 1,786 45
Penncylvania 454 186 sge 355 1,940 828 2,497 732 ) 382 kI3} 154 410 154 667 173 7,683 2,9
Phode Island 36 8 110 38 414 a12 319 60 67 35 46 17 48 22 1,053 274 2,031 53¢
South
Carolina 63 29 52 27 232 8s 382 112 79 41 70 27 27 11 93 27 998 35
South Dakota - - - - 35 10 75 23 9 5 26 6 7 4 3 4 183 5
Tennessee 341 132 1ns 68 S22 224 587 162 240 104 198 81 74 18 265 ” 2,345 8t
Texas 512 184 324 151 1,933 707 2,794 m3 674 220 635 198 352 105 733 130 7,957 2.40
Utah 67 20 35 15 164 55 193 48 73 20 57 16 53 13 a1 14 723 20
Vermont 27 16 14 7 43 10 as 32 31 11 12 S 11 4 44 7 267 9
Virqania 175 85 64 34 279 118 414 123 175 68 133 49 80 27 130 29 1,448 53
Washtinyton 144 45 sS 30 478 124 642 129 205 $3 343 89 86 27 278 47 2,21 53
West Virginia 22 11 49 28 131 s9 227 sa 26 15 22 i i8 6 48 9 549 13
wisconein 169 74 233 144 835 351 1,512 520 ns 157 178 75 119 50 450 96 3. ng 1.46
Wyoming - - - - 22 4 52 9 - - - - - - - - 74 1

TOTALS 9.879 3,461 7,313 3,915 33,678 12,740 48,117 12,455 14,936 6,333 10,151 3,649 7,435 2,531 17,210 3,793 14,879 48 90
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of the total) employ 20 or more employees. The majority of the
large plants ( 75 percent), are concentrated in 14 states (Cali-
fornia, Connecticut, Florida, Illinois, Massachusetts, Michigan,
New Jersey, New York, North Carolina, Ohio, Pennsylvania, Texas,
and Wisconsin) with California, Illinois, Michiqgan, New York

and Ohio having the largest populations. This 1s illustrated in
Figure 2.

The metal finishing industry may be categorized on the basis of
four factors: (1) plant size (related to the amount of waste
produced); (2) type of metal finishing operation(s) used (cutting,
cleaning, coating, etc.); (3) type of business association (inde-
pendent job shop versus in-piant, captive shop); and (4) type of
organic material used Regardless of the size and type of
business association (factors 1 and 3), the type of metal fin-
ishing operaticns in use will determine the type of organic

waste produced. Metal finishing operaticns generate oil wastes,
solvent cleaning operations generate degreasing solvents, and
surface coating operations generate paint sludges. The following
three subsections describe the metal finishing industry by these
three types of operations.

There are many metal finishing processes and operations but not
all of them are included in this study. The followi:g processes
are included: (1) metal forming, (2) metal removal, (3) heat
treating, (4) coating, and (5) cleaning. These processes and
operations included in each process are listed in Table 3. The
processes excluded from the study are all metal plating processes,
etching, and other chemical treatment processes. These and their
respective operations are listed in Table 4. They are excluded
either because they are known not to use organic fluids and

produce organic wastes or because they have been included in other
studies.

4.2 METAL FINISHING INDUSTRY DESCRIPTION

Metal forming operations are not ordinarily included in the metal
finishing category, but they are included within the scope of this
report because the metal rolling and stamping operations consume
an estimated 25 percent of all metal finishing oils [4,5].

Metal finishing oils are also used in metal removal operations
(such as cutting), heat treating and rust preventive coating
operations. The metal removal operations, such as cutting and
grinding use half of all metal finishing oils {4,5]. Heat treat-
ing oils and rust protective o0ils each account for approximately

f4) sSager, R. C. Comparing lube demand data. Hydrocarbon Proces-
sina. 60(7):141-147, 1981 July. :

[5]) Helm, J. L. Lube-supply problems to crop up in 1980s. 0il &
Gas Journal. 89-94, 1979 December 10.
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TABLE 3.

1

METAL FINISHING PROCESSES AND OPERATIONS INCLUDED IN THE STUDY

Process category

Forming Removal Treatment Coating Cleaning
Rolling Cutting Quenching Rust protection (oils) Solvent cleaning
Casting Grinding Tempering Undercoating Degreasing
Molding Polishing Wax coating
Stamping Buffing Painting
Blanking Barrel tumbling
Drawing . Abrasive machining
Extrusion

TABLE 4. METAL FINISHING PROCESSES AND OPERATIONS EXCLUDED FROM THE STUDY
Process categqgory

Alteration Removal Coating Cleaning . Plating Chemical

Alloying Shot blasting Rubber Acid Immersion Etching

Welding Sand blasting Plastic Alkaline Electroplating Polishing

Brazing Ceramic Galvanizing Acid pickling

Soldering Chromating Anodizing

Phosphating Bright-dipping
Conversion Passivating —

Paint curing




ten percent of the usage, whilz the remaining five percent is
for other miscellaneous metalwork applications [4,5].

4.2.1 Industry Size

On the basis of NPRA and U.S. DOE data, total sales of metal
finishing oils i1n 1979 were estimated at 878 million litess
(232 million gallons) [4,5].

4.2.2 Growth Trends

Table 5 presents the 1979 sales estimates by metal finishing cate-
gory, as well as projected demand fcr metal finishing oils from
1980 to 1990 [4]. Little growth is expected in the demand for
metal finishing fluids. The ten-year growth rate for metal finish-
ing oils is expected to average less than one percer per year {[4].
By 1982 .a no-growth status is predicted for removai oils because of
the increased use of water base cutting and grinding fluids (4].
Although the use of treating oils is expected to increase, improved
conservation practices are expected to extend fluid life. Forming,
protecting, and other metal finishing oils are used in significant
quantity for ferrous and nonferrous metal stampings, forgings, and
extrusions in the automotive industry, and growth in these areas,
if any, should relate directly to automobile production rates ([4].

TABLE 5. ESTIMATED 1979 U.S. SALES AND PROJECTED U.S. DEMAND FOR
METALWORKING OILS, 1980-1990 (4], MILLIONS OF LITERS

Metalworking . Year —
category 1979 1980 1981 1982 1985 1990
Removal 462 413 416 420 424 424
Forming 21% 189 189 197 204 219
Treating 72 64 64 68 72 76
Protecting a8 91 95 a8 102 106
Other 27 27 - 27 27 27 27
TOTAL 878 784 791 810 829 852

4.2.3 SIC Code Description

Metal forming (metal rolling) operations are concentrated in SIC
Code 33 (metal rolling) and SIC Code 34 (metal forging and stamp-
ing). Metal removal operations, associated with production of
finished or semi~finished products, are widespread in SIC Codes 25
and 34-39. Rust preventative (o0il) coat:ng and heat treating
operations are conducted in all SIC categories. Table 1 in
Section 4.1 provides a brief description of the major three

digit SIC Codes included in these eight 2-digit SIC Codes.
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4.2.4 Geographic Distribution

Figure 3 depicts the nationwide geographic distribution of 1977
sales of all lubricating and industrial oils, including automotive,
aviation, and all industrral ©ils, including metal finishing oils
[6). The metal finishing operations are widespread across tne
country, aithough specific regions of the Uniced States have char-
acteristic industries; 1.e., automotive production and assembly
industries in Ohio and Michigan, steelmaking industries in Illi-
nois and Indiana and aviation-relate< industries in California [4].

4.3 SOLVENT CLEANING INDUSTRY vuaCRIPTION

”
Industrial cleaning procesies can be classified as acid cleaning,
alkali cleaning or solvsht cleanrng. Acid cleaning and alkaline
cleaning processes ave 1mportant in the metal finishing andustry
but are not inclucé:d within the scope of this study. Those zroc-
esses which ger~rate significant amounts of organic waste “‘are
characterized as solvent metal cleaning or degre351ng.
There are two basic processes for solvent cleaningx’ (1) cold
cleaning (generally a simple soak, spray or wipe-cleaning), and
(2) vapor degreasing (cleaning by condensing vaiaporized solvent
on a metal surface).

Degreasing or solvent metal cleaning employs nonagueous solvents

to clean all of the comnon industrial metals, including malleable,
ductile, and gray cast iron; carbon and alloy steel; stainless
steel; copper; brass; bronze; zinc; aluminum; magnesium; tin; lead;
nickel; and titanium. The degreasing process is adaptable to items
of a wide range of sizes and shapes, from transistor components to
aircraft sections. The process is also used to clean metal strip
and wire at speeds from 45 m/min to 60 m/min f7]}.

4.3.1 Industry Size

Based on manufacturer surveys and plant visits, the segment of the
metal finishing industry performing solvent cleaning-~degreasing
operations as an integral part of product manufacture is estimated
to be 49-51 percent of all industrial manufacturing plants having
20 or more employees [1,3]. The average total amount of organic
solvents consumed per year in metal cleaning is estimated at 670
million kilograms (1,500 million 1lb) [3].

[6] sSales of lubricating and industrial oils and greases. Current
industrial reports series. Washington, DC; U.S. Department of
Commerce; Bureau of the Census. 1978 November. 16 p.

{7] Hoogheem, T. J.; Horn, D. A.; Hughes, T. W.; and Marn, P. J.
Source assessment: solvent evaporation - degreasing opera-
tion. Cincinnati, OH; U.S. Environmental Protection Agency,
1979 August. 133 p. EPA-600/2-79~019f. PB 80-128812.
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4.3.2 Growth Trends

The amount of solvent used for industrial cleaning is projected
to reach 1,043 milliecn kg/yr (2,300 million 1b/yr) by 1985 (3].
Table 6 presents the amounts of degreasing sclvents consumed per
year in the United States categorized by type of cleaning process
and solvent type {7].

TABLE 6. ANNUAL DEGREASING SOLVENT CONSUMPTION,
BY SOLVENT TYPE [7]

Degreaser type Average solvent
Solvent used consumption, kag/yr

Cold cleaning:

Butanol 53.6
Acetone . 126.3
Methyl ethyl ketone 177.6
Hexane 420.6
Naphthas 454 .7
Mineral sparits 420.6
Toluene 256.6
Xy7lenes 420.6
Cyclohexane 420.6
Benzene 420.6
Ethers 3,410.2
- Carbon tetrachloride 68.2
Fluorocarbons 89.7
Methylene chloride 2,187.8
Perchloroethylene 249.2
Trichlorcethylene . 292.8
Trichloroethane 568.2
Open top vapor degreasing:
Fluorocarbons 3,806
Methylene chloride 24,518
Perchlorcethylene 10,070
Trichloroethylene 7,165
Trichloroethane 16,394
Conveyorized vapor degreasing: .
Fluorocarbons 9,403
Methylene chloraide 60,053
Perchloroethylene 24,883
Trichloroethylene 17,780
Trichloroethane 40,468
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4.3.3 SIC Code Description

Eight SIC Codes (numbers 25 and 33-39) describe the industrial
categories utilpzing metal degreasing operaticns. The number of
degreasing operations for each SIC industrial code for 1972 was
estimated using percentages calculated from information presented
in Reference [1] and the information is presented in Table 7.

TABLE 7. SOLVENT "NEGREASING OPERATIONS® (7]

Estimated Estimated
number of number of

’ Number vapor cold

of degreasing cleaning

Industrial product category SIC plants operations operations
Metal furniture 25 9,233 492 23,809
Primary metals 33 6,792 1,547 17,558
Fabricated products 34 29,525 5,140 76,329
Nonelectric machinery 35 40,792 5,302 105,456
Electraic equipment 36 12,270 6,302 31,720
Transportation equipment 37 8,802 1,917 22,756
Instruments and clocks 38 5,983 2,559 15,467
Miscellaneous 39 15,187 886 39,262
Subtotal 128,584 24,145 332.417

41972 data.

4.3.4 Geographic Distribution

4.3.4.1 Cold Cleaning--

In 1972 more than half (54 percent) of cold cleaning operations
were located 1n nine states: California, Florida, Illinoas,
Michigan, New Jersey, New York, Ohio, Pennsylvania, and Texas;
Figure 4 illustrates the geographic distraibution of the locations
of these cold cleaning operations {7). The remaining plants are
distraibuted throughout all the other states [7].

4.3.4.2 Vapor Degreasing=-

In 1972 more than 63 percent of vapor degreasing operations were
found in nine states: California, Illinois, Massachusetts, Michi-
gan, New Jersey, New York, Ohio, Pennsylvania, and Texas. The
balance of the plants were located in 40 of the remaining 41 states
[7]. Figure 5 represents the geographic distraibution of vapor de-
greasing operaticns ([7].
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Figure 4. Geographic distribution of cold
cleaning operations [7].

4.4 SURFACE COATING INDUSTRY DESCRIPTION !

The two categories of products manufactured by the U.S. coatings
industry ‘are: (1) architectural ccatings, such as exterior and
interior house paints, and (2) industrial finishes, including
product coatings formulated specifically. for original equipment
manufacture and applied as part of the manufacturing process, and
special purpose coatings such as aerosol paints, rosof coatings,
and refinish coatings. Figure 6 1llustrates the types of coatings
produced by the paint and allied products industry [8].

4.4.1 Industry Size

In 1980 the estimated U.S. production of industrial product coat-
ings for original equipment manufecture was over 1.7 billion
liters (450 million gallons) (9]. Of this total amount of paint

{8] Hughes, T. W.; Horn, D. A.; Sandy, C. W.; and Serth, R. W.
Source assessment: prioritization of air pollution from
industrial surface coating operations. Research Triangle
Park, NC; U.S. Environmental Protection Agency; 1975
February. EPA-650/2-75-109a.

(9] Dean, J. €. The U.S. coatings industry strategv for survival
in the '80s. Chemical Week. 1981 October 21.
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Figqure 5. Geographic distripution of vapor
degreasing cperations [7].

and allied products, an estimated 60 percent consists of volatile
compounds such as organic solvents and water. If the volatile
portion of the product coatings 1s disregarded for comparison
purposes, the 1980 production can be stated as 680 million dry

liters (180 million dry gallons) (40 percent of the preceeding
total quantities) [9].

4.4.2 Growth Trends

The production of these products is expected to increase at an
average annual rate of 1-1.5 percent for an estimate? annual pro-
duction of 738 millaon dry liters (195 million dry gallons) by
1990 {9]. Air pollution regulations limiting volatile emissions
into the atmosphere will cause an increasing shift from conven-
tional solvent-based coating systems to water-based and high-
solids systems. The volatile content of product coatings in 1990
w)>11l average 40 percent, down from the present 60 percent (9].
The net result of this shift in product composition will be a
decrease i1n the total volume of product coatings produced in
1990, as indizated in Table 8 [9). The dastribution of product
coatings by product category 1is piovided in Table 9 (9].
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TABLE 8. COMPARISON OF ESTIMATED PRODUCTION OF PRODUCT COATING FOR
ORIGINAL EQUIPMENT MANUFACTURE IN THE U.S., 1980 AND 1990

Year
1980 1990
Total production, million liters - 1,700 1,230
Total production, (nonvolatile ingredients),
million dry liters 680 738
Volatile fraction (organic solvents and water), percent 60 40
Norvolatile fraction (pigments, .resins, etc.), percent 40 60

TABLE 9. U.S. PRODUCTION OF PRODUCT COATING FOR ORIGINAL
EQUIPMENT MANUFACTURE BY END USE {[9]

Production, millions of

dry liters
Year
Product category 1980 1985 1590

Metal coating

Auto, truck, and bus ) 114 110 102

Containers, closures, metal deco 83 83 80

Machinery, equipment 72 76 80

Coil, sheet, strip (prefinished) 42 53 68

Appliances : 38 " 38 + 38

Metal furniture, fixtures 34 34 38
Nonmetal :

wood furniture, fixtures 117 117 121

Special substances, paper, plastic 72 80 95

wood and composaition flat stock 38 34 34

Other 72 76 83

Total metal coating 382 394 405

Total nonmetal coating 299 307 333

Total production 681 700 738

4.4.3 SIC Code Distribution

Organic product coatings are used in the metal finishing industry
in the manufacture of prefinished metal (coil coatings) and for

finishing fabricated ferrous and nonferrous metal products such as
transportation equipment (auto, truck, and bus), metal containers,
electric equipment and nonelectric machinery, uwetal furniture and
household appliances and miscellaneous metal products in SIC Codes
25 and 34-39, as described in Table 1 in Section 4.1. Geographic
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distribution by state of metal finishing industries in SIC Codes
25 and 33-39 is presented in Table 2 in Section 4.1.

4.4.4 Geographic Dastribution

4.4.4.1 Automobile Coatings=--

The automobile™ industry is the largest manufacturing industry in
the United States. Motor venicle and allied industries account
for one-sixth of the Gross National Product. Surface coating

is the final and most important automobile finishing process.

At the beginning of 1978, passenger cars and light-duty trucksb
were being assembled at 45 and 24 locations, respactively, in

the United States. Total reported outputs from these plants in
1977 and 1975, respectively, were over 9.1 million passenger cars
and over 1.7 million light-duty trucks [10].

Automobile assembly plants are located in 19 states and 43 cities,
as shown in Tables 10 and 11. However, over 32 percent of all
automobiles and light-duty trucks produced in the United States
are manufactured in Michigan [10].

4.4.4.2 Automotive Coatings--

In 1972, according to the Thomas Register of American Manufacturers,
there were approximately 8,700 nonautomobile, product-type surface
coating plants in the United States each having a total sales
volume of $500,000 per vear or more. Mocre than 85 percent of the
plants were located 1n 19 states. These states were: Minnesota,
Wisconsin, Iowa, Missouri, Illinois, Indiana, Michigan, Ohio,
Pennsylvania, New York, Massachusetts, Connecticut, Californaia,
Oregon, Washington, Tennessee, North Carolina, Texas, and New
Jersey. The other 15 percent of the plants were located in the
remaining 31 states. Only two of the states did not have product-
type surface coating plants; these were Alaska and Wyoming {8].

Figure 7 is a graphical presentation of the geographic distribu-
tion of these nonautomotive, product surface coating plants,
based on 1972 data [8].

8The term “automobile industry" as used here includes both auto-
mobile and truck production.

PThe term "light~-duty truck" is defined as "all vehicles waith

- ratings of 8,500 pounds or less GVW." Included in this classifi-
cation are pickup trucks, vans, panel trucks, station wagens
built on pickup truck chassis, multistop trucks, and off-road
vehicles.

[{10] Automobile and light-duty truck surface coating operations
background information document. Research Triangle Park, NC:
U.S. Environmental Protection Agency; 1979 October. 301 p.
EPA-450/3-79~-030. PB 80-123540.
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TABLE 10.

(Model Year 1977)

!

GEOGRAPHIC DISTRIBUTION OF U.S. AUTCMOBILE
ASSEMBLY PLANT PRODUCTION {10]

State

31

City Percentage Units
California (Total) 8.1 740,492
Fremont 1.8 164,216
Los Angeles 1.4 128,143
San Jose 0.7 59,744
Souch Gate 1.4 131,233
. Van Nuys 2.8 257,156
Delaware (Total) 4.0 363,202
Newark 2.5 226,435
Wilmington 1.5 136,767
Florida (Total) -
Sebring -
Georgia (Total) 6.6 595,926
Atlanta 2.0 186,130
Doraville 2.7 241,423
Lakewood 1.9 158,373
"Illinois (Total) 4.5 409,062
) Belvidere 1.9 173,178
Chicago 2.6 235,884
Kansas (Total) 2.9 267,110
Fairfax 2.9 267,110
Kentucky (Total) 1.1 101,057
Louisville 1.1 101,057
Maryland (Total) 2.7 241,171
Baltimore 2.7 241,171
Massachusetts (Total) 1.5 135,776
Framingham 1.5 135,776
Michigan (Total) 32.3 2,948,759
Dearborn 1.4 131,016
Detroit 6.4 587,342
Flint 4.6 416,459
Hamtranck 4.2 379,562
Kalamazoo -
Lansinyg 4.4 404,000
Pontiac 3.6 326,231
wWayne 3.0 273,150
Willow Rua 2.8 255,078
Wixon 1.9 175,921
(continued)



TABLE 10 (continued)

State City Percentage Units

Minnesota (Total) 1.3 115,464
Twin Cities 1.3 115,464

Missouri (Total) 11.1 1,010,786
Kansas City 1.0 93, 94¢€

Leeds 2.8 252,119

St. Louis 7.3 664,721

New Jersev (Total) 6.6 596,791
Linden 2.7 243,455

. Mahwah 2.9 260,560
Metuchen 1.0 92,776

New York (Total) 2.5 230,894
Tarrytown 2.5 230,894

Ohio |, (Total) 7.3 660,101
Avon Lake 0.4 36,136

Lorain 2.7 241,017

Lordstown 1.8 1€2,029

Nor%pod - 2.4 220,919

Texas (Total) 2.5 230,371
Arlington 2.5 230,371

Wiscoqsin (Total) 5.0 457,581
Janesville 3.0 275,576

Kenosha 2.0 182,005

United States TOTAL 100.0 .« 9,104,543
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TABLE 11.

GEOGRAPHICAL DISTRIBUTION OF U.S.
TRUCK ASSEMBLY PLANT PRODUCTION
(Model Year 1975)

LIGHT-DUTY

State City Percentage Units
California (Total) 8 130,829
Fremont 3 53,000
San Jose S 77,829
Georgia {Total) 4 61,925
Atlanta 1l 12,228
Doraville
Lakewood 3 48,697
Indiana Fort Wayne
South Bend
Kentucky (Total) 9 153,404
Louisville G 153,404
Marvland (Total) 4 72,175
Baltimore 4 72,175
Michigan (Total) 35 601,456
Detroit 1 10,543
Flint 14 250,050
Warren 12 212,033
Wayne 8 128,830
Missouri (Total) 10 181,377
Kansas City 4 67,946
Leeds -
St. Louis 6 113,431
New Jersey (Total) 3 42,925
Mahwah 3 42,925
Ohio (Total) 20 357,502
Avon Lake 9 143,895
Lorain
Lordstown 6 102,763
Toledo 3 110,844
Texas Arlington
virginia (Total) 3 54,777
Norfolk 3 54,777
Wisconsin (Total) 4 62,153
Janesville 4 62,153
United States TOTAL 100 1,718,523
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Figure 7. Geographic distribution of nonagtomotive product

surface coating plants by state™ [8]).

. [ )
3pased on distribution of 8,700 nonautomotive surface coating operations in 1972. For
geographic distribtuion of automotive assembly plants see Table 10.
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SECTION 5

DESCRIPTION OF PROCESS OPERATIONS,
RAW MATERIALS, AND WASTES

Tnis.section describes metal finishing operations including metal
working, solvent cleaning, and surface coating, the raw materials
used, and the wastes generated.

5.1 METALWORKING

This section describes various metalworking operations, metalwork-
ing oils, and the waste oils generated.

5.1.1 Process Descriptions

The metalworking processes utilizing oils include metal forming,

metal removal, heat treating, and corrosion-preventive coating
proceases.

5.1.1.1 Mex:al Forming--

Metal formiag processes are of three major types: (1) casting

and molding, (2) hot rolling and cold rolling, and (3) press form-
ing, drawing, and extrusion. All three types of forming operations
are conducted on a large scale in metal foundries. Foundries in
the United States annually produce 17 million Mg (19 million tons)
of cast iron [11), 124 million Mg (137 million tons) of steel [12],
and 45 millicn Mg (50 million tons) of aluminum [13].

Examination of the basic iron casting and steel working prccesses
will illustgate forming, rolling, casting, and molding operations
commonly utilized in the production of otner metais as well.

{11] Baldwin, V. H. Environmental assessment of iron casting.
Research Triangle Park, NC; U.S. Environmental Protection
Agency; 1980 January. 171 p. EPA-600/2-80-021. PR 80-187545.

[12] Draft development document for the iron and steel manufactur-
ing point scurce category. Vol. 1, Draft document. Washing-
ton, DC; U.S. Environmental Protection Agercy; 1979 Cctober.
EPA-440/1-79-024a. PB 81-184392.

[{13) Hotlen, B. W. Bidenate oxygen compounds as boundary lubri-

cants for aluminum. Lubrication Engineering: 398-403, 1974
August.
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Newer technologies for metal forming will be discussed arter con-
sideration of the most comnon processes.

Casting and Molding--Metal castings are produced frem iron, steel,
alloys of aluminum, copper, brass, nickel, magnesium, or zinc.

The technologies for ferrous and nonferrous casting operations are'-
similar, therefore, the discussi>n will concentrate on iron and
steel casting.

Figure 8 is the process flow chart for typical iron foundry cast-
ing operations {[11]). Figure 9 gives a simplified version of the
flow chart, indicating the types of waste expected in casting
operations.

In preparation for casting, iron is melted in cupolas, electric
arc furnaces, or electric induction furnaces [11]. Various types
of processes are used for producing metal castings.

The basic method for casting metal involves pouring the molten
metal into a sand mold. A metal casting is produced by filling
the cavity in a sand mold with the molten metal, allowing the
metal to cool and solidify, then breaking the mold, discarding the
sand, and removing the cast meZal.

The sand mold is formed by placing a model of wood, metal, or
plastic in an appropriately sized container and packing with sand,
either by hand or hydrauli~s press. Clay or other chemical sub-
stances are added to increase the shape-reta®ning ability of the
sand. In the next step of the cperation, the model is removed

and the shapeéd cavity filled with the molten metal. After the
castings are cooled and removed from the molds, excess metal imper-
fections must be broken or ground off. If the separate parts of
the mola did not mate perfectly, there may be a "flash' or sharp
edge to be removed {11].

In pressure casting, molds are rectangular blocks of graphite en-
closing a cavity of the desired size. A ladle of molten metal is
placed in a pressure chamber, which is then sealed. Pressurized
air is then directed into the pressure chamber and the molten

metal 1s forced into the graphite chamber through a ceramic pour-
ing tube. The pressure is released from the chamber and the filled
mold 1s removed and allowed to cool [14].

[{14) Proposed development document for effluent limitations guide-
lines and standards for the iron and steel manufacturing
point source category. Volume III - Steel making, vacuum
degassing and ccntipuous casting subcategories. Washington,
DC; U.S. Environmental Protection Agency; 1980 December.

513 p. EPA~-440/1-80~024b. PB 81~184418.
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In the continuous casting process, molten steel from the furnace
is forced through a water-cooled copper mold to produce a semi=-
finished product. As the semi-solidifieda (liguid .center) steel
emerges from the molds, 1t 1s sprayed with water.to further cool
and solidify the cast product. The semi-finished product then
passes into the cut-off zone, where the product is cut to the
desired length, as bloom, billet, or slab. One of three config-
urations 1is used for continuous casting: vertical casting, ver-
tical casting with bending rolls, or a curved mold design with
straightening mechanism. The latter design needs the smallest
area for production [14].

Shell molding using a two-piece plastic shell supported by iron
shot is employed for the production of high precision castings.
Permznent molds of steel, cast iron, or ceramic may be used, al-
though they are more expensive and time-consuming. Physically
bonded molding is the newest technology for casting metal using
non~chemically~-bound sand or powdered iron. Applications of air
pressure, magnetic or vacuum molding processes are expected to

increase because of their lower potential for environmental
pollution {(11}.

Steelmaking--Basic raw materigis for'%teelmaklng are hot metal or
pig iron, steel scrap, limestone, dolomite, fluorspar and iron
ores. Ircn is converted into steel ingots in either an open hearth,
basic oxyge:n, or electric-arc furnace. Use of the slow process
open hearth furnace is widespread but declining. The basic oxygen
furnace can handle a greater variety of raw materials, and the
electric-arc furnace is best suited for production of high quality
stainless steels [12].

-
The molten steel either is cast continuously into products of the
desired shape or is cast into ingots for subsequent forming. In
conventional casting, the molten steel is tapped into a refractory-
lineé steel laddle. The laddle is moved by an overhead crane to a
pouring platform where the steel is then poured into a series of
molds of the desired dimensions. Alloving materials and deoxidi-
zers may be added during the tapping of the charge or in the
molés. The steel solidifies in each of the molds to form a cast-
ing called an ingot. In the continuous casting process, & laddle
of steel 1s brought and positioned over the tundish which is over
the water-cooled copper mold. The laddle nozzle 1s opened and the
tundish 15 filled with molten steel to the desired depth. Then
the tundish nozzles are opened to permit molten steel to enter
the molds. The casting then passes through a cooling chamber,
straightening mechanism, and cutting device where it is cut into
the desired lengths [15].

{15] Parzons, T., ed. Industry profiles for environmental use:
the i1ron and steel industry. Research Triangle Park, NC;
U.S. Environmental Protection Agency; 1977 February. 209 p.
EPA~-6170/2-77-023x. PB 266 226.
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Figure 10 presents the flow diagram for the basic steel manufac-
turing process (12].

Hot Rolling [12}-~-The temperature of steel ingots is raised in a
soaking pit furnace to prepare the steel for hot working (rolling).
In the furnace, the steel 1s heated until it 1s plastic enough for
rolling to the desared shape.

" In the rolling of steel to reduce thickness, metal is deformed

but not cut. In the rolling process, the same volume of metal
leaves the %olls as enters it and therefore the speed of exit cf
the metal from the rolls is greater than the speed of entry. Some
slippage therefore occurs as the metal passes between the rolls.

The main properties desired of a rolling fluid are to control the
amount. of slippage, withstand the high roll pressures, cool the
rolls and produce a good quality surface finish on the rolled strip.

The basic operation in a primary mrll is the gradual compression
of the steel ingot between the surfaces of two rotating rolls and
the progression of the ingot through the space between the rolls.
The physical properties of the ingot prohibit making the total
required deformation of the steel in one pass through the rolls,
so a number of passes in sequence are always necessary. As the
ingot enters the rolls, high pressure water jets remove surface
scale. The 1ngot i1s pass2d back and forth between the horizontal
and vertical rolls wnile manipulators turn the ingot from time to
time so that it 1s well worked on all sides. When the desired
shape has been achieved 1n the rolling operation, the end pleces
or crops are removed by electric or hydraulic shears. The semi=-
finished pieces are stored or sent to reheating furnaces for sub-
sequent rclling into sheets, colls, or other shapes.

Ever 1increasing attention is being devoted to the conditioning of
seml~-finished products as the requirements for high quality steel
products increases. Major elements in this area involve the need
for removing surface defects from blooms, billets, and slabs prior
to shaping, as by rolling into a product for the market. Such
defects as rolled seams, light scabs, checks, etc., generally retain
their i1dentity during subseguent ferming processes and result in
products of inferior quality. These surface defects may be removed
by hand chipping., machine chipping, grinding, milling, and scarfing.
Scarfing removes defects with an oxyacetylene torch, elther by a
manual process or with a production machine.

Merchant-bar, rod, and wire mills produce a wide variety of prod-
ucts in continuous operations ranging from shapes of small size
through bars and rods. The designations of the various mills as
well as the classification of their products are not very well
defined within the industry; in general, a small cross-sectional
area and a very lcng length distinguish the prcducts of these
mills. Kaw materials for these mills are reheated billets. Many
older mills use hand looping operations in which the material 1is
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!

passed from mill stand to mill stand. As with other .rolling oper-
ations, the billet is progressively squeezed and shaped to the
desired product dimensions 1n a series of rolls. Water sprays

are used throughout the operation to remove scale.

The continuous hot strip m:ill utilizes slabs which are brought to
rolling temperatures i continuous reheating furnaces; the condi-
tioned slabs pass through scale breakers and high pressure water
sprays which dislodge the loosened scale. A series'of roughing
stands and a rotary crop shear produce a section that can be
finished to a coil of the proper weight and gauge. The seccnd
scale breaker and high pressure water sprays precede the finish-
ing stand train in which the final size reductions are made.
Cooling water 1s applied through sprays on the run-out table, and
the finished strip is coiled. Such a mill can turn a 6-foot thick
slab of steel into a thin strip or sheet a qguarter of a mile long
in three minutes or less. The product of the modern hot strip mill
may be sold as produced, or used within the mill for further proc-
essing in cold reduction mills, and for plated or coated products.

Welded tubular products are made from hot-rolled skelp with square
or slightly beveled edges, the width and thickness of the skelp
being selected to suit the various sizes and wall thicknesses to be
made. The coiled skelp 1s uncoiled, heated, and fed through form-
ing and welding rolls where the edges are pressed together at high
temperature to form a weld. Welded pipe or tube can also be made
by the electric weld process, where the weld is made by either
fusion or resistance welding.

Seamless tubular products are made by rotary piercing of a solid
round bar or billet, followed by various forming operations to
produce the required size and wall thickness.

The product flow of typical steel mill operations is illustrated
in Figure 11.

Cold Rolling [16}--Cold rolling is that operation where unheated
metal 1s passed through a pair of rolls to reduce its thickness,
to produce a smooth dense surface, and to develop controlled
mechanical properties of the metal.

Direct application, recirculation, or c¢ombination systems are
used for oil application at cold rolling mills. A general process
diagram of the recirculation system is shown in Figure 12.

{16] Proposed development document for effluent limitarion guide-
lines and standards for the iron and steel manufacturang
point source category. Volume VI. Cold forming, alkaline
cleaning. Washington, DC; U.S. Eanvironmental Protection
Agency; 1980 December. 604 p. EPA-440/1-80-024Db.

PB 81-184442.
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There are various types of cold rolling processes. Cold reduc-
tion is a Spec1al form of cold rolling in which the thickness of
the product is reduced by relatively large amounts in each pass
through the rolls. 1In the producticn of most cold rolled mate-
rials, the cold reduction process is used to reduce the thickness
of the Lot rolled breakdown between 25 percent and 90 percent.

Cold rolled strip, cold rolled sheet, and cold rolled flat bar are
the principal cold reduced flat products. Carbon, alloy or stain-
less steels are used, depending on the end use of the products.

Most rolled products are carbon steel in sheet form and are used
as base material for such coated products as long terne sheets,
galvanized sheets, aluminum coated sheets, tin-plate, or tin-free
steel. Hot rolled coils called "breakdowns" are the base material
used in the cold rolling operation. Prior to rolling, however,

they must he descaled and pickled, usually in a continuous pi.ck-
ling operation.

There are several types of cold reduction mills which vary in de-
sign from single stand reversing mills to continuous mills with

up to six stands in tandem (in series). In the single stand re-
versing mill, the product is rolled back and forth between the
work rolls until the desired tnickness and mechanical and surface
characteristics are achieved. 1In the single stand nonrever51ng
mill, the ma“erial makes a single pass through the rolls and is
recoiled. If additional rolling is required, the coil is returned
to the head of the mill and reworked. The single stand nonrevers-
ing mill is generally used for temperlng operations.

Most cold reduced flat steel is rolled on continuous three, four,
or five stand tandem mills. 1In these mills, the material con-
tinually passes from roll to roll until the desired thickness is
attained. The continuous rolling mills represent modern technol-
ogy and is the type of equipment installed in new mills.

A typical modern cold rolling shop contains a continuous pickling
operation (sulfuric or hydrochloric acid) to remove scale and

rust from the hot rolled breakdown coil. As it leaves the pickler
the strip is oiled to prevent rustlng and to act as a lubricant

in the cold rolling mill. The coil is then fed into a continuous
cold rolling reducing mill that can contain up to six rolling
stands 1in tandem. Each stand contributing to the reduction in
thickness of the material, the first contributes the greatest re-
duction while the last stand acts as a straightening, finishing,

and gauging roll. Unlike hot forming, no scale is formed during
this operation.

The properties of hot rollad seamless pipe can be improved by
cold worxing the product. Cold working the pipe increases its
yield strength and generally 1mproves the product. One method of
cold working is the seamless pipe method, in which the hot rolled
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pipe is dropped into an expander trough and clamped with one end
held firmly against a backstop. A long ram is positioned &t the
opposite end of the pipe, and an expander plug is forced through
the pipe by extreme pressure. The plug is lubricated through the
ram head with a water soluble oil. After cold expansion, the
seamless pipe enters a rotary straightener and then is hydro-
statically tested [16].

Drawing--While most guality requirements for seamless pipe and
tubing products can be met by the hot rolling processes, some pipe
and tube specifications require closer tolerance, enhanced physical
and surface properties, thinner walls, and smaller diameters than

can be met by cold drawing the hot rclled tubes in a finishing
operation.

The process consists of pulling a cold tube through a die, the
hole of which is smaller than the outside diameter of the tube
being drawn. At the same time, the inside surface of the tube is
supported by a mandrel anchored on the end of a rod, so that the
mandrel remains ain the plane of the die during the drawing opera-
tion. Another method involves using an internal bar rather than
a stationary mandrel. Thb:s bar travels along with the tube, as
it is drawn through the die. The hot rolled tubes are crimped
and pointed on one end, so that the pipe section can pass through
the die and permit the jaws of the pvuller mechanism to grip the
end of the tube. 3Some tubes of certain steel grades are annealed
prior to the cold drawing operation. All tubes are pickled to
remove scale and oxides, rinsed, and then dipped into a lubricant
tub (flour, tallow and water, or a special oil emulsion for a
bright finish) prior to the cold drawing operatior [16].

Wire Drawing--Wire drawing bears some similarity to cold rolling,
in that the same volume of meteli leaves the die as enters it and
metal deformation takes place with some slippage in the die . The
speed of exait of the metal from the die is greater than the speed
of entry, because the wire drawing operation reduces the cross-
sectional area of the wire. The exit speed may be several hundred
‘feet per minute, many times the entry speed into the initial die.
In a wire drawing train, the wire is pulled through a series of
dies so that the diameter of the wire is progressively reduced.
Between each die, the wire is passed around rollers to obtain the
desired tension. The art of wire drawing is a complex phenomenon
and much depends upon the skill of the operators. The lubrica-
tion of the wire during its passage through the die plays an im=-
portant role, particularly with regard to lessening the amount of

die wear [17]. Figure 13 preserts a representation of the process
for wire drawing.

{17) Billett, M. Industrial lubrication. New York, Pergamon
Press, 1979. 136 p.
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Figure 13. Wire drawing [17].

Press Forming and Extrusion--The term press work is used by the
metals industry to embrace almost all press operations including
stamping, blanking, forming, and related processes. Blanking is

a process accomplished with dies in presses in which desired shapes
are cut from flat or preformed stock. A blank is usually the work-
piece for subsequent forming or machining, but may.constitute a
finished product in some cases. A number of processes are used

in press forming, the choice depending on the type of shape needed.
These include drawing, bending, stamping, and coining. Although
cold forminc is most common, hot forming is used for very heavy
stock. Some forming operations are dry and in others a lubricant
is used [18]. For hot forging on a hydraulic press, adeguate
lubrication of dies is essential, due to longer contact times in
this type of forging. Although a lower sliding friction is desir-
able at the die-workpiece interface, one of the main functions of
the die lubricant is to act as an intermediate layer between the
die and the workpiece. This »revents seizing on the die and reduces
die wear. Further, the axial motion of the dies causes radial flow
of metal on the die surface. This tends to wipe the lubricant off
the die surface. Thus, hot-forging lubricants should vithstand
high temperatures under high pressures and sliding contact [19].

{18} Levin, J.; Beeland, G.; Greenberqg, J.; and Peters, G.
Assessment of industrial hazardous waste practices special
machinery manufacturing industries. Washington, DC; U.S.
Environmental Protection Agency; 1977 March. 328 p. EPA-
530/sw-141c. PB 265 981.

[(19] Lahoti, G. D.; Nagpal, V.; and Altan, T. Selection of lubri-
cants in hot forging and extrusion. First international
conference on lubrication challenges i1n metalworking and
processing. Chicago, ITT Research Institute, 1978, 52-59.
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Extrusion--There are two alternative methods, forward or direct
extrusion and backward or indirect extrusion. In the process of
forward extrusion, the metal is pushed through a die, when it is
required to form 1t into a desired component shape -(Figure 14).

1t thus differs from wire drawing, where metal is continuously
being pulled through a die. However, as with wire drawing, the
pressures involved in the cold extrusion process are extremely
high as are the resulting temperatures. Most attempts to avoid
the necessity to phosphate the metal surface of the component to
be extruded and to use only a lubricant, without an underlying key,
have not been successful. A similar lubrication situation exists
with backward extrusion, in which a punch 1s used to cause metal
flow back over the punch tool surface to form the compcnent shape.
In contrast to forward extrusion, the metal is not pushed forward
through a die (Figure 14) [17].

Titanium alloys, alloy steels, stainless steels, and tool steels
are extruded on a commercial basis using a variety of graphite and
glass base lubricants. In the patented Sejournet process, the
heated billet is commonly rolled over a bed of ground glass, or

it is sprinkled with glass powder which supplies a layer of low-
melting glass to the billet surface. Prior to insertion of the
billet into the contain:r, a suitable die glass lubricating system
is positioned immediately ahead of the die. This may consist of

a compacted glass pad, glass wool, or both. The prelub:icated
billet 1s quickly inserted into the container followed by appro-
prlate«followers or a dummy block, and the extrusion cycle is
started. The unique features of glass as a lubricant are its
ability to soften selectively during contact with the hot billet
and, at the same time, to insulate the hot-billet material from
the tooling, which 1s usually maintained at a temperature con-.
siderably lower than that of the billet (20].

5.1.1.2 Metal Removal--

Metal removal or machining processes are of four major types:

(1) cutting, (2) grinding, (3) polishing and buffing, and (4) mass
finishing and barrel tumbling.

Machining, according to the definition of the metalworking indus-
try, is the removal of material in the form of chips from metal
parts, usually through the use of a machine tool. The factors
involved in machining are the workpiece, machine tool, cutting
tool, and cutting fluid. Grinding 1s a feorm of cutting ain which
abrasive grains in a grinding wheel act as the cutters.

The machine shop equipment used in plants for metalworking in-
cludes: engine and turret lathes, milling machines, drill presses
and electric drills, grinders of several types, boring mills,

{20] Cook, C. R. Lubricants for high temperature extrusion.
28:199-218, 1971 June.
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planers and hand and cut-off saws. These tools are capable of
functions with a wide variety of nomenclature but they all fall
within the general category of cutting and shaping. Several
machining operations are often carried out in conjunction with
each other and many pieces of eguipment are capable of [ 2rforming
more than one machining function. A typical machining process is
shown schmatically in Figure 15 [18].

Examples of the machining operations which are common to many
metalworking establishments include: milling, facing, turning,
grinding, boring, drilling, reaming, sawing, and planing. All of
them remove metal which may be in the form of chips, turnings,
grindings, borings, etc.

wWhen metal is cut by any of the above methods, heat is generated.
Continuous cooling and lubrication are usually necessary to pro-
tect both the tool and the workpiece from damage and to facilitate
cutting action . These functions are accomplished by the use of
cutting fluids, or coolants, which also flush away metal chips,
reduce strain hardening of the metal, and prevent rust. Cast iron
and some nci:ferrous materials do not require the use of cutting
fluids [18].

Cutting [17]-~-In a metal cutting operation, a tool shears the metal
and the sheared metal removed from the werkpiece forms into either
continuous or discontinuous chips (Figure 16). The energy result-
ing from the shearing of the metal is dissipated through the work-
piece and tool, 1in the form of heat. Additional frictional heat is
also produced by the flow and rubbing of the metal chips, as they
are formed, over the surface of the cutting tool. The total heat
released may cause the building up of some sheared metal on the
too) surface, a phenomenon known as a built-up edge. This weld-
ing »f tool to workpiece can be avoided by the rapid removal of

the heat evolved and also by decreasing the total amount produced,
by reducing the frictional heat component.

A copious, well-directed supply of cutting fluid can remove suffi-
cient heat by metal surface cooling, as the fluid can penetrate
fairly well into the region where the formed chip 1s rubbing over
the tool, producing the frictional heat. The fluid can also lub-
ricate the passage of the chip over the tool. The two main require-
ments for cutting fluids are, therefore, the ability to maintain

the tool and workpiece at acceptable temperature levels and to
reduce the frictional heat formed during the cuttirng operation.

In all cutting oil applications, whether with neat or water-based
fluids, 1t 1s important to maintain a copious supply of fluid to
the cutting zone. This is especially important when ceramic or
cemented carbide tools are used. An interruption in fluid flow
will allow large temperature variations in the tool, with the
possibility of cracking of the tool tip and its early breakdown.
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Figure 16. Cutting tool chip formation [17].

The correct use of cutting fluids allows increased rates of proc-
duction to be achieved in workshops. This is due to the increase
of tool life obtained by reducing the tool wear, improving the
stock removal rate, making power savings and obtaining better cor-~
ponent surface finish, with more accurate dimensional tolerancas.
A further advantage of using a cutting fluid is that with ferrous
components, the residual fluid remaining on the surfaces after

the machining operation prevents rusting occurring.

Grinding~--Grinding is the application of abrasives to a workpiece

to effect the removal of surface material. 1In meial.finishing shops,

grinding may be performed to achieve a desired surface finish, to
remove undesirable material “rom the surface, to remove ‘urrs or -
sharp edges, or to achieve close dimensional tolerance.

Grinding eqguipment includes belts, disks, or wheels consisting of
or covered with various akrasives; e.g., silica, alumina, silicon
carbide, garnet, alundum, or emery. Grinding equipment may be
portable or stationary. Grinding may be with or without the use
of lubricants or ccolants such as water or water~based mixtures,
solutions, or emulsions containing cutting oils, soaps, deter-
gents, wetting agents, or proprietary compounds. Aux:iliary equip-
ment associated with grinding operations includes hoods, vents,
ducts, and dust collectors, and in the case of wet grinding,
tanks, pumps, and pipes for the supply, collection, and recycle
of lubricants or coolants ([21].

Polishing and Buffing--Polishing operations are performed for the

purpose of achieving an i1ntermediate surface which can be refined

further, normally by buffing, prior to plating or surface coating.
The purpose of buffing is to smooth and brighten the surface with-
out much metal rcmoval.

[21) Hollowell, J. B.; Valter, L. E.; Gurlis, J. A.; and Layer,
C. H. Assessment of industrial hazardous waste practices =
electroplating and metal finishing industries - job shops.
Washangton, DC; U.S. Environmental Protection Agency; 1976
September. 516 p. PB 264 346.
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Polishing is carried out on hard-faced wheeals varyind in diameter,
thickness, and material depending upon the part that 1s being
processed, the finish, and the material-removal rate desired.
Wheels are constructed of woven cotton fabrics, canvas, felt, or
leather discs glued or sewn together, or a combination of glued
and sewn discs. Felt wheels are used where true surfaces are
required or where a contoured shape 1s being finished. Leather
wheels produce a finer finish, and wood wheels covered with
leather are normally used for flat surfaces.

Abrasives are generally applied to these belts or wheels with
synthetic adhesives or cements which have generally replaced the
hide glue formerly used. The ratio of abrasive to glue used in
the facing of the wheels changes with grit size [21].

The power is generally transmitted to the coated abrasive belt
through a contact wheel, which is a multi-purpose component and
plays a crucial role in stock removed per time interval, finish
generated and belt life, hence, cost of operation.

Figure 17 illustrates a typical design for an abrasive-coated
polishing belt [22].

Fiqure 17. The abrasive coated belt for
polishing and buffing [22].

Table 12 provides a listing of typical specifications for polish-
ing and grinding various metals with ar abrasive-coated belt ([22].

Mass Finishing and Barrel Tumbling--Mass finishing is a process of
deburring, edge and corner radiusing, and surface finishing a quan-
tity of components in bulk by mechanical means. Improvement of
surface includes removal of rust and scale, reduction of surface

1

[22] Leggett, R. The coated belt: a production tool. Metal
Finishing. 75(12):9-15, 1977 December.
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TABLE 12. POLISHING AND GRINDING WITH AN ABRASIVE~COATED BELT [22]
Belt Ducomcter/
Material Operation Abrasive Grats speed Lubricant Contact wheel type har fness
Hot and cold Grinding ZA or A/O 24-60 4000-7000  Dry Cog tooth or serrated 70-9>
rolled steel Polishing ZA or A/O 80-150 4000-7000 DOry or light Pla.n face rubber, canvas 40-79
grease Hediun
Fine Polishing A/O 180-3¢u  1000-7000 MHeavy grease or Plain race rubber, canvas, cloth Soft
polishing oil
Stainless Grinding ZA or L/O 36-60 3000-50v0  Dry Cog tooth or serrated 70-95
steel Polishing ZA or AJO 80-150  3000-5000 Ory or light Plain face rubber 40-70
grease
« Fine Polishing A/0 or S/C 180-240 3000-5000 Heavy grease or Plain face rubber, canves, cloth Soft
polishing oil
Aluainum Grinding ZA or A/O 24-80 4000-7000 Light grease Cog tooth or serrated 70-92
Polashing A/0 or S/C  100-180 4000-7000 Light grease Plain face rubber 40-70
Medium
Fine polashing A/O or S/C  220-320 4000-7000 Light grease or Plain face rubber, canvas, cloth Soft
heavy grease
Copper and Grinding A/O or S/C 36-80 3000-7000 Light or.ave Cog tooth or serrated 70-95
_ copper Polishing A/O or S§/C 100-150 3000-7000 Light grease Plain face rubber, canvas, cloth 40-70
alloys Hed:ium
Fine polishing A/O or S§/C 180-320 3000-7000 Light grease or Plain face rubber, canvas, cloth Soft
heavy grease
Nonferrous die Grinding ZA or A/C 24-80 5000-7000 L 'ght grease Serrated or plain 70-95
castings Polishing A/0 or $.C 100-180 5000-7000 Light grease Plain face rubber, canvas, cloth 40-70
Mediun
Fine polishing A/O or §/C 220-320 5000-7000 Light grease or Plain face rubber, canvas, cloth Soft
heavy grease
Cast iron Gt inding A or A/O 24-60 2000-5000 Dry Cog tooth or serrated 70-95 -~
Polishing ZA or A/O 80-150  2000-5000 Dry Serrated or plain 40-70
Fine polashing 2A or A/O 150240  2000-5000 Light grease Plain rubber 30-50
Titanius Grinding ZA or S/C 36-60 1000-2500 Dry Cog tooth or seirated 70-95
Polishing s/C 80-120 1000-2500 Light grease Serrated or plain 40-70
Fine polishing s/C 150-240 1000-2500 Light grease Plain face rubber, canvas, cloth Soft
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profile and generating suitable surface textures for decorative
reasons or subsequent paint or chemical coatings. All mass finish-
i1ng techniques are based on the principle of loading cocmponents to
be finished into a container together with media, the media being
natural stones, manufactured nuggets, or abrasives bonded into
various ceramic and plastic shapes. Media can also include steel
shapes, wood pegs, leather pieces and, on occasion, the components
themselves can act as their own media for what 1s commonly called,
"part on part" processing. Generdlly, water and some form of com-
pound are also added to the container during operation. Some form
of action 1s applied to the container to cause the med.a to rub
against component surfaces, edges, and corners (22].

The basic limitations of mass finishing are that, generally, ac-
tion will be effectaive on all the surface edges and corners of the
part, and it 1s not normally possible to give preferential treat-
ment to one area compared with another. Action will be greater on
corners than on similarly exposed surfaces. Action in holes and
recesses 1S significantly less than on exposed areas and, 1in small
deep recesses, it 1s unusual to be able to do any significant work -
at all {23].

In rotating barrel finishing the drum is loaded approximately 60
percent full waith the mixture of parts and media. For normal
operations, loading higher than 60 percent slows down the action,
and lesser loading 1s wasting space. For most operations, water
is added about level to the top of the locad. Increasing amounts
of water provide centle action but slow down the process, reducing
the water level can increase the action, but can also produce
problems with maintanance of cleanl:iness and consistency. Com=-
pounds are usually added as a means -of increasing acrading or -
polishing action, and to keep components and media clean, inhib:t
corrosion, soften the water, etc.

The finishing action within a tumbling barrel results from parts
and media sliding down the slope formed by barrel rotation and,
hence, rubbing against each other. It is possible to automate
barrel tumbling equipment. Thils process incorporates 1ts own
material handling system. The drum rotates 1n a clockwise direc-
tion for finishing the parts. Then, at the end of the process,
the drum's rotation 1s reversed and parts are fed out through a
screener [23].

Centrifugal barrel finishing, like tumbling, uses abrasive nedia,
compound anc water to depourr and surface finish a variety of con-
ponents, but the centrifugal action results in very fast, highiy
controllable deburring, radius, and finishing operations, together

{23) Hignett, B. Mass finishing. Metal Finishing. 76(7):17-21,
1978 July.
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with the zapability of imparting very high compressige stresses in
the surface of components.

In the operation of centrifugal barrel finishing, a number of
drums ar- mounted on the periphery of a turret. The.turret ro-
tates at 1 high speed i1n one direction while the drums are rotated
in a slower speed in the direction opposite to that of the turret.
Drums are generally loaded in 2 manner similar to that for rormal
tumbling oo vibratory operaticns, that is, with parts, media, water,
and some orm of compound. Turret rotation creates a high centri-
fugal forc:, up to as much as 50 gravities, compacting the load
within the drums into a tight mass. Rotation of the drums causes
the media to slide against the work load, removing burrs and re-
finina the surfaces [231}.

Vibratory deburring equipment i1s faster and more cnnvenient than
tumbling barrels. It also has the capability of getting more action
in recesses of components. In addition, vibratory machines can
process larger components than those that can be handled in normal
barrels, without fixtures and with less likelihood of damage. Mod-
ern tub type vibrators are made long enough to process components
up to about 9 meters (30 feet) lcong, such as wing spars. With the
lzng tub-type vibiraiois, it is possible to have fully automated,
continuous processing of small parts loading at one end of the tub,
with unloading at the far end through a separator where media can
be returned to the load end on a conveyor.

Round style or donut vibrators are driven by a vibratory motor -
mounted directly under the center of the tub with a vertical
shaft. Parts and media move around the donut-shaped barrel as
they are vibrated against one another. Most donut-type vibrators
have simple integral separating systems. Of somewhat more gentle
action, donut style machines are easier and more economical to
handle than tub-type units for most smaller-sized components [23]}.

Spindlie machines comprise a circular, rotating tub which holds

loose abrasive media, and a rotary spindle to which the part 1is
fixed. The workpiece mountaed ca the spindle is immersed into the
rapidly moving abrasive slurry, causing the abrasive to flow swiftly
over rough edges and over the surface of components. Process cycles
in spindle equipment rarely exceed 5 minutes and are frequently

less than 30 seconds. This equipment is clearly very weil suited
for parts such as gears, sprockets, and beering cages where fix-'
turing is straightforward and action of the abrasive will be abso-
lutely uniform over all significant areas. Equipment can deburr,
edge radius, and produce very fine surface fimishes and, because
parts are fixtured, there is no possibility of part-cn-part impinge-
ment during the process or at reload time. The limitations result
primarily from the need to fixture the workpieces. Where parts

can be handled entirely satisfactorily in bulk in vibrators, cen-
trifugal barrel machines or conventional barrels, then probably
those machines will be more economical [23].
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5.1.1.3 Heat Treating

Heat treatment of metals is defined as the process of heating and
cooling of a solid metal or alloy in such a way as to obtain
desired conditions or properties. Heat treatiny processes include
annealing and normalizing, used to reduce or control hardness 1in
hot or cold worked metals; hardening by heating and quenching of
certain metals, prancipally steels; carburizing, in which carbon
is introduced into the surface of low carbon steels by heating
them in carbon-rich media followed by quenching; and tempering or
drawing in which metals are heated at low temperatures for stress
relieving or to modify the hardness of quenched steels. Although
steel is the principal metal which is heat treated, the process
is also applied to some grades of cast iron, aluminum alloys,
copper alloys, and magnesium alloys.

Heat treating operations always involve heating of metals under
controlled conditions to a prescribed temperature, followed by
cooling at a rate regquired to result in the desired physical
property in the part being heat treated. Heating operations are
performed in a variety of batch or continuous furnaces in which
reducing or oxidizing atmospheres may be present to control the
rate of carbon introduction or elimination from the metallic sur-
faces; or they may be performed in liquid heating media such as
molten salts or lead. The type of heat treating process used
depends on the type c¢f metal involved and the specific properties
to be rendered. Quenching media.include such liguids as water,
-brine, ‘011, molten salt, and molten lead. For some operations,
coolaing 1s done in still air, or in the furnace by reducing the
temperature at a controlled rate. Parts to be heat treated are
often cleaned by washing in alkaline solutions before heating,
and are generally cleaned after he€at treatment by washing, shot
blasting, or pickling in acids [18].

Quenching-~-In a typical quenching operation, baskets of hot metal
parts are dipped into an oil bath or quench o0il 1s sprayed on metal
parts too large for smaller batch operations. In this application,
the 0il acts as a cooling medium rather than as a lubricant [24].

Annealing [16]--During cold rolling, the steel becomes quite hard “
and unsuitable for most uses. As a result, the strip must usually
undergo annealing to return 1its ductility and to effect other changes

in mechanical properties. This is done in either a batch or con-

tinuous annealing operation.

In batch or box annealing, a large stationary mass of steel is
subjected to a long heat treating cycle and allowed to cool slowly.
In continuous annealing, a single strip of cold reduced product

{24] Bigda, R. J. Review of all lubricants used in the U.S. and
their re-refining potential. Bartlesville, OK; U.S. Depart-
ment of Energy; 1980 June. 86 p. DOE/BC/30227-1.
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passes through a furrace in a relatively short period of time.
The heat treating and cooling cycle 1in the furnace is determined
by the temperature gradient within the furnace as well as the
dimensions and rate of travel of the steel. To prevent oxidation
and the formation of scale, inert atmospheres are maintained in
these furnaces at all times. Prior to annealing, the material
must be cleaned of all dirt and oil from the pickling operation
to prevent surface blemishes. In the case of the continuous an-~
nealing furnaces, the material is uncoiled and passes through a
continuous cleaning operation prior to entering the furnace.
Upon leaving the furnace, the material is oiled and recoiled and
1s then ready to be tempered.

Tempering [16]-~After cleaning and annealing, a considerable amount
of product 1s tempered. In tempering, the thickness of the mate-
rial is reduced only a few percent to impart desired mechanical
properties and surface characteristics.

The temper mill is a single stand cold rolling mill designed to
produce a slight reduction in thickness of the steel. This reduc-
tion develops the proper stiffness or temper by cold working the
steel at a controlled rate. The end use of the material dictates
the degree of tempering to be performed.

An oil-water emulsion lubricant is sprayed on the matarial before
1t enters the rolls of a cold rolling mill and the material ais
coated with o0il prior to recoiling. This oil prevents rust while
the material 1s 1in transit or in storage and must be removed bLe-
fore the material can be further processed or formed.

5.1.1.4 Corrosion Prevention [17]--

The role of temporary corrosion préventive coatings in the indus-
trial oil field 1s to give short-term protection to metallic com-
penents or eguipment. This protection may be duriqg storage, or
transportation, or between manufacturing processes. The werd tem-
porary implies the products are easily removable, when required,
from the metallic surfaces. This is usually done by solvent or
alkalil degreasing. The products are therefore not designed for
the same duties as the permanent protectives, such as paints and

metal coatings, which are not intended to be removable after
application.

The chief destructive mechanism is the atmospheric rusting of
iron. Rusting is an electrochemical process and proceeds in the
presence of air - providing oxygen - and water. Small differences
in electrochemical potential are usually present on iron surfaces
and these set up local anodes and cathodes. 1In the presence of
air and water, which acts as an electrolyte, the cathodic reaction
which takes place on the surface produces rust. Rust consists of
oxides, and hydroxides of iron, and its hygroscopic nature allows
molsture to be trapped, encouraging further rusting.
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Mechanisms other than rusting can also cause the corrosive de-
struction of unprotected i1ron and steel surfaces. The presence of
sulfur dioxide and pollutants in the atmosphere can lead tc the
formation of acidic corrosion. Weod acids, exuding from wooden
packing cases in contact with metal, can also cause a similar form
of attack. Even mineral oils, used as a protective, can be oxi-
dized when in thin films to form organic corrosive acids. Bac=-
terial colonies present on the metallic surface can also set up a
corrosive mechanism by the formation of oxygen concentration cells.
The metal under the colony exists under anaerobic conditions and
locally corrodes when it becomes anodic with respect to the colony
edges. The edges have a higher concentration of oxygen and are
cathodic. These forms of acidic corrosion are normally coxbated
by the inclusion of basic inhibitors in the protective, to neu-
tralize the acids as they form.

The temporary corrosion preventives are predominantly designed for
the protection of ferrous materials under indoor or outdoor short-
term sheltered storage. They may be classified into three main
types: soft film, hard film, and oil protectives.

Soft Film--The soft film types frequently contain a solvent for
ease of application of the protective film. When the solvent .
evaporates. the soft film is left evenly distributed on the metal
surface. The film often consists of hydrocarbon material and nat-
" ural products such as lanolin. Sometimes, these solvent-deposited
products possess dewatering properties in addition, so that metal
components do not have to be dried before being dipped into the
product. The dewatering grades have suarface-active agents incor-
porated in them, so that any water on the metal surface is dis-
placed and the surface ecomes preferentially wetted by the
hydrocarbon material. The displaced water falls to the bottom

of the dipping bath where it is drained away at intervals.

In addition to the solvent-deposited grades, there are 2lso the
non-solvent-deposited soft film grades, such as the petrolatums
ana greases Sometimes, the petrolatums have corrosion inhibitors
incorporated in them to neutralize acidic corrosion. The petro=-
latums arz normally heated before tne components to be protected
are dapped in them. The type of film formed is soft, thick, and

malleable. The exact thickness will depend upon the dipping
temperature.

The thick film petrolatums can be used for the long-term storage
of components, under indoor conditions. They can also be utilized
for storage under outdoor conditions, as long as a further protec-
tive wrapping layer is employed. This is ideally a grease-prcof
paper. The additional wrapping protects the film from contamina-
tion and reduces the risk of mechanical damage. Roller and ball
bearings are frequently protected during storage by the use of
petrolatums. The thick film can easily be removed, when required,
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from the protected component. Besides wiping and solvent degreas-

ing, a dip in a hot 01l bath can also be used to remove the pro-
tective film. ,

Hard Film--The hard film protectives are the second type of tem-
porary corrosion preventives. They are solvent deposited grades
which yield, as the name implies, a hard rather than a soft film,
after application. These products are frequently based on hard-
film-forming ingredients, such as bitumen, contained in a solvent.
They prctect metal surfaces for much longer periods than the soft
film types, because the hard film is tougher and more resilient.
They are used in such applications as car underbody sealants and
for the protection of certain deck areas of ships.

Oils--The third type of temporary corrosion preventives are the
011 protectives. These do not contain solvents and consist of
mineral o1l with corrosion inhibitors to combat acidic corrosion.
They are used mainly for the protection of small components. Due
to the relatively low viscosity of mineral oil, the films formed
tend to re of a thin nature because of the oil drainage which
occurs from a component after dipping. They give, therefore, less
protection than the soft and hard film protectives. A special
class of temporary oil protective is used for the filling or gear
boxes and crankcases of internal combustion engines. These o1ls
are used for protection during transportation of the units, and
are designed also for the units to be run for a short tlme on the
o1ls, before filling with the service oil. :

In the field of steel rolling, special sheet coating oils are used
for the protection of the rolled strip after tempering. These

oils are used to protect the coiled strip during 1its transportation
from the steel mill to the customer. These types of oils are
usually formulated to suit the specified requirements of the cus-
tomer. A motcor manufacturer may require special degreasing prop-
erties for the oi1l, so that it can readily ke removed by the
established process used at the factory. Ease of removal of the
.coating o1l 1s of prime importance in this case, so that the proc-
ess of metal rhosphating and the application of permanent prctec-
tive paint coats can be readily carried out when desired. Before
the transportation of the oiled coils of strip from the steelworks,
it 1s normal practice to treat the exposed edges of the coils with
additional protective. Edges are particularly prone to corrosion
and are subject to rubbing during handling and transit. As in extra
precaution during transportation, the coils of strip may also be
protected with a wrapping of waxed paper.

5.1.2 Raw Materials

Each segment of the metalfinishing industry demands oils specifi-
cally formulated for its requirements. The following widely used
o1ls illustrate the variety of products needed by the industry:

rolling oils, cutting oils, quenching oils, and rust preventative
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oils. The following section describes the purposes of metalwork-
ing fluids, the classificaticn of metalworking fluids, metalwork-
ing oil descriptions, and process applications for ‘specific types
of fluads.

5.1.2.1 Recuirements--The basic functions of metalworking fluids
are lubricataion andsor cooling.

Lubrication

Three types of lubrication, differentiated on the basis of lud ri-
cating film thickness, are hydrodynamic lubrication (bulk or thick
film), boundary or extreme pressure lubrication (thickness of
molecular level), and thin film lubrication (an intermediate
thickness film) [25]. When movirg parts are separated by a film
of fluid greater than 0.25 micrometer (1 x 10 ® in.), the surface
load is supported entirely by the hydrostatic pressure built up
in the film {25]. 1In this type of lubraication, friction and
temperature rise are due entirely to the viscosity of the fluid
and are not affected by the chemical composition of the fluid or
the metal surfaces with which 1t ccmes in contact [25].

As long as hydrodynamic lubrication is meintained, metal surfaces .-
do not come in contact and surface wear is negligible. When the
load on the surface increases or the viscosity of the fluid de-
creases, the film decreases to a thickness measured in molecules,

and the lubricant film is characterized as boundary or extreme
pressure lubrication. Boundary lubricant films are formed by a
surface chemical reaction or physical absorption of a component

of the.fluid. In boundary lubrication, moving surfaces may come
into ccntact, causing surface wear or metal transfar [25].

Thin film lubrication is intermediate between the first two types.
In this type of lubrication, both viscosity of the fluid and chem-
ical composition are important to metalworking fluid performance
{25). The type of metalworking operation, and the type of lubri-
cation will determine the choice of metalworking Iluid.

Cooling--In metalworking operations such as cutting and gquenching
the cooling properties of a fluid are more important than the lubri-
cating properties. A good coclant must have a high specific heat,

a high thermal conductivity, and a high heat of vaporization. The
cooling ability of a fluid is also influenced by its ability to
penetrate to the work zone and effectively wet the tool, die, and/or
workpiece [25]. Oil-based fluids have good wetting and penetrat-
ing properties, while water-based systems vary from poor to gocd.
The specific heat and thermal conductivity of o0il is approximately

(25] Ackerman, A. W. The properties and classification of metal-
working fluids. Lubrication Engineering. 7:385-291, 1969
July.
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one-third that of water. Therefore, oil-based systems generally
cool less effectively than water-based coolants (25}. 1In addition,
all metalworking fluids must fulfill one or more of the following
requirenents [26]:

Friction Reduction - The most common purpose of metalworking

lubricants 1s the reduction of friction by the naintenance of
a film separating metallic surfaces, thus reducing force and

power requirements.

Heat Removal - In many instances, especially if the metalwork-
1ng operation is of the continuous type, the lubricant is
required to cool the dies and/or the workpiece material. The
lubricant must remove both heat generated during the plastic
deformation of the workpiece material, and heat generated at
the interface of tool and workpiece.

Thermal-Insulation - Lubricants employed in hot working oper-
ations must provide thermal insulation between die and work-
piece surfaces, partly to reduce heat loss from the hot stock
and partly to protect the die from excessive heat.

Wear Reduction - Effective metalworking lubrication reduces

the surface erosion wear on dies and rolls by forming a film

to minimize metal-to-metal conrntact. Wear may also be decreased
through removing suspended metal fines and debris in recircu-
lating lubrication systems.

Metal Pick-up Prevention - A metalworkiag lubricant prevents
metal pick-up on the tool surface by preventing the metal-to-
metal contact that can result in spot welding of tool and -
workpiece. Lubrication failure can cause rapid scoring of
the softer material or gradual surface deterioration.

Improving Surface Finish - Elimination or reduction of sur-
face defects by proper lubrication in metalworking operations
results in an improved surface on finished metal products.

Corrosion Prevention - In ferrous and nonferrous metalwork-
ing, the oxidation and corrosion preventive properties of the
metalworking oils are extremely important. The metalworking

fluid must protect the surface against oxidation and scale
formation.

In addition, the metalworking fluid must remain stable in use, be
unaffected by temperature or bacteraiolocical attack, and protect
against formation of corrosive breakdown products.

[26) Schey, J. A. Purposes and attributes of metalworking
lubricants. Lubrication Engineerang. 23:193-198, 1967
May.
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5.1.2.2 Classification--The ASTM has adopted a standard classi-
fication of metalworking fluids which divides fluids into five
groups. Table 13 provides the current ASTM standard classification
of metalworking fluids and related materials [27].

For the purposes of this report, metalworking fluids are classi-

fied into three groups and will be discussed in the following
order:

(1) straight oils (mineral and fatty),
(2) emulsified oils,
(3) synthetic fluids.

A fourth section discusses metalworking fluid additives. Table 14
presents the classification scheme for metalworking fluids used
in this report, based on information in Reference 24.

5.1.2.3 Description~--This section describes the three main types
of metalworking fluids and the additive utilized therein.

Straight oils with no water phase (neac oils) are of two types,
mineral oils and fatty oils. Approximately forty-five percent of
all metalworking oils are straight mineral oils [24]. The neat
cutting oils are used for the slower and more difficult machining
operations, such as gear cutting, screwing and broaching. The
main ability required is lubrication to reduce frictional heat and
thus decrease tool wear. Complicated tool form regrainding can be
an expensive operation and therefore reduced tool wear can be a
key factor in the economy of the machining operations. The neat
o1ls fall into two main classes, straight mineral oils and mineral
oils blended with tatty oils {17F}. “ '

Straight Mineral Oils--Mineral oils used as metalworking fluids

are produced from petroleum base stocks. After the lower boiling
components have been removed by distillation from the crude oil,
the remaining complex mixture of hydrocarbons is fractionated under
vacuum conditions to prevent the cracking or decomposition of the
higher molecular weight hydrccarbons. In the vacuum fractionation
process, lubricating oils are separated and collected in fractions
of various boiling ranges. The separated fractions are refined and
may then be blended together to make a long series of viscosity
grades for use as industrial mineral oils.

Mineral oils are mixtures of vast numbers of hydrocarbons, al-
though small amounts of sulfur and traces of nitrogen and oxygen
compounds mey alsc be present. The composition of the hydrocarbon

[27) Standard classification of metalworking fluids and related
materials. 1In: 1976 Annual Book of ASTM Standards. Part 24.
Philadelphia, PA, American Society for Testing and Materials.
1976. ANSI/ASTM D 2281-73.
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TABLE 13. CLASSIFICATION OF METALWORKING FLUIDS

AND RELATED MATERIALS [27]

I. O0Oils and o1l base fluids

A.
B.

Minerals oils - unconmnpounded

Fatty oils

1. Uncompounded

2. Fatty oils containing chlorinated compounds

3. Fatty oils containing sulfurized compounds

4. Fatty oils made by combining B2 and B3

Mineral ocils - compounded

1. Blends of mineral oil and fatty oil

2. Sulfurized and/or chlorinated mineral oail

3. Mineral oils containing sulfurized fatty
compounds and/or sulfurized nonfatty
compounds

4. Mineral oils ccataining chlorinated fatty
compounds and/or chlorinated nonfatty
compounds

5. Mineral oils containing sulfo-chlorinated
fats or sulfo-chlorinated nonfatty
compounds

6. Mineral o0ils made by combining C3 and C4

7. Mineral oils and/or fatty oils containing
nitrogen or phosphorus compounds or solid
lubricants, etc.,- in addition to, compounds
from the groups descriked in Cl through C6

I1. Aqueous emulsions and dispersions

b A.

Oi1l-in-water emulsions (soluble oils)

1. Mineral o1l - emulsions of Class 1-A

2. Blends of mineral oil and fatty oil -~
emulsions of Class I-Bl or I-Cl

3. Heavy duty or extreme pressure - emulsions
Class I1-C2 through I-C7

Water~in-oil emulsions

1. Mineral oil - emulsions of Class I-A

2. Blends of mineral o1l and fatty oil -
emulsions of Class 1-Bl or I-Cl

3. Heavy duty or extreme pressure - emulsions
of Class I-C2 through 1-C7

Colloidal emulsions

1. Regular - emulsions of Class I-A

2. Fatty - emulsions of Class I-Bl and 1-Cl

3. HBHeavy duty or extreme pressure - emulsions
of Class I-C2 through 1-C7

Dispersions

1. Physical dispersions of liquid (Class I)
materials

2. Physical dispersions of solid (Class 1V)
materials
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TABLE 13 (continued) '

I1I.

1v.

Chemical solutions (true and colloidal solutions)

A. Organic - water-soluble organic systems giving
clear, transparent solutions of low surface
tension

B. 1Inorganic

C. Mixtures - blends of organic and inorganic
solutions
1. High surface tension (45 dynes or over)
2. Intermediate suriace tension (36 to 44

dynes)

3. Low surface tension (35 dynes and under)

Solid lubricants
A. Powders
1. Crystalline, such as graphite, lead sul-
fide, mica, molybdenum disulfide, talc,
calcium oxide, calcium carbonate, zinc
oxide, and zinc sulfide
2. Polymeric, such as polyethylene and PTFE
(polytetrafluorocethylene)
3. Amorphous, such as soaps and waxes
4. Mixtures of Classes IV-Al, IV-A2, and
1v-A3
B. Vitreous materials
l. Borates
2. Glasses
3. Phosphates
C. Greases and pastes
D. Dry films
1. Particle bonded
2. Resin boaded
3. Vitreous bonded
a. Salts
b. Glasses
E. Chemical conversion coatings
1. Phosphate
2. Oxalate

Miscellaneous

A. Chlorinated nonoil type materials, neat

B. Sulfurized nonoil type materials, neat

C. Combinations of Classes V-A and V-B

D. Organic materials not otherwise specified,
such as alcochols, glycols, polyols, esters,
phosphorus compounds, etc.; and dispersion of
solid lubricants (Class IV) 1in such organic
materials’
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TABLE 14.

REPORT CLASSIFICATION SCHEME
FOR METALWORKING FLUIDS [24]

Usage, additives
Tvpe of fluid % Base stock Percent Type
Straight oils 45
Mineral oils Naphthenic petroleum 2-10 Extreme pressure (EP)
Paraffinic petroleum
2-15 Friction reducing
animal fats
<18 Chlorine
<22 Sulfur
Corrosion inhabitors
detergent/dispersant
Biociade
Fatty oils Animal or fish oils Used to formulate
Vegetable o1ls mineral oil
addatives
Emulsified oils S0 High viscosity Emulsifiers
petroleum Corrosion inhibitors
Biocide
Svnthetic oils 5 Nonpetroleum Used to formulate

chemical fluids

mineral oil
additives

mixture depends largely upon which part of the world the crude
However, most oils are mixtures of paraffins,

o1l origanated.
naphthenes and aromatics.

The paraffinic oils are more resistant

to oxidation than the aromatic oils, but when oxidation 1is not a

problem,

down occurs.

the unsaturated ring-type structures of the aromatics
allows them to absorb greater quantities of energy before break-
This specific advantage of aTomatic oils 1is exploited

in the field of high temperature heat transfer where the better
thermal stability of the aromatic-type oils becomes advantageous.
However, when the oxidation stabilaty of the o1l is more aimportant

than its thermal stability,

for example,

in a qguenching o1l bath,

then the paraffin-type o0ils are preferred to the aromatics [17].

An especially important characteraistic for the straight mineral
oil class 1s the viscosity level chosen for a particular applica-

tion.

Although the 0il must be able to lubricate effectively, the

use of a lcw viscosity o1l will improve the cooling abil:ty which,

of course, is advantageous.
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oils would have better retentive properties on the tool and work-
piece 1in the region of the cutting zone. This 1is an important
advantage in the slow speed cutting of the tougher metals.

Mineral oils, blended with fatty oils, are sometimes used when
additional lubrication characteristics are desired. The fatt:
component has good friction reduction properties, due to the
tenacious films 1t forms on metal surfaces. The compounded oils
are also useful in the machining of metals, where staining by the
cutting fluid may be a problem. Examples are the yellow metals
(copper alloys) and aluminum alloys, which can be machined with
compounded o1ls to give excellent surface finishes and minima:l
tool wear. The main disadvantage of compounded o0ils is that the
fatty component is prone to oxidation, with the result that the
viscosity and acidity of the o1l may increase [17].

Fatty Oils--The sources of the fatty acids are frequently vecge-
table, animal, or fish oils. These naturally derived oils provide
the vast majority of the fatty compounds used in the general com-
pounding of mineral oils for many industrial purposes. We have
already mentioned their use in modifying the frictional character-
istics of mineral oils. They are also employed in mineral oils
which have to operate in wet environments. The fatty oil, in the
same case, acts as a surface active agent. It tends to take the
water into the body of the oil, in the form of a water-in-oil
emulsion, thus preventing the lubricait film from being washed off
the surface to be lubricated. - :

Selected fatty oils ~uch as rape seed, lard, tallow, arachis,
sperm, olive, palm . castor have been frequently used for many
industrial lubric.. .~ purposes. .Some have also been utilized .
for the manufacture ot fatty additives which have 1incorporated
in them extreme pressure agents such as sulfur and chlorine.

The various fatty oils possess di€‘ferent compositions. They are

a source of both saturated fatty acids, such as palmitic and
stearic, in admixture with unsaturated fatty acids, such as cleic
and linoleic acids. Castor oil 1s rather unique, in the fact that
it contains an appreciable quantity of ricinoleic acid and hardly
any saturated fatty acids. Ricinoleic acid is an unsaturated hy-
droxyoleic acid which has practically no action on rubber, unlike
the other fatty oils and also, for that matter, mineral oil. Thais
makes the use of castor 01l especially advantageous 1in industrial
applications, where it may come into contact with rubber ccmpon-
ents. However, one of the great disadvantages of castor oil 1s
that it possesses a very high viscosity at low temperatures. This
considerably reduces 1its potential field of actavity.

The various fatty oils have different solubility characteristics

in mineral oils. Castor o1l has only a limited solubility of
about 2 percent. Other fatty oils are much more soluble and are
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frequently used in the 10 to 20 percent weight range for the com=-
pounding of mineral oils. The solubility 1s affectecd by the
hydrocarbon types present -1n the .mineral oil and, of course, the
temperature.

The main disadvantages of fatty oils, for industrial lubrication,
are lack of stability and high price. They tend to decompose and
form gummy deposits at elevated temperatures. They possess, there-
fore, short working lives 1n comparisocn to mineral oils. On lengthy
exposure to air at room temperature, there is a tendency for the
fatty oils to become sticky and rancid. They are also relatively
expensive and many are in short supply. For example, sperm cil
supplies have been drastically affected by the international re-
strictions imposed on the hunting of sperm whales to conserve the
specles.

Hovever, despite these disadvantages, fatty oils have played and
will continue to play an important role in industrial lubrication.
This role 1s not only in the compounding of mineral oil lubra-
cants. In specific applications, fatty oi1ls are utilized in their
own rights as lubricants, without aimixture with mineral oil. An
example 1s the use of palm o1l 1n the steel industry for the roll-
ing of thin gauge straip, a process for which no mineral o1l prod-
uct can give the same performance. ‘

Emulsified Oils--Approximately fifty percent of metalworking oils
are used as emulsified cils f24]. Emulsified oil concentrates.are
derived from hign viscosity petroleum feedstocks. These oi1ls con-
tain additives such as emulsifiers and biocides so that they may

be diluted with water 10:1-20:1 for metalworking service, the degree
of dilution depending on the severity and type of operation (24].

The soluble oils are used as emulsions of o1l in water and are
the most widely used cutting fluids. Emulsions of soluble oil,
when prepared in water, are cf a milky or clear appearance. This
wi1ll depend upon the degrer of dispersion, or the siz2 of the o1l
particles, present in the continuous phase of the emulsion. In
general terms, the greater the amount of emulsifying agent present
in the soluble o0il, the more clear and transparent will be the
erulsion prepared from it. Emulsinn stabi ity s of great impor-
tance 1in service and thLe selecticn of the optimrum emulsifier
system for the particular o1l used 1s a praime consideration.
Also, the 01l must be able to produce stable emulsions in the
waters of various degrees of hardre3- met 1in industvy [(17].

Soluble 011 emulsions, because of theii cooling power, are ideal-
ly suited for use 1n rapid and light machining operations, such
as turning, drilling, and grinding. However, it 1s possaible to
1nclude extreme pressure additives in soluble o01ls to increase
their range of application. The presence of the dispersed oil in
the emulsion has scme lubricating power but the prinary charac-
teraistic of the soluble 0il emulsion 1s 1its cooling ebility. The
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concentration of the soluble oil dispersed in i‘the water will depend
. upon the individual application. It may range from 1 part of o1l
to 10 parts of water for turning, to 1 part of o1l to 50 parts of
water for grinding. For operations, such as grinding, it is -
portant that the machinist can have a clear view of his work as 1t
progresses. It 1s therefore common practice to use transparent
soluble o1l emulsions for this applicat.on.

water-based fluids are subject to bacteriological attack. The
presence of hydrocarbons, water, and often nitrogen, sulfur, and
phosphorus compounds, makes an excellent diet for bacterial growth.
initially, bacter:al infection of the agqueous cutting fluid is
usually caused by airborne dust, or the water used to wrepare the
emulsion. Once established, bacterial growth rates can be very
rapid. Sometimes the machine tool may not have been cleaned
effectively before the introduction of the cutting fluid. Stag-
nant pockets of a previously infected emulsion may be left behind.
The becterial attack may be of the aerobic type when air 1s pres-
ent, or the anaerobic type in the absc¢nce of air. Aerobic bac-
teria frequently produce acidic components which can cause corro-
sion of the machine tool and workpiece. The anaerobic type can
attack the emulsifying agent used i1n the soluble oil, with the
result that emulc n breakdown can take place [17].

Synthetic Fluids--Many synthetically produced hvdrocarbons find
specialized applications in metalwerking. Unlike the conventicnal
mineral o1l p-odunts which contain a multitude of mixed hydorcar-
bons, the synthetic hvdrocarbons are relatively pure and possess
relatively narrov boiling ranges. They may be paraffinic or aro-
matic in nature. The aromatic synthatic-type oi1ls find outlets 1in
such applications as high temperature heat transfer. The synthetac
paraffinic types may prove useful in the metal rolling field, or in
other applications where narrow boiling liquids of good oxidation
stability are advantageous [17].

The synthetic lubricants are classified as silicone polymers,
polyoxyalkanes, polyesters, fluorocarbons, chlcrocarbons, and
phusphorus derivatives. These products age first manufactured
chemically and then refined and compounded for use as lubricants.

Because of their poor so0lvent properties, silicones have proved
Ci1fficult to use as lubricants for steel, and additives are needed
to i1ncrease their lubricaity. They have tound their primary lub-
rication application in the form of greases {24).

Liquid polyoxyalkanes are generally polymers of polyethylene gly-
cols or polypropyleae glycols or copolymers of ethvlene or propy-
lene oxide. They have been successfully used as metal forming
lubr: cants. They can be tailored to varaious degrees of 01l so’u-
bility. Lubricants made from these preoducts have hich enouch
viscosity indexes and low enough pour points to be used as all-
weather engine oils,
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Polyester-type lubricants have been synthesized with trimethyl-
olpropane reacted with various fractions of mi.ed fatty acads,
adipic acid reacted with various fiactions of mixed branched alco-
hols; esters of adipic acid and branched nonyl alcchols; and
esters of methyl adipic acid and mixtures of branched alicohols.
There also are many commercially available esters suitable for
lubricating oils which are prepared from oxo process branched
chain alcohols reacted with adipic, azelaic, and sebacic acids or
‘other polycarboxylic acids. These ester lubricants are widely
used in military and commercial aircraft as engine oils and as
instrument oils and greases.

The phosphate ester oils are probably the most commonly used syn-
thetic o1ls in the United States today. Most turbine powered
aircraft utilize diester lubricants. These ester oils show
excellent response to many types of lubricant additives such as
antioxidants, rust inhibitors, viscosity irdex improvers, cdeter-
gents, and antiwear agents. They are available in a variety of
viscosity grades. Further, they have the advantage that their
hydrolysis or oxidation products are mild wear additives and rust
inhibitors. Because of the good solvent properties, the esters
behave like good detergent oils [24].

For rore general lubriaication applications, outside the field of
fire~resistant lubracants, the synthetic esters are sometimes
utilized 1n certain circumstances, such as 1n compressors anud geer
boxes, when the operating conditions- are severe encugh to warrant
them. The synthetic organic esters can be manufactured with
higher stabilities than mineral o¢il based products. The use of
special additives allows the esters to be utilized at much higher
temperatures.

The synthetic esters were originally developed for the lubrication
of high speed aircraft and aviation gas turbines. The diesters,
utilized as base cils for these applications, are based on prod-
ucts derived {rom such materials as sebacates, azelates, and
adipates. The diester lubricants were originally designed for
aviation purposes. In the high temperature region, it is essen-
tial that the synthetic lubricants be able to lubricate not only
under high speed conditions, but also under high bearing loads.
The ester fluids have excellent thermal stabilities but special
high temperature anti-oxidants are utilized to increase the o:ida-
tion stabilities, and also additives are incorpovated for the
improcvement of the load carrying properties (17].

These synthetic base stocks, though each possess special prop-
erties, must ke formulated in much th2 same manner as the hydro-
carbon base stocks; that is, with antioxidants, cust inhibitors,
wear additives and other materials to Improve the lubr:cating
properties oy the oils. All of the syntiietics are inherently more
costly than hydrocarbon-based oils because they must first be
syntheszized in a complex chemical operation.
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Additives--In many industrial metalworking applications, the selec-
tion of a certain hydrocarbon-type o1l may not be enough tc cope
with the working conditions imposed upon it. Additives are then
incorporated into the o1l to enhance 1ts properties [17].

Table 15 summarizes the types of lubricant additives most frequent-
ly used in metalworking fluids [28]. The following paragraphs
describe the purposes and types of additives used in metalworking
oils.

Oxidation Inhibitors--The rate at which the oxidative process pro-
ceeds depends predominantly upon the guality of the oil. When
severe oxidation conditions are present in an industrial applica-
tion, it 1s common to use oxidation inhibitors to reinforce the
interent stability of the oil. These oxidation inhibitor addai-
tives normally function by prolonging the induction veriod which
precedes the main oxidation reaction. The additives may be of the
oxidation chain breaker type that interrupt the initial stage of
the re-ction before it can proceed catastrophically. Alternative-
ly, ttey may be of the metal deactivator type wnhnich minimize the
cataly-1c effect of the metals present in the system by adsorption
onto thsir surfaces, thereby passifying them. 1In certain appli-
cations, 1t may be necessary to employ both types of oxidation
inhibitor in the oil [17].

Rust Preventatives~--01ls prevent rusting by wetting the metal sur-
faces,  therepby preventing air and water coming into contact wath
them. The se of rust inhibitcrs as additives can assist the o1l
in this rec:tect, by making the 01l film become more strongly ad-
sorbed onto the metal surface.

In certain application, it is necessary to incorporate vapor phase
corrosion inhibitors into oils to prevent corrosive attack occur=-
ring in spaces above the o~ level in the system. These types of
inhib_.tors function by possessing relatively high vapor pressures,
which allows them to migrate from the 01l solution into the air
spaces where they are adsorbed onto the metal surfaces to be
protected [17].

Anti-Foamants--0ils dissolve air, the amount dependirng predomi-
nantly on the air pressure and also to a lesser extent on the tem-
perature. When the air remains in solution, there 1is no problemn.
However, if the air pressure above the 0il 1s suddenly reducedqd,
then the air will tend to come out of solution and form small bub-
bles which may become trarped in the oil. It is possible to break
such foams by the incorporation of anti-foam agents into the oil.
However, care must be taken that the use of such agents does not

[28] Weinstein, J. J. Waste oil recycling and dispésal. Cincin-
nati, OH; U.S. Environmental Protection Agency; 1974 August.
327 p. EPA-670/2-74-052. PB 236 148.
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TABLE 15. LUBRICANT ADDITIVES |28]|

Type Reason for use

How they work

Adveise effects

Timits of sctivity

Typical rouapounds

Other
possible compounas

Prevent or control
formaticn of var-
nish, sludge and

Ox1dation
Inhibitor

corrosive coapounds.

Limit viscosity
inciease.

Prevent formation of
rust in aress under
the oil especially
during equipaent
shutdown.

Rust
Preventive,
{Liquid Phase)

Decomposes peroxides

inhibit free-radical
formation, and pas-
sivate metal sur-
faces

folar type compounds

react with or are
adsurbed on metal
surlaces.

(Vapor Phase)  Prevent rust formation Volatile basic com-

in areas above the
oil Jevel.

ZL

Anti-Foamants Ensure rapid collapse

- of large air bub-
bles, prevent ex-

- cessive o1l oxida-
tion.

Reduce the rate of
viscosity change
wvith temperature

Viscosity
Index
Improvers

pounds are vaporized
vith vater and keep
condensate basic.

Attracted to oil/aar

int:rfaces, they
lover the surface
tension of air bub-
bles, causing the
formation >f quick-
breaking large
bubbles

These polymers are

tightly coiled (and
relatively insoluble)
in o1l at lov tem-
peratures and un- .
coiled (and quite
soluble) 1n oil at
high tempetatures.
V! 1mprovers con-
tribute to o3l vis-
cosity at higher
temperatures pre-
venting “thinni. g *

Can increase o3l

vépar pressure,
prosote (10 the case
of zanc organics)
corrosion and cause
heavy o1] sludging
ond darkening (in
soae nitrogen com-
pounds)

Reduce o1l omadataon

resistance and pro-
wote formation of
enmulsions

Reduce 01} oxidation

resistance and pro-
mote formation of
enulsions

Silicone types tend

to promote air en-
treinment {the for-
mation of tainy,
long-lastirg bub-
bles). CGther types
®4y proscte eaulsion
formation

Polymers shear in

service, ti ‘s caus-
ing the compounded
o1l to guffer both
“temporary” and
“petmanent” viscon-
ity loss  When high
Vvl finished o1ls are
desired, the base
oils must have low
viscosities, hence,
low flash points

Most additives have an

optimua tecperature
range and are not
uniformaly effective
at preventing all
forms of catalytic
onsdation

Only effective in the

o1l-wetted parts of
the systea.

Re-inhibition required

in systems volatil-
izing large volumes
of water,

Some lubricant addi-

tises or contami-
nants mey render
anti-foamants in-
effective

Many polymers exhibit

“¥1 humps” (e g ,
concentration ranges
beyond which further
additive additjon

will not incresse Vi)

Hindered phenols, Lis-

phenols, metal
{especirally 2zinc)
dialkyl dithiophos-
phates, campounds of
nitrogen and sulfur.

Sulfonates, asoaps,

fatty acids, phos-
phates, mono- and
difunctional organic
acids and esters

Low-molecular-weight

anines having a wvide
borling range.

Silicone polymers,

oethacrylate
polymere

Polyisobutylene (such

as STP), methacryl-
ate polymers, soome
copolymers

Berius dialkyl é&ithio-
phosphates, phos-
phites, asines.

Alkyl amines, amine
phosphates, acid
phosphate esters

Waxnes.

Succinimide-acrylic
scid reaction prod-
ucts. ethylenc-
propylene polymer
derivatives ,

{continued)
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TABLE 15 (continued)

Type

Reason for use

How they work

Adverse effects

Limits of activity

Other

Typical cospounds possible compounds

Pour
Deprescants

Ixtreme
Pressure (EP)
Oi1liness and
Antavear

Emulsifiers

Other
Additives

Lower the pour point
(or “freezing
paiat®) of racaf-
finic c1ls Most
pourpoint depres-
81008 are less than
40°F {say from 20 to
20°F) and are
achieved with less
than 2% ecditive.

Modify friction prop-
ertien, reduce wear,
prevent galling and
seizing

Hold oil and water
together in eaul-
sion-type cutting
fluids, coolants
and hydrauli-
fluids.

Prevent vas crystal-

grovth or o1l ad-
sciption al Jow
temperaturcy.

Pore physical or chea-

ical bonds with ruw-
bing surfaces that
provide supplemental
“wearing surfaces *
The key 1s friction
and wvear control,
rather than elimina-
tion

Polar-type (both ionic

or nonionic) com-
pounds line up at
oil/water interfaces,
and thus they provide
solubility bridges
betveen the o1l and
water.

None

Promsote oil oxidation,

foaming, emulsifi-
cation and corrosive
tendencies Thermal
stability is weak-
ened

Reduces oil oxidation

resistance Fights
activity of anti-
vear, EP, oiliness,
antirust, and anti-
foan agents May
cause scal swelling.

The pour-point depres-

sion effect of any
siegle polymer s
limited and often
specific, s0 combi~
nations of pour de-
pressants are often
used

kP agents require heat

{generated by metal-
to-metal contact) to
be effective. Not
all desired oiliness
properties are con-
tributed by one set
of additives.

Different emulsifiers

must be used for
every oil, every
concentration of
water and, often,
ever; service
temperature

Methacrylate pol,mers, Polysacrylanides
slkylated rn-phtha-
lew c7 reencls

Organic compounds with
barium, antimony,
bismuth, silicon,
molybdenum, sulfur,
phosphorus, nitro-
gen, halogens, car-
boxyl or carboxyl-
ate salts, silacones,
polyphenyls.

Oilness-fatty acids
and soaps  Anti-
vear-impure tri-
cresyl phosphates
EP-organic phos-
phates, lead and
chlarine compounds.

Metal sulfonates, Fatty acid soaps.
glycols, ethoxylated

phenols, alcohols or

acids, ncphthonic

acids.

Perfuses and forealdehyde compounds as antiodorants with EP additives; alcohols, phenols, chlorine compounds ss antiseptics for t-ullion
lubricants, amine conpounds as color stabilizers, polyacryletes and polybutenes as tackiness agents for gear oils




aggravate the trapped air problem by retarding ti.e rate of escape
of the small air bubbles from the body of the oil.

Certain silicone polymers are added as anti-foam agents to many
industrial mineral oils in concentrations of a few parts per mil-
lion. The presence of such %“races of silicone has a dramatic
effect in accelerating the rate of collapse of a mineral oil foam.
The action is possibly caused by the silicone polymer altering the
interfacial tension force existing between the gas and liquid in-
terfaces of the foam [17].

Extreme Pressure (EP)--Extreme pressure (load carrying) additives
are includea 1n oils when the load, temperature, or velocity be-
tween two surfaces does not allow a hydrodynamic 0il film to build
up. There 1s then nothing to prevent metal surfaces from coming
into contact, with resulting wear, unless a load-carrying additive
1s present in the oil.

This type of additive functions by chemical reaction with the
metallic surfaces but only when the conditions of temperature or
pressure prevailing in the contact zone are severe enough. This
means that at lower temperatures and pressures the additives re-
main inert. The main chemical elements used for extreme pres-
sure conditions are sulfur, chlorine, phosphorus, and lead. They
are normally present in the form of oil-scluble organic compounds,
but sometimes -ulfur may also be present in its elemental form..
The additives are controlled chemical release agernts which, on
reaction, yield metallic films such as chlorides and sulfaides.
These films prevent welding and metallic pick-~-up between the sur-
faces under heavy duty conditions. . N
Selected fatty oils such as rape seed, lard, tallow, arachis, -
sperm, olive, palm and castor have been utilized for the manufac-
ture of fatty additives which have extreme pressure agents such
as sulfur and chlorine incorporated in them.

Fatty acids function by forming a strongly adsorbed polar film on
the metallic surface, which reduces the frictional value. The
polar type films formed have relatively low melting points com-
pared, for example, to sulphide films. The polar films break
down under extreme pressure conditions and are used as friction
reduction agents and not as anti-weld agents ([17].

Vaiscosity Index Improvers--In the majority of applications, the
most important characteristic of a lubricating oil is its dynamic
viscosity value; i.e., the stress required to shear unit thickness
of the oil at unit velocity. This is because under hydrodynamic
lubrzcation conditions, when two moving surfaces are completely
separated by an oil film, the only friction source is the oil vis-
cosity. The values of viscosity vary with temperature. However,
determinations at various temperatures allow a calculation to be
made of the viscosity index. This 1index can be used to compare
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different oils, since the higher its value, the lower the change
in oil viscosity with temperature. The types of hydrocarbons
present in the crude oil and the refining process given to 1t de-
termine the viscosity index -level. For example, paraffinic oils
have generally higher index values than naphthenic oils and
solvent-refined oil [17]. .

Pour Point Depressants--Certain applications for industrial oils
demand that they remain fluid at low temperatures. 1In general,
naphthenic oils have lower pour points than the paraffinic oils.
The pour point gives an indication of low temperature fluidity.
However, pour point depressant additives can be incorporated into
paraffinic oils in order to increase their fluidity at low temper-
atures. The additives are thought to funct:ion by inhibiting the
honeycombing of the wax separating out from the oil at low
temperatures [17].

Emulsifiers-~Outside the main field of additive-treated industrial
o1ls which are used in the neat oil form, it will be found that an
several specialized applications, industrial oils are employed in
admixture with water to form stable emulsions. Typical examples
are soluble cutting fluids. Mineral oils and water are not mutu-
ally soluble. A very large quantity of energy has to be expended
to shear a mineral oil down to colloidal dimensions so that it

can be dispersed in water to form a stable emulsion. On an indus-
trial scale, this mechanical method is not usually practicable

so additives are dissclved in the oil to facilitate the -task.

The additives used are called emulsifiers, or surface active
agents, and they work chiefly by lowering the interfacial tension
between the o1l and the water. This allows an emulsion to be |,
readily formed. Afterwards, the surface active agent has the ad-
ditional task of making the emulsion stable and preventing coal-
escence back into separate oil and water layers. There are two
main types of emulsion, the oil in water and the water in o:il. In
the former type, the water forms the continuous phase and the o1l
the dispersed phase. In tiie latter type, the reverse i1s true, and
the oil forms the continuous phase and the water the dispersed
phase. Praimarily, the type of emulsifier selected will determine
the type of emulsion formed. Emulsifiers normally contairn com=-
ponents. or groups, which are solub’e in both water and ocil to
varying extents. The ratio and reliative influences of these com-
ponents, or the so~called hydrophilic and lipophilic balance, will
normally determine the type of emulsion formed when an emulsifier
is present in an o1l and water mixture.

The two main types of emulsifier used for the preparation of in-
dustrial o1l emulsions are petroleum sulfonates and nonionic sur-
face active agents. The former type are very commonly utilized
for the preparation of soluble cutting fluids, which are always
used in the form of oil-in-water emulsions. The petroleum sul-
fonates are ionic materials, which means they form electrically
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charged ions in solution. This phenomenon 1is advantageous when
1t becomes necessary to dispose of an emulsion after service,
fecause 1t allows the emulsion to be split readily into separate
011 and water phases by the addition of a salt solution or acid.
Such materials upset the electric charge stabilization of the
emulsion. This process cannot be done with an emulsion based on
a so~-called nonionic emulsifier, and the disposal problem after
s: rvice 1s therefore not quite so easy [17].

Freservatives--Water-based fluirds, emulsified oils, and synthetic
fiurds are subject to bacteriological attack and require bacteri-
cide additives to extend operating life. Selected commercially

avallable cutting fluid preservatives are listed in Table 16 [29].

TAELE 16. CHEMICAL CATEGORIES OF CUTTING
FLUID PRESERVATIVES [29]"

Chemical Compound Category Trade name Company
9o-Phenylphenol Phenolac Dowicade 1 Dow Chemical
Sodiur salt of o-phenyl Phenolac Dowicide A Dow chemical

phenol
2.3.4.6-Tetrachlorophenol Phenolac Dowicide 6 Dow Chemacal
o-Benzyl-p-chlorophenol Phenolic Santophen-~1 Honsanto
Sodium salt of o-phenyl- Phenclic/salacylate Elicide 75 Ela Lilly
rhenol and sodium combination
mercurio, salicylate ’
2-HycGroxymethyl-2-nitro-1, Formaldehyde “donor" Tras Nitro Commercial Solvents

3-propanedicl

Cimcool Wafers

Cincinnati Malling

Hexahydre-1,3,5-tras~2- Formaldehyde "donor® (?) Grotan Hallemite .
hydroxyethyl-(s)~-triazine . (Sterlaing Drug)

Hexahydro-1,3,5-tri-ethyl~ Formaldehyde "donor" (?) vancide TH Vanderbalt
(s)~triazine

1-{3-chloro ally)-3,5,7- “Quat" Formaldehyde “donor" Dowical 100 Dow Chemical
Triaza-l-azonia-adamantane

3.4 .5-Tribromosalicyl Salicylanilide Tuasal 85 Dow Chemical
anilide (76-88%) and 3,5- Fine Organics
dibt..osalacylanilide
(12-24%)

3.4,.5-Trabromosalicyl- Salicylanilide Tuasal 100 Dow Chemical
anilide (98-100%) TBS 95 Maumee Chemical

v2%) Smath, T. H.

cutting fluid preservataves.

25:313-319, 1969 August.
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5.1.3 Waste Descraption

Metalworking operations produce wastes in either liquid, solid, or
sludge form. These wastes are praimarily composed of the materials
being processed and the materials used to achieve a desired finash.
The types of waste generated by various operations are pramarily
classified into the following three categories: straight oils,
emulsified oils, and synthetic fluids. Table 17 lists the types
of waste generated by various metalworking operations.

TABLE 17. WASTE TYPES GENERATED BY METALWORKING OPERATIONS

Straight Emulsified Synthetac
Operation 0il 011l fluid

Metal forming
Rolling X X X
Drawing X X X
Stamping and extrusion X X
Casting and molding X X
Metal removal
Cutting X . X X
Grinding X X X
Machining X X X
Polishing and buffing X X )
Barrel tumbling and ‘

abrasive machining X X
Heat treating o o
Tempering and quenching X X X
Rust prevention
0il coating X X

The following subsections deecribe the three waste types. For each
type og waste potential contaminants, their sources, and factors
affecting their concentrations are descraibed.

5.1.3.1 Straight Oils=--

The contaminants cf neat or straight oils are of various kinds,
depending on initial composition, the type of usage, and the sur-
rounding atmosphere. So, waste 01l characterastics will vary from
plant to plant within a company, and also from company to company.
Waste neat o1ls may contain water, sulfur, chlorine, f uorides,
nitrogen, phosphates, metal chips and fines, sediment, PCBs, oXxi~-
dation products, and phenclic compounds. These contaminants may
be present separately or in various combinations depending on the
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initial composition of neat oil, its application, and surrounding
atmosphere. .

Waste neat oils often have a high water content due to water leak-
ages from other parts of machinery, mixing with water soluble oil
from other parts of machinery, or because of water held in suspen-
sion by detergent/dispersant additives [24])}. The chlorine content
of waste neat oils may be high. The chlorine is derived from the
additive package added to the oils to improve their performance.
To improve their performance under pressure, straight oils are
mixed with pressure addatives which may contain as much as 18%
chlorine {30]}. Waste oils may contain phenolic compounds as they
are added as preservatives or for odor control {[30]. PCBs can
enter metalworking o1l through PCB-contaminated tramp oil accumu-
lations. Tramp o1l is o0il (usually hydraulic o0i1l) from cother parts
of the machine that leaks or drips into metalworking oil. Bydrau-
lic o1l is likely to be contaminated wath PCBs, and it can accumu-
late in metalworking oil. Until 1972, PCB-based hydraulic fluids
were commonly used. When manufacture of these fluids was discon-
tinued, it was not recommended that hydraulic systems be drained,
flushed, or refilled. Rather the public was advised to merely
replace these fluids (without PCBs).as leaks and spills occurred.
Also the extreme complexity of hydraulic systems makes it very
difficult to eradicate all PCB contamination from these systems.
As a result, PCB levels in hydraulic systems range from 60 to
500,00C mg/L [30]).

Atmospheric dust and metal chips and fines also become incorpor-
ated into waste neat oils [31]. There are three basic variables
which determine the metallic particulate characteristics. They
are as follows [32]: T T

1. The first variable is the metal be:ng worked. Obviouslyv,
if cast iron 1s the metal being worked, cast iron partic-~
ulate will be generated.

2. The type of operation is the second variable. The oper-
ation may be grinding, machining, broaching, gun drilling,
honing, boring, hobbing, lapping, or whatever, zand each
will produce characteris:ic metallic particulate. Because
of variations in feed rates, speeds, size of work-piece,
etc., no two specific operations will produce identically
sized particulate.

{30] Listing waste o0il as a hazardous waste. Washington, DC;
U.S. Environmental Protection Agency; 1981. Sw-909.

{31} Sargent, L. B., Jr. Lubricant conservation .in industry.
Alcoa Center, A; Aluminum Company of America.

{32] Néhls, B. L. Particulate contamination in metalworking fluids.
Lubrication Engineering. 33(4):179-183, 1977 Ap.il.
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3. The type of metalworking fluid is the third variable.
Field studies and laroratory research indicate that
/ different types of fluids will cause generation of
different sized metallic particulate under identical
operational parameters.

wWaste neat oils may also contain zirnc, sulfur, phosphates, lead,
nitrogen, amine compounds, sulifates, barium, calcium, magnesium,

and fluorides from various additaives added tc tne metalworking
oils.

Depending on the ambient zonditions, 'lubricants and additives may
undergo oxidation and other types of chemical changes. Petroleum
0ils are a corplex mixture of three primary types of hydrocarbons,
all of which will react with oxygen (oxidation) at high operating
temperatureé. The reaction of mineral oils causes several unsatis-
factory results. Paraffin-based oils tend to form corrosive acids,
aromatic oils form sludges and varnish, and naphthenic oils gen-
erally yvield a conbination of both acids and sludges. These mate-
rials may be further oxidized or they may react with each other

tc form high molecular weight polymers. Some of these are oal
soluble and result in an increase in o1l viscosity, wnile the in-
soluble polvuers create sludge and eventually hard deposits. 1In
nearly all caises, the o1l begins to thicken during oxidation, and
may eventvall" become too thick for proper equipment functionings,
and may eaffev. product quality [33].

Tallow /531, lerd oil!, palm oil, 50/50 mixtures of tallow 2il and
minersi,c.l, and straight mineral oils are used in the metal form-
ing <pA-ations of rolling and stamping. Rolling oils from the
steal/ _ndustry are usually recovered from the mill's wastewater
treat;ment plant. This results in a number of oils seinq mixed
together, along witn the animal fats, greases, etc., which
accumulate cn top of the skimming tanks.

.Tempering and quenching of metals generate waste quench oils.

They are often very black in appearance. They have a low additive
content, and are usually made from paraffinic base stocks. These
oi1ls are found at heat treating and metalworking shops. While
these shops do not generate lLarge vclumes of oil, when a bath 1s
changed (typically every six to nine months), several drums of
waste are generated. While some o0il 1s lost to evaporation and
by clinging to the dripped parts, a higher percentage (approxi-
mately 50 percent of total quench oil purchased) is collected rel-
ative to other metalworking oils [24].

Rust preventive o0il coating operations normally do, not generate
any waste ([24]. 01l that drips after coating is usually collected
and reused.

{33] Increase fluid life with oxidation/corrosion inhibitors.
Fluid and Lubricant Ideas. 24-25, 1979 Spraing.
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Raw waste straight oil couposition deta obtained from the-state
environmental regulatory agencies are presented in Appendix A by
the type of the metal finishing operation. Examination of data
indicates that waste oils have.water, heavy metals, phenols, or-
ganic solvents, sulfur, and chlorine as major contaminants present
separately or in various comoinations. Because of increasingly
restrictive regulations concerning disposal oI waste oils into )
environment, the disposal, problem is becoming serious, and it is
affecting economics of metalworking oils use. It may be possible
to econonically refine the waste oils for reuse or to use the
waste olil in nther applications. These aspects are discussed in
detail in Section 6.

5.1.3.2 Emulsified Oils--

Characteristics of waste emulsified oil tend to be plant specific
and depend on the uses to which the o0il ha been put. Waste emul-
sified oi1ls often contain contaminants such as metal particles,
biodegradation products, tramp o0il, nitrosamines, and residues
from o1l additives, including sulfur, phosphorus, chlorine, zinc,
lead, copper, and phenclic compounds.

Emulsified o0il systems are affected by accumulation of tramp oil.
If an emulsified o1l starts at a 1:20 oil-to-water ratio, or about
S percent o1l, accumulaticn of tramp o1l may raise the o1l content
to 10 percent by the time the o1l 1s changed. This accumulation of
tramp 01l reduces the effectiveness of the emulsified oil to the
point 1t must be changed.

Waste emulsified oils may contain residues from oil additives and

metal fines and chips similar to those described for straight oils

in Section 5.1.3.1. Also, recent studies indicate that emulsified

oils may contain nitrosamines, either as contaminants in amines,

or as products from reactions between amines and nitrites. The
nitrosamine content of emulsified oils 1s attributed to the addi-

tive package, specifically to the antiwear/extreme pressure, .

corrosion and rust inhibitors; friction modifiers; antioxidants;

.and rnietal deactivator additives [30]. According to NIOSH, a

recent study showed concentrations of 1,000 mg/L of diethanol

nitrosamine 1n cutting o1l before use and 384 mg/L after use [34]. )
This means 616 mg/L of nitrosamine was emitted into the surround- ¥
ing atmosphere.

Bacteria growth is the most common cause of emulsified o1l spoil=-
age. Once the emulsified o1l 1s placed in operation, bacteria and
fung:yr can enter the o1l from five sources: air in the plant,
water used to prepare the emulsified oil, the metal or other mate-
rial being processed, a contaminated holding tank, or the operator
himself. Once the microorganisms enter the emulsified oi1l, they

[34) concentrates - industry/business. Chemical and Engineering
News. p. 12, 1976 October 18., -
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encounter excellent conditions for growth: moisture, warmth, and
food i1n the form of the emulsified o1l. Bacteria growth can occur
to the extent that organisms ‘may plug nozzles, pipes, and filters,
thus restricting emulsified o1l flow and decreasing ‘tool, 1ife.
Most problems, however, relate to emulsified o1l life expectancy
and stability. The microorganisms will attack the emuisifiers,
corrosion inhibitors, and other additives in the emulsified o1l
and reduce their effectiveness. Since the emulsifiers are craiti-
cal to the stability of the oil,/water emulsion, this can lead to
complete destruction of the emulsified oi1l. Lower pH will cause
increased corrosion of cutting tools, machinery and work pieces,
leading to poor workmanship and reduced equipment life. Perhaps
the most widely known effect .1s the creation of a foul, rotten-egg
smell Known as "Monday morning odor." This 1s caused by attack

of sulfur-reducing microorganisms on sulfur-containing additives,
and is particularly noticeable after a weekend shut-down during
which time these microorganisms have an opportunity to come to

the surface. Circulating the fluid over the weekend will elimi-
nate the smell, k't will do nothing to get rid of the organisms.
Most manufacturers recomrend keeping the pH between 8.5 and 9.2,
but the rapid growth of 'some bacteria can lower the pH below 7.0,
and cause metal corrosion. Use of a buffering agent rather than a
biocide can reduce the corrosion effects but will not reduce the
level of growth [35)]. The oil-water ratio has a significant effect
upon the magnitude of microbial growth in emulsified oil. Table 18
shows tl.at a 1:5 ratio 1s inhibitory, and normally there is very
little growth. The 1:10 ratio 1s partially anhibitory, but in
several days the organisms begin to proliferate. The 1:25 tc 1:50
ratios are almost invariably ideal for maxamum growth. In ratios
greater than 1:50, the inhibitory components are diluted out, and

TABLE 18. EFFECT OF OIL-WATER RATIO ON GROWTH OF
BACTERIA IN AN 'OIL EMULSION ([36]
(Results are expressed as number of cells x 10¢/mL)

Oi1l-water Davs :
ratio 0 2 6 12 16 20
1:5 0.0 0.0 0.0 0.0 0.0 0.0
1:10 0.0 0.0 0.003 8.0 19.0 8.5
1:15 0.1 5.6 20.5 24.0 36.0 25.0
1:50 0.1 6.3 20.5 24.0 42.0 33.5
1:100 0.2 2.9 8.5 12.8 10.0 7.0

{35) How to improve metalworkirq operations by organizing a
biocide treatment program. Fluid and Lubricant ldeas.
22-25, 1980 September-October. . .

{36]) Bennett, E. O. Biology of metalworking fluids. Journal of
American Society of Lubraication Engineers. 28(6):237-247,
1972 July. .
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the concentration of oxidizable materials seems to be the major
limiting factor [36).

Table 19 presents data on pollutant concentrations found in waste
emu131£1ea oi1ls from metal finishing plants. "This tdble was com-
pirled by EPA by actual samplaing and analysis of waste emulsified
o1ls from various metal finishing plants during preparation of the

' .developaent document for effluent limitations guidelines and

standards for the metal finishing irndustry [2]. Raw waste emul=-
si1fied o011 composition data obtained from the state environmental
regulatory agencies are presented in Appendix A by the type of
metal finishing operation. Examination of state and U.S. EPA data
indicates that waste emulsified cils have heavy metals, sulfur,
chlorine, wvarious organic compounds, and solvents as ma)o‘ contam=-
inants present separately or in various ccabanations. They have
high BODy, CCD, and o1l levels. Generally, environmental regula-
tions do not alliow discharge of untreated emulsified o1l into
surface waters pecause of i1ts contaminants. Various treatment,
recycle, reuse alternatives and ecomonic aspects of waste emulsi-
fied 01l are discussed in detail 1in Section 6.

5.1.3.3 Syrnthetic Fluids--

Characteristics of waste synthetic fluid tend *o be plant specific
and depend on the uses to which the fluid has b:en put. Waste
synthetic fluids may contain contaminants sucn as metal fines and
chips, biodegradation products, tramp o0il, nitrosamines, and resi-
dues from additives similar to those described for waste emulsified
oi1ls in Section 5.1.3.2.

Since synthetic fluid formulations are generally proprietary,
very little information 1s available about their composition. A
study was conducted at the Unaiversity nf Houston to develop data
pertaining to the COD and BOD; values of synthetic fluids. The
data are presented in Table 20 {37]. These data show that waste
synthetlc fluids have very high BOD; and COD values.

waste synthetic fluid composition data-obtained from state environ-
mental regulatory agencies are presented in Appendix A. Owing to
limited usage and formulation confidentiality, only limited data
were avallable at state offices. lMevertheless, examination of

data presented :n Table 20 and Appendix A indicates that waste
synthetic fluids have high BODg, COD, and metal contaminants.
Generally, untreated waste synthetic fluids may not be allowed to
discharge into surface waters, since thzy are organic or ihorganic
compounds with contaminants. Waste synthetic fluids treatment,

(37) Adams, M. C.; et al. BOD and COD studies of syﬁthetic and
semisynthetic cutting fluids. Wwater, Air, and Soil Pollut-
ant. 11:3105~113, 1979.
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TABLE 19.

POLLUTANT CONCENTRATIONS FOUND IN EMULSIFIED

O1LS FROM METAL FINISHING

PLANTS (2]

Numbet T Number

£8

—eo-. - Average darly values, eyt of ot
e - - FLompowd __ = ____ _Minimum Maximum __ Mean - Medilan _ puints  zetos
L. Acenaphthene 0,087 N0 2.88 2.88 ? 1%
2 Ron.ene (LI D] [ B TY 0.012 Q 0o~ 18 9
b ] Cartbon tattachlonrde 0 o0l 10.0 2.60 0 0v? S N2
4. Chlaorobentene Q.01 0610 o Mo Q Vv ? "
] 1,2-Dichlivioethane 0 009 2 o 1.12 1 [ hR |
6. 1,1, =Trtichluioethany [LERVIVE 1,300 4.8 0 265 18 Iy
7. 1,1-Dichlorocthane 0 ou2 1.10 456 0 603 11 26
8. 1.1,2-Trichloroethane 0.016 1.30 0 3131 0.010 4 13
9. 1,1,2,2-Tettachloro-
' ethane n 006 0.570 C.288 0.288 2 35
10. Bis-chliotomethyl ether 0 009 a 009 0.009 o 009 1 36
11. Bia(2-chlotoethyl) ether 0.004 0.010 0 ou? 0 007 2 3%
12. 2-Chlotohaphthalene 0 130 0.130 0.130 0.130 1 36
13. 2,4,.5-Traichlorophenol 0.010 1.80 0.613 0.030 k) T34
14. p-Chloro-m~cCresol 0.004 80LO 104 2 33 8 29
15. Chloroform 0.002 0.691 0.058 Q.010 19 18
16. 2-Chlorophenol 0.076 0.620 0 348 0.348 ? 3%
17. 1,1-Dichloroethylene 0.002 10 1.51 0.195 12 25
18. 1,2-Trans-dichloro-
athylene Q 008 1.70 0.507 008 9 34
19 2,4-Dichlotophenol 0.010 0.008 0.049 0 039 2 35
20. 2.4-Dimechylphenol ¢ 001} 31 - S 21 0 010 6 11
21, Y, 2-Diphenylhydrazine ' 0.005% c0.012- 0.008 0.0ve 2 35
22. Ethylbenzene 0.00) s 50 0 380 0.012 16 21
23. Fluoranthene 9.001 55 8.26 0.108 8 29
24. Bis{2-chlororsopropl) -
aether 0.004 0.004q v 004 0.004 \ 36
2%. DRius(2-chlotoethoxy)«
methane 0 003 0 0n) 0.0u) 0 00) ) 36
26. Methylene chloride 0.0095 !/ 60 0 604 0.092 29 8
27. Methyl Chluride 0 001 4 70 1.18 0.009 9 3
28:. Bromoform . 2.v10 0.010 0.010 0.010 1 16
29. Dichlorobtomemethane ¢ oot 0.010 0 005 0.00% 2 3%
30. Trichlorofloromethane 260 290 215 275 2 35
31 Chlorodibiomomethane 0.001 0.010 0 004 0.002 3 34
.732. Naphthilene ST 260 36.3 0.104 10, 27
33. ©N:itrobenzene 0.001 0 010 0.00% 0.005 2 39 :
34. 2-Nitrophenol 0.010 0 320 0 122 0 03% Al 23
.35. 4-Nitrophenol 0.010 0.010 0.010 010 1 J6
36. 2,3-Dinit:ephenol 0.010 10 3.34 0.013 3 N
37. 4.,6-Dinitro-o-cresol 0.Ci0 % 70 2 85 2.85 2 35
38. N-nitroscd:phenylumine 9 004 0 700 0.4868 0.7%0 S 3z
33 pPentachlotophenal 0 Ol¢ 0 18.4 5.20 3 14
40. Phenol , . 0.g03 [ v 1? 9,440 1 24
41 Bia(2-cthylhexyl) oL
' phthalate b oo CIT v.81n 0 avy 10 v

tLent tnnead)
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TABLE 18 (continued)

N Number Numbeyx

.. . . _.Average daily values, mg/L _ of of
o eo_Compound Minimum ___Maximum Mean ___ . _kedran points zZeros
42. Butyl benzyl phthalate 0.001 16.3 1.63 0.130 9 28
43. Di-n-butyl phthalate 0.001 3.10 0.26¢ 0.016 15 22
44, Di-n-octyl phthalate 0.004 0.120 0.062 0.062 2 35
45. Diethyl phthalate 0.001 1.90 0.415 0.048 9 28
46. Daimethyl phthalate 0.001 1.20 0.401 0.001 3 34
47 1,2-Benzanthracene 0.002 0.170 0.047 0.007 4q 23
48. PBRenzo(a)pyrene 0.01v 0.010 0.010 0.010 1 36
49, Chrysene 0.001 0.073 0.025 0.002 3 34
50. Acenaphthylene 0.077 1 0.406 0.140 3 34
51. Anthracene 0.003 2 0.360 0.034 7 16
52, Fluorene 0.001 0.760 0.176 0.075 7 20
S2. Phenanthrene 0.002 2 0.393 0.028 8 29
54. Pyrene 0.031 0.150 0.079 0.075 5 32
55. Tetrachloroethylene 0.001 110 8.91 0.010 18 19
56. Tcluene 0.001 37 1.77 0.033 25 12
57. Trachloroethylene 0.001 130 23.2 0.110 11 26
58. Aldrin 0.004 0.011 0.007 0.007 2 35
59. Dieldran 0.003 0.003 0.003 0.003 1 36
60. Chlordane 0.001 0.013 0.007 0.007 2 35
61. 4,4'-DDT 0.002 0.010 0.006 0.006 2 as
62. 4,4'-DDE(P,P-DDX) <0.001 0.C53 0.014 0.002 4 33
63. 4,4'-DDD(P,P-TDE) 0.001 0.010 0.005 0.004 3 34
64. oa-Endosulfan 0.008 0.028 0.018 0.018 2 35
6%, f-Endonulfan <0.001 0.006 0.003 0.003 2 3%
66. Endosulfan sultate 0.001 0 Ols 0.010 0.011 4 33
6'7. Endrin 0.007 0.010 0.008 0.008 2 35
68 Endrin aldehyde 0.010 0.014 0.012 ‘ 0.012 2 3s
69. Heptachlox +0.0n1 <0.001 <0.001 <0.001 1 36
70. Heptachlor epoxide <0.001 <0.001 <0.001 <0.001 1 36
71. «a-BHC 0.004 0.018 0.012 0.013 3 34
72. y-BHC (lindane) 0.001 0.609 0.006 0.007 3 34
73. y-BHC 0.004 0.011 0.007 0.007 2 35
74. FCB-1254 0.076 1.10 J.588 0.588 2 35
75. PCB-1248 0.160 1.80 0.9€0 0.980 2 35
Ammonila 0.460 270 46.6 7.95 10 27

BOD,, 10 17,000 3,240 1,440 21 16

COD 312 1,520,000 117,000 11,600 16 21

011 and grease 65 802,000 40,700 6,060 37 G
Total phenols 0.002 49 2.50 0.238 34 3

TDS 246 4,930 1,960 1,640 9 28

TOC 3 560,000 27,600 1,640 37 (4]

TSS 34.8 18,100 2,720 680 a5 2

Total priority organics 0.053 1,920 112 4.37 37 0
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TABLE 20. BOD AND COD VALUES FOR
'SYNTHETIC CUTTING FLUIDS

EODg CoD
Fluid mg/L % 10° mg/L x 103
A 2.00 6.46
B 2.37 10.40
C 1.18 6.28
D 1.55 8.38
E 0.97 5.95
F 1.88 11.60
G 2.05 15.80
H 0.49 4.10
1 1.97 18.30
J 1.02 11.90
K 0.87 11.30
L 0.20 2.88
M 1.15 17.50
N 0.17 5.45
(o] 0.52 18.50
P 0.00 20.90

recycle, reuse alternatives along with economic aspects are dis-
cussed in detail in Section 6.

5.1.3.4 Geographic Distribution--

It 1s reported that approximately 1,890 million liters per year
(500 million Gallons per year) of used oils are generated by metal-
working operations [31]. Also, approximately 878 million liters
per year (232 million gallons per year) of new metalworking oils
are sold [31]). since metalworking operations do not consume any
0il except for evaporation and drag-out losses, it is estimated
that of the 1,890 million liters per year (5C0 millien gallons per
year) generated, 1,012 million liters mer year (268 million gal-
lons per year) are recyclzsd, and 878 million liters per year (232
million gallons per year) are disposed of.

Since sufficient data are not available to determine accurately
the waste volume produced by each state, the total estimated waste
volume generated was proportionately distributed arong states
based on the total number of metal finishing plants (with more
than twenty employees) in each state. The estimated geographic
distribution of waste generation is presented in Table 21, and
Figure 18. Seven industrial stetes (California, Illinocis, Texas,
Michigan, New York, Ohio, and Pennsylvania) genercte approxxma;ely
53 percent of the total industry waste.
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The total waste will consist of approximately 50 percent straight
oils, 45 percent emulsified oils, ana 5 perceunt synthetic fluids.

TABLE 21. GEOGRAPHIC DISTRIBUTION OF WASTE OILS
GENERATED BY METAL FINISEING INDUSTRY

Millicn
State liters/year
1. Alabama 11.3
2. Alaska 0
3. Arizona 5.5
4. Arkansas 6. '
5. Califormia 110.
6. Colorado 7
7. Connecticut 24
8. Delaware . (o]
9. District of Columbia 0
10. Florida 19
11. Georgia 12

12. Hawaii

13. 1Idaho

14. Illinois

15. Indiana

16. 1Iowa

17. Kansas

18. Kentucky

19. Louisiana

20. Maine

21. Maryland

22. Massachusetts
23. Michigan

24. Minnesota

25. Mississippi
26. Missouri

27. Montana

28. Nebraska

29. Nevada

30. New Hampshire

W o

v e

—=oWw

[
OCWOOVROOVUMHFOUPRHWOLPOANHNNNMNOOVODOKHOO

31. New Jersey 3
32. New Mexico

33. New York 6
34. North Carolina 1
35. North Dakota

36. Ohio 6
37. Oklahoma

38. Oregon

;o.bs-"u‘lnq;-'.::ww-p-om~J.p.pwwmaowmww.pomwmw.pwo\J.huow

39. Pennsylvania
40. Rhode Island

=N

{continued)
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TABLE 21 (continued)

Millaion
State liters/vear
41. South Caroline 6.4
42. South Dakota 0.9
43. Tennessee 15.5
44. Texas 43.2
45, Utah 3.6
46. Vermont 1.7
47. Virginia 9.6
48. Washington 9.6
49. West Virginia 3.6
50. Wisconsin 26.3
51. Wyoming 0.2

MILLIONS LITERS PER YEAR
£ <10

O1w-5%
g >s

Figure 18. Geographic distribution of waste 0ils generated
by metal finishing plants in the United States.
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5.2 SOLVENT CLEANING

This section describes solvent cleaning operations, including sol-
vents used and waste solvents generated.

$.2.1 Process Description

5.2.1.1 Cold Cleaning [38]--

Cold cleaning is the simplest, least expensive, and most common
type of degreasing. It 1s most often used for the removal of oil-
base impurities from fabricated metal parts in a batch-load pro-
redure. The cleaning solvent is generally at room temperature,

although it may be heated slightly o well below its boiling
point.

The solvent dissolves the greasy dirt on the part to be cleaned

as it is immersed. The part is usually lowered into the solvent
bath in a metal basket. The cleaning action is often enhanced by
spraying solvent on the part and by agitation of the solvent by
pumps, compressed air, mechanical motion, or sound. After clean-
ing, the part is dried by allowing evaporation and drainagye of the
solvent cn ¢rving racks which are located inside the cleaner cr on
external racks which route the drainage back into the cleaner.

Figure 19 illustrates the simple design of a typical cold

cleaner ([39].

5.2.1.2 Emulsion Cleaning [38}]--

According to current estimates, approximately 15 percent of the
metal cleaning processes used in this country use emulsion clean-
ing. Generally, emulsion cleaning is a process for removing soils
from metal surfaces by the use of common organic solvents dis-
persed in an aqueous medium with the aid of an emulsifying agent.
The stability of the emulsion may be accentuated ky such additives
as surface-active agents, finely-divided solids, etc. Depending
on the sclvent used, cleaning is done at temperatures from room
temperature to 60°C to 80°C. Dilution of solvent with water is
generally over 95 percent.

A vast increase in interfacial surface results from enulsification.
Because of the large solvent surface provided in the emulsion,

{38] Peter, R.; Tanton, T.; and Leung, S.; et al. Alternatives
to organic solvent degreasing. Sacramento, CA: California
Air Resources Board; 1978 May. 232 p. ARB-A6-2-6-30.
PB 282 466.

[39] Suprenant, X. S; and Richards, E. W. Study to support new
source performance standards for solvent metal cleaning
operations. U.S. Eavironmental Protection Agency. 1976
April. EPA Contract 68-~02-1329. .
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SULVENT —
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Figure 19. Cold cleaner [39].

less solvent is required to achieve the same cleaning efficiency.
Surface-active materials added to the solution are attracted to

the surface of the droplet, and they provide a mechanical barrier
between the solvent droplets to keep them dispersed in water rather
than to permit them to coalesce.

Emulsifiable solvent mixtures can be applied without prior dis-
persion in water. 1In this way, the advantage of solvent cleaning
(greater soil removal) is coupled with the ability to rinse wath

water. This results in less solvent usage than with straight
solvent usage.

Factors affecting the degree of cleaning include agitation,

operating temperature, contact time, concentraticn of cleaner,
and degree of rinsing.

The size and configuration of the part and the nature of the soil
are the main considerations that influence the selection of type
of cleaning method.

Two types of cleaning methods are commonly used in emulsion metal
cleaning. Immersion cleaning 1s preferrec for small parts that
must be placed in baskets. Spray cleaning is often used to clean
large parts with surfaces exposed for impinging. Hard-to-remove
soils are generally removed with this method. 1In this type of
application the cleaner in a concentrated form is sprayed on the
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work surface and then rinsed with a pressure spray. Ccmbination
cycles of immersion, spray washing, and pressure~spray rinsing
are often used to clean jintricate parts. Agitation is usuvally
provided to help in removing soil.

Compared to conventional solvent degreasing, emulsion cleaning
has the following advartages [38]:

- Emulsion cleaning is an effective means of removing a wide
variety of scils fror metal surfaces, especially when rapid
superficiai cleaning is required. This is mainly because a
mixture of solvent anid water is used.

- It is usually less costly than solvent cleaning because a
large amount of water is added to a relatively small amount
of solvent.

+ Since it can be operated at room or slightly elevated
temperatures, hazards from fire and toxic fumes are not
great. Much less hydrocarbon is emitted to the ambient air.

+ Emulsion cleaning leaves a thin film of o0il on the work;
this thin film provides some protection against rusting.

5.2.1.3 Ultrasonic Degreasing--

Ultrasonic cleaning 1s a special application of solvent metal
cleaning, employed most frequently in the manufacture of electric
and electronic equipment and aircraft parts [38].

Ultrasonic degreasing combines a precleaning cycle, such as vapor
degreasing or immersion clearning, with subsequent treatment by
immersion in a ultrasonically agitated licuid bath of the degreas-~
ing solvent. Transducers which convert eiectrical energy to
mechanical enerqy are placed in the bath either at the bottom or
on the sides to supply the power for agjitation. Solvent filtra-
tion for particle size down to 2 pym, 5 ym, or 10 um, depending

on the tyre of soil, is provided. The frequency and intensity of
the ultrasonic energy are selected on the basis of tests. An
application example is the removal of residual c¢il from rolier
bearing cones. The cones are ultrasonically cleaned in tri-
chloroethylene at 60°C, with the immersed transducers operating
at a frequency of 400 kHz (400 kilocycles). The average power
intensity at the transducer is 2.5 x 10¢ w/m? [7].

Capacity of ultrasonic cleaning tanks may be as little as 0.6
liter and generally are designed to be appropriate to the size of
the parts to be cleaned {[38].

5.2.1.4 Vapor Degreasing=--

Vapor degreasing provides an efficient and economical methnd for
preparing clean, dry articles for subsequent finishing or fabri-
cating. Vapor degreasing makes use of a convenient difference
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between the soils removed in solvent metal cleaning and the sol-
vents used to remove them. The solvents boil at a much lower
temperature than the oils. Consequently, a mixture of solvent
and metalworking oils can be boiled, and the vapors produced will
be essentially pure solvent. These pure solvent vapors will con-
dense on metal parts until the temperature of the parts ‘approaches
the boiling point of the pure solvent. The condensed solvent
dissolves the oils present on the parts and drains from them as
new solvent condanses {39]. Vapor degreasers are satisfactory
for removing cils and greases that are partially or completely
soluble in the degreasing solvent.

The two types cf vapor degreasers used for industrial solvent
metal cleaning are: (1) open top vapor degreasers, and (2) con-
veyorized vapor degreasers.

The open top vapor degreaser cleans by condensing vaporized sol=-
vent on the surface of the metal parts. The condensing solvent
dissolves o0il and grease, washing the parts as it drips down into
the tank. To condense rinsing vapors and prevent solvent loss,

the air layer or freeboard above the vapor zone is cooled by a
series of condensing coils which ring the internal wall of the unit.
Most vapor degreasers ailso have an external water jacket which cools
the freeboard to prevent convection up hot degreaser walls (38].

The freeboard is usually 50 to 60 percent of one width of the de-
greaser [39]. Steam, electricity, or gas is used to boil the
solvent. Nonflammable solvents are usually used.

Figure 20 illustrates a basic open top vapor degreaser.

FREE-
BOARD
~

CONDENSATE
COLLECTING

VAPOR ZONE TROUGH

/
VAPOR GENERATING
HEATER SUMP

Figure 20. Basic open top vapor degreaser (7].
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Open top degreasers represent a compromise between the extreme low
capital investment of cold cleaning and the more capital intensive
conveyorized systems discussed next. As such, they are often
located in one or more convenient sites in the plant. Open-top
degreasers process parts manually and are frequently used for only
a smail portion of the workday or shift. In ccntrast, conveyor-
ized vapor degreasers tend to be central cleaning stations where
the parts to be cleaned are transp-rted to the machine [39].

Conveyor~operated solvent degreasers provide an efficient and
economical method for preparing clean, dry articles for subseqguent
finishing of fabiicating [40]. There are several types of convey-
orized degreasers and each can operate with either cold or veapor-~
ized solvents. The basic steps found in the typical conveyorized
vapor degreaser include a vapor rinse upon entry to the degreaser
vapor space section, liquid immersion, liquid spray, vapor rinse,
and finally, a slow withdrawal through a cold air space drying area.
Conveyorized vapor degreasers employ the same process techniques

as do open-top degreasers; the only significant difference is mate-
rial handling.

There are several basic designs which are termed conveyorized de-
greasers: gyro, vibra, monorail, cross-rod, mesh belt, and strip
cleaners. Figures 21 through 25 present sketches of the ferris
wheel, vibra, monora:l, cross-rod, and mesh belt degreasers [7].
Coaveyorized degreasers are generally large, automatic units
designed to handle a high volume of work in either a straight-
through process or a return type process in which the work pieces
enter and leave the degreaser unit from the same end. Their use
minimizes the.human element and produces consistently high quality
cleaning with minimum solvent losses.

5.2.2 Raw Materials

5.2.2.1 Requirements

Ten characteristics are required of solvents used in degrea51ng
processes [7]. Sclvents must:

- Either dissolve or attack oils, greases, and other
contaminants.

- Have a low latent heat of vaporization and a low specific
heat so that a maximum amount of solvent will condense on a
given weight of metal and keep heat requirements to a minimum.

{40] Allen, R. D. Inspection source test manual for solvent metal
cleaning (degreasers). Washington, DC; U.S. Environmental
Protection Agency; 1979 Juae. 150 p. EPA-430/1-79-008.

PB 80-125743.
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Figure 21. Ferris wheel degreaser [7].

Workload Distitiate
Entry Chute —

Distillgte Raumn
Swam Coils For Counter-

flow Wash

Figure 22. Vibra degreaser (7].
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Figure 23. Monorail degreaser [7}.

Figure 24. Cross-rod degreaser {7].
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Figure 25. Mesh belt conveyorized degreaser [7].
Have a high vapo>r density relative to air and a low rate of
diffusion into the air to minimize solvent losses.

Be chemically stable under conditions of use.

Be essentially noncorrosive to ccmmon materials of
construction.

Have a boiling point low enough to permit the solvent to be
easily sepsrated from oil, grease, and other contaminants by
simple distillation.

Not form azeotropes with liquid contaminants or with other
solvents. '

Have a boiling point high enough s¢ that sufficient solvent
vapors will be condensed on the work to ensure adeguate
cleaning.

Be available at reasonable cost.

Remain norexplosive under the operating conditions of vapor
degreasing.

Table 22 [41] lists typical applications for vapor degreasing sol-
vents. Table 23 [7] lists the physical properties of commercially
available solvents. Table 24 [7] gives the estimated consumption
of solvents used in degreasing operations.

5§.2.2.2 Solvent Description [38]--
Four main types of organic solvents are used in industries with
solvent~-degreasing operations: alcohols, halogenated sclvents,

[41]

Metal finishing guideboock ané directory, 1974 Edition.
Hackensack, NJ; Metals and Plastics Publishing, Inc.
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TABLE 22, TYPICPL APPLICATIONS FOR VAPOR-DEGREASING SOLVENTS ([41]

o T T/ e - 0T " Approximate T

vapotr
temperature,
o . Application_ Solvent °c __Factors affecting selection
Removal of soils from parts Tri1chloroethylene 87 Most commonly used degreasing
solvent.

Remocal of slightly soluble (high Perchloioethylane 121 Used where higher operating
melting) soile« temperature 1s desirable.
Removal of water films from metals pPerchloroethylene 121 Rapid and complete drying in

one operation.
Cleaning coils and components for Methyl chloroform 74 Solvent must not damage wire
electric motors Trichlorotrifluoro- coating or sealing agents.
ethylene 48 Requires special equipment
design. Selectaon should
be based on preliminary
trials
Cleaning temper-ture-sensitive materials tiethylene chloraide 40 Used where parts must not be
Trichlorotrifluoro- exposed to higher vapor
ethylens 48 temperatures during cleaning.
Special corrosion resistant
equipment is required.
Cleaning compouients for rockets Trichloroethylene 87 Cleaned parts must be free of
or missiles soil4 or recidues which
might renct with oxidizers.
Llonniﬁé with ulitrasonics Trichlorerthylene 87 For clcaring efficiency beyond
terchloiovethylene 121 that obtained from standard
Hethylene chloride 40 vapor degreasing Solvent
Fluorinated hydro- must be kept clean by con-
catbon 48 tinuous distillation and

filtration during use.
Selection should be based on
preliminary traals.
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TABLE 23.

Solvent

Houhalogenated
Toluene
Hethyl ethyl ketour
Acetone
n-Butanol
sec-Butanocl
Naphtha, coal tar
Naphtha, safety (Stoddard)
Mineral spirits
Ethers (petroleum
Benzene

'g-Xylcne
Cyclohexane

Hexane

Halogenated.
Trichlorotrifluoroethane
Methylene chloride
Perciiloroethylene
Trichloroethylene
1,1,1-Trichlorgethane
Carbon tetrachloride

PROPERTIES OF COMMERCIALLY AVAILABLE SCLVENTS [7]) a
Bo1ling Latent heat ot " Specitic  _ Spécitic gravity . Evaporation  Water solubilily
point vapot 12al 1on heat, Liquid Vaper rate 1n solvent,
°oc Wy 3/g°C (water 1) (air = 1) (CCl4 = 100) (@ 20°C, g/100 q)
110 & 3@1 4 1 /6 0 87 3.14 12 0 05
796 413 8 2 30 0.8t 2.4 a5 13 4
56 7 521 3 2 22 0.79 2.00 91 Complete
117 2 591 6 2 34 0 81 255 3.5 25.8
107.2 578 2 2 34 0.81 2.55 9.4 57 0
150 to 200 326 1 30 0.90° 4.3 15 to12 <0 05
150 to 200 301 5 1 34 0.86° 4.5° 1.5 to 12 <0.05
15% to 175 326 6 1.34 o 87° 4. 0.63 - <0.0%
40 to 70 288 9 117 0.60° 24 100° <0.05
80.1 394 172 0.88 2.1 49 005
143.9 347 172 0 88 3.66 55 004
80.7  _  158.4 1.80 0.78 2.90 e <0.01
66.7 3370 155 0.66 297 113 <0 01
74 1 146 5 0 80 1.514 6.75 280 0 019
40 0 330 4 117 1.326 29 147 015
124 1 209 4 0 88 1623 5 73 27 o 01
871 2 2319 5 0 96 1 464 4 54 69 0 02
7 4 2211 i 09 1.327 4 50 135 0.05°
76.7 218.1 0.84 1.58 5.3 100 o 08

aSpecxfic gravity of vapor phase w.s calrulated using the ideal gas law.

Assuming boiling points for naphtha coal tar, Stoddard., mineral spirits, and ethers of 175°C, 175°C, 165°C, and 55°C, respectively,

along with the denstties shown
density of air 1s assumed to be 1.297 kg/m®

Latent heats of vapotization were estimated trom Reference 43

the molecular weights estimated from Reference 42 are 124, 125, 130, and 85, respectively, the

Specific hcatls were estimated from Reference 43 for the temperature range of 0 to 250°C, where applicable.
APl gravities were assumed for the varjous petroleum fractions iespective to the list above, to be 25°C, 33°C, 31°C, and 100°AP1

o

o

Estimated value
24°¢C
€2s°c.

[

Carbon tetrachloride {s the basis tor evaporation rate comparisons.

Its evaporation rate is given a value of 100,



TABLE 24. DISTRIBUTION OF U.S. DEGREASING SOLVENT. CONSUMPTION (7]

Percent of

total
1974 Appareéent consumption
1974 Appar~nt solvent/degreasing for metal
u.s. consumption, cleaning
consumption, 103 metric tons and
Chemical 103 me“ric tons Cold Vapor degreasing

Halogenated hydrocar.ons:

Fluorocarbons 428.6 6 11.1 4

Methylene chloride 235.4 46.2 10 24

Perchloroethylene 330.2 11.4 43 16

Trichlecrocthylene 173.7 43.8 112.7 90

1,1,i-Tracyloroethane 236.3 78 90 71
Hydroc~rbons:

Hexane 135 7 5

Toluene 3,085 14 0.5

Xylene 2,635 12 0.5

Cyclohexane 1,066.7 1 0.1

Ethers 56.3 6 11

Mineral spir:ts 210 30 14

Naphthas 4,450 188 4.2
Ketonés:

Acetone 882.5 10 1.1

Methyl ethyl ketone 237.2 7.5 3.1
Alcohols:

Butyl alicohol 159.6 3.3 2.1

hydrocarbons, and ketones. The maintenance type of cold degreas-
ing and wiping uses mainly hydrocarbons, such as mineral spirits.
Manufacturing cold degreasing and conveyorized cold degreasing

use a wide variety of solvents. Open-top vapor degreasers and
conveyorized vapor degreasers use halogenated solvents exclusively.

Alcohols and ketones are selected for cold degreasing mainly be-
cause they evaporate faster than petroleum products and leave
cleaner surfaces; they are preferred to halogenated solvents '
mainly because of their solvency and cost.
/N
The five major halogenated solvents listed in Table 24 are manu-
factured and sold under a variety of trade names. While they are
all certainly suitable to general vapor degreasing processes,
each has limitations associated with it.
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Trichloroethylene has been the historical favorite for vapor
degreasiiig usage. It is felt that the development of the vapor
degreasing process and associated industry was largely based on
the particular properties, availabilities, and low cost of this
versatile solvent. The boiling point (87°C) allows adequate
vapors to condense on the work being cleaned, yet the work is

not too hot to handle upon removal from the degreaser. Utility
requirements also are easily met with 15 psig steam (or less) and
nominal cooling. The other properties of trichloroethylene have
created such widespread general usage that many vapor degreasers
must be retooled or otherwise modified to allow alternate solvent
usage. However, regulations restrict the use of trichloroethylene
for vapor degreasing because of its photochemical reactivity and
resultant production of atmospheric oxidants.

Another halogenated solvent, 1,1,l-trichloroethane, is second

only to trichloroethylene in nationwide usage for vapor degreasing.
General behavior is similar o trichlecroethylene primarily due to
a similar boiling point. However, the chemical stabilaty of 1,1,1-
trichloroethane can cause significant problems associated with
water contamination and use with "reactive" metals (i.e., alum-~
inum or zinc). The primary advantages to the user of choosing
1,1,1-trichloroethane over trichloroethylene are that parts are
lower in temperature on removal from the degreaser (~14°C lower)
and are thus easier to handle. An important consideration for

air quality is the substantially lower photochemical reactivity

of 1,1,1-trichloroethane compared to that of trichicroethylene.

Perchloroethylene is used in about 15 percent of the vapor de-
greasers nationwide. Perchloroethylene has inherent stability to
reactive metals and thus requires less stabilization. Because of
its higher boiling point (121°C), significantly more vapor con-
denses on the wor-k than with either of the other two solvents.
Because of the combined effects of higher temperature and in-
creased vapor flushing, better cleaning efficiency is generally
obtained with perchloroethylene. Further, because of its signifi-
cantly higher boi)ing point, perchloroethylene drives off trans-
ient water from the workload more quickly. As with most advan-
tages, the higher boiling point also creates some disadvantages.

A minimum of 60 psig steam is required for vapor degreasexs using
perchloroethylene, usually requiring a larger steam coil (and prob-
ably a licensed engineer's presence). If electric or gas heaters
are used, significant additional utility costs result. Safety and
comfort of employees also suffer as the vapor degreaszr is oper-
ated at 121°C rather than at 87°C.

Methylene chloride may be used to remove polymer residue because
of its high solvency. 1t is especially useful for cleaning heat-
sensitive parts because of its low boiling point. Less heat is
required for degreasers using methylene chloride as solvent;
however, methylene chloride diffuses mure readily because of 1its
low vapor density. Extensive modification of a vapor degreaser
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is required to convert from trichlorcethylene to methylene chlo-
ride. The low boiling point and the low volume of condensate
generated may cause low cleaning efficiency.

Fluorocarbon-type solvents, such as Freon-113, have the same
advantages as methylene chloride and are suitable to remove poly-
mer residue and heat-sensitive parts, but since the vapor density
of Freon-113 is much higher than that of methylene chloride less
Freon will diffuse out cf the degreaser. A slightly higher boil-
ing point and a larger volume of condensate have made Freon a
better solvent thar methylene chloride to clean small, delicate
parts. The cost of Freon is, however, much higher than that of
any cther halogenated solvents.

Carbon tetrachloride is not often used for degreasing except 1n
special applications because of problems with toxicity to
operators.

Brief descriptions and selected analyses of degreasing solvents
and stabilizers are provided in Appendix B.

5.2.3 Waste So.vent Description

The degreasing equipment, sump, and stills contain spent solvents
along with removed oils, greases, waxes, and metallic particles.
These spent solvents are also commonly known as degreasing sludges.
The following subsections describe waste solvent characteristics
and their geographic distribution.

5.2.3.1 Wwaste Characteristics-~

waste solvent composition will depend on the solvents used for
degreasiny and type of soils (oi1ls, greases, waxes, buffing com-
pounds, metallic particles, etc.) to be removed from the material
being processed. It is independent of the nature of the plant.

The volume of waste solvent from a vapor degreaser per load is

less than that from cold cleaners because the solvent in a vapor
degreaser may be used for a1 longer time. Vapor degreasing wastes
can contain from 15 percent to 30 percent oil contamination, where-
as cold cleaning waste solvent can only contain about 10 percent
0il contamination before it must be replaced [7]. Table 25 pre-
sents data for the fraction of solvent consumed that becomes waste
solvent by type of degreasing operation [7].

Some criteria have been estalLlished to determinc¢. when a vapor
degreaser should be cleaned. Most commonly, the need for clean-
ing the degreaser is established when the boiling point of the
contaminanted solvent 1s from 5 to 10 degrees above the boiling
point of the pure solvent (21]. In most shops, experience shows
that this will take place at nearly consistent intervals. Gener-
ally, this corresponds to a contaminated solvent with contaminant
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i
TABLE 25. WASTE SOLVENT GENERATION BY TYPE
OF DEGREASING OPERATION [7]

Total solvent consumption,
that becomes waste solvent, %

Degreasing operation ' Range Average
Cold cleamners
Manufacturing (44%) 40 to 60 50.0
Maintenance (56%) 50 to 75 62.5
Open top vapor degreasers 20 to 25 22.5
Conveyorized vapor degreasers 10 to 20 15.0

level approaching 30 percent [7]. Table 26 presents boiling
points of clean and contaminated chlorinated solvents [44].

TABLE 26. BOILING POINTS OF CLEAN AND CONTAMINATED SOLVENTS ([44]

Boiling point, °C

30%

Solvent Clean Contaminated
" Trichlorocethylene 87.2 90.5
Perchloroethylene 121.1 126.7
1,1,1-Trachloroethane 74.1 85.0
Methylene chloride 40.0 48.9

Raw waste solvent composition data obtained {rom the state envi-
ronmental regulatory agencies are presented in Appendix B, by

type of degreasing operation wherever i1t is known. Examination
of data indicates that waste solvents are contaminated with oils,
greases, and heavy metzls. Since the Resource Conservation and
Recovery Act (RCRA) lists waste degreasing solvents >s hazardous
wastes, they should be disposed of in accordance with the regula-
tions. Waste solvents can be reclaimed and reused. Various waste
solvent reclamation technologies along with economic aspects are
discussed in Section 6.

5.2.3.2 Geographic Distraibution--

It is reported that in 1980 approximately 1.8 million kg/day (4
million 1b/day) of waste solvents are generated by the metal
finishing industry [2}. This corresponds to 468 million kg/yr

[44] Vapor degreasers. <Clarke, NJ; Branson Equipment Co.
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(1,040 million lb/day) for a five-day work week. This estimate
is based on a random survey conducted by EPA of 900 -manufacturers
having Standard Industrial Classification (SIC) Codes between
3400 and 3999. Since the manufacturers were selected at random,
the survey data are considered representative of the entire popu-
lation of manufacturers within those SIC Codes.

Since sufficient data are not available to determine accurately
the waste volume produced by each state, the total estimated
waste volume generated was proportionately distributed between
states based on the total number of metal finishing plants (with
more than twenty employees) in each state. The estimated geo-
graphic distribution of waste generation is presented in Table 27
and in Figure 26. Seven industrial states (California, Illinois,
Texas, Michigan, New York, Chio, and Pennsylvania) generate
approximately 53 percent of the total industry waste.

TABLE 27. GEOGRAPHIC DISTRIBUTION OF WASTE DEGREASING SOLVENTS
GENERATED BY METAL FINISHING INDUSTRY

Million

State kg/vear

1. Alabama 6.0

2. Alaska 0

3. Arizona 2.9
4. Arkansas 3.3
5. California 59.1
6. Colorado 3.9
7. Connecticut 13.2
8. Delaware 0.5
9. District of Columbia 0.1
10. Florada 10.3
11. Geol jia 6.5
12. Hawaii 0.3
13. 1Idaho 0.7
14. 1lllinois 35.4
15. 1Indiana 16.5
16. Iowa 5.0
17. Kansas 4.4
18. Kentucky 4.9
19. Louisiana 3.5
20. Maine 1.2
21. Maryland 4.2
22. Massachusetts 17.4
23. Michigan 32.7
24. Minnesota 9.2
25. Mississippi 3.4
26 Missouri 8.8

(continued)
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TABLE 27 (continued)

] Million

State kg/year

27. Montana 0.4
28. Nebraska 2.1
29. Nevada 0.5
30. New Hampshire 2.4
1. New Jersey 20.9
32. New Mexico 0.7
33. New York 34.9
34. North Carolina 10.2
35. Nnrth Dakota 0.4
36. Ohio 34.4
37. Oklahoma 5.1
38. Cregr* 4.3
39. Porn.yilvenia 28.5
40. Rhode T7sl oud 5.4
41, =Iouth Ceé'-slina 3.4
42. south La.o+a 0.5
43, T=2navssee 8.3
44. Texas 23.0
4%, tal 1.9
S ° YVerront 0.9
47. Virginia 5.1
46. Washingtion 5.1
49. West Vivginia 1.9
50. Wisconsin 14.0
51. Wyoming 0.1

5.3 SURFACE COATING

This section describes metal product surface coating operations;
solvent-based, water-borne, and powder paints; and waste coatings
and paint sludges generated in metal coating operations.

5.3.1 Process Description

The six major painting methods used to apply snurrace coatings in
the metal fabricating and finishing industry ar:: (1) spray
painting, (2) dip coating, (3) flow coating, (-!) roll coating,
(5) electrodeposition, and (6) powder coating. The most common-

ly used processes and equipment are cdescribed in the following
sections.
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5.3.1.1 Spray Painting [45]--

The principle of spray painting is to break up the liguid paint
composition into tiny droplets and propel them through the air
onto the surface of the merchandise to be coated. 'Owing tc the
airborne solid and semisolid wastes generated by spray painting
operations, they must be performed in a confined area. A paint
spray booth may simply be an area enclosed on three sides with
an exhaust fan and filter in an overhead hood, or it may be a
much more elaborate arrangement. There are several methods for
atomizing the paint composition, and-a variety of spray painting
equipment is currently in use.

Air Atomization--In this method, a jet of compressed air impinges
on a stream of liquid paint which emerges from an orifice in the
tip of the spray gun. The air jet atomizes the paint and propels
(transfers) the droplets onto the surface of the merchandise
(Figure 27).

s
\\\ s\‘_- -
CCMPRISSED $o N
RIR e t \s\ ~
) . » ™~ S
b 7 ' NN
PAINT OVERSPRAY

Figure 27. Air atomized spray [45].

Pressure Atomization-~In this method, the liquid paint is forced
through a small diverging orifice at a relatively high pressure of
about 600 psi. The paint emerges from the orifice as a fine spray
with sufficiently high kiretic energv to propel (transfer) it

through the intervening air onto the surface of the merchandise
(Figure 28).

Electrostatic Field Assisted Spray Painting~--In this method, the

atomized paint 1s g:ven a polarized h:..gh-voltage electrical charge
(usually about 100,000 volts) at or rear the point where it emerges
from the paint gun and the merchandise is electrically grounded to

[45] Brewer, G. E. F. Calculations of painting wasteloads asso-
ciated with metal finisaing. Cincinnati, OH; U.S. Environ-
mental Protection Agency; 198C June. 85 p. EPA-600/280-144.
PB 80-226731. .
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Figure 28. Pressure atomized spray {45].

the opposite polarity of the power source. Thus, the charged paint
particles are electrically attracted to the surface of the merchan-
dise (Figure 29).

H]GH
VOLTAGE
oc

PAINT

Figure 29. Electrostatic field assisted spraying painting [45].

Centrifugal Atomization--In the most commonly used centrifugal
atomization method, liquid paint 1s gradually coated onto the
center inside surface cf a rapidly rotating bell. The certrifu-
gal force of the rotating bell moves the paint to the open :nd
where it passes through an electrostatic field and emerges as a
charged, atomized spray. As the spray emerges, the electrostatic
field directs (transfers) it to the surface of the merchandise
(Figure 30).

A commcn variation of the centrifugal atomization method uses a
horizontally rotating disk instead of the bell described above.
This variation has about the same transfer efficiency and provides
a wider coverage area. In this method, the merchandise is usually
carried by a conveyor in a horseshoe-shaped ioop around the disk.
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Figure 30. Centrifugai atomized spray [45].

5.3.1.2 Dip Coating [45]1-~

In the dip coating method, the merchandise is actually submerged
in a container of liquid paint and then lifted back out. The
excess paint drips off the merchandise either directly back into
the paint container or into a drip recovery tray. Dip coating of

rigid, profiled merchandise requires that each piece be submerged
individually (Figure 31).

CONVEYOR

CRIP PAN

\odo

Figure 31. Dip coating rigid, profiled merchandise [45].

The drip-off process is sometimes aided by the use of a high volt-
age electrostatic field which is effective in eliminating drops of
paint that might otherwise form on the botton of the merchandise.

- 5.3.1.3 Flow Coating [45]-~

In the flow coating method, liquid paint is poured over the top of
the merchandise and allowed to drip off the bottom. The merchan-
dise 1s positioned over a container of paint, part of the paint is
pumped to a dispensing head over the merchandise, the paint flows
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over the merchandise forming a coating, and the excess drips back
into the container (Figure 32).
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Figure 32. Flow coating (45].

Drip off is sometimes aided by use of a high voltage electro-
static field. The expected transfer efficiency for the flow coat-
ing method is about the same as for the dip coating method (75
percent to 90 percent).

573.1.4 Roll Coating {45]--

In this method, liguid paint is applled by a transfer roll direct-
ly to the surface of the merchandise. This method can be used to
paint any flat meterial, rigid or flexible, individual pieces or
continuous sheets, to cne side or to both sides simultaneously..
The principle of roll coating is to cover the surface of the
transfer roll with ligquid paint, control the amcunt cf paint on
the surface of the transfer roll by means of a meterzng roll, and
then to transfer the paint from the transfer roll directly to the
surface of the merchandise by direct contact (Figure 233).

Figure 33 illustrates a typical arrangement for roll coating both
sides of a continuous sheet of material simultaneously. 1In a
typical arrangement for coating only one side, the transfer and.
metering rolls on the opposite s1de would be replaced by a single
roll for the purpose of maintaining pressure between tne transfer
roll and the material.

There are a number of variations to the typical merthnd of roll
coating shown in Figure 33. For example, a better arplication of
the paint to the surface of the merchandise is sometimes achieved
by reverse roll coating. In other words, at the point of contact
between the transfer roll and the material, the transfer roll is
rotating in the opposite direction from the direction of travel
of the material. This causes a wiping action at the point of
transfer.
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Figure 33. Roll coating [45].

5.3.1.5 Electrodeposition [45]--

. In this method, the merchandise is submerged into a dilute (low
wviscosity) dispersion of specially formulated nonvolatile paint
501ids mixed with water. A low-voltage (50 to 500 volts), direct

current electrostatic field is applied, which attracts the non-
volatile paint particles to the surface of the merchandise, where
they form a highly viscous deposit. The merchandise is then
lifted out of the electrocoating bath and subjected to several
ultrafiltrate rinse stages. Any droplets of paint lifted out

of the bath on the newly painted surface are rinsed back into

the dip tank (Figure 34).

5.3.1.6 Powder Coating [45]--

The principle of the powder coating method is to apply a layer of
fusible powdered piastics (powder paint) to the surface of the
merchandise where it is melted and heat cured ints a nonvolatile
solid film coating. There are three principal techniques for
applying the powder paint composition to the manufactured product.

Fluidized-Bed Technique--A "fluidized bed" is achieved by instal-
ling a false bottom made from a pcrous material inside the paint
tank. A thin layer of powder paint is placed on the tup of the
porous material. A controlled flow of air or an inert cas such as

nitrogen is pumped into the tank chamber below the porous material.

The turbulence caused as the air or gas passes through the porous
material and out the top of the tank causes the particles of paint
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Figure 34. Electrocoating [45].

powder to rise and rema.n suspended like dust particles in the air.
The flow rate is controlled at a point where none of the particles
is raised as high as the top of the tank. The merchandise is pre-
heated to a temperature about the melting point of tke paint pow-
der and then 1s dipped into the fluidized bed. The paint powder
particles that ccntact the hot surface melt and form a film
coating.

Fluidized Bed Plus Electrostatic Field Technique--A shallow
"fluidized bed" is formed as descrabed above, then the paint pow-
der particles are charged by a high voltage electrostatic field
{Figure 35)

CONVEYOR

S0 v YRLIDIZED"
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%{f T COMPRESSED AIR V°‘£°E

Figure 35. Electrostatic fluidized bed [45].
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In this technique, the merchandise is not preheated but is elec-
trically grounded to the power source that supplies the electro-
static field. The merchandise does neot actually enter t'.e
fluidized bed, but when it passes above the surface the narged
paint powder particles are attracted to it and form a co. ting of
powder. The particles are retained on the surface of th.- mer-
chandise by the residual electrostatic charge. The merchandise
is then processed into a heating chamber where the paint powder
particles melt and form a film coating.

Fluidized Spray Technigue-~The powder paint is fluidized by mix-
ture with air or an irert gas such as nitrogen and sprayed from a
paint gun under a very small pressure. The paint particles are
charged by an electrostatic field at or near the point at which
they leave the spray gun and the merchandise is grounded electric-
ally to the power source that provides the field. The paint pow=-
der particles are attracted to the surface of the merchandise
where they form a powder coating (Figure 36).

HIGH HIGH
VOLTAGE VOLTAGE
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FTAlES PRINT ATTRACTIGN REPELLENCY

Figure 36. Fluidized electroscatic powder spraying [45].

The thickness of the powder cocating on the merchandise can be pce-

determined and controlled by the strength of the electrostatic
field. Due to the weight of the paint particles and the low pres-

sure of the operation, without the electrostatic charge they vould

settle as they emerged from the paint gun. Even if they contacted
the surface of the merchandise they would not be retained. Wwhen
the powder coating has reached the desired thickness, the attrac-
tion is counteracted by the residual charge in the particles
already attached and no more par icles will ke retained. This
residual charge in the particles attached to the merchandise will
also cause them to be rctained on the surface while the merchan-
dise is processed to a heat chamber where they melt and form a
film coating.
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Unlike liquid paint spraying, all the "overspray" in powder spray-
ing operations is collected in a filter chamber and reused.

5.3.1.7 Paint Curing Methods [45}--

The process by which the fresh paint composition is transformad
into a solid, wear-resistant nonvolatile film coating on the mer-
chandise is known as curing. Most paint compositions are formu-
lated to function best when a specific curing method is used.
However, some compositions may be used under several curing
methods, or even with a combination of methods. Curing methods
fall into the three general types described below.

Ambient Temperature Curing-~The simplest method of curing is pro-
vided by those paint compositions that "dry" in an atmosphere at
or near the ambient temperature of the work area. There are three
general classes of paint compositions that are normallyv cured at
ambient temperature: (1) solvent and/or water-borne paints that’
cure through evaporation of the liquid components; (2) paints
which cure through the absorption of moisture from the atmosphere;
and (3) two component paint compositions which, when mixed, form

a polymerized film and solidify within a few minutes. Since only
a limited time is available to apply the paint after the two com-
ponents are mixed, they are usually used in spray operations where
they are mired in the spray gun chamber.

Bake Curing--The application of heat to accelerate the evaporation
process 1s the curing method most widely used by industry. "There
are a number of ways to achieve bhake curing, but they all function
v the principle of subjecting the painted merchandise to tempera-
ture in the range of 120°C to 175°C (250°F to 350°F) for a period
usually about 8 to 30 minutes. Continuous air circulation through
the baking chamber is essential to remove the organic volatile
waste and to dilute the vapors to below the explosive level.

Radiation Curing--There are several classes of liquid paint compo-
sitions that will solidify quite rapidly when exposed to radiant
energy. Flectronic keam radiation-curable paint compositions may
be applied by a variety of methoés such as spray, roll, flow, dip,
etc. After the paint is applied, the merchandise is placed in a
~hamber ccxtaining a relatively oxvgen-free atmosphere (usually
less than 500 ppm) and exposed to high energy electron beams
(B~rays). When the g-rays impinge on the liquid paint components,
a chemical reaction is ilnitiated whicn causes them to solidify
into a solid film coating. Paints in this class are used where a
comparatively thick film coating is required on a flat surface.

Ultraviolet ray-curable paint compositions are used where a com-
paratively thin film coating is required on virtually flat sar-
faces, therefore, they are generally applied tc the merchandise
by the roll coating aethod. The freshly-coated merchandise is
then passed within a few inches of one or more ultraviolet lamps
(usually mercury vapcr tubes) which emit 315 to 400 nznometer
waves.

112



5.3.2 Raw Materials

5.3.2.1 Composition--

Surface coatings consume more than 600 chemicals and chemical in-
termediates, a greater number and variety than in any other seg-
ment of the chemical industry. Fiqure 37 presents tynical lists
of the various chemical raw materials used in surface coatings
[8]. 1In 1980, surface coatings consumed an estimated 4.3 billion
kilograms of raw materials, excluding water [9]. Over 2.3 billion
kilograms were resins and pigments, the part of the coating that
ends up on the coated product [9].

Paint is a dispersion of pigment in a liquid "vehicle." The
vehicle consists of a volatile solvent and a nonvolatile portion
called the binder. Organic solvents or water may be used as the
former and resins or oils function as a binder.

Surface coatings consist of four basic components: film formers,

pigments, solvents, and additives. These ccmpounents are discussed
belovw,
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Figure 37. Raw materials flow diagram for the paint
and allied products industry {8].
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Film Formers--Film formers consist of synthetic resins (alkyd,
vanyl, acrylac, epoxy, urethane, cellulosic, etc.), drying oils
(linseed o01l, tall oil, tung oil, castor oil, etc.), and natural
resins (resin, shellac, etc.). These materials form the protec-
tive film of the surface coating and, hence, they are the backbone
of the protective coating.

The surface coating industry classifies the surface coatings by
the chemical type of the film former (alkyd paint, acrylic
lacquer, etc.) [8].

+ Resgins are the usual binders which contribute to the dur-
ab:lity, adhesion, flexibility, and gloss of coatings.
They may be purchased either as solutions or as solids and
fall into three general classes: (1) those used in lac-
quers which dry purely by the evaporation of solvent
(cellulose deravatives, acrylic, vinyl, and bituminous
resins); (2) those which dry by a chemical reaction with
air (alkyds) or moisture (urethanes); and (3) those which
dry (or set) at high temperature (phenolics and others)
[46]. Many coatings involve blends of more than one type
of resin, and the division between classes is not always
sharp. Table 28 shows resins used by the United States
paint industry [46].

- Plasticizers - Many of the resins used by the coating in-
dustry, such as cellulose nitrate, many phenolics, vanyls, -
and others, are, by themselves, too brittle to have ade-
quate adhesion or exterior durability. For that reason,
they are usually mixed with plasticizers, a procedure
which will yield flexible films. The plasticizers are
relatively soft materials which resist oxidation on ex-
posure and provide continuing compatibility with the
resin so 1t will remain plasticized. One must be selected
which will not come orff the film at high temperatures.
Some of the common plasticizers are esters, such as cas-
tor o1l, or polymerized oils. Alkyds made with nondry:ng
oils are often used to plasticize urea resins [46].

- 0Oils - Traditionally, before the present resins were devel-
oped, drying oils--primarily linseed with lesser amounts of
soybean, tung, oiticica, perilla, and dehydrated castor--

(46] Scofield, F.; Levin, J.; Beeland, G.; and Larid, T. Assess-
ment of industrial hazardous waste prac.ices, paint and
allied products industry, contract solvent reclaiming opera-
tions and factory application of coatings. Washington, DC;
U.S. Environmental Protection Agency; 1975 September. 304 p.
EPA 1530/SW-119c. PB 251 669.
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TABLE 28.

i
i

RESINS USED BY PAINT INDUSTRY [46]

Resins for solvent-thinned v»>hirles

Acrylic, lacquer type

Acrylic, thermo-setting typs

Alkyds

Cellulose acetate

Cellulose butyrate

Cellulose nitra:e

Epoxy resins

Epoxy ester resins

Ethyl cellulose

Hydrocarbon resins

Maleic resins

Phenolic resins, pure

Polyurethane resins

Silicone resins

Urea and melamine formalcdehyde resins
Vinyl (formal and butyral) acetal resins
Vinyl acetate solution-tvpe copolymers

Water emulcions

Acrylic emulsions

Casein

Polyvinyl acetate emulsions
Polyvinyl chloride emulsions
Styrene-butadiene emulsions
Other emulsions

Water-soluble resins

Water-soluble oil and alkyd types
Other water-soluble types

Miscellaneous

Aspha.t and coal-tar pitch

Chlorinated paraffins

Natural resins (Manila, Dammar,
Copal, etc.)

Shellac

Waxes

Other miscellaneous resins and
polymers

were used as paint vehicles, either by themselves or

cooked with natural resins as varnishes.

The newer

resins, some of whaich (particularly alkyds) incorporate
some of these oils, have largely replaced the straight

oils due to cost advantages.

such as coconut and cottonseed,

usvally in alkyds.
in Table 29 [46].

A few nondrying oils,
are used in small amounts,
Various oils used in paints are given

Pigrents--Pigments are, in general, finely divided, insoluble,
organic (phthalocyanine, azo, and nonazo pigments, etc.) and in-
organic (titanium dioxide, zinc.oxide, carbon black, etc.) powders
which contribute color, opacity, consistency, and durability to
paint [48}. They may be described as white, transparrent, colored,
and metallic. However, they are also used for fillers, reinforcers,
corrosion inhibitors, and mildew control. The pigment section of

. the NPCA Raw Materials Index lists several thousand different mate-
rials, but many of these differ only slightly in color, particle
size, or surface treatment. There are probably five hundred dif-
ferent pigments available to the paint industry, many of which are
used in only very small amounts for specialty products. The amount
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TABLE 29. . OILS USED BY PAINT
INDUSTRY ([46]

Oils

Castor oil, raw

Castor o0il, dehydrated
Tung oil

Coconut oil

Linseed o0il

safflower oil

Soybean

Fish oil

Cottonseed oil

Fatty acids

Coconut
Linseed
Sovbean
Tall o1l
Other fatty acids

of pure pigments required can be reduced by the use of cheaper
matetials which are classified as extenders. These include cal-
cium carbonate and talc. Table 30 lists the major pigments used
in paints and coatings [46].

Solvents-~-Solvents are used to reduce the viscesity of the sur-
face coating for easier handling and apglication. They influence
setting rate, drying time, flow properties, and flammability. The
solvents used are either petroleum derivatives (hydrocarbons, cXy-
genated hydrocarbons, chlorinated hydrocarbons, etc.) or water [8].

The primary function of solvents used in coatings is to adjust
the viscosity for easy application. Since the solvent does not
form a part of the final film and contributes little to the prop-
erties of that film, the cheapest material which will dissolve
the resin and will evaporate at the desired rate is usually
chosen. A major consideration in the choice of solvents is air
pollution control regulations. If a mixture of solvents is used,
they should be chosen so that any change of solvency due to the
lower boiling solvent coming off first will not have an adverse
effect on the performance of the coating. Other things being
equal, a petroleum {raction of suitable boiling range--mireral
spirits, VM&P naphtha, textile spirits, etc.,--is used. When
these will not dissolve the resin, aromatic solvents, such as
toluene or xylene, esters (ethyl acetate, etc.) or ketones . :
{methyl ethyl ketone, etc.) are employed. A few alcohol-soluble
resins, such as shellac, are dissolved in ethanol or isopropancil.
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TABLE 30. PIGMENTS USED BY THE PAINT INDUSTRY [46]

Greens
Chrcme greena
Chrecmium oxide and hydrated
chromiun oxide
Phthalocyanine green
Pigment green b

Reds and Maroons-inorganlcb

Reds and Maroons-organic
B. O. N. maroon
Chlerainated para reds
Lithol red and rubine
Other organic reds and maroons

Flushed Colors

Aqueous Dispersions

Hansa yellow

Iron oxides
Phthalocyanine blue?
Phthalocyanine green
Toluidine red

ther aqueous dispersions
Other pigment dispersions

Metail.c
A.Jamlnum pastes
Aiiminum powaer
Bronze powders
Copper powders?
Other metal.:~ flakes

iron oxides
Syntnetic iron oxides (reds)

Synthetic iron oxides (yellows)

Synthetic 1iron oxides (other)
Natural iron oxides
Ochres, siennas, and umbers

Extenders

Calcium carbonate ~ precipitated

Calcium carbonate - natural

Magnesium silicate (talcs)

Barytes - natural

Diatomaceocus earths -

Kaolin (calcined and other
clays)

Mica, dry and water-ground

Silicas. ground

Other extender pigments

Whites
Antimony oxide
Lithopone
Titanium dioxide, pure
(usually 50% T10,)
2inc oxide, leaded
2inc oxide (pure)
Other white pigments

Blacks
Carbon black
Lamp black
Other black pi¢ments
(except black iron
oxide)

Yellows & Oranges-inorganic

C.P. cadmigm oranges
and reds

Cadmium lithogonea

Chrcme yellow

Molybdate orange

Strontium chrgmate“

2i1nc chromate

Other inorganic yellow
and organge pigments

Organic yellows and
oranges

Blues and Violets .

Iron blue (Milori-Chinese-
Prussian

Ultramarine biue

Other inorganic blues and
violets -

Phtalocyanine blue®

Other organic blues and
violets

Miscellaneous
Cuprous oxide
Fluorescent pigments
2inc dust
Other miscellaneous
pigments

Lead a
Basic lead carbonate
Basic whéte lead silicate
Red lead a
Other lead pigments

a

a. .
indicates hazardous materials.
EXcept 1ron oxido.
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Water is increasingly used for water-soluble resins and to thin
emulsions. Small amounts of other 'solvents are used in paint and
varnish removers, spirit stains, and other miscellaneous materi-
als. Solvent usage in the paint industry is summarized in Table 31
{46].

TABLE 31.

SOLVENTS USED BY PAINT INDUSTRY [46]

Aliphatic hydrocarbonsa

Mineral spirits, regular and
low odor

Mineral spirits, odorless

Kerosene

Mineral spi:-its, heavy

Other alipkatic hydrocarbons

Terpenic hydrocarbons
(Pine o0il and turpentine)

Ketcnesa
Acetone
Methyl ethyl ketone (MEK)
Methyl isobutyl ketone (MIBK)

a Other ketones
Aromatic and naphthenic hydrocarbons

Benzene Esteggi
Toluene Ethyl acetate
Xylene Isopropyl acetate

Naphtha, high flash
Other aromatic hydrocarbons

Normal butyl acetate
Other ester

a .
Ind:cates hazardous material.

Additives~~Additives are used to facilitate production and to im-
prove the application and performance properties of the coating
system. Additives consist of surface agents, driers, thickeners,
flow modifiers, anti-skinning agents, fungicides, flame retardants,
etc. (8].

A wide varieiy of materials is added to many paint formulations
in small amounts for specific purposes. Driers are used to ac-
celerate the oxidation (or drying) of drying oils and alkyd
resins. They are organic soaps of cobalt, lead, manganese, or
other metals. The organic portion confers solubility in the
organic sclvents used but otherwise does not appear to affect
the catalyst properties, which are determined by the metal. A
few nonmetallic materials are also used as driers [46].

Anti-skinning agents are the reverse of driers ir that they delay
the drying of oils or alkyds in the can with the formation of a
"skin." They are usually volatile, so that they evaporate rapid-
ly after the coating is applied {46].

Various mercury compounds have historically been used as preserva-

tives and fungicides. Water-thinned paints are, for various rea-
sons, excellent food for many bacteria. Without a preservative,
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many of those paints will decay ir the can. Both water- and
solvent-thinned paints are susceptible, after application, to an
assortment of fungi, rthich are citen called . mildew altliough there
is some doubt about this nomeuclature. Mercury is effective both
as a bactericide and a fungi-ife. For that reason it is preferred
by paint manufacturers. ..lthough a wi“« vunriety of nonmercurial
bactericides ar . fungicides are :valiiahle, they rarely perform
both functions, and their durabili:v or =a.923ure has been found

to be poor comparad to that of mersury <ompounds [4F1.

A wide variety of macerizls, gene.ally classified as surface-
active ayents, are used to adjust the ”,x1ng an? dispersines of
pigments. crnsistency of the paint, sccotiing vronert:as. case of
applicktion, and {low and leveling of the Jfolled coatines. e

re often proprietary compounds whose compositi.~. i uo*. eisainged.
The proper use of these materials is more an aruv =il & ool -nie,
end often small amcunts of several may be ised in the =zam= fozwm.
lation [46].

>

th

AN

Miscellaneous materials used as additives in paints and surfacc
coatings are listed in Table 32

TABLE 32. MISCELL?NEOUS MATERIALS ALDED
TO SURFACE COATINGS [36]

Anti-skinning agents

Metallic soaps

Aluminum stedgate
Zinc stearate
Calcium stearate
Other metallic soaps

Bodving agents, solvent systems
(other than above)

Bodying agents, water systems

Carboxymethyl cellulose (C.M.C.)
Hydroxethyl cellulose

Methyl cellulose

Others

Dispersing and mixing aids

(continued)

qIndicates potentially hazardous
materials.
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TABLE 32 (continued)

Driers

Calcium soap
Cobalt soaps
Lead soaps
Manganese soaps
Zirconium soaps
Othes driers

Fungicides, Germicides, and Mildewcides

Pherols, halogenated phenols, and
their salts a

Phenyl mercuric acetatg

Phenyl mercuric oleate

Others

31ndicates potentially hazardous
materials.

5.3.2.2 Classification--
Product coatings are classified as one of three basic types:
(1) solvent-borne, (2) water-borne, or (3) powder coatings.

Solvent-Borne--Solvent-borne coatings may be subdivided into con-
ventional solvent-based coatings (composition <70 percent solids)
and high solids coatings (>70 percent solids) (9]. The three
types of solvent-based coatings used in industry are paints, en-
amels, and lacquers. Paints are highly pigmented drying oils
diluted with a low-solvency-power solvent known as thinner. Ap-
plied paints dry and cure in the oven by evaporation of the thin-
ner and by oxidation during which the drying oil polymerizes to
form a resinous film. Enamels are similar to paints in that they
cure by polymerization. Many coatings contain no drying oils but
cure by chemical reaction when exposed to heat. Applied lacquers
are dr.ed by evaporation of the solvent to form the coating film.

The amounts and types of solvents and thinners used in surface
coating composition varies. The solvents used in enamels, lac-
quers, and varnishes are aromatic hydrocarbons, alcohols, ketones,
ethers, and esters. The thinners use#i in paints, enamels, and
varnishes are aliphatic hydrocarbons, mineral spirits, naphtha,
and turpentine [10].

High solids coatings ccntain a solid composition up to 70-80 per-

cent by volume. The remaining organic solvent porticn is neces-
sary for proper applicatiorn and curing. )
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Use of conventional solvent-based coatings for metal product
coatings is declining because high solids ccating formulations
can more readily comply with current air pollution requlations
limiting solvent emissions [9].

Water-Borne {47]}~-The term water-borne refers to any coatinrg
which uses water as the primary carrier combined with oxganac
solvent and is differentiated from pure organic solvent-borne
paints. There are basically three types of water-borne coatings:
latex or emulsion paints, partially solubilized dispersions, and
water-soluble coatings. Table 33 lists the properties of these
three types of paints. Most current interest in centered around
the partially solubilized dispersions and emulsions. Emulsions
are of particular interest because they can build relatively
thick films without blistering and they contain no noxious amine
solubilizers. '

TABLE 33. PROPERTIES OF WATER-BORNE COATINGS [47j

Partially
Latex or solubilized Water-soluble
Properties emulsion paints dispersions coatings
Molecular weight Up to 1 million 50,000 to 200,000 20,000 to 50,000
Viscosity Low - not depend-  Somewhat depend- Very deperdent on
. ent on molecular ent on molecu- molecular weight
weight lar weight .
Viscosity control Require thackness Thickened by Governed by molec-
addition of ular weight and
co-solvent solvent control
Solids content High Medium Low
Gloss Low " Medium High
Chemical resistance Excellent Good to Fair to good
excellent
Exterior durabilaity Excellent Excellent Very good
Impact resastance Excellent Excellent Good to excellent
Strain resistance Excellent Good Fair to good
Color retention on  Excellent Good to ' Fair to good
oven bake excellent
Reducer Water Water - Water or solvent/
water mix
Wash-up Difficult Moderately Easy
difficult

(47] Surface coating of metal furniture - background information
for proposed standards. Research Triangle Park, NC; U.S.
Environmental Protection Agency; 1980 September. 406 p.
EPA-450/3-80-007a. PB 82-113938.
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Most of the solubilized water-born paints are based on alkyd or
polyester resins. Table 34 shows the solids and water content of
several types of water-borne paints.

TABLE 34. COLIDS AND SOLVENT CONTENT OF WATER~BORNE PAINTS ([47]

Solias content wWater to

Waterborne paint system volume percent solvent ratio
High solids polyester 80 80/20
Coil~coating polyester 51 51/49
High solids alkyd 80 . 80/20
Short o1l alkyd 34 34/66
Water reducible polyester 48 82/18
Water reducible alkyd 29 67/33
High solids water reducible

conversion varnish 80 90/10

A common method of solubilizing is to incorporate carboxyl-
contalning materials such as maleic anhydride and acrylic acid
into the polymer. The acids are then "solubilized" with low
molecular weight amines such as triethylamine. After z2pplication,
the coatings are baked and the water, solvent, and amine evaporate
leaving a pigment film on the object.

The use of water-borne coatings can ‘reduce the explosion problem
associated with organic solvent-based paints. Some organic sol=-
vents are used, but the amount used is greatly reduced. WVater-

borne coatings have the additional value of reducing the amount

of air flow needed from the application areas and curing ovens
and can reduce energy consumption.

In organic solvent-based paints, relatively few moncmers can be
used because of solubility and viscosity. Molecular weights are
especially restricted. In water-borne coatings, the selection

‘of usable monomers 1is much wider. In addition, water-borne

paints can contain a higher solids content than organic solvent=-
based coatings without an increase in viscosity. An additional
advantage of water-borne paint systems can usually be cleaned
with water whereas crganic solvent-based systems require solvents
for cleaning. Organic solvent may be needed for cleanup of water-
borne systems if the paint has draed. »

Summaries of the advantages and disadvantages of water-borne
paints are present an Tables 35 and 36. The use of these coatings
in the metal finishing industries is limited at present; however,
it is expected to increase.
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TABLE 35. ADVANTAGES OF WATER~BCRNE COATINGS {47]

1. Reduction of fire or explosion potential and toxicity
in both the storage and application areas.

2. Greater vari. - . ""2i1lable monomers.

3. Higher solids c« ->ssible at same viscosity.

4. Lower raw materia. st (e.g., water vs. solvent).

5. Ease of clean-up.

6. Good selection of colors.

7. Good quality finish.

8. Can be formulated for metallics.

9. Rapid color changes possible.

TABLE 36. DISADVANTAGES OF WATER~BORNE COATINGS ([47]

1. Protection of eguipment against rust needed.

2. More pretreatment may be reguired than for organic
.solvent-based paint.

Longer flash-off may be required.
Humidity control equipment may be necessary.

3.

4.

5. Possible emission of amines to the atmosphare.

6. "Faraday effect" is a problem for certain shapes.
7.

Metallic finishes from organic solvent~based coctings
have not been matched with other waterborne coatings.

Powder Coatings--Powder paint compositions have characteristic
differences from liquid paint compositions. A bulk volume of
liguid paint composition contains a specific volume percentage of
nonvolatile solids, with the balance being volatile liquids. A
bulk volume of powder paint composition contains onlvy about 50
volume percent of nonvolatile solids, with the balance being air.
Powder paint compositions "as bought" have a bulk volume density
weight in the range of 0.6 to 0184 kg/L (5 to 7 1lb/gal); however,
when the powder is melted into a nonvolatile solid, the solid
density is in the range of 1.2 to 1.8 kg/L (10 to 15 1lb/gal) (45].

Before powder can be applied as a coating, part size, part maes,
part shape, paint thickness, color changaing and matching, and
"Faraday Effect" are the most important evaluations to be made.
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Chemical compositions of powder coatings used in surface coating
industries consist of synthetic resins, pigments, solid-additives,
and from 0 to 10 percent entrapped volatiles. .The film -formers
are the synthetic resins (alkyd, vinyl, acrylic, epoxy. urethane,
etc.). The surface coating industry classifies surface coatings
by the resin type (e.g., alkyd paint, vinyl paint, etc.). Paig-
ments consist of both inorganic and organic compourds which are
used for color and opacity. Additives are used to aid in produc-
tion and improve application and performance properties of the
film former (47].

There are two general synthetic resin types o0f powder coatings:
thermoset and thermoplastic types. Thermosetting powders harden
during heating inside a ba.,.e oven as a result of cross-linking or
polymerizing of the resin. Thermoplactic powders soften with the
application of heat and rcsolidafy during cooling. Table 37 lists
the powder coatings groupe.' by synthetic resins. Thermosetting
and thermoplastic coatings are usually applied by electrostatic
spray and fluidized bed, respectively. Most tlrermoplastic coat-
ings require a solvent or powder primer before the coating can be
applied. The mcst widely applied thermosets in the metal finrish-
ing industry are epoxies and polyesters. There materials provide
a tough, chemical and abrasive resistant coating which achieves *
excellent adhesion to almost any metallic substrate. Several of
the thermop.astics listed in Table 37 are being applied success=
fully to metal products. Most of the thermoplastics are applied
to thick films for wear resistance [47].

TABLE 37. POWDER COATING RESIN GROUPS {[47]

Thermosetting Thermoplastics

Epoxy Polyvinyl chloride or "wvinyl"

Polyester Polyethylene

Acrylic Cellulose acetate butyrate (CAB)
Nylon
Polyester
Acrylic .
Cellulose acetate propionate (CAP) ’
Fluoroplastics

Both powder coating types offer several advantages and disadvan-
~ages (Tahle 38) when compared to solvent-based coatings.

5.3.3 Waste Coacing Description

Fac!...'y applicatio:.t of coating will ncrzally generate waste be-
ca 3 o9f coating cove. .gray, spillage, ¢.:rpaing, spoiled batches,
anc cgquipment cleonup. This waste is commoniy known as paint
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TABLE 38. COMPARISON OF POWDER COATINGS TO SOLVENT-BASED COATINGS ({47]

e . _ _.._hdvantages I .
Provides toughe: more abrasive resistant finish L.
Fewer rejects and sags
Lower energy consumption. 2.

10.

11.

12.

13.

14.

15,

16.

17.

Production rates can sometimes be increased.

3.
Less metal products are damaged during packing and shipping
because coating is more abrasive resistant,
Eliminates OSHA requirements for solvents. 4.
Usually no final refinishing required.
Less metallic preparation for parts to be coated. ) 5.
Preferred for wire-type parts.

6.
Superior for tubular parts.
N> additional solvents for controlling viscosity or cleaning
equipment required to be purchased or stored at facality. 7
Less powder required to cover same surface area &t same coating
thickness.

8.
Good coatings for electrical insulation and ambient temperature
variations.

9.
Significant reduction of VOC emissions
No primer required for thermosets and some thermoplastics. 10.

Problems associated with water usage are reduced or climinated,

In many applications powder can be reclaimed and reused, providing a
higher powder util:zation efficiency than transfer efficirncies
achieved with conventional solvent-based coatings

o — Dizodvantages

Colos changes require that appli-
cation area and powder recovery
system be thoioughly cleaned.

Tapped holes in parts require
masking.

Almost all thermoplastics pres-
ently tequire an organic or powder
primer. -

Certain shapes cannot be electro-
statically coated because of the
“Faraday Effect."

Difficult to coat small numbers of
parts.

Powders are explosive, but minimum
ignition temperature of powders is
higher than for organic solvents.

High capital costs for manufac.-
turing and application equipment
for powder coatings.

Electrostatic qun hoses may plug
frequently. - -

Difficult to touch-up complex
surfaces

Metallic and some other types of
finishes available from organic
nolvent-bagsed coatings have not
been duplicated commercially in
available powder coatings.




sludge. Factors affecting qguantity and composition of wastes are
described in the following subsections along with an estimation
‘of the quantity of waste generated by the industry and its geo-
giraphic distribution.

5.3.3.1 Waste As a Function of Application Meihod--

Generally some paint loss 1s expected during transfer of a palnt
composition from its- cocntainer to the surface of the merchandise
[48]). Losses will generally occur regardless of the degree of
sophistication of the methods of application and equipment used.
These are so-called "unav:.;idable losses" since they are inherent
to the method of application and equipment used for the painting
operation. The method of application may be dictated by the size
and shape of the article .eing coated, the type of coating and
the curing conditions reqiired (46].

The total amount of "unavoidable losses" represents the differ-
ence of the volume of nonvolatile solids in the paint used in the
operation and the volume of nonvolatile solids in the film coating
on the finished merchandise. For planning and calculaticn pur-
poses, this is usually expressed as "percent expected transfer
efficiency" (% exp.t.e.).

However, a single distinct % exp.t.e. cannot be established for
each painting method. "Unavoidable losses" for each method will
vary with the peculiarities of the specific operation. For ex-
ample, tnere are more overspray losses when painting small irreg-
ular pieces of merchandise than when painting large flat surfaces;
there are more clean-up losses if the operation requires frequent
changeover or shutdown; etc. The range of % exp.t.e. 1s presented
in Table 39, followed by brief description of waste volume gener-
ated by various application methods.

The loss from spray application will run from 10 to 70 percent
of the total coating applied, depending on shape and size of the
article being coated and equipment used, with the majority of
such wastes falling in the range of 40 to €60 percent {46].

Other application methods generate ccnsiderably smaller amounts

of wastes since nearly no paint is wasted, and all excess paint

is captured and suitable for reuse. Most wastes result from equip-
ment cleanup following a change of color or coatings. Thus, the
losses from these applications are a function of the frequency
with which such changes are made and are not related to the amount
of coating used. In general, each cleanup of roll and powder
equipment results in very little waste, but changes may be made
fairly frequently [46]. The amount of total wastes from roll

[48] Calculations of painting wasteloads associated with metal
finishing. Cancinnati, OH; U.S. Enviroamental Protection
Agency; 1980. EPA-600/2-80-144.
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TABLE 39. EXPECTED TRANSFER EFFICIENCY (48]

Painting Method Percent expected transfer efficiency
Air atomized, conventional a3, 50,2, 30-60°
Air atomized, electrostatic 87,2 68-87d
Pressure atomized, conventional 65-70°
Pressure atomized, electrostatic 85-90f
Centrifugally atomized, electrostatic 93,a 85-95d
Dip, flow, and curtain coating 75-90,f
Roll coating 90-98, % 96-989
Electrocoating 90-96,f 99,b
Powder coatings 50-80,h 98,b 90-99i

®c. P. Miller, Ransburg Co., SME Paper, FC73-553.
bJ. A. Antonelli, du Pont Co., SHE Paper, FC74-654.

3. A. antonelli, du Pont Co., “depending upon requirement and shape of
merchandise" (direct communication).

%. »p. Miller, Ransburg Co., "depending upon object being coated" (dz'ect
communication).

W. H. Cobbs, Jr., Nordson Corp., (direct communication).
fF. Scofield, Wapora, Inc., EPA Contract 68-01-2656.

. Wismer, PPC Industries, (direct communication).
h

S. B. Levinson, D. Litter Lab., Journal of Painting Technology, pp. 35-56,
July 1972.

T. W. Seitz, Sherwin-williams Co., "newar reuse methods" (direct
communication).

coating varies from two percent to 10 percent of the weight of
purchased coating material [46). However, this waste includes

cleaning solvents and other contaminants in addition to paint
wastes.

In dip coating, any paint which drains from articles which have
been coated flows back to the dip tank tor reuse. However, this
process and electrocoating will generate much larger amounts of
cleaning wastes at the end of a run than roll and powder equip-
ment, but the runs are usually much longer [46].

In many plants, the coating material in the dye tanks is drummed
at the end of a production run and stored for reuse when that tyre
and color of coating 1s required again. This means wastes are
generated only from the cleaning of tanks and hangers [46].
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5.3.3.2 Waste as Function of Materials Coated {4uv]--

waste quantities are principally a function of application method
and the physical shape of the object being coated.’ A range of
‘application methods are used for most substrates, the nature of
which is only one of a number of factors considered when the
application method and coating are chosen. No correlation is

evident between the quantity of waste generated and materiais
coated.

5.3.3.3 Waste Comp051t10n-~

Waste composition is largely a function of the type of coating
used. As discussed in Section 5.3.2, surface coatings consist of
four basic components: film formers (resins or oils), pigments,
sclvents (organic or water), and additives. stes ccnsist prim-
arily of these four basic components since there are no chemlcal
changes occurring in surface coating operations.

Raw waste coatings composition data obtained from the state envi=-
ronmental regulatory agencies are presented in Appendix C. Also
waste source 1s identified wherever it is known. Each composition
listed is that of a specific waste stream generated by a specific
firm, and is provided to serve as an example of wastes generated
by the surface cocating industry. Waste composition will vary from
company to ccmpany. Examination of data indicates a waste paint
sludge may have high concentrations of organic solvents, resins,
and heavy metals. Wwaste paint sludge may or may not be a hazard-
ous waste depending on i1ts composition. Disposal practice will
depend on whether waste 1s hazardous or nonhazardous. Resource
Conservation and Recovery Act (RCRA) testing will be reguired to
classify a waste paint sludge as hazardous or nonhazardous. Also
it might be economical to recover organic solvents from solvent
based waste paint depending on solvent concentrations. Various
paint reclamation technigques andé recycle/reuse/disposal alterna-
tives along with economic aspects are discussed in Section 6.

5.3.3.4 Geographic Distribution=~

Insufficient information was found in the literature, state envi-
ronmental regulatory agencies offices, and industry to provide
accurate 2ata on the quantities of waste generated by the appli-
cation of coatings in the metal finishing industry. Approximately
60 nercent of the coatings are spray applied. The waste from this
nrocess constitutes approximately 90 percent of the total industry
waste. Other methods of application account for the remaining 10
percent of waste generated ([48].

Oon the average, an estimated 20 percent of the tctal coating ap-
plied become waste due to overspray, drip-off, and spillage [45].
As reported in Section 5.3.2, in 1980 an estimated 101 million
dry gallons of coatings were used by the metal finishing industry.
Based on this, in 1980 total coating wastes from all factory-
applied coating operations in the metal finishing industry are
estimated to be 20 million dry gallons annually.
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Since insufficient data are available to accurately determine
waste volume produced by each state, the total estimated indusiry
waste volume 1is proportionately distributed between states ac-
cording to the total nurber of metal firishing plants (with mdre
than twentv employees) in each state. The geographic distriba-
tion of wastes 1s preseanted in Table 40, and Figure 38. Seven
industrial states (California, Illinois, Texzs, Michigan, Nes
York, Ohio, and Femnsylvania) generate approximately 53 percent
of the total industry waste.

TABLE 40. GEOGRAPHIC DISTRIBUTION OF CCATING WASTES
GENERATED BY METAL FINISHING INDUSTRY

Million
dry liters/
State year
1. Alabama 0.973
2. Alaska 0
3. Arizona 0.477
4. Arkansas 0.534
- 5. California 9.576
hand 6. Colorado €.636
7. Connecticut 2.127
8. Delaware ‘ 0.079
9. District of Columbia 0.019
10. Florida 1.673
11. Georgia 1.C048
.12. Hawaii 0.J49
13. 1ldaho 0.106
14. 1Illinois * ® 5,730
15. Indiana 2.672
l6. Iowa 0.814
17. Kansas 0.712
18. Kentucky 0.795
19. Louisiana 0.568
20. Maine 0.201
21. Maryland 0.681
22. Massachusetts 2.812
23. Michigan 5.261
24. Minnesota 1.495
25. Mississappi 0.549
26. Missoura 1.416
27. Montana 0.057
28. Nebraska 0.333
29. Nevada 0.087
30. New Hampshire 0.382
31. New Jersey 3.384
32. New Mexico 0.117
(continued)
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TABLE 40 (continued)

Million
dry liters/

State vear. '

33. New York 5.640
34. North Carolina 1.646
35. North Dakota 0.061
36. Ohio 5.564
37. Oklahoma 0.825
38. Oregon 0.704
39. Pennsylvania 4.603
40. Rhode Island 0.874
41. South Carolina 0.556
42. South Dakota 0.080
43. Tennessee 1.340
44, Texas 3.728
45. Utah 0.310
46. Vermont 0.144
47. Virginia 0.825
48. Washington .0.825
49. West Virginia 0.307
50. Wisconsin 2.271
" 51. Wyoming 0.019
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SECTION 6

IDENTIFICATION OF BYPRODUCT UTILIZATION SCHEMES

6.1 DISPOSAL AND RECLAMATION OF EMULSIFIED OILS

The disposal, recycling, or recl-mation of emulsified oils used

in metalworking operations are heavily influenced by environmen-
tal regulations and economic considerations. O0il and other con-
taminants are usually separated from water to meet regulations
governing the discharge of water into the environment. Wastewater
discharge regulations limit the concentration of o0il discharged to

a surface stream to 5-15 mg/L, provided the o1l is not floating or
visible.

Since most emulsified oils used in metalworking typically contain
less than 10 percent of o0jl, separation of oil for reuse is not
economical, and many machining operations tend to extend the life
of the metalworking fluids for as long as possible.

The most common technologies employed in recycling include grav-
ity separation and skimming, centrifuging, filtration, and water
coalescing {49]. Recycling equipment can be associated either
with 1ndividual machines or through central systems. Since water
and solids are the two most common contaminants, these physical
recycling technologies offer low cost methods for recycling large
quantities of low or medium quality oils.

Handling spent metalworking fluids is an expense for the owners
of machining operations. Wwhen the fluid becomes spent and is no
longer usable, owners must pay a contractor tu have the spent
fluid hauled away. In some cases, where the volume of spent
fluids generated is small, the cost to have a contractor haul
away metalworking fluid as it becomes spent is exorbitant. 1In
these cases, typical of small machining operations, the spent
flvids are temporarily stored in tanks or lagoons. The spent
fluids are then hauled away on an intermittent basis, with stor-
age costs adding to disposal costs. Less scrupulous firms may
simply dump the spent fluids down the drain.

{49} Making recycling work for you through proper process selec-
tion. luid and Lubricant ldeas. 10-13, 1979 Summer.
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In many operations, the spent emulsified oil becomes incorporated
into oily wastewater, either intentionally or unintentionally.
When the volume of oily wastewater generated exceeds about

200 gallons per day, it becomes economical for the machining
operation to maintain its own wastewater treatment plant rather
than pay a contractor to haul away the oily wastewater. _

Figure 39 is a-diagram of the steps involved in fluid reclaiming.
Reclaimers and refiners charge on a sliding scale for oil waste
pick-up. The scale depends upon: (1) percent oil, (2) percent
bottom sediment and waste, (3) the distance the waste must be
hauled, (4) the size of the generator, (5) how the generator has
been doing business with a reclaimer or rerefiner, (6) how well
the personalities involved get alcng, (7) how much the generator
wants to get rid of the waste (most reclaimers will not handle
over the legal limit for PCBs), and (8) how much the reclaimer
or rerefiner wants that particular batch of oil. Many large cases
are handled on a bid basis only [50].

Pluid Reclaiming

Spant Pluid
: : e
Dumped Skimmad So0ld to Raclaimer
T T T T ]
Durped Sirple emulsion Fortified . Conecentrated - Sold to Reclaimer
brokan emulpsion . using Tos
bruken Ultrafileration

Reclairar

Buys and breaks to 95% oil - sells or further bzocaamos

Concantrates to 99.9% oil - sells or reprocesses

Distills to 99.99% oil - salis
Figure 39. Fluid reclaiming [50].
Reclaimers' feedstocks are generally fairly constant from source

to source over time; however, the everyday input of feedstock
waste oils varies from 2 percent to 98 percent oil. Reclaimers

[50] Gabris, T. Emulsified industrial oils recycling. Bartles-.
ville, OK; U.S. Department of Energy; 1982 Aprll. 155 p.
DOE/BC/10183 -1.
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find most of their feedstocks falling between 25 percent and 70
percent oil. It is preferred that the waste oils be pretreated
and concentrated first by the generator. This is to the genera-
tor's benefit also as they can then get paid for their waste and
profit rather than pay to have 1t hauled away. This pretreatment
varies from use of a simple gravity settling tank.to sophisticadted
in-plant waste treatment facilities installed for water clean-up.
Getting money for the o0il or reprocessing it themselves is a by-
product of complying with Federal and State clean water standards
in the latter case.

A categorical description of the sources of the emulsified waste
0il has been adopted by some reclaimers as follows:

Small users - produce 50,000 gallons/year
Medium users - produce between 50,000 and 2 million gallons/year
Large users - prcduce over 2. million gallons/year

In a wastewater treatment plant the following technoiogies may be
employed [50}:

Skimming
Coalescing
Emulsion breaking
Flotataion
Centrifugation
Ultrafiltration
-Reverse osmosis
Carbon adsorption
' Aerobic decomposition

e & & ¢ & s e e o

In-plant recycling can be either batch or continucus. In a
typical batch system spent fluid 1s transferred into the dirty
oil tank and pre-filtered. The pre~filter removes large dirt
particles befcre the fluid is centrifuged and heated. The firal
cleun up is accomplished by ultrafiltration and the fluid is re-
cycled back to the clean oil tank. A continuous system accom-
plishes the same degree of clean up in an operation which contin-
uously processes small amounts of spent fluid. No containment of
spent fluid is needed; however, maintaining an acceptable level of
contaminant removal is required at .all times. The use of one or
the other system normally depends upon factory logistics.

6.1.1 Description of Technologies and Equipment Used for In-Plant
Processing

This section discusses nine generic types of techiaologies commonly
used by the metal finishing industry to clean up and recover metal
working flu. ds.

To assess relative applicability, comparison of advantages and
disadvantages for the nine oil removal technolougies is presented
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in Table 41 [2, 51] with a move detailed discussion of each tech-
nology to follow. '

6.1.1.1 Cravity Separation and Skimming--

Gravity separation and oil skimming are used in the metal finish-
ing industry to remove oily wastes from many different process
wastewater streams. They are applicable to any waste stream
containing pollutants which float to the surface. They are used
- in conjunction with emulsion breaking, dissolved air flotation,
clarifiers, and other sedimentation devices.

Gravity separation used in metalworking operatiions are simply
large circular or rectangular vessels which allow the oil to
float to the top and solids and water to settle to the bottom.
Time required for separation may be in days or weeks, so the

tank is normally large enough to handle thousands of gallons at a
time. Gravity separation often includes provisions for heating
(to lower the viscosity) and extended baffle surfaces (to decrease
the effective height that must be traversed by a rising oil glob-
ule). Still, reasonable capital and manpower costs make this a
relatively low cost-per-gallon process. More elaborate units
contain baffles to facilitate oil/water separation and drag con-
veyors for swarf removal.

Gravity separators equipped with skimmers are the most widely
used [52). The most common skimming designs include the blade,
which skims the floating o1l from the surface and directs it into
a trough, and the rotor, which continuously removes o0il from the
surface as it turns. More elaborate units contain belts or drums
which attract. the oil and are scraped of the oil in a skimming
chamber. Some units incorporate pipes that contain slotted suc-
tion openings for oil removal. Another version includes a tele-
scoping pipe that lowers and allows oil to enter by gravity

flow [53)]. 1In addition, chain and flight, rotating pipe and
helical model skimmers are available [54].

A decanter is used if the skimmed oil is frothy. This allows the
0il to separate from the water because of the difference in spe-

cific gravity. An oil skimmer i1s employed to remove leaking lub-
ricant and hydraulic oils from rolling mills to prevent damage to

[51] Ford, D.; and Elton, R. Removal of oil and grease from
industrial wastewater. Chemical Engineering. 49-56, 1977
October 17.

[52] Evans, R. A. Solving the o0il pollution problem. Lubrica-
tion Engineering. 521-524, 1968 November.

[53] Paulson, E. Keeping pollutants out of troubled water.
Lubrication Engineering. 508-513, 1968 November.

[54]) FMC Corporation, Product Literature.
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TABLE 41.

OIL-REMOVAL PROCESS SUMMARY [2,51]

Process

Advantaces

Nisadvantages

Gravity separation
(API, CPI, PPI1 separators)

Centrifuging

Filtration

. -
Coalescing filter

Emulsion breaking

Air flotation
(DAF and IAF)

Membrane processes

Economical
Simpie operation

Economical

Simple operation

Requires less
space

Handle high
solids

High potential
efficiency

High reliability

Low capital and
operating
costs

High percentage
of o0il removal

Handles high
solids

Reliable proress
(handles shock
load)

Soluble o0il re-
moval indicat-
ed in labora-
tory tests

13e¢

Limited efficiency

Susceptible to weather
conditions

Removes little or no
soluble oils

Limited removal of
emulsified oil

Higher power cost

Noise

Disposal of concen-
trate

Requires backwashing

Bat¢kwashing stream a
subsequent problem

Disposal of sludge and
filter media

Cannot handle high
solids due to foul-
ing, but vertical
type can handle
higher loadings

Potential biological
fouling

Not generally effec-
tive in removing. -
soluble or cnemical
stabilized enmulsi-
fied

High chemical and
energy costs

Chemical sludge dispo-
sal when coagulants
are used (LCAF only)

Requires chemricals

Low flux rates
Membrane fouling and
questionable mem-

brane lafe

{continued)



TABLE 41 (continued)

Processc Advantages Disadvantages
Membrane processes (continued) + Narrow temperature
range

* Not demonstrated as a
practical process
for oil and grease
removal

* Pretreatment required

Carbon adsorption * Removes soluble - Expencive
oil * Regenesraticn required
* High potential * Requires extensive
efficiency pretreatment

* Full-scale operation
not proven in

refirery
Biological * Removes soluble + Solid carryover
oil + Prone to upset
*+ Relatively high * Pretreatment pre-
tolerance for requisite

oil and grease

pumps and pipes. Skim oil is usually hauled away for disposal or
re-refining.

Common gravity separator designs include API (American Petroleum
Institute), CPI (corrugated plate interceptor) and PPI (parallel
plate interceptor) separators [55]. . The API gravity separator

is most frequently used. It contains a basin from which free oil
droplets rise due to buoyance forces (see Figure 40).

The corrugated plate interceptor is composed of groups of plates
parallel to one another. 0Oil floats into the corrugations and
coalesces on the piates. The advantage of CPI and PPl systems is
that 20 percent iess installation area is needed. Disadvantages
of the API include construction cost, fire haz-*d, evaporation
losses, and high steam consumption [56].

[55] Takakin, R. B.; Trattner, R.; and Cheremisinoff, P. N.
Oi1l/water separation technology: The options available,
Part 1. Waste and Sewage Works. 74-77, 1978 July.

[56] Stone, R.; and Smallwood, H. Aerospace industrial waste
pretreatment. 29th Industrial wWaste Conference 1976 May 7-9.
West Lafayette, I1L; Purdue Universaity, 1976. pp. 51-59.
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Figure 40. API separator [55].

The PPI reduces the path that the oil must travel, as oil coagu-
lates on the undersurface of the plates and moves upward. sSolid
particles, on the other hand, collect on top of the plate and
slide down to the bottom.

To determine utiiization of gravity separators in the machining
operation, the following points are considered: (1) type of
swarf; (2) type of coolant/oil; (3) type of installation; (4) type
of operation; (5) availability and cost of floor space; (6) fin~-
ish and accuracy requirements; (7) initial and continuing cost of
cleaning equipment; and (8) production downtime [57].

Table 42 illustrates examples of the performance of a skimmer
system [2].

[57] Patterson, M. M. Why separation filtration for abrasive
machining. Lubrication Engineer, 458-461, 1979 December.
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TABLE 42. SKIMMER SYSTEM PEIRFORMANCE FOR
OII. AND GREASE REMOVAL [2]

Sampile Influent Effiuent Removal,
number mg/L na /L %
1 149,779 17.9 >99.9
2 19.4 8.3 57.2
3 232 63.7 72.5
4 61 14 77.0

6.1.1.2 Centrifuging--

Centrifuging is primavsly used in metal finishing operations to

remove metallavc porticles and/or to separate water from the oil

that has been gravity e=paratcd or skimmed from the waste emul-

gified o0il. It will not brzak emnlsisns and therefore cannot be
used for removing o0il from emulsified cil.

CentriZ:Ting uses the same principle as gravity separation, but
the higner gravitaticnal force in centrifuTing permits separation
to take place more gquickly and efficiently ar” wi%thin a smaller
space. Forces several thousand times higher thaan ~*2 force of
gravity may be developed in centrifuses to achieve c:paration of
solids and suspended water from mineral-pased fluids and lubri-
cants or to separate tramp oils from water-based coolants ([49].
In the metalworking industry, by removing metal fines and tramp
oils, the coclant and cutting tocl life can be greatly extended
[58-61].

Centrifuging may be accomplished either w.th a batch or a contin-
uous process. Batch centrifuging is .iormally employed when there
is a low rate of impurities accumulation or when a considerable
amourt of accumulation may be tolerated. Otherwise, continuous
centrifuging is used. Typically, the centrifuged fluid is
emptied from the machine sump into the transfer tank and the

surp is cleaned. The cleaned o0il is returned to the sump after
the addition of additives [50].

:58] Slunan, C. A. Grinding with water miscible grinding fluids.
Lubrication Engineering. 352-354, 1970 October.

[59] Improving cenolant life. Fluid and Lubricant Ideas. p. 28,
1979 Winter.

(60] Centrifugal oil purification at an aluminum can plant.
Fluid anu Lubricant Ideas. 19-20, 1980 May/June.

{61] Recycling metalworking coolants through cantral systems.
Fluid and Lubricant Ideas. 24-25, 1981 January/February.
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i
There are three common types of centrifuges: the disc, basket,
and conveyor cypes. The fundamental difference between the three
types is the method by which solids are collected and discharged
[50]. .

In the disc centrifuge (see Figure 41), suspended particles are
collected and discharged continuously through small orifices in
the bowl wall. The oil-water mixture spreads out across a
series of conical discs which allow the light oil fraction to
separate and flow across the topside of the disc to a discharge
pipe. The heavier water flows across the bottom of the discs to
a separate discharge pipe.

QUTLET PIPE
PARING DISC

DISTRIBUTOR

~— BOWL BODY
DISC STACK

Figure 41. Disc-type centrifuge.

In the basket centrifuge, dirty oil is introduced at the bottom
of the basket, and solids collect at the bowl wall while clari-
fied effluent overflows the lip ring at the top. Since the bas-
ket centrifuge does not have provision for continuous diccharge
of collected cake, operation requires interruption of the feed
for cake discharge for a minute or two in a 10- to 30-minute
overall cycle.

In the conveyor type or decanter centrifuge (see Figure 42), an
electric motor drives the decanter bowl via a V-belt drive. The
bowl drives the conveyor through a gearbox. Wwaste oil enters the
revolving bowl thrcugh an inlet pipe in the center of the screw
conveyor. Aided by strong centrifugal force, the solids "“settle!
out of the liaiquid and are transported by the screw conveyor to

the narrow end of the bowl, where they are discharged by centrifu-
gal force. Both solids and purified oil collect in compartments
in the center cover of the machine befcre falling by gravity into
receivers.

Decanter centrifuges can reduce the amount of solids reaching a

disc-type centrifuge. Thus, for many oils, a two-stage operation
consisting of a decanter followed by a disc-type unit is used.
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Figure 42. ©Decanter centrifuge (2].

In one test, a decanter reduced solids in the disc-type units feed
by 50 percent [62].

Centrifuges have minimal space requirements and achieve a high
degree of effluent clarification. The operation 1s simple, clean,
and relatively inexpensive. The area required £or a centrifuge
system installation is less than that requirad for a filter system
of equal capacity, and the initial cost 1s lower.

The major difficulty encountered in the operation of centrifuges
pas been the disposal of the concentrate, which is relatively high
in suspended, nonsettling solids.

Table 43 illustrates centrifuge performance in removing oil and
grease from oily wastewater [2].

TABLE 43. OIL AND GREASE REMOVAL PERFORMANCE
DAT,. FOR CENTRIFUGE [2]

Sample Influent Effluent Removal,

number mg/L mg/L %
1 373,280 3,402 98.9
2 14,639 1,102 62.5

[62] Centrifuges for re-refining and reprocessing waste oils.
ALFA-LAVAL Irnc., Prodact Literature.
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6.1.1.3 Filtration--

Filtration 1s widely used in.metal finishing plants.to remove
metallic particles from the metalworking fluids during daily
operations, and the filtered fluids are recycled. Filtration
increases the life expectancy of the fluids. At the same time,
with use of filtered fluids, better products are attained along
with increased metalworking tool life. Also, filtration is used

as a treatment step in a total waste emulsified oil treatment
schene.

Although centrifugation and gravity separation have been dis-
cvssed as suitablc methods of solid particle removal, filtration
appears to be the most commen means of removing solid particles.
The selection of filtration methods depends on cost, the type of
contaminants present, and personal preference.

Several different types of filtering devices are used to reclaim
01l coolants. Sone of these have permanent media such as screens
which permit their regeneration within the system, others utilize
a moving filter media; and some utilize a diatomaceous earth as a
precoat to assist in the filtration [63].

Smaller size chips, which arise from grinding or surface finish-
ing operations are usually handled by filters. The driving force
of filtration can be 2ither vacuu— or pressure {z]. Vacuum fil-
ters operate by emploving a vacuum under the media which draws the
particles to the media. The pressure filters require a pump,
which feeds fluid tc the media. The diagrams of these two fil-
ters are shown in Figures 43 and 44, respectively. The advan-
tages and disadvantages of these two filters are summarized in
Table 44. Generally, pressure and vacuum eguipment can remove
particles as small as 3 micrometers, though 25 micrometers is the
most common filter size [49].

Cartridge type filters are available for smaller loads of particles.
Cartridge 1s a broad term for a self-coutaining device, wiich has
a filtering medium that may be replaced or regenerated.

These filters may contain paper, cloth, or nonwoven media [64].
When filtering waste oils it is best to use several different

[63]) Fochtman, E. G.; and Tripathi, K. C. Research needs in
coolant filtration. Proceedings in Lubrication Challenges
in Metalworking and Processing; 1978 June 7-9; Chicago.
ITT Research Institute, Fuirst International Conference,
117-121.

[64] Brooks, K. A., Jr. A review of disposable nonwoven filtra-
tion media for cutting coolant and process fluids. Lubraica-
tion Engineering. 542-548, 1974 November.
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Figqure 43. Pressure filtration (<¢].

size cartridges in series, rather than cne fine 7il"a1. A 25-mi-
crometer filter can be used to remove most of _. irge particles,
followed by a 10-micrometer filter to remove most »f the remaining
contamination. Stepwise filtration will requir> che least number
of filter changes, particularly the finer filte:s, which are often

more expensive.

Another type of filter, wedge wire, allows th. metal chips to
perform the actual filtering. The wedge wir filter is a screen
of ‘wires with triangular cross sections wh - support the col-
lected chips.

Paper filters are used for soluble oils and are considered accept-
able for filtering steel, aluminum, and brass fines frum soluble
oils. However, paper is viewed by some as being too expensive.
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TABLE 44. COMPARISONS OF VACUUM AND PRESSURE FILTERS
Filters Advantages Disadvantages
Pressure 1. Simple 1. 1Initial pressure forces

particles into filter me-
dium. Impending permea
bility.
2. Indexes automatically 2. Possible high cost for fil-
ter parer
3. Cleanable medium 3. Disposal of filter media
4. Moderate investment
5. Dry sludge cake
Vacuum 1. Removes fine particles 1. May reguire additional fil-
tration
2. Efficient with low viscosity 2. Disposal of sludge and fil-
fluids ter media
3. 1Indexes automatically 3. Blinds off because of tramp
0ils
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very fine material arises from honing or superfinishing opera-
tions. Filtering very fine material requires the use of a pre-
coat filter, which 1s a pressure filter using diatomaceous earth.
A pre-coat filter or a centrifuge is necessary for removing sub-
micron particles. Pre-coating is the application-cf material such
as diatomaceous earth, fuller's earth, etc., on the media prior to
filtration. The pre-coat application will prevent media from
being clogged and provides greater filtrate clarity.

Other types of filtration/separation equipment include hydrocy-

clones and magnetic separators. The hydrocyclone is for smaller
Chlps: It has been estimated that hydrocyclones are capable of

reclalmlng particles larger than 20 microns in size with a flow

rate ranging from 100-600 gpm. Hyd-ocyclones and cartridges are
often used together, with the hydrocyclone used for larger par-

ticles and the cartridge for separation of fines.

Mggnetic separation uses a magnetic drum rotating in a pool of
oil coclant. The magnetic systems attract the particles of swarf
which are in turn scraped from the drum [57]. In metalwozking,
large ferrous particles may ‘be removed with the use of a magnetic
separator which captures the particles by means of dense magentic
field. These particles, in tvrn, form a filter medium for remov-
ing other solid particies. The magnetic filter may be employed
as a primary device for grinding, rolling, polishing and honing
operations and as a secondary apparatus in drilling, hobbing,
milling and broaching operations. The advantages and disadvan-

;2535 of hydrocyclone and magnetic separators are summarized in
le 45,

TABLE 45. COMPARISONS OF HYDROCYCLONE AND MAGNETIC SEPARATOR
Filters Advantages Disadvantages
Hydrocyclone Automatic discharge of 1. Will not clean oil
solids minimizes based coolants
service requirements
Inexpensive 2. May become clogged with
large particles
Small size 3. Will not remove tramp
oil
Nonmechanical
Magnetic separator Does not remova 1. Does not remove tramp
ccolant additives oil
Very compact 2. Does not remove parti-
cles smaller than 35
micrometers
Renoves ferrous 3. Doe’s not remove non-

particles

ferrous particles
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In many cases it is more economical to install a central filtra-
tion eqguipment and return the recovered oil coolant to each
machining operation. Filtering is difficult to perform on indi-
vidual cachines but the removal of swarf and chips in order to
prevent thear recirculation with the cutting fluid is necessary
[65]. ’

Several hundred percent increases in tool life and in oil life due
to good coolant filtration have been reported [63]. Great improve-
ments in the quality of metal surface finish are also reported.

6.1.1.4 Coalescing--

Coalesers are praimarily used to remove tramp oil (free floating
oil) frcm waste enulsified oil from metal finishing plants in the
cases wnhere oil may become suspended in the waste emulsified oil
and cannot be removed by gravity separation. This suspended oil
can be efficiently removed with a coalescing filter. The basic
principle of coalescing involves the preferential wetting of a
coalescing medium by o0il droplets which accumulate on the medium
and then rise to the surface of the effluent. The same principle
1s applied to removal of water from oil effluent {2,49]. The
most important requirements for coalescing media are wettability
for oil ard large surface area.

Coalescing stages may be integrated with a wide variety of grav-
ity o0il separation devices (see Figure 45). 1In this design, coa-
- lescing plates generate a flowpath of modified sinusoidal shape
in order to create velocity changes in the flow stream. This
produces a high incidence of particle collision which results in
the coalescing of small particles -of oils into particles of 20 mi-
crometers or larger in size. These then move upwards, due to
their lower specific gravity, and are collected above the plates.
The design of the coalescing plate section makes use of laminar
flow, oleophilic plate material, and reduced plate spacing. All
these factors, together with the pulsation of flow achieved by
changes of cross-section, enable removal of oil droplets down to

7 micrometers. The collected o0il will generally contain less than
- 5 percent water [66].

The separator can be supplied with plates arranged horizontally,
vertically or in a combination of both horizontal and vertical.

[65] Coursey, W. M. The application, control, and disposal of
cutting fluids. Lubracation Engineering. 200-204, 1969 May.

[66] Fram Industrial Filtration and Separation. Product
Publications. .
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Figure 45. Coalescing gravity separator [2].

For influent o0il concentrations less than 10 percent by volume
and solids concentrations less than 500 ppm, the horizontal con-
figuration of plates is usually suitable. This configuration is
also particularly efficient in reducing the oil content of the
effluent to the lowest possible amount.

The vertical plate configuration is especially suitable for high
01l and/or solids loadings. The solids separate out under gigv-
ity and are collected below the plates. The o0il, meanwhile,
rises aiong the plates to the surface. Maintenance 1s exception-
ally easy since the plates can be hosed down 1in place.

For many applications a combination of both types of plates will
achieve the most effective separation. In this case, vertical

plates are used for the first stage and horizontal plates for the
second.

Some systems may be incorporated with several coalescing stages.
In general, the provision of preliminary oil skimming treatment
is desirable to avoid overloading the coalescer.

Coalescing allows removal of 0il droplets too finely dispersed
for conventional gravity separation/skimming technclogy. It can
also significantly reduce the residence times (and therefore sep-
arator volumes) required to achieve separation of oil from some
wastes. Because of its simplicity, coalescing o1l separators
provide generally high reliability and low capital and operating
costs.

The units have no moving parts, require no filters or electri-
city, and can operate with influent temperatures 'to 212°F (100°C)
and a pH range of 2-12. They require no chemicals or absorbents
and are virtually maintenance free. They can nhandle flow rates
up to 10,000 gallons per minute (360,000 barrels/day) and surges
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of up to 100 percent oil with effluent quantities down to 5 ppm
of 0il. They can capture solids and oil drops as small as 5
micrometers.

Coalescing is not generally effective in removing soluble or
chemical-stabilized emulsified oils. To avoid plugging, coales-
cers must be protected by pretreatment from very high concentra~
tions of free oil, grease, and suspended solids. Frequent
replacement of prefilters may be necessary when raw waste oil
concentrations are high.

Coalescer oil and grease removal efficiency is illustrated in
Table 46 {2].

1

TABLE 46. COALESCER OIL AND GREASE REMOVAL EFFICIENCY ([2]

Raw waste Effluent Removal,

Sample mg/L mq/L %
1 8,320 490 9S4
2 4,240 619 85

6.1.1.5 Emulsion Breaking--

Emulsion breaking technology can be applied to the treatment of
emulsified o0il from the metal finishing operations wherever it is
necessary to separate cils, .fats, etc., from wastewater.

Breaking of oil-in-water emulsions is a major waste-handling
problem for automotive and other manufacturing plants involved
with the cutting, machining. and 'grinding of metals because the
maximum allowable concentration of oil that can be discarded in
wastewater is no more than 50 ppn.

The individual plant wastes=-~including "soluble o0il" emulsions,
cutting fluids, uand cleaners--are typically combined and treated
with chemicals to separat2 o0il and water. Other available meth-
ods of emulsion breaking include thermal prccesses and combina-
tions of the chemical and thermal processes [2].

Chemical emulsion breaking can be accomplished either as a batch
process or as a continuous process. A typical system (with ckim-
ming incorporated) is illustrated in Figure 46. The mixture of
emulsified oils and water is initially treated by the addition of
chemicals to the wastewater. A meanrs of agitation, either mechan-
ical agitation or by increasing the turbulence of the wastewater
stream. is provided to ensure that the chemical added and the
emulsified oils are adequately mixed to break the oil/water emul-
sion bond. Finally, the oily residue (commonly called scum) that
results rises to the surface and is separated from the remaining
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Figure 46. Typical emulsion breaking/
skimming system [2].

wastewater by a skimming or decanting process. The skimming proc-
ess can be accomplished by any of the many types o¢f mechanical
surface skimmers that are presently in use. Decanting meth~»ds
include removal of the oily surface residue via a technique such
as contrclled tank overflow or by removal of the demulgated
wastewater from the bottom of the tank. Decanting can be accom-
plished with a series of tap~off lines at various levels which
allow the separated oils to be drawn off the top or the waste-
water to be drawn off the bottom until oil appears in the waste-
water line. With any of these arrangements, the oil is usually
diverted tc¢ storage tanks for further processing or hauling by ‘a
licensed contractor.

Chem:cal emulsion breaking can be accomplished by a large variety
of chemicals which include acids, salts, or polymers. These
chemicals are sometimes used separately, but often are required
in combiretion to break the various emulsions that are common in
the wasteuater. Acids are used to lower the pH to 3 or 4 and can
cieave the ion bond between the o0il and water, but they can be
very expensive. Aclds are more commonly employed in oil recovery
systems than in oily waste removal systems. Iron or aluminum
sulfate are more commonly used because they are less expensive.
These salts combine with the wastewater to form acids, which in
turn, lower the pH and break the oil/water bond (and have the
additional benefit that these salts aid in agglomeration of the
01l droplets), but the use of these salts produces more sludge
because of the addition of iron or zluminum. Polymers, such as
rolyamines or polyacrylates and their copolymers, have been
d-moustrated to be effective emulsion breakers and generate less
s:udge thaen do metal salts {2, 67].

[67] Montens, I. A. Treatment of wastec originating {rom me-.al
industries. West Lafayette, IN; Purdue Universiity, 782-791.
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A less freqxently+emplo¥ed meghod 1§volves the addition of a

cation such as Fe 2, ] 1, or Cu %, 1n a volume of at
least 1 ppm t> the oll in water emu151on. The pH 1s adjusted to

the range of 6 to 0. The emulsion is then treated with a dissolv-
able iron electrode. An electric current is transmitted to dis-
solve the electrode, resulting in a ferrous ion/oil weight ratio of
at least 0.02. The optimum efficiency of the process 1s obtained
when 3 to 5 ppm of the cation is .i1dded to the emulsion at a pH range
of 6 to 8. The addition of the cation reduces the time required to
break the ermulsion from 24 hours to forty minutes or less [68].

After chemical addition, the mixture is agitated to ensure com-
plete contact of the emulsified oils with the demulsifying agent.
with the addition of the proper amount of chemical and thorough
agitation, emulsions containing 5 percent to 10 percent oil can be
reduced to approximately 0.01 parcent remaining emulsified oil.
The third step in the emulsion-breaking process is to allow suifi-
cient time for the oil/water mixture to sepzrite. Differences in
specific gravaty will permit the oil to rise <o the surface in
approximately 2 hours. Heat can be added to decrease the separa-
tion time. After separation, the normal procedure involves skim-
ming or decanting the oil from the tank.

The main advantage of the chemical emulsion breaking process is
the high percentage of o0il removal possible with this system.

For proper and economical application of this process, the oily
wastes (cil/water mixture) should be segregated from other waste-
.waters either .by storage in a2 holding tank prior to treatment or
by feeding directly into the vuily waste removal system from major
collection points. Further, if a si¢nificant quantity of free
oils are precent, it is economically advantageous to precede the
emulsion breaking with a gravity separator. Chemical and energy
costs can be high, especially if heat is used to accelerate the
process [2].

In addition to the chemical treatment of emulsion breaking, a con-
tinuous electrolytic treatment is being develored to remove emulsi-
fied oil from diluce oily wastewater streams, such as is generated
in metalworking operations. In this work, electrophoretic transport
of charged cil droplets was exploited as a concentrating mechanism,
using the cell shown schematically in Figure 47. A porous diaphragm
is placed between the two electrodes which inhibits convective mix-
ing of the treated and concentrate streams, while permitting the
emulsified oil droplets to pass through unhindered. Separate
emulsion streams containing the negatively charged oil droplets

are passed through both the cathode and anode compartments. The

oil droplets migrate through the diaphragm under the influence of

[68] Golovoy, A. Method of breaking an oil-in-water emulsion.
U.S. patent 4,087,338.
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Figure 47. Electrochemical o0il removal/recovery cell:
negatively charged oil droplets [69].

an electrical field to the analyte, where the emulsion is broken
by electrochemical action to yield a separate oil layer {69-71].

In a rilot plant test run, wastewater with initial oil concentra-
tions .ir the range of 300 to 7,000 ppm of solvent extractables

has been reduced to less than £0 ppm in 90 percent o. the test runs
and to less than 25 ppm in 83 pexcent [71].

The reccvered oil from emulsion breaking can be burned, reused for
another purpose, sold, or disposed of by any acceptable method.

The water constituent obtained from the split emulsion must then
receive further treaztment before the water may be discharged into
the plant wastewater system. ' The degree of treatment required on
the water phase of emulsion will be governed by local pollution
reguliactions.

The performance attainable by a chemical emulsicn breaking proc-
ess is dependent on addition of the proper amount of de-emulsifying
agent, good agitation end sufficient retention time for complete
emulsion breaking. Since there are several types of emulsified
oils, a detailed study should be conducted to determine the most

[69] Snyder, D. D.; and Willihinganz, P. A. A new electrochemical
process for treating spent emulsion. 31st Industrial Waste
Conference; 1976 May 4-6. West Lafayette, IN; Purdue Univer-
sity. 782-731.

[70] Kramer, G.; Buyers, A.; and Brownlee, B. Electrolytic
treatment of oily wastewater. 34th Industrial Waste Confer-
ence; 1979. West Lafayette, IN; Purdue Unaversity. 673-680.

[71] Gealer, R. L.; Golovoy, A.; and Weintraub, M. H. Electro-
lytic treatment of oily wastewater from manufacturing and
machining plants. Cincinnati, OH; U.S. Environmental Pro-
tection Agency; 1980 June. 48 p. EPA-600/2-80-143.

PB 80~225113.
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effective treatment techniques and chemicals for a particular
appiication. Takle 47 illustrates emulsion breaking process
perZormance data (2].

TABLE 47. EMULSION BREAKING PROCESS CIL
- AND GREASE REMOVAL DATA [2]

Influent Effluent Removal,

Sample mg/L mg/L %
1 3,320 42 98.7
2 210 24 38.6
3 12,500 27 >99.9
4 2,30C 52 97.7
5 13,800 18 >99.9
6 192.8 10.6 94.5
7 6,760 g8 88.4

6.1.1.6 Flotation--

Flctation un.ts are commonly used in metal finishing operations
to remove free and emulsifiied oils and grease. Flotation is the
process of causing particles such as 0il or metal hydroxides to
float tc the surface of a tank where they can be concantrated and
. remcved. This is brought about by releasing gas bubbles which
attach themselves to the particles, increasing their buoyancy;
and causing them to rise to the surface and float {2].

Dissolved air flotatiun (DAF) utilizes the emulsion-breaking
techr.iques that were previously discussed and in additicn uses
bubbies of dissolved air to assist in tne agglomeration of the
oily droplets and to provide increased buoyancy for raising the
oily droplets tc the surface. Coagulants, i.e., lime, alum fer-
ric salts or polyelectroiytes are added to enhance floc forma-
tion. In addition, air will oxidize sulfides, which will releas=
adsorbed oil {50,2]. Egquipment required for the process incluces
the flotation tank, recycle pumps, dissolved tank, and the air sup-
piv and controls {see Figure 48) [72].

A dissolved air flotation unit may be incorporated in a treatment
system utilizing an oil-water separator. Wastewater passes
through an API oil-water separator and following the skimming oif
of free o0il is passed to a dicsolved air flotation unit. Oil is
acain skimmed off and the water is processed through the clari-
fiers in a biological oxidation system. This system may not

[72] Boover, W.; Sitman, W.; and Stack, V. Trzatment of wastes
containing emulsified oils and greases. Lubrication Engi-
neering. 1964 May.
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igure 8. Typical dissolved air flotation system [2].

effeczivelyv separate the oil and water if the volume of oil is

too creat. The concentration of o0il in the effluent from the dis-
solved air flotation unit may be 1C0-150 ppm, which exceeds the
capzrzlity of the bio-oxidation process [2]. When low molecular
weight orcganilc polymers are added to the inlet of the dissolved
alr fictation unit, the concentration of oil in the effluent was
reduced to 15-30 ppm [73]. Generally, with dissolved air rflota-
tion, the effiluent will contain less than 50 ppm of oil. It will
contain less than 100 ppm if therinfluent does not contain more
than 1 000 ppm of o1l.

Results oi exulsion breaker application in the API-DAF system is
pres¢acted in Table 48 [2]. )

TABLE 8. RESULTS OF EMULSION BREAKER APPLICATION IN THE
API1-DAF SYSTEM - OIL AND GREASE [2

API APl Removal, DAF Removal,
influent effluent % effluent %
o treatment 1,500 200-300 83 100-150 50
Ezulsieonr breaker
treatz=ent 1,500 100-125 93 15-30 79

Letermination by Freon extraction; values expressed in parts per mil-
iion {voliume basis).

[73] Gruetze, J. Primary wastewater treatment and oil recovery
in the refining industry. National Petroleum Refiners Asso-
ciation Meeting; 1978 March 19-21.
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The use of dissolved air for oily waste flotation subsequent to
emulsion breaking can provide better performance in shorter reten-
tion times (and therefore smaller flotation tanks) than with emul-
sion breaking without flotation. A small reduction in the quantity
of chemical needed for emulsion breaking is also possible. Dais=-
solved air flotation units have been used successfully, in conjunc-
tion with subsequent processes, to rec<laim oils for direct reuse
and/or use as power plant fuels.

However, flotation requires higher operating costs and yields a
thicker sludge.

Induced air flotation (IAF) is an available means of removing oil
and suspended solids from waste waters. Induced air flotation
would not be selected in instances where turbulence would be un-
desirable since it would disturb flocculation. It is considered
by some to be a simpler and less expensive method than dissolved
air flotation, although 1ts present usage is about 1/5 that of DAF.
Dispersed air flotation requires less floor space (100 square feet
or greater, depending on the machine), and a shorter retention time
(4 minutes) [74]. The method of producing air and introducing it
into the liquid differs from the dissolved air flotation system.

The apparatus has been identified as the dispersed air flotation
machine because it contains air dispersing mechanisms that pro-
duce dispersed air in the form of finelr divided bubbles. The
bubbles rise to the tcp carrying oil droplets and are removed by

a revolving froth skimmer. The individual dispersed air flotation
mechanism is composed of a vertical shaft with an attached impeller
surrounded by a diffuser and circulation hood attached to a vertical
pipe. The impeller displaces liquid which results in the flow of
air down the standpipe. Liquid mixes with the air flowing from the
standpipe resulting in the formation »f air bubbles. The amount

of aeration is produced by adjusting the speed of the impeller and
the rate of fluid circulation through the impeller {74].

An electrolyte flotation method requires electrocoagulation cells,
flotation basins, and a chemical treatment and sludge system. The
advantages of the system lie mainly in the need for less chemicals
and the creation of less turbulence in removing of suspended and
emulsified materials. The electrocoagulation cell functions by
destabilizing suspensions and promoting flocculation. This unit
operates by passing electrical current through water between a
series of electrodes. The electroflotation basin concentrates

the floc and separates it from other floatables. Material is
floated to the top by means of bubbles created by an electrical
current [2].

A

[74] Tylor, R. W. Dispersed air flotation. Pollution Engineering.
1973 January.
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The performance of a flotation system depends upon having suffi-
cient air bubbles present to float essentially all of the sus-
pended solids. An insufficient quantity of air will result in
only partial flotation of the solids, and excessive air will
yield no improvement. The performance of a flotation unit in
terms of effluent quality and solids concentration in the float
can be related to an air/solids ratio. The shape of the curve
obtained will vary with the nature of the solids in the feed.

Table 4? illustrates dissolved air flotation system performance
data [2

TABLE 49. DISSOLVED AIR FLOTATION SYSTEM OIL
AND GREASE REMOVAL DATA (2]

Influent Effluent Removal,

Sample mg/L mg/L %
1l 412 108 73.8
2 65.8 28.9 56.1

6.1.1.7 Ultrafiltration (UF)=--

Ultrafiltration 1s employed 1n metalworking plants for the sepa-
ration of oils, toxic organics, and residual solids from waste
emulsified oils. In an ultrafiltration system, a wastewater feed
is introduced into a membrane module (see Figure 49). Water and
low-molecular weight solutes (for example, salts and some sur-
factants) pass through the mambrane at a pressure of 0.767 kg/cm?
and are removed as permeate (filtered effluent), which may con-
tain less than 100 mg/L of oil and 10 mg/L suspended solids. 1f
this effluent discharge level does not attain effluent limitation
guidelines, the permeate may be treated by a filtration process
such as biological degradation, carbon adsorption or reverse
osmosis. Emulsified oil and suspended solids are retained by the
membrane, concentrated to about 60 percent oil and solids content,
and removed as concentrate {75,76]. At present, an ultrafilter
is capable of removing materials with molecular weights in the

[75) wahl, J. R.; Hayes, T. C.; Kleper, M. H.; and Pinto, S. D.
Ultrafiltraticn for today's oily wastewaters. A survey of
current ultrafiltration systems. 34th Industrial Waste Con-
ference; 1979 May 8-10; West Lafayette. Ana Arbor, MI, Ann
Arbor Sciencw. Publications, Inc., 1980, 719-733.

[76] Pinto, S. D, uUltrafiltration for dewatering of waste emul-
sified oils. First interrnational conference on lubrication
challenges tn metalworking and processing; 1978 June 7-9;
Chicago. 1I1T Research Institute, 1978, 129-134.
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Figure 49. Simplified ultrafiltration membrane module.

range of 1,000 to 100,000. A survey of plants utilizing ultrafil-
tration revealed the mean removal efficiency for oil and grease
removal to be 92 percent and for total toxic organics to be 88
percent (50]. The liquid o1l concentrate can be disposed of by
hauling or incineration. Solid waste is practically nonexistent
because there is no addition of the chemicals required for
demulsificataion.

The semipermeable membrane is a thin film of a proprietary non-
cellulosic polymer that will withstand high operating tempera-
tures and extremes in pH and solvent exposure. The thin "skin"
(<0.5 pm) of the membrane covers 3 highly porous substance.

Since the pores 2f the ultrafiltration membranes are much smaller
than the particles rejected, the particles cannot enter the mem=-
brane structure and plug the pores. The pore structure and small
size (less than 0.005 micrometers) of the membrane are quite dif-
ferent from those of ordinary filters. With an ordinary filter,
pore plugging results in drastically reduced filtration rates and
requires frequent backflushing, which may produce extra solid or
liquid wastes.

The performance of ultrafiltration systems is typically character-
ized by two parameters: membrane flux and membrane rejections
{for a speciric species). The flux is defined as the rate of per-
meate production per unit membrane area and is usually expressed
as gallons per square foot per day (gal/ft?/day). The design

flux for oily waste treatment is typically 30 gal/ft2?/day [75].

The rejection measures the degree to which the membrane prevents
permeation of a given constituent from the feed into the permeate.
Rejection for oil and grease is normally greater than 99 percent
{75].

A typical ultrafiltration system for treating oily water is shown
in Figure 50. The .process begins with o1ly wastewater collection
in an equalization tank, with 1-2 days retention time, from which
free-floating o1l and settleable solids are removed. The remaining
olly wastewater is transferred to a process tank.
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The process tank is sized for 0.5-1 day capacity depending upon
feed concentration. Wastewater is pumped through the membrane
modulés from the process tank at about 50 psigqg.

Usually, a semi-batch concentration cycle is employed. 1In this
cycle, the permeate is discharged continuously, while the oily
wastewater 1s retained in the system and gradually concentrated
with time. O1ly makeup water is added to the process tank to
maintain a constant process level.

Cn the final day -~ the semi-batch concentration cycle, flow to
the process tark .s stopped and a batch concentration on the
process tank contents is performed. This final step reduces the
concentrated wastewater to the minimum residual volume. The
final concentrate is removed from the system for further prcces-
sing or disposal. The system 1s then cleaned in preparation for
the next concentration cycle.

In large oil-water systems, cleaning of the membranes normally
w1ll be required once a week to remove foulants that build up on
the membrane surface. These cleaning methods are [75]:

) Mechanical cleaning,

(1
(2) Dispersing, and
(3) Solubilizing.
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Mechanical cleaning is only appliceable in practice to large diam-
eter ultrafiltration membranes and is very effective in removing
chemically precaipitated species that adhere tenaciously to the
membranes and are difficult to remove by any other method. This
method works best when .the adhesion between the fouling layer and
the membrane 1is weak.

Dispersing methods of cleaning function by breaking up dJdeposits
in the membrane and dispersing them into colloidal sized par-
ticles. The most commonly used dispersants are detergents.

Cleaning by solubilizing consists of dissolving, by physical or
chemical means, fouling deposit. This is the most effective of
the three cleaning methods. It is most oftem used to clean the
membranes of metal hydroxide or other chemical deposits. Solu-
tions of acids and chelating agents are usually used for this
purpose. The filtering membrane used for emuwlsified industrial
oils should therefore be resistant to acidic, alkaline, and caus-
tic cleaners.

Ultrafiltration is recommended by metalworkimng fluid manufac-
turers as a disposal method for oily wastewater for the following
reasons:

(1) Reduces sludge disposal problem

(2) Less expensive than incineration

(3) Less expensive than contract hauling
(4) Costs less per gallon for treatment
(5) Requires less skill for coperation

A limitation of ultrafiltration for treatmemt of process efflu-
ents is its narrow temperature range (18°C to 30°C) for satis-
factory operation. Therefore, surface area requirementes are a
function of temperature and become a trade-off between initial
costs and replacement costs for the membrane [2]. Table 50
illustrates ultrafiltration performance data for oil and grease
removal [2].

6.1.1.8 Reverse Osmosis {RO)=-~

Reverse osmosls 1S the process of applying a pressure to a concen-
trated solution and forcing a permeate through a semi-permeable
membrane into a dilute solution. With respect to oily wastewater,
reverse osmosis is used primarily as a polishing mechanism to
remove 0ils and metals that still remain after treatments such

as emulsion breaking or ultrafiltration [2]).

Feed water is pumped under pressure of eithexr 400 or 600 psi
through the reverse osmosis permeators, where 50 or 75 percent
of the water permeates through the minute pore spaces of the mum-
brane and is delivered as purified product water. Impurities in
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TABLE 50. ULTRAFILTRATION PERFORMANCE DATA
FOR OIL AND GREASE REMOVAL [2]

Influent Effluent Removal,

Sample mg/L mg/L %
1 95.0 22.0 76.8
2 1,540 52.0 96.6
3 38,180 267 99.3
4 31,000 21.4 99.9
5 .1,380 39.0 97.2
6 3,702 167 95.2
7 1,102 195 82.3
8 7,500 640 91.5
9 360 18.0 $5.0

10 70.0 10.0 85.7
Mean removal efficiency %2.0

the water are concentrated in the reject stream [77]. Small dry-
ing bed lagoons are proposed for disposal of the small amount of
RO concentrate. However, if appreciable amount of oil is to be
collected from the gravity oil skimmer, the small amount of the

RO concentrate can probably be incinerated {78]. Reverse osmo-
sis is capable of removing 90-98 percent of total dissolved solids
and 99 percent of organics, and it is an effective shield against
pyrogens, bacteria, and other microorganisms.

While a new technology, membrane systems appear more attractive
than a chemical treatment process with its attendant sludge
disposal problems. The improved effluent could be more easily
incorporated into existing water reclamation systems, thereby
eliminating direct discharge of treated water. Although the
UF/RO system requires a higher capital investment than would a

UF system, utilizing RO permeate as a substitute for deionized
water in the reversing mills might elimipate the need for an
additional deionizer at the plant. Table 51 lists the estimated
capital and operating ccsts for chemical, membrane, and evapora-
tion processes on pilot-scale equipment. All costs were based on
treating 100,000 gal/day and indexed to 1978. Credits were given
tc all processes for potential oil recovery amd, in the cases of

[77] Product literature. Continental Water Systems.Corporation,
El Paso, Texas.

{78] Chian, E. S. K.; and Gupta, A. Recycle of wastewater frecm
vehicle waghracks. 29th industrial waste conference; 1974
May 7-9. Wwest Lafayette, IN, Purdue University, 9-20.
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TABLE 51. ESTIMATED COST ANALYSIS [79]

Total unit Net unit
Capital operating cost operating cost
Svstem cost ($/1000 gal) ($/1000 gal)
Chemical $1,730,000 $11.33 $5.36
Evaporation 2,650,000 8.75 . 2.90
UF 1,450,000 7.73 1.77
UF/RO 1,550,000 8.81 1.12

UF/RO, for production of a high purity water that could be used
as a substitute for mill water and/or deionized water. Recovery
and utiliization of waste heat to generate steam is planned for
the evaporation process.

Examples of reverse osmosis performance are presented in
Table 52 [2].

TABLE 52. REVERSE OSMOSIS OIL AND GREASE
REMOVAL PERFORMANCE DATA (2]

Influent Effluent Removal,

Sample mg/L . mg/L %
1l 117 8.5 92.7
2 10.6 4.1 61.3
3 129 41 68.2

6.1.1.9 Carbon Adsorption-=-

Alternatively, a carbon adsorption process may be employed to
remove o01ls and toxic organics [80] that have noc beeu gemoved by
emulsion braking and ultrafiltration. Activated carbon is an
efficient means of removing organics with an adsorption capacity
of 500-1,500 square meters/gram. It is limited to treatment of
less than 5,000 gal/day, due to column saturation [76]. Pretreat-
ment 1is desirable to maintiain an influent of less than 50 ppm
suspended solids and less than 10 ppm for oil and grease ([2].

{75] Sonksen, M. K.; Sittig, F. M.; and Maziarz, E. F. Treatment
of oily wastes by ultrafiltration/reverse osmosis; a case his-
tory. 33rd industrial waste conference; 1978 May. West La-
fayette, IN, Purdue University, p. €96.

[80] Skovronek, H. S.; Dick, M.; and Des Rosiers,-P. E. Selected
uses of activated carbon for industrial wastewater pollution
control. Second annual conference on new advances in separa-
tion technology; 1976 September 23-24; Cherry Hill, NJ.
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In addition to a filtration unit, a granular activated carbon ad-
sorption treatment system requires two or three activated-carbon-
containing adsorption columns, a holding tank, liquid transfer
pumps, and equipment for reactivation; 1.e., a furnace, guench
tank, spent carbon tank, and reactivated carbon tank [2].

The necessary equipment for a two-stage powdered carbon unit is
as follows: four flash mixers, two sedimentation units, two
surge tanks, one polyelectrolyte feed tank, one dual media fil-
ter, one filter for dewatering spent carbon, one carbon wetting
tank, and a furnace for regeneration of spent carbonmn.

Powdered carbon is less expensive per unit weight than granular
carbon and may have slightly higher adsorption capacity, but it
does have some drawbacks. For example, it is more difficult to
regenerate; it is more difficult to handle (settling characteris-
tics may be poor); and larger amounts may te required than for
granular systems in order to obtain good contact.

Thermal regeneration, which destroys adsorbates, is economical if
carbon usage is abtove roughly 454 kg/day (1,000 lb/day). Reacti-
vation is carried out in a multiple hearth furnace or a rotary
kiln at temperatures from 870°C to 988°C. Required residence
times are of the order of 30 minutes. Vith proper control, the
carbon may be returned to its original activity; carbon losses
will be in the range of 4-9 percent and must be made up with fresh
carbon. Chemical regeneration may be used if only cne solute is
present which can be dissolved off the carbon. This allows mate-
rial recovery. Disposal of the-cerbon may be required if use is
less than approximately 454 kg/day (1,000 lb/day) and/or a hazard-
ous component makes regeneration dangerous. Wet oxidation for
regeneration has been introduced for powdered carbon systems [2].
The resins, generally microporous styrene-divinylbenzenes, acrylic
esters, or phenol-formaldehydes, can be used to substitute carbon
in .he adsorption system [2].

Table 53 illustrates performance data for - .. and grease removal’
by carbon adsorption [2].

TABLE 53. CARBON ADSORPTION PERFORMANCE DATA
FOR OIL AND GREASE REMOVAL [2]

Influent Effluent Removal,

Sample mg/L mg/L %
1l 4.1 3.3 19.5
2 41.0 2.0 95.1
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6.1.1.10 Aerobic Decomposition=--

Aerobic decomposition 1S the biochemically actuated decomposition
or digestion of organic materials in the presence of oxvgen. The
chemical agents effecting the decomposition are microorganism
secretions termed enzymes. The principal products in a properly
controlled aerobic decomposition are carbon dioxide and water.
Aerokic decomposition is used mainly in the treatment of organic
chemicals and lubricants used in the industries that use organic
lubricants [2].

As a waste treatment aid, aerobic decomposition plays an impor-
tant role in the following organic waste treatment processes:
1. Activated sludge process l
2. Trickling fil“er process
3. Aerated lagoon

Advantages of aerobic decomposition include: (1) low BOD concen-
trations in supernatant liguor, (2) production of an odorless,
humus~-like, biologically stable end product with excellent de-
watering characteristics that can be easily disposed of, (3) re=-
covery of more of the basic fertilizer values in the sludge, and
(4) few operational problems and low initial cost. The major
disadvantages of the aerobic decomposition process are (1) high
operational cost associated with supplying the required oxygen,
and (2) sensitivity of the bacterial population to small changes
in the characteristics of their environment

6.1.1.11 Evaporation [50]~~

Evaporation 1is used in West Germany to dewater emulsified oils.
The emulsified oil is heated in an unit as shown in Figure 51.

The 0il concentrate is taken off by a pump and further dewatered
in an evaporator. A typical example of this process is the Fauda
process. The Faudi process involves the evaporation of water by
an evaporator with several (different level) platforms. This pro-
vides best utilization of the energy since the o1l phase furnishes
the calories needed by the process. A preliminary filtration is
applied to catch the oils which escaped. An active carbon bed is
connected to the equipment, which eliminates the odor of the water
phase.

In the process a water phase of less than 20 mg of oil per liter
is produced. Completely automatic and continuous type installa-
tions exist with capacities of 250 to 3,000 liters per hour.

6.1.2 Economic Evaluations

The literature indicates that metal finishers perform emulsion
treatment only to fulfill environmental regulations and local
sanitary sewer ordinances. Also, reclaimers are willing to
handle only emulsions of high o0il concentrations. Such circum-
stances may suggest that no or weak economic incentives exist for
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Figure 51. Evaporation unit for emulsified oil [50].

handling emulsions for the purposes of oil recovery. However,
this generally speaking, is not the case.

For those end users/reclaimers/re-refiners who are highly cost
conscious and technically capable, there are economic benefits to
be gained from emulsion treatment. Technically capabie end-users
can save significant amount of money from treating emulsions and
knowledgeable reclaimers/re-refiners have lucrative businesses
treating these materials. The following sections present a
compilation of information available -n the open literature
concerning costs of emulsion treatment.

6.1.2.1 1In-plant Processes and Costs~-

No two companies process the same fluid compositions, or have the
same equipment and the same overhead; hence, there are no "“typi-
cal' cost examples. Egquipment costs vary considerably depending
upon type, size, and supplier. Table 54 gives approximate equip-
ment costs at different processing volumes for continuous gravity
settiing tanks, o0il separators and skimmers, pressure and vacuum
filters, dissolved air flotation, and centrifuges. Table 55 gives
approximate equipment costs at 1,000 gal/day for ultrafiltration
systems aad coalescing filters.

Table 56 shows the estimates of capital and oper: -ing costs for
electrolytic treatment for a plant size of about 76 m3/day
(20,200 gallon/day" Economic projections are presented for a
process with air bibblers~--without automation, with dissolved
air ‘otation--without automation, and with dissolved air
flotaL. on--with automation.

Purchase costs can vary considerably by the volume to be processed.
Costs of operating a waste oil recycling plant include variable

costs (chemicals, utilities), fixed costs (labor, overhead), and
if processed and sold by the company, corporation expenses and tax
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TABLE 54.

LOME EQUIPMENT CHOICES AND ESTIMATED COSTS
AT DIFFERENT PROCESSING LEVELS FOR 1981 [50]

Continuous flow

gravity settling 0il separator Pressure Vacuum
tanks and skimmer filter filter DAF Centrifuge

Purchase cost

50,500 gallons $ 7,000 $ 3,000 $ 1,500 $40,000 $8,000 $27,000
500,000 gallons 8,000 10,000 2,000 40,000 8,000 27,000
1,000,000 gallons 14,000 13,000 3,000 40,000 8,000 35,000
5,000,000 gallons 18,000 15,000 15,000 50,000 8,000 55,000
Installation cost

50,000 gallons $4,000 $3,000 £1,500 $5,000 $16,000 $ 54,000
500,000 gallons 6,000 3,000 2,000 5,000 16,000 54,000
1,000,000 gallons 9,000 3,000 3,000 5,000 16,000 70,000
5,000,000 gallons 9,000 3,000 5,000 5,000 16,000 110,000
Yearly maintenance

cost

50,000 gallons $500 $1,500 $ 1,000 $1,000 $ 600 $1,000
50G,000 gallons 500 1,500 2,000 2,000 600 1,100
1,000,000 gallons 500 1,500 5,000 4,000 600 1,300
5,000,000 gallons 700 2,000 20,000 8,000 3,000 1,500

{(continued)
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TABLE 54 (continued)

Continuous flow .
gravity settling O0il separator

Pressure Vacuum

tanks and skimmert frlter filter DAF Centrifuge
Depreciation cost
(Average total
costs over 10
year equipment
life)
50,000 gallons $1,600 $2,100 $ 1,300 $ 5,500 ~ $2,000 $ 9,100
500,000 gailons 1,9C0 2,800 24,000 6,600 2,700 9,200
1,000,000 gallons 2,800 3.100 4,600 8,500 2,700 11,800
5,000,000 gallons 3,400 * 3,800 13,000 13,500 5,400 18,000
Gallons Gallons/hour Gallons/minute
50,000 125 2 (operates one shift, 20% at time)
500,000 250 4 (one shift)
1,000,000 500 8 (one shift)
5,000,000 800 13 (three daily shifts)




TABLE 55. ESTIMATED COSTS FOR ULTRAFILTRATION
SYSTEM AND COALESCIWG FILTER, 1981

a Coalescan
Ultrafiltration (vertical)
Purchase cost, $ 56,490 26,500 (with separator
29,500)
Operating cost, §
(250 days per year,
2 shift per day) 28,938 Low
Depreciation (over 8
years, 50% after tax), $ 3,630/year 10%
Maintenance, §$ Low

Membrane replacement, $ 2,550/2 ye: rs No

3perived from Table 18 of Reference [35]).

bManufacturer contact.

TABLE 56. CAPIT.\L AND OPERATING COSTS OF
ELECYROLYTIC TREATMENT ({71] : S

Capital Operating
Process cost, S cost, S/md

PR

With air bubblers - without automation 50,000 0.09

With dissolved air flotation - with
automation 80,000 0.08

With dissolved air flotation - without
automation 85,000 0.08

aManpower would be decreased.

expenses. These are broken down in Table 57 for a company annually
recovering 200,000 gallons of oil from one million gallons of waste
fluid. Accordaing to figures in Table 57, the cost of reclaimed

oil is $0.88/gallon. Virgin oil costs range from $0.80~1.30/gallon
depending upon the oil grade and additive content. So oil reclam-
ation is economical.

The potential for reuse depends on the original application and on
how clean the recycled oil is. 1If not suitable for the original
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TABLE 57. WASTE OIL RECYCLING PLANT OPERATION COSTS [50]

. Cents/gallon of $/Million gallons
Cost item recovered oil of waste fluid

Cnemicals 25.000 50,000
Electricity 6.000 12,000
Total variable costs 31.000 62,000
Direct labor 16.000 32,000
Supervision and indirect labor 16.000 32,000
Building maintenance 0.187 375
Equipment maintenance 1.460 2,920
Insurance and property taxes 1.470 2,940
Depreciation 9.9550 19,900
Capital interest 11.595 23,191
Total fixed costs 56.662 113,386
Total prccess costs 87.662 $175,386

application, a new application with less stringent quality speci-
ficatiens must be found. Typically, because of price variations.
the soluble o0ils are more likely to be recycled than the cutting
olils (Table 58). X ; -

TABLE 58. METALWORKING FLUID TYPES AND PRICES, 1981 [50]

Fluid S$/gallon
Cutting oil 0.55
Lube start 1.30
Hydraulic oil 1.60
Soluble oil 1.85 (may cost $7-10/gallon with additives)

The water phase from emulsion breaking can be discharged in the
local sewer system after appropriate clarification or recycled
back into the plant for nonpotable uses.

- The sludges produced in the process can be either hauled away or
further processed to a 95 percent oil concentrate at a cost of
about 5-35¢/gallen. Selling the o0il concentrate may bring 20-
70¢/gallon in revenues while substantially reducing disposal
costs.

The solids which are separated during concentration steps are
wostly metal fines suitable for landfill or can be sold as scrap.
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6.1.2.2 Reclaimer Costs [50]--

Reclaimers work with o1l emulsions varying in cencentrations from
5 to 95 percent oil and available from the metal finishing industry
at a cost of 10-20¢/gallon plus up to 20¢/gallon freight charges.
Heat, acid, and polymer may be added to break the emulsion and form
a 95 percent oil concentrate.

The concentrate from in-house processing and the 95 percent oil
concentrate purchased from outside sources are treated with earth
and clay followed by solids filtration (refer to Section 6.2.2).
This costs about 54¢/gallon and produces a 99.9 percent oil con-
centrate. This concentrate is worth $0.70-$1.50/gallon (average
$1.10/gallon) and it may be sold as fuel or gear cutting fluid,
or be further processed.

The o0il concentrate can be vacuum stripped {medium temperature
re-refining at 550°F) producing a 99.99 percent oil at a cost of
about, 30¢/gallon. The value of the oil ranges from $1.50 to
$2.20/gallon (average $1.80/gallonj and may be sold as base stock
for new lukricants or fluids or as fuel.

Some relcaimers/re-refiners may replace lost additives before the
0il is sold back to the user. This may cost 10-65¢/gallon for
hydraulic oils and even more for the expensive additives for roll-
ing fluids. Rejuvenated fluids are generally sold back to the
user at anywhere between $0.70-1.00/gallon for hydraulic flulds
and from $1.00-3.00/gallon for rolling oils.

6.1.3 Alternative Disposal Technologies

Waste oils can be disposed of by incineratiom, landfilling, “land
application, or road oiling. The following discussion addresses
these disposal technologies.

6.1.3.1 1Incineration--

Waste o1l from metalworking operations may be thermally decom-
posed by incineration. Usuzlly the incinerators are praivately
owned and centrally located. A few plants may have sufficient
waste to economically justify installation of an incir 2rator on
site. It is possible to recover the heat generated via incin-
eration and use 1t to heat the plant, produce hot water, etc.
This results in a reduction in the quantity of fuel needed for
these heating and process requirements.

The types of incinerators available for combustion of waste oils
include: 1ligquid waste incinerators, rotary kilns, multiple
hearth furnaces, and fluidized beds [81-83]. Waste oils are

{81] wachter, R. A.; Blackwood, T. R.; ané Chalekode, P. K. $Study
to determine need for standards of performance for new sources

(continued)
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also sometimes cembined with refuse and disposed of by incin-
erators designed primarily for solid waste. Table 59 shows
waste 0ils and other liquid wastes from metalworklng operations
which can be burned by incineration.

TABLE 59, LIQUID WASTES BURNED BY INCINERATION

Separator sludges

Skimmer refuse

Oily waste

Cutting oils

Coolants

Phenols

Vegetable oils

Still and reactor bottoms
Animal oils and rendering fats
Lube oils :

Soluble oils

Polyecster paint

PVC paint

Latex paint

Thinners

Solvents

Resins

Liquid injection incinerators can be used to dispose of most com-
bustibie liquid waste with a viscosity less than 10,000 SSU.
Flu:dized bed and rotary kiln incinerators can be used to dispose
of solid, liquid, and gaseous combustible wastes. The multiple
hearth in~inerator has been utilized to dispose of sewage, sludges,
tars, solids, gases, and liquid combustible wastes.

(continued)

of waste solvents and solvent reclaiming. Washington, DC;
U.S. Environmental Protection Agency; 1977 Februarv. 106 p.
Contract 68-02-1411.

(82] sittig, M. 1Incineration of industrial hazardous wastes and
sludges. Pollution Technology Review No. 63. Noyes Data
Corporation, 1979.

[83] Ottinger, R. s.; Blumenthal, J. L.; Dal Proto, D. G.;
Gruber, G. I.; Santy, M. J.; and Shih, C. C. Recommended
methods of reduction, neutralization, recovery, or disposal
of hazardous waste; Volume 111, disposal process descrip-
tions - ultimate dicpusal, incineration, and pyrolysis proc-
esses. Cincinnati, OH; U.S. Evaironmental Protection Agency:
1975 August., 251 p. EPA-670/2-73-053C. PB 224 582.
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In order to determine the proper type of incinerator system for
use in a particular waste disposal situation, certain basic fac-
tors must be considered. These include waste toxicity, disposal
rate, corrosiveness, operating temperature and material selection,
secondary abatement requirements (air, water or solid pollution
control), steam plume generation, waste heat recovery and costs.

The exhaust gases resulting from incineration may contain mater-
ials such as trace metals from waste oils that should be removed
from the gas before expulsion. Not all the metals leave the
incinerator in the flue gases. Some form of organic-metallic
compounds are left in the ash, so consideration should be given

to the environmental impact of disposing of ash with a high
metallic content.

Although incineration can be extremely effective in destroying
certain types of wastes, it is important.to recognize that the
cost of incineration for wastes can vary widely. The cost de-
pends especially on the type of facility required to handle the
waste, which determines the capital investment, the costs of
energy (e.g., as auxiliary fuel), and the cost for air and water
emission control equipment reguired {[82-84].

The cost of incineration of high-Btu-value waste with no acute
hazard is in the range of $50-300/metric ton ($0.19-1.14/gallon).
.For highly toxic heavy metals liquid wvastes, the cost of incin-

eration can be as high as $300-1,000/metric ton ($1.14-3.78/gal-
lon) [85].

Generally speaking, incineration is technically viable and envi-
ronmentally desirable, although the high unit costs will cause
industry to prefer to utilize other less costly alternatives if
they are acceptable to regulatory agencies.

6.1.3.2 Landfill Disposal-~

Landfill disposal of waste oils in an environmentally safe method
when properly regulated. This method of disposal is also econom-
ically attractive since it is relatively cheap.

The RCRA does not list waste metalworking oils as hazardous waste,
50 it is necessarv to conduct RCRA testing to determine whether
waste 0il is hazardous or nonhazardous. Dizsvosal practice and

{84] Ackerman, D.; Clausen, J.; Grant, A.; Johnson, R.; shih, C.;
Tcbias, R.; 2ee, C.; Adams, J.; Cunningham, N.; Dohnert, E.;
and Harris, J. Destroying chemical wastes in commercial
scale incinerators; Final Report - Phase 1I. "Washington, DC;

U.S. Envircnmental Protection Avency; 1978. 130 p. EPA-630/
SwW/55C. PR 278 816.

[85] Industry Week, p. 56, 1971 June 15.
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costs will depend on whether waste o0il is hazardous or nonhazard-
ous. If waste 01l is hazardous, its disposal mus: meet RCRA
‘requirements, and must be disposed of in a hazardous waste land-
£ill. ' Nonhazardous waste o1l can be disposed of cheaply in a
sanitary landfill. Waste o1l is cften mixed with refuse <r soil
or other oil absorbent mate.:als to colidify it prior to landfill
disposal. This practice will minimize leachate problems. Poten=-
tial contamination of the grcundwater through leachate is a major
concern an disposing of waste o0il by landfilling; nevertheless,
landfilling is safe if properly managed and regulated.

6.1.3.3 Land Application--

Waste o0il can be disposed of by breaking it down into harmless
nroducts. This is accomplished by soil microorganisms. The used
oil is spread atop the land where it can be biodegraded. The soil
microorganisms oxidize the oils or convert oily waste into cell
protoplasm, producing byproducts of gases and humus (partially
reacted organics) along with organic acids (an intermediate prod-
uct). The bacteria and fungi which grow the fastest are those
using hydrocarbons for food. Some mineral nutrients important for
microbial growth are carbon, hydrogen, oxygen, potassium, sodium,
calcium, and especially nitrogen and phosphorus. Microbial growth,
and therefore oil decompcsition, is increased by the use of fertil-
izers. So1l microorganisms favor neutral soil; therefore, soil
which is acidic may require the addition of agricultural-grade
limestone as a neutralizing agent.

-

Temperature also plays a role in the oil decomposition rate. "0il
decomposes much faster in warm than in cold climates. The opti-
mum temperature for the incubation of most hydrocarbon-oxidizing
organisms is reported to be 86°F. To provide oxygen for soil
wicroorganisms, the soil is aerated by disking. This disking or
stirring of the soil also disperses the hydrocarbon molecules,
making them more readily available to microbial attack. Soil
saturated with o1l or water has its air spaces filled, reducing
the cxygen available to soil micrcorganisms. Without sufficient
oxyden the number of microorganisms are few, resulting in a very
slow 0il decomposation rate. Some hydrocarbecns, such as waxes
and heavy oils, are more resistant to decomposition, because less
surface area is exposed to microbial attacks.

0il, when discharged without adequate treatment or proper dis-
posal, is a serious pollutant of water and land. 1In 1969, the
Marathon 0Oil Company in Robinson, Illinois, used land spreading
to dispose of oily siudge stored in two lagoons over a period of
five years. The sludge, consisting of 35 percent oil, was spread
on the ground to a depth of akout 4 inches. When the sludge was
dry it was mixec¢ with the soil by disking to a depth uf about

18 inches. A rainstorm occurred before cultivation of the sludge
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and resulted in erosion of the o0ily sludge and its deposition in
a small lake, killing some fish [86].

Plants may also be affected by such oil. Large applications of
0il to land are often toxic to plants due to the narcotic effect
that volatile fractions have on plants and the reduction of
marganese to the toxic manganous form. Plants growing on the
land-spread area may acquire high levels of metal ions. Trace
metals may be found in many used oils. 1If oils containing trace
metals are deposited on the ground, vegetation may be contami-
nated and eventually animals may eat this vegetation.

The British attempted to use municipal sewage sludge as a soil
conditioner until they discovered that the metal content of the
sludge constituted a hazard to agriculture. Twelve years after
the project was discontinued, vegetables grown on the soil still
contained abnormally high levels of chromates, <opper, nickel,
lead, and zinc. Land saturated with oil eventually returns to a
productive state, however, Humble 0il Company near Houston, Texas,
land-spread oily sludge 4 to 5 inches thick; 3 to 4 months later
grass was growing. More oil may be added to the soil of a land-~
spreading site when the soil returns to a brown friable condition
[85].

Other used oil couwponents, such as aromatic hydrocarbons, may pre-
sent problems because of their lengthy degradation process. In
addition, many of the additives that are combined with industr.al .
oils may cause adverse environmental effects if nut properly
treated before disposal. Additive compounds containing phos-
phates or phenols can adversely affect water quality. Minute
quantities of phenols cause objectionable taste and odor in .
drinking water and induce cancer in lower animals [86].

Favorable locations for land-spreading sites are those with deep,
fine-textured soils which readily absorb oil, thereby reducing
the chances of a contaminated water table. Clay subsoils also
Lelp prevent contaminated water tables. To reduce surface water
contamination, the site should be flat with poor drainage.
Indiscriminate dumping on porous, coarse, or shallow soils is
likely to cause runoff water pollution.

Soil farming can be a viable disposal method for oily waste under
diverse and sometimes adverse conditions of topography, soil type
and climate. One aluminum manufactuirer has successfully disposed
of over 55 million gallons of waste 0il emulsion coolant from their
rolling mills by means of soil farming. The waste oil emulsion,

[86]) Yates, J. J.; Groke, K. G.; Klazura, A. G.; Spaite, A. R.;
Chiu, H. H.; Mousa, 2.; and Budach, K. Used oil recycling
in Illinois: data book. ETA Engineering, Inc., 1978 October.
135 p.
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containing approximately 0.5 to 1.0 percent mixed hydrocarbons, is

being applied at a rate of 0.5 inch per week in a l4.6-acre field

situated on the flood plain of the Ohio River with minimal cost.

Continuous monitoring of the disposal area has indicated no obvious
deterioration of the physical, chemical, or biological conditions

" of the so1l, other than the accumulation of approximately 40 mg of

hexane-extractable residue per 100 grams of soil in the surface
horizon [87,88].

6.1.3.4 Road 0Oiling/Dust Control [86]-=-

Road oiling and dust control are indirect methods for the dis-
posal of used oil. Although virgin petroleum products are used
for road oiling, a large fraction is used oil, which is generally
cheaper than a specially compounded oil and thus more economical-
ly attractive in the short run. 1In 1974, it was estimated that
200 million gallons of used crankcase oils plus unknown amounts
of other used oils were used annually in the United States for
road oiling and dust control.

The o0il is usually applied to rural dirt roads through drilled
pipe spray headers mounted on tank trucks. The application rate
is left to the discretion of the applier and ranges from 0.025 to
0.05 gallon per square foot of road, depending on road composi-
tion and dust conditions. Very little of the oil applied to the
road actually remains there, necessitating periodic reapplications.
A road may be oiled {rom one to four times a year. In a study
dealing with used oil applied to rural roads, it was observed
that ‘one percent of the total oil  applied to the roads remained
in the top inch. The rest was lost in a number of ways, includ-
ing being washed from the road by rain, leached through the rocad,
carried away by the wind on dust particles, picked up by passing
vehicles and carried elsewhere, biodegraded, and volatilized. The
extent and rate of oil loss depends on road composition, weather
conditions, the time of the first rain after oiling, the type and
quantity of o1l applied, road traffic conditions, and the ability
of the road surface to biodegrade the oil. Around 25 to 30 per-
cent of the o1l applied to the road is lost by biodegradation,
adherence to vehicles, and volatization. The remaining 70 to

75 percent leaves the road with water runoff and dust transport,
contaminating surface waters.

0il which makes its way into a water system becomes a nuisance
and, ip sufficient quantities, a health and ecological hazard.
Used oil enters water systems in many ways: direct discharge

[87) Kincannon, C. B. O0Oily waste disposal by soil cultivation
process. Wwashington, DC; U.S. Environmental Protection
Agency; 1973. EPA R2-72-110.

{88} Liu, D. L.; and Townsley, P. M. Lignosulfonates in petroleum
fermentation. Journal of the Water Pollution Control Feder-
ation. 531-537, 1970 April.
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into waterways, dumping into storm sewers, washing off .roadways
into water ways (rainwater may scavenge oil from road surfaces
-and then percolatg into the groundwater), or direct dep051t10n on
or in the ground.

Along with the o0il that leaves the road surface and is deposited
into the surrounding ecosystem are heavy metals and other addi-
tives which are taken up by plants and consumed by animals, either
by drinking contaminated water or by eating plants that have tak:n
up metals. In Alberta, Canada, in 1971, cattle were poiconed by
drainking water containing lubricating oil from a road treated with
"an oil that contained triaryl phosphate as an additive.

Because of the negative environmental effects resulting from the
runoff of used cils from roads, most states prohibit the use of
any used oil fcr road oiling or dust control. Because this regu-
lation is difficult to enforce, used 01l may still be widely used
for road oiling and dust ccntrol.

6.1.4 Sludges Generated by 0ilv Waste Traatment,

Sludges are produced from in-plant processing equipment such as
oil/water separators, centrifuges, filters, coalescers, ultrafil-
tration and/or reverse osmosis systems, dissolved air flotation,
and still bottoms from vacuum distillation. Composition data for
these sludges are difficult to find in published literature except
for sludge from oi1l/water separators. Table 60 gives character-
izatioh data for sludges obtained from various sources (as indi-
cated at the footnote of the table)}. Table 61 shows the organic
components in sludges designated in Column 3 of Table 60. The
concentrations and even presence of various hazardous materiais
varies due to differences in the characteristics and origins of the
various sludges collected during any given time period. Sludges
from in-plant processing usually contain a large amount of heavy
metals and are corsidered to be potentially hazardous.

Sludges can be disposed of by using compatible techniques men-
tioned in Section 6.1.3. However, incineration is the most popular
method for disposal. The disposal methods are used both on-site
and off-site, using either plant facilities or contractor plant.
6.2 DISPOSAL AND RECLAMATION OF STRAIGHT MINERAL OILS

6.2.1 In-Plant Reclamation Technologies

In-plant reclamation techrologies are usually employed to remove

the two most common contaminants, solids and water, in used min-

eral oils and offer a low-cost method for recycling large quanti- @
ties of used oils. These include gravity separation of solids

and water, centrifuging, filtration, and water removal by coal-

escing. Descriptions of processes and equipment have been dls-

cussed in Sections 6.1.1.1 through 6.1.1.4.
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TABLE 60. ANALYTICAL CHARACTERIZATION OF SLUDGES
COLLECTED FROM IN-PLANT PROCESSING
EQUIPMENT FOR EMULSIFIED OILS

Sample de51cnationa

1

2

3 v——

Sample col.ected at

011 separator

01l separator

API separartor

Inorganic metals, mg/kg

Ag
Be
cd
Co
. Cr
Cu
Fe
Hg
Li
Ni
Pb
2n

Inorganic nonmetals, mg/kg

Br
Cl
P
s -
As

Noncombustible ash, %
Solads, %

Compounds contained, mg/kg

Major components

Flash point, °F
pH

48
Trace

£33 3

28 88588

Phosphates, 1988

0il, 40%
Water, 60%

o
.
<2}

[

HOOWd NN

’

[
OO0 O

X
-
O WD
o o
w KN

[

8.02
9.1

0il, 41.1%
Water, 49.8%
Dirt, 8.1%

Over 200
8.2

0.84
13

370
970

0.6

200
1,700
8,400

5.7
1,300

. 730
6,300
4.6

.85

Cyanides, 0.94
organic com-
pounds, see
Table 61

206
6.2

aDesignatlcn No. 1 to 3 are from generator waste

tained from State EPA offices.

bNot detected, detection limit = 0.2 mg/kg.
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TABLE 61. ORGANIC CCMPONENTS IN SLUDGES DESIGNATED
IN COLUMN 3 OF TABLE 60.

arametexr

Results, ppm

Base/neutral fraction

Combined anthracene and rhenanthrene 2
Bis(2-ethylr 2xyl)phthalate

Cnrysene
1,3~-Dichlorobenzene
Fluorantiane
Fluorene
Napiathalene

Acid fraction

Phencl
Pentachlorophenol

Volatile fraction

Benzene
1,1-Dichloroethane
1l,1-Dichloroechene
Ethylbenzene

Methylene chloraide
Tetrachloroethene
1,1,1-Tr’chloroethane
Trichlorofluoromethane
Toluene

Xylene

0 ®E N S
oYW o

.23
.2
.91

=
o OoOHOOUVO

.6
.52
.0
.034

(2]
o

17.2

(continued)
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TABLE 61 (continued)

Parameter

Resulfs, ppm

3,5-Dim thylheptane
Octane

Propan»l

2,3-L. nethylcvclobutanone
Benze. > (1-1 methylethyl)

Miscellaneous base/neutral

Various saturated hydrocarbons
C11-C25s

Miscellanecus acid fraction

Thallic acid
Hexadecanoic acid
Octadecanoic acid

Miscellaneous volatile

2-Methyl-l-pentene

- 2,2-Dimethyl propanol
1,1~-rimethylcyclopentane
4-Methyl-l1l-hexene
Methylcyclohexane
Ethylcyclopentane
4-Methyl-2-pentanone
3,4~-Dimethvlheptane
2,3,3-Trimethylhexane
1,2,3-Trimethylcyclopentane
Ethylcyclohexane
1,3-Dimethylcyclohexane

4.4

OHOd
WohJ®

4,000

22.0
16.0

0.46
2.26
0.23
0.82
5.9

0.1

1.46
2.96
0.94
0.46
4.6

3.65
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For highly refined mineral oils, which are generally fcrmulated
without polar aadrtives. and nsually are removed from service
after only slight contamination, more soprhisticated equipment is
used to return the used o0il to 2 like-new conditicn. The tvo
most common processes are flash distillation and chemical
adsorption [49]. ‘

The flash distillation step is usually carried out around 200°F
and with a partial vacuum. This temperature ensures rapid and-
complete removal of water and low=boiling-pcint materials such as
solvents, yet is not high enough to thermally degrade the oil it-
self. Chemical adsorption uses polar abscrbent ma’erials to re-
move the usually polar acid degradation products. Chemical-
adsorption is most effective with waste oils that have.an acid
number of 2.0 mg XKOH/g or less and that have been treated to
remove particles and water. High acidity oils require larger
volumes of adsorbent, which makes the adsorption uneconomical.
The most common filter material is fullers earth, though other
clays are available.

Reclamation systems are available for either fixed or portable,
batch or continuous operation. Reclamation services are also
available from independent companies. '

Used straight minzral oils can also be used on site as fuel. How-
ever, special furnace design considerations are .ecessary. Low
flash point, introducing the risk -of explosions, and presence of
sul fur and chlorine compounds used as additives, may cause damage
to furnace linings and other ecipment and also form gaseous pol--
lutants which require control. -

6.2.2 Re-refining Technology

PN

Most straight mineral oils can be re-refined by indepzndent re-
refiners. The waste 0il 1s pre-filtered to remove most of the
solids, solvents, and water, leaving essentially the base o0il and
additive package. The additives and degradation porducts are
then removed so that a high quality basestock 1s produced. This
basestock is reformulated with a conventional additive package to
produce a vroduct which can be used in the same applications as
an 0il using a virgin basestock. The prevalent re-refining tech-
nologies are discussed in the following section.

6.2.2.1 Re-Refining Technologies--
6.2.2.1.1 2Acid/Clay Treatment [89-92]--This is the mest commonly
used re-refining process for waste mineral oils, (see Figure 52).

[89) Hess, L. Y. Reprocessing and disposal of waste petroleum
oils. Park Ridge,; NJ,.- Noyes Data Company, 1979.

(continued)
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Waste o0il is dehydrated by “ash distillztion at 300°F and atmos-
pheric pressure. Light oi.s are also removed in this step. When
the product o0il has cooled to 100°F, it is transferred to an acid
“treating unit where 4-6 volume-percent of 93 percent sulfuric acid
are added. The mixture is then agitated for 24-48 hours. The
oxidized products and ash thus produced separate from the oil and
are removed as acid sludge from the reactor bottem.

The acid-treated o0il is transferred to a stripring tower and heat-
ed to 550-600°F by steam o remove the remaining light oils and
odorous compounds. The heating is discontinued after 12-15 hours
and the o0il is transferred to a clay slurry tank where'it 1s al-
lowed to cool to %00°F. About 0.4 1lb of clay, consisting of mate-
rials such as fullers earth, bentonite, attapulgite and diatomaceous
earth, per gallon of oil is then added while the mixture is ac-
tively stirred. The cleaned oil is separated by filtration, and

the necessary additives are replaced before the oil is reused.

The acid/clay process is quite effective in removing the addi-
tives and degradation products, but unfortunately it generates
considerable amounts of acid sludge and contaminated clay. Some
of this clay and sludge is used as fuel, but most has -to be dis-
posed of at waste disposal sites, (see Section 6.2.2.3). The
increased cost of waste disposal and limited availability of
disposal sites has prompted a number of companies to develop
alternative clay and sludge disposal approaches. Some of the
processes have reduced the amount of acid and clay necessary to
treat ‘a gallon of re-refined o0il, while others have completely
eliminated the use of acid and/or clay.

6.2.2.1.2 The IFP (Institut Francais du Pétrole) Process [89,
93-96]1--Origainatly, the IFP process was based on propane extrac-
tion of the dehydrated waste oil followed by conventional acid/
clay treatment. It has since incorporated distillation to replace
the acid treatment and hydrofinishing as a final treatment,

(see Figure 53).

[90] Whisman, M. L.; Goetzinger, J. W.; and Co*ton, F. O. Waste
lubricating oil research. An investigation of several re-
refining methods. U.S. Department of the Interior, Bureau
of Mines; 1974. %5 p. RI-~7884.

[91] Blatz, F, J.; and Pedall, R. F. Re-refined locomotive engine
oils and resource conservation. Lubrication Engineering.
618-624, 1979 November.

192] wWaste o0il recycling. U.S. Department of the Interior, Bur-
eau of Mines; 1975. Issue Report Paper.

[93] Quang, D. V.; et al. Spent oil reclaimed without acid.
Hydrocarbon Processing. 130-131, 1976 Decgmber.

(continued)
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Figure 53. IFP Process [95].

Dehydrated and preheated spent 0il is mixed with liquid propane
in a reactor. Propane addition is from 6 to 13 times the volume
of used-oil feed [96). Propane containing the dissolved oil is
removed from the reactor top while insoluble residues are drawn
off at the reactor bottom. Bottoms are mixed with a small amount
of fuel -0il and are flashed to recover the propane. The remain-
ing residues with fuel oil are burned in a rotary furnace.

Propane is separated from oil in a double-stage flash distilla-
tion and is reliquefied and recycled. The product oil is either

subjected to acid/clay treatment or distilled, clarified with
clay, and hydrofinished.

The IFP process does not totally replace acid/clay treatment, but
it uses a smaller quantity of treatment materials which results in
less waste. The process also produces a high ash fuel oil which,

(continued)
(94] Audibert, M. M.; et al. The regeneration of the spent
oils. Chemical Age of India. 26(12):1015-1019, 1975.

[95]) Quant, D. V.; carriero, G.; Schieppati, R.; Comte, Al; and

Andrews, J. W. Re-refining uses propane treat. Hydrocarbon
Processing. 129-131, 1974 April.

[96] Deutsch, D. F. Bright prospects loom for used-oil re-
refiners. Chemical Engineering. 86(16):28-32, 1979.
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if burned in ordinary combustion equipment, causes tibe fouling
problems.

Although the reported process yield is 82 percent of high quality
lube stock, the plant at Lodi, according to a DOE scurce, shows a
much lower yield of about 70 percent.

6.2.2.1.3 The PVH (Precpane-Vacuum-Hydrogen) Process [89,97)--The
PVH process, developed by Pilot Research & Development Company,
consists of filtration and dehydration, followed by treatment
with propane at 180-190°F. The propane is then stripped, the oil
is vacuum-fractionated at 650°F, and all but 10-15 percent 1is
distilled. The condensed oil is hydrotreated and finished with
filtration.

The PVH process has a reported yield of 73 percent of high-quality
lube stock. 1t 1is known to require considerably less chemicals
and energy than many other commercial processes, and hence is more
economical.

PVH's dehydration and propane treatment steps are claimed to work
without heat~treating the used oil to excessive temperature. Pro-
pane requirements are only four times the used o0il feed rate,
which is two to three times less than other conventional propane-
based processes. '

6.2.2.1.4 Snamprogetti Process [89,98]--This prccess, (see
Figure 54) was developed by Snamprogetti for Clipper Oil Italiana
S.p.A. The process consists of water and light hydrocarbon elim-
ination by flash distillation, followed by selective extraction of
metals and polymers with propane. This is followed by fractional
distallation and hydrogenation to produce virgin quality base oil.
The peculiarity of the process is in the second extract-.cn phase
and in the recycle of the residue from this phase to tle first
extraction stage. It is known that the previous heatinc¢ of a
charge prior to extraction (thermal treatment) allows . lymer
peptization and makes separation easier.

Construction costs are said to be twice those for a comparable
acid/clay plant, but operating costs are lower because of no need
for the acid/sludge control system.

[{97] Cutler, E. T. Re-refining: selecting the best process.
Third international conference on waste oil recovery and
reuse; 1978; Houston. Pilot Research and Development
Center, Merlon Station, PA, 163-168.

[98] Antonelli, S. Spent oil re-réfining. Third international
conference on waste oil recovery and reuse; 1878 October 16-
18; Houston. 121-125.
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figure 54. Snamprogstti process [98].

6.2.2.1.5 The Krupp Process [95]--An application of propane at

supercritical conditions has beeil successiully tested at Fried-

rich Krupp, West Germany. The process uses countercurrent pro-

pane extraction to extract usable oil products from a dehydrated
waste-oil feed.

Yields are said to be 90 percent (of drier oil, after atmospheric
distillation removes water and gas o0il) and costs are comparabile
to those for conventional acid/clay technology. Propane reguire-
mencs are only one volume of propane per volumee of water-oil
flow. A patent has been filed but nost yet granted for the
process,

6.2.2.1.6 The BERC Process [89,91,9¢2-105]--The BERC process,

developed at the Bartlesville Energy Technology Center of the

U.S. Department of Energy (DOE), (Figure 55) consists of dehydra- “
tion, solvent precipitation of polymers and additives, vacuum -
distillation, and clay treating or hydrofinishang.

{99] Whisman, M. L.; et al. U.S. Department of Energy, assignee.
U.S. patent 4,073,719. 1678 Fehruary 14. -

[100] whisman, M. L.; et al. U.S. Department of Energy, assignee.
U.S. patent 4,073,720. 1978 Fepruary 14.

(continued)
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Figure 55. BERT re-refining process outlite [105].

(continued)

(101}

[102]

{103]

[104)

[105]

Cotton, F. 0.; et al. Pilot-scale used oil re-refining
using a solvent treatment/distillation process. U.S.
Department of Energy; Bartlesville Energy Technclogy Center;
1980. BETC/R1-79/14.

Brinkman, D. W.; et al. Environmental, resource conserva-
tion, and economic aspects of used oil recycling. U.S.
Department of Energy; Bartlesville Energy Technology Center;
1981 April. DOE/BETC/KI-80/11.

Brinkman, D. W.; et al. Solveat treatment of used lubri-
cating oil to remove coking and :ouling precursors. U.S.
Department of Energy; Bartlesvil.e Energy Technology Center;
1978 December. BETC/RI-78/20.

Engineering design of a solvent treatment/distillation used
lubricating oil re-refining. Houston, TX;. Stubbs Overbeck
and Associates, Inc; 1980 June. Final report to U.S. Depart-
ment of Energy, Division of Industrial Energy Conservation.

Brinkman, D. W.; and Whisman, M. L. Waste 0il recovery and
reuse research at -the Bartlesville Energy Technology Center.
Third international conference on waste oil recovery and
reuse; 1978 October 16-18; Houstcn. 1€9-175.
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The BERC process uses a solvent mixture of l-butanol, 2-propanol,
and methylethyl ketone in a 1:2:1 ratio by volume. This mixture
1s used in a 3:1 solvent-to-oil ratio. The solvent 1is continu-
ously recycled, with sludge the only waste. The sludge can be
burned as fuel in the process with proper stack emission control
or used as an asphalt extender. Clay-contacting or hydrofinishing

are usually incorporated into the BERC process for color and odor
improvement.

It appears that operating coste are almost identical for clay
treatment and hydrofinishing. Capital costs are higher for the
hydrofinishing facility but this initial ccst is offset somewhat
by higher product yields, better color and odcr, and elimination
of oily-clay disposal costs.

6.2.2.1.7 Aliphatic Alcohol-~Acid Treatment [69,106]--This re-
refining prc:ess was patented by Brownwell) and Renard and assigned
to ESSO Research and Engineering Company. It involves treating
predistilled o1ls with l-butanol. The oil-alcohol solution is
then filtered to remove sludge and the alcohol is removed by dis-
tillation. Fuming sulfaric acid is then added to strip the oil.

6.2.2.1.8 Gulick Process [89,107]--This method is intended for
breaking the films absorbed on colloid-s:i.zed contaminants that
are held in suspension by detergent additives. The used o0il is
treated with sodium hydroxide and hydroc¢en peroxide. After set-
tling, the o0il ig removed from the sludye and centrifuged. The
oil is then either distilled or treated with aluminum chloride,

which is effective for colloidal 1ion ani organometallic iron
removal.

6.2.2.1.9 Caustic Treatment [89,108]--This process uses caustic
instead of acid to treat the o1il. Treatment with caustic mini-
mizes the formation of waste products which must be disposed of.
The process was patented by Chambers and Hadley to re-refine
used lubricating oil. It involves flash dehydration to remove
water, mixing with oil with a boiling range of 150-250°F, treat-
ment with 1 weight percent of a 50 percent sodium hydroxide solu-
tion, centrifuging, and distillation.

The process eliminates acid sludge, but spent clay disposal
remains a problem. In addition, a sludge 1s produced during

{106] Brownawell, D. W.; ard Renard, R. H. Esso Research and

Engineering Company, assignee. U.S. patent 3,639,229.
1972 Feburary 1.

[107] Gulick, G. L. Quove Chem‘cal Industries, Ltd., assignee.
U.S. patent 3,620,967. 1v%71 November 16.

(108] Crambers, J. M.; and Hadley, H. A. Berks Associates, Inc.,
assignee. U.S. patent 3,625,881. 1971 December 7. .
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pre-treatment, and a high ash bottoms product results from the
distillation step.

6.2.2.1.10 The Philips PROP .Process [89,91,96,109-113]~~The
Philips PROP process, fFigure 56, is an o1l re-cefining technology
developed by Philips Petroleum Company. Waste oil 1s first blend-
ed with agueous diammonium phosphate (DAP), which results in
formation of essentially insoluble metallic phosphates. No pre-
drying of the feedstock, use of solvents or acids, or settling
are required. Following removal of water ard other diluents,
temperature cycling of the o1l agglomerates the solids, which are
removed by filtration. The resulting demetalized and dehydrated

DIESEL FUEL USE

[ WASTE Ol

; STORAGE
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B BUYER ALTERNATIVES

Figure 56. The Philips PROP process [110].

[109]} Berry, R. Re-refining waste oil. Chemical Engineering.
104~-106, 1979 April 23.

(110] Linnard, R. E. Philips re~-refining o0il program. Third
international conference c¢n waste oil recovery and reuse;
1978; Houston. Bartlesville, OK, Philips Petroleum Co.,
127-135.

{111]) Re-refining. Fluid and Lubricant Ideas. p. 27, 1980 May/
June.

{112] Packaging re-refining technology: the PROP process.
Fluid and Lubricant Ideas. 1979 Fall.

[113] Linnard, R. E.; and Henton, L. M. Re-refine waste oil
with PROP. Hydrocarbon Processing. 1979 September.
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oil is hydrotreated to remove unwanted sulfur, nitrcgen, oxygen,
and ciloro compounds and improve color. This 1s followed by fur-
ther stripping and fractionation. Pre-fabricated skid-mounted
plants are available in 2, 5 and 10 million gallon-per-year ca-
pacities, and reguire only conventional utilities, services, and
process materials. The process is claimed to provide 90 percent
of recovery from waste oil.

6.2.2.1.11 The Recyclon Process [89,96,114~116]1--This method of
re-refining spent o1l is being marketed world-wide by Leybold-
Heraeus of West Germany. The most significant stages of this
method, Figure 57, are treatment of waste oil after it has been
filtered, dehydrated and freed from low-boiling components with
dispersed metallic sodium at elevated temperatures. The sodium
serves to polymerize unsaturated olefins into components with
high boiling points. When the reaction is completed, the mixture

]

2 Y 9 S el

} Duperung sgent 10 Mewtraioser

4 Moae 1l Resons

$ Flaher 11 ) umg ond sorRge ARd
¢ Towl evapotation 13 Forssce

? Fracuom §,2,) 4 Ecre Fiier

Figure 57. Recyclon process [115].

(114] Erdweg, K. J. Recyclon - a new process to revert spent
oils into lubricants. Third international conference on
waste oil recovery and reuse; 1978 October 16-18; Houston.
93~97.

[115) Fauser, F. Recyclon -~ a new method of re-refining spent
lubrication oils without detriment to the environment.
Conservation and Recycling. 3:135-141, 1979.

(116] Recyclon - a new process for the re-refining.of waste oil.
Leybold-Heraeus, Vacuum Process Enjineering Division.
Trade Literature.
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is stripped of its components in a conventional vacuum column.
The bottoms of the stripping column are subjected to total evap-
oration in short-path evaporators, leaving the impurities and
reaction products as residue. The distillate is subsequently
split into the required fractions. Process yield is'over 70 per-
cent re-refired o'l: the remaining byproducts are used as fuel.

6.2.2.1.12 The Haberland KTI (Kinetics Technology Interrational)
Process {96,109,1171-~This process, developed by Kinetics Tech=-
-nology International, B.V. (Zoetermeer, The Netherlands) in close
cooperation with Gulf Science and Technelogy Company, Figure 58,
involves a dewatering and gas/oil stripping step, an efficient
high vacuum distillation step, and a hydrofinishing step. Frac-
tionation of base oi1ls can be included 1f desired. A 97 percent
effective yield compares favorably with typical acid/clay re-
refining yields of about 83 percent. The process also eliminates

the problems of disposal of large quantities of cortaminated clay
and sludge.
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Figure 58. KTI process [117].

{117] Havemann, R. Haberland and company and the KTI wacte oil
re-refining process. Third internaticnal conference on

waste 0il recovery and reuse; 1978 October 16-18; Houston.
83-92.
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6.2.2.1.13 The Matthys/Garap Process [118]--This process includes
settling and atmospheric distillation at 180°C to eliminate resid-
ual water and solvents. Vacuum distillation is used to obtain the
different cuts, and hot centrifuging of the bottoms is used to
extract heavy metals and carbonaceous products. Continuous acid-
ification of the cuts and bottoms followed by centrifuging is used
to extract the acid tars. Then, neutralization and hot bleaching
in a furnace are conducted, followed by continuous cooling and
filtration.

6.2.2.1.14 Ultrafiltration Process [119,120]--The ultrafiltra-
tion process, Figure 59, involves use of a solvent to provide
molecular-scale filtration of used oils. Hexane is used to re-
duce the viscosity of the o0il. The mix is then passed through a
semipermeable membrane, usually made of acrylonitrile co-polymers,
which allows only the light hydrocarbons to pass- through and

Solvent Recovery from Resuue | 10 Incinerator | Make up
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Figure 59. Reclaiming of spent oils by ultrafiltration [i19].

{118] Dumortier, J. Matthys/garap techniques. Third inteznation-

al conference on waste oil recovery and reuse; 1973 October
16-18; Houston. 99-107.

[119) Audibert, F.; et al. Reclaiming of spent lubricating oils
by ultrafiltration. Third international conference on

waste 01l recovery and reuse; 1978 October 16-18; Houston
10¢-120.

[120) Parc, G.; et al. 1Institut Francais du Petrole, France,
assignee. U.S. patent 3,919,075. 1975 November 11.
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retains heavier hydrocarbons and metals. Once the bulk of the
contaminants have been removed, the filtrate 1is treated with an
acid/clay process to remove the final level of contamination.
Hydrofinishing i1s used to bring the base oil back to virgin qual-
ity. The process greatly reduces the amount of acid and clay
necessary to achieve high procduct-guality. When an ultrafiltra-
tion process 1s added to an existing conventional plant, the oil
yield increases by about 7 percent and the sludge volume 1s dras-
tically reduced. The ultrafiltration investment 1s paid off with-
in 3 to 5 years for a plant with 20,000 ton-per-vear capacity [120].

6.2.2.1.15 The Pfaudler Test Center Process [121]--The Pfaudler
test cernter process, Figure 60, includes a filtration and dehy-
dration steps that also remove galoline and cther low boiling
contaminants. A solvent extraction process is then used to
remove sludge, with evaporation c¢f the solvent in a wiped film
evaporator. The solvent stripped oil is then degassed to remove
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Figure 60. The Pfaudler test center process [121].

[121] Bishop, J.; and Arlidge, D. Recent technology development
in evaporative re-refining of waste oil. Third internation-
al conference on waste 0il recovery and reuse; 1978 October
16-18; Houston. Rochester, The Pfaudler Company, 137-150.
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any residual solvent and vacuun distilled. This is followed by
clay treatment and filtration to recover 75 percent of the start-
ing material as high gquality base oil.

6.2.1.1.16 Luwa Process [122]--The Luwa process uses a thin {ilm
evaporator of the “"fixed blade clearance" type instead of conven-
tional distillatio:: column. The advantages of Luwa's thin-film
evaporator include:

+ Short-residence time-allowing heat-sensitive products to be
exposed to less severe conditions.

+ Minimum fouling of distilling surfaces.

+ Lower 'real" vacuum because of large evaporation surfaces
and the short distance vapor has to travel to escape the
liquid (film thickness).

- Internal, self-cleaning mcehanical separato:.

+  External condenser which allows more time fcr entrained
liquid to separate from the vapor.

- High tip speed - consequently, higher heat transferability
with lower fouling characteristics.

Figure 61 provides an example of re-refining process using Luwa's
thin fi1lm evaporator.

Toprf doe Tronf dm
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Forecu! Stage Dustitstron SLage

Figure 61. Oil is distilled in two stages using
Luwa's thin film evaporator (122].

f122]} Pauley, J. F., Jr. Thin-film distillation as a tool in the
re-refining of used oi1l. Third international conference on
waste o0il recovery and reuse; 1978 October 16-1i8; Houston.
Charlotte, Luwa Corporation, 151-161.
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6.2.2.1.17 The MZF Process [123]~~-This process, ceveloped by
M. Z. Fainman Associates, involves diluting the feedstock with
selected hydrocarbons (naphtha) and mixing of the combined hydro- -
carbon stream with a 50,50 solution of isoprepyl alcohol and
water plus 1 percent sodium carbonate. The overall mixture is
then centrifuged. Three fractions result. The alcohol fracton
is stripped to recover the isopropyl alcochol. The crude o1l
fraction is vacuum distilled.

The extraction step removes metals, clearing the way for success-
ful distillation and downstream catalytic hydrogenat1on for
upgrading the crude product.

6.2.2.1.18 Kesource Technology Process [124),--Resource Technol-
ogy. Inc., (Kansas City, Kansas) has developed a rew process for
re—reflnlng used oils, Figure 62. Accordlng to the firm, this
methed does not require acids, solvents, or additicnal chemicals
and does not produce hazardous wastes as do traditional acid/clay
re-refining methods. In contrast, the new technolucy uses a
series of vacuum distillation equipment of unique design that
minimizes coking. The method will recover 97 percent of a gal-
lon of dehydrated used oil as marketable products.
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Figure 62. Resource Technology process [124];

{123] Davis, J. C. New technology revitalizes waste-lube-o0il
re-refining. Chemical Engineergin. 63-65, 1974 July 22.

{124] Oil refining route is set for two plants. Chemical Engi-
neering. 92-93, 1981 October S.
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The process costs are less than $0.30/gallon. Resource Tech-
nology projects that, given an oil feedstock cost of $0.32/gallon,
" a S5-million-gallon facility will produce a before-tax earning of
$2.5 million/year; a 1l0-million-gallon plant should produce an
estimated $5.3 million.

It is also possible to retrofit the technology to an existing
plant. The retrofitting involves the addition of a cyclonic
vacuum distillation tower, which would replace the acid-treatment
in an acid/clay process. Cost of skid-mounted equipment with a
capacity of 3 million gallons/year is $525,000. The firm esti-
mates that retrofitting can result in a net process saving of
nearly $0.34/galilon, and at the same time eliminates the problems
of hazardous waste generation and disposal.

6.2.2.1.19 Motor 0Oils Refining Process [96]--Mn~tor Oils Refin=-
ing Company is already using 1ts own technique at plants in
McCook, Illinois, and Flint, Michigan. The process involves an
undisclosed pretreatment teclnique to remove low=boiling matcerials,
followed by vacuum distillation of the lube-base cut, and final
treatment using clay filtrataon. The oily clay waste generated

is a fairly dry product disposed of at a controlled landfill.

The new technology is claimed to yield higher-quality preducts,

to improve process yields, and to eliminate problems with
acid-~sludge. ’ ‘

6.2.2.1.20 WORLD (Waste 0il Reclamat:ion through Lube Distilla~-
tior ) Process [96]--This process consists of a two-staces mr_: -
film vacuum distillation column followed by conventiunal .lay
contacting. The nonrotary design of the key unit differs from
that of other thin-film distillation equipment available. In the
first stage, used lube o0il is stripped to remove water and light
hydrocarbons. The dehydrated oil is then fed to the high-vacuum
second stage distillation column. The distillate o0il produced is
a light neutral lube which is comparable in quality to wvirgin oil.
Residue from the vacuum distillation is asphalt flux which is
marketed as an additive for asphalt and roofing tar.

6.2.2.2 Re-Refining Costs--

The cost of re-refining the oil depends on how badly the oil is
contaminated. The cost of restoring it with additives depends on
how well the spent 01l responds to the re-refining treatment. The
overall cost depends on collection problems and many other factors,
including type and amount of virgin blending stock required for
viscosity adjustment due to dilution in use and handling of the
used oil before it is received at the re-refinery. Another cost
variable 1s additive addition required to meet quality
specifications.

5
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The costs for the various re-refining processes are summarized in
Table 62 [28]. Costs for the acid/clay process are about 3¢ to
5¢/gallon of lube preoduct higher than those for the other re-
refining processes.

The distillation/hydrotreating alternative has the advantage of
precducing no waste products, but the process has not yet been
demonstrated on a commercial scale.

The economics presented here are for comparison only. An assump-
tion inherent in the economic comparison of the lube producing
processes is that product quality is the same for each process.
Insufficient data are available to properly examine the validity
of this assumption.

Alternative technigues of waste oil disposal, such an uncon-
trolled combustion, road oiling, and dust control, may return
anywhere from 1¢ to 12¢ per gallon more to the waste oil col-
lector than the 2¢ to 7¢ per gallon of raw oil paid to a re-
refiner. For example, a collector may take a dust control con-
tract for 10¢ to 15¢ per gallon, laying down the oil directly
from his coliection truck.

The re~refiner has a very difficult time competing with such uses
for waste lubricating oils on a pure price basis, particularly in
times of fucl oil shortage. However, both resource and environ-
mental conservation should be important considerations when
contemplating alternative methods for waste o0il disposal.

6.2.2.3 Wastes Produced in Re-refining--

6.2.2.3.1 Waste Characterization--Re-refining generates three
waste streams ~ sludge, spent clay, and process water. Table 63
gives re-refining process water analysis from five re-refineries
in the United States [125]. The re-refineries sampled and their
process=s are as shown below:

Re-refiner number Process type
1l Solvent treatment/distillation
2 Acid/clay
3 Acid/clay
4 Distillation/clay
5 Distillation/clay

{125] Booz, Allen and Hamilton, Inc. Preliminary analytical data.
Bartlesville Energy Technology Center; U.S. Department of
Enerqgy; 1980 March.

194



S6T1

TABLE 62.

SUMMARY OF WASTE OIL PROCESSES (28]

Grass roots econcmy
5 million gallons/year

Primary wastes Operating
Process Primary product and byprcducts Investment cost® Comments

Acid/clay Lube blending Acid sludge, $1,153,000 21.9¢/gallon Widely used in
stock spent clay lube U.s.

Extraction/acid/clay Lube blending Acid sludge, $1,363,000 18.4¢/gallon One operating

(IFP process) sotck spent clay; lube plant in
high ash fuel Italy.
byproduct

Distillation/clay Lube blending Spent clay; $1,173,000 17.3¢/gallon At least two

(caustic treatment) stock high ash fuel lube plants in
byproduct Uu.s.

Distillation/H, Lube blending High ash fuel $1,342,000 19.0¢/gallon Under develop-

treating stock byproduct lube ment.
(KTI process)

Distillation Fuel o0il (diesel High ash fuel $ 930,000 14.6¢/gallon Can make high
fraction could byproduct fuel oil quality fuel
possibly be re« but econom-
covered) ics ques-

tionable.

Controlled combustion Steam Ash concentrate $ 492,000 80¢/1,000 Speculative-

1b steam fine parti-
cle recovery
difficult.

8fncludes 3¢/gallon feed cost and 10%/year

depreciation, but excludes return on investment.
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TABLE 63.
k-%w,[/ﬁh. M

On Site Tests
Temperature °C

Ph

Dissolved Oxygen, og/L
Sulfite, cg/L (As 20,)

Ox1datton Roduction Fotentisd wr 8 °C

Lad Tegty

Total Nitrogen, zg/l. (As N)
Amonia Nitrogen “‘“3’ g1
Nitrate (As N), mg/L
Nitrite (As N), cg/L
Cyanide, eg/L .
Phenols, og/L
Total S 1fur (As 5, mg/L
Sulfate (As SD.). og/L
Sulfide (As 8}, ng/l
Organic Chliride, mg/L
Ino~ ro.c Chloride, mg/L
T .sphates, og/L
r . z Grease, pg/L
Cuemical Oxygen Denand, og/L
Biological Oxygen Demand, ng/L
Totsl Organic Carbon, mg/L
Cartonste-Picarbonate, g/l
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1.6 4.4 9.8 3.1
2.8 3.4 3.6 2.2

11400 3943 10 2
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155 19 780 L
163 18 820 68
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28800 3780 1370

N.A. N.A. N.A N.A.
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TABLE 63 (continued)

Gas Owumtographic/ans Bpactranoter Results
Dehyd. Cobined Dehyd. Pinishing Mo

L6T

Bndrin

(Priority Pollutants) o
411 valuos in microgrume/1iter except as noted £11-038  911-290  912-120 912-12) 2li-14p 9”_,:;( Conbined
—_— — 912-127
1,2 Dichlorobenzese 60 100
1,4 Dichlorobenzene 2%0 13
Bexachloro-yclopeotadiene 25
Nitrobenzeno 1100
Bis{2 Chloroatihxoy )isthane 1800
Jauvphorome 250
Raphthalens 180 00 470 640 180
2-Chlorceaphthalane 8.8 120
Fluorene 7.2
Diethy Phuthalato 7.8 8.5 2 7.2 o
N-Nitrusodiphenyloaice 64 271 2
Anttracens n
Di-o-Buty) Phthalate 16 X 14 1
Bis(2 Ethylhexyl)Phthalate 7.6 280 4.7
Di-n-Octyl Phthalate 1.0
2 Chlorophanol 3 2200 160 140 2%
2 Nitrophenol 390 32
Phenol 6000 46000 88000 13000 48000 16000 $100
2,4 Dimethylphenol 2100 800 3300
2,4 Dichlorophenol 130 12
p-Cnloro-m-Cresol . 1600 10 39
Pentachlorcphenol 13
4-Nitrophanol 28 850 110 87
Methyleno Chloride 4.1 > 68 -] 38 82 2.8 110
Tricblorofluormethane 2.3 47
1,1 Dichloroethane 7.8 24 220
1,2-t-Dichlorocthylene 18
Chloroform 1 1 2 100 1.9 16
1,32 Dichloroethane 80 290
1,1,1 Trichlorosthane 250 @ 990 1800 1900 s S80
Trichloroathylone 3 100 2600 «“ 810
1,1,2 Trichloroothane 1000 250 1680
Berzene 850 33 24 150 880 290 Boted
Totruchlazcethylene 18 3.3 700 550 1300 1 160
Toluene 840 12(; » 2300 530 $800 640 81‘)
Chlorobenzene ! . 500 22
Etbylbenzens 230 580 00 90 13¢
Acrylonitrile 18 28 2.1
Alpha-BiC - <10 <10 Qo0 <10 <10 <10 <10
- Beta-BAC <10 <10 <10 <10 <10 <10 <10
Gurm-BIC <10 <10 Q10 <10 <10 <10 <10
Delta-BRC Qo <10 Q10 <10 <10 <10 <10
Reptachlor <10 <10 10 Qo <10 ao <10
Aldrin <10 10 <10 <10 a7 <10 <10
Reptachlor Ppoxide €10 Q10 <10 Qo <10 <10 <10
Chlordzne <io <10 37 <10 <10 <0 <10
B-Endosulfan <10 <10 <10 <10 <10 <10 <10
Dicldrin <10 <10 <10 <10 Q10 <10 <10
4,4'-O8 Q10 <10 <10 <10 <10 <10 <10
<10 Qo <10 <10 <10 <10 <10
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4,4'-1XD
Alpha-Endosul fan
Bdomitan Sulfste
Endosul fan (3
Erdrin Aldebyde
FCB-1242
PCB-1254
FCB-1221
RCB-1232
PCB-1248
PCB-1260
FCB-1016

C1-C8 BC pm/wvol.
Surfactants, eg/L

TABLE 63 (continued)

E ) #2 4#3
. Cotbined Dehyd. Finishing
Qg:fggﬂ 911-290 912-120 912-121
10 <10 <10
::g 210 <10 <10
<10 <10 <10 Q0
<10 <10 <10 <10
<10 Qo <10 Q0
<10 ao <10 P3te)
<10 Qo <10 Qo
<10 ao <10 ao
<10 <ao <10 <10
<10 Qo <10 <10
Q10 qao <10 <10
<10 ao <10 <10
4500 6000 1300
0.38 0.04 3.6 0.03

s U #5

Debyd.

811-148  11.)43 912-127
i <1 <10
<10 €10 <10
<10 <10 <10
<10 <10 <10
<c <10 <10
<10 <10 Qo
<10 <10 <10
<10 <10 <10
<10 <10 <10
<10 <10 Q10
<10 <10 <10
<10 <10 <10

6300 2000

1.9 0.31 0.54



This table shows that the process wastewaters contain high concen-
trations of phenols and other water-soluble compounds. Table 64
shows analytical data on four acid sludges from different sources
[126,127). Variances indicate the difference in additives used

in each type of oil. Table 65 shows analytical data on one re-
refining qagstic/silicate sludge. Table 66 shows analytical data
on re-refining process hydrocarbon/sludge/clay from five re-refin-
eries as defined in Table 63. The high metals content, such as
aluminum, magnesium, iron, and sodium, among others, reflects high
concentrations of these elements in naturally occurring clay. The
lead ccntent includes that usually found in the sludge and the clay
from processes using pretreatment.

It should be noticed that the analytical data reported here are
mostly for lubricating oils and crankcase oils. No data pertain-
ing specifically to metalworking oils were found.

6.2.2.3.2 Ultimate Disposal of Wastes--Re~refining sludges,
clays, and untreated wastewaters, particularly that produced by
steam stripping during distillation, are considered to be poten-
tially hazardous wastes due to the acid, metals, and hydrocarbon
constituents contained in the wastes.

Acid sludge and spent clay can be disposed of by secure landfill.
The cost of sludge disposal is at present only a minor contribu-
§1on to the total cost of re-refining. About 0.1 gallon of sludge
is produced per gallcn of re-refined oil. Most re-refiners pay
less than 0.5¢ per gallon of finished product for sludge disposal.
Clay disposal costs are much lower, less than 0.25¢ per gallon of
product on thg average. Generally, re-refiners depend on local
refuse -companies for removal of acid sludge and spent clay. In
some areas of the country Class I dumps are available for sludge
disposzl. In other areas, local ordinances prohibiting the dis-
posal >f untreated hazardous wastes may force some re-refiners
out of business. Acid sludge can be neutralized, but at greatly
increased cost. One re-refiner quoted a cost of about 3.5 cents
per gallon of product for treatment with calcium carbonate [127].

[126] Swain, J. w. Assessment of industrial hazardous waste man-
agement - petroleum re-refining industry. Washington, DC;

U.S. Environmental Protection Agency; 1977 June. 162 p.
PB 272 267.

[127] Cuknr, P. M.; Keaton, M. J.; and Wilcox, G. A technical
and_economic study of waste oil recovery. Part IIl: eco-
nomic, technical, and institutional barriers to waste oil
recovery. Washington, DC; U.S. Environmental Protection
Agency; 1973 October. 136 p. EPA-530/SW-90C3. PB 237 620.
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TABLE 64. ACID SLUDGE ANALYSES COMPOSITE [126,127)

Lubracating
Diesel Stock Stock oil
Acid, % 47.5 40.8 NA
Ash sulfate, % 4.45 1).26 NA
Sulfur, § 14.9 14.1 NA o
Sulfur calculated from
percent acid assuming
H3504. & 15.5 13.3 MA
Elenental analysis, npa
Cu 40 40 190
Al 40 140 360 13
Fe 500 1,100 2,200 796
si 800 1,400 NA
Pb 1,000 20,000 10,000 1,481
ag 14 0 1}
Zn 200 2,100 2,100 1,128
Ba 400 1,300 740 rA
cr 190 S0 28
Ca 12,600 6,400 NA 3,898
Na 200 4,000 NA 9,257
P 1,000 4,300 1,700 1,500
B {0 50 18 A
Ni 10 30 8
Sn 35 30 NA
Mg 70 1,000 RA 1,162
cd 9 NA NA
Mo 18 NA NA
Mn 63 NA NA
As 45 N N
Be 0.1 NA NA
Co 0.8 NA NA
Sr 2.7 N NA
v 18 KA N2

TABLE 65. ANALYSIS OF REREFINING CAUSTIC/SILICATE SLUDGE [126]

Element pPpm
Fe 350
Pb 27,500
Cu 48
Cr 18
Al 24
Ni 1
Ag 1
Sn - 70
si 6,250
B 10
Na 1,000
P 1,100
Zn 1,500
Ca 1,000
Be 3,000
S 0.14%
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TABLE 66. RE-REFINING PROCESS HYDROZARBCON/
SLUDGE/CLAY ANALYSES [125]
(1653) (1675)
Dehyd (1661) (1674) Distillaticn
Light Solvent Distillation IN 2 Trap
Ends Sludge Btms Liquid
911-038 911-301 611-240 911-241
APl Gravity 9 60 *P 34.0 18.4 3.1
Specific Gravity @ 60 °F 0.8550 0.540 0.8545
Viscosity @ 100 est 2.5 * 27% 1.62
Viscosity @ 210 es: 1.13 87.4 N.A.
Viscosity, Index 3
Acid Ease No.,mghUi/gm 0.96 8.74 10.98 25.46
Saponification Number,mgfCH/gm 9.65 3.1 90.95
Pentane Insol., Wt.Z 0.122 16.43 0.333 0.0983
Benzene Insol., Wt.I 0.328 ol 0.101 0.093
Aniline Point, °F 133.2 144.0
Carton, Wt.x 84.14 70.11 82.04 83.3%
Rydrogen, We.l 15.00 10.93 12.58 11.27
Nitrogen, Wt.X° 0.070 2.69 0.127 0.299
Oxygen, ¥t.X 0.10 0.41 0.8 4.72
Sulfur, We. I 0.138 0.881 0.8%0 1.27
Bydrogen Sulfide, pm wt. <1 <1 10.2
Mercaptas Sulfur, ppo wt. <1 226 318
Total Chloride, Wt.2 0.287 1.8 0.123 1.11
COrganic chloride, We.X 0.260 0.080 1.11
Total Hydrocarbons, Vol.X
Water, We.J 0.24 <0.05 4.90
Con Carbon, Wt.% 0.242 5.5 0.800
Ash, Wr.% 0.023 19.15 3.1¢ 0.132
Flash Point, (PMCC) °F +80 +330 <-20
Color, ASIM . 3.3 5.5
Copper Strip Corrosicn x 1A 4
Pour Point, °F 45 +30 <-80
Feating Value, BIU/1b.(gross) 19091 14492 8382 - 12496
Paraffins, L.V.Z 4.7
Naphthenes, L.V. X 25.45
Arcmatics, L.V. % 32.06
Olefins, L.V. & 7.7
Non Volatile Residue, Wt.X 91.43
Distillation: IEP/10 160/289 50/150
((* o)) 30/%0 3757458 160/215
(ASTY 2887) 70/90 640/720 2307241
FeP 825 465
Metals, pm wt.
Alumnun <1 185 33 7
Barium <1 243 25 <1
Nickel 6 2 15 <Q
Copper 1 70 K] 4
Chrcmium Q 62 7 1
Iron 11 s 17 87
Silver <1 2 Q Q
Cazniun 2 18 20 S
Zinc 1 120 126 50
Magoesiun S 183 535 <1
Calciwm n 878 1718 Q
Sodium 81 X2 88 4
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TABLE 66 (continued)

(1653) (157%)
Dehyd (1661) (1674) Dossiilation
Light Solvent Distallation N 2 Trap
Ends Sludge Buns Taignd
911-038 911-31 911-240 §1:-241
Metals, pm wt.
Potassiod 2 185 12 1
Manganese - S 233 106 1
Lead ) 3 87600 1090 1
Tin <Q 176 25 <1
Silicon <1 <1 <1 <Q
Vanadaumn < <1 4 <1
Arsenic 1.0 2.1 0.01 <0.01
Seleniun 2.1 2.1 <0.01 c.9
Mercury <0.01 0.10 <0.01 0.08
Boron 11 . 2.5 <0.01 €2
Phosphorus 211 148 3708 73
Benzene, Wt.2 0.06 <0.02
Total Polychlorinated
Bipheryls, pps wt.
(As Arochlor 1242) <1 K.A.

Polynuclear Arcmatic, Wt.Z (Max)

Acenaphthene 0.13 <0.10
Flucraathene <0.02 ¢3.10
Naptihaleoe 0.19 <0.10
Ben?o (a) Anthracene 0.02 .10
Benzo (a) Pyrene <0.02 €0.10
34 Benzofluwcranthene €0.02 <0.10
Ben=o (k) Fluoranthene <0.02 <0.10
Chrysene <0.02 <0 10
Aceraphthrlene 0.08 €0.10
Anthracene 0.03 <G.10
Benzo (ghi) Perylene <0.02 <0.10
Fluorene 0.26 <0.10
Phenanthrene 0.1% <0.10
Dibeazo (ah) Anthracene <0.02 <2.10
Indeno (123¢cd) Pyrene <0.02 <C.10
Pyrene 0.04 €0.10
Pesticides, pm wt, .
Aldrin <10 <10
Dieldrin <10 €10
Chlorodane <10 <10
44'-I07 <10 <1
44108 <10 <1
44'-IrD <10 <10
End-in <10 <iD
Heptachlar <10 <10
Heptachlor Epaxida <10 <10
Alpha-BRC <10 <10
Beta-EXC <10 <)
Garma-BIC <10 <10
Delta-BRC <10 - <10
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APl Gravity & 60 °F
Specific Gravity @ 60 e 4
Viszosity @ 100 cst
Viscosity 8 210 cst
Viscosity, lndex

Acad Base No.,mg{lB/gn

Saponification Nuber SEXCH /g

Peptane Insol., Wt.Z
Beazene Insol., Wt.2
Aniline Pomt. °F
Carboa, we.o

Rydrogen, Wt.I

Nitrogen, Wt.%'

Oxygen, wt.2

Sulfur, ®r. X

Hydrogen Sulfide, ppm wt.
Merczptan Sulfur, ~;:: wt.
Totrl Chloride, W:.2
Orranic Chloride, Wt.Z
Total Bydrocarbons, Vol.3
%ater, Wt.%

Con Carbem, Wt.X

Ash, Ww.1

Flash Point, (PALX) °F
Color, ASTM

Copper Strip Corrosica
Pour Point, °F

TABLE 66 (continued)

Denryd
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§8

(3]

+

Boor oo
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Heating Value, B’I‘Ullb (gross) 18330

Parxalfins, L Vea

ha')ht“" Sy LeV. p
Arunatacs, L.V, 2
Olefins, L.V. %

Non Volatile Residue, Wt.X

Distillation: IBP/10

() 30/0

(ASTM 2887) 70/90
=P

Metals, pmm wt.
Aluninun
Barium
Nickel
Coupper
Chroniun
Ircao
Silver
Cadmiun
2inc
Magoesiun
Calcium
Sodiun

€1.30
37.18
15.45

6.10

135/320

446/612

709/ 789
920

<1
<1
l
Q
Q
4
Q
<1
3
a
L]
33
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TABLE 66 (continued)

Dehyd Finishing
Light Light Spext Acid
Ends . Ends Clay Sludge
911-291 911-295 911-299 © 811-238
¥etals, po wt.
Potassium 3 2 2048 L)
Manganese . Q <1 35 <1
Lead * 3 4 <1l 2350
Tin <1 <1 <1 <1
Silicon <1 <1 11 2
Vanade <1 . <1 12 <1
Arsenic <0.01 <0.01 24 4.7
Seieriun <0.01 <0.01 <0.01 . <0.01
Kercury <J.01 <0.01 0.c2 0.06
Boron 2 6 113 63
Phospborus 45 : k£ 189 1658
Benzeae, Wt.X% 0.05 0.04
Total Polyehlorinated
Bipbeayls, prm wt.
(As Arochlaor 1242) 1.7 1.7
Polynuclear Arcmatic, We.l (Max)
Acenaptibene 0.11 0.09
Flucracthene 0.05 0.06
Naphtihaleno 0.11 0.08
Benzn (a) Acthracene 0.04 0.06
Benzo (a) Pyrene €0.02 0:(5
34 Bezzoflwranthene 0.07 0.06
Benzn (k) Fluoranthene 0.07 ¢0.02
Qu-ym 0.07 0.09
Acenaphtbylene 0.07 0.13
Anthracene 0.0% G.11
Banzo (gn1) Perylcne <0.02 ‘€0.02
Flucrene 0.09 0.09
Phenanthrene 0.058 0.09
Dibenzo (29) Anthracene <0.02 <0.02
Indeno (123cd) Fyrere ¢0.02 <0.02
Pyrene 0.04 0.02
Pesticides, ppm wt.
Aldrin <10 <10
Dieldrin <10 <10
Chlorocane <10 <10
44°'-I0T <10 <10
4“4 <10 <10
44'-0D <10 <10
Endrin <10 <10
Beptachlar <10 <10
Reptachlor Epoxide <10 <10
Alpha-BC <10 <10
Bata-EX <10 Qo
Carma-5HC <10 <10
Delte-ELC <10 <10
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TABLE 66 (continued)

Debyd
Light
Eads
g12-122
APl Gravity @ 60 °F 38.4
Specific Gravity 8 60 e 4 0.8328
Viscosity @ 10C cst | 0.74
Viscosity @ 210 cst - K.A.
Viscosity, lodax
Acid Base No. ,ngiB/g2 1.96
Saponification Nicber,mghCl/p244.75
Pentane Insol., Wt.32 0.003
Benzene Izsol., Wt.2 0.004
Aniline Foint, °F 102.7
Carbos, ¥t.d T2.17
Fydrogen, ¥t.% 13.01
Nitroges, ¥t.2° 0.029
Oxygen, %t.2 0.35
Sulfur, . I 0.156
Bydrogen Sulfide, pmn wt. 42
Mercap.an Sulfur, pmam wt. 80
Total Chioride, Wt.X 13.67
Organic Chlcride, %t.2 10.60
Total Eyirocarbons, Vol.l
Yater, ¥Wt.% 0.0%
Con Casbam, Wt.2 0.159
Ash, Wt.2 0.5
Fiash Poiat, (PNCC) °F <=0
Color, ASY 2
Coppar Strip Corrosiom 3B
Pour Poiat, F. ¢~80
Beating ¥alue, BTO/1b.(gross) 17228
Paraffins, L.V.Z 51.54
Naphtheses, L.V. 3 30.84
Aromatics, L.V. I 17.62
Olefins, L.V. I <0.10
Non Volatile Resicdue, Wt.X
Distillszion: IEP/10 £5/18%
) 30/%0 270/314
(ASTY 2887) 70/90 34%/385
3:-3 498
Metals, ppo Wt.
Alunicun a
Bar{um <1
Nichel 2
Copper <1
Chronium <1
Iron 8
Silver <1
Cadriwe <1
2inc 3
Magnesiua <1
Calciwm r
Sodium 3

Yizaishing
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TABLE 66 (continued)

Debyd Finishing
ot Light Spent, Acid
™ds Ends Clay Sludge
Metals, pmm wt.
Potassiun 1 < 1822 4
anganese . Q <1 88 €2
lesd . 1 Q <1 2265
Tin <1 <1 <1 <1
Silicon Q < 1?7 8
Vanadiun <1 Q1 35 4
Arsenic 13 <0.01 3 0.07
Selenium <0.01 <0.01 <0.01 0.02
Mercury 0.12 0.14 0.04 0.10
Boron b4 - 69 26 <1
Phosphorus 2 18 173 42
Benzene, Wt.% 0.29 0.02
Total Polychlorinated
Biphenrls, pmo wt.
(As Arochlor 1242) N.A. <1

Polynuclear Aromatic, #.X  (Max)

Acenapbthene 0.12 0.12
Fluoranthene <0.03 <0.02
Naphthalese c.21 1.17
Beazo (a) Anthracene <0.03 <0.02
Beazo (a) Pyrese <0.03 <0.02
34 Beazofluoranthese <0.03 <0.02 .
Banzo (k) Fluorastbase <0.03 <p.02
Chrysene <0.03 <0.02
Acenaphthvlene 0.20 0.11
Anthracene <0.038 0.03
Banro (ghi) Perylere <L.03 <0.02
Fluorene 0.Cs 0.02
Phenanthrene 0.0¢ <0.02
Dibenzo (ah) Anthracene .03 <0.02
Indeno (123cd) Pyrese <0.03 <0.02
Pyrene <0.43 <0.02
Pesticides, ppo wt.

Aldrin 10 <10
Dieldrin <10 <10
Ohlorodane <10 <10
44'-[0T <10 <10
-l E <10 <10
44'-I00D <10 <10
Endrin €0 <10
Heptachlor <10 <10
Feptachlor Epoxide <10 <10
Alpha-EHC <10 <10
Beta-ERC <10 <10
Garma ~BHC <i0 <10
Deltz-BHC Qo <10
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TABLE 66 (continued)

Pebyd
Light
Ends
211-149
API Gravity @ 60 °F .4
Specific Gravity @ 60 *F 0.8137
Viscosity @ 100 est . | 1.05
Viscosity € 210 cst 0.58
Viscosity, Index
Acid Base No.,mzKC8/gn 0.09

k
b4

Saponific .cioa Nuxber,mgKCH/gm
Pentane Insol., ®t.I

Bexzene Ilnscl., Wt.2

Aniline Point, °F

Carbon, Wt.2Z

Bydrcgen, We. 2

Nitrogen, Wt.X%:

Oxygen, Pt.l

Sulfur, wt. %

Bydrogen Sulfide, ppm wt.
Mercaptan Sulfur, pm wt.
Total Chloride. wt.X

Crganic Chlcride, We.X

Total Bydrocarbons, Vol.X
Water, Wt.a%

Con Carbom, Wt.2

Ash, ®t.%

Flash Pount, (PMOC) °F
Color, ASM

Copper Stir:p Corrosion

Pour Point, *F . <
Beating Valuve, BTU/1b.(gross) 18
Paraffins, L.V.2
Naphthenes, L.V. 2
Arcratics, L.V. X
Olefins, L.V. 2

Nen Volat-le Residuve, Wt.X

522
8

58

OOOGI‘:B§OO
RRog

o
(=]
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8 2R8 23
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8RN

Distillaticn: IEP/10 131/230

(<) 30/%0 321/357

(ASTY 2£87) 70/90 383/460
FEP 6389

Metals, ppn wi.
Aluninue <1
Barium <
Nickel S
Copper <1
Chronium <1
Iron 2
Silver <1
Cadmiwn Q1
2
2
4
12

2inc
Kagnesiua
Calcium
Sodiun
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&

g88-28ks
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T
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46.40
§9.28

64.49
10.50
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Metals, ppm wt.
Potassium
Manganese
Lead
Tin
Salicop
Vanadiun
Arsenic
Selenium
Mercury
Boron
Phosphorus

-

Benzepe, Wt.1

Total Polychlorinated
Bipbenyls, pmo wi.
(As Arochlor 1242)

Polynuclear Aramatac, Wt.X
Acenaphthene
Fluoranthene
Napbthalene
Benzo (a) Acthracene
Benzo (a) Pyrene
34 Benzolluoranthene
Benzo (k) Fluorantbene
Chrysene
Acenaphthylene
Anthracene
Benzo (ghi) Peiylene
Fluorene
Phenanthrene
Dibenzo (ah) Anthracene
Indeno (123cd) Pyrene
Pyreae

Pesticides, pmn wt.
Aldris
Dieldrin
Chlcroaane
44'-ootr
44'-IE
44'-I0D
Encrin
HRevtachlor
Heptachlor Epoxide
Alpha-EAC
Beta-BEC
Ganma~-ERC
Delta-BHC

TABLE 66 (continued)

Dehyd

Light

Ends
211-149

Q
107

<1

<

€0.01
0.9
0.04

39

16

0.20

Q

(Max)

0.01
<0.01

0.16
<0.01
<0.01
<0.01
<0.01
€0.01
<0.01
<0.01
<0.01

0.03
<0.01
<0.01
<0.01
<0.01

<10
<10
<10

<10
<10
<10
<10
<10
<10
<10
<10
<10

Finishing
Light
Ends

911-146

208

St

911-147

671
14
<1
<
14
7
3.7
<0,01
0.06
16
67

Distillation
Btms
911-150




APY Gravity @ 60 °F
Specific Gravity 6 60 *p
Viscosity ¢ 100 cst
Viscosity @ 210 cst
Viscosaty, Index

Acid Base No.,mgKCH/gm

Saponification Number,mgKOH/gmn

Pentane Insol., Wt.X
Benzene Insol., Wt.X
Anilipe Point, °F
Carbon, Wt.Z

Eydrogen, Wt.X

Nitrogen, Wt.%'

Oxygen, We.X

Sulfur, Wt. 2

Bydrogen Sulfide, ppo we.
Mercaptan Sulfur, pmx wt,
Total Chloride, Wt.lX
Organic Chloride, Wt.:2
Total Rydrocarbons, Vol.X
Water, Wt.X

Con Carbao, Wt.%

Ash, Wt.2

Flash Point, (PCC) °F
Color, ASTM

Copper Strip Corrosion
Pour Point, °F

Heating Value, BTU/1b.(gross)

Paraffins, L.V.X
Naphthenes, L.V. X
Arcmatics, L.V. I
Olefins, L.V. X

Noo Volatile Resicdue, We.%

Distillation: IEP/10

(¢ o)) 30/%0

(ASTY 2887) 70/90
FEP

Metals, pmo wt.
Aluninum
Bariwm
Nickel
Copper
Chromium
Iron
Silver
Cadmiwm
Zinc
Magnesiu
Calcium
Sodiun

TABLE 66 (continued)
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TABLE 66 (continued)

Cambinad
Licht Spent Distillatien
Eds Clay Btms
912-126 912-128 912-129
Metals, po wt.
Potassium 2 808 439
MNanganese . <1 71 169
Lead <1 <1 10300
Tin <1 <1 28
Silicom <1 7 <1
Yanadaun <1 17 6
Arsenic <0.01 15 15
Selepium 0.0 0.0 <0.01
Mercury 0.01 0.02 <0.01
Boron . 4 51 109
Pbosphorus 373 485 33%0
Berzene, Wt.I <0.02
Total Polychlorinated
Bapbenyls, pm wt.
(As Arochlor 1242) 9.7
Polynuclear Aromatic, We.Z2 (Max)
Acenapbthene 0.10
Fluoracthese 0.10
Naphthaleze 0.02
Benzo (a) Anthracene <0.02
Benzo (a) Pyrege <0.02
34 Benzofluoranthene 0.19
Benzo (k) Fluoranthene 0.14
Chrysene €0.02
Acanaphthylene 0.0%
Anthracene 0.10
Ecnzo (ghi) Perylene 0.04
Fluorene 0.07
Phenanthrene 0.10
Dibenzo (ah) Anthracene 0.10
Indeno (123cd) Pyrene <0.02
Pyrene 0.04
Pesticides, pm wt.
Aldrin ¢l0
Dieldrin <10
Chlorodane <10
44'-00T <10
44'-I0E <10
44'-xD <10
Endria + <10
HReptachlor <10
Reptachlor Epaxids <10
Alpha~BEC <10
Beta-EIT <10
Garma-EC <10
Delta-BEC . <10
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Acid sludge can be burned by use of equipment and methods, such
as incinerators, reverberatory furnaces, fluidized bed furnaces,
and pyrolysis. The major problem in burning acid sludge is
achieving a homogeneous mixture with a viscosity reducer such as
re-refinery-produced distillate. Heater or boiler materials of
construction must also be considered because of the potential
corrosion and erosion possibilities. Since metallic and chemical
impurities remain in the acid sludge, it can also result in the
release of toxic air pollutants unless adequate control measures
are implemented {[126].

Resource recovery of acid sludge is a fcasible goal. The proc-
essed sludge is used as ar asphalt product extender and plasticiz-
er {126]. The Peak 0il Company of Tampa, Florida, in cooperation
with the United States Department of Energy, has completed a study
for the incorporation of acid sludge derived from the re-refining
of used lubricating oil into a useful and salable building materaial.
Both bricks and paving materialis have been produced using a formu-
lation developed by Peak [128].

Clay presents a less @difficult disposal problem. First, the
hazardous constituents are present in greatly reduced quantities.
Second, a large part of the hazardous constituents can be removea
by washing with solvents and even a water/detergant mixture. A
final burning in a kiln to remove occluded materials provides a
reclaimed and reusable material [126].

Steam stripping water, after oil (hexane solubles) removal can bea
“reated by well established wastewater treatment methods, suci as
cvagulatios, flocculation, air flotation, and filtratiom. Such
water can be reused in boilers or discharged. Minimal treatment
of the water from steam stripping allows the water to be reused
for cooling if not as boiler feed water [126].

It is not ..mpossible, difficult, or even too expensive to achieve
zero discha:-je with comp) te recycling. Sludge and solids from
adequate water treatment are of small quantity compared to pre-
treatment sludge and spent clay.

6.3 DISPOSAL AND RECLAMATION OF FATTY OILS

Fatty oils have three major applications in metalworking: (1) as
emulsified rolling lubricant, particularly for rolling of thin
strips of steels; (2) compounded as straight oils, mixtures of fat-
ty oils, ad mineral oils; and (3) as raw materials for the manu-
facture of fatty additives.

{128] Suarez, M.; Morris, D.A.; and Morris, R. €. Acid sludge
utilization. Bartlesville, OK; U.S. Department of Energqgy:
1980 September. 31 p. Contract No. DE-AC-19-79BC/0089.
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Emulsified rolling oils from the steel industry ara usually re-
covered from the steel mill wastewater treatment plant. A number
of types of mineral oils are mixed together with animal and vege-
table fats and greases, and these oils accumulate on top of the
skimming tanks. These mixed fatty oils and mineral oils have been
used as fuels, but future use will be limited by EPA regulation

on burning of waste oils. The large percentage of fatty oils

used in rolling cils makes more difficult the separation and re-
fining of the petroleum-based oil.

Some fatty oils recovered from wastewater may be purified for use
in soegpmaking. Recovery requires process steps similar to those
discussed in the .ection on emulsified oils {28}. Since fatty
oils are prone to oxidation and rapid deterioration, some fatty
oils are not recoverable and rust be disposed of.

Effective techniques for recovery or disposal of fatty oils are
chemical coagulation, air flotation, and bioiogical treatment [28].
This is demonstrated at Swift and Company's high-volume edible fat
and oil refining plant at Bradley, Illinois [129]. The plant

uses skimming, chemical treatment, and centrifugal separation to
upgrade the quality of the removed fatty materials. A simplified
vrocess flow diagram for both the wastewater clarification and the
0il recovery systems is shown 1in Figure 63. An overall economic
evaluation indicated the 7,000 poundcs of oil recovered (99 percent
ather-soluble), valued at 4-1/4 to 4-3/8 cents per pound, would
offset 60 percent of the total daily direct cperating costs for
the waste treatment systems, including the oil reclaiming system.

In compounded oils, the fatty oils act as emulsifying agents in
high-moisture environments, incorporating accumulated water into
the body of the oil in the form of a water=-in-o0i1l emulsion.
Recovery of ccmpounded oils neccssitates removal of any water
emulsified in the o0il. Then the same techniques applicable to
the mixed fatty and mineral oils separated from plant wastewater
are suitable for compounded oils .

The fatty oil additives in metalworking fluids add to the com-
plexity of the problem of re-refining and reuse. The re-refining
process may be adversely affected by the additives in the waste
oil, or fatty oil. 1If the additives are successfully separated
from the waste oil in the refining process, they present a dis-
posal problsm. Instead of recovery of the additives from waste
oils. the current practice is reconditioning, that is, addition
of a new additive package to bring the refined oil properties up
to specifications.

[129] seng, C. Recovery of fatty materials from edible o0il re-
finery effluents. U.S. Environmental Protection Agency;
1973 December. 148 p. EPA-600,/2-73-0i5. PB 231 268.
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6.4 RECLAMATION, TREATMENT, AND DISPOSAL OF SYNTHETIC FLUIDS

Only limited information 1s available about treatment and recla-
mation of waste metalworking synthetic fluids. Some recyclers
claim that no feasible technology is currently available for waste
synthetic fluid treatment or reclamation. OCthers say that it 1is
possible but only after extensive work with arm-twisting of the
fluid manufacturer. Many large companies currently will not use
synthetic fluids if the manufacturer does not offer a method of
breakdown and disposal. Some manufacturers do accept waste syn-
thetic oils for reprocessing.

synthetics will commonly last a year but longevity depends upon
how effectively the in-plant recycling system operates. Some
elaborate systems can minimize microbial spoilage of fluid and

-keep the fluids very clean. Those with less elaburate systems

are often forced to pour the fluids down the drain if the manu-
facturer will not be of assistance or 1f no method really exists
for destabilizing waste synthetic fluids.

Also, by setting up a pericdic synthetic fluid analysis and bio-
cide treatment schedule, synthetic fluid and metalworking tool
life can be extended, and production efficiency greatly aimproved.
The costs and time involved for such a program are more than
offset by reduced fluid purchases and tool reworking, with the
bonus being greater production efficiency. Not surprisingly,
this production bonus can have a tremendous impact on bottom line
profaits.

Waste synthetic o0ils should be segregated and recycled where pos-
sible, because of their high“cost and because they may contaminate
otherwise recyclable oils [28]. Good filtration equipment in

the in-plant fluid recycling system will greatly extend fluid and
metalworking tool life by removing metal fines arnd chips. This
will result in better product, and increase productivity by re-
ducing downturns.

1t has been reported that flash distillation and chemical adsorp-
tion are the two most common processes used for reclamation of
synthetic fluids formulated without polar additives. These
processes are described in detail in Section 6.2.1.

Some waste synthetic fluids exhibit susceptibility to biodegrada-
tion and can be dispossed of by biological treatment [130])]. A
biodegradable synthetic fluid can undergo destruction by micro-~
organisms. To be biodegradable 1t must consist of materials which
are nontoxic to life and are not considered to be dangerous pol-
lutants. In addition to readily passaing through conventional

{130]) Bennett, E. 0. The disposal of metal cutting fluids.
Lubrication Engineering. 300-307, 1973 July.
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disposal systems, a degradable product should produce no persistent
intermediate residues, 1t should have no objectionable effects on
the receaiving water or its subseguent reuse, 1t ~hould nct taint
fish flesh, and 1t should not produce objectionable growths in the
marine environment.

Consideration must always be given to the time regquired for the
process to take place. Many materials are biodegradable if de-
tained long enough in a disposal system. Thus, one biodegradable
fluid may require only a few hours while another may require
several days. A company purchasing a biodegradapie product must
consider this factor and must make sure that the product will be
degraded in the disposal plant during the normal retention period.

In a study conducted by the University of Houston, eight synthetic
fluids were subjected to biodegradation under the most ideal con-
ditions for a period cf four weeks. The result of this study is
presented in Table 67 [130]. The results show that some fluids
exhibit greater susceptibility to biodegradation than others.

TABLE 67. BIODEGRADATION OF SYNTHETIC FLUIDS [130]

Synthetic fluids
Fatty acids Percent degraded

68
100
100
100

53
100
100
100

Hommnmoowy

Many synthetic fluids contain glycols. The higher viscosity
(higher molecular weight) polyalkylene glycols are resistant to
rapid bio-oxidation [37]). Thus, under the customary five-day
test for biodegradability, a very small value of BOD would be
obtained. Nevertheless, under longer-term exposure, such as might
occur in a river, the products would biodegrade slowly.

The rate of biodegradation of polyglycols is influenced by molec-
ular weight with higher viscosity members of the family showing
slower degradation. Because of the low BOD values, only a portion
of the polyglycol would be removed in a waste treatment plant. AT
low concentrations (high dilutions), the products should not ad-
versely affect the biological oxidation in the waste treatment
plant. Furthermore, studies to date indicate a low order of tox-
icity with aquatic life. !

P
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Because of their complete water solubility, the polyglycols never
produce an "oil film." However, despite complete water solubility,
local, state or federal regulations may preclude the discharge of
any major quantity of used polyglycol lubricant to the waste water
stream. Under thece conditions, incineration 1s an op%ion.

wWaste synthetic fluids can be disposed of by incineration or
landfilling. However, 1t 1s sometimes economical to reduce the
bulk volume prior to disposal, using technigues such as reverse
“osmosls or ultrafiltration.

Osmosis is the passage of solvent, in this case watrer, from a
dilute to a more concentrated solution through a semi-permeable
membrane. The flow of solvent continues until the pressure is
high enocugh to prevent further transfer. This equilibrium pres-
sure 1s known as the osmotic pressure. If a pressure greater
thar the osmotic pressure is applied to the concentrated sclu-
tion, solvent will flow as a ‘'pure" solvent. This principle can
be applied to remove water from used synthetic cutting fluids
(Figure 64). The permeate stream produced is substantially
purified water, although it contains low concentrations of or-
ganic and inorganic matter. Colloidal, particulate, and micro-
bial contaminants are retained in the concentrate.

Pertoraled
WODOrT Tube

=1

Figure 64. Reverse osmosis can be used to reduce
the water content of synthetics [131].

Ultrafiltration, sometimes called molecular filtration, is
another membrane separation process. The membrane is porcus and
the constituents are separated on the basis of molecular size.
The separation efficiency is determined by the pore size.

There are two features which distinguish between the processes,
operating pressure and the separation. Reverse osmosis uses
pressures in the order of 500~1,000 psi while the pressures in
ultrafiltration are usually about 10-50 psi. In ultrafiltration
small dissolved molecular species, such as organic salts are

[131] Evans, C. Treatment of used cutting fluids and swarf.
Tribiology International. 33-37, 1977 February.
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passed through the membrane, while in reverse osmosis only the
solvent is transferred.

There are more exotic synthetic fluids coming into the market.
Reclamation, treatment, and disposal aspects of these expensive
fluids will likely be evaluated pricr to their usage. Products
that can be discarded with a minimum of difficulty have an eco-
nomic advantage over fluids that must be subjected to complicated
treatment during the disposal process.

6.5 DISPOSAL AND RECLAMATION OF ORGANIC SOLVENTS

Contaminated organic solvents generated in various metal finish-
ing operations such as F-:greasing or metal cleaning, coating and
painting are commonly subjected to reclamation and reuse. They
include a wide range of aliphatic, aromatic, and halogenated
hydrocarbons, alcohols, ketones, and esters. Tnis section des-
cribes organic solvent reclamation tecnnology as an adjunct of
metal finishing operations as well as by independent operations
contracted to collect and distill waste mater:al. The economics
of on-site reclamation are compared with those of ocff~site
processing. Future trends, developments of such technology, and
alternative d:sposal technology are also discussed.

6.5.1 On-Site Reclamation

Organic solvents used in metal cleaning and metal painting beccme
contaminated with oils, water, pigments, or cther undissolved sol-
ids. Basically, five types of reclamation technology have been
applied to waste solvents generated from metal finishing opera-
tions [81], namely, (1) adsorption, (2) condensation c. refrig-
eration, (3) absorption, (4) distillation, and (5) evaporation.
These are discussed in detail in the following subsections. How-
ever, the discussion does not include undissclved solids and
water which are removed from liquid waste solv.nt by initial
treatment through mechanical separation such as decanting, fil-
tering, draining, settling, and use of a centrifuge.

6.5.1.1 Adcorption--
6.5.1.1.1 Descraiption [7,81,132,133]~-Adsorption is the -rocess

by which components of a solvent vapor are retained on the surface
of granular solids. There are many types of solid adsorption

L 4

[132] Larson, D. M. Activated carbon adsorption for solvent
recovery in vapor degreasing. Metal Finishing. 42-45,°
1974 October.

[133] Control techniques for volatile organic emissions from sta-
tionary sources. Research Triangle Park, NC; U.S. Environ-
mental Protection Agency; 1978 May. 57¢€ p. EPA-450/2~-78-
022. PB 284 804.
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media available; the most commonly used is activated carbon.
Carbon adsorption systems for solvent vapor recovery can be added
to most vapor degreasers by direct connection downstream of the
adsorption unit.

The two main functions of a carbon adscrption system are that of
collection and cleaning, commonly referred to as adsorption and
desorption [132]}. A typical carbon adsorption system consists of
two vessels filled with activated carbon, a solvent-laden air
inlet and outlet, a blower and filter, a steam inlet and outlet
source, and a condenser and decanter. Automatic operation 1is
most common, although manually operated systems are available.
Operational sequence is straightforward. The solvent-laden air
is passed over the bed of activated carbon. The carbon collects
the organic solvents and passes the clean air out the exhaust.
Once the carbon has collected 1ts capacity of organic solvents,
it must be cleaned free of the solvents in order to prepare for
the next adsorption cycle. Some typical working carbon bed
capacities are shown 1n Table 68.

TABLE 68. WORKING BED CAPACITIES [39]

Percent of

carbon
Solvent bed weight

Acetone . 8
Heptane 6
Isopropyl alcohol 8
Methylene chlorade - 10
Perchloroethylene 20
Stoddard solvent 2-7
1,1,1-Trichloroethane 12
richloroethylene 15
Trichlorotrifluorcethane 8
VM&P Naphtha 7

At the end of the adsorption periocd the carbon adsorption system
will automatically cycle 1tself, rotating one bed off adsorption
(in a two-bed system) and into a cleaning cycle. The cleaning of
the carbon 1s referred to as desorption or regeneration. Most
carbon adsorption systems installed on vapor degreasers consist
of dual vessels which permit continuous operation by maintaining
one carbon ped on the adsorption cycle at all times. The regen~
eration cycle is usually performed automatically by injecting low
pressure steam into the carbon bed. This input of energy releases
the solvent from the carbon. The resulting steam~-solvent mixture
is then fed into a condenser where the solvent and steam are con-
densed, and then into a decanter, where the solvent and water are
then separated by simple mechanical decantatiorn. BRecause degreasing
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solvents are not water soluble, no further equipment i1s required.
Figure 635 is a typical flow diagram for a carbon adsorption system.
In the case of a water-miscible solvent the decanter 1is not used.
The condensate flows directly (via intermediate storage) to a strip-
rer where water 1s separated from the solvent. In many cases,
soivents are recovered as a mixture. The separation of these sol-
vents and dehydration of the water-soluble components usually 1ia-
volves several separation techniques depending on the physical and
chemical characteristics of the solveants [134]. An alternative to
recovery 1s the addition of an incinera“or for combustion of the
desorbed effluent during stripping (adsorption-incineration system).

2 properly sized carbon adsorption system installed on the vapor
degreaser will remove 95 to 100 percent of the solvent vapors.
Fowever, total sclvent emissions are only reduced 40 to 65 percent.
This 1s because the ventilation apparatus of the control system
cannot capture all solvent vapors and deliver them to the adscrp-
tion bed [133]. The major loss areas are dragout cnm parts, leaks,
sp1lls, and disposal of waste solvent. Carbon adsoiption systems
are available in a series of sizes which handle ventilation rates
between 600 and 10,000 cfm.

The total amount of solvent recovery is dependent on the types of
parts being cleaned, proper desigi. of the degreaser, and the
actual operation of the degreaser. The most imporxtant factor is
the actual operation of the degreaser. 1f the degreasers are
properly operated, solvent savings consistently above 85 percent
can be expected [132].

Activated carbon adsorption systems, operated on stabilized
c¢hlorinated solvents for vapo:r degreasing, do not substantially
ceplete the stabilizer level in the solvent, with the exception
¢f 1,1,1-trichlorocethane. This solvent has water-soluble stabi-
lizers which are completely removed when the solvents are stream-
stripped frcm the carbon bed. Wwhen these stabilizers are removed,
highly corrosive conditions, grcater than with the cother degreas-
1ng solvents, can be present [132). Thus, special metals are
required to handle this solvent in the recovery system. Systems
are currently available as complete packages to handle adsorp-
tion, desorption, drying, nevtralization, and restabilization of
1,1,1-trichloroethane [132].

In steam stripping of other chlorinated solvents, such as per-
chloroethylene, traichloroethylene, and rethylene chloride, guan-
tities of hydrochloric acid are ge:r erated in the carbon bed.

[134] Davas, W. L.; and Kovack, J. L. Solvent recovery by carbon
adsorption for the coating industry. Technical Association
of the Pulp and Paper Industry; 1980 Paper Synthetic Con-
ference, 1980.
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Therefore, materizls of construction for the system must be
designed to provide suitable corrosion resistance. Baked phe-

.nolics, acid-resistant coatings, and certain alloy materials are
the most suitable [132].

6.5.1.1.2 Cost Analysis [i33-135]}--Costs for adscrption systems
vary with: (1) the nature of contaminants in the waste vapor,
{2) the concentrations of organics in the vapor, (3) the adsorb-
ent, (4) the regeneration technique, (5) the type of adsorber,
and (6) the vapor volume flow rate.

Adsorption capital costs include costs of the basic equipment,
aurxiliary equipment, equipment installation, and interest charges
on investment during construction. The capital costs for a
fixed-bed adsorber system with recovery of desorbed vapors are
shown in Figure 66. All costs are indexed to June 1976. Costs
for moving and fluidized bed adsorbers are slightly lower than
those for fixed-bed systems. Capital costs foir adsorption incin-
eration systems with no heat recovery are approximately 20 to 30

percent higher than adsorption recovery systems handling compar-
able flows.

Annualized costs include labor and maintenance costs, utilities
and materials costs, capital-related charges, and credit for
solvent recovery. Table 69 shows typical components of such costs
for carbon adsorption systems with assumptions in the footnotes.
When recovered organics are credited at their market values, the
adsorption operation shows a capital return. Most installations
attain complete return on capital within one to three years rela-
tive to an operating life of at least 15 years for the system.
Reuse of the recovered solvents, however, ir not usually practical
when more than one solvent is involved. Product separation is
normally too costly to warrant recovery for reuse in the process.
Annualized costs for the adsorption-incineration system are com-
parable to those for the adsorption-recovery system except that no
credit is allowed for solvent recovery.

6.5.1.1.3 Applicability and Feasibility [133, 135]--Metal fin-
ishing operations that can be controlled by adsorption include

degreasing or metal cleaning, paint spraying, tank dipping, and
metal forl coating.

Adsorption is not normally practiced at organic concentrations of
greater than 25 percent of the lower explosive limit because the
heat released by adsorption cycle may raise the temperature of

[135] Grandjacques, B. Carbon adsorption can provide air pollution
control with savings. Pollution Engineering. 28-31, 1977
August.
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TABLE 69. TYPICAL COMPONENTS OF ANNUALIZED COETS FOR
CARBON ADSORPTION SYSTEMS (7]

Configuration

1. Dual tixed-bed adsorber orperating at 100°F (38°C)
2. _.Solvent recovery with condenser and decanter

Gas stream characteristics

Flow 20,000 scfm (9.4 m3/s)
Concentration 25% LEL
Process gas temperature 170°F (77°C)

Component Annual cost

Direct operating costs

Utilities $ 48,7000
Direct labor 3,000c
Maintenance 15,400d
Carbon replacement 11,500
Capital charges 80,850°
Recovery (credits) R 5297!0002f

Total net arnualized costs (credits) $(137,500)g

®cooling water at $0.045/1,000 gallon ($0.012/m?),
steam at $2/1,000 1b ($0.53/m%), electricity at
$0.033/kwh ($9.17/GJ).

b

Labor at $8.25/hr.

C,, . .
Maintenance as 4% of the capital cost.

d .
Carbon‘at $0.72/1b ($1.58/kg) with 20% of carbon
replenished each year.

e . , .
Capital charges include as percent of capital
cost: depreciation, 12%; taxes, insurance, and
overhead, 4%; interes%t, 5%.

fBenzene credited at $0.75/gallon, hexane at
$0.47/gallon.

INet costs calculated as capital charges + direct
operating costs - recovery credits.
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the carbon bed high enough to cause carbon combustion. For safe
and efficient operation, the inlet gas temperature is limited to
less than 100°F (40°C) and the solvent concentration to less than
.25 percent of the lower explosive limit. For high organics
concentration, (larger than 25 percent), using incineration tech-
nology becomes attraccive.

6.5.1.1.4 Environmental Impacts [133]--Air and water pollution
may occur in the adsorption system. If a steam desorption cycle
is employed in the system and the recoverable solvents are solu-
ble in water, then some form of water treatment or separation

process is required to minimize the organic concentration in the
wastewater.

I1f an incinerator is used to destroy the exit stream from the ad-
sorber, the type and amount of air emission are also of concerned.

The disposal of spent adsorbent is another environmental concern,
but this may be necessary only once in three to five years.

6.5.1.2 Refrigeration or Condensation--

6.5.1.2.1 Description {7,39,133]--A simple refrigeration device
called a "refrigerated chiller" or "cold-trap" system is used on
vapor degreasers [7,39]. The vapors created within a vapor de-
greaser are prevented from overflowing out of equipment by means
of condenser coils and a freeboard water jacket to produce a cold
blanket across the surface of the vapor. The cold blanket con-
denses the rising fumes to the saturation level where they become
droplets and fall back into the tank below.

Refrigerated freeboard chillers are a more dedicated system. 1In
appearance, they seem to be a second set of condenser coils lo-
cated slightly above the primary condenser coils of the degreaser

(Figure 67) [136]. Functionally, they achieve a different purpose.

Primary condenser coils control the upper limit of the vapor zone,
while refrigerated freeboard chilling coils impede diffusion of
solvent vapors from tha vapor zone into the work atmosphere. This
is accomplished by chilling the air immediately above the vapor
zone and creating a cold air blanket. This blanket also reduces
mixing of air and solvent vapors by reducing the air/vapor mixing
zone, which results from a sharper temperature gradient. In addi-

tion, chilling decreases the upward convection of warm, solvent-
laden air.

[136] Chemical Engineer's Handbook. Fifth Edition. J. H. Perry
and C. H. Chilton, eds. New York, McGraw-dill Book Com-
pany, 1973.
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Patent coverage of the "cold trap" is limited to designs that
control the refrigerant temperature at 0°C or colder {137].
Manufacturers operating within this patent recommend a heat
exchange temperature of -23°C to -30°C. Commercial systems
operating between 1°C to 5°C are also available. Most major
manufacturers of vapor degreasing equipment offer both types of
refrigerated freeboard chillers.

These systems are designed with a timed defrost cycle to remove
ice from the coils and to restore heat exchange efficiency. Al-
though liquid water formed during the defrost cycle is directed
to the water separator, water contamination of the degreasing
solvent is not uncommon.

Although water contamination of vapor degreasing solvents Las an
adverse effect on the stabilizer systems, major stabilizer deple-
tions from this source are unusual. Water is a major source of
equipment corrosion and can diminish the working life of tre
equipment.

[137] Control of volatile organic emissions from organic solvent
metal cleaning. Research Triangle Park, NC; U.S. Environ-
mental Prctection Agency; 1978 April. EPA-450/2-77-022.
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A 'third type of refrigerated chiller is the refrigerated condenser
coil. Rather than provide an extra set of chilling coils as the
freeboard chillers do, refrigerated condenser coils replace pri-
mary condenser coils. If coolant in the condenser coils is suf-
ficiently refrigerated, it will create a layer of cold air above
the air/vapor interface. Refrigerated condenser coils are norm=-
ally used only on small, open-top vapor degreasers because energy
consumption may be too great for larger open-top vapor degreasers.
The refrigerated condenser coil offers portability of the open-top
degreaser by excluding the reed for plumbing to cool condenser
coils with tap water.

wWhen a rise in the boiling temperature indicates an accumulation
of oils and other soils, the degreaser must be cleaned. At thas
time, the used solvent and oil mixture is removed and taken away
by a reclaiming service or run through the plant's own still for
purification {138]. It is wise to check acid acceptance at this
time and correct it as directed by the solvent manufacturer.

6.5.1.2.2 Cost Analysis [133]--The costs for refrigeration units
depend on the following: (1) the nature and concentrations of
the vapors in the exhausted gas; (2) the mean temperature differ-
ence between gas and coolant; (3) the nature of the coclant;

(4) the desired degree of condensate subcooling; (5) the presence
of noncondensible gases in the exhausted gas; and (6) the build-
up of particulate matter on heat exchange surfaces.

Annualized and capital costs for refrigeration vapor recovery
units have been developed by the RPA [139]. These costs are shown
in Figures 68 and 69 as a function of the hydrocarbon vapor flow
rate. All costs are indexed to June 1976.

Capital cost estimates represent the total investment required to
purchase and install a refrigeration unit. New installations are
assumed, but retrofitting at existing installations is expected

to be only slightly higher.

An example of annualized cost components for a refrigeration unit
is shown in Table 70. Utilities costs will vary depending on the
inlet concentration of the solvent vapor. Solvent credits help
offset about 35 to 75 percent of the annualized expenses. At
higher flow rates, solvent credits appear to offset operating ex-
penses and capital charges, resulting in a net savings by recover-
ing the vapors.

[138] Monahan, R. Vapor degreasing with chlorinated solvents.
Metal Finishing. 26-31, 1977 November.

[139] Control of hydrocarbons from tank truck gasoline loading
terminals. Research Triangle Park, NC; U.S. Environmental
Protection Agency; QAQPS; 1977 May. Draft copy.
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TABLE 70. COMPONENTS OF ANNUALIZED COSTS FOR A
REFRIGERATION VAPOR RECOVERY UNIT [133]

Gas stream characteristics

Flow 420 scfm (12 m3/min)
Concentration 20% {(by volume) hydrocarbons
Inlet temperature 60°F (16°C)

Direct operating costs

Utilities $ 6,ooog
Maintenance 5,300 .
Capital charges 30,000°

Gasoline recovery (credit) 521,4002d

Net annualized costs $ 19,900e

3Electricity at $0.04/kwh ($11.11/GJ).
bMaintenance as 3% of the capital costs.

€calculated at 10% for 15 years plus 4% for taxes, insur-
ance, and administration. :

9Gasoline valued at $0.40/gallon ($0.10/L) F.O.B. termi-
nal before tax.

i

eComputed as operating costs +.capital charges - gascline
recovery credats.

6.5.1.2.3 Applicability and Feasibility [81,133]-~Refrigeration
has been used successfully in controlling organic emissions from
metlal cleaning or degreasing operations. However, it will not
remove all the vapor from the air. Because of its lower effi-
ciency and other disadvantages, it is not used widely for solvent
recovery in industry. The yield from refrigeration 1s necessar-
ily lower than that from adsorption and absorption systems, but
this may be offset by lower costs.

In ceneral, refrigeration systems are uneconomical as the sole
means of emission control unless the gas contains high concentra-
tions of valuable organic vapors. The refrigeration operation
can recover o:ly those constituents above the saturating concen-
tration at the condensing temperature. Therefore, 1t is only
practical at concentrations well above 10,000 to 20,000 ppm [140].

[140] Harvin, R. L. Recovery and reuse of organic ink solvents.
Louisville, KY; C&I Girdler, Inc.; 1975 September. 25 p.
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6.5.1.2.4 Environmental Impact [133]--A condenser seldom creates
secondary environmental problems when the condensation process is
considered by i1tse’f. Problems that do arise include disposal of
noncondensibles in refrigeration systems. The noncondensible gas
efriuent from the surface condenser is either vented to the atmos-
phere or further processed (e.g., via incineration), depending on
the effluent composition. The coolant never contacts the vapors
or condensate in a condenser; therefore, the recovered organic
solvents are usually reusable.

6.5.1.3 Absorption--

6.5.1.3.1 Descraipticn [81,133]~-~Absorption is a well kncwn

process in which a liquid medium is used to extract a solutle

vapor from a gas stream. Absorption recovers vaporized solvents

by close cnntact with a liquid absorbent at the proper temperature.
In general, absorption is most efficient under the following con-
ditions [i41]): (1) the organic vapors are quite soluble in the
absorbent; (2) the absorbent is relatively nonvolatile; (3) the
absorbent is noncorrosive; (4) the absorbent is inexpensive and
readily available; (5) the absorbent has low viscesity; and (6) the
solvent is nontoxic, nonflammable, chemically stable, and has a low
freezing point.

The solvent-laden absorbent stream mav be stripped of solvents
and recycled. Some absorbent will be lost with the stripped
solvent and must be replaced. The rate of mass transfer between
the gas and the absorbent is largely determined bv the amount of
surface area available for absorption. Other factors governing
the absorption rate, such as the solubility of the gas in the
absorbent and the degree of chemical reaction, are characteris-
tics of the constituents involved and are independent of the
equipment used.

Absorption equipment must be designed to provide adequate contact
between the gas and the absorbent liquid to permit interphase
diffusion of the organic vepors. Contact is provided by several
tyres of equipment such as plate towers, packed towers, spray
towers, and venturi scrubbers. The fluid is usually pumped to
the top of the tower, distributed and drained by gravity counter=-
current to the gas stream being treated. Wwith proper tower
conditions and fluid choice, removal of the dilute solvent vapors
from air can be effectively accomplished.

6.5.1.3.2 Cost Analysis [133]--Absorption costs vary widely and
depend upon the following factors: (1) the type of absorber;
(2) the kind of contacting media; (3) the nature and amounts of

[141] Treybal, R. E. Iliass Transfe: Operations. New York, McGraw-
Hill Book Company, 1968. pp. 129, 154, 225-226.
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organic vapors in the gas; (4) the absorbent used; (5) the value
of recovered solvents or of the absorbent-dissolved organics
solution; (6) the design removal efficiency; and (7) the gas
volume flow rates.

Capital costs for newly installed packed tower absorbers are de-
picted in Figure 70. These costs include the Tost of the basic
equipment, the cost of any auxiliary equipment, and the costs
~associated with equipment installation and site preparation.
Retrofits may cost up to two times the illustrated values. Cor-
rosive properties of certaip organic streams require special
constructicn materials which increase capital costs. Absorption
systems using absorbents with poor absorption capabilities for
organic vapors would have larger capital costs associated with
the need for larger absorption towers. Regeneratave absorption
systems also have increased capital costs because of additional
equipment needed for abscrbert regeneration.

Annualized costs for a cross-flow packed scrubber are presented
in Figure 71. Utilities include power costs for the recirculat-
ing pump and fan. Process water costs are umall in this case
since recirculation is assumed. Treatment costs, although not
included in Figure 71, should be taken intc consicderation when
evaluating absorpticn system costs. Maintenance costs appear to
average five percent of the capital investment. Relatively low
capital investments for absorption systems help minimize capital
charges.

6.5.1.3.3 Applicability and Feasibility [133}--Absorption has
been used to control and recover organic vapors in surface coac-
ing and degreasing operations. Commonly used absorbents for
organic vapors are water, mineral cil, and nonvolatile hydro-
carbon 0ils. For example, trichloroethylele vapors in air can be
reduced by absorption in mineral oil. Howeaver, at ambient tenm-
perature the air streamn leaving the column can .ontain about

120 ppm minersl oil. Thus, this prucess can result in control-
ling one hydrocarbon but emitting another. Also, solvent stab:~
lizer is not recovered during the prccess. Restabilization of
the recovered solvent will be needed.

It appears that absorption is good for high cencentrations of
solvent vapor in air, valuable vapors, or highly toxic chemical
vapors. The recovery of solvents is nct economically achieved by
absorption in dilute gas mixtures (<1%).

The usze of absorption may be feasible where chlorinated solvents
are absorped in metal cutting lubricant oils. The presence of
the chlorinated solvent in cutting oils increases tool cutting
speed and tool life. This practice lessens the energy needed for
distillation but results in slow re-release of solvent vapors to
the atmosphere during use as a metal cutting lubricant.
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$.5.1.3.4 Environmental Impact--Adverse environmental effects
which can result from the operation of an absorber include im-
proper disposal of the organic-laden liquid effluent, undesired
emissions from the incineration of the regenerated waste gas,
and loss of absorbent to the atmosphere.

The liquid effluent from an absorber can fregquently be used eise-
where 1n the process. when thls 1s not possible, the nonregener-
ated absorbent effluent should be treated to provide good water
quality. Such treatment may include a physical separation process
(decantaing or distilling) or a chem.cal treating operation.

Regeneration consists of heating the liquid effluent stream to
reduce the solubility of the absorbed organics and separate them
from the absorbent. Thes- . concentrated or*anlcs can then be
oxidized in an afterburne Emissions of SO and other
incomplete oxidation produ.ts may be a resulf deBendlng on the
nature of the regenerated ges stream.

6.5.1.4 Distillation-=-

6.5.1.4.1 Description [81, 142]--D15t‘llat10n is the process of
partial vaporization of a liquid mixture and condensation of vapor
for the purpose of separating the components. I!Isuelly, in metal
cleaning operations distillation 1s employed to recover contam--
inated solvents. Figure 72 schematically illustrates a typical
continuous fractional distillation column [143]. Contaminated
solvents with dissolved materials which cannot be settled or fil-
tered out,.is continuously fed into the distillation column where
it is cycled through the reboiler and heated by steam flowing
through coiled tubes. Vapcrized components return to the distil-
lation columns for separation, .and. the less volatile residual lig-
uids or tars (bottom products) are removed from the system for
reuse or disposal. In fractional distillation, the vapors pass

up through the column and are partitioned, according to their
relative volatilities, throughout the sieve and valve tray pack-
ings. The vapors are drawn off, condensed, and stored in the
accumulator. From the accumulator, a portion of the isolated
fraction 1s returned to the column for refluxing, and the re-
mainder 1s collected (overhead product) for reuse or disposal.

Distillation is available as atmospheric or vacuum units. For
atmospheric distillations, the pressure 1s set at the pressure
that the overhead product can be at least partially condensed

(142) Hengstebeck, R. J. Distillation. Principles and Design
Procedures. New York, Reinhold Publishing Corporation, 1961.

[143) Hansen, W. G.; and Rishel, H. L. Cost comparisons of treat-
ment and disposal alternatives for hazardous wastes; volume [.
Cincinnati OH; U.S. Environmerital Protection Agency; 1980
December. 272 p. EPA-600/2-80-188. PB 81 128514.
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by heat exchange with a convenient cooling medium, and ligquid
from the bottom stage can be partially vaporized by exchange with
a convenilent heating medium; otherwise.refluxing and reboiling
would not be readily achievable. When both conditions cannot be
net simultaneously, refrigeration may be used to condense the
o-erhead, or a furnace may be used for reboiiing. Wwhen the feed
¢ ntains high-boiling materials that are too heat-sensitive to be
d.stilled at atmospheric pressure, distillaticns are carried out
under vacuum to reduce column temperatures. Because temperatures
are highest at the bottom of a column, the properties of the bot-
tom product usually determine whether vacuum must be used {143).
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The contaminants accumulate in the bottom of the still during the
distillation cycle. Solvent incinerators are generally used to
burn the still bottoms. The still bottoms can also be disposed
of by landfill and deép well injection. However, the still bot-
toms which contain less than a few hundred parts of solvent per
million parts of water can also be drained to a sewer [144].

Distillation column capacity requirements depend on the waste
input rate and volatiles of the ccnstituents to be separated.

Descriptions of the method tor calculating column diameter and
height is available in the literature [145-147]. If the maximum

diameter and height cannot accommodate the ligquid flow, two or
more equal-sized columns are used to treat the waste solvents.
In actual systems there are many possible combinations of reflux

ratio, column pressure, column height, column diameter, and con-
tacting intervals.

6.5.1.4.2 Cost Analysis [143]--The capital costs for distilla-
tion include costs of the basic and auxiliary eguipment, equip-
ment installation, and building costs. Operating costs include
labor ard maintenance costs, utilities and materials costs, and
capital related charge. The breakdown of capital and operating
costs are shown in Tables 71 and 72, respectively. The change

in the total capitel costs (exclusive of land cost) according to
the scale of separation is shown in Figure 73. Labor and zquip-
ment maintenance costs are shown in Figure 74. All costs are ad-
justed for inflation to mid-1978 values and are based on charcges
as theyv exaist in Chicago, Illinois. The direct and indirect oper-
ating costs (including debt service and amortization) are used to
calculate the average cost over the 5-year life cycle of the ex-
ample, a 1,000 gpm distillation facility. The life cycle average
cost is $13.02/1,000 gallons. This result is shown in Table 73.

[144] Reynen, F.; and Kuncl, K. L. Solvent recovery systems nets
plant approximately $50,000/yr savings. Chemical Proces-
sing. 38(9):19, 1975.

[145] Robinson, C. S.; and Gilliland, E. R. Elements of frac-

tional distillation. New Yorl:;, McGraw-Hill Book Company,
1¢50. 192 p.

{146) Fair, J. R.; and Bolles, W. L. Modern design of distilla-
tion columns. Chemical Iagineering. 75(8):156-178, 1968.

[147] Colley, Forster, and Stafford (eds). I'reatment of indus-
trial effluents. New York, John Wiley and Sons, 1976.
378 p. .
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TABLE 71. SUMMARY OF CAPITAL COSTS

FOR DISTILLATION? [143)

Cout.nb Quantities

Other

Capital cost Site Mechanical Electrical Land, steanm,
category module Preparation  Structures equipment equipment Land Total ft2 ib/hr

Steam generator $ 70 $ 6,490 $414,400 $ - $§ 697 - 937 120,000
Diat-illation column 120 4,540 232,730 11,637 768 - 1,032 -
Accunulator 389 2,130 2,840 - 321 - 432 -
Vaste pump - - 2,950 - - - - -
Piping A 675 - 39,30¢ -- - - -- --
23 Total 1,254 13,160 692,220 11,637 1,786 - 2,401 120,000

o . ) .

o supplemental capital costs - 97,323° - - - - - -
Subtotal of capital costs - - - - -- 817,380 - -
working capitald - - - - - 179,166 . -
arDc® - - - - . 40,869 .- -
Grand total of capital costs -- - - e - 779,403 - -
2scale = 1,000 gpm; liquid density = 62 1lb/ft3; vapor density = S0 1lb/ft3.

3 X Pyia-1978 dollars. -
cBuilding.
dAt one month of direct operating costs.
®Allowance for funds during construction at 5% of capital costs.
"y ..

%
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TABLE 72. SUMMARY OF FIRST YEAR OPERATING COSTS

FOR DISTILLATION? {143 ]

Couab Quanitities

Labor
O&H Cost Tupe 1 Type 2 Type 3 Energy
category Operator 1|  Operator 2 laborer electrical Maintenance Chemical kwh/  Natural gas,
module {$7.77/hr) {($9/19/hr) ($6 76/hr)  (S0.035/kWh) costs costs Total yr ft3/yr
Steam generator $1,179 $ 209 $15,586 §956,000 $2,798 $120,000 -- ~- . 2.48 x 10°
Distillation column 17,703 10,406 20,513 - 1,602 -- -- .. e-
Accumulator -- -- .- - 193 - oS ~.  e-
Waste pu.p -- -~ -- 1,730 -- -- -~ 43 429 --
Piping -- -~ 179 -- 276 -- .- - e-
Total 18,882 10,615 36,278 957,730 5,074 120,000 -~ 49,429 2.48 x 10°
Supplemental 0&M costs .- - . . .- 1,348 - .- - ==
subtotal of direct O&M costs .- .- .- .o -a .. 1,149,927 v  =e
Administrative overhead® -- -- .- -- - . 229,985 - -
Debt service and amortization® - .- .- .- - - 273,668 .. .-
Real estate taxes and insurance® -- .- .- .- .- a- 20,748 - --
Tutel first year opavating coots .o - - .e .a . ),h74,328 . e

Scale = 1,000 gpm.
#1d-1978 dollars.
At 70% of direct operating costs,

-4

At 10% intersst vver 5 yoars,
At 2% of total capital

o o 06
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TABLE 73. COMPUTATION OF LIFE CYCLE AVERAGE COST FOR IMPLEMENTING
DISTILLATION (LIFETIME - 5 YEARS) [143]

Present Annual
Direct Indirect Sum value quantity of
operaténg operatgng cperating amnualiged throughput a
Item costs costs costs costs {x 1,000 gal)"~
Year le $1,149,927 $524,401 $1,674,328 $1,674,328 124,800
Year 2 1,264,920 547,399 1,812,319 1,647,279 124,800
Year 3 1,391,412 572,698 1,964,110 1,823,140 124,800
Year 4 1,530,553 600,526 2,131,079 1,601,080 124,800
Year 5 1,683,608 631,137 2.314,745 1,580,971 124,800
Totals 9,896,581 8,127,098 624,000
Simple average (per 1,000 gallon) $15.86
Simple average (per cubic meter) $ 4.19
Life cycle average (per 1,000 gallon) $13.02
Life cycle average (per cubic meter) $ 3.44

3Assumes 10% annual inflation.
bInflation increases the administrative overhead only.

Cassumes- a 10% interest/discount rate to the beginnipg o the first year of
operation, .

d1,000 gom x 60 min x 3 hrs/day x 260 days/yr.

®First year costs in mid-1978 dollars - for Chicago example.

6.5.1.4.3 Applicability and Feasibility {81,143]-~Distillation
is a feasible method of recovering contaminated solvents with-
high boiling points used in metal cleaning operations. 1t can
either be a single operation or part of a treatment seguence for
recovering solvents used in metal cleaning, ceoating, and painting.
Some private contractors also use distillation in reclama%ion
services.

6.5.1.4.4 Environmental Impact--In distillation columns, exis-
sions can result from column and tank vents amd from the steam
ejector of vacuum distillation. Uncondensed vapors are release?d
from these columns. Most columns, however, employ some t,pe 2%
vapor recovery system.

Conditions causing excaessive carryover of comtaminants are the
result of an excessive distillation rate. Excessive emissions
can aiso be caused by inability of distillation to maintain a
reasonable vacuum.
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Leaks in the head and side sheets of vertical tubes, excess water
in the condenser tube bundle, malfunction in flcat level control,
worn and leaking vacuum pump system, and foaming of still con-
tents causing capacity losses will further create excessive
emission levels.

The final residue from distillation operations is unsuitable for
reclamation and requires proper disposal. Incineration, landfill,
and deep-well injection are common disposal methods.

6.5.1.% Evaporation--~

6.5.1.5.1 Descraiption [81,142,148]--Evaporation refers to the
removal of a volatile liquid from solvent solutions by vapor-
ization and concentration of nonvolatile dissolved or suspended
solids or liquids. The process and the equ1pment are similar to
that of distillation units, except that in evaporation, no attempt
is made to separate components of the vapor. As shown in Fig-

ure 75, evaporation technolcgy includes the evaporator unit, the
external separator, and a ccnderser [81]. The waste is introduced
at the product inlet, vaporized, and passed into the separator.
The volatile component is captured in the condenser and may be
incinerated, reclaimed, or disposed.

The concentrated nonvolatile component is removed at the product
discharge and then is disposed of by landfill or incineration.

Single-pass, climbing-film type evaporators are widely used. They
consist of a long tube bundle combined with a disengaged chamber.
The solution is evaporated as it passes through the tubes. The
tubes are heated by ccntact with steam. In the external separa-
tor, the liquid is separated and flows to the bottom, while the
vapor goes to a condenser.

Agitated thin-film or wiped-film evaporators utilize a tall
vertical cylinder surrounded by a heating jacket (149]. With
this design, solvent is forced into a thin film along the heated
evaporator walls by rotating blades. These blades agitate the
solvent while maintaining a small clearance from the evaporator
wall to prevent contaminant buildup on heating surfaces.

{148] Tierney, D. R.; and Hughes, T. W. Source assessment: re-
claiming of waste solvents, state of the art. Cincinnati,
OH; U.S. Environmental Protection Agency; 1978 April.
53 ». EPA-600/2-~78-004f.

[149]) Reay, W. H. Recent advances in thin-film evaporation.
London England, Luwa (U.K.) Ltd, 1963 June. Represented
from the Industraiai Chemist. 5 p.
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6.5.1.5.2 Cost Analysis [143]--Capital costs for climbing-film
evaporators are i1temized in Table 74. The most costly elements
are the evaporator (including the external separator), and the
steam generator. Table 75 summarizes the first year operating
costs. Ninety percent of these costs are attiibutable to energy,
water, and chemical requirements for the steam source. All costs
are indexed to mid-1978.

Figures 76 and 77 show the capital costs (excluding land costs)
and operating costs for five scales of operation, respectively.
The capital and operating cost data indicate economics of scale.
The life cycle average cost for a 1,000-gpm facility is $8.48/
1,000 gallons.

6.5.1.5.3 Applicability and Feasibility--Evaporation is a feasi-
ble method of recovering various contaminated solvents from metal
finishing operations. ‘Owing to its high cost, it is usually
adopted by praivate contractors for solvent recovery service.

6.5.1.5.4 Environmental Impact--Evaporation units often dis-
charge ve_ors to a condenser or fractionating tower. Hydro-
carbons from these units are thus emitted through the vents of
the subsequent control equipment.

The final residue from evaporation is unsuitable for reclamation.
It can be disposed of by landfill, incineration, or deep-well
injection. . -

6.5.2Z Reclamation by Private Contractor [46]

6.5.2.1 Description--
Contract solvent reprocessing operations vary considerably in

size, materials handled, and technology used. Batch stills, coil
stills, scraped surface stills, or agitated thin-film evaporators
are commonly employed tc purify waste solvents.

Two major classes of materials are reprocessed. One is halogen-

* ated hydrocarbons such as methylene chloride, trichloroethylene,

perchloroethylene, and 1,1,l-trichloroethane. These spent sol-
vents derive primarily from degreasing and metal cleaning. The
other category includes a wide range of solvents such as aliphatic
hydrocarbons, aromatic and naphthenic hydrocarbons, alcohols,
ketones, and esters. These waste solvents are generated by the
chemical process industry, solvent manufacture and distribution,
metal cleaning and coating, industrial paint use, printing oper-
ations, and paint manufacture.

Most of the larger contractors handle both halogenated hydro-
carbons and miscellaneous solvents of the types listed above
while scme of the smaller operations process only the more valu-
able halogenated hydrocarbons. '
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TABLE 74. SUMMARY OF CAPITAL COSTS FOR EVAPORATION® 1143}
Costsb Quantities

Other

Capital cost Site Mechanical Electrical Land, steam,
category module Preparation Structures equipment equipment Land Total ft2 ib/hr
Evaporator $410 $31,100 $216,250 $10,813 $1,370 s -- 1,840 -
Steam generator 38 1,865 148,500 - 353 - 475 40,000
Waste pump - - 2,950 - - - - -
Sludge pump - - 798 - - - - -
Yard paping 22% -- 1,130 - - - - -
Total 673 32,965 369,628 10,813 1,723 -- 2,315 40,000
Supplemental capital costs - 97,324d - -- - -- - -
Subtotal of capital costs - - - - - $513,126 - -
working capxtald - - - - - 63,615 - -
afpC® - - - -- -~ 25,656 - -
Grand total of capital costs - - - - - 602,397 - -

asgale = 1,000 gpm.
PM1d-1978 dollars.
cBuxldlng.

At one month of direct operating costs.

®Allowar~e for funds during construction at

5% of capital costs.
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TABLE 75. SUMMARY OF FIRST YEAR 0&M COSTS FOR EVAPORATION® [143]

Cos!sb Quantities
Labor
0&t Cost Type 1 Type 2 Type 3 Energy
category Operator 1 Operator 2 laborer electrical Maintenance Chemical kwh/ Natural gas,
module (87 17/hr) {$9/19/hr) ($6 76/hr)  ($0 035/kwWh) costs costs Total yr ft3/yr
Evaporator $17,703 $10.476 $20,513 $ -- 81,125 8 .- -- -- --
Stean generator 1,179 209 15,586 319,000 1,807 372,000 -- - 44,120
Wagte puzp -- -- -- 1,730 -- .- -~ 49,429 .-
Sludge pump -- -- -~ 173 -- - -~ 4,943 -
Yard piping - -~ 103 - 6 - - - -
Total 18,882 10,685 36,202 320,903 2,938 372,000 ~-- 54,372 44,120
Supplemental O&M costs .- - .e e 1,770 - - - -
Subtotal of direct O&M costs -- .- -- -- -- .- 763,380 - .-
Adainistrative overhead® - - - -- - -- 152,676 -- --
Debt gervice and nnorttzallond - - -- .- -n - 158,911 - s
Real estate taxes and insurance® -- .- .- -- - - 12,048 - .-
Tota) first year operating costs - .- - - .- -- 1,087,038 .- -
a
Scale = 1,000 gpm
b

Mid-1978 dollars.
Sat 20% of direct nperating coste,
dhl 10V interest over 3 years.

“At 2% of total capital.
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It is roughly estimated that there were 80 to 100 contract solvent
recovery orerations in 1975 distributed throughout the United
States. They are spread throughout the country's most populated
areas, which also have large numbers of metal finishing operations.
The greatest number of solvent reclaimers are in EPA Region V,
which encompasses Ohio, Indiana, Illinois, Wisconsin, Michigan,

and Minnesota. Many contractors normally take feedstock from
out-of-s*ate. In these plants, quantities handled can vary

from 100,000 l:ters per year to 9,000,000 liters per year.

There are two basic modes of contract operation:

1. The contractor recovers the solvent, returns the
material to its source, and 1s paid either by the
quantity of dirty solvent originally taken >r by
the quantity of clean solvent returned.

2. The contractor buys the spent solvent (or in some
cases 1s paid to haul it away), recovers the sol-
vent, and sells it on the open market.

One of these systems is usually the primary mcde with the alter-
native method accounting for a small portion of a contractor's
business. The one favored depends on the system he finds most
profitable. Most operations are owned by small indiviacduzl com-
panies, and only a few companies own more than one plant. Most
solvent reclaimers have no substantial financial backing and are
therefore limited in production facilities and expansion potential.

The feedstock is usually transported from its source to the re-
covery plant by the recovery contractor in his own trucks. More
than 50 percent is transported in 55-gallon diums, and the re-
mainder 1s transported in bulk tankers,

U.S. Deparcument of Transportation regqulations {(CFR 8173.25) re-~
guire "red label" ligquids -~ those with a flash point below 38°C
(100°F) -=- to be shipped in new drums or reconditioned ones dis-
playing the reconditioner identification number and the pressure
test date. This regulation applies whether the shipment is made
by common carrier or in a private vehicle and affects large
quantities of spent and reclaimed solvents.

6.5.2.2 Waste Characterization--

6.5.2.2.1 Contents of Wastes-~There 1s only one basic waste
stream from solvent recovery operations; 1i.e., the still bottoms
or sludges. Occasionally, this stream i1s incinerated on-site and
the remaining ash residue becomes the waste stream. Analytical
characterastics of still bottom samples collected from solvent
reclaiming operations are shown in Table 76. These data are
obtained from various sources (as indicated in the footnotes).
However, the concentrations, and even presence of various hazard-
ous materials fluctuates. This 1s due to differences in the
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TABLE 76.

CHARACTERISTICS OF STILL BOTTOM SAMPLES

FROM SOLVENT RECLAIMING OPERATIONS

COLLECTED

Percent
volatile
carried Percent
Saxple off at Percent cd cr Cu L1 Pb Zn ®sajor Flash point Percent
designation 103 - 195°C solids ug/L g/t my/L mg/L ng/L »y/L components *C °F pH esh
] m” 280 1,700 190 48 118
2 79 60 500 130 % n
p ] a3 60 400 130 b} 124
4 89 6\ trichloroethylene 15 167
S 9 10 100 10 40 104
[ 41 46 1s
? 14 3\ trichiotoethylene no flash
8 1e 58 136
9 61 $) 127
10 28 90 194
1n 9/ 45\ trichloroethylene o4 18
12 9 SO\ trict loroethylens 86 187
1 $9 140 1,200 100 63 1%
4 38 310 1,200 990 6z 160
15 [} 10 100 10 14 16%
16 61 730 3,760 40 79 174
) 0 40 20 0 %4 60 (IF] & 47

{continued)
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{continued)

¢

o

Sample
designation

Fereeany
volstila
carried
off at
103 - 105°C

Percent <d Cr Cu Ni
solids mg/L mg/L wmg/L ‘mq/L

Percent
najor
components

b Zn
ag/L mg/L

Flash point
°c F

Percent
PH ash

18

19

20

21

22

23

25 39 139 336 192

30

15 <100 <169 <100

1,898 3,467 25% toluene, mineral
spirits, xylene,
trace amounts of per-
chloroethylene, meth-

anol, trichloroethylene

Acetone
Xylene 30 x 10
Toluene 15 ¢ 10
Maghthas 30 £ 10
Paint pigments 20 2 10
0il 1.52 0.5
Phenol <100 ppa

Miscelleneous organic sol-
vents, 50-70%
Pignents, resin, etc.,
30-50%
1,140

1,700 0.1%

0.4%

Toluene

Ethyl benzene
Xylene 2 9%
Trimethyl benzene 4 4%
Ca - (3 sliphatics 92 2%
Bentene <0 1%

1.,1,1-trichlososthans
BO-40%
faint pigeents 10-20%

Acetone 77y
Methanol 12%
Water 11%
J0% thinner

10.51

7.03

.Dellqnullon No

cLPA offi.es, Designation No. 23-24 are from Reference 162.

1 ¢o 16 are from Reference 161, Designation No. 17-22 are from generator waste analysis form to landfilling obtained from state
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characteristics and origins of the various batches of feedstock

received during any given time period. The findings may be sum-
maried as follows:

1. The majority of samples have a high volatile fraction
indicating a large proporticn of solvent and other
volatile organics.

2. wWaste streams from the recovery of chlorinated hydro=-
carbons contain considerable quantities of chlorinated
solvents and thercfore must be considered a potentlally
‘hazardous waste stream.

3. wWaste streams from the recovery of solvents contain
considerable quantities of metallic or other constitu-
ents which are potentially toxic, flammable, or both
and must be considered a potentially hazardous waste
stream.

6.5.2.2.2 Ultimate Disposal of Sludges [46]--The disposal

method used for most sludges generated is incineration, either
on-site or by an off-site contractor. Only 14 percent of the
waste goes directly to a landfill, and other methods account for
only a fraction of the total waste disposal. Two plants were
using stili bottoms as asp.alt extender and concrete block fil-
lers, but this type of use represents less than 0.1 percent of
the total waste disposal on a national basis. The chlorinated
solvent waste still bottoms 'sometimes are traasported to an off-
site contractor for deep well injection disposal. The ashes
from incineration are landfilled.

6.5.3 . Economic Evaluaticen [46]

ve

The principal factor affecting the economics of a solvent recov-
ery operation 1s the size of the system used. Modern equipment
varies 1n capacity from 2.8 - 6,100 liters (1/2 - 1,600 gallons)
per hour and the economics improve considerably with size. This
is recause of the relative capital cost per unit of capacity 1is
less as 1s overhead and maintenance, and operating labor costs
are similar for all sizes of evaporators. Thus, they are con-
siderably less per unit for a larger system. However, the eco-
nomics of a large unit are seriously reduced if it cannot be
erficiently utilized due to lack of raw material.

In general, on-site reclamation utilizes small-capacity systems,
in the range of 75-380 liters (20-100 gallon) per hour due to the
scale of their operation while private contractors will employ
larger capacity units up to 1,500 liters (400 gallons) per hour,
especially when located in a highly industrialized area. Con-
tractors are usually prepared to transport their raw material
from considerable distances since increased quantities of feed-
stock improve the overall operating efficiency of their plant.
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It appears that in many areas DOT regqulations are not enforced
and that old drums are being used to ship solvents to and from
reclaimers. Strict enforcement of these regulations could add up
to 13¢/liter (50¢/gallon) to the total cost of hauling solvent to
and from reclaimers in drums [46].

The actual value of recovered solvent varies considerably with
the type of solvent, the size and type of reclaiming process
used, the degree of purity of the product, and the general eco-
nomic climate of the time and place in which it is being sold.
Generally, the value cf reclaimed solvent is closely tied to the
value of the virgin material and will sell for from S50 percent to
90 percent of the value of virgin solvent. Actual prices range
from S¢/liter (20¢/gallon) for simple distillation of cheap sol-
vent up to perhaps $3/1liter ($10/gallon) for careful refining of
a valuable solvent in special equipment.

The total recovery costs shown would at least double if the same
reclaiming systems were installed on a contractor's site due to
the costs of land, buildings, waste disposal, overhead, labor,
and auxiliary equipment. However, several private contractors
have reduced their costs substantially by purchasing used equip-
ment. In many cases, costs of transporting feedstock will far
exceed actual recovery costs.

6.5.4 Future Trends and Developments

wWith the rapid increase in thc cost of virgin solvents in recent
years, the economics of solvent recovery have improved and the
growth rate of this industry is increasing. No reversal of this
trend is likely to occur in the near future in face of continuing
price rises, particularly of petroleum derivatives. 1In addition,
there is a considerably larger market to be tapped since the
metal cleaning operation alone utilizes more than 58 miilion gal-
lons per year of various solvents and at least 76 percent of the
spent solvents are not reclaimed [46].

The technology for solvent recovery is relatively simple and well
proven so no new developments are likely for reclaiming solvents,
the bulk of materials handled. It appears, however, that greater
use will be made of fractionation towers in the future so that a

purer product of greater value can be obtained for more sensitive
uses.

Also, reprocessing will move into new fields to recover more
complex solvents and other basic materials included with present
industrial wastes. Much of the technology for these processes is
present.y avalilable or under development and only requires an
attractive market to stimulate its use.
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6.5.5 Alternative Disposal Technology

Besides reclamation methods mentioned in the previous sections,
solvents can be disposed of by several other routes: landfill,
deep well 1njoction, incineratior and waterways [39,81}. Sol-
vents can also be colliected and disposed by off-site disposal
service. Table 77 indicates the percent of plants and the quan-
tity of sclvent using various disposal routes [39]. It 1s shown
in the table that the largest quantity of solvents goes to the
reclaimer. However, Table 77 only represents 35 percent of the
solvents used in the metal finishing industry. The major amount

of solvents used seem to be either lost in the process or just
illegally dumped [39].

TABLE 77. QUANTITY OF SOLVENT BY DISPOSAL ROUTES [39]

Solvent disposed

Disposal Percent of Gallon/month Gallon/year Average gallon/year

route plants (x 103) (x 10%) per plant
Incineration 2 8 96 251
Waterways 13 112 1,344 504
Landfill 18 135 1,620 341
Disposal service 39 547 6,564 822
Reclaimer 21 904 10.848 2,509

6.5.5.1 Landfill--

The hazardous waste landfill may be used for ultimate disposal of
any hazardous solvent wastes emanating from operation and treat-
ment facilities. A more detailed description for landfill opera- -
tions is provided in Section 6.1.5.

Major emissions from landfill operations are sometimes ccmprised
of fugitive hydrocarbons resulting from vaporization and evapora-
tion of solvent wastes. Solvents buried in drums will have a much
slower evaporation rate. However, it is believed this method is
rarely used due to the economics.

Methods have been developed to modify landfills to make them ac-
ceptable for rececipt of chemical wastes. These operations provide
for protection of the surface and subsurface waters by location

to avoid these waters. Barriers and collection devices may be
employed 1f there 1s potential for leaching or percolation to
groundwaters. Liners are sometimes used to keep leachate from
entering groundwaters. Landfills should be sited to take advan-
tage of geological factors. Cover material can also be utilized
to eliminate evaporation and infiltration of water.

¥
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According to EPA regulations, ligquid waste cannot be landfilled
unless 1t 1s "solidified." Solidification of a 55-gallon drum of
100 percent liquid solvent waste by some absorbent results in about
two drums of material. <Commercially, the landfill disposgl charge
is in the range of $190 to $230 per drum of liquid waste. Due to
higher cost, most strict regulations and major environmental threats
of leaching/run-off and odor, landfill of most hazardous organic
wastes will not be technically attractive. The method wil. norm-
ally be selected only if other methods are not suitable.

6.5.5.2 Incineration--

Incineration 1s the control technology most universally applicable
to sources of wvolatile organics. Because of its need for supple-
mental fuel [133], inci~=ration is most useful when the heat devel-
oped during combustion can be recovered and used to offset other
plant energy needs. A description, together with regulations and
costs for incineration are provided in Section 6.2.3. Although
incineration can be extremely effective in destroying certain types
of wastes, it 1is important to recognize that the cost of incinera-
tion for wastes can vary widely. The cost primarily depends on the
type and concentration of organics and the type of facility required
to handle the waste. Table 78 gives disposal charges for some
organic wastes by incineration. Transporation costs are not in-
cluded in the table.

Obviously, the disposal charge for halogenated compounds is much
higher than that for other compounds. Also, wastes which are -hard
to handle or have low heat contents would increase the charge.

Generally speaking, incineration of organic solvents is technic-
ally viable and environmentally desirable, but the high unit costs
will cause industry to prefer to utilize other less costly alter-
natives if they are acceptable to regulatory agencies.

6.5.5.3 Deep-Well Injection-=-

Deep-well disposal i1s a mechod for disposing of solvent wastes by
injection into the earth. The prime consideration i1s the geology
and hydrology of the area where the deep-well injection plant 1s
located. Injection can pollute groundwaters unless site selection,
construction, and operation are controlled. If the area 1s un-
covered, evaporation occurs and hydrocarbon emission results.

Emissions from deep wells probably occur through the well casing,
through the injection tubing, and out the wellhead facilities.
Corrosion of the casing can cause leaks through the system where
gases can emanate through the porous strata. Earthquakes or lat-
eral strata movement to abandoned oil/water drill areas can alse
release emissions. However, emissions from deep-well disposal
units are considered negligible when the proper type of well ais
utilized.

aPersonal communication with Robert Ross & Sons, Inc.
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TABLE 78. DISFOSAL CHARGES OF ORGANIC WASTE BY INCINERATION?

Disposal charge,
$55-gallon drum

Designation Percent b
number Wastes of contents  Reqular Side-door
7188 Apracot pit oil 90 - 100 25.75 52.45
7189 Phenol 100 63.95
7187 p-cresol acetate 100 19.10 32.45/15
gal drum
8065 Thionyl chloride 100 276.55
5620 Motor oil 40 28.75 51.75
Acetone 40
Methanol 11
Toluene 4
5624 1,2-Dichlorobenzene 65 111.50 138.20
5626 Ethylene dichloride 80 111.50 138.20
2638 Ethyl benzene 95 - 100 23.00 46.00
2641 Hexane 75 - 90 23.00 46.00
2642 Tolucne 90 - 100 17.25 40.25
2644 Toluzne 95 - 100 58.10
- Thionyl chloride . -0 -5
48983 Methylene chloride 90 129.95 152.95
Still bovtoms (residual
dimethyl chlorade) 10
4894 Methylene chloride 98 135.05 158.05
Still bottoms (residual 2
dimethyl chloride)
4998 Methanol 85 23.60 46.00
Chlorobenzene 15
5000 Ethylene acetate 93 17.25 40.25
a

b"side-Docr" Method of Incineration will be used when the viscosity of the
waste is such that 1t will not pour from the drum or when hazard warrants.
Because "Side-Door" Incineration requires a much longer processing time,
drums of waste that require "Side-Door" Incineration will be scheduled for
delivery/pick-up on a limited quantity basis.

The dispesal charge of deep well injection for waste solvent is

in the range of $15 to $40 per metric ton (6-~15¢/gal) assuming it
is comparable to the disposal charge for o1l wastewater [85].
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6.5.4 Waterwavs [151,152]

Dilute wastewaters are sometimes discharged in a receiving lake,
river, estray or ocean after appropriate treatment. Surface
discharge via a pipe c¢r ditch leading to the shoreline is the
least expensive approach. Submerged discharge devices 1include:
open-~end pipes, nozzle-end pipes, diffuser systems consisting of
a closed-end pipe with slots on holes along it, and split dis-
charges through a branched-pipe system.

The location of the discharge point and type of dispersion mechanism
are of importance in protecting water users and avoiding unsightly
conditions. A properly designed subsurface dispersion system can
allow the full assimilative capacity of the receiving body to be
utilized. Treatment requirement can thus be lowered.

Discharge devices are installed to protect against shoreline con-
tamination, o1l slicks, and fog formation, and to protect plant
intake water. The design of a dispersion system is dependent upon
the uses of the receiving water body, location of nearby intakes,
flow and turbulent nature of waterways, and physical/chemical ef-
fluent and stream characteristics. Although the least expensave
disposal method, waterway disposal is not widely practiced because
of its potential for violating the Clean Water Act and other
regulations.

6.6 DISPOSAL AND RECLAMATION OF PAINTS
6.6.1 Disposal Methods

The paint application method with the biggest impact on the amount
of paint wastes generated by metal coating processes 1s spray coat-
ing. Spray coating, as discussed in Section 5, 1is used oy 60 per-
cent of the industry and accounts for 90 percent of the waste paint
generated. This is estimated to be between 103,500 and 194,400
metric ton/year (112,500 and 216,000 ton/year). This waste 1s not
listed specifically as a hazardous waste according to the Resource
Conservation and Recovery Act (RCRA) but it should be tested for
hazard potential according to the RCRA procedures before disposal.
As discussed in Section 5, the variety of materials used in paints

make some paint wastes potentially hazardous while others may not
be hazardous.

The information available indicates that landfilling is the prin-
cipal paint waste disposal method. One survey [46] indicates that
13 plants contacted landfilled their paint wastes. The hazardous

[151] Ress, R. D. Industrial waste disposal. New York, Reinhold
Book Corporation, 1968. 340 p.

[152) Diffusion of effluents into receiving waters. Manual on
disposal of refinery wastes, Volume 1. New York, American
Petroleum Institute, 1963.
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I

or nonhazardous nature of the waste (based on RCRA tests) decides
whether the waste can be disposed ¢f in a sanitary landfill or a
secured landfill, respectavely.

It is possible for this waste to be incinerated. This is not com-
monly done, however. This 1s mostly due to the increased cost of
incineration plus landfilling versus landfilling alone. One source
[18]) provided estimates of typical costs. A cost of $10/metric

ton (wet) 1s given ([$13/metric ton (dry)] for sanitary landfilling.
For incineration plus sanitary landfilling of the ash, the cost
increased to $51/metric ton (wet) [$67/metric ton (dry)]. The

next best step, which would be incineration plus disposal of the
ash in a secure landfill, increases. the cost slightly to $54/metric
ton (wet) [$71/metraic ton (dry)]}. Since incineration reduces the
waste to an innocuous ash, this third alternative is not practiced,
according to the literature. The second method is not commonly
practiced, either. The survey that indicated that all of the 13
plants landfilled their wastes also indicated that 2 of those

plants sent some (no amount given) of their coating wastes to an
incinerator first.

6.6.2 Reclamatiqg

Reclamation of paint waste is not commonly practiced. There is,
however, an existing process for converting waste paint to origi-
nal quality product [153). Based on the knowledge of this com-
pany, 1t is the only one in existance today. It handles wastes
from two automotive assembly plants. The process has a capacity
of 1,000 gal/day (20, 55-gal drums/day). This process is specifi-
cally designed to handle overspray paint waste from spray coating
operations. Because overspray is essentially still the virgin
paint, 1t is more amenable to reclaiming (or more correctly re-
cycling). This process does not handle scrapings or other dried
waste paint. It 1s also sensitive to contamination. Care must
be taken to ensure that the paint 1s not contaminated by oils,
greases, soaps, silicones, asphaltic sealers, vinyl compounds,
latexes or paint strippers. For example, excessive quantities of
highly alkaline wash water compounds may dechromatize sensitive
colors such as iron blues, chrome greens, moly-oranges, and some
organic reds. Acid conditions must also be avoided. A ccmpound

(such as clay) should be used to keep the solution as close to
neutral as possaible.

The overspray is collected by a vertical wash water curtain. The
wash water is chemically treated prior to spraying by adding a
flocculating agent. The flocculants are of three general classes.
They are sodium or potassium hydroxides or alkaline salts, suit-
able polyelectrolytes (such as polyvacrylamides, some proteins and

[153]) Telephone communications with Robert A. Thomas, President,
Clyde Paint and Supply Company, Inc., Clyde, Ohio.
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polysaccharides) and varinus kaolinites and bentonites. The over-
spray is flocculated as 1t hits the wash water and 1s collected

in a tank under the spray booth. The paint forms a layer on top
of the water. This layer is skimmed ~ff either manually or me-
chanically and put into 55-gallon drums. The drums are sent to
the reclaimer [154].

The sludge has a very thick, dough-like consistency. A prelimi-
nary mixing step using dough-type mixers 1s performed to make the
sludge easier to work with. Large particulates are removed throucgh
a rough straining operation. The particulates are removed because
they will not accept solvent. The amount of particulates depends
on the waste. Solvent is then mixed into the sludge to bring it
to a paint viscosity. The solvent blend used depends on what the
original product specifications were. The solvent/sludge mixture
is then dehydrdted by vacuum distillation. The solvent-to-water
lost ratio 1s about 7 gallons solvent/l gellonm water. The solvent
is refluxed back into the kettle. After dehydration, the mixture
is allowed to coocl. The desired viscosity it achieved by adding
the correct solvents and additives. These are determined by the
original paint composition. The mixture 1s then filtered and
centrifuged to remove any particulate contamimpants. The final
product should meet the physical standards of the original paint.
The product is filled into drums for shipping or storage.

The most recent (1971) cost figqures indicate a cost savings of
$0.50 to $1.5) per gallon delivered to Lhe customer.

6.6.3 Conclusions and Recommendations

The biggest contributor of waste paint is the spray coating oper-
ation. Almost all of this waste 1s disposed of directly into
landfills. Very little is incinerated prior te landfilling. This
waste paint can be reclaimed and a process for this exists. How-
ever, there is apparently little interest at this time in reclaim-
ing the waste. This is due to the apparent ease with which the
waste can be landfilled and the fact that only one small reclaiming
operation exists.

It is quite possible that this is not a significant problem.

Since RCRA has mechanisms to determine the hazardous nature of “
wastes, this will help to ensure that wastes get proper disposal.

Further study could be done on determining how much of the paint

waste 1s actually hazardous.

Since a reclamation process exists, this may deserve further inves-
tigation. A study of the economic advantages of reclaiming may
also be of iniesest.

{154] Lapointe, A. J. Quality coatings derived from overspray
solid wastes. First international antipollution coating
seminar; 1971 December 14; Chicago. Chemical Coaters
Association.
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APPENDIX A

OIL COMPOSITION DATA

Composition data for new (raw material) and waste straight oils,
emulsified oils, and synthetic fluids are listed in this appendix.
Raw material data are listed first (Table A-1) followed by waste
data (Table A-2). Data are presented in seguence of straight oils
emulsified oi1ls, and synthetic fluids for both the raw materials
and wastes. Also, raw materials applications and thear physical
properties, and the type of metal working operation generating the
waste are i1dentified wherever they are known.

Data were scrutinized and assigned a data quality rating based

on an A-B-C qguality system. Data with an "A" gquality are those
found to have been sampled and analyzed with some QA/QC protocol
attached; e.g., demonstrated ccmparison with analytical standards,
use of splits, blanks, etc. YB" quality 1s assigned to data with
documented sampling and analysis procedures but no evidence of
QA/GC. "C" qualaity data are those values for which no documenta-
tion has been provided and/or the accuracy is undeterminable.
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TABLE A-1. METAL WORKING OIl, COMPOSITION DATA
Material Composition
- Weight Data
Process or materidyl description Coaponent percent Physical characterastics __qualaity
Cuttaing o011, petroleum base Petroleum hydrocarbons 97 specific gravity: 0.912 C
cutting oil, petroleum base, Mineral oils 84 Specific gravity- 0.898 B8
fatty o011 Ethylene-propylene copolymer 2 Insoluble 1in water
Laird oil 8 Flash point: 182°C (360°F)
Di-tertiary-nonyl-polysulfide 4
Chlorinated paraffain
Odorant (16 ppm)
Cutting oil, sulfurized Mineral o1l base Flash point: 177°C (350°F) (o
mineral-lard o1l Fatty oil 6
Sulfur 1.96 Pour point: =-23°C (-10°F)
Cutting o1l, sulfurized Mineral oil base Flash point: 171°C (340°F) [
mineral-lard oil Fatty o1l 6
Sulfur 1.99 Pour point: «34°C (-30°F)
Soluble metal working otl, Petroleum 04l Specific gqravity: 0.99 [«
petroleum baped Chlorinate§ wex Water-soluble
. Enulsifiers
Odorants
Dye
Soluble oil, petroleum basc.d; Petroleum base oil 50 Specific gravity: 0.9340 to 0.9557 [
for machining and grinding Chlorinated paraffin 7-10
Keroscne 10 Volatiles, volume percent: 10-15
Rust protective, cil-based Petroleum hydrocarbons NA . C
Petroleum sulfonates
Petroleum oxidates
Rust protective, asphalt-based Limestone 65 Flammable liquid B
Asphalt 18 Boiling point: 123°C (253°F)
Naphtha 15 Vapor pressure @ 868 mm Hg: 2.0
Asbeston 2 Vapor c¢ensity (Air = 1): 3.1
Percent volatile by volume, X: 25
Solubility in water: O
Rust-proofing compound, Petroleum naphtha >10 [
cil-based Mineral sparits >10
Methylere chloraide >10
Synthetic metal working fiuid, pR (5% emulsion): 9.0 c
heavy duty for stainless Synthetic base fluids Yeight, 1b/gal: 8.4
steels and hardened tool Proprretary grinding aids 20 wWater-soluble
steels, grinding, belt Chlorine B8 Recommended dilution: 20:1 to 100:1
grainding and machining Sul fur 2

{continued)



2L

TABLE A-1 (continued)

Matetial Composition

Data
Process or material description Component Physical characturjstics quality
Synthetic metal working fluid, Synthetic base fluids pH, concentrate: 9.9 (o
noderate duty machining and Chlorine/chloride pH, 1:40 dilution: 8.9
grinding fluid for cast iron, Sul fur . weight, lb/gal: 8.35
steel, copper, and aluminum water-gsoluble
alloys Recommended dilution: 20:1 to 50:1
Coolant, synthetic lubricant Synthetic fluid Water-soluble [
for machining or granding Alkaline liquad pH: 10.5-10.9
Water Lase Biodegradable
Bactericide Recommended dilution: 6:1 to 25:1
Coolant, synth.tic lubricant Synthetic base fluid Water-soluble [of
for machinang, grinding and Tertiary amine Biodegradable -
drillang Fatty acad Recommended dilution: 10:1 to 40:1
Chelating agent
Bactericide
Oxidizing salt
Cutting fluid, synthetic Synthetic Lase fluid, wWater-soluble [of
for grinding, machining, and proprietary~formulation pH: 8.9-9.1
drilling Biodegradalde
Recommended dilutjon: 20:1 to 50:1
Specific gravity: 1.0428
Weight, 1lb/gal: 8.69
Forming lubricant for sateel, Mineral oil Appearance: clear, dark ofl (o}
tin-plate, and non-ferrous Polyglycol Boi1ling point: 600°-680°F
metal cans Chlorinated esters Flash point: 310°F (C.O0.C.)
Petroleum sulfonate Fire point: 340°F (C.0.C.)
Amine soaps Specific gravity: ©0.960 t 0.005
pH of 5-10X dilution: 6.8 £ 0.5
Vapor pressure @ >60 mm Hg: 0.005
Viscosity at 100°F: 750 sec (S.U.V.)
Pour point: less than O°F
Pounds/gallon at 60°F: 8.25 t 0.05
Solubility 1in water
Recommended dilution: 1:10 to 1:20.
Quench oil Fauloified oil Specific gravity: 1.07 (o

Morpholine
Sodium nitrite

Soluble 1n water

Recommended dilution: 1:3 to 1:20

Appearance: cloudy yellow fluid
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TABLE A-2. WASTE OIL COMPOSITION DATA

Data
Process and/or waste description Waste compositiona quality
One month old cutting oil A.P.1. gravity 22.0 B
’ Ash content, % 0.16
Carbon residue, % 2.2
Pour point, °F -25
Flash point, °F 380
Fire point, °F 405
Heat of combustion, Btu/lb 17,800
Viscosity, SUS @ 100°F 196.3
Viscosity, SUS @ 210°F 31.8
Ssulfur, % 0.3
Silver, mg/L 0.0
Sodium, mg/L 180
Zinc, mg/L 12
Copper, mg/L 150
Aluminum, mg/L 33
Barium, mg/L 120
Nickel, mg/L 5
Chromium, mqg/L 28
Calcium, mg/L 1,900
Iron, mg/L 520
Silicon, mg/L 90
Tin, mg/L 21
Lead, mg/L 15
Phosphorus, mg/L 150
Boron, mg/L 120
Magnesium, mg/L 42
Vanadium, mg/L 8
Molybdenum, mg/L 7
Manganese, mg/L 17
Cadmium, mg/L 3

Txganium, mg/L 0

(continued)
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TABLE A-2 (continued)

Data
Process and/or waste description Waste compositiona quality
Hachine tool cutting lubricants Petroleum oil, % 80 B
and cooling oil from lathes, Wate:, % 20
drill presses, milling machines, Volatile materials at 100°C, % 33
grinders, and screw machines Non-volatile materials, $ 67
Mon-combustible materials at 650°C, % 0.1
Lead, mg/L 21.3
Zinc, mg/L 13.6
Nickel, mg/L <0.01
Copper, mg/L 12.7
Cadmium, mg/L <0.01
Chromium, mg/L <0.01
Perchloroethylene, mg/L 50-100
[ ]
;3 Yaste machine 6il and cleaner Machine oil, % 70
. Trichloroethylene, % 30
Vaste culting oil Ash content, % 0.05 B
Carbon residue, $ 0.1
Pour point, °F +5
Flash point, °F 270
Fire point, °F 200
Heat of combustion, Btu/lb 20,000
Visceosity, SUS @ 1Q0°F 27.4
Viscosity, SUS @ 210°F 10.3
Acid, mg KOH/g 0.3
sulfur, % 0.3
Silver, mg/L 0.0
Sodium, mg/L 1
Zinc, mg/L 190
Copper, mg/L 12

(continued)



TABLL A-2 (continued)

. Data
Process and/or waste description Waste composztiona quality

Waste cutting oil (continued) Aluminum, mg/L 3
Barium, mg/L .7

Nickel, mg/L 0.
Chromium, mg/L 1
Calcaum, mg/L 82
Iron, mg/L 18
Silicon, mg/L 2
Tin, mg/L 8
Lead, mg/t. a

Thorphorus, mysl, 15 .

Boron, ma/l (VI
Magnesium, myg/L 1
Vanadiuvn, myg/L Q
Holybddenum, mg/L 1
Hanganese, mg/l, b
Cadmiwn, mg/l 5
Titaniwn, mg/L (]

Waste cutting o:l and coolant . Bilayered liquid B

Total solids, % 5
Dissolved solids, % <1
pit 7.6
Flash point (organic phase), °F 102
Cloced cup (aqueous phase), °F 162
Btu per 1b, organic phase 16,550
Btu per lb, aqueous phase 20

Ash, § R 3

Kerosene, % 0.4 o -

Light lube oils, $ 5
Heavy lube oils, % - 30
10

Trichlotoethylene, $

{(continned)
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TABLE A-2 (continued)

Data

Process and/or waste description Waste compositiona quality
Waste cutting oil and coolant Silver, mg/L 30
(continued) Arsenic, mg/L <0.01
Cadmium, mg/L 4.2
Chresium, mg/L 520
Copper, mg/L 96
Nickel, mg/L 300
Lead, mg/L 3,500
Zinc, mg/L 43
Antimony, mg/L <0.01
Total cyanide, % 0.02
Free cyanide, % <0.02
Sulfide, % 3.2
Bisulfite, % - <4.0
Sulfite, % 4.0

Waste oil from machine lubrication in pH 6.8 B

the manufacturing of cold formed 0il, % 99
parts Lead, mg/L 114
Zinc, mg/L 324
Nickel, mg/L 4.0
Copper, ma/L 41.8
Beryllium, mg/L 6.5
Cadmium, mg/L 0.17
Chromium, mg/L 2.5
Mercury, mg/L ) <0.1
Arsenic, mg/L <0.1
Phosphorus, mg/L 190
Sulfur, mg/L 875
Cyanide, mg/L 0.5
Phenols, mg/L 0.96
PCB, mg/L <0.5
Noncombustible ash, % 0.88

(continued)
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TABLE A-2 (continued)

Data
Process and/or waste description Waste compositiona gquality
High Low Average
Waste cutting cil from roll presses, Water, % 59 28.7 33.6 B
punch presses, etc. 0il, % 66.4 4, 66.4
Copper, mg/L 3.5 2.1 2.9
Zinc, mg/L 5.2 10.6 6.4
Nickel, mg/L 0.3 1.5 0.8
Chrome, mg/L 4.3 10.6 6.6
Waste lubricating and cutting oils oil, % 70-100 c
from machining operations Water, % 0-30
Solids, % 0-5
Zinc, mg/L (maximum) 75
Phosphorus, mg/L (maximum) 2,187
Phenolic antioxidant, mg/L (maximum) 10,000
Phosphate ester additive, mg/L (maximum) 2,600
Sulfur, mg/L (maximum) 6,000
Chlorine, mg/L (maximum) 21,000
Tricresyl phosphate, mg/L (maximum) 26,000
(2,6-di-tert-butylphenol)
4,4'-methylenebis, mg/L (maximum) 10,000
Machining fluid waste Oils, % 97.4
Solids, % 1.6
Solvent (aliphatic), % 1.0 -
Lead, mg/L ¢ 01
Zinc, mg/L 1.2
Nickel, mg/L 0.12
Copper, mg/L 0.08

-t

(zontinued)
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TABLE A~2 (continued)

Data
Process and/or waste description Waste compositiona quality

Machining fluid waste (continued) Beryllium, mg/L 0.002
Cadmium, mg/L 0.22
Chromium, mg/L 0.24
Mercury, mg/L 0.001
Chlorine, mg/L 800
Bromine, mg/L 8
Phosphorus, mg/L 41.6
Sulfur, mg/L 3,800
PCB, mg/L 6.9
Phenols, pg/L 4.5

0il and chlorinated solvent waste Cutting oil, % 25-65 C
and waste from metal stamping Yetroleum oil, % 10-15
operation Perchloroethylene, % 15-25
Forsnic acid, % 5

Waste drawing oil from punch press A.P.I. gravity 25.8 B
Pour point, °F +20
Heat of combustion, Btu/lb 19,400
Viscosity, 3US @ 100°F 1546.1
Viscosity, SUS @ 210°F 126 .4
Acid, mg KOH/g 0.4
Sulfur, % 0.%
Silver, mg/L 0.0
Sodium, mg/L 12
Z2inc, mg/L 200
Topper, mg/L 3
S LamiTwm, mg/L 3
Bai aum, mg/L 220
Nickel, mg/L 0

(continued)
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TABLE A-2 (continued)

Data
Process anc/or wvaste description Vaste compo:.itiona . quality

Waste drawing oil from punch press Chromium, mg/L 5
{continued) Calcium, mg/L 38
Iron, mg/L 6
Silicon, mg/L 2
Tin, mg/L 7
Lead, mg/L 4
Phosphorus, mg/L S8
Boron, mg/L 0
Magnesium, mg/L 1
Vanadium, mg/L 6
Molybdenum, ing/L 1
Mznganese, mg/L 3
Cadmium, mg/L 4
Titanium, mg/L 0

Spent drawing solution from aluminum Mineral oil, % 68 c
wire operation Tallow oil, % 17
Aluminum fines, % 15

Quench oil Naphthalene based oil, % 10-90 (of
Water, % 10-90
Organic solids, % 10-30

Sludge from quench oil tank Paraffinic oil, % 30-50 C
Water, % 10-20
Carbon scale, rust, dirt, % 40-60

Waste enulsified oil A.P.1. gravity 2.1 B
Viscosity, SUS @ 100°F 229.0
Viscosity, SUS @ 210°F 83.9

(continued)
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TABLE A-2 (continued)

Data
Process and/or waste description Waste compositiona quality
Waste emulisified oil (continued) Sulfur, % 0.1
Silver, mg/L 0.0
Sodium, mg/L 400
Zinc, mg/L 160
Copper, mg/L 15
Aluminum, mg/L 39
Nickel, mg/L 4
Chromium, mg/L 7
Calcium, mg/L 0
Iron, mg/L 18
Silicon, mg/L 22
Tin, mg/L 140
Lead mg/L 50
Phosghorus, mg/L 270
Boron, mg'L 2
Magnesium, mg/L 11
Vanadium, mg/L 7
Molybdenum, mg/L 16
Manganese, mg/L 20
Cadmium, mg/L 21
Titanium, mg/L 21
Emulsified oil from a steel mill 0il, % 0.51 A
Water, % 99.49
0il phase analysis
Hydrocarbon »il, % 79.56
Polar additives, % 20.44

Polar additives consist of a mixture containing petroleum
unidates (i.e., oxidized petroleum fraction) and petrole-
um sulforates (i.e., alkyl acrylsulfonate salts)

(continued)
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TABLE A-2 (continued)

Data
Process and/or waste description Waste compositiona quality
Machine coolant 0il, % 20 C
Water, % 80
Emulsified oil used as a metal work- Metals B
ing fluid in aluminum can manufac- Cu, ppm 39
tu: ‘ng plant Co, ppm 11
Ni, ppm 100
Pb Not detectable
Sb Not detectable
Hg Not detectable
As Not detectable
cd Not detectable
Cr Not detectabie
Solids, % 57
Volatile organics Less than 100 ppb
Pesticides and PCB's Less than 100 ppb
Base/Neutrals Less than 100 ppb
Acid extractables Less than 100 ppb
Emulsified oil from machining and 0il, % 2 B
grinding Water, % 98
0il phase composition
Chlorinated paraffin, % 7-10
Kerosene, % 10
0il, % 50

LY

(continued)
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TABLE A-2 {cor+tinued)

Data
Process and/or waste description Waste compositiona quality
Emulsified oil from aluminum can Food based o0il, % 8 C
manufacturing plant Water, % 91
Aluminum fines, % 1
Spent emulsified oil from cold roll-~ pH 6.7 B
ing of strip and sheet steel from BODg, mg/L 3,250
a specialty steel plant COoD, mg/L 18,000
0il and grease, mg/L 7,200
TOC, mg/L 5,200
Dissolved solids, mg/L 1,600
Suspended solids, mg/L 590
Volatile solids, mg/L 1,800
Total solids, mg/L 2,190
Methylene blue activated
substances,. mg/L 180
Wastewater soluble grinding coolant Water, % 88.5 Cc
and oil based rust proofing Cimcool Five Star 40, % 2.7
materials No. 2 fuel oil, % .2
Oakite 117, % 3.3
Oakite special protective o0il, % 3.3
Cimcool Five Star 40 components
Cadmium, % <0.0001
Chromium, % <0.0005
Lead, % <0.0005
Nickel, % <0.0005
Zinc, % <0.0001

(continued)
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Process and/or waste description

... a
Waste composition

Data
quality

Wastewater soluble grinding coolant
and oil-based, rust-proofing
materials (continued)

Wastewater soluble oil

»

Oakite 117 components
Mineral spirits, %
Petroleum naphtha, %

Methylene chloride, %

Oakite special protective o0il components

Petroleum hydrocarbons,
Petroleum sulfonates, %
Petroleum oxidates, %

pH
Water, %
Petroleum oil, %
Soap, %

Biocide, %
Lead, mg/L

Zinc, mg/L

Nickel, mg/L

Copper, mg/L

Mercury, mg/L

Beryllium, mg/i

Cadmium, my/L

Trivalent chromium, mg/L
Arsenic, mg/L
Phosphorous, ng/L
Sulfur, mg/L

Cyanide, mg/L

Phenols, ng/L

PCB, mg/L

Noncombustible asa, %

>10
>10
>10

>10
<10
<10

8.1
78
16

73.9
1,110
7.5
44
<0.1
7.5
<0.1
14
<0.1
25

83
1.05
5.7
0.64
0.835

{continued)
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TABLE A~2 {(con L...Llu.u:d)

Data
Process and/or waste description Waste compositiona quality

Machining fluid waste (em:lsified Water, % 64 B
oil) Solids, % 15
0il, % 21
Noncombustible ash, % 6.8
Lead, mg/L 0.02
Zinc, mg/L 8.7
Nickel, mg/L 2.1
Copper, mg/L 0.9
Beryllium, mg/L 0.008
Cadmium, mg/L 0.12
Chromium, mg/L 0.10
Chlorine, mg/L 1,100
Bromine, mg/L 12
Phosphorus, mg/L 0.8
Sulfur, mg/L 2,100
PCB, mg/L 24.3
Phenols, pg/L Z 8
Aromatic solvent, mg/L 21.2
Aliphatic solvent, mg/L 59.0

Oily waste generated from the machin- Ammonia, % 0.0040 B
ing of metal parts n-Butyl acetate, % <0.0013
Copper, % 0.00075
Formaldehyde, % <0.01
Formic acid, % <0.01
Hydrochloric acid, % 0.02
Methylene chloride, % <0.0044
Nickel, % 0.00014
0il and grease, % 31.4
Perchloroethylene, % 0.0447

. {(continued)
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TABLE A-2 (continued)

Data
Process and/or waste description Waste compositiona quality
Oily waste generated from the machin-  Polychlorinated biphenyls, % <0.005
ing of metal parts (continued) Sodium hydroxide, % 0.045
Sodium metasilicate (as total
silica), % <0.001
Sulfuric acid, $% 0.73
Toluene, % <0.0013
Trichloroethylene, % <0.0052
Xylene (total), % <0.0028
Emulsified oil coolant from machine pH 7.9 B
shop 0il, % 2
water, % 98
Lead, mg/L 2.0
Zinc, mg/L 7.13
Nickel, mg/L <0.03
Copper, mg/L 0.25
Cadmium, mg/L <0.03
Chromium, mg/L 0.95
Phosphorus, mg/L 590
Spent water soluble oil from tapping, Yater soluble mineral oil, $% 5-100 C
roll mill, etc., operations Water, % 0-95
Iron and aluminum fines, % 0-2
Spent can forming lubricant Quakerol #539, % 5 c
Water. % 95

Quakerol #539 is composed of amine socap, polyglycol, min-
eral oil, and petroleum sulfonate chlorinated ester

(continued)
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TABLE A-2 (continued)

Data
Process and/or waste description Waste composition® quality
0ily waste generated from the machin-  Ammonia, mg/L 12 B
ing of metal parts n-Butyl acetate, mg/L 0.42
Copper, mg/L 2.7
Formaldehyde, mg/L 100
Formic acid, mg/L 100
Free isocyanate, mg/L
Hydrochloric acid, mg/L 1,800
Methylene chloride, mg/L 1.4
Naphtha, mg/L
Nickel, mg/L 0.5
0il and grease, % 3.62
Perchloroethylene, mg/L 1.9
Polychlorinated biphenyls, mg/L 1
Sodium hydroxide, mg/L 5,200
Sodium metasilicate (as total
silica), mg/L 10
Sulfuric acid, mg/L 5.100
Toluene, mg/L 0.42
Trichloroethylene, mg/. 1.6
Xylene (total), mg/L 0.84
Waste lubricant from a cold forming Mineral oil and fatty oil, % 10-95 C
operation Lead oleate, % 3-10
Lead, % 2-8
Water Balance
Machine coolant Water, % 70-90 c
Paraffinic oil, % 5-10

{(continued)
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TABLE A-2 (continued)

Datn

Process and/or waste description Waste congggsitiona quality
Emulsified oil from metal grinding 01l and grease (up to), % S B
operation Water (up to), % 97
Total solids, % 1.53
Chlorine, mg/L 570
Phosphorus, mg/L 8.1
Sulfur, mg/L 130
l,l,l-Trichloroe;hane, mg/L 28
Waste coolant and lubricant frcm Flammable liquid c
grinding and machining operaticn Flash point, °F >200
Solids, % 1
Water, % 80
Trim sol, % 2
DuBois C-1575A, % 2
Trim 7030, % 2
Hydraulic oil, % 10
Mineral spirits, % 1
Trim Sol Components
Petroleum o0il, chlorinated wax,
emulsifiers, odorants, and dye
Trim 7030 Components
Mixture of amine and potassium
oleates, borates, and nitrites
DuBois C-1575A Components
Cyclohexanol, % 3
Aromatic petroleum solvent, % 40

(continued)
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TABLE A-2 {(continued)

Data
Process and/or waste description Waste compositiona quality
Waste o0il and coolant from machining pH 8.7 C
operations Solids, % 10
0il, % 0-30
Coolant, % 0-10
Water, % 80
Lead, mg/L 0-250
Zinc, mg/L 0-1,500
Nickel, mg/L 0-40
Copper, mg/L 0-5C
Hercury, mg/L <0.0002
Beryllium, mg/L 0-0.02
Cadmium, mg/L 0-4.0
Total chrome, mg/L 0-500
Arsenic, mg/L 0-0.05
Sulfur, mg/L 0-300
Cyanide, mg/L 0-1.0
Water gsoluble die spray hydraulic oil pH 5.1 B
0il, % 76
Water, % 24
Ash, wng/L 538
Cadmium, my/L 2.5
Chromium, mg/L 0.08
Copper, mg/L 9.3
Lead, mg/L 0.55
Nickel, mg/L 0.39 -
Zinc, mg/L 0.83
Chloroform, mg/L 22
Spent oil from die casting machines Mineral oil, % 65-69 Cc
Water, % 31-35
Iron, % 0-2
(continued)



TABLE A-2 (continued)

Data
Process and/or waste description Waste compositiona quality
0il, grease, and water from die cast- 0il and grease, % 30-40 o
ing process Water, % 60-70
Emulsifier Completely water-soluble B
pH 6.83
BODg, mg/L 32,955
coD, mg/L >900,000
Iron, mg/L ) 6.88
Nickel, mg/L 1.2
Potassium, mg/L 8.3
Chromium, mg/L <0.01
Cobalt, mg/L <0.01
Ash, % : 0.01
®
© Rustproofing oil 0il, % 20 C
Water, % 89
0il phase composition
Paraffinic oil, % 55-65
Sulfonated petroleum hydrocarbons, % 5-15
Butyl cellogolve, % 5-10
Oxidized hydrocarbonsg, % 20-30
Hachine cutting fluid Petrochem 130, % 5 B
Water, % 95

[

Petrochem 13, composition: soft water, sodium nitrite,
triethanol« nine, diethylene glycol, butyl carbitol,
Petronate L, Acintol D20LR

(continued)
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TABLE A-2 (continued)

Data
Process and/or waste description Waste compositiona quality
Chemical coolant pPH 9.0 c
Amine borates, % >10
Sodium nitrite, % >10
Glycol, % 1-10
Water, % >10
Non-ionic surfactants, % 1-10
Waste machining oil Mineral oil, % 45
Ethylene glycol, % 45
Sulfonate, % 5
Acrylate copolymer, % 4
Lead, mg/L 51
Zinc, mg/L 150
Nickel, mg/L 1.2
Copper, mg/L 5.9
Cadmium, mg/L 0.72
Chromium, mg/L 1.2
Mercury, mg/L 0.32
Chlorine, mg/L 220
Heat treating quench solution Water, % 90 B
Polyacrylate, % 10

(Aque-Quench 120 from E. F. Houghton

and Company)

3pata are reported as found in State files.

Percentages given are by volume or weight are not known.:



APPENDIX B

SOLVENT DESCRIPTION AND COMPOSITION DATA

Composition data for new (raw material) and waste degreasing
solvents are listed in this appendix. Brief descriptions of
degreasing solvents and composition data for solvents and
hydrocarbon stabilizers are listed first (Tables B-1 through B-3)
followed by waste composition data (Table B-4). Also, raw mate-
rial applications and the type of operation generating the waste
are identified whecrever they are known.

Data were scrutinized and assigned a data quality rating based

on an A-B-C quality system. Data with an "A" quality are those
found to have been sampled ~.ud analyzed with some QA/QC protocol
attached; e.g., demonstrated comparison with analytical standards,
use of splits, blanks, etc. "B" guality is assigned to data with
documented sampling and analysis procedures but no evidence of
RA/QC. M"C" quality data are these values for vhich no documenta-
tion has been provided and/or the accuracy is undeterminable.

291
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TABLE B-1. DEGREASING SCLVENTS

Compound Characterization and applicationsa
Halogenated Solvents
Trichloroethylene Trichloroethylene (C1CH=CCl,) is a stable, color-

less liquid with a chloroform-like odor. 1t
has been used because of its high solvency
power and its low cost. For 1976, trichloro-
ethylene sold for $0.435/kg.

Trichloroethylene can be vaporized with low-pressure
(135.7 kPa to 204.6 kPa) steam because of its low
boiling point (87.2°C). Stabilized trichloro-
ethylene is used for degreasing applications.

Fluorocarbons In addition to trichlorotrifluoroethane, trichloro-
. fluoromethane and tetrachlorodifluoroethane are

also used in solvent cleaning processes on a
small, specialized scale. All three have high
density (1.5 times that of water), low boiling
point (0°C to 50°C), low viscosity, low surface
tension, and acceptable stability. Fluorocarbons
are principally used as aerosols. Trichloro-
trifluoroethane is alsc used as a soivent in dry-
cleaning operations.

Methylene chloride Methylene chloride (CH,Cl,) is a colorless, vola-
tile liquid. It is a low-volume degreasing
solvent with an estimated annual ccnsumption
of 5.6 x 10* metric tons. Methylene chloride
is the most active of the degreasing solvents
(high solvency power). The low boiling point
requires refrigerated water (12.7°C to 15.5°C)

{continued)



TABLE B-1 (continued)

. . . . a
Compound Characterization and applications

1114

Methylene chloride (continued) on the degreaser condensing coils, and the high
latent heat of vaporization requires removal of
more heat than other solvents. Methylene chlo-
ride is stable under degreasing conditions. In
1976, the cost was estimated to be $0.435/kg.
Fethylene chloride consumption in metal vapor
cegreasing has more than doubled since 1972,
indicating a switch from other solvents such as
-richloroethylene.

1,1,1-Trichloroethane 1,1,1~-Trichloroethane (methyl chloroform (CH3CCl;)
' is a colorless liquid. It is the largest volume

vapor degr=asing solvent, with 1.€8 x 10° metric
tons/yr being consumed. 1,1,1-Trichloroethane
is the degreasing solvent most like trichloro-
ethylene in its degreasing properties. It must
be stabilized for degreasing applications be-
cause it decomposes in the presence of water to
form hydrcchloric and acetic acids. Improperly
stabilized, 1,1,1-trichloroethane can als> de-
compose in the presence of aluminim or magnesium.
Stabilizers for 1,1,1-trichloroethane (0.05 g/
100 g @ 2%°C) require a special s2parator and
dessicant to remove water from the system. The
estimated 1976 cost was $0.467/kg.

Perchloroethylene Perchloroethylene (Cl,C=CCl,) is a colorless
liquid with a chloroform-like odor. It is the
third largest volume vapor degreasing solvent,
with 1.1 x 10° metric tons consumed each year.

(continued)



TABLE B=1 (continued)

Compound

Characterization and applicatlonsa

Perchloroethylene (continued)

Carbon tetrachloride

14°X4

Nonhalogenated Solvents

Acetcne

——

The boiling point (121.1°C) of perchloroethylene
is beneficial for two reasons: (1) it aids in
the removal of high melting waxes and greases
and (2) it allows the solvent to condense on the
work for a longer period of time, thereby giving
a longer cleaning cycle. Perchloroethylene is
also stabilized for degreasing use. In 1976,
the cost was estimated to be $0.377/kg.

Carbon tetrachloride (cCl,) is a heavy, colorless
liquid with an ethereal odor. It is used occa-
sionally as a solvent and diluent, dry cleaning
agent, or degreaser. It is miscible in all
proportions with alcohol, benzene, chloroform,
ether, and petroleum ether. If ingested or in-
haled, it will cause injury depending on the
dose. Death can result from prolonged exposure
to high concentrations. The cost in 1976 was
estimated to be $0.372/kg.

Acetone (CH;COCH,) is a colorless liquid giving off
a fragrant, mintlike odor. Acetone generally is
rated moderately toxic. It is widely used in
industry as a solvent for fats, oils, waxes, _
nitrocellulose, and other cellulose derivations.
The cost in 1976 was estimated to be $0.110/kg.

(continued)
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TABLE B-1 (continued)

Compound

Characterization and applicationsa

Butanol

Methyl ethyl ketone (2-butanone)

Naphthas (petroleum distillates,
Stoddard solvents)

Butyl alcohol (CH;CH,CH,CH,O0H) is a colorless lig-
uid emitting a choking odor resembling that of
isoamyl alcohel. It is used as a solvent in the
manufacture and preparation of various materials
such as airplane dopes, lacquers, and plastics.
In industry, it is used primarily because of
its ability as an extender (making substances
soluble in each other). For example, a mixture
of acetone, butyl alcohol, methyl or ethyl alco-
hol, and methyl ethyl ketone in methylene chlo-
ride is used as a paint stripper. The 1976 cost
of butanol was estimated to be $50.485/kg.

Methyl ethyl ketone (CH3COCH,CH3) is a colorless
li1quid discharging an odor resembling ace‘one.
Methyl ethyl ketone has a slight to moderate
toxicity rating. Maximum allowable concentration
is 250 ppm in air or 735 mg/m3. The estimated
1976 cost was $C.440/kqg.

Petroieum naphthas are composed of aprroximately
65% hydrocarbcns in the five to eight carbon
range, while 35% have nine or more carbon atoms.
They contain approximaicly 2¥ toliene and a max-
imum of 0.5% benzene. Naphthas <onsist of
approximately 10% aromatics, from 20% to 60%
naphthenes, and from 70% to 30% pare“fins, de-
pending on whether the naphtha is low rignitica
ic or high naphthenic.

{continued)
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. . . . a
Compound Characterization and amnlications

962

Toluene Toluene (CgH5CH;) (methylbenzene or toluol) is a
colorless liguid exuding a benzene-like odor.
Its boiling point is 110.4°C and its flash point
is 4.4°C. It is moderately toxic; the maximum
allowable concentration is 200 ppm in air. Tol-
uene is derived from coal tar, and commercial
grades usually contain small amounts of benzene
as an impurity. 1Its cost in 1976 was estimated
to be $0.187/kg. It is used as a solvent for
the extraction of various materials, as a dilu-~
ent in cellulose ethecr lacquers, and in the
manufacture of benzoic acid, benzaldehyde, ex-
plosives, dyes, and other organic compounds.

Hexane Hexane [CH;(CH;)4CH;) is a colorless liquid having
a low toxic hazard rating. Maximum acceptable
concentration is 100 ppm in air and 360 mg/m3 of
air. Its cost in 1976 was estimated to be
$0.167/kg.

Mineral spirits Mineral spirit is also called turpentine substi-
tute, white spirit, or petroluem spirit. It is
a clear, water-white refined hydrocarbon solvent
with a minimum flash point of 21°C. 1Its toxic
hazard rating is considered to be slight to
moderate.

Xylene The xylenes [CgH4(CH;),] are colorless liquids with
toxicity comparable to toluene. The maximum
allowable concentration of xylene is 200 ppm in
air. It is used as a solvent for gums and oils

(continued)



L6T

TABLE B-1 (continued)

Compound

Characterization and applicationsa

Xylene (continued)

Cyclohexane

and in the manufacture of dyes and other organic
substances. The cost of xylene in 1276 was es-
timated at $0.182/kg. It is slightly soluble

in water and is miscible with absolute alcohol
and other common organic solvents.

Cyclohexane (CgH,,), also known as hexahydrobenzene

or hexamethylene, is a colorless mobile liquid
giving off a pungent odor and is moderately
toxic. In high concentrations, it may act as a
narcotic and/or skin irritant. Maximum allow-~
able concentration is 400 mg/m3?® of air. Cyclo-
hexane is a solvent for resins and rubber. It
is also used -as a degreasing agent and a paint
thinner. It is insoluble in water but is com-
pletely miscible with alcohol, ethers, hydro-
carbons, chlorinated hydrocarbons, and most
other orgenic solvents. Its cost was estimated
to be $0.288/kg in 1976.

8Chemical Marketing Reporter.

209(12):46-56, 1976 Scptember 20.



TABLE B-2.

SOLVENT COMPOSITION

Process Physical characteristics
and/or Material composition Volatile
material Weight volume Weight, Flammable Data
description Ingredient percent percent lb/gal liquid quality
Solvent Mineral spirits >10 c
Petroleum naphtha >10
Methylene chloride >10
N Solvent ¥Xylene 31.34 100 7.40 yes
0 Toluene 20.54
@ Ethylene glycol
Ethyl ether acetate 29.55
Isopropyl alcohol 13.27

Ethyl cellosolve

Acetate ester 5.30
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TABLE B~3. STABILIZERS USED IN HALOGENATED HYDROCARBONS

Typical solute Hange of PatentD
concentration, concentration, 'n.v‘ U.5. batent ftanurd
Gtabilizing cumpound Holvent wt o wt § y/m- nunt.er to
Organic mercaptans and dinulfides MC 0.1 3,041,169 Lo ]
(ronyl mercaptan, 2-mercaptoethyl methyl ether,
bis(di-alkoxyphosphinothionyl) disulfide,
bis(l-paperazinylthiocarbonyl) disulfide,
cyclohexyl mercaptan, 2-mercaptoethanol,
2,3-dimercapto-l-propanol, dimethyl disulfide,
di-tert-butyl disulfide, 4,4°-dithiodimorpholine,
2,2'~dithiobis(benzothiazole), dibenzyl
disulfide, decamethylene d:thiol, furfuryl
Mercaptan)
With butylene oxide 0.3 3,641,169 pow
Diakyl sulfoxides MC 0.05 to 6 3,535,392 PPG
(Glycidol (2,3-epoxy-1-propanol), dimethyl
Sulfoxide, J-!methylanino)propionitrile,
3-(dimethylamino)propionitrile,
methylethanolamine, morpholine, acetonitrile,
butylene oxide)
1,3,5-Cycloheptatriene PERC, TCENE 0.05 3,642,645 WCGG
1,3,5-Cycloheptatriene PERC, TCENE 0.1 3,642,645 WCGG
wWith 1-(dimethylamino)propene-2 0.05 3,642,645 WCGG
Dipentene {(terpene) AZR 0.5 3,352,789 ALL
Indene AER 0.30 0.450 3,352,789 ALL
p-Mentha-1,5-diene AER 0.30 3,352,789 ALL
a-Methylstyrene AER 0.30 3,352,789 ALL
Trimethyl orthoformate (TMOF) MC 0.75 0.250 3,564,061 PCPSG '
With nitromethane 0.75 3,564,001 PCPSG '
TMOF MC 0.5 3,564,061 PCPSG
wWith acetonitrile 0.5 0.070 3,564,061 PCPSG
TMOF MC 1.0 3,564,001 PCIEG
wWith trioxano 1.0 3,%04,061 rerLg
THOF MC 0.75 ) ¢ 3,564,061 PCPSG
wWith 1,4-dioxane 0.75 0.180 3,564,061 PCPSG
TMOF MC 0.50 3,564,061 PCPSG
With acetonitrile 0.25% 0.070 3,564,061 PCPSG
And tert-butyl alcohol 2.25 0.300 3,564,061 PCPSG
Sve footuotes at ond of table {(continued) )
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TABLE B-3 (continued)
Typical solute Range of patentd
a concentration, concentration, TLV, U.S. Patent f{rsued
Stabilizing compound Solvent wt wt % q/m3 number to
THOF MC 2.10 3,564,061 PCPSG
With methanol 0.60 0.260 3,564,061 PCPSG
And methylformate 0.30 0.250 3,564,001 PCPSG
Benzotriazole PFRC 0.5 0.1 to 2.5 3,337,471 oW
Oxazole MC 2 1 to 4 3,676,155 UKF
Polyamines (ethylcnediamine, triethylencdiamine, PLRC, TCENE, 0.004 0.001 to 0.02 3,424,805 WCGG
4,4'-ethylenedimorpholine, pyrrole, 1,1'-ethyl-~ CH
enedipiperidine, diisopropylamine, diethylene-
triamine, tetraethylencpentamine, n-methyl-
pyrrole
N,N-Dimethyl -p-phenylenediamine MC 0.13 3,546,125 DOW
N,N,N',H'-Tctrapethyl-o-phenylenediamine MC 1.1 3,546,125 DOW
N.N,N' ,N-Tetramethylbenzidine MC 0.22 3.546.125 DOW
Quaternary ammonium compounds MC, TCENE, CH 0.005 to 0.2 3,314,892 C1
wWith volatile epoxy compounds 0.01 to 1.0 1,314,892 c1
And organic amines 0.005 to 0.2 3,314,892 CI
{pyridine, picoline, triet“ylamine, aniline,
dimethylaniline, nalkylmorpholines,
diisopropylamine, N-methylpyrrole)
2-Methyl-2-oxazoline M 0.44 3,494,968 DO
2-Phenyl-2-oxazoline MC 0.65 3,494,968 oW
2-(1~Aziridinyl)-2-oxazol ‘e MC 0.25 3,494,968 DOW
Diaziridine compounds and N-ethylpyrrole TCENE, CH 6.8 3,551,505 scB
{1,2-diethyldiaziridine, N-mothylpyrrole)
a-Methyl-1-aziridineathanol MC 1.0 to 4.0 3,328,474 DOW
2-(1-Aziridinyl)ethyl acetate
Lactams (Caprolactam) MC, CH 0.5 0.05 to S 3,496,24) PMC
with glycidol(2,)-epoxy~l-propancl) 0.25 3,496,241 FMC
(2,3, and 4)-Pyridinecarboxaldehyde MC 0.25% 3,444,248 DOW
(2,3, and 4)-Acetylpyridina MC 0.50 0.36 to 0.54 3,444,248 DOW
(2,3, and 4)-Cyanopyridine MC 0.35 0.31 to 0.)9 3,452,108 oM
p-Nitrobenzonitrile nc 0.3) 3,454,659 DOW
o-Nitrobenzonitrile MC 0.77 3,454,659 Dow

{2-nitro-p-tolunitrile, 4-nitro-m-
tolunitrile, 2,3-dimcthyl-4-nitrobenzonitrile)

sce footnotes at end of table

-

{continund)
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TABLE B-3

{continued)

Typicai soiuie Range of pPatenth
a concentration, .oncentration, TLV, U.S5. Patent fosued
Stabilizing compound Solvent wt A wt A g/m’ numper to

() and 8)-Aminoquinolineo MC 0.32 3,472,901 Low

Acotaldchyde dimethylhydrazone TCENE, CH 0.02% 3,417,152 ML
With tutylenc oxidoe 0.2 3,417,152 M1
With butylene oxide 6.1 3,417,152 MLS
And propylene oxide 0.1 0.240 3,417,152 MES
And thymol 0.05 3,417,152 MES

{or formaldehyde dimethylhydrazone)

Crotonaldehyde dimethylhydrazone TCENE 0.025 3,403,190 MES
With bv*vlene oxide 0.2 3,403,190 MES
And nitromethane 0.05 0.240 3,403,190 MLS
With p-tert-pentylphenol 0.002 3,403,190 MES

p-(Dizethylamino)benzaldehyde Mc 0.12 to 11.1 3,444,247 Dow

Methoxyaccetonitrile MC 2.9 3,565,811 DoW
And butylene oxide 0.32 3,565,811 DOW
And nitrometihane 0.44 ¢ 3,565,811 DOW
Or propargyl alcohol 0.135 0.072 3,565,811 DO

Acetonitrile ' MC 1.0 0.07¢C 3,590,088 DRAG
And tert-butyl alcobol 5.0 O.JOOC 3,445,532 DNAG
And 1,4-dioxane 0.7 0.180 3,445,532 DNAG

Acetonitrile [~ 3.0 0.070 3,445,532 DNAG
And nitromethane 1.0 0.230C J,445,532 DRAG
And 1,4-dioxane 0.8 0.180 3,445,532 DNAG

Acetonitrile nC 0.5 0.070 3,445,532 DNAG
And tert-butyl alcohol 3.0 0.300 3,445,532 DNAG
And nitromcthane 0.7 0.250 3,445,532 DNAG

Nitromethane [ 3.0 0.2%0 3,549,715 PG
wWith butylene oxide 1.0 3,549,715 PPG
With 2-propancl 3.0 0.980 3,549,715 PPG

3-Mcthoxy-1,2-epoxypropane KC 0.5 ¢ 3,536,766 DOW
with 1,4-dioxane 2.5 0.31J0 3,536,766 DOW
And nitromethane 0.5 0.250 3,516,766 DOW
And methyl glycidyl ether 0.5 3,536,706 XM

Propylene oxide ) cra 0.5 0.5 to 3.0 3,445,527 DAKK
With nitromcthane 0.05 0.250 3,445,527 DKKK

J-Methoxyoxetane ncC 3.0 3,532,761 PPG

1,2-Dimethoxyethylene " 2.0 1tob 3,549,547 oW

Seec footnotes at cnd ol table

(cont inucd)
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TABLE B-3 (continued)

Typical solute kange of patentD
a concentration, concentration, TLV, U.S. patent issucd
Stabilizing cocmpound Solvent, wt A vt s g/m3 nrumber to
2-Methoxy-~2,3~-dihydropyran MC 1.4 3,661,788 1C1
Or 2~ethoxy=-2,3,~-cdlhydropyran 0.5 0.5 to 2 3,661,788 ict
And i{sopropyl nitrata . 2 3,661,784 ICI
4,7~0ihydro-1,3~dloxepin MC 4 2 to 10 3,518,202 DOW
And nitromethane 1 0.25 to 2 0.250c 3,518,202 DUW
Or propargyl alcohol 0.5 0.25 to 0.5 0.002 3,518,202 DOW
And butylere oxide 0.5 0.25%5 to 1.0 ¢ 3,518.202 DOW
Or epichlorhydrin 0.5 0.25 to 1.0 0.019 3,518,202 DOW
Furfuryl alcohol MC 0.066 0.020 3,475,503 DOW
Furfuryl wercaptan MC 0.11 3,475,503 DOW
S5-Formylfurfuryl alcohol MC 0.19 3,475,503 DOW
2-Thiophenmethanol MC 0.47 3,475,503 DOW
2,5~Tetrahydrofurandimethanol MC 0.29 3,475,503 DOW
¢-(2 and 3)-Pyridyl ethanol MC 0.32 0.28 to 0.35 3,475,503 DOW
o-Aminobenzyl alcohol MC 0.37 3,475,503 Do
D-Methoxybenzyl alcohol MC . 0.2 3,475,503 DO
3-Methyl -2-thiophenemethanol MC 0.33 3,475,503 DOW
1,3-Dioxolane MC 1 to3 Reisgsue AR
With phenolic antioxidants 0.0} to 0.1 26,025
{p-tert-butylphenol, 2,6-di-tert-butyl-p-cresol,
nonylphenol, 4,4°'~thiobis({6-tert-butyl)m-cresol)
1,4-Dicxane Mc 2.84 0.180° 3,629,128 ETH
With nitromethane 0.3921 0.250 3,629,128 ETH
With butylene oxide 0.2601 3,629,128 ETH
With N-methylpyrrole 0.005 3,629,128 ETH
With diisopropylamine 0.003 3,629,128 ETH
3-Mcthylpropionaldehyde MC 2 3,505,415 DNAG
4-Methyl-2-butanone MC 2 3,505,415 DNAG
Isobutyric acid, methyl ester MC 1 3,505,415 DHAG
And nitromethane 1 0.25%0 3,505,415 DHAG
4-Methyl-4d-methoxy-2-pentanone Mc 1 3,505,415 DHAG
With acetonitrile . 0.5 0.070 3,505,415 ONAG
And tert-butyl alcohol 0.5 0.300 3,505,415 DNAG
wWith tert-butyl alcohol 1 0.300 3,505,415 DNAG
And mathyl ethyl hetone 1 0.590 3,505,415 DNAG
See footnotes at end of table (contanued)
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TABLE B-3 (continued)

Typical solute Range of patentb
a concentration, concentration, TLV, U.S. Patent 1zsued
Stabilizing compound Solvent wt 3 wt 3 q/a? number to
1,4-Cyclohexanedione MC 0.25 3,546,305 ooM
1,2-Cyclohexanedione MC 0.33 3,546,305 DOW
2,5-Butanedione MC 0.17 3,546,305 [ve ]
2,5-Butanedione MC 0.28 3,546,305 DOW
p-Benzoquinone Mc 0.24 0.0C04 3,546,305 DOwW
2,3-Dihydro-1,4~dithiin MC, TCENE 0.2 to 4.5 3,439,051 I1CI
(also 5-methyl-2,3-dihydro-1,4-dithiin)
Polysulfones PERC 0.092 3,396,115 DOW
Trimethylene sulfide MC 0.17 3,467,722 DOW
3-Hydroxytrimethylene sulfide MC 0.20 3,467,722 DOW
Isopropyl nitrate MC 2 2tod 3,609,091 ICI
With acetonitrile 2 3,609,091 ICI
And nitromethane 1 0.75 to 1 3,609,091 Icl
And butylene oxide 0.25 0.1 to 1 3,609,091 ICI
With acrylonitrile 2 0.5 to 4 c 3,609,091 I1CI
Any butylene oxide 0.25 0.1 tol 0.045 3,609,091 I1Cl
1ron benzoate TCENE, PERC 12 10.2 to 14.3 3,527,703 DOW
Sodium benzoate TCENE, PERC 0.025 0.020 to 0.027 3,527,703 DOW
Zinc benzoate TCENE, PERC 10 0.41 to 38.3 3,527,703 DOW
Sodium didecyl phosphate PERC 1.5 3,441,620 STA
{or sodium dioctyl phosphate)
Benzyl fluoride MC 0.14 0.82 to 8.7 3,681,469 DOW
Benzotrifliuoride MC 4.9 3,€81,469 DOW
Ethyl propargyl ether PERC 0.25 British DIA
773,447
Propargyl beuzoatc PERC 0.25 773,447 DIA
2-Butyne-1,4-diol-dibenzoate PERC 0.25 773,447 DIA
HWith jrnocugenol .01 773,447 DIA
Propargyl alcohol AERD 0.0l 0.002° 2,092,725
Nitromethane AER 2 0.1 to 5 3,085,116 Dup
Nitroethane AER 1 0.1 vo 5 3,085,116 pup
2-Nitropropane AER 2 0.1 to 5 3,u85,116 pup
Propargyl alcobnl TCENE 0.1 0.05 to 0.5  0.002° 2,803,676 DOW
With pyrrole 0.05 0.Ci to 0.05 2,802,676 58,
And diisopropylamine 0.001 0.0005 to 0.01 2,801,676 DOM

Gea footnoten at end of table

{continuerd)
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TABLE B-3 (continued)
Typical soulute iange of Tarrnth

s copantyation, grant ravfon, TLV‘ .83, pPatant i ntrsed

stabi Mzing compound anlvent wi w1 q/m nupdier to

Mothylbutynol (ant 2 prior) TCENE 0.1 .05 to 0.5 2,103,076 (7.9
1,4-Dloxane cH 1 2,923,747 127
Nitromethane 1 2,923,747 Dow
vinylidene chloride 0.5 2,923,747 DOV
2-Butyn-1,4-diol AERO, CH 0.5 2,892,725 CEL

3~Methvl-1-butyn-3-ol CH 0.1 to 0.5 2,542,551 RH
3-Methyl-1~-batyn-3-ol CH 0.005 to 0.3 . 2,911,449 AIR

(with thymol, di-tert-butyl-p-cresol,
epichlorohydrin, butylene oxide, amines,
dioxane)

Note.—Blanks indicate no data.

GHC

PERC
TCENE

ETH
STA
DIA
pup
CEL
RH

AIR

Mcthyl chloroform; 1,1,l-trichlorethane CFA
Perchloroethylene Cit
Trichloroethylene AERO

RAerosols; trichloroflucromethane and ethanol

Dow ~Themical Corporation

FPG Industries, Inc.

Wacker-Chemie GMBIl, Gerriany

Allied Chemical Corporation

Produits Cnimiques Peciney-~Saint-Gobain, France
Ugine Kuhlmann, France

Canadian Industries, Limited, Canada
Solvay ANC Cie, Beigium

FMC Cornoration

Montecatini Bdison Spa, Italy -
Dynamit Nobel A3, Germany

Daikin Kogyo K. K., Japan

Imperial Chemical Industries, Limited, Great Britain
Argus Chemical Corporation

Ethyl Corvworation

Stauffer Chemical Corporation

Diamond Alkali Company

E. I. Du Pont de Nemours and Company
Celanese Corporation

Rohm & Haas Co.

Air Reduction Corporation

cTLV for skin contact.

-~ Chloro-fluoro alkanes
-« Chlorinated hydrocarbons
=-- Methylene clhloride and methanol (aerosols)

2]
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TABLE B~-4. WASTE COMPOSITION DATA

Data
Process and/or waste name Waste compositiona quality
Degreasing solvent Liquid oil, % 10 0!
Grease, % 60
Percnloroethylene, % 5-10
Hy-Flo (diatomaceous earth), %
soar, % 20-25
Dirt, %
Parts degreasing operation Alcohol, % 77 B
Perchloroethylene, % 12
Wax and grease, % 11
Lead, mg/kg 70
Cadmium, mg/kg 0.8
Nickel, mg/kg 4.9
Antimony, mg/kg 6.9
Cobalt, mg/kg 0.4
Mercury, mg/kg 7.4
Chromium, m3/kg 5.4
Copper, mg/kg 30.6
Z2inc, mg/kg 83
Lithium, mg/kg 0.2
Silver, mg/kg 2.4
Flash peoint, °F 95
Noncombustible material (600°C), mg/kg 750
Degreasing operation Trichloroethylene, % 90 c
oil, % 10 -
Vapor degreasing cperation Trichloroethylene, % 80-90 (of
Polymerized vinyl plastisol fragments, % 5-10
0il and grease, % 2-%

&

(continued)



90¢€

TABLE B-4 (continued)

Data
Process and/or waste name Waste compositiona quality
v'vapor degreasing operation Freon, 9% 25 £ S C
Trichloroethylene, % 40 t 20
oil, % 27 + 13
Solids, % 7+ 3
Degreasing 1,1,1-Trichloroethane, % 60 B
0il, % 40
Degreasing 1,1,1-Trichloroethane, % 50-65 B
0il and grease, % 35-45
Water, % <2
Residue, % 2.5
Degreasing Trichloroethylene, % 37 B
water, % 35
0il and grease, % 24
Noncombustible ash, mg/kg 28,000
Lead, mg/kg 435
Cadmium, mg/kg 0.8
Nickel, mg/kg 185
Chromium, mg/kg 4.5
Copper, mg/kg 18
Zinc, mg/kg 1,116
Chlorine, mg/kg 296,000
Degreasing Trichloroethylene, % 10 B
Water, % 82 ‘
Oil and grease, % 5

(continued)



TABLE 3-4 (continued)

pR—

- e e — o —

LOE

Lata
Process and/or waste name Warte co po _ ion’ _quality
Degreasing (continued) Noncombustible ash, mg/xc 7,700
Lead, mg/kg 54
Cadmium, mg/kg 0.4
Nickel, mg/kg 3.0
Chromium, mg/kg 1.3
Copper, mg/kg 0.9
Zinc, mg/kg’ 43¢
Chlorine, mg/kg 80,000
Degreaser High flash naphtha, ¥ 60
Ethylene chloride, % 16
0il, % 6.17
Zinc, mg/kg 179
Nickel, mg/kg 53,053
Copper, mg/kg 4,980
Chromium, mg/kg 25,444
Aircraft equipment cleaning Trichloroethylene, % 30
Other solvents, % 40
oil, % 30
Aircraft parts cleaning Chlorinated hydrocarbons
Phenoic compounds
0il
Water
PH - 10.0
Degreasing Water, % 80
Toluene and xylene, ¥ 17
Grease, % 3

{continued)



80€

TABLE B-4 (continued)

Yrocess and/oxy waste name

P a
Waste composition

Data
quality

Degreasing

Degreasing

Parts cleaning

Degreasing

Acetone
Alcohol
Water
Grease
0il

Freon, %
0il and grease, %

Acetone, %
1,1,1-Trichloroethane, %
Isopropanol, %

Methanol, %
Trichloroerthylene, ¥%
Freon, Y%

Transene 100, %

Toluene, % .
MEX, %

Bromides and solvent, %
Paint solvent, %

Xylene, %

Dimethyl formamide, %

De SOLV 8090, ¥%

0il, water, impurities, %

0il, %

Tetrachlorethene, %
1,1,1-Trichloroethene, %
MEK, %

[
NOOOO®OVWONNMOO
ORWERNONKEJIOADN

10-20

(continued)
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TABLE B-4 (continued)

pPata
Process and/or waste name Waste compositiona quality
Parts cleaning 1,1,1-Trichloxoethane, % 3-5 C
Alcohol, % 10-15
0il, % 75-80
Degreasing 1,1,1-Trichloroethane, % 80 B
0Oil and grease, % 20
w Degreasing 0il, % 39 B
8 Mineral thinaers, % 10
Freon, 9% 24
Chloroethanc< VG, % 27
Degreasing Trichloroethylene, % 90-95 B
0il and grease, % 5-10
Degreasing 1,1,1-Trichloroathane, 9% 10-40 o]
Grease and solids, % 50~70

3pata are reported as found in State files.
or weight is not known.

,J

whether percentages given are by volume



APPENDIX C

COMPOSITION DATA FOR NEW AND WASTE SURFACE COATINGE

Composition data for new (raw materiil) and waste surface coat-
ings are listed in this appendix; raw material data (Tables C-1
and C-2) are followed by waste data (Table C-3). The type of
operations generating the waste are identified wherever known.

Data were scrutinized and assigned a data quality rating based

on an A-B~C quality system. Data with an "A" gquality are those
found to have been sampled and analyzed with some QA/QC protocel
attached; e.g., demonstrated comparison with analytical standards,
use of splits, blanks, etc. "B" quality is assigned to data with
documented sampling anud analysis procedures but no evidence of
QA/QC. "“C" qgquality data are those values for which no documenta-
tion has been provided and/or the accuracy is undetermined.

310
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TABLE C-1.

FRODUCT SURFACE COATING COMPOSITION DATA

Physical characteristics

Volatile Weight,
Material composition by lb/gal or
Weight volume (specific Flammable Data
Coating description Ingredient percent percent  gravity) liquid quality
Lacquer, yellow tracer Pigments
Chrome yellow 11.25 89.00 (0.9459) Yes B
Titanium dioxide 1.25
Vehicle
vinyl resin 8.00
Plasticicers 3.50
Ketones 39.00
Aromatic hydrocarbon
solvents 25.75
Other
Aliphatic hydrocarbon
zolvent 8.25
Alcohols 2.25
Additives 0.75
Lacquer, white tracer Pigments
Titanium dioxide 10.00 83.20 (0.9627) Yes B
Vehicle
Vinyl resin 10.50
Plasticizer 7.50
Ketones 43.00 -
Other
Aromatic hydrocarbon
solvents 28.50
Additives 0.50

(continued)
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TABLE -1 (continued)

Physical characterastics

Volatile Weight,
Material composition by 1b/gal or
Wcight volume (specific Flammable Data
Coating description Ingredient percent _percent gravity) liquid quality
Lacquer, orange tracer Pigments
Molybdate orange 4.50 88.00 (0.9447) Yes B8
Chrome yellow 3.50
Vehicle
Vinyl resin 9.00
Plasticizer 4.75
Ketones 45 .00
Other
Aromatic hydrocarbon
solvents 32.50
Additives 0.75
Lacquer, green tracer Pigments
Chrome yellow 5.00 88.00 (0.9243) Yes B
Phthalocyanine blue 0.25
Titanium dicxide 0.50
Extender pigments 0.60
Vehicle
Vinyl resin 9.00
Plasticizer 5.00
Ketones 45 .00
Other
Aromatic hydrocarhon
solvents 34.00
Additives 0.65

(continued)
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TABLE C-1 (continueAd)

Phiysical characteristics

Volatile Weight,
_ Material composition by 1b/gal or
Weight volume (specific Flammable Data
Coating description Ingredient percent percent  gravity) liquid quality
Lacquer, black tracer Pigments
Channel black 1.15 91.50 (0.8764) Yes B
Vehicle
Vinyl chloride/vinyl
acetate copolymer 10.60
Aromatic hydrocarbon 37.75
Other
Ketone 49.00
Plasticizers 1.50
Lacquer, red tracer Pigments
Molybdate orange 7.50 83.50 (0.9723) Yes B
B.O.N. red 3.50
Vehicle
Vinyl resin 9.50
Plasticizer 7.00
Aromatic hydrocarbon
solvents 32.50
Other
Ketones 39.50
Additives 0.50

(continued)
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TABLE C-1 (continued)

Physical characteristaics

- Volatile Weight,
Material composition by 1b/gal or
. Weight volume  (specific FJlammable Data
Coating descri tion Ingredient percent percent  gravity) liquid quality
Lacquer, pink tracer Pigments
Titanivm dioxide 3.75 84.40 (0.9303) Yos B
Lithol red 1.25
B.O.N. red 0.25
Vehicle
Vinyl resin 10.00
Plasticizers 7.50
Ketones 42.00
Other
Aromatic hydrocarbon
solvents 35.00
Additives 0.25
Ink, blue tracer Pigments
Titanium dioxide 4.50 87.20 {0.9267) Yes B
Phthalocyanine blue 1.10
Vehicle
Vinyl resin 9.00
Plas..cizers 5.00
Ketones 46.50
Other
Aromatic hydrocarbon
solvents 33.00
Additives 0.90

®

(continued)



STE

TABLE C-1 (continued)

Physical characteristacs
Volatile Weight,

Haterial composition by 1b/gal or
. Weight volume (specific Flammable Data
Coating description Ingredient’ percent percent qravity) liquid quality
Ink, tan tracer Pigments
Red and brown iron 82.40 (0.9807) Yes B
oxides 5.00
Titanium dioxide 3.00
Vehicle
Vinyl resins 16.50
Plasticizer 4.50
Cresols 6.00
Other
Ketones 41.50
Aromatic hydrocarbon
solvents 23.25
Nitroparaffin 0.25
Alkyd enamel, black Mineral spirits S5 €3.9 7.45 Yes B
gloss Aromatic naphtha <5
Xylene <5
Alkyd enamel, black Hincral spirits 45 60.4 8.29 Yes B
semi-gloss Xrlene <5
Tank coating Xylene 25 64 9.84 Yes B
Petroleum distillate 15
Petroleum distillate S
2Zinc chromate pigment S

{(continued)
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TABLE C-1 (continued)

Coating description

Material composition

Physical characteristics

Ingredient

Weight
percent

Volatile

by
volume
percent

Weight,

1b/gal or

Data
quality

Flammable
liquid

(specific
gravity)

Primer, rust protective

Tank coating

Paint, gray primer

Alkyd resin
Linseed oil

Pigments
Zinc/chromate
Red iron oxide
Inert additives
Solvent: aliphalic
hydrocarbon '

Epoxy resin and amine
Pigments - unspecffied
chemical resistant

Sclvents
Ketones
Aromatic hydrocarbons
Glycol ether

Paint composition, % of
volatile volume
Xylene
Aromatic naphtha
Ethylbenzene
Mineral spirits

TOTAL

a

39.32

(o4

10.35 Yes B

(continued)
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TABLE C-1 (continued)

Cocting description

Material composition
Weight
Ingredient percent

Physical characteristics

Volataile
by
volume

percent

Weight,
1lb/gal or

(specific Flammable Data

gravity)

liquid

quality

Paint, gray primer
(contin‘.ed)

Acrylic enamel

Aromatic hydrocarbon with
8 or more carbon atoms
except ethyl benzene,
94.47% of volatiles

Ethylbenzene and/or toluene
and/or trichloroethylene,
4.31% of volatiles

Paint composition, % of
volatile volume ‘
Xylene 7
n-Butyl alcohol
2-Ethoxyethyl acetate
Ethylbenzene
Tnluene
2-Butcxyethyl acetate
Mineral spirits
Diethylaminoethanol

TOTAL 100.

CNWdbLONW
OO ON MK

(=}
[=]

Aromatic hydrocarbon with
8 or more carbon atoms
except ethyl benzene,
75.56% of volatiles

Ethylbenzene and/o- toluene
and/or trichloroethylene
8.05% of volatiles

%

43.35

9.05

Yes

(continued)
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TABLE C-1 (continued)

Physical characteristics

Volatile Weight,
Material composition by 1b/gal or
Weight volume (specific Flammable Data
Coating description Ingredient percent percent  gravity) liquid quality
Acrylic enamel, tan Diethylene glycol mono-
butyl ether <5 58.0 10.2 Yes B
Ethylene glycol <5
N, H-Dimethylethenolamine <0.5
Lead as % nonvolatile <0.06
Acrylic enamel, white Diethylene glycol mono-
butyl ether <5 55.9 10.7 Yes B
Ethylene glycol <5
N,N-Dimethylethanolamine <0.5
Lead as % nonvolatile <0.06
Modified acrylic primer Strontium chromate pigment ) 54 9.7 No B
Emulsion
Enamel, modified alkyd Pigments
green machinery Phthalocyanine blue 0.25 64.00 - Yes B
coating Yellow iron oxide 2.50
Extender pigment 18.25
Titanium dioxide 6.25
Other «
Alkyd resin 26.00
Aromatic hydrocarbon .
solvents 15.00 R
Aliphatic hydrocarbon ’
solvents 27.50
Tinting, driers and
additives 4.25

{(continued)
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TABLE C-1 (continued)

Physical charscteristics

Volatile Weight,
Material composition by 1lb/gal or
Weight volume (specific Flammable Data
Coating description Ingredient percent percent gravity) liquid quality
Paint, black water Water 49 70 9.45-9.65 No B
reducible baking Soiids 39
epoxy Pigments
Carbon black 2.4
Lead silicochromate 4.0
Urea formaldehyde 4.0
Methylated melamine 3.9
Vehicle
Epoxy ester 12.7
Solvents
See below
Additives
Ammonium compounds
(¢s NH, OH) 1.5
Others
Talc 7.9
Butyl cellosolve 4.8
n-Butanol 0.5
Methyl cellosolve 3.7
Epoxy primer Xylol 30 70.72 9.57 Yes B
- Toluol 10
Methyl ethyl ketone 5
Methyl isobutyl ketone Less than 5
Butanol Less than 5
Butyl cellosolve Less than S
(continuead)



TABLE C~1 (continued)

Physical characteristics
Volatile Weight,

Material composition by 1b/gal or
weight volume (specific Flammable Data
Coating description Ingredieut percent percent gravity) liquid quality
Epoxy primer, zinc rich Xylol 20 59.1 20.5 Yes B
Mineral spirits Less than 5
Zinc (metal) 35
Epoxy primer Xylol 60 76.89 9.06 Yes B
Cobaltous napthenate 0.010
Paint, guide coat Ethylene glycol ethyl
ether acetate 19.60 81.76 8.75 Yes B
w Xylene 6.70
g Methyl ethyl ketone 27.17
Diethylene glycol butyl
ether 4.01
Toluene 10.45
Paint, gray primer Xylene 15.07 67.21 9.97 Yes B
Toluene 10.61
Lactol spirits 3.23 »
Long range VM&P naphtha 10.99
Isopropanol 5.25
n-Butanol 0.64
Mineral spirits 0.09

(continued)
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TABLE C-1 (continued)’

Physical characteristics
Volatile Weight,

Material composition by 1b/gal or
Weight volume (specific Flammable Data
__Cooting description Ingredient percent percent  gravity) liquid quality
Paint, black primer Xylene 47.24 77.78 8.62 Yes B
Diacetone alcohol 5.44 ’
Isopropanol 5.13
Toluene 11.33

Aromatic hydrocarbon 150 0.31

aSolids, volume percent: 63.
bFlash point, minimum: (83°F).
cSolids, volume percent: 50.

dFlash point, minimum: (60°F).

P
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Reproduced trom
best available copy.

TABLE C-2. CLASSIFICATION AND COMPOSITION OF PAINTS [ ]
= SRR AT P E e e e T v T
PAINT DFSCRIPIION sgftie L (1b OVipel W) |
PAINT CLASS (FORMUTATION) . _LOMPOSITION OF AINDER __.SILFSTID USE | (Ib/gal) buy use
1As - SPRAY, Aflr drying, 1, Medium ‘41 Alkvit White %22 Sovhewn Of1, WL Phth, Anh, TTR2664 - Type IV, 1.0 2.09 2.09
solvent borne Enamel (Ashland P-)1) in Alphintbes (Araplaz J082460) low via., color fast (12.%) (12.4) 17.%)
2. Modiffed Alkyd Red Primer 12X linxeed/Tuag O, ¥9T Phih, TTF51S & TTPhbAC 1.90 1.09 1.39
(Anhiand Q-40%a) Anh. tn Xylene -~ Hodifler: fast dry, 10 ceaist. {1%.%) 9.1} (11.6)
Phenolic ronin (Aropliz X6A3XS0)
), Modidtied Alhyd Brown Primer 32X tinneed/Tong 011, 192 Phah, Rust ishibiting, lacq. 2.21 1.1 1.3
(Ashland Q-315a) Anh. In Xyline - Modifier: resinting (18.4) (11.6) (11.6)
Fhenolic rosin (Aroplaz X663X50)
4. Modifled Alkyd Green Primer | 292 Linsved 011, 0% Phth. Anh. Faat drying, lt. color, 1.70 1.69% 1.69
(Azhland P-111) fn V4 ¢ P - Modiffer: Roain Drums, machinery, etc. (14.2) (14.1) (1s. 1)
(Aropl iz 1185V )
5. Urethane Lacquer Blue 29T Leethane In Xylene/MIBX/but.} For (lexing parte 1ike 1.69 . 4.4%
(Ashlend 2-50}) 20750730 (Arothine M529) bumpern, etc. (14.0) (28.1) 17.1)
6. Short 011 Alkyd White 102 Tall i), 402 Pheh. Anh. in | Fant drying, economical, 1.7 1.%0 1.12
Fromel (Ashlond P-49) Xylene (Aroplar AD6IXS0) induatrinl flatah (16.4) (12.9%) (1.7
7. Medium 01l Alkyd White Gioss] 312 Scovhean 081, 30T "hth. Anh. High viscuosity, general §.61 1.26 1.78
Enamel (Ashland 1-406) in miner ! «pivits purpse, flestble, hard (1).4) (10.3) (14.8)
8. Zinc Rich Primer (Mirasol Epoxyrnter Xyleae, naphtha/ Industriasl weld-through 3.82 1.10 Unk
60!) ucetatle priner (11.8) (9.20) Unk
et ———— 3 o ———-
1Aw - SPRAY, Alr diyling, 1. Short 011 Alkyd White Znazel| Soybean 011 resin {n Butoxyy, Industrisl coatings 1.7% 0.5 0.51
woter borne (Ashland 7-216) ethanol/vater solution (16.0) (4.20) (4.2%)
{Arolon 36)) ‘
- : :
1Bs - SPRAY, Beke cured, 1. Therwoset Acrylic White Selfcroaslink acrylic tn ethosy | Quality cost, good ad- 1.64 1.6) 1.94
eolvent borne Enenel (Ashland P-3&) ethenol/xylene (Arosmet 701X)3-30) hesion 13.7n {13.6) (16.2)
2. Thermoset Acrylic Black Acrylic rerin in Kylene cross- Righ gloss automotive, 1.1% 1.0} .28
Enamel (Ashlend P-188) 1ink/melanine (Arvset 4110X60) industrial coatings (9.60) €8.60) (10.7)
). Therwoset Acrylic White Acrylic resin in Xylene cross- MIgh gloss sutomotive, 1.58 1.06 §.06
Enemel (Ashland P-232) link/melanine (Avoset 4110XA0) Induntrial costinge (3.2 (8.80) (8 80)
4. Short 01} Alkyd White Primer]| 32X Tall Oil, 40X Phth. Anh. fa | Light color industeisl 1.67 1.22 1.9
(Achland P-63) Xylene (Aroplaz 1433X%%) finishes €13.9) (10.2) (12.6)
$. Fon-oxidtzing Alkyd White 35 (ocorut 011, 412 Phth. Anh. Ultraduradle axtevior & 1.66 0.9 1.63
Enrnel (Ashland P-120a) in Xylene (Aroplaz 25A0X60) sutomct ive {(13.8) (7.%0) (6.60)

(continued)
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PAIST (1ASS

I1Bs = (continned)

18w -~ SPRAY, Bake cured,
water Neroe

et e e W = o w ——

! 2A4 - DIP, HLOW, (LRIALN,

Alr drying, <nlvuent
borne

2Aw = DIP, FIOW, CURTAIN,
Alr drying, water
borne

283 - DIP, FLOW, CURTALX,
Bake curcd, wolvent
onrne

(continued)
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TABLE C~-2 (continued)

PAINT BESORTETT TN
CRORMLS LD (o

, 6, Sop=onddlzine Alkd Yol low,

f
tetv, tresn (V O) el R-172, .

Maditfed Mo todnure tran
Snrtaef (AN land 2= WN)

2. Modinm Shoet ATRd or ange
to el (Ashlad P-225)

Mudium Short Alk o Red
Primer (Ashland -514)

-

Mcdlum Short Alkyd Greon
taamel (Ashland P-22)c)

Mcdfum & Shart Alkyd/“od)-
{f1ed Rovin Lray bnamel
(A<hland P-134)

Medium & Short Modif fed
Rosin 8lack Fnimel
(Anhland P-174)

- et e+ c e cmewerm e . e

1. Short, Modiffed Alhyd Orang:
Enamel (Ashiand P-2)5a)

2. Shart, Modified Alkyd White
Fnamel (Ashiand P-2)8)

1. Short Albvd Yellow Fnaael
(Ashland P-140)

4+ ;
i

i
COMPr LN o BINDEN :

Fhi%, Anh

PRI |

sty il 87
thoplay

0

in swlom

tinseed/ aster thil an Ratiey '
Lthomme ! witet ~clution tirales '
5. ) :
¢
)

Safflower Ol ALKV in water/e,
but./butonn] cthinol witer
sofatton (\rolen LK)
Sattlewsr Of1 M d In witer/t,
but./butexsl ethinal water
sarlutton (Aralon 1768)

L}
f
'
'
Sitflowee 0F1 MM in witer/t, |
but./outoxvt cthinod water l

1% suvhean, 0 Phith. Anh.

(Arop las 7 107%90)

35" Sovhean, 377 Pheh. Anh, I
{Araplaz 762%¢%0) I

Phenol-Rasin (Arachem 119)

315 Sovhean, 102 Phth. Anh,
(Aroplaz 73507M50)

152 Soybean, 172 Phth. Anh,
(Aroplaz 7424%%0)

fhenol-Rosin (Arochen 1)3IS)

saf{tower O1) Ronin - water die-
perslon type (Arolon 58%)

Sa(flower Of] Rosin - vater din-
verslon tvpe (Arojon 3835)

357 Taldl OL), IAY Pheh.
tene/Aliphattcn (Aroplaz
T4 319XMSN)

in Xy-

e e ————— = mime ey em o ————d

Y

AL BSIED s}

Semi-des Alk ol Vavpuer &
Babadd snire)

Cindahle priace

Fxtevfor, durable, babe
or afre dry

Exterlor, durable, bake
or alse dre

Erterior, durshie, hake
or abe dry

tast devin,, peneral e,
flexible, hard, tough

Fast drylng, general use,
flexible, hard, tough

tant drying, good adhe-
sfun & toughness

Fast drving, gend adhe-
nfon b toughness

Tove, e¢tc. Fxcellent (or
electrostatic sprav

]
1
'
1]
v
1
i
1
+

0w :
T IAR
. (‘hl‘-ll’ N
1Y
e.e) !
-
o
[RR 2 ) B
92 !
6. |
!
LT
(19.6)
, ]
M
1208
[ ) i
L

’_ oo -

!
t
|
'
.

1.469
2.4

1.69
(14.1)

1.7
(10.4)

Euproducod from
asi avallable copy,

TR VIS
___(1b ov/gay 2v)
LT JUUDOR S
IS T % BN
(2.1) | (s0.8)
- b .-’
0.6 ' a.s? “
(Y.80) (s.a0) |
1] !
n.8: | o.be
(r.om ;. (.00
t '
o716 ; o6 !
(6.30) (6.30) :
0.84 0.8¢ !
(1.00) .0
cpemeee mend
1.)n | 1.96
(11.3) (16.3)
1.4 2,09
12.1) (17.4)
o.n 0.11
(0.90) (0.90)
0.12 0.12
(1.00) (1.00)
R S
".7n 2.09
(16.4) (7.0
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Reproduced irom
best available copy.
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PAINT CLASS _

288 - (continued)

b - —

PAINT DI SCXIPTION
__ (FORMNATION)

2. Oll Free Albyd

28w ~ DIP, FLOM, CURTAIN,
Bake cured, water
borne

§. Short 011 Allyd Red tninel
(Asnland P-241))

~

Short 011 Alkyd White Fnamel
{Ashland P-2)3)

-
.

Short 01l Alkyd Alack Fnamel
(Ashland P221)

Modil.ed Oll Maleintized
Black Primec (Anhland Q-310)

3. Mediua Short Alkyd Orange
Primer (Ashland P-2)4)

Modified Alkyd Cray Priner
(Ashland 8635P1154)

7. Halefnized O} Resin 8lack
Primer (Ashlaond Q-519)

8. Maleinized 011 Resin Bleck
Priser (Ashland Q-515)

JAs - COIL & ROLL, Atr or
aild hest drying,
solvent borne

Hedium 0il Alkyd Red Shop
Coat (Ashland Q-14)

Medlum 051 Alkyd Flat White
Enamc] (Ashland H-105a)

3. Short 211 Allyd White Enanel
{Ashland B-1%)

38a ~ COIL & ROLL, Boke
cured, solvent borne

1. Oi]l Free Pulyester White
(Asnhland P-87)

{continued)

TABLE C-2 (continued)

CeMPOSITION (o RINDIR
Poelvester in aromit v solvents
(Aroplar KND27RIN)

Saffliwer 011 Resin in water
dispcrainn (Aralan 58%)

Saffliwer Oil Rerin In water
dispirsion (Arolen 989)

Saftlower 0i! Rewin in water
diapiraion (Arolon SRY)

Linseod/Castor 031 Resin in eth-
ony cthwanl § lvcel butyl
(Arolon 1)

Safllower OH Rosin In Butory
ethano)/t. butanol vater snlu-
tion (Arelon 377)

Heloinlzed 0L Reafa 40 Rutowy
ethannl/mineral spirits wvater
solut ton (Arolon S01)

tinw«d Uil Brsin In water polu-
tion (Arolon 529%)

Linsted 041 Renin in water solu-
tion (Arelon $25)

92X High Soys, 3147 Phth, Anh.
Min. Spirits (Aroplar 108250)

522 High Soya, 34l Phth. Anh. in
Min. Spirius (Aroplaz 10824%0)

YAY Sovahean 011, 431 Phth. Anh.
in Xvicne/Min, Spirits (Aroplaz
7310%50)

Non-oxidiring Alkyd {n Arom./
methyl-hepty]l ketone (Aroplasz
6022R6S)

Tndustedsl high flexi- l
btlley

High gloss, bigh snlfds,
Infustrial use

High gloss, high solids,
{ndustrial ase

High gleoax, high wolida,
fndustrial use

Ruat inhibitive

High ploas, hard flecible
mar-vesintamt

Tovgh reatln, vutstanding
plgment wunpension for
automotive ur e

Corrosfon reslotant,
economical

Aulomotive ure

fow viscosity TIR266d-1V,
high color retention

Low visconity TIR2A64-1V,
high color retention

Very flexible, high
weather durabiliey

-

Exteraor coil coat

e A N YR 7 TN
weliie | (1b Ov/gal wV)
SUALESTFD USE . (Ib/gwi) | buy uee ]
.29 1.1% 1.16
(10.0) (9.70) (9.10)
ERE R T . R — e —f
1.12 0.48 0.48
11.0) (&.00) (4.09)
2.04 0.28 0.28
(17.0) (2.30) (2.30)
1.46 0.29 0.29
2.2) (2.40) (2.40)
2.7 0.64 0.64
Qa.1) (3.30) (3.30)
1.92 1.08 1.0
un (8.40) (8.40)
1.92 0.60 0.60
(16.0) (5.00) (5.00)
1.% 0.9% 0.93%
(1.2 (7.90) (1.90)
1.46 0.76 0.76
(2.2 {6.30) (6.30)
VUGV G SR ——
1.60 1.10 1.10
[{B % )] (9.20) ($.20)
2.06 1.16 1.69
(17.2) (9.70) (1s.1)
2.24 .27 1.37
(18.7) (10.6) 3.1
1.79 0.79 0.79
(14.9) (6.60) (6.40)

1 s
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TABLE C-2 (continued)

tootTomrm e """""'""”_‘—'""_'“"""T & T s, ov/iit v

PAINT OFSCRIPTION ' kp/lie (1b OV/aal NV)

_ranrciass b (rormeraTiony ] (owPosITION Ot mINDFR__ ' SUGLESTLD St (1b/gal) buy uee
)3s - (continued) 2. Stlicone modiffer Polvester 70T DIl Free Alkyd, 102 “{ltcore]| Cood durability, e - .= 1.82 0.70 0.70
White Enwmel (Achland P-77) tn Aromatic/polvester/butavol omical (15.2) (3.80) {5.80)

(Aroplaz 1711A960)
3. 01l Frece Polyenter White 852 011 Free Alkyd, 152 Stlicone| Goond exterior durabilicy, 1.84 0.66 0.66
Gloss FEnamel (Ashlind P-84) 10 Arom./but, ac. (Aroplaz economfcal {15.%) (5.50) (5.%0)
6D25R70)
4. 011 Free Polyester White Otl free Alkyd in Ar~natics Low temperature curing, 1.04 0.13 0.1}
Closs Enacel (Ashia.d P-88) (Aroplaz 602)R 0) fnterfor & exterfor (17.0) (6.10) (6.10)
5. 011 Free Polyeater White O1) Free Alkyd in Aromatfics Low tewperature curing, 1.81 0.85 0.83
Closs Enamel (Ashland P-89) (Aroplaz 60295A0) fnterior & extertor {15.1) {7.10) (7.10)
6. 011 Free Polyeater White O] Free Alkyd In Aromatics High flexibilicy, color 2.82 0.68 0.6%
Closa Enasel (Ashland P-81) | (Aroplaz 6025R70) retention, adhesion (23.%) (5.%0) (5.%0)
U
Jow - COIL & ROLL, Bake 1. Of! Free Polycster White Thermoact Alhyd in Butoxy ethan.| Eacellent color retention 1.74 0.32 0.3
cured, water borne Cluas Fnamel (Ashland P-240)| watcr snlution (Arolon 46%) (14.,%) (2.70) (2.70)
2. Medium Short Alkyd Red Sa{(lover Oit in butanol/butoay | High gless, adhesion, 2.3% 0.76 0.76
Priaer (Ashland Q-514) ethanol water molution corroston resjotant, 19.6) (6.30) (6.30)
(Aroleon 176) {lexible
3. Medium Short Alkyd Creen Saff{lover 011 1n butanol/butoxy | High gloss, adheston, 1.5% 0.84 0.84
Enamel (Ashland P-223c) ethano! water solution corrosfon resistact, (12.9) (1.00) (7.00)
(Arolon 376) flexible

ABv - ELECTROCOATS, Bake 1. Short 011 Alkyd Red Primer Soy 011 Resin in n-butano} water| Automotive & other high 1.44 0.31 0.31
cured, wvater borne (Ashland Q-602) solution (Arolon 369) quality uses (12.0) (2.60) (>.60)
2. Short Ofl Aluyd Flat Black Soy Otl Resin 1a n-butanol 'llcl Automotive & other high 1.50 0.)0 0.:0
(Ashlan3 P-702) sclution (Arolon 369) . quality uses 2.3 (2.80} (2.8¢)

3. Short 011 Alhyd Glose Black | Soy Otl Resin in n-butancl vl(n} Automotive & other high 1.14 0.47 ¢ &7
(Ashland P-:04) solutton (Arolon 389) quality uses (9.30) (3.90) (3.%0)

4, Short 011 Alkyd Cray Primer | Zoy Of) Realn in a-butencl water] Autosotive & other high 1.4) e.N o.Nn
(Ashland Q-601) solution (Arolon 169) quality uses 11.9) (2.60) (2.60)

5. Short 048] Alkyd White Soy 011 Reeln in n-butancl water| Automotive & other high 1.3 0.33% 0.34
Zasosl {Ashland P-701) solution (Arolon 349) quality uses (209} (2.60) (2.80)

(continmued)
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TABLE C-Z (continued)

e eeam .- C e e eeee o= e e e - . e e e e e ey e e e e e e
P NV I by OV/iTt Ry
! ! PAINT DFSCKRIPL LN ' ; a/lie _(1b OV/gal NV)
e PAINT CHASS -_l-.-_...ﬂ..(.’.Q"?‘.’ VATION) | f (- COMPOSITION ob Bltbbe _ SwLEsTro sk L (ib/gel) T buy | use
. .
rsl - POVDERS, Buke cufed 1. tpowy, Conventinnal rlnduor or priner! t.20- 0.012- 0.012-
1.30 0.0182 0.0187
(10.0- (0.120- \2.120-
I 15.0) 0.130)2 | 0.150)2
2. Epony, low Tempuerature 1.16- 0.007- 0.¢07
l ' 1.79 o o1g? o 010}
(9.0~ | (0.040- (0.040-
! 14 9) 0 040)° 0.08m?
t 3. Thermoset Polyester, Mela- Outdoor metall 1.16- 0.042- 0.042-
| mine cored 1.79 0 0787 0.c78°
| | | (9.60- | ¢0.350- | (0.3%0-
i ’ 14 9) 0 oan)? 0 6:0)?
: i 0 030~ 0.030-
' ! | RE L 0.048%
| ! $0.250- | (0 230-
1 ! ! 0.400)" 0.400)"
I
: 4. Ternecct Polycster, lrce Outdaoe actel! t.16- 0.048- 0.048-
I . thane cured 1.79? 0.060 0.060°
i , (9.60- (0 400- (0 400-
| . 14.9) 0.3500)! | ©6.300))
! 0.0%4~ 0.054-
. 0.070% 0.070%
| (0.43%0- (0.¢%0-
; 0.580)% | o0.380)%
$. Thernoplastic Polyester furniture, fencing® 1.1%- 0.001- 0 001-
1.9 0.004% 0.004¢
, i (5.60- (0.010- (0.010-
: 10.9) 0.030)¢ 0.036)%
4
i 6. Thermoset Acrylic Outdoor metal & 1.20- 0.0~ o e.ole.
equipaent! 1.52 0.0422 0.042?
(10.0- (0 2%0- (0.2%-
12.7) 0.30)? 0.3300?
0.098- 0.098-
I 0.1242 0.124?
(0.820- (0.820-
I 1.03002 | 1.030)?
| — ————— . ——

{cont{nued)
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TABLE C-2 (continued)

v oot : ° "_"iw' ] be OV 10 MY
PAINT DISOXIPTION i : te/ise | (1b OV/§al NV)
L TAINT CrAss L (FORMULATIUNY COMPUSITION OF BINDIR | ‘- SULCERTID USE {ib/gat) o buy f use ]
38 - (continued) 1. Vinvl : Outdnor furnitute, 1.20- 1 0.005%- 0.00°-
bicvcled! 1.60 0.0267 0.0287
Fencing. wircs, under- ' (10.0- (0.0%0- (6.03%0-
gronnd uses? HEER TIC)) 0.22007 [ 0.2:20)?
8. Cellulose Acetate Butyrate Furniture! ' h.ls- ' 0.060- 0.060~
S S 1 0.096" 0.M96"
i (9.50- |, (0.500- {0. %00~
¢ 1.0 | 0.800)" | 0.800)*
: ' a.030- | 20
0.062" 0 ne2*
| 0 230~ | (0 230-
0.150)¢ | 0 1%0;*
' -
[}
beh - RADIATION, Rlectron | |. Pulyester, US Pat. 3,437,%04] 962 Stveane, 1T Maledc Anh, Wood & metal H 0.91* 0.04L8¢ 0.048¢
beam cured (ford Motor Co.) ! (7.60)¢ (0.400)¢ (0.400)¢
| 2. Cluar Acryllc, US Pat. 972 A ry tates Wood & metal | 0.91¢ 0.048¢1 0.048¢
1,437,314 (Ford Motor Co.) ’ {7.600¢ (0.200)¢ (0.400)¢
3. White Meylble, tS Pat. 90” Acrylaten, A” Styrune Wood & actal 0.91¢ 0.048¢ 0.048¢
3,437,313 (Fored Motor Co.) (7.60)* | (0.400)¢ | (0.400)*
4, Vhite Silicone Pulyceter, 30T Polventer, YO Styreone, 10Y | Wood & meisl 0.911 0.040¢ 0.0481¢
S tat. 3,402,303 (Fodd Acevelle Stlonane, 3JOT Methyl (7.60)¢ (0.400) ¢ {0 400)1?
Motor Co.) Mepacrylte &
- ——— e ] —— — :
buvy = RADIATION, Ulera 1. Polywater Printed decorations ok 0.024° ¢ neo®
vialet ray cured (Unk) 0.2000% | (0.300)*
2. Acrylic Clear ovescosts Unk 0.024¢ 0.060°
(unh) (0.200)% | (0.500)*
). Poly-thiorther (W.R, Crace Clevated tempersture Unk vex ? vok ?
& Co.) coatn, magnetic vire (Urk) (unk) * (unk) ?
TAs -~ NICHM JOLIDS, Alr 1. Acrylic White aml (Rohm 39T Acrylic oligomer, 41 Des- large equipment, heat 1.%8 0.¢8 0.48
drytng,solvent borne & Ha.s QR 368) sodur N In ethoxy ethanol sensitive iteme, shop (13.2) (5.70) (5.70)
ocetate moistener tef{inishing

(cont {mued)

Reproduced fro S
best available c";py. %ﬁg
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TABLE C-2 (continued)

] (19 by OV/TiE NV
PAINT DESCRIPTION ag/tte (b ov/ga) NV)
o __PAINT CLASS {FORMILATLION) .. L. _cmrositiov or etnre ____ SUCCESTED USE__ | (1b/ge1) buy u!f_____T
738 ~ RICH SOLIDS, Seke 1. Acrylold OL 42 White Taamel | Hydronyl acryltc oligmer in indoor & outduvor furni- .n 0.%0 0.0
cured, solvent borme (foh~n & Naass) ethory ethano! crosslink with tuere, air conditioners, (14.)) (4.20) (4.20)
selreinge etc.
2. Aceylic White Zassel (Rotm 402 Cathoxvl scrylic nlligomer, Low energy porcelein 1.69 0.5% 0.5
& Reus) &N Epovy tn crnsslink with replacenents (14.1) (4.9%0) (4.90)
Mrthyl -amvi-betone/anluene
2% vl
/v - LIl SOLVENT, Sale 1. Acrylic Vhite Lnmmel Areylte emulsfon (n weter Cenerel industrtisl or 1.1 0.18 0.8
cured, water borne (Ashland EF-11) (Arolon X-801) outdoor over priser (9.90) (1.%0) (1.%0)
9%y - POLDIR SLURRY, Dabe 1. Acrylic White Lnemel Actylic powder in water Ceneral tndustrisl 1.3¢ 0.018¢ 0.018¢
cured, water botae 11.7) (0.150)¢ (0.1%)¢
o= e I T T T ndatmtng Snu il syt 1=
V C. 2. Cole, Jr.: ST psper, FC 174-360, and direct commupication.
2 R, D, Hardy & T. V. Seftz: S<N: paper, FC 74-389.
}o. 2. S.van, Sherwin-Wililamss fo.; Never Formuistions, and direct communication.
S T, W, Settz, Shervin-Willlses fo.; direct communication.
T P. M. Getbble, SPM-Gliddea-turkee; direct romsunticatfon.
S g a. tohnsten, Fastunsa Chex.cal Products, Inc.; | ~wer Faorsulstions, and ditect commaicetion.
LS A Hagen, Union Carbide Corporating; direct comminication.
8 3. F. Schroetar, Coners! Flectric Company; “The Ulitnsiclet Cure of Solventless Realas™, Non-polluting Costings & Coating Processes; Cardon
& Prane, E€44tora, Plenud Press, Mew York, W, Y. 197},
* a0 Ketley, W. R. Crace & Compeny; SME peper, #C 75-33).
® Dota given {or Paine Class 53 only include libevated organic corssctante.
* Dats given ore eotimates.
# Dats given tnclude Jidersted ocganic coresctants.
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TABLE C-3. WASTE COATING COMPOSITION DATA

Data
Process and/or waste desc. iption Waste compositiona quality
Paint sludge from spray painting at Pignents, % 20 c
truck assembly plant Resin, % 60
Mojsture, % 20
Paint sludges from auto assembly Toluene, % : $5-33 C
plant Ethyl alcohol, % 2-11
Diacetone alcohol, % 1-4
Isopropyl alcohol, % 1-15
N-Butyl alcohol, % 1-16
Cellosolve acetate, % 1-6
Xylene, % 3-100
MEK, % 1-16
Ethylene glycol monoethyl ether, % 1-q
V.M. & P. naphtha, % 1-2
Aromatic naphtha, % 9-30
N-Butanol, % 1-2
Iso-butanol, $ 1-2
Ketcnes, % 1-20
Esters, % 10-20
Crotonaldehyde, % 0-25
Diethylbenzene, % 0-25
Turpentine, % ) 0-11
Pigments, % '} 1-60

Barium sulfate
Aluminum silicate
Titanium dioxide
Montmorillonite clay
Bagnesium silicate,
Carbon black )

(continued)
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TABLL: ~3 (continued)

Data
Process and/or waste desrrin-,on Waste compositior;a quality
Paint sludges from auto cisembly Pigments, %
plant {(continued) Copper
Lead
Nickel
Chrome
Paint sludge from tractor manufactur- Nonvolatiles, % 70.18 B
ing operations Volatiles, % 29.82
Water, % >25
Ogranic solvents
Xylene, %
Naphtha, % <4
Compusition of nonvolatile portion
Alkyd type grey bake enamel, % 14
Alkyd type blue bake enamel, % 34
Alkyd type yellow bake enamel, % 37
Alkyd type black air-dry enamel, % a
Alkyd type primer, % 11
Paiat sludge from a tank plant Total chromiun, mg/L 600-2,000 B
Lead, mg/L 1-3
Zinc, mg/L 400-600b
Mercury NDb
Arsenic ND )
Copper, mg/L 60-100 -
pH 6.35

Solid paint, heterogeneous mixture

{continmed)
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TABLE C-3 (continued)

Process and/or waste description

R -
Waste composition

Data
quality

Paint primer sludge

Finish paint sludge

Paint sludge

Acrylic based paint residue (solids)

Alkyd resin
Xylene
Toluene
Naphtha
Zinc

Iron

Alkyd resin
Xylen-

Toluene
Naphtha
Mineral spirits
Titanium

Iron

Carbon

Silicone resins

Cellosolve acetate (acetate esters of
ethylene glycol monocethyl ether)

Isobutyl acetate

Xylene

Toluene

Aluminum

Resin, %

Moisture, %

Pigments (primarily carbon black), %
Solvent (trace of toluene), %

40-60
25-30
15-20
0.5-2

(continued)
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TABLE C-3 (continued)

Process and/or waste description

... a
Waste composition

Data
quality

Solvent based paint sludge

Acrylic copolymer based dewatered
paint residue

Electrolytic paint sludge

Flammable, volatile

Alkyds, % 15
Nitro cellulose, % 16
Organic solvent, % 13
Organic resin, % q
Organic and inorganic pigment, % 25
Toluol, % 24
¥Xylol, % 3
Butyl acetate, % 2
MIBK, % 1
Isopropanol, % 3
Lead, % <0.5
Chromium, % <0.5

Odorless waxy solid

Softening point, °F >160
Flash point, °F >250
Moisture, % <0.5
Resin, % 60-62
Free oil, % 3-4
Pigments, % 34—37b
Solvent ND

Pigments consist of titanium dioxide and some carbon

black. No acrylic monomer present.
Deionized water, % 85.5
Alcohols, % 4.5
Pigments, % 10.0
pH 6.6-7.6

(continued)

[
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TABLE C~3 (continued)

Data
Process and/or waste description Waste compositiona quality
Solvent based scrap automotive paint The minimum and maximum are ranges one would expect to Cc

find from one drum (55 gallon) to another. The aver-
age represents what one would expect by mixing one
truck load (approx. 4,000 gallons) of scrap paint.

»in/Avg/Max
General analysis
Resin, % 10/25/40
Solvent, % 10/50/95
Water -
Pigment, % 5/2%/30
PH, % 6.5/7/8.5
Detailed analysis
Resin
Acrylic copulymers, % 20/30/40
Melamine, % 0/5/10
Melamine copolymers, % . 0/5/10
Epoxy ester resin, % 0/3/12
Solvents
Acetone, % 5/10/15
Xylene, % 0/10/20
Toluene, % ©/10/15
Acetate esters of ethylene
glycol monc ethyl ether, % 0/10/15 .- -
Misc. hydrocarbons, % 0/8/12
Water . -

(continued)



TABLE C-3 (continued)

vEE

Data
Process and/or waste description Waste compositiona quality
Solvent based scrap automotive paint Min/Avg/Max
(continued)
Heavy metals in pigments
Lead, mg/L . 50/150/300
Mercury, mg/L 1/1/5
Nickel, mg/L 2/10/15
Arsenic, mg/L 1/1/10
Chromiuri, mg/L 50/400/2,000
Silica, mg/L 50/50/200
Copper, mg/L 50/100/3,000
Zinc, mg/L 50/3,000/6,000
Bromine, mg/L . 10/16/3,000
Chlorine, mg/L 10/80/3,000
Total solids (pigments and resins
left after heating at 250°F), % 5/12/45
Paint and water from paint spray pPH 8.1 B
booth-auto assembly plant Paint, % 61.5
Water, % 38.5
Lead,, mg/kg <10,000
Zinc, mg/kg <1,000
Nickel, mg/kg <100
Copper, mg/kg <1,000
Chromium, mg/kg <1,000
Phenolics compound (by leach
test), mg/kg 4.7

(continued)
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TABLE C-3 (continued)

Process and/or waste description

P |
Waste composition

Data
quality

Gray epoxy low bake primer sludge

Liquid water base aluminum paint
sludse

Solid water base aluminum paint

sludge

Liquid solvent base aluminum paint
sludge

Pigments, %
Barium sulfate
Titanium dioxide
Silica
Carbon black

Vehicle solids, %
Epoxy ester resin, %
Nitrogen resin, %

Solvents, %
Aromatic hydrocarbons
Aliphatic hydrocarbons
Ethylene glycol monobutyl ether
Butyl alcohol

Metallic aluminum pigment, %
Alkyd resin, %

Driers and stabilizers, %
Cosolvents, %

Water, %

Metallic aluminum pigment, %
Alkyd resins, %
Driers and stabilizers, %

Metallic aluminum, %

Suspending and tinting pigment, %

Phenolated alkyd resin, %

Aromatic and aliphatic hydrocarbon
blend, %

37

16
93

47

C

(continued)
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TABLE C-3 (continued)

Data
Process and/or waste description Waste composition® quality
Solid solvent base aluminum paint Metallic aluminum, % 33.1 B
sludge Suspending and tinting pigment, % 1.3
Aromatic and aliphatic hydro-
carbon blend, % 65.6
Liquid zinc rich welding primer Metallic zinc, % 71.2 B
sludge Suspending agent, % 2.7
Epoxy ester, % 4.6
Rubber, % 1.1
Aromatic and aliphatic hydro-
carbon blend, % 20.4
Solid zinc rich welding primer sludge Metallic zinc, % 89.4
Suspending agent, % 3.4
Epoxy ester, % 5.8
Rubber, % 1.4
Dip paint sludge pH 7.2 B
2-Butoxyethanol, % 15
N-Butoxypropanol, % <5.0
Triethylamine, % . <0.5
Chromiumin pigment, % 0.29
Water Balance
Overspray and drippings from spray Lead, % 5 c
paint booth Chrome, % 3
Anodized aluminium, % 3
Carbon black, % 1
Iron oxide, % 6
Iron blue, % 2
' (continued)
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TABLE C-3 (continued)

Data
Process and/or waste description Wacie compositiona quality
Overspray and drippings from spray Solvents
paint booth (continued) Xylol, %
Toluol, % 10
Naciitha, %
MEK, %
Vehicle (resin), % 70
Paint spray booth sludge Flammable B
Flash point, °F 53
Vinyl toluenated alkyd resin, % 33.5
V. M. & P. naphtha, % 51.7
Calcium carbonate, % 11 5
Titanium dioxide, % 3.0
Lead, mg/kg <10
Nickel, mg/kg <10
Cadmium, mg/kag <10
Chromium, ma/kg <10
Hercury, mg/kg <10
Arsenic, mg/kg <10
Amines, mg/kg <19
Nitro-phenols, mg/kg 100
Quinones, mg/kg 100
Dip prime sludge Pigments, % 15-20 o
Xylol, MIBK, cellosolve acetate, % 80-85
Zinc, mg/L 247
Paint sludge pH 7.0 C
Water, % 10-95
Sodium silicate, % 5-10
(continued)
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TABLE C-3 (continued)

Data
Process and/or waste description Waste compositiona quality

Paint sludge (continued) Sodium phosphate, % 5~10
Sodium hydroxide, % 1-5
Paint resin, % 5-10
Pigments, % 1-5

Paint residue from productive paint- Ketones and alcohols, % 10-20 C
ing operations Toluene, % 70-80
Pigments, % 5-10
Xylene, % <1

Solvent based paint sludge Flammable C
Flash point, °F 200
pH 8.0-9.0
s Noncombustible ash, % 6
o© Aliphatic alcohols, % 9-13
Toluene, % 1
Aliphatic petroleum distillate, % 34-42
Triethylamine, % 0.4
Xylene, % <1
Manganese, % <1
Nickel, % 0.03
Chromate, % 0.06
Copper, % <2
Lead, % 0.25

Paint sludge from spray booth Noncombustible ash, % 6.1 B
Resins, fillers, pigments, % .- 87.17
Lead, % 2.7

{continued)
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TABLE C-3 (continued)

Data

Process and/or waste description Waste composition’ quality
Paint sludge from spray booth Zinc, mg/L 260
(continued) Nickel, mg/L 2
Copper, mg/L 220
Mercury, mg/L 16
Beryllivm, mg/L 2
Cadmium, mg/L 1
Hexavalent chromium, mg/L 9,100
Arsenic, mg/L 8
Phosphorus, mg/L 4,760

Paint sludge from painting aitomobile Flammable B
accessories Flash point, °I <32
0il and grease, % 3.6
Pigments, % 30.4
Solvents, % 66.0
Aromatic hydrocarbons, % 17.9
Alcohol, % 13.5
Water, % 11.4
Naphtha, § 9.8
Ketones, $ 9.2
Glycol, & 1.7
Esters, % 0.8
Phosphorus, mg/L 37
Phenol, mg/L 4.4
PCB

Aroclor 1242, mg/L <2
Aroclor 1260, mg/L <2
Lead, mg/L 190
Zinc, mg/L 11

(continued)
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TABLE C-3 (continued)

Data
Process and/or waste description Waste compositiona guality

Paint sludge from painting automobile Nickel, mg/L 8.8
accessories (continued) Copper, mg/L 12
Beryllium, mg/L <0.2
Cadmium, mg/L <0.2
Chromium, mg/L <0.0%
Mercury, mg/L <0.01
Chlorine, mg/L 10,570
Bromine, mg/L 74
Arsenic, mg/L 0.31
Sulfur, mg/L 710
Cyanide, mg/L 0.8

Paint sludge from painting automobile Fiash point, °F >200 B
accessories pH 8.4
Water, % 45
Resins, % 40
Metals and dirt, % 15
Noncombustible ash, % 57.2
Lead, mg/L 3,345
Zinc, mg/L 2,651
Nickel, mg/L 70
Copper, mg/L 1,682
Cadmium, mg/L 0.8
Chromium, mg/L 120

Water base paint residue-water Toxic B
reducible baking epoxy paint pH 8.0
Water, % 64 £ 10
Carbon black, % 2.4
Lead silicochromate, % 4.0

(continued)
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TABLE C-3 {continued)

Data

Process and/or waste description Waste composition® quality
Water base paint residue-water Urea formaldehyde, % 4.0
reducible baking epoxy paint Methylated melamine, % 3.9
(continued) Epoxy ester, % 12.7
Ammonium compounds, % 1.5
Talc, % 7.9
Butyl cellosolve, % 4.8
n-Butanol, % 0.5
Methyl cellosolve, % 3.7
Noncombustible ash, % 12 ¢ 1
Lead, mg/kg 1,640
Trivalent chromium, mg/kg 15

Paint sludge Flammable B

Flash point, °F <140
pH 4.5
Solids (paint), % 54.3
Noncombustible ash, % 28.7
Lead, mg/kg 43,000
Zinc, mg/kg 540
Nickel, mg/kg 8.1
Copper, mg/kg 195
Beryllium, mg/kg <0.06
Cadmium, my/kg 4.3
Chromium (total), mg/kg 10,300
Chromium (hexavalent), mg/kg <0.005
Mercury, mg/hkg <0.004
Arsenic, mg/kg 0.41
Kjeldahl nitrogen, mg/kg 3,390
Phenol, mg/kg 1.2

{continued)
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TABLE C-3 (continued)

Data
Process and/or waste descraption Waste t_:o_n)positiona quality
Paint sludge (continued) Tctal halogens reported as
Chlorine, mg/kg 62
Bromine, mg/kg 33
Organic halogens reported a.
Chlorine, mg/kg 59
Bromine, mg/kg 32
Sulfur, mg/kg 140
Phosphorus, mg/kg 2,100
011 and grease, mg/kg 143,000
Cyanide, mg/kg 35
PCB reported as
Aroclor 1242, mg/kg <1
Aroclor 1260, mg/kg 7
Solvents
V.M.P. naphtha, mineral spirits, and alcohol.
Waste enamel from wire coating Toxic C
process Flammable
Cresylic acid (cresols-xylenols), % 30-50
Aromatic hydrocarbons (xylene), % 20-40
Resins (polyamide-polyester
urethanes-amide-imides), % 15-30
2inc, mg/L 63.5
Copper, mg/L 3.17
Cadmium, mg/L 1.00
Lead, nickel, beryllium, chromium ND -
Primer paint sludge from paint spray Pigments and resins 34.5 o
booth Water 65.5

(continued)
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TABLE C-3 (continued)

Data
Process and/or waste description Waste compositiona quality
Primer paint sludge from paint spray Lead, mg/kg <1,000
, booth (continued) 2inc, mg/kg <1,000
Nickel, mg/kqy <100
Copper, mg/kqg <100
Chromium, mg/kg <1,000
Phosphorus, mg/kg 1,000 to 10,0G0
Scrap enamel and solvent fr- gnet  Flammable c
wire coating process Flash point, °F 81
Toxic, corrosive
pH ~4.0
Polyester amide (maximum), % 4C
Xylene (maximum), % 40
Cresylic acid (maximum), % 40
Trivalent chromium (maximum), mg/L 200
2,3,5-Trimethyl phenol, mg/L 0.01
Waste enamel and solvents from magnet Flammable B
wire coating process Flash point, °F £4-110
Toxic, odorous, irritant
Enamel resins in solution, % 1-5
Xylene, § 40-60
Cresylic acid, % 8-15%
Ethyl alcochol, % 5-15%
Phenol}, % 3-6
Hydraulic oil, % 1-5
Helamine, mg/kg 350
Trivalent chromium, wmg/kg 10-12
(continued)
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TABLE C-3 (continued)

Process and/or waste description

K : |
Waste composition

Data
ovality

Paint sludge

Waste solvents and resins from
magnetic wire coating operation

Waste paint

Aluminum can painting process-
solvent oil and paint sludge

Paint sludge

Waste dip coat

Pigments, %

Solvents and resins, %
Lead, %

Chromium, %

Xylene, %
Phenol, %
Cresylic acid, %

Paint pigments, %

Xylene, %

Toluene, %

High boiling naphtha (such as
SP-100 or kerosene), %

Methyl ethyl ketone, %
Paint sludge, %

0il, %
Water, %
Paint, %
Solvents, %
Latex, %
Water

pH

Solids, %
Liquid, %
pH

35
65
0.22
0.06

~40
~35

25

31
17
17

35

15
15
40
30

45-50
10-15
2-5
Balance
7.0

73
27
9.6

B

{(continued)
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TABLE C~3 (continued)

—————

Data
Process and/or waste description Waste compositiona quality

Waste dip coat (continued) Silica (colloidal), % 26.2
Silica (Si0y), % 12.4
Aluminum oxide, % 37.0
Isopropyl alcohol, % 62

off-spec paint thinners Acetone (90%)/Toluol (10%), % 30-70 C
Butyl cellosolve, % 20-30
Butyl carbitol, % 10-30

Off-spec spray paint Water, % 50-60 C
Aliphatic hydrocarbons, % 25-30
Fatty acids, % 10-15
Aluminum oxides, % 3-4
Titanium oxide, % 2-3

Off-spec water base paint Water, % 55 B
Resin and solvent, % 30
Talc, % 12
Carbon black, % 3

Off-spec primer Flammable B
Flash point, °F <70

Aromatic hydrocarbons (toluene,

xylene, MEK), % 63.7
Resin, % 36.7
Noncombustible material (600°C), % 24.9
Lead, mg/kg 18.0
Cadmium, mg/kg 2.6
Nickel, mg/kg 1.2
2.0

Lithium, mg/kg

(continued)
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TABLE C~3 (continued)

Data
Process and/or waste description Waste compositiona quality
Off-spec primer (continued) l.ercury, mg/kg 6.0
Chromium, mg/kg 1.1
Copper, mg/kg 2.9
Zinc, mg/kg .38.2
Silver, mg/kg 0.2
Waste paint thinner Flammable B
Flash point, °F <65
L . Toxic, irritant

T - Pigments, %_. . _ _ __ i 2.1

Aromatic hydrocarbons, % ST 27.7- - -
Alcohol, % 20.5
Water, % 17.2
Naphtha, % 14.9
Ketones, % 13.9
Glycol ethers, % 2.5
Esters, % 1.2
Noncombustible ash, % 0.5
Lead, mg/L 152
Zinc, mg/L 37
Nickel, mg/L 1.4
Copper, my/L 13.3
Cadmium, mg/L 29
Chromium, mg/L 23
Antimony, mg/L 5.3
Cobalt, mg/L 44.0
Lithium, mg/L 1.4
Silver, mg/L 2.3

(continued)
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TABLE C-3 (continued)

Data
Process and/or waste deacription Wante componit.jonn N quality
Waste lacquer thinner from paint shop Flammable c
Flash point, °F 21
Methyl ethyl ketone, % ~5
Isopropyvl acetate, % 5
Toluene, % ~50
Acetone, % ~10
Methyl isobutyl ketone, % ~5
Isopropyl alcohol, % ~5
) Isobutyl, % ~15
T ~ - e . _HMethanol, % ~5
Xylene, % = T vooe-o-oo L _ "5
Solvent, % 86T T T i e
Pigments and resins, % 44
2inc, mg/L 1,005
Chromium, mg/L 73
Paint filters and paint dust from Pigments, % 44 C
c¢lean-up of paint booths Resin, % 51
Filter and dust, % 5
Diethylamine, mg/kg <10,000
Grease and paint scraped from paint Paint solids, % 92.5 B
booth walls Grease, % 7.5
Cadmium, mg/L 0.15
Chromium, mg/L 449
Copper, mg/L 5.7 -
Nickel, mg/L 0.5
Lead, mg/L 1,940
Zinc, mg/L 10.9
(continued)



TABLE C-3 (continued)
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] . Data
Process and/or waste description Waste composition’ quality
Waste paint thinners and paint solids Aromatic hydrocarbons, % 62.4 B
from paint clean-up operations Oxygenated hydrocarbons, % 30.1
Butyl ester/glycol ether, % 3.1
Paint solids, % 4.4
Noncombustible material (600°C), mg/kg 2,520
Lead, mg/kg 1,920
Cadmium, mg/kg 0.3
Nickel, mg/kg 5.9
Cobalt, mg/kg 11.8
Iron, mg/kg 32.1
c T T - - - - — - - . Chromium, mg/kg _ o 160
Copper, mg/kg T T OTITY o =
Zinc, mg/kg 54
Antimony, mg/kg 1.2
Silver, mg/kg 0.8
Waste generated during cleaning of Toluene, % 62 B
paint spraying equipment Hexane, % 13
Trichloroethylene, % 11
Waste from clean up of painting Flammable B
operation Flash point, °F 20-80
Volatile
Aliphatic petroleum distillate, % 48
Toluene, % 43
Paint solids, % 9
Noncombustible ash, % 0.35
Lead, mg/L 1,225
Zine, myg/l, 30.3
Nickel, ng/L 49.3
(continued)

s S P T



6%E

TABLE C-3 (continued)

. Data
Process and/or waste description Waste composition® quality
Waste from clean up of painting Copper, mg/L 27.5
operation (continued) Cadmium, mg/L <0.1
Chromium, mg/L 47.0
Waste solvent generated during clean- Flammable ) c
ing paint brushes or guns Flash point, °F 81
Xylenoi/tculene, % 85-95
Dirt, paint, and other material
from cleaning, % 0-15
Alcohol rinse for waste enamel for Flammable - B
" “wire coating process — - - — - Denatured-ethyl alcohol, % . _. 70-95 e
Cresylic acid, % 5-25
_ Water, % 1-10
Lead, mg/L 0.8
Zinc, mg/L 1.6
Copper, mg/L . 19.0b
Nickel, cadmium, chromium ND
Acid rinse for waste enamel from Flammable B
wire coating process Irritant
Solids, % 5
Xylenols, % 40-50
Cresols, % 30-40
"Mixed resins (polyamides, etc.), % 2-15 .
Phenol, % 0-3
Lead, mg/L 0.8
2inc, mg/L 2.8
Copper, mg/L 29.0

{continued)



TABLE C-3 (coantinucd)

Data
Process and/or waste description Waste compositiona quality
Acid rinse for waste enamel from Cadmium, mg/L 1.8b
wire coating process (continued) Nickeili NDb
: Chromium ND
* Paint 'sludge from water wash air Noncombustible material (600°C), % 32.7 - B
pollution control device Paint resins and pigments, % 70-96
Water, % - 4-30 )
pH . 8.0__ _ _ __ _
. o _ _ . . - - . ‘Lead; mg/kg- e - T ST T T T T 7,695
B : Cadmium, mg/kg 0.7
Nickel, mg/kg , 7.5
Cobalt, mg/kg 2.4 i
Chromium, mg/kg ’ 238
Copper, mg/kg 6.8
Zinc, mg/kg 1,095
Lithium, mg/kg 1.8
Silver, mg/kg 0.5b
. Chlorine NDb
Bromine NDb
Antimony . ND

a . . . .
Data are reported as found in State files. Whether percentages given are by volume or weight is not
known. . . - -

bNot detected.



