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ABSTRACT

This document presents the findings of an extensive study of
major segments of the metal finishing industry by Battelle's
Columbus Laboratories for the Environmental Protection
Agency for the purpose of developing effluent limitations
guidelines, Federal Standaxds of performance, and
pretreatment standards for the industry, +to¢ implement
Sections 304, 306, and 307 of the Federal Wwater Pollution
Control Act, as amended (33 UsC 1251, 1314, and 1316; 86
Stat 816).

Effluent limitations guidelines contained herein set forth
the degree of effluent reduction attainable throuch the
application of the best practicable control technology
currently available and the degree of effluent reduction
attainable through the apglication of the best available
technology economically achievable which must be achieved by
existing point sources by July 1, 1977 and July 1, 1983
respectively. The standards of performance for new sources
contained herein set forth the degree of effluent reduction
which is achievable through the application of the best
available demonstrated control technology, processes,
operating methods, or other alternatives.

In developing the data and recommendations in this document
the metal finishing processes have been divided into two
subcategories that are distinguished from each other by
differences in water use and the presence or absence of
chelating agents. Subcategory (1) consists of processes
anodizing, immersion plating, chemical milling, chemical
conversion processes and etching. chemical milling, and
etching. Subcategory (2) consists of processes for
electroless plating on plastics.

Chemical treatment of waste waters to destroy oxidizable
cyanide, reduce hexavalent chromium, and remove all but
small amounts of heavy metals represents the best
practicable control technology currently available for
existing point sources in Subcategories (1) and (2).

Chemical treatment of waste waters to destroy oxidizable
cyanide, reduce hexavalent chromium, and remove all but
small amounts of metals, augmented by in-process procedures
to further reduce +the amount of waste water and the total
pollutional load is the new source performance standard for
point sources in Subcategories (1) and (2).



The Best Available Technology Economically Achievable to be
achieved by 1983 1is no discharge of pollutants for
Subcategories (1) and (2).

Supportive data and rationale for development of the
proposed effluent limitation guidelines and standards of
performance are contained in this report.
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SECTION I

CONCLUSIONS

For the purpose of establishing effluent limitations
guidelines and standards of performance for the metal
finishing segment of the electroplating industry, the metal
finishing process covered by this study have been divided
into +two subcategories. The selection of processes for
inclusion in each subcategory is based upon a similarity in
process configuration, in the method of treating the waste
waters and a similarity in the amount of water required for
the metal finishing processes. The consideration of the age
of the plant, processes employed, geographical locations,
and wastes generated support this conclusion. Guidelines
for the application of the effluent 1limitations and
standards of performance take into account the plant size in
that +the allowable amount of pollutant that can be
discharged is proportional to the size of the plant.

Subcategories of the metal finishing point source category
are:

(1 Anodizing.
(2) Coatings.
(3) Chemical etching and milling.

The best practicable control technology for subcategories
(1) and (2) is chemical treatment. It is estimated that a
water use of 90 1liters per sq m per operation can be
achieved for the anodizing subcategory, 80 liters per sq m
per operation for the coatings subcategory and 120 1liters
per sq m per operation in the chemical etching and milling
subcategory.

The average cost for waste treatment reported by 30 plants
was $1.06/1000 1liters of waste water treated. Investment
costs ranged from $1.15 to $43.39/1/hr. Estimates made from
two modeled waste treatment plants carrying out cyanide

destruction, chromate reduction, precipitation,
clarification and filtering were $1.09 and $1.41/1000 liters
of waste water treated. Investment costs ranged from

$22,980 for a S-man plant plating 75 sq m/hr and treating
wastes only by neutralizing it to $378,455 for a 47-man
plant plating 815 sq m/hr and treating for cyanide,



chromate, and heavy metals including clarification and
filtering. A minimum cost batch waste treatment system was
designed for $17,700. This system treats cyanide, chromate,
and heavy metals but relies heavily on an operator for
proper functioning and many manual operations. Operating
costs were estimated to Dbe $10,186/yr exclusive of
analytical costs.

The best available technology economically achievable by
1983 is no discharge of pollutants for all subcategories.
The technology involved consists of both in-process and end-

of-prccess methods of minimizing and eliminating water use
and eliminating effluent.

The new source performance standards are based upon chemical
treatment and a water use estimated to be of the order of 90
1/sq m/operation for subcategory (1), 80 1/sq m/operation
for subcategory (2) and 120 1l/sq m/operation for subcategory
(3) .
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SECTION II

RECOMMENDATIONS

Best Practicable Control Technology Currently Available

Recommended effluent limitations for the metal finishing
industry applicable to existing sources discharging to
navigable waters are summarized in Table 1 and the specific
effluent limitation guidelines and rationale are discussed
in greater detail in Section IX of this report. The
guidelines have been derived from the product of pollutant
concentrations and water uses considered achievable.
Chemical treatment of waste waters to destroy oxidizable
cyanide, reduce hexavalent -chromium, and remove all but
small amounts of the heavy metal pollutants represents the
best practicable control technology currently available
(BPCTCA) for existing point sources. A water use of 90 l/sq
m/operation for subcategory 1, 80 1l/sq m/operation for
subcategory 2 and 120 1/sq m/operation for subcategory 3
have been estimated to be achievable by the industry.

Additional currently available in-process control technology
designed to recover and reuse process chemicals and water
and/or reduce water consumption may be required to meet the
effluent limitations depending upon the kind of parts being
finished or the nature of available process facilities.

Best Available Technology Economically Achievable

The effluent limitations attainable through the application
of the best available technology economically achievable by
existing point sources in the subcategories listed in
Section I is no discharge of process waste water pollutants
to navigable waters by July 1, 1983. The achievement of no
discharge of pollutants is believed to be possible through a
combination of technologies that are in existence, that are
being developed, and that remain to be developed before
1983. There is considerable information available on how to
reduce water use in the plant through proper design of
processing lines and correct operating procedures.
Minimizing this water use reduces the problem of treating
the waste water that 1is produced. Reverse osmosis,
electrodialysis, and special ion-exchange systems are under
development to recycle water in process loops and thereby
reduce water to be treated and are also teing tested for
recovery of process water from waste effluent. New
techniques for water recovery should come from the broad



scientific and engineering base in the United states,
although it is difficult ¢to pinpoint what specific
technologies will emerge before 1983,

New Source Performance_ Standards

Recommended standards of performance for subcategories (1),
(2) and (3) of the metal finishing industry applicable to
new sources discharging to navigable waters are summarized
in Table 2. The 1limitations are applicable to sources
constructed after publication of fproposed regulations
prescribing a standard of performance. The standards of
performance are lower in value than the corresponding
effluent limitation guidelines in Table 1. New sources have
the opportunity to design and economically install in-
processs systems that can be operated with a lower water use
than can be achieved in many existing plants.

The single-day maximum is two times the 30-day average given
in Table 2. The rationale for establishing the factor of
two is given in Section IX.

(X}
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Table 1 - BPCICA Limitations
for Anodizing Subcategory

Effluent Effluent
Characteristic Limitations
Maximum for Average of daily

any one day values for thirty
consecutive days
shall not exceed

(Metric units) milligrams per sg m

per operation
Copper 90 45
Nickel 90 45
Cr,Total 90 45
CxVI 9 4,5
Zinc 90 45
CN,Total 90 45
CN,A 9 4.5
Fluoride 3600 1800
Cadmium 54 27
Lead 90 45
Iron 180 90
Tin 180 90
Phosphorus 180 90
TSS 3600 1800
pH Within the range 6.0 to 9.5.

(English units) pounds per million sq ft
per operation

Copper 18.4 9.2
Nickel 18.4 9.2
Cr,Total 18.4 9.2
CxrV1 1.8 .92
Zinc 18.4 9.2
CN, Total 18.4 9.2
CN,A 1.8 .92
Fluoride 738 369
Cadmium 8.8 4.4
Lead 18.4 9.2
Iron 36.8 18.4
Tin 36.8 18.4
Phosphorus 36.8 18.4
TSS 738 369
pH Within the range 6.0 to 9.5.



Table 1 - BPCTCA Limitations
for Coatings Subcategory

Effluent Effluent
Characteristic Limitations

Maximum for Average of daily

any one day values for thirty
consecutive days
shall not exceed

(Metric units) milligrams per sq m

per operation

Copper 80 40
Nickel 80 40
Cr,Total 80 40
CxVvI 8 4
Zinc 80 4Q
N, Total 80 40
CN,A 8 4
Fluoride 3600 1800
Cadmium 48 24
Lead 80 40
Iron 160 80
Tin 160 80
Phosphorus 160 80
TSS 3600 1800
pH Within the range 6.0 to 9.5.

(English units) pounds per million sq ft

per operation

Copper 1l6.4 8.2
Nickel 16.4 8.2
Cr,Total 16.4 B.2
Crvi 1.6 .82
Zinc 16.4 8.2
CN,Total 16.4 8.2
CN,A 1.6 .82
Fluoride 646 323
Cadmium 9.8 4.9
Lead 16.4 8.2
Iron 32.8 16.4
Tin 32.8 16.4
Phosphorus 32.8 16.4
TSS 646 323
PH Within the range 6.0 to 9.5.
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Table 1 - BPCTCA Limitations
for Chemical Milling and Etching

Subcategory
Effluent Effluent
Characteristic Limitations
Maximm for Average of daily
any one day values for thirty
consecutive days
shall not exceed
(Metric units) milligrams per sq m
per operation
Copper 120 60
Nickel 120 60
Cr,Total 120 60
CxvI 12 6
Zinc 120 60
N, Total 120 60
N,A 18 9
Fluoride 4800 2400
Cadmium 72 36
Lead 120 60
Iron 240 120
Tin 240 120
Phosphorus 240 120
TSS 4800 2400
pH Within the range 6.0 to 9.5.
(English units) pounds per million sq ft
per operation
Copper 24.6 12.3
Nickel 24.6 12.3
Cr,Total 24.6 12.3
CxrVI 2.4 1.2
Zinc 24.6 12.3
CN, Total 24.6 12.3
A 3.8 1.9
Fluoride 984 492
Cadmium 14.8 7.4
Lead 24.6 12.3
Iron 49.2 24.6
Tin 49.2 24.6
Phosphorus 49,2 24.6
TSS 984 492
pH Within the range 6.0 to 9.5.



Table 2 — NSPS Limitations
for Anodizing Subcategory

Effluent Effluent
Characteristic Limitations

Maximm for Average of daily

any one day values for thirty
consecutive days
shall not exceed

Metric units) milligrams per sq m
per operation

Copper 45 23
Nickel 45 23
Cr,Total 45 23
CxrvVI 4.5 2.3
Zinc 45 23
CN,Total 45 23
N, A 4.5 2.3
Fluoride 1800 900
Cadmium 27 14
lead 45 23
Iron 90 45
Tin 90 45
Phosphorus 20 45
TSS 1800 900
pH Within the range 6.0 to 9.5.

(English units) pourds per million sq ft

per operation

Copper 9.2 4.6
Nickel 9.2 4.6
Cr,Total 9.2 4.6
CxvVIi .92 .46
2inc 9.2 4.6
CN,Total 9.2 4.6
CN,A .92 .46
Fluoride 369 . 185
Cadmium 4.4 2.2
Lead 9.2 4.6
Iron 18.4 9.2
Tin 18.4 9.2
Phosphorus 18.4 9.2
TSS 369 185
pH Within the range 6.0 to 9.5.
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Table 2 - NSPS Limitations
for Coatings Subcategory

Effluent Effluent
Characteristic Limitations

Maximum for Average of daily

any one day values for thirty
consecutive days
shall not exceed

(Metric units) milligrams per sg m
per operation
Copper 40 20
Nickel 40 20
Cr,Total 40 20
Crvi 4 2
Zinc 40 20
CN,Total 40 20
CN,A 4 2
Fluoride 1800 900
Cadmium 24 12
Lead 40 20
Iron 80 40
Tin 80 40
Phosphorus 80 40
TSS 1800 900
pH Within the range 6.0 to 9.5.
(English units) pounds per million sq ft
per operation
Copper 8.2 4.1
Nickel 8.2 4.1
Cr,Total 8.2 4.1
CrvVI .82 .41
Zinc 8.2 4.1
CN,Total 8.2 4.1
CN,A .82 .41
Fluoride 323 16l
Cadmium 4.9 2.5
lead 8.2 4,1
Iron 16.4 8.2
Tin 16.4 8.2
Phosphorus 16.4 8.2
TSS 323 161
pH Within the range 6.0 to 9.5.



Table 2 - NSPS Limitations
for Chemical Milling and Etching

Subcategory
Effluent Effluent
Characteristic Limitations

Maximm for Average of daily

any one day values for thirty
consecutive days
shall not exceed

(Metric units) milligrams per sq m
per operation

Ccpper 60 30
Nickel 60 30
Cr,Total 60 30
CxV1 6 3
Zinc 60 30
CN, Total 60 30
N, A 9 5
Fluoride 2400 1200
Cadnium 36 18
Iead 60 30
Iron 120 60
Tin 120 60
Phosiphorus 120 60
TSS 2400 1200
pPH Within the range 6.0 to 9.5.

(English units) pounds per million sq ft

' per operation

Copper 12.3 6.2
Nickel 12.3 6.2
Cr,Total 12.3 6.2
Crvi 1.2 0.6
Zinc 12.3 6.2
CN, Total 12.3 6.2
CN,A 1.9 0.9
Fluoride 492 246
Cadmitm 7.4 3.7
Lead 12,3 6.2
Iron 24.6 12.3
Tin 24.6 12.3
Phosphorus 24.6 12.3
TSS 492 246
pH Within the range 6.0 to 9.5.

10

In



v

FOOTNOTES FOR TABLES 1 AND 2

(a) The effluent limitations and standards of performance
are defined as the weight of pollutant in milligrams
discharged per sq m per operation (pcunds per million sq ft
per operation). The definition of operation depends upon
the subcategory. For anodizing, the term operation shall
mean any step followed by a rinse in which a protective film
is deposited on the object which acts as an anode. 1In
coatings, the term operation shall mean any step followed by
a rinse in which a protective film is deposited on the basis
material. In chemical etching and milling, the term
operation shall mean any step followed by a rinse in which
some portion of the basis material is removed. The term "“sq
m" ("sq ft") shall mean the area plated expressed in square
meters (square feet).

(b) Single-Day Maximum is the maximum value for any one
day, and is 2.0 times the 30-Day Average.

(c) Thirty-Day Average is the maximum average of daily
values for any consecutive 30 days.

(4) Total metal (in solution and in suspended solids) in
sample.

(e) Chromium (total) is the sum of hexavalent and trivalent
chromium, in solution and in suspended solids.

(f) oOxidizable cyanide is defined as all detectable cyanide
amenable to oxidation by chlorine as described in 1972
Annual Book of ASTM Standards, 1972, Standard D 2036-72,
Method B, p. 553.

(g) Total suspended solids retained by a filter according
to standard analytical procedures.

11



SECTION III

INTRQDUCTION

Purpose and Authority

Section 301(b) of +the Act requires the achievement by not
later than July 1, 1977, of effluent limitations for point
sources, other than publicly owned treatment works, which
are based on the application of the best practicable control
technology currently available as defined by the Administra-
tor pursuant to Section 304 (b) of the Act. Section 301 (b)
also requires the achievement by not later than July 1,
1983, of effluent limitations for point sources, other than
publicly owned treatment works, which are based on the
application of the best .available technology economically
achievable which will result in reasonable further progress
toward the national goal of eliminating the discharge of all
pollutants, as determined 1in accordance with regulations
issued by the Administrator pursuant to Section 304 (b) to
the Act. Section 306 of the Act requires the achievement by
new sources of a Federal standard of performance providing
for the control of the discharge of pollutants which
reflects the greatest degree of effluent reduction which the
Administrator determines to be achievable through the
application of the best available demonstrated control
technology, processes, operating methods, or other
alternatives, including where practicable, a standard
permitting no discharge of pollutants.

Section 304(b) of the Act requires the Administrator to
publish within one year of enactment of the Act, regulations
providing guidelines for effluent limitations setting forth
the degree of effluent reduction attainable through the
application of the best practicable control technology cur-
rently available and the degree of effluent reduction
attainable through the application of the best control
measures and practices achievable including treatment
techniques, process and procedure innovations, operation
methods and other alternatives. The requlations proposed
herein set forth effluent limitations guidelines pursuant to
Section 304 (c) of the Act for the metal finishing source
category.

Section 306 of the Act requires the Administrator, within
one year after a category of sources is included in a list
published pursuant to Section 306 (b) (1) (A) of the Act, to
propose regulations establishing Federal standards of

13



performance for new sources within such categories. The
Administrator published in the Federal Register of January
16, 1973 (38 FR 1624), a list of 27 source categories.

Publication of +the list constituted annocuncement of the
Administrator's intention of establishing, under Section
306, standards of performance applicable to new sources
within the metal finishing industry which was included
within the list published Januvary 16, 1973.

summayy of Methods Used for Development of the Effluent
Limitation Guidelines and Standards of Performance

e

The 2ffluent limitations gquidelines and standards of
perforinance recommended herein were developed in the
follow.ng manner. Electroplating processes were considered
separately from metal finishing processes and the
develorment of effluent limitations guidelines and standards
of performance for electroplating processes are covered in
two other documents. This dJdocument covers the following
metal finishing processes: anodizing, coatings (chemical
conversion coatings of phosphating and chromating and
immersion plating), and chemical etching and milling.
Subcatecorization of these processes was based upon raw
material wused, operations employed, and other factors. The
raw-waste characteristics were identified by analyses of the
source and volume of water used in the process employed and
the sources of waste and waste waters in representative
plants and the constituents of all waste waters,

Ranges of control and treatment technologies existing within
each subcategory were identified, including both in-plant
and end-of-process technologies, which are existent or
capable of being designed for waste control. The problenms,
limitations, and reliability of treatment and control
technologys were also identified.

In additicn, the nonwater quality environmental impact, such
as the effects of the application of such technologies upon
other pollution probiems, including air, solid waste, and
noise were aiso identified. The energy requirements of each
of the control and treatment technologies were identified as
well as th2 cost of the application of such technologies.

The information, as outlined above, was then evaluated in
order to determine what levels of technology constituted the
"best practicable control technology currently available",
the “best available technology economically achievable", and
the "best available demonstrated control technology,
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processes, operating methods, or other alternatives", 1In
identifying such technologies, the favtorn considered
included the total cost of application ot technoloqgy in
relation to the effluent reduction henefits to be achieved
from such application, the age of equipment and facilitics
involved, the process employed, the engineering aspects of
the application of various types of control techniques and
process changes, nonwater quality environmental impact
{including energy requirements), and other factors.

sources of information utilized for developing the data in
this document include the following:

(1) Published literature (References appeag. in
Section XII¥)

(2) Trade literature

(3) EPA Technology Transfer Seminar on Upgrading
Metal-Finishing Facilities to Reduce Pollution,
Braintree, Massachusetts, October 30-31, 1973

(4) Three EPA regional offices and eight state
pollution abatement offices

(5) Representatives of approximately 75 companies
with facilities for metal finishing who returned
mailed questionnaires and who were subsequently
contacted by telephone or further correspondence
in many cases.

(6) Representatives of 11 companies who were visited
by BCL staff for development of detailed data

(7) Analytical verification of effluent data for
seven plants engaged in metal finishing processes.

The decision as to which companies to send questionnaires to
was a matter of judgement combined with information from the
prior sources listed. A plant or company was contacted if
there was any evidence that it was engaged in any of the
metal finishing processes of interest and that it was
treating the wastes from these processes. Plants were
identified over a period of approximately 3 months, after
which furthexr activity of this sort was minimal and most
effort was devoted to summarizing the information that had
been obtained. Thus, a number of plants were identified
that could be clasgified as exemplary, but many more may not
have been identified.

This effort includes the following metal finishing
processes:

Anodizing

Immersion plating
Chemical conversion coating {(rhosphate, chromate,

15



etc.)
Chemical milling and etching

All the above-mentioned operations are point sources for
pollution control.

General Description of the Metal Finishing Industry

The metal finishing industry, as included in Standard
Industrial Classification (SIC) 3471, is defined for the
purpose of +this document as that segment of industry
applying (a) coatings on surfaces by electrodeposition,
electroless or immersion plating, anodizing, chemical
conversion techniques, and (b) special contours or finishes
obtained by electrochemical or chemical processes such as
chemical milling, and etching. Pretreatment of the basis
material and post finishing operations are included and are
carried out by both independent (jcb) platers and captive
operations associated with product by metal finishing
oxroeds  $2,000,000,000. Approximately 15,000 companies are
engaged in metal finishing. Approximately 1000 of these
plants are engaged in processes which are covered by these
requlations. The annual dollars added value for this
seqment of the metal finishing industry exceeds
$300,000,000. About 25 percent of this segment is con-
centrated in the middle western states of Illinois,
Michigan, and Ohio. Another 25 percent is concentrated in
fastern Pennsylvania and the Atlantic Coastline states of
connecticut, Rhode Island, New York, and New Jersey. Figure
1 shows the growth of companies in this group.

Metal finishing facilities of the kind in SIC 3471 wvary
greatly in size and character from one plant to another. A
single facility for plating individual parts formed by
stamping, casting, machining, etc., may employ plating or
processing solutions (excluding water rinses) ranging in
total volume from less than 380 liters (100 gallons). The
area of the products being finished in these facilities
varies as much as three orders of magnitude from less than
10 to more than 1000 sq meters/day (100 to 10,000 sq
frrsday) . The power consumed by a single facility varies
from a few kilowatt-hourss/day to as much as 20,000 kilowatt-
hours/day. Products being finished vary in size from less
than 6.5 sq c¢m (1 sq inch) to more than 1 sq meter (10 sq
ft) and in weight from less than 30 g (1 oz} to more than
9000 kg (10 tons). Continuous strip and wire are plated in
some plants on a 24-hour/day basis.
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Some companies have capabilities for finishing ten or twelve
different metals and alloys, but others specialize in Jjust
one or two. Because of differences in character, size and
processes, few or no similar plants exist at the present
time. Construction of facilities have been custom tailored
to the specific needs of each individual plant.

In the Phase I report the energy consumed by industry in the
electroplating subcategory was estimated to be 1.7 x 10°¢
kilowatt hours. It also cites that from 90,718 to 108,861
metric tons (100,000 to 120,000 short +tons) of metal
(principally copper, nickel, zinc, and tin) are converted
annually to electroplated coatings. The figures for sheets,
strip, and wire include nonelectroplated coatings, applied
by hot dipping. All the aluminum is applied by hot dipping,
as 1is about 90 percent of the zinc, as are significant but
unidentified percentages of the tin and lead.

These coatings provide corrosion protection, wear or erosion
resistance, antifrictional characteristics, lubricity,
electrical conductivity, heat and 1light reflectivity or
other special surface characteristics, which enable industry
to conserve several millions of tons of critical metals. 1In
the finishing of individual products, electroplated coating
thickness usually ranges from 0.0006 to 0.004 cm (0.00025 to
0.0015 inch), but thicker coatings to 0.025 or 0.04 cm
(0.010 or 0.015 inch) are sometimes required for special
engineering purposes or for salvaging worn or mismachined
parts. Tin and chromium coatings from 0.3 to 1 mm (1 x 10-5
to 4 x 10-5 inch) and 0.003 mm (1 x 10-7 inch) thickness
respectively are applied to continuous steel strip as a
prefinish before coating with an organic material by the
container industry.

General Description of Surface Treatment

Surface treatments include anodizing, chemical brightening,
electroless plating, and chromate or other conversion
coating treatment.

of 158 companies listed by one source of data on metal
finishing, 94 do anodizing. Of these 94, 43 do both
anodizing and plating, and 30 do mechanical treatments
(polishing, buffing, tumbling, etc.) but no electroplating.
Ancdizing to customer specification is done manually by 48
percent of the plants, and 25 percent do hard-coat
anodizing. A sulfuric acid electrolyte is used for most
anodizing operations, but chromic acid anodizing is
generally specified for aircraft parts, assemblies of
intricate design, or parts subject to stress. Whereas, some
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companies will treat a variety of lengths and widths, others
will limit processing of parts to those under 1 to 2 feet
long. Continuous coil is anodized in 4.5 percent of these
firms. Furthermore, 28.5 percent of the firms do
electroless nickel plating. Chemical brightening is done by
46 percent of the companies and 60 percent do conversion
coating.

Such a mixture of operations is typical of the metal
finishing industry and shows the complexity of determining
the best practicable waste treatment for all facilities.
The apparent procedure is to view each operation as a unit
operation that can and should have an associate best waste
treatment practice and control.

Anodizing provides a protective oxide on metals. This
benefit is accomplished by making the metals anodic in an
electrolytically conducting solution. Protection is
achieved against corrosion, tarnish, and wear. Aluminum and
its alloys are the most extensively anodized materials.
Other materials much less extensively anodized are
magnesium, titanium, and zinc.

Electroless plating of copper, nickel, cobalt, and gold are
achieved by chemical reduction, catalyzed either by the
basis material or by a pretreatment to activate the basis
material surface.

conversion coatings of zinc and iron phosphates are applied
to steel as preparation for subsequent organic coatings and
for 1lubrication in forming dies. Other types of conversion
coatings impart special color to metals as, for example:
colors on copper, bronze, brass, and zinc by chemical
oxidation or treatment in sulfide solutions; protective
films on zinc, tin, cadmium plate by treatment in chromium
containing or other oxidizing solutions.

some of the operations as shown in Phase I, chromating of
zinc plate and coloring of copper are carried out after
electroplating. Thus, the waste treatment and control are a
part of the systems for handling the electroplating
operations.

General Description of Metal Removal

The only process for removal of metal by chemical
dissolution pertinent to the objectives of the present
report is etching. The printed circuit industry, with a
dollar volume of approximately $600, 000,000, does a
considerable amount of etching. A single plant has
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facilities to etch 125,000 boards (printed cilrcuits) perx
week. Each koard has 206 sq cm (32 sq in.} with 610 g/sq m
(2 oz/sq ft) of copper. On an annual basis of 3,100,000
boards or 63,358 sq m (682,000 sq ft), produced 27,522 kg
(60,550 1b) of copper are dissolved and reclaimed in an
electroplating operation and the stripped etchant is
recycled. Thus, no dumps of concentrated etchant enter the
waste treatment system. Only rinse water is treated.

The yearly average production (by electrodeposition) of
copper foil for the printed circuit industry is abouwt
136,363 kg/week (300,000 lb/week). Sometimes production is
159,091 kg/week (350,000 1lb/week). About 75 percent of the
foil 1is 610 gs/m2 (2 oz/sq ft) plus special small quantities
of other weight foil. Relatively, the amount of nickel foil
is negligible.

There is no single universal figure for the amount of metal
dissolved away 1in etching printed circuits. The amount is
estimated to be 75 to 8% percent. In order to estimate
total s8quare feet procesgsed and using an average of 80
percent removal, the above mentioned 27,523 kg (60,550 1bh.)
of recovered copper corresponds to about 34,318 kg (75,500
1b.) of 610 g/sq m (2 oz/sq ft) foil having 63,357 8q m
(682,000 sq ft) of surface area.

Chemical etching of aluminum, brass, copper, steel and
stainless steel is used in the production of name plates,
information plates, etc. After etching, the aluminum is
usually anodized and copper, brass, and steel are
electroplated for protection.

(=}

Water Usage in the Metal Finishipg Industry

In SIC 3471, the total intake of water was cited as 3.27 x
1010 liters (8.7 x 109 gallon) in 1968¢(?), 0Of this amount
2.78 x 10190 Jjiters (7.4 x 10° gallon) was discharged as
follows:

2.10 x 10102 liters (5.6 x 109 gal}) to public sewers

ho02 x 109 " (1.6 x 109 gal} to surface water bodies
3.76 x 10%® " (L.0 x 10® gal) ¢o ground

7.14 x 108 " (1.9 x 10® gal! treated before discharge.

This segment of industry, in 1967, had 55,100 employees(7),
or an average of about 503,840 liters ({134,000 gal) per
emp loyee,

Of the firms with captive electroplating facilities, 2191 of
them had a few more than 25,709 total employees. However,

20
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the number of employees was not cited where the SIC showed
one or two firms. At the same water use rate these firms
would discharge over 1.182 x 1019 liters (3.144 x 10° gal)
and assuming the same average rate the remaining 14,500
companies would discharge over 7.802 x 1010 liters (2.075 x
10190 gal).
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SECTION IV

INDUSTRY CATEGORIZATIOQ

w————r

Introduction

The rationale is developed for subcategorizing metal
finishing processes according to processes which have
essentially the same water use.

Objectives of Categorization

The primary purpose of industry categorization is to develop
quantitative effluent limitations and standards for
discharge of pollutants that are uniformly applicable to a
specific category or subcategory. This does not preclude
further classification within a category for the purpose of
monitoring to insure compliance.

Electroplating is one of several processes in the broader
category of metal finishing. It is listed under SIC 3471
(standard Industrial Classification Manual) along with
numerous other metal finishing processes. The metal
finishing industry was divided into two segments,
electroplating and metal finishing, for the purposes of
developing effluent limitations guidelines. Phase I covered
the electroplating of copper, nickel, chromium and zinc or
combination thereof. Phase II covers tin, lead, cadmium,
iron, silver, gold, platinum, palladium, rhodium, iridium,
ruthenium, titanium, or any combination thereof. It also
covers stripping. This addition is justified because all
electroplating shops have a stripping line to salvage poorly
plated or badly corroded parts. This usually exists as a
separate line. Also considered are the pre and
posttreatment operations of alkaline cleaning, acid
pickling, conversion coatings, coloring, and descaling.
Although these processes are not strictly electroplating,
they usually form an integral part of an electroplating line
and therefore must be considered under the auspices of

electroplating. other metal finishing operations which are
an end unto themselves and stand as a separate line are
considered in separate documents. These are anodizing,

immersion plating, chromating, rhosphating, chemical milling
and etching.

Profile of Production Processes

The metal finishing industry utilizes chemical and
electrochemical operations to effect an improvement in the
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surface ard structural properties of metals and other
materials. In practice, the operations are put together in
sequences that become the processes which effect the
improvement. Thus, metal finishing operations may be both
process and materials oriented. The Frccesses considered in
Phase II may be briefly described as follows:

Pretreatmenc

Pretrzatment steps involve cleaning, pickling, degreasing,
descaling, desmutting, vapor blasting, surface activation,
etching, abrasion and bright dipping. Plating steps are
strikes and electroplates, coatings and metal coloring.
Post treatment steps are conversion and drying. Stripping,
while performed separately, is an integral part of an
electroplating shop. Tt is employed for the reclamation of
badly plated parts.

Cleaning

Cleaniny involves the removal of oil, grease and dirt from
the surace of the basis material. Cleaning or degreasing
may be accomplished in ons of several ways. These include
alkaline electrolytic (ancdic and cathodic), diphase,
emulsion, soak, solvent, and ultrasonic cleaning.

Alkaline cleaners are the most widely used in preparing the
basis material. A good alkaline or soak Cleaner must be
soluble in water, wet the surface of the basis material, wet
and penetrate soil, saponify or dissolve oil and greases or
emulsify or suspend insoluble or nonsaponifiable o0ils and
greases, prevent formation of calcium and magnesium deposits
from hard water, prevent tarnish and corrosion of basis
material, rinse freely and minimize fcaming. For possible
compositions of alkaline cleaners, see Chapter V. Ferrous
metals and alloys can be cleaned using heavy duty (pH = 12.1
- 13.5) uninhibited alkaline solutions. Usually, though,
weaker solutions (pH = 10.5 - 12) are used to avoid etching
and pitting. When cleaning nonferrous materials, an
inhibitor must be added to stop the corrosive action of the
Ccleaner.

Small volumes of work are usually cleaned by hand.
Solutions are applied by brushes, swabs, or cloth. Parts
may also b2 immersed in cleaning tanks which may be agitated
or heated <o increase efficiency. The fastest method of
cleaning is by sprayving the cleaning solution in an
automatic or semi-automatic washing machine. The mechanical
force of the spray combined with the chemical and physical
action of the cleaning solution increases efficiency.
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klectrolytic cleaning 1is best employed when plating with
brass, cadmium, chromium, copper, gold, lead, nickel,
silver, tin, and zinc. The basis metal acts as either the
cathode or the anode and a 1low voltage current for each
square foot of metal is passed through the alkaline cleaning
solution. The generation of gases (H2 at the cathode and 02
at the anode) cause increased agitation and the removal of
soil particles.

Diphase cleaning is composed of a two layer system of water
soluble and a water insoluble organic solvent. This set up
is particularly useful where soil removal requires the
action of water and organic compounds and when temperature
may not be elevated. Usually, the organic solvent is
chlorinated. Because they are non-flammable and are denser
than water, trichloroethylene, methylene chloride, and
perchloroethylene are in common use. This is also known as
solvent cleaning. Emulsion cleaning uses water, organic
solvents and emulsifying agent.

Ultrasonic energy is finding increased use in the agitation
of cleaning solutions. Although it is more expensive to
install, there are substantial savings in 1labor and time.
It 1is used to remove difficult inorganic and organic soils
from intricate parts.

Descaling

Descaling involves the removal of oxide films and the
buildup of other contaminants on the surface of the basis
material. Such removal may be accomplished through
mechanical or chemical means.

Pickling

During the production of metals, oxides build up on their
surface during such operations as heat treating and welding.
Also rust may have built up if the part is not used
immediately. Acid pickling is used to remove these oxide
films and involves dissolution of oxide scale in an acid. A
generalized reaction may be written.

MO2 +2HA MA2 + H20
where M = metal
HA = acid

Sulfuric, hydrochloric, phosphoric and chromic acids all

find wuse in this regard. Sulfuric is most often used
because it is the least expensive. Rates of reactions are
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increased by an increase in acid concentration, temperature
and degree of agitation.

Hydrochloric acid is more costly and there is a fuming
problem. Nevertheless, many small establishments use it
because it works well without the addition of heat. It 1is
also used for light acid dips before plating.

Phosphoric acid is intermediate in cost, but it forms
phosphates at the surface of the basis material. This is
desirable if rust resistance is needed but not if an
electroplate is to follow.

Mecharical

rRemoval of scale through mechanical means consists of
tumbling, (barrel finishing), burnishing, dry rolling,
buffing, deburring, polishing, desmutting, and blasting.
Such mechanical treatment eliminates or minimizes the
pickling to follow.

Activation

Activation involves the elimination of a condition on the
surface of the basis material which would preclude the
adhesion of an effective electroplate.

Bright Dipping

Bright ¢ipping is used to impart a shiny, clean appearance
to the basis material. Solutions are comprised of mixtures
of nitric, sulfuric, phosphoric, chromic and hydrochloric
acids.

Anodizing

Anodizinc involves the basis metals aluminum, zinc, and
magnesium and solutions containing sulfuric and chromic
acids. Waste Water constituents can be reduced to a low
concentration by chemical treatment, water use is similar to
that for immersion plating processes, and anodizing is
subcategorized with immersion plating processes. Operations
involved in anodizing are shown in Table 3.

Chemical Conversion Coatings

Chemical conversion coatings are produced by either
chromating or phosphating aluminum, =zinc, (die castings,
hot-dipped or electroplated), steel, copper, or magnesium.
Tons in the waste water are reduced to low cancentrations by
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Operation

Acid dip/rinse

Decorative anodize/rinse
‘Hard or protective anodize/rinse
Dye/rinse

|Seal/rinse

Aluminum
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chemical treatment, water use jisg similar +to that for
immersion plating anqg anodizing ang chemical conversion is
therefore subcategorizeg with these pProcesses. Operations
involved in pProducing chemical conversion coatings are shown
in Table 4,

Immersion Plating

I'mmersion Plating requires similar pretreatment on the same
basis metals described Previously, Waste Water constituents
trom the plating operation contain jonsg such gas iron,
COpper, nickel, tin, and aluminum, which can be reduced to g
low concentration by chemical treatment, Operations
involved in immersion Plating are shown in Table 5.

Millirg and Etching

Milling andg etching can involve the removal of Substantial
amounts of Steel, aluminum, copper, and 2inc basis metals by
chemical dissolution, Pretreatment Procedures gre similar
to those for anodi zing ang immersion Plating Operations ang
waste water constituents cap be reduced to a low level by
chemical treatment. Water use jg similar ¢o that for
anodizing and immersion Plating Frocesses., Therefore,
milling ang etching are Subcategorized with these Processes,
Operations involved ip milling " ang etching are shown inp
Table g,

Factors Considereg in Categorization

When the nature of the industry ang the operations performed
were aralyzed, consideration was given to the further
categorization of metal finishing Processes according to one
OY more of the followinq:

(L. Type of basis material
(2]  Product design

{3 Raw materials used

(4) Size ang age of facility

{%) Number of employees

(6) Geographic location

{7 Quantity of WOrk processed
{8) Waste Characteristics

(9) Rock finishing VS. barrel finishing
(10) Treatment technology

(1) Water use

(12) Processing differences

A ma jor factor in categorization was water use, based upon
evidence collected from plants, upon knowledge of the
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TABLE 4 PROCESSES FOR CHEMICAL CONVERSION COATINGS

Basis Metal

Operation Steel Zinc Aluminum Steel Tin
Alkaline clean/rinse X X X X X X X
Acid dip/rinse X X X X X X
Desmut/rinse : X
Phosphate/rinse X X X X X
Chromate/rinse X X X X X
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TABLE 5 PROCESSES FOR IMMERSION PLATING

o€

Copper Tin Tin Lead Zinc Tin Gold
on on on on on on on
Steel Copper Steel Steel  Aluminum Aluminum Copper
Operation Basis Basis Basis Basis Basis Basis Basis
Alkaline clean/rinse X IX X X X X X X
Acid dip X IX X X X X X X
Neutralizer dip/rinse X X
1-Immersion plate/rinse X |X X X X X X X
2-Immersion plate/rinse X




AR

TABLE ©

PROCESSES FOR CHEMICAL MILLING AND ETCHING

Basis Metal

Operation Aluminum Zinc Copper Steels
Alkaline clean/rinse XiX X X X|x
Acid dip/rinse X | X X X XX
Etch/rinse X X X X
Chemical mill/rinse X X
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processes involved, and upon estimates of which processes
should use more or less water than others. This factor was

primarily responsible for distinguishing between Subcategory
(1) and Subcategory (2).

Type of Basis Material

The wastes produced by processing all common basis materials
are similar. A single facility can process all basis
materials without significant change in the raw materials
consumed or the waste-treatment technique adopted for
control of end-of-pipe water discharge. Any materials
dissolved from the surface of the customary basis metals
during processing are removed from waste water discharge by
the chemical treatment processes described in Section VII.
Furthermore, the basis materials selected for most consumer
products frequently are interchanged from one model year to
another. Therefore, the type of basis material does not
constitute a basis for subcategorization.

Product Design

Product design concepts for minimizing metal finishing costs
also reduce wastes created by metal finishing processes.
Furthermore, the in-process controls and rinsing techniques
described in Section VII for minimizing the wastes generated
by metal finishing processes have been adopted for canceling
the effect of the shape factor. Therefore, product design
variance is not a basis for subcategorization.

Raw Materials Used

Raw materials do not provide a basis for subcategorization,
because practical waste-treatement technology identified in
Section VII is equally applicable to all of the usual
procedures and solutions described previously for metal
finishing. In any facility carrying out one or more of the
processes shown, the same waste treatment needs arise. Such
variations as exist for each operation are not unique and do
not affect the waste-treatment technology and control.

size and Age of Facility

The nature of metal finishing is the same in all facilities
regardless of size and age. For example, anodizing is
technically the same in 190 1liters (50 gallons), as in
19,000 1liters (5000 galloms), Or larger installations. The
age of the facility does not alter this situation. Other
metal finishing operations follow the same pattern. Thus,
the characteristics of the waste will be the same for plants
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of all ages and sizes. Only the quantity of waste per unit
time will differ. Yet, this factor is not a basis for
subcategorization, because waste discharge after treatment
is directly proportional to the size of the facility
expressed as surface area processed per unit time. The
guidelines recommended in this document provide for variable
production volume with no need to differentiate plant
capacity as a subcategory.

It is recognized that some small metal finishing
installations may have insufficient space for accommodating
effective inprocess controls for minimizing water use and/or
conventional chemical waste treatment equipment. The
capital investment for installing waste control facilities
may be greater for small companies relative to their
investment in the remaining production facilities than for
larger plants. In such cases, heavy metal pollutants can be
adsorbed on resins in small ion-exchange units available.
At least one vendor of such equipment will replace the resin
beds, back wash the used beds in their own facilities and
regenerate the resins for reuse. Alternatively, both local
and regional organizations equipped with large tank trucks
supply a hauling and treating service in several areas. It
is also possible that a small electrodialysis system would
provide recycling of cyanide. Costs depend on water volume
and the concentration of pollutants.

Number of Employees

The number of employees engaged in metal finishing does not
directly provide a basis for subcategorization, because
metal finishing operations can be carried out manually or in
automatic machines which greatly conserve labor. For
example, an operation with 3800 liter (1000 gallon)
processing tanks may require six people if operated
manually, whereas a plant of the same tank size and carrying
out the same operations in an automatic machine would need
only two people. The same amount of waste would be
generated in each case, if the products being plated were
equal to total area. Other examples could be cited to show
that no basis exists for relating the number of employees to
the metal finishing processes carried out and/or to the
waste that results from those processes. However, it is
believed that one can relate the number of employees to the
production capacity of a non-automatic facility.

Geographic Location

Geographic iocation is not a basis for subcategorization.
No condition is known whereby the choice of metal finishing
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processes is affected by the physical location of the
facility, except availability of process water. If water is
not available, no modification of metal finishing procedures
can compensate for this deficiency. No metal finishing
facilities would be installed at a water deficient location.
The waste treatment procedures described in Section VII can
he utilized in any geographical area. In the event of a
limitation in the availability of land space for
constructing a waste treatment facility, the in-process
controls and rinse water conservation technigues described
in section VII can be adopted for minimizing the land space
required for the end-of-process treating facllity. A
compact unit can easily handle end-of-process waste if the
best in-process techniques are utilized to conserve raw
materials and water.

Quantity of Work Processed

Quantity of work processed is analogous to plant size,
Therefore, the discussion about fplant s8ize 1is equally
applicable to the guantity of wor k processed. The
application of the gquidelines provides for the production
volume of a particular facility.

Rack Plating Versus Barrel Plating

The choice of rack or barrel methods for plating is based on
the size and quantity of the parts to be processed per unit
of time. VNeither of these conditions imposes a significant
technical change in the operations for electroplating. The
selection is always based on economic considerations because
hand racking of small parts is usually more costly than
harrel processing in  bulk. Sometimes plating bath
compositions will be modified by altering the concentration
of solution constituents. However, the same types of salts,
acids, and additives will be used. Thus, the impact on
waste characteristics is not changed. The volum2 of waste
water (dragout) is frequently greater in barrel plating
operations but the final effluent gquality is not a function
of influent concentration. Techniques are available to
reduce the rinse water volumes in barrel plating to the
levels of rack plating. These techniques are detailed in
Section VII. Therefore, rack plating and barrel plating are
not appropriate subcategories.

Treatment Technology
As no peculiarity exists between raw materials and waste

characteristics as a basis to separate facilities into
subcategories, none exists for treatability of wastes as a

34



ANODIZING

FIGURE 2

I/m2 - op

10

700
600
600

400

ririiin

300

T

200

!

100

70
60

50
40

o
(=
UL R

T

30

20

SyICO
AR ARL I

wh. o T
r 7

©,
ot




oL

14

oL

00t

9¢

FIGgRE 3 COATINGS
Iémzn- op
- » o wwed 8 82 8 8 3 8 5 883888
. A R BRI BRAI ¥ T 1T 7 0007 L 1) T 1§ vV 770701
-
-
Joon
e
-
p
L



Q
2
-
)
w :
~N 10o0c
QO E 800,
Z = 800
T 700
m 800
w 800
480
300
200
<t
[¥1]
o
o) 100
) 80
o gp
b 70
60
60

10

TTTEnl

I

T

LI k|

T

LILBLB AL

50% = 90
65% = 120

37



basis for subcategorization. All of the principal treatment
procedures and in-process contrcls are technically
applicable by choice for any given waste and all operations
generate the same ¢type of raw waste regardless of the
facility.

Water Use

Wwater use formed a major basis for differentiation of the
subcategories. The median water use for each of the
subcategories is shown in Figures 2, 3 and 4. It is 60 1l/sqg
m/operation for anodizing, 12 1/sq m/operation for coatings,
and 90 1/sq m/operation for chemical etching and milling.
Since it is not known to what extent rinsing technique and
product size and shape contribute to this factor the water
has been increased to 90 1/sq m/operation for anodizing and
120 1l/sq m/operation for cherical milling and etching.
Coatings represent a special case. The water use of 12 1l/sg
m/operation indicated on Figure 3 cannot be Jjustified.
Therefore, the highest figure of 80 1l/sg m/operation is
chosen as being more representative.

Processing Differences

Basic differences in the type of process performed was
another factor in subcategorization. Anodizing involves the
deposition of a protective layer on the object which itself
acts as the anode. Coatings covering phosphating,
chromating and immersion plating involve the deposition of a
protective layer. Chemical etching and milling involve the
dissolution of the basis material.

Categorization Summary

The metal finishing industry consists of three subcategories
for the purpose of establishing effluent limitations
guidelines and standards of performance. The selection of
processes for inclusion in each subcategory is based upon a
similarity in the characteristics of the wastes present and
a similarity in the amount of water required for the
processes and basic processing differences. Guidelines for
the application of the effluent limitations and standards of
performance to specific facilities take intc account the
gize of the finishing facility and the mix of different
metal finishing processes possible in a single plant.

38



SECTION V

WASTE CHARACTERIZATION

Introduction

water flow and the nature and quantity of the wastes
dissolved in the water during metal finiehing processes are
jdescribed in this section for each subcategory. Sources of
waste are aiso discussed in this section.

Wwater is & malor material in the metal finishing industry
and is assoclated with every process. Yet, none of the
water enters the products o that it does not directly add
to the product value.

Characteristics of Waste f¢y Each Subcatedory

waste water from metal finishing processes comes from
cleaning, pickiing, plating, etching, etc., operations and
includes constituents coming frow the basis material being
finished as well as from the components in the processing
gsolution. Predominant &RONg the waste water constituents
are the metal cationg (gonetines complexed as anions) such
as copper, nickel, chromian, zine, lead, tin, cadmium, gold,
silver, platinum metals, aud anlons that occur in cleaning,
pickling, or srocessing Dbaths guch as phosphates, and
chlorides, and various meta. compiexing agents.

gpecific Water L3@s

Water is used in “he folliowing ways:

(1) Rinsing tC remove films of processing solution
from the aurface of work pieces at the site of
each operation

(2) Washing away spills in the areas of the
operations

(33 washing the air tnat passes through ventilation
ducts so as t¢ rvemove spray from the air
before it is exhausted

{#) Rinse watex (and gumps) of solutions from
auxi.zary operations such as rack stripping

(5) Washing of equipgment {€.g., pumps, filters,
tanks, ion-exchaage units)

(6) Cooliing water used in heat exchangers to
cool solutions in metal finishing processes.

Supplementing the above uses foOx water which acquires
pollutants, process solutionsg, especially for pre- and
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posttreatment solutions, contribute 4o the waste water
requiring treatment before discharge to navigable waters.
Such dumps are required when contaminants reach
concentrations that prevent efficient processing.

Rinsing

A large proportion (perhaps 99 percent} of the water usage
is in the rinsing operations. That uvsed as cooling water
usuanly does sercond duty 3in rinsing steps. The water is
used to rinse awav the films of processing solutions from
the surface of the work pieces. 1In performing this task,
the water acquires the constituents of the operating
sclutlons and is not directly "reusable¥, Thus, the cost of
water 1is an operating expense to which is added the cost of
treating the water to clean it up for reuse or for discard.
Dilute water solutions result from the raw waste from each
aperation. Therefore, the location of rinse steps is
important relative to the operations performed in the metal
finishing process.

There s no fixed relation between water usage and amount of
work processed. Some planits use more water than the minimum
required to maintain good quality work.

Spiils and Air Scrubbing

The water from washing away spills and that from washing
down ventilation exhaust air is added to the chemically
corcesponding rinse water for treatment.

Dumps

Cperating solutions to be dumped are slowly trickled into
rinse water following the operation and prior to treatment.
Alternastlvely. the operating solutions, which are much more
concentrated than the rinse water, may be processed
batchwizse in a treating facility. Subsequent discussion of
waste treatment of rinse water covers all the water in the
facilitv,

Water from Auxiliary Operations

Cyanide sonlutions are used for stripping deposits and rack
tips ¢to form cyanide compounds that are not decomposed by
treatment with chiorine, 1i.e., nickel cyanide. However,
there are suitable alternatives to cyanide stripping
golutions with which the formation of stable cyanide
compounds can be avoided in many cases.
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Washing Equipment

Wwater used for washing filters, pumps, and tanks picks up
residues of concentrated solutions or salts and should be
routed to the appropriate rinse watexr stream for chemical
treatment.

Cooling Water

As noted previously, cooling water used in heat exchangers
for cooling metal finishing solutions should be used for
rinsing purposes in the interest of conserving water. A
further advantage of this practice is that if the cooling
water is contaminated by the metal finishing bath due to
leaks in the heat exchanger, the contaminated water will be
subjected to treatment to remove the contaminants before the
water is discharged.

Sources of Haste

Alkalipe Cleanexs. Cleaners are made up with one or more of
the following chemicals regardless of the material to be
electroplated: sodium hydroxide, sodium carbonate, sodium
metasilicate, sodium phosphate (di- or trisodium), sodium
silicate, sodium tetraphosphate, and a wetting agent.
Compositions for cleaning steel are more alkaline and active
than those for cleaning brass, zinc die castings, and
aluminum, Tnerefore, cleaners vary with the type of basis
metal beinqg cleaned ané also with the +type of soil being
removed.

Wastes contain not only the chemicals found in the alkaline
cleaners but also soaps from the saponifications of greases
left on the surface by polishing and buffing operations.
same oils and greases are not saponified, but nevertheless,
emulsified. The raw wastes ¢rom the basis materials and
process solutions for cleaning the work show up in the rinse
waters, spills, dumps of concentrated solutions, wash waters
from air-exhaust ducts, and leaky heating and cooling coils
and heat exchangers.

Acid Dips. Acid solutions are made up from one or more of
the folliowing: hydrochloric acid, sulifuric acigd, phosphoric
acid, fluoboric acid, chromic acid, and nitric acid. The
golution compositions vary according to the nature of the
basis metals, the type of tarnish or scale. The acia
dipping baths for treating metal substrates prior to plating
usually have a relatively short life. When these solutions
are dumped and replaced large amounts of chemicals must be
treated and/or reclaimed. Water used for rinsing following
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acid dipping <ollects impurities, wacluding  heavy metal
waste from dragout of acid solutions intoc the rinse water.

Acid solutions used for vpickling, acid dipping, or
activating accumulate appreciable amounts of heavy metals,
as a result of metal dissolution from metaliic work pleces
and/or uncoated areag of plating racks that are recycled
repeatedly through the cleaning, acid treating, and
electroplating cycle. The copper (and zinc) accumulate in
acid bright dip solutions used to prepare electrical copper
and brass contacts for plating.

The amount of waste contributed by preplate preparation
steps varies appreciably from one facility to another
depending on the substrate material, the formulation of the
soiution adopted for cleaning or activating the material,
the solution temperature, the cycle time, and other factors.
The initial condition of the substrate material affects the
amount of waste genevated during gpreplate treatment. A
dense, scalefree copper alloy articie can be easily prepared
foer plating by vsing a mild hydrochloric acid solution that
disgolves little or no copper, whereas rroducts with a heavy
scale require stronger and hotter solutions and longer
tresting periods for insuring the complete removal of any
oxide, prior to plating.

Anodizing

Description of the Process

Anodiziag is an electrolytic oxidation process by which the
surface of the metal 1is converted to an insoluble oxide
having desirable chemical and physical properties.
Considerable aluminum 1is treated, some magnesium, and
timited amounts of zinc and titanium. Anodizing provides
corrosicn protection, decorative surfaces, a base for
painting and other coating operations, and special
electrical and engineering properties.

Preparat on for AnQdizing

Preparative operations for anodizing can be comparatively
simple o1 extensive, Soak cleaning may be carried out in an
inhibited alkaline c¢leaner such as sodium carbonate
containing phosphate or silicate. kK pnosphoric acid
solution may also function as a cleaner. In most cases the
cleaner is strong enough to etch the aluminum slightly or is
followed by an alkaline etching solution containing sodium
hydroxides. The etching assures an active surface for
anodizing. Rlloying wiements in the aluminum, particularily

P
[S]



copper, may not be dissolved by the etchant and give rise to
a smut on the surface. A desmutting bath such as nitric
acid may then be used to remove the 8smut. Finally, if a
bright appearance is to be maincained, a bright dip made of
nitric and phosphoric acids way be used.

Magnesium, zinc, and titanium ars prepared for anodizing Dby
cleaning in an inhibited &alkaline cleaner. Titanium is
further activated by immersion in a nitric acid~hydrofluoric
acid solution.

Anodic Treatment

Aluminum is anodized in suifuric acid to produce a
conventional oxide coating £for corrosion protection or a
hard coat for extra wear resistance. Both composition and
operating conditions are listed in Table 7. A chromic acid
bath is used where parts have cecesses so that complete
rinsing of the part may not be achieved. 1In such a case the
sul furic acid would attack the aluminum. Particular
application of the chromic acid process is to aircraft
parts. The bath composition &ad operating conditions are
shown in Table 8.

Aluminum may also be anodized in oxalic acid or borxic acid.
The coating from the lLatcer bath has good dlelectric
properties,

The characteristics of ancdic coatings on magnesium can be
varied from thin coatings <o give good plant adhesion to
heavy coatings for abrasion and corzrosion resistance by
adjusting the time and opeérating conditions during
anodizing. Both compositions and operating conditions for
the two most commoniy used Lrecesses are given in Table 9.

Zinc parts, i.e., for ezutomécic clothes washers, are
anodized to improve corrosicr. esistance. The Iridizing
process uses alternating current to produce a coating made
up of a fritted structure of oxides, phosphates, chromates,
and fluorides. Anodizing is accomplished with a current of
430 amp/sq m (40 ampssqg £y for 4.5 to 8 minutes at 155 to
1859F. The bath is repienished with ammonia and the
Iridizing powder. Sludge builds up in the tank and is
periodically removed.

Table 10 1lists the principal constituents in waste water
generated during the anodizing operation.
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TABLE 7  TYPICAL OPERATING CONDITIONS FOR SULFURIC~ACID

ANODIZING OF ALUMINUM

Conventional Anodizing

Hard~Coat Anodizing

Electrolyte

Temperature
Current density

Voltage

15 weight percent sulfuric acid

21 ¢ (70 F)
130 A/sq M (12 ASF)

12 to 22 wvolts

12 weight percent sulfuric acid 1 Alumelite
1 weight percent oxalic acid Process

or

15 weight percent sulfuric acid =~ Martin
{(Saturated with carbon dioxide) - Process

3.9 to 10 C (25 to 50 F)
258 to 387 A/sq M (24 to 36 ASF)

Up to 70 volts and higher




TABLE €  TYPICAL OPERATING CONDITIONS
FOR CHROMIC-ACID ANODIZING
OF ALUMINUM ALLOYS

crmmmze - x o= - = L x ot o T 5t oAE T TUIOTISGET KA OECSstEs oot luSums kit e

Electrolyte concentration 5=107% CrO3
Temperature 95F
Voltage 40 v, programmed
Time 5-7 min for 0.40 v
30 min at 40 v
Current density 0.1 -~ 0.3 Qmp/dm2
1.8 amp/dm“ at start
Film thickness 0.06 mil in /2 hour for
Al 2024 with:
10% Cr03

40 v, pH 0.4, B5F.

Cwmm o x Loz ccER LT T RETLATW SR TLM oxUNN_ . ORGSR R Lol L = R SN
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TABLE ¢

OPERATING CONDITION FOR ANODIZING MAGNESIUM

Voltage, Time, ting
Process Trpical Bath Coxposition Zype Coating volts wnimites Appearacce Remarks
Dow No. 17 Solutioa B For AC Use For BC Use
(Dow Chemical Amwonium acid fluoride (N HF2) 32 oz/gal 48 oz/gal Clear-very thin 40 1-2 Clear
Company Sodiuz dichromate (NapCr707°2H20) 13.3 oz/gal 13.3 oz/gal Low voltage-thin 60 to 75 2.5~5 Light gray to
Phosproric acid (35% E3204) 11.5 £l oz/gal 1l.35 £l oz/gal (0.2 to 0.3 mil) (end voltage) pale green Excellent c?trosion
Regular-full 75-95 15-25 Medium green and abras{on re-
or (0.9 to 1.2 mils) sistance; good paint
solution B base; either AC or
Amwoniua acid fleoride (NELHFR) 27 ozl/gal 36 oz/gal DC may be used;
Acmonium acid phosphate (NH4H2PO4) 13.3 oz/gal 13.3 oz/gal available through
Sodiun dichromate (XapCrz07-2H;0) 10.6 oz/gel 10.6 ox/gal Licensing arrangement
HAE Potassium hydroxide (KOH) 22 oz/gal Low voltage 9v AC 15-20 Tan color, Righ corrosion and ex-
(Frankford Aluminua hydroxide Al (0d)3 4.3 ox/gal {Light coating) {40 ASF) (140-150 F) smooth cellent abrasion re-
Arsenal) Potassiua fluoride (K7) 4.5 ozfzal sistance; use only
Trisodiuvnm phospbate (Xa3704°12H20) 4.5 ox/gal Bigh voltage 85 60-75 Brown color AC; the high voltage
DPotassiun manganate (KaMnd4) ox (dard coatiag) (end voltage) (70~80 ¥) rougher than coating ie the hardest
Potassiuz percanganate (KMnO4) 2.5 oz/gal (18-20 ASF) low voltage of anodized coatings
coating on Mg; available with

permission
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TABLE 17 PRINCIFAL WASTEWATER CONSTITUENTS IN WASTES GENERATED
DURING THE ANODIZING OF METALS

Basic Metals and Alloys

Aluminum Magnesium
Sulfuric Acid Processes Chromic Dow No. 17 HAE
Constituent Conventional Hard Coat Acid Process Process Process Zinc Titanium

Chromate, CrO4~2 X X X
Sulfate, S04~2 X X
Oxalate X
Borate X
Dichromate, Cr207 X
Fluoride, F°1 X X X
Phosphate, 1’04"'3 X X X
Ammonium, Ni;*l X X
Manganate, Mn04’2 X
Potassium X
Aluminum, A1F3 X X X
Magnesium, Mg'Z X X X X X
Zinc, Zut2 X
Titanium, Tit3
Chromium, Crt3 X




Posittreatment

The corvrosion resistance of anodic coatings on aluminum and
its alloys is improved by seaiing in hot water at a
temperature: of approximately 99°C (210°F) , using deionized
wvater. Sodium dichromate or sodium silicate are sometimes
added to the water. Unsealed coatings on aluminum are
colored by immersing in a solution containing 0.025% to 1.0
percent of an organic dye at 66°C {15009 . After rinsing,
gsealing of the dye is accomplishad by immersion in a hot
solution of nickel or cobait acetate. Inorganic dyes may
also be used, Colloidal iron oxide in the anodic film is
produced by immersion in ferric ammonium oxalate followed by
rinsing.

Anodic coatings on magnesium may be sealed with a sodium
gilicate solution heated to 100°C (2.29F). Sealing may also
he accomplished with a solution containing 100 g/1 (13.3
vz/gal) of ammonium acid fluoride and 20 g/1 (2.7 oz/gal) of
sodium dichromate,

Table 11 lists the principal constituents in waste water
Jenerated during posttreatment of anodized coatings.

Immersion Plating

Degcription of Process. The term "Immersion Plating" is
used to describe a chemical plating process in which a thin
metal deposit is obtained by chemical displacement of the
basis metal. The thickness of such deposits is usually of
the crvder of 0.25 um (10 microinches), although a few
processas produce deposits as thick as 2.5 to 5.0 um (100 to
200 microinchesj. in immersion plating a metal will
“isplace from solution any othexr metal that is below it in
the electromotive series of elements, The lower (more
noble) metal will be deposited from solution while the more
active metal higher in the series wil. be dissolved. A
commaon  2xample of immersion plating is the deposition of
copper on steel from an acid copper solution. The thinness
of immersion deposits limits their usefulness to
applications other than corrosion protection, such as
decoraticn or as preparation for further processing such as
rainting or rubber bonding.

The most widely used immersion plating processes are (1) tin
on brass, copper, steel, or aluminum, (2) copper on steel,
{3) gold on copper or brass, and (4) nickel on steel. These
four processes will be discussed below under "treatment",

Preparation for Ploting. Preparation for immersion plating
on brass, copper, st2e¢l, and aluminum requires alkaline
cleaning, which can involve electrolysis but usually does
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TABLE 11 PRINCIPAL WASTEWATER CONSTITUENTS IN WASTES GERERATED DURING
POSTTREATMENT OF ANODIC COATINGS ON METALS

Basic Metals and Alloys

Aluminum Magnesium
_Sulfuric Acid Processes Chromic Dow No. 17 HAE
Constituent Conventional Hard Coat Acid Process Process Process Zinc Titanium
Posttreatment
Dichromate, Crp07-2 X X X
Silicate, SiQO3™ X X X
Fluoride, F~1 X X
Sodium X X X
Organic dyes X X
Inorganic pigments X X
Nickel acetate X X
Cobalt acetate X X
Borate X
Iron X
Ammonjium X X X
Oxalate X




not. Alkaline cleaners contain silicates, carbonates,
phosphates, singly or in combinations and are formulated to
clean the work without attacking the metal itself. The
cleaner becomes contaminated with organic materials from the
0oil and grease on the work.

Following alkaline cleaning the basis metal is pickled in
sulfuric or hydrochloric acid, which dissolves a small
amount of the base metal.

The orincipal waste water constituents generated during
preparation of the work prior to immersion plating are
listed in Table 12.

fmmersion _Plating Treatment. Immersion tin plating is used
to "whiten® pins, hooks, eyelets, screws, buttons, and other

hardware items made of copper, brass, or steel. In
addition, alumimum alloy pistons for internal combustion
engines are coated with an immersion deposit of tin. All
immersion tin plating baths for coppex, brass, and steel are
based on stannous chloride solutions. Immersion tin
solutions contain, in addition to stannous chloride, cream
of tartar (potassium bitartrate), ammonium aluminum sulfate,
or sodium cyanide and sodium hydroxide.

Copper is immersion deposited on steel wire prior to drawing
in order to reduce wear on the dies. Copper is deposited
from an acid copper sulfate solution. Copper~-tin alloy is
obtained on steel wire by adding tin salts to the copper
sulfate solutions.

Gold is immersion deposited on copper and brass to gild
inexpensive items of jewelry. Typical immersion gold
piating solutions contain gold chloride and potassium
cyanide or pyrophosphate.

Nickel i3 immersion deposited on steel prior to ceramic
enameling to improve the adhesion of the enamel. Immersion
niickel solutions contain nickel sulfate, or nickel chloride
and boric acid.

Table 13 lists the principal constituents in waste water
generated during immersion plating of tin, copper, gold, and
nickel on various basis metals. Gold is not listed.

Chemical Conversion Coatings-Chromating
Description of the Process. Chromate conversion coatings

are protective films formed on metal surfaces. A portion of
the base netal is converted to one of the components of the
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TABLE 12 PRINCIPAL WASTEWATER COWSTTTUBMTS - IN WASTES GENERATED DURING
PREPARATION FOR IMMERSION PLATING ON VARIOUS BASIS METALS

w

Basis Metal
Pollutant Brass Copper Stesl Aluminum

Alkaline Cleaning

Iron, ferrous, Fet2 X

Aluminum, A1+3 X

silicate, $10372 X X X X

Carbonate, CO3"2 X X X X

Phosphate, PO,~3 X X X X

Organics X X X X'
Acid Dipping

Iron, Ferrous, Fet2 X

Aluminum, a1t+3 X

Copper, Cupric, Cu+2 X X

Zinc, Zn+2 X

sulfate, S0, X X X X

Chloride, Cl~ X X X X
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TABLE 13 PRINCIPAL WASTEWATER CONSTITUENTS IN WASTES
GENERATED DURING IMMERSION PLATING OF TIN,
COPPER, GOLD, AND NICKEL

Basis Metal
Follutant Brass Copper Steel Aluminum

Immersion Tin Plating

Tin
Chloride
Tartrate
Cyanide
Ammoniun
Aluninum

Sulfate
Sodium

Lol I ]
POobd B M O b M
POM MMM b 2 M

Immersion Copper Plating

-]

Copper
Sulfate X

Immersion Gold Plating

Chloride
Bicarbonate
Pyrophosphate
Cvanide

EC T I A ]
<o oM o X

Potassium

Immersion Nickel Plating

Nickel
Sulfate

Borate
Chloride

X X M M




"y

film by reaction with aqueous solutions containing
hexavalent chromium and other active orxganic or inorganic
compounds. Chromate coatlirngs ars most frequently applied to
the following metals: wzinc, cadmium, aluminum, magnesium,
copper, brass, bronze, and Bi.ver. Genexally the chromating
solution is acidic and contains chromic acid or its sodium
or potassium wsalts, plus other organic or inorganic
compounds as activators, accelarators, or catalysts.
Although chromate converslon Goatings can be applied by
chemical or electrochemical &ciion, the bulk of the coatings
are usually applied by a chem.cul immersion, spray or brush
treatment. Most chromate creatments used im industry employ
proprietary sciutions. Wiuh thege processes, a wide variety
of decorative and protective films ranging from colorless to
iridescent yeiiow, brass, oruwn and oiive drab can be
produced. The coating wppexrance will depend on the basis
metal and the processing GL.icedures employed. Additcional
coloring of the coatings s be achieved by dlpping the
parts in organic dye bacht wo lmpart red, green, blue and
other colors. Besides thess uae 23 protective or decorative
Films, chromate conversion coutlngs ave extensively employed
to provide an excelienc Leis Jor paint &nd other organic
finishes, wnich <& nov  adhere well <C untreated metal
surfaces.

Chromate coat.ngs are Jidely wsed on aluminum in the
aircraft, electronivs, #ud hone eppllance industries. The
process, bewnt [ower in so8v thean anodiging, is generally
employed for appiicatiuns tiere whe abwasion resistance or
highly decorative colozs <f eanodlzed aluminum are not
required. The coazings baie 1004 achesion properties for
subsequent crjanic  wosling ., oifer good resistance to
corrosion, especilalily ir ¢.lLoille environments, and range
from clear co yeliow, ospesiony mod8tly on immersion time,
pH, solution cowposition, «ud ©C sSome axtent on the
particular aildminui 31107 iy ey

vy

3

Bright chromate ireatmentz hsve advantages over conventional
acid bright dips for coppa. @iloys, in that they produce a
passive film and aien a asurisce wich a high 1luster or
polish. The chromate {0 owides good protection against
corrosion and sulfice =i if .0y om unplated parts. The
film also provides a gocs SHIAY LwiEd.

Chromate coatings are app:ied <o silver electroplates to
prevent sulfide tarnishing vsing proprietary formulations.
Table 14 lists the principal waste water constituents
generated during pretreacient, coating and postreatments
steps in chromating zinc, cadmium, aluminum and other
metals.



TABLY 14 PRINCIPAL WASTIWATER CONSTITUENTS IN WASTES GRENERATED
DURING CHROMATING OPEPATIONS ON VANIOUS METALS

SIS TTIVYS I T

Zinc or Cadmium Zinc Die Copper, Brasa
Chrome- (117] Coagtinge Bronse
Pickle Dichromats Bright Yellow, Bronze or Yellow, Bronse or or
Constituent Al  Process Process

Preparation-

~Llpanine end Acgivating
Aluminum, ALY x
Mq;mﬂ.ug2 Mg*+2 X X x
Zine, In
Cadmium, c4*2 x x
Copper, Cut
Manganese
Tin, Sn*2 x
8ilver, Ag+1 .
Cyanide, CN"1 x x
Carbonate, 003'2
Phosphate, PO, -3
81licate 51042
Kerylbenzene sulfinate
Glivconates
Citrares
Tartrates .1
Nitrace, NO,
Fluoride, F-1
Sulfate, 80,2
Chromate, Croi"z

4 1

L]
"

L ]
o
>
L]
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Aluminum, NH
Sod {um

=
.
o
]

koating

Sod Lum
Chromate, c:o‘-z
iron Cyanide
Pluoride, P!
Dichromste, Cry0y=2 x x
Nttrste, N04"1
Aleminum, AI*d
Mu;neniumz. Ms“'z x x

Zine, Znt

Cldm'.um, cat? X : : X
Copper, cut?

Tin, Sa*2

Bilver, Agtl

Caledium, C-"’z ’ X

Organics X X X b 4
Potassium X X

Iesztrestment

Phosphate, PO,*3 x
Carbonate CO4=2 X
Organic Dyen X

Sodiun X
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L]
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TABLE 15 ALKALINE CLEANERS FOR ALUMINUM

Type Composition Temp, C Time
v Noninhibited- Sodium carbonate (NaCO03): 22.5 g/1 (3.0 oz/gal) 71-€2 As Required
Etching Sodium orthophosphate (NagP0O4*12H,0: 22.0 g/l (2.9 oz/gal)
Inhibited- Sodium carbonate (NapC0O3): 22.5 g/l (3.0 oz/gal) 71-§2 As Required
Nonetching Sodium orthophosphate (Na3POj;°12H20: 22.5 g/1 (3.0 oz/gal) :

Sodium metasilicate (NajS105-9H,0: 15.0 g/1 (2.0 oz/gal)
Kerylbenzene sulfonate (40%): 2.5 g/1 (0.3 oz/gal)




Preparation for Chromating. Chromate conversion coatings
are frequertly applied to =zinc or cadmium-plated parts
immediately following electrodeposition. No preparation is
necessary. In ®mome cases, a baking operation toeliminate
hydrogen from the deposit is carriaed out following
electrodeposition. Alkaline cleaning and an acid dip may
then be necessary before chromating.

Alkaline cleaning of zinc die castings is generally carried
out in a proprietary solution, or a solution such as given
below, under the conditions showne.

Sodium carbonate 7.5 g/1 {1 oz/gal)
Sodium hydroxide 7.5 g/1 (1 oz/gal)
Temperature 939C (200 P}
Time 30-60 seconds.

This cleaned work is rinsed thoroughiy and then dipped in 1
to 2 percent sulfuric or phosphoric acid for 15-30 seconds
at  roomn temperature to assure neutralization of any
remaining alkaline films. Following another thorough rinse,
it is then chromated.

Conventional cleaning procedures involving solvent cleaners
or vapor degreasing are used routinely on aluminum for
removal of grease and other organic contaminants. The
removal of soil from aluminum is most frequently achieved by
using alkaline cleaners, that function by dissolving or
dispersing soils, augmented in some instances by etching of
the metal. Two representative cleaner formulations for
aluminum are shown in Table 15. The silicate in the second
formulation works as both a detergent and corrosion
inhibitor; the kerylbenzene sulfonate is a wetting agent.
An etching-type cleaning treatment may be used prior to
other treatments when a mat or nonspecular eurface is
desired. Inhibited nonetching cleaners are employed when
attack or vroughening of the aluminum part surface are
undesirabie. Prolonged operations with sggressive alkaline
cleaners such as those containing caustic soda frequently
cause the precipitation of a2 flocculent hydrated aluminum
oxide which can interfere with effective rinsing of the
work. Several additional agents, which contain Jluconates,
citrates, or tartrates, have been developed to avoid or
minimize sich effects. These agents work by sequestering
the hydra:ed aluminum oxide to vyield a more granular
precipitate which is less likely to cake and responds better
to rinsing.

Aluminum alloys containing copper, manganese, or silicon are
especially susceptible to smut on their surfaces during



alkaline cleaning operations. The smut generally consists
of loosely adherent, finely divided particles of the
aluminum alloy metals or their oxides. Table 16 lists some
typical deoxidizing and desmutting treatments for aluminum.
Nitric acid (Formulation A} is a general-purpose reagent for
removal of smut from aluminum and other metals. Formulation
B, containing about 75% nitric acid and 25% hydrofluoric
acid is especially effective in the removal of smut formed
on high silicon (5% or more) alloys, The chromic acid-
phosphoric acid (Formulation D) mixtures are generally used
for the selective removal of oxide without significant
attack of the metal surface. Proprietary desmutting and
deoxidizing solutions are extensively used.

Alkaline cleaning is generally the most satisfactory method
for degreasing and cleaning magnesium prior to chromating.
Representative alkaline clsaner compositions and operating
conditions for processing magnesium are presented in Table
17.

Pretreatment of copper, ccpper alioys, and silver is similar
to the procedures described for zinc, cadmium, and aluminum.

Chromating Treatments. 2inc and cadmium may be chromated to
provide:

(1) bright chromates on zinc and cadmium electro-
deposits,

(2) colored coatings on zinc and cadmium electro-
deposits, and

(3) colored coatings on zinc die castings.

The bright chromate treatments impartc a high luster to zinc
or cadmium plates and also provide <arnish and corrxosion
resistance. The chromate treatment of electrodeposits
generally follows immediately after the last rinse in the
plating cycle. The chromate bath for coating zinc and
cadmium parts is an acid solution containing hexavalent
chromium, such as chromic acié, plus other inorganic and
organic compounds to promote or catalyze the reaction.

The chromate coating solution for aluminum usually contains
hexavalent chromium, a fluoride, and an accelerator, such as
ferrocyanide or ferricyanide. The pH range is usually 1.0
to 2.5. Nitric acid frequently is added as an acidifying
agent. The fluoride, in the acidified solution, is the
active reagent; it dissolves the existing oxide film and

57



TABLE 16 REPRESENTATIVE DEOXIDIZING AND DESMUTTING
TREATMENTS FOR ALUMINUM . .

Formulatio emp, c 'I'i o Purpose o

(A) Conc. HNO3 (10 to 50% by vol) Ambient 30 to 60 sec Smut removal
(B) 75% vol conc HNO3 Ambient 5 to 10 sec Smut removal:,

25 v 51 (48 02 | sppecielly cor via
(C) 20 g/1 (2.66 oz/gal) Cx03 "88-93 2 to 10 min Ox;lde removal

35 ml/1 85 wt% H3P03
(D) 100 ml/1 96 wt% H2504 1 to 5 min Oxide removal

35 /1 (4.66 oz/gal) Cr0q 64-82'
ey e — ‘M
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TABLE 17 REPRESENTATIVE ALKALINE CLEANERS FOR MAGNESIUM
a

L

Type Bath Procedure
Heavy Duty(a) Sodium hydroxide (NaOH): 15-60 g/l (2-8 oz/gal) Immerse parts 3 to 10 minutes
Alkaline in bath at 88-100C; clean
Trisodium phosphate (Na3POy 12820) 11 g/1 (1-1/2 oz/gal) until no water break occurs

in rinse; rinse thoroughly

Immerse parts in bath at 88-
100C; soak for 10-20
minutes; rinse thoroughly

Caustic Soak(a) Sodium hydroxide (NaOH): 98 g/l (13 oz/gal)

(a) Add 0.1 oz soap or wetting agent per gallon if heavy mineral oil films are to be removed.



reacts with the aluminum. During the coating process, some
of the hexavalent chromium is reduced to the trivalent
state, and a gel-like film consisting primarily of aluminum
and chromium chromates is formed. As freshly formed, the
gel-like coating is dissolved readily in nitric acid. If
desired, the yellow chromate can be leached with hot water.
With aging, the film becomes insoluble. For many
application, rinsing and drying complete the overall
chromating operation.

Much of the development work on chromate coatings on
magnesium has been carried out by the Dow Chemical Company.
Chemical Treatment No. 1, also known as "chrome pickle", is
the most commonly used chemical treatment developed for
magnesiuam. It can be wused on all magnesium alloys. The
coatings have good qualities as a paint base and protect
magnesium parts during shipment and storage. A typical
chrome-pickel procedure is shown in Table 18, The coating
appearance is usually mat gray to yellow red, and about
0.00006 inch of metal is removed from the magnesium.

The dichromate treatment (Dow No. 7) for processing
magnesium alloys (except the thorium containing alloy)
produces a brassy to dark brown film, which provides a good
combination of protective and paint-base qualities. The
dichromate procedure is described in Table 19.

Generally, a cold rinse followed by a hot rinse to
facilitate drying complete the overall chromating process on
magnesium alloys.

Chromating treatments for copper, copper alloys, and silver
are similar to those described for zinc and cadmium.

Posttreatment. Posttreatment of chromated parts, when used,
can involve bleaching or dying operations to produce or
impart special characteristics to the film. cClear bright
finishes for zinc and cadmium can be obtained by bleaching
or leaching the yellow coloring from the chromate film.
Varicus mildly acidic or alkaline aqueous solutions are
employed, such as

{1) Sodium hydroxide 23 g/1 (3 oz/gal),
room temperature 5 to 10 seconds,

(2) Sodium carbonate 15 to 23 g/1 (2 to 3 oz/gal)
49 to 54°C (120 to 130 F),

{3) Phosphoric acid, 1.0 ml/l (.13 fl oz/qal),
room temperature, 5 to 30 seconds.
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TABLE 13 CHROMATE COATING OF MAGNESIUM BY
THE CHROME PICKLE PROCESS
Step Bath Procedure or Comments
Cleaning Alkaline Immersion
Rinse Cold Water Rinse thoroughly in

* Chrome Pickle

Rinse

Rinse

Sodium dichromate
(NasCrp09 « 2H,0
180 g/1 (24 oz;gal)
Concentrated nitric
acid (to Wt% HNOS):
187 ml/1 (24 f1 6z/gal)

Cold Water

Hot Water

cold running water

Immerse parts 1/2 to
2 minutes in room
temperature solution.
After dip, hold parts
above tank for about
5 seconds.

Rinse thoroughly in
cold running water

Hot water rinse used
to facilitate drying
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TABLE 19 DICHROMATE PROCESS CYCLE FOR

MAGNESIUM ALLOYS(a)

Step

Bath

Procedure or Comments

Cleaning

Rinsing

Acid-fluoride
pickling

Rinsing

Dichromate
treating

Rinsing

Rinsing

Alkaline

Cold Water

50 g/1 (6 2/3 oz/gal) sodium acid
fluoride (NaHF,), potassium acid
fluoride (KHFZ), or ammonium
acid fluoride (NH,HF;)

Cold Water

120 to 180 g/1 (16~24 oz/gal)

sodium dichromate
(Na2Cr20, + 2Hy0)

Cold Water

Hot Water

Immersion

Rinse thoroughly in
cold running water

Immerse parts S
minutes at room tem-
perature.

Rinse thoroughly in
cold running water

Boil parts for 30
minutes -~ minimum
temperature 93C,
200F

Rinse thoroughly in
cold running water

Hot water rinse used
to facilitate drying

gy

TR, Bdlh” 22

(a) The dichromate process is frequently referred to as
Dow Chemical Treatment No. 7.
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Dyed coatings can also be appilied.

Chemical Copversion Goatings - E2hoSRDatiNg
Description of the Process

Phosphating is the treatment of iron, steei, zinc plated
steel, and other metals by immersion in a diiuke solution of
phosphoric acid plus other reagents tc produce an integral
conversion coating on the surface. Phosphate coat:inys are
used to: (1) provide a good Dbase “or paints and cther
organic coatings, (2) condition %4ihe surfaces I»:  ~old
forming operations by providing & bag2 for drawing compuonds
and lubricants, and (3) impart corrosion resistance to the
metal surface by the ccacing Iitseli or by providing a
suitable base for rust-preventative oils oz waxes.

The amorphous aluminum phosphate films are used «xtensively
as a base for organic coatings. Crystalline zluminum
phosphate coatings are used chiefly for paint bwonding %o
aluminum and also to provide lubrication for cold forming.

commercial phosphating solutions are frequently proprietary
and usually consist of metal phosphates digsolved in
phosphoric acid solutions contalning accelerators and other
special reagents to improve bath performance. Commonly used
accelerators include nitrites, nitrates, chiorates, and
peroxides. Phosphating occurs as follows:

3Me (H2POW)2 ¢ Fe Me3 (POL4j2 + FeHPOY ¢ 3H3POY§ + H2
where:
Me = Zn, Mn, or Fe.

The metal is provided by the basis material or from the
phosphating solution.

pPretreatment Procedures

Ccleaning of iron or steel parts ls generaliy accomplished by
alkaline cleaning or solvent dJdegueasinge. Pickling in
phosphoric acid or other minerail acid¢ solutions is used for
removal of rust or other corrosion products. Rinsing in hot
water, or in special activating solutions, generally
completes the pretreatment. In some instances, cleaning is
carried out simultaneously in the same solution.
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The pretreatment procedures for phosphating aluminum alloys
include alkaline cleaning, and sometimes acid or caustic
etching, desmutting or deoxidizing dips, along with the
attendant rinses. These procedures were described in the
earlier sections of the report dealing with anodizing and
chromating of aluminum.

Table 20 1lists the principal waste water constituents
generated during preparation, coating, and posttreatment
operations in phosphating iron, steel, and aluminum.

Phosphating _Treatpents. Zinc and iron phosphate coatings
are applied by spray and immersion techniques. Parts are
immersed in a 2-1/2% by volume zinc phosphate solution at
{90°F) for 30 seconds or sprayed with a 4% by wvolume zinc
phosphate solution at (140 to 180 F} for 3 to 5 minutes.
Zinc phosphate may be applied to parts in an automatic
barrel iine by immersion in a rroprietary solution
containing zinc phosphate, phosphoric acid, and nitrates.
Iron phosphate is applied by immersion in a 5% by volume
soiution at (125 F to 160 F} and pH 3.5 to 4.5 for 3 to 5
minutes or spraying with a {1/2 to 2 oz/gal} solution at (90
to 160 F) and pH 3.5 to 5.0 for 1 to 2 minutes, Manganese
phosphate is applied by immersion in a solution at (200 F)
for 10 =0 20 minutes.

A typical solution for producing amorphous phosphate
coatings on aluminum contains 70 g/l phosphoric acid and a
ratio of fluoride ion to chromic acid of 0.25. The fluoride
removes the oxide film on the surfzce and attacks the
aluminum base metal to provide the ions needed to form
aluminum phosphate. The treatment times for temperatures of
106 to 130°F vary from a few seconds to several minutes.
The coating weightsg can be varied from 0.1l to 4.3 g/sq m
{10 to 400 mgs/sq ft).

Crystalline phosphate coatings on aluminum are produced
using solutions containing zinc or manganese acid
phosphates, an oxidizing agent such as nitrate, and a
complex fluoride to serve as the activating agent. A
typical phosphating solution contains: 0.7% zinc ion, 1.0%
phosphate ion (PO4)3-, 2.0% nitrate ion (NO3)1-, and
fluoborate ion (BF4)1-. 2 satisfactory film can be produced
by spraying sclution for 1 to 2 minutes at 54 to 57°C (130
to 135 F), or by immersing for S minutes in a solution at 5S4
to 57°C (130 to 135 ¥).
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TABLE 20 PRINCIPAL WASTEWATER CONSTITUENTS IN WASTﬁS
GENERATED DURING PHOSPHATING OPERATIONS O
VARIOUS METALS AND ALLOYS .

Basis Metals and Alloys
Iron, Steel, and
Constituent Zinc-Plated Steel Aluminum

Preparation-Cleaning
and Activating

Sodium, Nat
Aluminum Al+3
Zinc, Znt2+2
Iron, Fet

s
o=

Carbonate, CO3"‘2
Phosphate, PO;~3
Silicate, $107-2
Gluconate

Sulfate
Chloride
Nitrate
Chromate

L LR

Titanium, Ti*3
Antimony, Sbt3

BB BADI DI DS DE P DM B

Phogphating
Sodium, Nat
Aluminum, A1+3
Zinc, 2nt2
Iron, Fe
Manganese, Mnt2

M ¢
o > PR

>

Phosphate, P04'3
Chromate, Cr0;-2
Fluoride, F-1
Fluoborate, BF4;~1
Nitrite, NOp~1
Nitrate, NO3~
Chlorate, C103"l

o

LR
»”

Posttreatment

Chromate, CrO;~2 X
Phosphate, PO;~2 X

Water soluble oils X X
and waxes

65



T
\

Posttreatment Procedures

The final rinse after phosphating of iron, steel, and zinc
is usually carried out in a dilute chromic acid-phosphoric
acid soluton (0.1% by volumej. This rinse removes
unreacted chemicals and improves the corrosion resistance of
the phosphated surface. The rinse step is frequently
followed by a dip in a suitable oil, wax, or other lubricant
before drying in hot air.

Chemical Milling and Etching

Introduction. Chemical milling is the process of shaping,
machining, fabricating, or blanking metal parts to specific
design configurations and tolerances by controlled
dissolution with chemical reagents or etchants. The process
is somewhat similar to the etching procedures used for
decades by photoengravers, except that the rates and depths
of metal removal are usually much greater. Chemical etching
is the process of removing relatively small amounts of metal
from the surface (e.g., 1-5 milsj to improve the surface
condition of the basis metal or to produce a pattern such as
for printed circuit boards. Chemicai brightening and
chemical polishing are specialized examples of processes for
improviag surfaces by chemical dissolution.

Much of the early chemical milling work was done on aluminum
and macnesium parts for the aircraft industry. Chemical
milling is especially suited for removing metal from the
surtace of formed or complex-shaped parts (e.g.., forgings,
castings, extrusions), from thin sections, and from large
areas t» shallow depths. The weight saving achieved is

“~._especially important in aircraft and space vehicle design.

Tir. chemical milling or etching processes, metal can be

T rxembpved from an entire part or restricted to selective areas

by maskirg. The amount of metal removed or depth of etch is
determined by the time of immersion in the etching
solutions.

The overall chemical milling or machining process consists
of four main operations

(1) Cleaning or surface preparation
(2) Masking

{3}y Etching

{(8) Mask removal and rinsing.

Preparative Operations. Grease and dirt from metal and
alloy surfaces are removed by conventional methods such as
vapor degreasing and &lkaline cleaning. Scale, passive
films, or oxidation products, or other foreign materials
that are firmly attached are removed by acid pickling or
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nechanical cieaning (e.g., vVapor plasting). Where scale is
heavy, a caustic or other type descaling bath may be used to
1oosen, modify or remove the scale followed by acid etching.
»ailure to properly clean the metal surface will cause
masking problems and uneven attack by the etchant.

ireas where no metal removal 1is desired are masked off.
vasks are appiied by dip, spray. brush, roll or flow-coating
and sSilk-screen techniques. The pattexrns on masked
workpieces are usually applied by means of templates,
Fallowed by scribing and then manual peeling of the mask
froim  areas to e etched. Mask patterns can also be applied
-., wetallic workpieces by usé of photosensitive resists.
vhis latver technique is generally employed aon jobs where
fine detail and shallow cuts are desired as in the
production of printed circuits, name plates, dials, fine
mesh screens, €t The photoqr&phic techniques are used
aimost exclusively for che blanking of small intricately
epaped pargs O reiatcively thin cross section (e.Ge»
nicknesses cSually lesse enan 1/16 inchj. Parts can be
sianked by reaovel of retal from one or both sides of the
sneet  WOrkpiede. ypon completion of the aoverall masking
cperation, the pares may we given ak acid dip to activate
che surface for the etohing HLePe paple 21 shows the waste
water Cconstituend ger.eraced Curing preparative operations.

chenical MLILeRE 9% grching Opezgslons. A good chemical et-
ant TOmOwes SBCaL &T ga&éetermim@ﬁ and uniform rate to
S serfooe, withoae adversely affecting

TS ROna L LlasLantes Ll Lhe aschanlcal oropexrties of the
RES R Chearica. stasility ané che ebiliicy to operate well
e, a wide concentration ané cemperattre range are other
.« rahie feacuves of an ectchant systém.

tanhie 22 Lisces representative aguacus etcning solutions for
qewical mo Lllng or etching of various metals snd alloys.
am on he geea from the temia, Zerzic chloride solutions are
saitaple for ecching the buLi of the metais and alloys, and
Ave Trecuentiy smp.oyed in spIlay etching oY fine-detailed
carts and Ln blansing operatings. Nieric acid by itself, or
. eambination wich  other acids, is extensively uged for
seehune man mwecals and alioys. Fechants for copper on
nriTed  CRUCuLT boarGs inciudes ferxic chloride, sodium and
Angonium persuiiecé chronic acid, and cupric chloride.
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TABLE 21 mimcimg WASTREVATER CONSTITUZNTS IN EYTLURNTS GENERATED
2 DURING CHEMIOAL MILLING OR ETCHING

asic Matge:
Alvaioum Copper Low Alloy Nicksl Titaniun Magnesium Zing
and and 8teels and a and and and
Const{ituant Its Alloys 1Its Alloys Stainliess Stesls Itg Alloye Itg Alloys 1cs Alloys Iee Alloys

Prapararive-
L] and A 8

ot

Aluntmum, AF‘-" X
Coppar, C}f"

ns, Znt

Tin, 96t .
Chromiua, gytd

Vickel, it :

dHanganere, Mnt2
Ttrow, Fetd
Cobals, cut?
Kolybdenm, Mgt3
Ticanium, 7o+
Yanedium, vetd

Hognestuz., Mgt2
Tungeten, w‘.Hg“

Garbonata
hosphate
3ilicate

L 2 2 T
M e
M s
»
”

4t pe
[ ]

Lo R ]

Nitrate, m;"‘
Fluoride, ¥
Sulfate, 89,2
Chrounte, %ro,~2
Chlorida, C1*
Tartrace

Acatate
Aluninate, Alo,~2
Sod{um

Chemical Mataf Removal N
Semesseietal Removal

Bodium X
Aluminum, A1+3 X
Copper, Cutl wnd cut2

24ne, Znt2

Tia, 872

Chromium, Crtd

Blokel, Ni+2

Manganasa, Mp+2

Iron, retl and Fet3 X X
Cobale, Cot2
Kolybdemen, Mo*3
Titanium, T1+3
Vansdium, vHé R
Meguesium, b M
Tungsten, w'-Hg* *
Asmonium, Wi+l

Hitrate, No0;°1 b 4 X
Fluoride, F~1

Sulfate, §0,~2

Chromate, Crog2

Chloride, C1* X
Parsulfate, S308-2

Phosphate, ros” X
Aluminate, A10;2 X

M rerNM

MoMrM pMk

MM s M
M e e pe My e

MM M MMM

L]
4
M 54 >4 pe 3¢ LA K]

Mre e ¢
M e e e
" M e
MM pa L R B I~
]
« .

e
™
»

Posttrestmant (8) .- s - - - - -

(8) The posttreatment resulty in no contasminants if deswutting operations are Rot required. If required the con-
stituente sould be similar to thoss indicated above under Chemicel Metsl Removal.
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TABLE 22  REPRESENTATIVE AQUEOUS SOLUTIONS FOR
CHEMICAL MILLING OR ETCHING VARIOUS
METALS AND ALLOYS(®)

Metals and Alloys Etching Solutions
Aluminum and its alloys FeCl3 or
HC1 or
NaOH
Copper and its alloys FeCl3 or
CuCly or

CuCl2=-HCLl or

(NH,)28208 or

(NH4)2S20g-NaC1=NH4C1l or
Cr03

Magnesium HNO3

Nickel and its alloys FeClj or
HNO3~HC1-FeCl3

Steel (carbon and low alloy) FeCl3 or
HNO3 ot
HNO3~HC1 or
HNO3~HC1-H3PO4

Stainless steel FeCl3 or
HNO3~HC1 or
HNO3~HC1-H3P04

titanium and its alloys HF=HNO3 or
HF=Cr03 or
HF

Zinc HNO3

(a) Data are from references and other sources.
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SECTION VI

SELECTION OF POLLUTANT P RS
Introduction

This section of the report reviews the waste character-
ization detailed in Section V and identifies in terms of
chemical and physical constituents that which constitutes
pollutants as defined in the act. Rationales for the
selection and, more particularly, the rejection of waste-
water constituents as pollutants are presented.

First, consideration was given to the broad range of
chemicals used in the metal <finishing industry. Those
considered to be amenable toc treatment are identified.

Metal Finishing Waste Water copstituents

A large variety of chemicals that become waste water
constituents are used in the metal finishing. The important
ones were identified in Sectica V. Not all of these
constituents will be found in the waste waters from every
facility, since the number of processes in a single facility
varies as well as the nuriexr of basic materials pretreated
and types of posttreatment operations. When present, metal
ions are usually coprecipitated with coppex, nickel,
chromium, ands/or zinc. Tha nonmetallic cations and anions
(hydrogen, ammonium, sulfate, phosphate, chloride, etc.)
from electroplating copper, nickel, chromium, and zinc can
be considered typical of the metal finishing industry.

Waste Water Constituepts and Paxamgters of Pollutjonal
Sianificance

The waste water constituents cf pollutional significance are
total suspended solids, phosphate, oxidizable cyanide, total
cyanide, fluoride, aluminum, cadmium, hexavalent chromiunm,
total chromium, copper, iron, nickel, tin, zinc, and pH.
These constituents are the subject of effluent 1limitations
and standards of performance regardless of the physical form
(soluble or insoluble met&l} or chemical form (valence state
of a metal and whether oxr nct it is complexedj.

The pH is subject to effluent limitations because it affects

the solubility of metallic compounds such as zinc hydroxide
and the soluble metal content of the treated effluent.
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Thus, the major chemical, physical, and biological waste
water constituents and parameters of pollutional
significance are as follows
Total suspended solids
Phosphate
Oxidizable cyanide
Total cyanide
Fluoride
Aluminum
Cadmium
Hexavalent Chromium
Total Chromium
Copper
Iron
Nickel
Tin
Zinc
pH.
Other waste water constituents of secondary importance that
are not the subject of effluent limitations or standards of
performance are as follows
Total dissolved solids
Chemical oxygen demand
0il and grease
Turbidity

Color

Temperature

72



ar

t,

Nitrate

ammonia

Rationale for the Selection cf Wastie Weter Constituents and
Parameters,

Total Suspended sglide. Suspended soclids was selected as a
parameter to further assure that efficient clarification is
practiced. Control of total wetal §ischazrged, i.e., lead,
also assures that clarification will be efficient. However,
control of suspended solids .lso assures that excess solids
will not be unnecessarily dlsinazcyed. Furchermore, in spite
of extensive veview of bounh compositions and a listing of
waste water constitu=nts there may be waste water
constituents in individasi plants not covered by the
listings and not selected as pollucant parameters. If such
constituents are also precipitaved by the chemical treatment
methods empioyed to rvemove woliztants that have been
gelected &8 polilutant §&ramatera, wiey will be removed
providing taere is a limitaxion ¢n suspended solids. Metals
such as arsenic, beyllium, columbium, gallium, germaniuam,
hafnium, manganese, molybdenum, titanium, tungsten, uranium,
vanadium, and zirconium would bhe removed toc some extent by
neutralizavion and clarificaclion.

Phospheoroug. Phosphate 1z preseni: in significan% amounts in
cleaners, acid dips, and prccessing baths in Subcategory (1)
processes and an b2 rencvsd by veaction with lime to form

insoluble CaHLTLGM phogphaca, Linme is & suitable
neutralizing &agenc and <the phosphate may therefore be

coprecipicaced wivh the heavy FEULL B

Cyanide, Amenable &¢ Oxidetiza bhv Chlogine. Oxidizable
cyanide may be present in s*g {ficant amounts in the waste
water from this segment of che a.@axxoplatiﬂg industry and
is amenabhle w0 oxidatici. oy cinlorine wunder alkaline
conditions.,

¢yanide, Totai. Some forms of cyanide are not amenable to
chlorine oxidation and can eappear 1in ¢the waste water in
significant amounts which canact be removed. Cyanide 1is
pregsent in waste waters &s the free cyanide ion (CN-) or
complexed with metals such as covpper, zinc, cadmium, and
silver. The free cyanide and <the cyanide in the metal
complexes mentioned are destroyed by chlorine. However,
more stable cyanide complexes guch as those with nickel,
cobalt, and iron are not effectively oxidigzed by chlorine,
although may be by ozcne (see Section VII). 8Since iron,
cobalt, and nickel are not gpiated from cyanide solutions

~J
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their source, if present, is not from electroplating baths.
However, some cleaners and stripping solutions contain
cyanide and the dumps and rinses from these are normally
combined with rinses from nickel, cobalt, and iron baths ¢to
constitute the acid-alkali waste water stream. There are
alternatives to use of cyanide in stripping solutions and it
is believed that the cyanide in cleaners can be minimized or
eliminated. Thus, it is practicable to limit the amount of
cyanide that 1is not amenable to oxidation and this may be
considered a pollutant parameter. Total cyanide 1is more
easily determined than difficult-to-oxidize cyanide. Since
it is made up of oxidizable cyanide which is a pollutant
parameter and difficult-to-oxidize cyanide, which could be
regarded as a pollutant parameter, the total cyanide is also
a pollutant parameter.

Fluoxides

As the most reactive non-metal, fluorine is never found free
in nature but as a constituent of fluorite or fluorspar,
calcium fluoride, in sedimentary rocks and also of cryolite,
sodium aluminum fluoride, in igneous rocks. Owing to their
origin only in certain types of rocks and only in a few
reglions, fluorides in high concentrations are not a common
constituent of natural surface waters, but they may occur in
detrimental concentrations in ground waters.

Fluorides are used as insecticides, for disinfecting brewery
apparatus, as a flux in the manufacture of steel, for
preserving wood and mucilages, for the manufacture of glass
and enamels, in chemical industries, for water treatment,
and for other uses,

Fluorides in sufficient quantity are toxic to humans, with
doses of 250 to 450 mg giving severe symptoms or causing
death.

There are numerous articles describing the effects of
fluoride-bearing waters on dental enamel of children; these
studies 1lead to the generalization that water containing
iess than 0.9 to 1.0 mg/l of fluoride will seldom cause
mocttled enamel in children, and for adults, concentrations
less than 3 or 4 mg/1 are not 1likely 0 cause endemic
cumulative fluorosis and skeletal effects. Abundant
literature is also available describing the advantages of
maintaining 0.8 to 1.5 mg/l1 of fluoride ion in drinking
water to aid in the reduction of dental decay, especially
among children.
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Chronic fluoride poisoning of livestock has been observed in
areas where water contained 10 to 15 mgs/1 fluoride.
Concentrations of 30 - 50 mg/l of fluoride in +the total
ration of dairy cows is considered the upper safe limit.
Fluoride from waters apparently does not accumulate in soft
tissue to a significant degree and it is transferred to a
very small extent into the milk and to a somewhat greater
degree into eggs. Data for £fresh water indicate that
fluorides are toxic to fish at concentrations higher than
1.5 mg/1.

Cadmjiym

Cadmium in drinking water supplies is extremely hazardous to
humans, and conventlional ¢treatment, as practiced in the
nited States, does not remove it. Cadmium {is cumulative in
the liver, kidney, pancreas, and thyrold of humans and other
animals. A severe bone and kidney syndrome in Japan has
been associated with the ingescion of as little as 600
ug/day of cadmium.

Cadmium is an extremely d&angerous cumulative toxicant,
causing insidious progressive chyvonic poisoning in mammals,
fish, and probably other anima.s because the metal 1s not
excreted. Cadmium could form organic compounds which might
lead to mutagenic or teratogenic zffects, Cadmium is known.
to have marked acute and chronic effects on aquatic
OYganisms aiso.

Cadmium acts synergisticalily with other metals. Copper and
zinc substantially increase Iitg toxicity. Cadmium is
concentrated by marine organisms, particularly molluscs,
which accumuiate cadmium in calcarecus tissues and in the
viscera. A concentration factor of 1000 for cadmium in fish
muscle has been reported, as have concentration factors of
3000 in marine plants, and up to 29,600 in certain marine
animals. The eggs and larvae of fish are apparently more
sensitive than adult fish <to poisoning by cadmium, and
crustaceans appear to be more sensitive than fish eggs and
larvae.

Cnromjum

Chromium, in its various wvalence states, is hazardous to
man. It can produce lung tumors when inhaled and induces
gskin sensitizations. Large doses of chromates have
corrosive effects on the intestinal <tract and can cause
inflammation of the kidneys. Levels of chromate ions that
have no effect on man appear ©o bé 80 low as to prohibit
determination to date.
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The toxicity of chromium salts toward aquatic life varies
widely with the species, temperature, ¢H, valence of the
chromium, and synergistic or antagonistic effects,
especially that of hardness. Fish are relatively tolerant
of chromium salts, but fish food organisms and other lower
forms of aquatic life are extremely sensitive. Chromium
also inhibits the growth of algae.

Iin some agricultural crops, chromium can cause reduced
growth or death of the crop. Adverse effects of 1low
concentrations of chromium on corn, tobacco and sugar beets
have bs=en dccumented.

L.ead

Lead 1is a cumulative poison to the human system and
roncentrates itgself primarily in bones. Symptoms of
advanced lead poisoning are anemia, abdominal pain, and
gradual paralysis, Immunity to lead does not develop but
reaction grows more acute. It is not an elemental essential
to the metabolism of animals.

tead poisoning has been reported in humans drinking water
with a concentration as small as 0.042 mg/l. However,
concentrations of 0.16 mg/1l seem to have had no effect over
long periods. It is generally felt that 0.1 mg/1l can cause
poisoning if ingisted regqularly.

Chronic jead poisoning among animals h&s been caused by
concentrations less than 0.18 mg/l. Changes have been noted
in nervous systems of laboratory rats after ingistion of
6.005 mqs per kg of body weight.

Lead concentrations of approximately of 0.5 mg/l1 appear to
he the maximam safe limit.

studies on the effect of lead on fishes indicate that lead
reacts with an organic constituent causing a mucus to
ocbstruct the gills and body. The fish ultimately dies of
suffocation. Concentrations between 0.1 mg/l and 0.41 mg/l
have resulted in a TL 50 within 48 hours to sticklebacks,
guppies, minnous, brown trouts and coho salmon.

Iron

Iron in small amounts is an essential constituent to animal
diets. The daily nutritional requirement is 1-2 mg and most
people int-ake an average of 16 mg. However, drinking water
hecomes umpalatable at approximately 1.0 mgs/1. Ferrous iron
imparts as taste at 0.1 mg/l and ferric iron at 0.2 mg/l.
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It also tends to precipitate causing stains and
discoloration of water. For these reasons drinking water
limitations have been recommended at 0.1 mg/l.

Very high concentrations of iron have been toxic to fish.
Iron hydroxides have been known to precipitate on the gills
of fish causing obstruction. Also heavy precipitation may
smother eggs.

Tin

Tin is not a nutritional requisite but neither does it
appear harmufl to human or animal iife. The average diet
contains 17.14 mgs/day. Very iarge doses of 30-50 mg/kg of
body weight caused much 1loss of weight in cats. Trace
amounts of tin appear beneficial to some fish.

pH, Acidity apnd Alkaiinity

Acidity and alkalinity are reciprocal texms. Acidity |is
produced by substances that yield hydrogen ions upon
hydrolysis and alkalinity is produced by substances that
yield hydroxyl 1ions, The terms "eotal acidity" and "total
alkalinity" are often used to express the buffering capacity
of a solution. Acidity in natural waters is caused by
carbon dloxide, ndneral acids, weakly dissociated acids, and
the salts of strong acids and wesk bases. Alkalinity is
caused by strong bases and the saits of strong alkalies and
weak acids.

The term pH is a logarithmic zxpression of the concentration
of hydrogen ions. At a pE of 7, the hydrogen and hydroxyl
ion concentrations are essentizily equal and the water is
neutral. Lower pH values indicate acidity while higher
values indicate alkalinity. The relationship between pH and

acidity or alkalinity is not necessarily linear or direct.

waters with a pH below 6.0 are coxrosive to water works
structures, distributior linez, and household plumbing
fixtures and can thus add such congtituents ¢to drinking
water as iron, copper, zinc, cadmium and lead. The hydrogen
jon concentration can affect the "caste®™ of the water. At a
low pH water tastes Wgour®, The bactericidal effect of
chlorine is weakened as <che pH increases, and it 1is
advantageous to keep the pH clcse to 7. This is very
important for providing safe drinking water,

Extremes of pH or vrapid pR changes can exert stress

conditions or kill aquatic 1life outright. Dead f£ish,
associated algal blooms, and foul stenches are aesthetic
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liabilities of any waterway. Even moderate changes from
"acceptable® criteria limits of pH are deleterious to some
species. The relative toxicity to aquatic life of many
materials is increased by changes in the water pPH.
Metalocyanide complexes can increase a thousand-fold in
toxicity with a drop of 1.5 PH units. The availability of
many nutrient substances varies with the alkalinity and
acidity. Z2Pmmonia is more lethal with a higher pxH,

The lacrimal fluid of the human eye has & pPH of
approximately 7.0 and a deviation of 0.1 PH unit from the
horm  may result in eye irritation for the swimmer.
Appreciable irritacion wili cause severe pain.

Rationzle for the Selection of Iotal NMeta) as g Pollutant
Parameter,

Chemical treatment asg presently deveioped is able to reduce
the concentration of metals in solution to low values and to
remove the precipitated form of the metal (clarification).
There is no a priori reason why scluble metal, insoluble
metal, complexed metal, etc., should be regarded as separate
Pollutant parameters in view of the fact that technology is
capable of reducing the total metal content to low values.

It is practical, as part of chemical treatment, to remove
insolub.e metal precipitate from the effluent by
sedimentation, clarification, filtering, or centrifuging
prior tc the discharge of liquid effluent to streams. large
amount of metal hydroxides in the streams are further
sources of metal ions if the water later becomes acidic
relative to the pH at which the metal hydroxides were
originally precipitated. If this happens, the original
purpose n precipitating hydroxides is defeated. Therefore,
removal of precipitated metal hydroxides by efficient
clarification prior to discharge of the effluent to
navigable waters is assumed.

With removal of +total suspended so0lids to levels of less
than 50 mg/l, significant removal of metal hydroxides
occurs. However, some portion of the total suspended solids
contains metalis either as metal hydroxides or adsorbed metal
ions. Fegardless of the form, the metal content of
suspended solids represents a significant pollutant in the

water,
Metals are considered pollutants regaxdless of form. The

standard method of analysis for total metal involves
acidification of the sample to analyze for total metal
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content (dissolved metal plus any metal in suspended solids
left from clarification). For the purrose of establishing
effluent limitations and standards of performance it is
herein specified, in the absance of any qualifying
statement, that the concentration of metals in mg/liter
means total metal, as analytically determined by acid
digestion prior to filtering.

Rationale for Rejection of Other Waste Water Constituents as
Pollutants for Subcategory (i} Processes

Metals. The rationale for rejection of any metal other than
those described as a pollutant abcve is based on one Or more
of the following reascons:

(1} They are not present in the processing
solutions used in the metal finishing
industry. It would be redundant to
make a long list of materials that
can be controlled but that are not
present.

(2) Insufficient data exiat upon which
to base effluent limitations and
scandarde of performance. Waste-
warer constituents such as sodium,
potassium, nitrate and ammonia are
present in many processing solutions
and waste waters, bult there is no
practicable method &t present of
removing them Zron sclution.

Dissolved Solids. Dissolved solids is not a significant
pollution paramecer in wnxs  industry. Although the
concentration of total dissolved soclids will become higher
as efforts are Girected to reducing water use and volume of
effluent discharged, the tocal guantity of dissolved solids
will remain unchanged.

chemjcal _Oxygen _Demand. Thne chemical oxygen demand can be
significant in some cases because of the oil and grease
removed from the work ir the cleaning operation, which then
constitutes a part of the cleaner when it is Qumped. It 1is
possible to minimize chemical oxygen demand in some cases by
use of organic vapor degreasers prior to alkaline cleaning.
However, if there 18 a high chemical oxygen demand
practicable technology to Lower it has not been demonstrated
in the electroplating industry.

79



Bigchemical Oxygen _Demand. Biochemical oxygen demand is
usually not an important pollution parameter in the
Subcateqgory (1) processes. An electroplating plant in a
suburban location not discharging to a publicly owned system
must treat its own sanitary sewage in a separate treatment
facility. If the plant chooses to mix the treated sanitary
effluent with process wastes prior to treatment BOD would be
considered a major parameter.

Turbjidjty. Turbidity is indirectly measured and controlled
independently by the limitation on suspended solids.

Temperature. Temperature 18 not considered a significant
pollution parameter in the Subcategory (1) processes,
However, cooling water used to cool process tanks and/or
evaporative recovery systems that are not subsequently used
for rinsing could contain pollutants from leaks in the
system,

Aluminum

Aluminum may be present in significant amounts in the waste
water sStream. Limits are not placed on aluminum at this
time due to insufficient data. However, it is believed that
significant removal will result when conventional chemical
treatment techniques are employed.

80

L



SECTION VII

CONTROL AND TREATMENT TECHNQLOGY

Introduction

The control and treatment <technology for reducing the
discharge of pollutants from metal finishing operations is
discussed in this section.

The control of metal finishing waste waters includes process
modifications, material substitutions, good housekeeping
practices, and water conservation techniques. The in-plant
control techniques discussed are generally considered to be
normal practice in these industries,

The treatment of metal finishing waste water includes
techniques for the removal of pollutants and techniques for
the concentration of pollutants in the waste waters for
subsequent removal by treatment or recovery of chemicals.
Although all of the treatment technologies dJdiscussed have
been applied tc waste waters from metal finishing
operations, some may not be considered normal practice in
this industry.

Chemical treatment technology is discussed first in this
section because some treatment of this type is required of
many waste waters generated by metal finishing operations
before discharge into navigable streams. After chemical
treatment the amount of poliutants discharged to navigable
waters is vroughly proportional to the volume of water
discharged.

The proper design, operation, and maintenance of all waste
water control and treatment systems are considered essential
to an effective waste management program. The choice of an
optimum waste water control anrd treatment strategy for a
particular metal finishing facility requires an awareness of
numerous factors affecting both the quantity of waste water
produced and its amenability to ¢reatment.

Chemical Treatment Technology

Applicability

Chemical <treatment processes for waste water from metal
finishing operations are based upon chemical reactions many

of which go back to the beginning of modern chemistry over
200 years ago. These reactions have been used as the basis

81



for the design and engineering of systems capable of
treating waste water containing a large variety of
pollutants and reducing the concentrazion of metal below 1
mg/l. Control procedures have been deviaed to assure the
effectiveness of the processes.

Processes

Sepagation 9of Streams. Waste Waters f£from different
operations in a metal finishing process may be c¢ombined in
some cases and kept separate in other cases prior to
chemical treatment. The nature of the waste waters and the
pollutants present will determine where segregation is
desirable and where combination is practical. Some
pollutants cannot be properly removed in the presence of
others, while some are better removed when combined with
cothers, Combination of some streams will result in a
reacticn to form additional pollutants and ones that can be
of immediate danger to personnel involved in the metal
finishiag opevations, e.g., a cyanide containing stream
combined with an acid stream may cause evolution of gaseous
aydrogen cyanide. In general, waste waters containing
cyanide are segregated and treated separately, waste waters
containing hexavalent chromium are sagregated and treated
separately. After treatment the cyanide, chrome, and metal
ion streams are combined for f€urther <reatment ¢to
precipitate metal hydroxides which are settled  out,
sometimes filtered, and disposed of on land. The treatment
facilities may be engineered for batch, continuous, or
integrated operations. However, the treatment methods for
several pollutants can deviate considerably from this
general glan. The design of a suitable procedure and system
to treat a specific pollutant mixz requires considerable care
and experience.

Batch Treatment. The batch method is generally used for
small or nedium-sized plants. Batch treatment is useful not
only for rinse waters but for expendable process solutions
containing high concentrations of chemicals or spills,
leaks, or other accidental discharge of process solutions.
Holding tanks collect the waste water and are large enough
to provide ample time to treat, test, and drain a tank while
another is being filled, Analytical tests are made before
treatment to determine the amount of reagent to add and
after treatment +to establish <that the desired effluent
concentrations have been obtained.

Continuoug Treatmept. ™he chemical treatment process may be

made cont’nuous by (1) sizing and baffliing treatment tanks
to provids sufficient hold times t¢ complete chemical
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SECTION VIX

CONTROL. AND TREATMENT TECHNOLOGY

Introduction

The control and treatment technclogy for reducing the
discharge of pollutants from metal finishing operations 1is
discussed in this section.

The control of metal finishing waste waters includes process
modifications, material substitutions, good housekeeping
practices, and water conservation techniques. The in-plant
control techniques discussed are generally considered to be
normal practice in these industries.

The treatment of metal finishing waste water includes
techniques for the removal of pollutants and techniques for
the concentration of pollutants in <the waste waters for
subsequent removal by ftreatment or recovery of chemicals.
Although all of the treatment technologies discussed have
been applied to waste waters from metal finishing
operations, some may noct be considared normal practice in
this industry.

Chemical treatment technology is d&iscussed first in this
section because some treatment of this type is required of
many waste waters generated by metal finishing operations
before discharge into navigable streams. After chemical
treatment the amount of pollutants discharged to navigable
waters is voughly proportional ¢o the volume of water
discharged.

The proper design, operation, and maintenance of all waste
water control and treatment systems are considered essential
to an effective waste management program. The choice of an
optimum waste water control and treatment strategy for a
particular metal finishing facility requires an awareness of
numerous factors affecting both the gquantity of waste water
produced and its amenability to treatment.

Chemical Treatment Technology

Applicability

Chemical treatment processes for waste water from metal
finishing operations are based upon chemical reactions many

of which go back to the beginning of modern chemistry over
200 years ago. These reactions have been used as the basis
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for the design and engineering of systems capable of
treating waste water containing a large variety of
pollutants and reducing the concentration of metal below 1
mg/l. Control procedures have been devised to assure the
effectiveness of the processes.

Procegses

Sepagatjon of Streams. Waste Waters from different
operations in a metal finishing process may be combined in
some cases and kept separate in other cases prior to
chemical treatment. The nature of the waste waters and the
pollutants present will determine where segregation is
desirable and where combination is practical. Some
pollutants cannot be properly removed in the presence of
others, while some are better removed when combined with
others. Combination of some streams will result in a
reacticn to form additional pollutants and ones that can be
of immediate danger to personnel involved in the metal
finishing operations, e.g., a cyanide containing stream
combined with an acid stream may cause evolution of gaseous
hydrogen cyanide. in general, waste waters containing
cyanide are gsegregated and treated separately, waste waters
containing hexavalent chromium are sagregated and treated
separately. After treatiment the cyanide, chrome, and metal
ion streams are combined for further +treatment to
precipitite metal hydroxides which are settled out,
sometimes filtered, and disposed of on land. The treatment
facilities may be engineered for patch, continuous, or
integrated crperations. However, the treatment methods for
ceveral pollutants can deviate considerably from this
generxal plan. The design of a suitable procedure and system
to treat a specific pollutant mix requires considerable care
and experience.

Batch Treatment. The batch method is generally used for
small or medium-sized plants, Batch treatment is useful not
only for rinse waters but for expendable process solutions
containing high concentrations of chemicals or spills,
leaks, or other accidental discharge of »process solutions.
Holding +tanks collect the waste water and are large enough
to provide ample time to treat, test, and drain a tank while
another is being filled. Analytical tests are made before
treatment to determine the amount of reagent to add and
atter treatment +to establish <that the desired effluent
concentrations have been obtained.

Ceontinuvoug Treatmepnt. The chemical treatment process mavy be
made contnuous by {i} sizing and baffiing treatment tanks
to provide sufficient hold times to complete chemical
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reactions; (2} providing continuous monitoring of pH and
oxidation/reduction potentials and controls for regulating
reagent additions by means of these monitors; and (3)
providing a continuousoverfiow aettling tank that allows
sludge to be pumped off periodicelly through the bottom.

A flow diagram for a liarge continuous-treatment plant is
shown in Figqure 5. The dilute acid-alkali stream originates
from rinses associated with alkaline c¢leaners, acid dips,
and baths containing meta. Zons, but no cyanide or
hexavalent chromium. When coancentrated acid and alkali
baths are to be discarded chey krs tzansferred to a holding
tank and added slowly <o ¢Che JdLigte stream. In ¢this
manner, sudden demands ik &he veagent additions and
upsetting of the creastment condlcions are avoided. The
dilute acid-alkal. stream iaret enteérs a surge tank to
neutralize the waste wacer znd egualize the composition
entering the precipitaticn tank. The hexavalent chromium is
reduced at a pH of Z.¥ & 2.5, &nd the addition of the S02
and HCl are contreciled by sultanle monitors immarsged in the
well-agitated vreductlon tank. Cyvanide Lis destroyed in a
large tank with compartmentd tC al.iow & two-stage reduction.
Reaction time is about 3 hours.

The treated chrome, cyanide, and neutrailzed acid-alkalil
streams are vun inko & Conmon &L where pE is automatically
adjusted o optimize the preciplitction of metal hydroxides.

The stream then enters z sollde conta and settling unit
where mixing, smthbaw_w : :mubm¢xat10ﬂ5 recirculation,
solids concantxﬁtioﬁi u”uﬁgb COLLeleion, and siudge removal
are accomplished, lecouiants are  usually added to this
tank. The coverflow from the szetcling unit constitutes the
discharge Zfrow tne plant. The aluage may be dewatered by

filtering and the flxtrdfﬁ TELITNE
the scolid concent of <wnls <..twa
overflow from the clarifier.

co the settling unit, if
c& L8 higher +than the

F\) 1)!

Integrated Tregtment. Th Lni@grated gystem uses a
reservoir tank in condunction wi:ii ¢he rinse tanks for each
type of plating bath. A coaunon solutlion is circulated
through the chemical wash <tank (which vreplaces what is
normally <¢he first rinse canﬁ &nd the reservoir. The
solution contalins an excess o wye tmant chamical 80 that,
for example, cyanide &esuruCL$ takes place in the wash
tank and directly on the Iiim of &ragcut solution on the
part itself. Therefore, no cyanide 18 dragged into the
subsequent rinse tank and the effluent requires no further
treatment for cyanide.
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Because metals are precipitated separately at a relatively
high concentration, the metal hydroxide settled in the
reservoir may be recovered, dissolved, and returned to the
plating batia from which it originmated. 1In contrast to batch
and continuous treatments, which &re generalily carried out
in a separate facllity, the zreservolr in the integrated
system is ina proximity to the plating room because of <the
necessity for circulstion. Tha Jayout of an integrated
system for treating rinse water waste from & cyanide plating
solution and & chromium pisting bath ie shown in Plgure 6.

Unit Operations

Precipiiatign. The effiuent levels of metal attainable by
chemical <creatment depend upon the insolubility of metal
hydrolysis products in the created water and upon their
settling and filvering characteristics which affect the
degree to which t¢hey can be separated. The solubiiitlies of
the hydroiysis products are dependent upon many conditions
during precipitations such as pH, presence of other cations
and aniors, uime allowed vefore separating out the solids,
the precipitacicn sgent uséel, the degree of sgitation, etc.

Schiegel and hartinger have studied precipitation reactions
extensively and have been &bhig ¢o obtain low concentrations
of metal iluas in solutdon in 2 weascnable time, i.e., 2
hours.

When meta. jon® are preciplesced saparately the pH may have
to be adjusted differentiy for each ion. This immediately
raises the guestion of whether ¢h: metals can be efficiently
precipitated <together ot a comwon pH. This is possible as
shown Iin Tablie 23 taken frwn szertinger.

it is apparent that it is &ilfiicgit o predict in detail the
conditions that will give tiae best precipitation results in
a practics. situation. However, just as several parameters
can be adjusted in the laboravory to obtain optimum results,
sultable condicions may be Zound in the field., Flocculating
agents, sddel vo aid in seccling «<he precipitate, play a
significant role ir veduwing concentration of suspended
solids.

When soluonilizing complexing agents are present, the
equilibrium constant of the complexing reaction has to be
taken into account in detsrmining theoretical solubility
with the result that <he azolublility of the metal is
generally increased. Cyanide ione must be destroyed not
only because they are toxic but also because they prevent
effective precipitation of copper z2né zino as hydroxides.
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TABLE 23

COMPARISON OF PRECIPITATION OF METAL
HYDROXIDES SEPARATELY AND IN COMPARISON'

Initial Ratilo of

Metal Ions in Solution

Soluble Matal Two Hours

after Neutralization, qgé%;
Cr

Cu:Ni

Cu:Cr

Cu:Ni:Cr

2:1
1:1
1:2
1:1

1:1:1

Initial PH 8.5

E

Cu™r NiFF
0.76 12 -
0.6 15
0.32 28

<0.2 - 0.74
0.25 0.25 0.19

x:2
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If cyanide is replaced in a plating bath by & nontoxic
complexing agent such as EDTA (ethylenediaminetetraacetic
acid), the new complexing agent could have serious
consequences as far as the removal of metal ions by
precipitation. Ammonium  ion, present in many metal
finishing baths, will complex copper, zinc, and other heavy
metal ions and interfere with <their precipitation as
hydroxides.

Theory and experimental results confirm that it is not
possible to achieve complete removal of metal ions from
waste water by precipitation as hydroxides even if
separation of precipitate were 100 percent effective. Thus,
a finite concentration of pollutant will remain in the
effluent. The best indication of what can be achieved in
reducing metal concentration is the results of daily
operation in exemplary plants rather than theory or
laboratory experiments. Clarification efficiency is an
important factor in determining the totai metal content of
the effluent. It 1is safe to say that the soluble metal
content will be no greater than the total content achieved
in practice and may be less.

Spolids Separatjon. The first step in separating the pre-
cipitated metals is settling, which is very slow for gellike
zinc hydroxide, but is accelerated by coprecipitation with
the hydroxides of copper and chromium. Coagulation can also
be aided by adding metal ions such as ferric iron which
forms ferric hydroxide and absorbs some of the other
hydroxide, forming a floc that will settle. Ferric iron has
heen used for this purpose in sewage treatment for many
vyears as has aluminum sulfate. Ferric chioride is
frequently added to the clarifier of chemical wastatreatment
plants in plating installations. Flocculation and settling
are further improved by use of polyelectrolytes, which are
high mol2cular welght polymers containing several ionizable
ions, Due to their ionic character they axe capable of
swelling in water and adsorbing the metal hydroxide which
they carry down during settling.

Settling is accomplished in the batch process in a stagnant
tank, and after a time the sludge may be emptied through the
bottom and the clear effluent drawa off through the side or
top. The continuous system uses a baffled tank such that
the stream flows first to +the bottom but rises with a
decreasing vertical velocity until the floc can settle in a
practically stagnant fluid.

Alttiough +the design of the clarifiers has been improved
chrough many years of experience, no settling techniques or:
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clarifier will completely remove solids from the effluent
which contains typically S to 20 mg/l of suspended solids.
This floc contains some metal.

Slydge DRisposal. Clarifier underflow or "sludge" contains
typically 1 to 2 percent solids and can be pumped to a
lagoon.

Metal ions in the 1liquid associated with the sludge can
percolate through porous soil and became a potential source
of groundwater contamination. Impervious lagoons require
evaporation into the atmosphere. However, in many parts of
the U.S., the average annual rainfall equals or exceeds the
atmospheric evaporation. Additionally, heavy rainfalls can
fill and overflow lagoons. Metal ions may be leached from
metal hydroxides and the surface run-off to adjacent streams
or lakes may be in sufficient quantity to be detrimental.

A case in point is contamination of groundwater by plating
wastes held in lagoons in Nassau County, New York. Plating
wastes have seeped down €rom the lagoons into the aquifier
intermittently since 1941. This seepage has resulted in a
plume of contaminated water some 4,300 feet long, up ¢to
1,000 £t wide, and as much as 70 feet deep, extending
downgrade to the headwater of Massapequa Creek. Originally
the plating waste water was untreated and the concentration
of hexavalent chromium in the groundwater was about 40 mg/l.
Since the start of chromium treatment, concentrations have
decreased to less +than 5 mg/1 in most of the plume.
Treatment of the plating waste effluent results in discharge
of sludge to the lagoons, and the sliudge forms a 1lining on
the bottoms and sides which retards infiltration. At
another location core-driiled samples were obtained from the
shale structure underlying the bed used for disposal of
sludge resulting from chemical treatment. The disposal side
had been in use for several vyears., Heavy metal
concentrations two feet into the shale structure, were of
the order of 50 to 100 ppm.

Lagooning c¢an be avoided by dewatering the sludge to a
semidry or dry condition. Several devices are available for
dewatering sludge. Rotary vacuum filters will concentrate
sludge containing 4 to 8 percent solids to 20 to 25 percent
solids. Since the effiuent concentration of solids is
generally 1less than U4 percent a thickener tank is often
employed between the clarifier and the filter. The filtrate
often contains excessive suspended solids and is
recirculated to the clarifier.
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Centrifuges will also thicken sludges to the above range of
consistency anéd have the advantage o0f using 1less floor
space. The effluent contains excessive suspended solids and
is returned to the clarifier.

Pressure filters may be used. In contrast to rotary filters
ané centrifuges, pressure filters will produce a filtrate
with less ¢han 3 mgs/l of suspended solids so that return ¢to
the clarifier is not needed. The filiter cake contains
approximately 20 to 25 percent solids. FPressure filters are
ugsually designed for a filtration rate of 2.08 to 2.44
liters/min/sq m (0.05 to 0.06 gpwag £f¢) of clarifier
sludge.

Solids contents from 25 to 35 percent in filter cakes can be
achleved with semicontinuous tank filters rated at 10.19 to
13.48 licevs/min/sg m {0.25 o 0.33 gpmssq £t} surface. A
solide content of less than 3 mg/i ie8 normally accepted for
direct effluent discharge. The units require minimum £loor
gpace.,

pPlate and frame presses produce filter cakea of 40 to 50
percen: dry soiids arnd a filtrate with less than 5 mgs1
tctal suspended solids. Because automation of these presses
ig difficult, labor costs tend to be high. The operating
costs are partially offset by low capital eguipment costs.

Automated tank type pressure filters are just now finding
application. The so0iids content of the cake c¢an reach as
high as 60 percent while the filtrate may have up to 5 mg/1l
of totil suspended solids. The filtration rate is
approximately 2.04 liters/min/sq m (0.05 gpm/sqg ft) filter
surface area. Pressure filters containing from 300 to 500
ng/ 1 suspended solids at design of 4.88 to 6.52
litera/minssqg m (0.12 ¢o 0.16 gpm/aq £t} and still maintain
a low sclids content in the filtrate.

Filter cakea can eagily be collected in 80lid wastce
containe-s and hauled away to landfills. There may be
situations, however, where +the metal in the filter cake
could be redicssolved if it came into contact with acidic
water. careful consideration should be given to where such
a materizli is dumped.

A proprietary process is available for solidifying sludge by
addition of chemical fixing agents. Relative to filtration,
the amount of dried sludge to be hauvled away iz increased.
The fixing process appears to insolublize the heavy metal
ions 80 that in leaching tests only a fractlion of a part per
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million is found in solution. A fill is produced that is
similar to dried clay.

The possibility of recovering metal values from sludges
containing copper, nickel, chromium, and zinc have been
considered but such a system appears to be uneconomic under
present circumstances. It may be profitable to recover metal
values if 900 to 2300 kg (2,000 to 5,000 pounds) of dried
sludge solids can be processed per day with a thoroughly
developed process. To attain <this capacity would almost
certainly require that sludge from a large number of plants
be brought to a central processing station. The recovery
would Dbe simpler if the metallic precipitates were
seqregated, but segregation would require extensive
modification, investment, and increased operating expense
for precipitation and clarification. Laboratory experiments
showed that zinc could be leached from sludge with caustic
after which copper, nickel, and chromium were effectively
dissolved with mineral acids. Ammonium carbonate dissolved
copper and nickel but not trivalent chromium, thus giving a
method of separation. Electrowinning of the nickel and
copper appeared to be a feasible method of recovering these
metals.

Cvapide Oxidation. Cyanide in waste waters is commonly
destroyed by oxidation with chlorine or hypochlorite prior
to precipitation of the metal hydroxides. The method 1is
simple, effective, and economicaliy feasible for most waste
waters, even for small volume installations. A factor in
how rapidly cyanide is destroyed, if at all, is how strongly
the cyanide is complexed to metal ions and how rapidly the
complex can be broken. Therefore, some waste waters present
special problems. A comprehensive study of the method was
made by Dodge and Zabban the results of which have been used
to work out the practical processes. The following are
proposed reactions for chlorine oxidatiocn.

(1) NaCn + Cl2 = CNCi + NacCi
(2) CNCl + 2NaOH = NaCNO + NaCl + H26
(3) 2NaCNO ¢ 3Cl2 + GNaOH = N2 + 2CO2 + 6NaCl + 2H20.

Reaction (2) goes rapidly at pH 11.5, under which conditions
build up of the toxic gas CNCl by Reaction (1) 1is avoided.
Treatment of dilute rather than concentrated solutions also
minimizes its formulation. Oxidation to cyanate (NaCNO) is
completed in 5 minutes or 1less. Reaction {3) goes more
slowly, requiring an hour in the preferred pPH range of 7.5
to 9.0, and a 1longer time at higher pH. After the
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conversion to nitrogen and carbon dioxide, excess chlorine
is destroyed with sulfite or thiosulfate.

sodium  nypochlorite may be usad in place of chlorine.
Recent technlcal innovations in electrochemical hypochlorite
generators for on-uite ume raise the possibility of
centroliing the additlon of hypochiorite to the cyanide
solution by controliling the current to <he electrochemical
generator, using sodium chloride as the feed material.

Concentrated solutions, such as contaminated or spent baths,
cyanide dips, stripping solutions, and highly concentrated
rinses, are normally fed at a slow rate into a dilute
cyanide gtream  and treated with chlorine. However,
concenitrated solutions may also be destzoyed by electrolysis
with conventional ejuipment available in the plating shop.
In normal :Industrizl practice the process is operated
batchwise, whereas the optimum system, from an operating
standpoint, would be a cascaded one in which successively
iarger tanks are operated at successlvely lower current
densities, This is the more efficient system. 1In addition
to the oxidation of cyaride at the anode, valuable metal can
be reccvered at the cathode,. The process becomes very
inefficient when the cyanide concentration reaches 10 ppm,
but at this point the solution can bhe fed into the process
stream for chemical destruction of cyenide to bring the
concentration ttc the desired level. The addition of
chloride ions %o the concentrated soiutions, followed by
electro.ysis, prcduces chlorine or hypochlorite in solution,
which can then destroy ‘he cyanide ©o the same low levels as
obrained by direct chlorination. With the provision that
chlorine or hypochlorite be formed at a zate equal to the
concentration of cyanide passing <through the system, the
process can be operated continucusly:

2MacCN » 2NaoCl = 21alNO + 2NacCi

2NaCNO_ ¢ 3NaQOCl s H20 = 2C02 + NZ + 2KsOE ¢ 3NaCl

2NaCN + 5 NaOCl + H20 2CO2 + N2 + 28&0H ¢ 5NaCl.

The Cynox process, based on the above principles, produces 1
kg of active chlorine per 5.5 Xwh. Equipment needs are the
same with the exception that the tanks must be 1lined, and
graphite or platinized ancdes must be used.

Polysulfide-cyanide strip solutions containing copper and
nickel do not decomposs as readily and as completely as do
plating solutions. Although the cyanide content can be
reduced from 75,00C <o 1000 mg/1 during two weeks of
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electrolysis anode scaling prevents further cyanide
decomposition unless anocdes are replaced or freed from
scale. Minimum cyanide concentration attainable is about 10
mg/1l after which the solution can be treated chemically.

The electrolysis of dilute cyanide solutions can be improved
by increasing the electrode area. Area can be increased by
filling the space between flat electrcdes with carbonaceous
particles. The carbon particies accelerate the destruction
process 1000 times, but flow rate through the unit must be
carefully adjusted, if used on a continuous basis to achieve
complete destruction (Plant 30~1)

Although cyanide can be destroyed by oxygen or air under
suitable conditions, cyanide concentrations in the effluent
are reported to be 1.3 ¢to 2.2 mg/1l, which is high for
discharge to sewers or streams. & catalytic oxidation unit
using copper cyanide as a catalyst and activated carbon as
the reactive surface has been described for oxidizing
cyanide with air or oxygen and at least two units were put
in operation. Performance data i8 not available. Catalytic
oxidation units must be custom designed for each
installation for maximum effectiveness.

Ozone will oxidize cyanide (to cyanate} to below detectable
limits independent of the starting concentration or of the
complex form of the cyanide. Decomposition can be achieved
with cyanides such as those of rickel and iron that are not
readily oxidized by chlorine. Systemg that will oxidize the
cyanides that are wusually treated, i.e., copper and zinc
compounds have been installed in production units and
demonstrated. Development work is continuing to enhance the
efficiency and reliability of modern ozone generators and to
decompose the more stable cyanides with the help of
ultraviolet radiation and heat.

A method employing thermal decomposition for cyanide
destruction has been recently announced. Cyanide solutions
are heated to 160 to 200 ¢ under pressure for S5 to 10
minutes. Ammonia and formate salts are formed. No
information is given on the final cyanide concentration.

One process destroys cyanides of sodium, potassium, zinc,
and cadmium and also precipitaces zinc and cadmium. The
process is discussed later in this section.

Precipitation of cyanide as ferrocyanide is restricted to
concentrated wastes, Ferrocyanide is 1less toxic than
cyanide, but is converted back to cyanide in sunlight.
Treatment is accompliished by adding an amount in excess of
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stoichiometry (2.3 kg of FeSO4 per kg of cyanide). Large
amounts of siudge are produced which add to the pollution
load. Complex cyanides do not break down readily and the
reaction stops when a concentration of 10 mg/1l of cyanide is
reached. No benefits can be foreseen in terms of reducing
waste volume and concentration.

Cyanide is also destroyed by reaction with polysulfides.
Reasonable reaction rates are obtained only if the solution
is boiled. Since the reaction does not destroy all of the
cyanide further treatment is necessary.

Redyction of Hexavalept Chromium. Hexavalent chromium
(CxvI) is usually reduced to trivalent chromium at a pH of 2

to 3 with sulfur dioxide (80Q2), sodium bisulfite, other
sulfite-containing compounds, or ferrous sulfate. The
reduction makes possible the removal of chromium as the
trivalent hydroxide which precipitates under alkaline
conditions. Typical reactions for 8502 reduction are as
follows:
$02 + H20 =H2_s03
2H2CrO4 + 3H2S03 =Cr2 (So4)3 + 5H20.
Representative reactions for reduction of hexavalent
chromium wunder acid conditions using sulfite chemicals
instead of SO2 are shown below:
(a) Using sodium metabisulfite with sulfuric acid:
4HZCro4 + 3Na2S205 + 3H2804 = INagsoy + 2Cr2(soy)3
+ THZ20
(bj Using sodium bisulfite with sulfuric acid:
4H2Cro4 ¢ 6NaHSO3 + 3H2SO4 = 3Na2S04 + 2Cr2(S04)3
{c) Using sodium sulfite with sulfuric acid:
2H2CrO4 + 3Na2S03 + 3H2S04 = 3NagsoO4 ¢+ Cr2(sof) 3
+ 5H20.
Reduction wusing sulfur dioxide is the most widely used
method, especially with larger installations. The overall
reduction is readily controlled by automatic pH and ORP

{Oxidation-Reduction Potential) instruments. Treatment can
be carried out on either a continuous or batch basis.
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Hexavalent chromium can also be reduced to trivalent
chromium in an alkaline environment using sodium hydro-
sulfite as follows:

2H2CrO4 + INaA204 + 6NAOH 6Nag803 + 2Cr(OH)3 + 2HZO.

As 1indicated {in the above equation, the chromium is both
reduced and precipitated in ¢his one=step operation.
Results similar to those obtained with sodium hydrosulfite
can be achieved using hydrazine under alkaline conditions.

Na2C03

UH2Cro4 + 3NZH4 = 4Cr(OH)3 + 3N2 + 4H20.

Sodium hydrosulfite or hydrazine are frequently employed in
the precipitation step of the integrated system to insure
the complete reduction of any hexavalent chromium that might
have been brought over from the prior reduction step
employing sulfur dioxide or sodium bisulfite. Where ferrous
sulfate 1is readily available (e.g., from steel pickling
operations), it can be used for reduction of hexavalent
chromium; the reaction is as follows:

2Cr03 + 6FeSO4.7H20 + 6H2S04 = 3Fe2 (SOY4)3 + Cr2 (so4)3
+ U48H20.

Cr*® may be reduced at a pH as high as 8.5 with a
proprietary compound. It is not necessary to segregate
chromate-containing waste waters from the acid-alkali
stream, and the use of acid to lower pH is eliminated in
this case. Precipitation of chromic hydroxide occurs
simultaneously in this case with the reduction.

Cr+¢ ions may be reduced electrochemically. A concentration
of 100 mg/1 was reduced to less than 1 mg/1 with a power
consumption of 1.2 kwhr/1000 1liters. The carbon bed
electrolytic process previously described fcr cyanide may
also be used for chromate reduction in acid solution and
Plant 30-1 has achieved a Cr+é¢ concentration of .01 mg/1
using this method. Electrolysis may also be used to
regenerate a reducing agent. A process has been described
involving the reduction of Fe {IIY) to Fe (II)
electrochemically and the reduction of Cr (VI) by Fe (I1II).
The method should be capable of achieving 1low Cr (V1)
levels,
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The simulataneous reduction of Cr+d and oxidative
destruction of cyanide finds limited application in waste
treatrent practice. The reaction requires mixing of Cr+e
and CN- in ratios between 2 and 3 asing Cu®? ag a catalyst
in concentrations of 50 to 100 wgsl. The catalyst
introduces additional poliuvtant into the waste stream.
Reaction rates are general.y slow, requiring from 6 to 24
hours for cyanide concentrations ranging from 2,000 to less
than 50 mg/1l at a solution pH of 5. The slowness of the
reaction and <+the high inltial concentrations of reactants
reculred make <the methcd unsuitable for treating rinse
waters, Its use ig limited +to batch treatment of
concentrated soluticns., No benefits are obtained in terms
2f wacer volume and pollution reduction. Destzruction is not
a3z complete as obtazined by the more common chemical methods.

Practical Operating Systems

Chemical treatment was used by every plant contacted during
the ef*luent guidelinesy study with the exception of those
that are allowed to discharge plating waste effluents into
aewars or gtreams without treatmant.

In Plart 33-2 the discharge of ovanide is elizinated by
electrcchemical decomposition in & ¢éenk held at yufficiently
high temperature to evaporate the wastewatar as rapldiy as
it is introduced. Therefore, nc liquid stream leaves the
tank. ¥luorides and flucborate contalning waste waters in
Piant 31-1% are colilected separately and treated with lime.

plant 35-8 dispose= of sludge in a rit 1lined with special
concrete blocks +that filter out solids and allow liquid to
permeate into the surroundings. Relatively few finishing
olants have instailed filters, although <the problem of
disposing of unfiitered sludge in many casesd should provide
an impetes £or the use of one or more fiiters in the future.
Piants i2-8 and 31-16 wase large votary filters to
concentrate sludge form a clarifier. ?Plant 33-30 is able to
filter the solution from the neutralizer directly, without a
preceding clarification step., A settling tanikk centrifuge
combination is in uge in over 200 waste treatment
installations, including those in metal £finishing plants.
T™we Chenfix system for solidifyiny sludge 1is in use at
several plants.

Demoustration Statys. The US Bureau of Mines hag done some
development on a process in which <the aclid wastes and
alkailne cyanide wastz23 neutralize each other, The acid
wastes &re slowly added to the alkaline wastes in a closed
reactor .o form easily filtered metal cvanide precipitates.
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The precipitates are heated in air to form stable metal
oxides.

Effectiveness of Chemjcal Treatjing Techniques

The eftectiveness of chemical treatment techniques  depends;
on the nature of the pollutant, the nature and concentration
of interfering ions, the procedure of adding the appropriate
amount of chemicals (or adjusting pH), the reaction time and
temperature and the achievement of effective separation of
precipitated solids. Effective removal of heavy metal
pollutants is inhibited by some types of chelating ions such
as tartrate or ethylene diamine tetracetate ions.

The concentrations of metals and cyanide achievable by the
chemical techniques employed for treating waste from copper,
nickel, chromium, and zinc electroplating and zinc
chromating processes are summarized in Table 24,
Concentrations lower than those listed as maximum in Table
24 were reported by companies using all three (continuous,
batch, and integrated) treating systems.

Higher-than-normal concentrations of metals, when they
occur, are usually caused by: (1) inaccurate pH adjustment
(sometimes due to faulty instrument calikration); (2)
insufficient reaction time; or (3) excessive concentrations
of chelating agents that complex the metal ions and prevent
their reaction with hydroxyl ions to form the insoluble
metal hydroxides; (4) lack of suitable coprecipitating
agents. The causes for higher-than-normal concentrations of
cyanide are similar, but another important factor must be
add=d to the list of potential causes for incomplete cyanide
destruction. In this case, sodium hydroxide and chlorine
muast be added continuously during the reaction to maintain
the optimum pH and provide sufficient reagent +to complete
the reaction, which is normally monitored by an Oxidation-
Reduction-Potential (ORP) recorder~controller. The
maintenance of this system is a critical factor affecting
the effectiveness of chemical oxidation.

Suspended Solids. The suspended solids discharged after
treatment and clarification sometimes contribute more heavy
metal than the dissolved metal. The concentration of total
suspended solids in the end-of-pipe discharge from typical
chemical treatment orerations sampled during this study
ranged from 20 to 24 mg/l. Lower values are reported for
some facilities. Maintaining conditions so as not to exceed
these amounts requires (1) a properly designed settling
and/or clarifying facility, (2) effective use of
flocculating agents, (3) rate of removal of settled solids,
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TABLE 24 CONCENTRATIONS OF HEAVY METALS AND CYANIDE ACHIEVABLE BY
CHEMICAL TREATING OF WASTE CREATED BY COPPER, NICKEL,
CHROMIUM AND ZINC PLATING AND ZINC CHROMATING OPERATIONS

Soluble Concentration Contribution From
After Chemical Treating Suspended Solids(2)
Pollutant Minimum, mg/% Maximum, mg/z (1) Minimum, mg/2 Maximum, mg, !

Cyanide, oxidizable(3) < 0.01 0.03 — -
Cyanide, total 0.1 0.2 - -
Phosphorus 0.007 0.6 - —
Chromium®t < 0.01 0.05 -— -
Chromium, total 0.05 0.25 0.02 0.30
Copper < 0.01 0.2 0.02 0.76
Nickel < 0.01 0.5 0.02 0.15
Zinc 0.05 0.5 0.04 0.80
Total suspended solids(z) 20 24

(1) Values below these limits have been reported by plamts utilizing continuous (Plants 40-6, 8-4,
33-6, and 11-8), batch (Plants 36-1, 21-3, 33-8), and integrated (Plants 36-2 and 20-13) treat-
ment techniques. Others (Plants 3-3 and 33-3) utilize a combination of integrated and batch or
continuous treatments to achieve these or lower limits.

(2) Data for Plants 33-1, 12-8, 36-1 and 11-8.

(3) Oxidizable by chlorine.



and (#) sufficient retention time for settling, and (%) rate

of overflow of clarified effluent, Of course, minimum
retent ion time depends on the facility size and design and
the rate of solution flow through the tacility. In

practice, this time ranges from about 2 to 8 hours to
plants that are able to reduce suspended solids to about 25
mg/1 or less.

Precipitation of Metal Sulfides

Applicability. The sulfides of metals are much less soluble
than their corresponding hydroxides. However, direct
precipitation of metal ions with hydrogen sulfide or sodium
sulf ide involves the problem of excess sulfide ion which can
then become an additional pollutant parameter. A sulfide
precipitation system has recently been developed that avoids
the possibility of excess sulfide ion being present in
treated effluent. Iron sulfide, which itself has a very
small solubility, is used as the reagent to precipitate
copper, zinc, and nickel sulfides of even lower solubility.
Experimental results are shown in Table 25 indicating that
low concentrations can be achieved with sulfide
precipitation even when metals are complexed with ammonia.

The disposal of sulfide solid wastes is a serious and
unsolved problem. Unlike the metal oxides, metal sulfides,
in the presence of air, decompose to sulfates and the metal
ions can thereby be solublized. This commonly happens to
ferrous sulfide as a result of coal mining operations and
contamination of streams with acid and iron is a result.
However, there is insufficient information available to
determine whether any significant oxidation will occur with
mixed metal sulfide sludges disposed of properly on
landsites. The lower solubility of metal sulfides should
reduce the amount leached directly into rainwater.
Therefore, if significant oxidation is found to occur, means
will have to be found to contain the sulfide precipitates or
insolublize them by some system such as the Chemfix Process.

Practical Operating Systems. Plant 9-2 1is precipitating
cadmium as the sulfide.

Demonstration _Status. The process described is still being
developed, and it is anticipated that a demonstration plant
will be built and operating in the near future.

Combined Metal Precipitation and Cyanide
Destruction-Proprietary Process A



TABLE 25  COMPARISON OF SOLUBLE POLLUTANT
PARAMETERS AFTER PRECIPITATION
BY IRON SULFIDE OR BY HYDROLYSIS

Pollutant residues from--

Waste Sulfide Hydroxide
compo= precipi- precipi-
sition tation tation
in ppm in ppm in ppm
Unknown Cu, 0.1 0.8
Zn, negligible 2.0
Cu, 100 Cu, 1.8 95.8
Ni, 7.7 5.9
NH3, 475
NH3, 475 Cu, 0.4 1.0
Ni, 2.0 2.0
Cr(VI), 4.8 Cr(Vl), negligible 0.05
Zn, 3.5 Zn, 0.03 2.0
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Applicability. This process is applicable to zinc and
cadmium cyanide solutions. The metal hydroxide is
precipitated and cyanide is decomposed. npplicability
depends upon deciding whether the gproducts of cyanide

decomposition are suitable for discharge or not. The
effluent is considered suitable for discharge ©o sewWers in
some gtates. A modified Kastone Process may be applicable

to copper cyanide.

Process Principles and Eguipment. Ccyanide in zinc and

Cadmium plating baths is destroyed by a mixture of formalin
and hydrogen according to the formula:

3CN- + 2H202 + HCOH + 2H20 = CNO~ + OH- ¢ NH3
+ H2C (OH) CONH2) (glycolic acid amide} .

The metal hydroxide 1is also precipitated. The hydrogen
peroxide is contained in the reagent (41%) which contains
stabilizers and additives to promote the reactions and help
in settling the metal hydroxide precipitate. The process
may be carried out on a batch or continuous basis, and is
particularly convenient for the small shop. However, the
glycolic acid generated is not a desirable constituent for
discharge to streams and the use of the Kastone Process
should be restricted to plants discharging to sewers.

Figure 7 shows the apparatus for batch treatment. To be
economical the rinse water should contain at least 55 ppm of
cyanide, and sufficient counter-flow rinses are normally
installed to assure a sufficient cyanide concentration. The
typical treated effluent contains 0.1 mg/l of cyanide and 1
to 2 mgs1l of zinc. Table 26 shows an analysis of the
products for decomposing 794 ppm of cyanide.

Practical Operating Systems. This process is well
established as a practical means for pollution control and
is being used in approximately 30 installations.

Chemical Treatment of Effluents From Specific
Process Operat;ons

constituents

Iron. Iron baths have relatively simple compositions and
neutralization of waste water constituents will reduce the
soluble iron concentration well below 1 mgr/l. Ferric
chloride is a common constituent in such baths and is used
as a flocculating agent in clarification systems for Phase 1

101



-— Wafler from first
rinse tank

Air (for mixing)

CNCX

H (Coil or plate
n fanks)

| s

102

e



TABLE 26 DECOMPOSITION PRODUCTS OF CYANIDE IN
RINSE WATER(1) FROM A CYANIDE ZINC
ELECTROPLATING OPERATION AFTER TREATMENT
WITH “"KASTONE" (2) PEROXYGEN COMPOUND

g cwonice

Amount Formed

Products Formed Actual Cyanide Equivalent
by Treatment ppm ppm percent
Cyanate 351 265 33
Ammonia (frec
Dissolved . 57 164 21
Volatilized(3) 32 91 11
Combined Ammonia
Calc'd as NH 95
Calc'd as glycolic 274 35
acid amide 419

-2t e o mogmomes s D @R STty Dumiz S°FMESINSCImSILACR SETIORS OIS RN IRLSUROS SSTTERmmImOm

(1) Analysis of water before treatment:
Cyanide * 794 ppm
Cyanate * 336 ppm
Ammonia * 41 ppm

¥ Cyanide calculated as NaCN, cyanate as NaOCN, and
ammonia as NH3.

(2) Du Pont trademark.

(3) Not determined; cstimated by difference.
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metals following neutralization, %o give an effluent
suitable for discharge. The waste waters (dilute acid) and
the concentrated plating baths {(concentrated but weakly
acidic) enter the waste treatmentc system via the "diluto
acid-strong acid" streams of Figure 2.

Cadmiun. After oxidation of cyanide or in noncyanide waste
water, cadmium can be precipitated as the hydroxide by
adjustment of pH, The waste water and strong solution
discharge streams are shown as “weak cyanide" and "strong
cyanide" in Figqure 2. Alkalinity has a2 significant effect
on solubility of cadmium. The theoretical solubility values
according to Pourbaix are approximately

Solubility
pH mg/l
8 3000
9 30
10 0.03
11 0.003 (minimum)

Therefore, soluble cadmium might not be reduced to a low
level by coprecipitation with Cr, Ni, Cx, Zn at pH 8 to 9.
Sheuld a pH of 11 be used, there is danger that the zine
concentration in  the effluent will be too high.
Consideration of the above theoretical data suggests that
cadmium might not be reduced to a low level when
coprecipitated with cCu, Ni, Cr, 2n at PH 8 to 9. The
insolubility of cadmium carbonate suggests that
precipitations with soda ash may reduce soluble cadmium to
very low levels in effluent. Since many combined waste
waters contain some carbonate it is very possible that
cadmium carbonate rather than cadmium hydroxide is
precipitated when waste waters are neutralized with caustic
or lime. Some reported values that seem unrealistically low
for hydroxide precipitation may be achieved by this
mechanism, Cadmium sulfide 1is very insoluble (solubility
product K = 10-29), so that a precipitation system based
upon sulfides, combined with efficient removal of dissolved
solids, may provide acceptable effluent. & schematic of the
treatment scheme is shown in FPigure 8. 1In this figure, the
cadmium sul fide gludge is recovered. If segregated
treatment of a cadmium stream is required, the best way of
holding the sludge may be to ship it to a metal recovery
unit, or convert it tc a form suitable for return ¢to the
plating bath.

Alternative to recovering sulfide precigitate, an evaporator
can be installed to recover plating bath and reusable water.

104



Water

Rinse ,

Water

Cadmium .
Cyanide Rinse
Bath 1
\
Conc.
Soln. Evaporate
to
| Concentrate
|
|
| Evaporate
L to
Dryness
Dry Studge
ta Recovery

FIGURE & SCHEMATIC OF CADMIUM WASTEWATER
TREATMENT WITH MINIMUM SOLID
DISPOSAL

105

y




A small bleed-off may be required ¢o decrease contaminants
in the plating bath, as shown in Figure 9.

when cadmium plating is done in noncyanide baths, the waste
treatment in the same except that the cyanide oxidation step
ia omitted. Fluoborate containing wastes come from a small
amount of cadmium plating. Fluoborate is covered in a
geperate sgaction.

Lead. There is a theoretical possibility that an adequately
low concentration of dissolved iead cannot be achieved by pH
adjustment. However, operating dJdata show that low levels
are attainable. Pourbaix gives the following solubility
data for lead hydroxides.

Solubility
mg/1

500
6
) 3 {minimum)

w0 0 w® Eg:

The chloride and sulfate are too soluble to achieve a
sufficiently low lead concentration:, but sulfide
precipitation should reduce the concentration adequately.
Lead carbonates and basic carbonates have low solubilities
and  therefore carhonate present incidentally in the
neutralization process or deliberately added may reduce lead
to low levels in effiuent. fThe problem of suspended solids
remains. Sludge would most appropriately be sent to a metal
recovery unit or be converted to a form suitable for return
to the plating bath. wWaste treatment opsrations are similar
to those shown for cadmium in Figures 8 and 9, omitting the
cyanide oxidation. Lead plating wastes contain fluoborate
which is covered in a subsequent section.

Zin. The tin concentration can be reduced to low levels by
reutralization between pH 8 and 9 whether the tin is present
in the Jdivalent form from acid baths or the quadrivalent
form from alkaline baths. Therefcre, chemical treatment is
adequate for +this constituent. In principle, the sulfide
precipitation method, as discussed for cadmium and lead, is
applicable to tin.

Coppexr Ailoys. Copper alloy plating coantributes copper,
zing, and tin ions to waste water, all of which are amenable
to chemiczl treatment, as discussed for these metals alone.
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Fluoborate. Since several of the plating baths (those for
lead, tin, and their alloys) contain the fluoborate ion, the
applicability of chemical treatment to remove this ion from
liquid effluent is of interest, Upon dilution the
fluoborate hydrolyzes:

BFl4§—~ ¢ H20 = HF + BF3 ¢ OH™.
The 3F3 is very stable.

Thus, the problem is to reduce the concentration of HF in
the waste water. The fluoride may be precipitated with
lime, but the concentration can be reduced only to
approximately 15 mg/1l. This suggests that fluoborate
plating baths be operated as closed-loop systems with
recovery by evaporation, and that spills and leaks be
segregated so that they can be treated separately. In this
way, the fluoride discharged in liquid effluent can be held
to a very small amount.

Wwire _apnd Strip. Effluent constituents from ccpper, nickel,
chromium, zinc, and tin plating of wire and strip are
amenablLe to the same chemical treatment methods as discussed
previously.

Activation _and catalyzigg. Chemical precipitation is the
method generally used for treating wastes from these
operations for preparing plastics and nonconductors for
plating. Rinse waters contain tin for activating and palla-
dium from catalyzing operations. HWaste wat ers are
segregated and treated separately by neutralization and
precipitation. The tin is precipitated at pH 8 and removed
by settling or filtration. The palladium is precipitated at
pH 8 to 9 and recovered by settling cor filtration,

jmmegsica Platipg. The waste water constvituents in rinses
from immersion plating are essentially <the same as the
constituents from electroplating wastes for the same metals
plated. Waste Water treatment may be either batch or
continuous, precipitated solids being removed by settling or
filtration. Acids are neutralized to pH 6-9 when heavy
metals «&re precipitated as hydroxides. The s8ludge is
disposed of 1in the same way as is sludge from treatment of
waste water from electroplating the same metal. Cyanide is
destroyed by chlorine oxidation in alkaline solutions.

Apnodizing. Ringe waters are neutralized with 1ime ¢to
precipitate aluminum, zine, copper, chromium as Cr+3 after
cr+¢ is reduced, phosphate, and fluoride, &s shown in the
schematic in Fiqure 10. A ferric 4iron salt is added to
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fiocculate the precipitated hnhydroxides of the metals.
Aluminum phosphate precipitates when these two ions are in
the same neutral solution. Clarification by settling of
siudge and liquid overflow is both batch and continuous,
depending on sffluent water volume. Aluminum concentration
i8 reported to be reduced to 2 mg/l or less by chemical
treatment (Edwards and Burrelil, P 174} with 0.5 mg/1 being
reported. Reduction of magnesium concentration to 2 mg/1l
leyel would probably require & pH in excess of 10.
Ozrthophosphate s reported ag a trace and Fluoride as 1.5 to
2.0 mg/l in effluent.

Conversion Coatings. Effluents from chromating operations
are amenable’ to chemical treatment to reduce the hexavalent
chromium and precipitate trivalent hydroxide as done in
treating waste water from chromium plating. Phosphates from
phosphating operations can be reduced t¢ the 1 mg/l level by
addition of aiuminum ions. Removal of phosphate can occur
when aluminram suifate is added to the clarifier as a
fiocculating agent. Heavy metals, such a3 iron and zinc,
derived from the basis metals and solution formulations, are
removed by neutralization and precipitation.

Shemige! Milling. Both alkaline and acid waste waters are
involved and contain metals depending on the basis materials
being processed. 2luminum is milled in concentrated caustic
solutior containing proprietary addicives that are not
disclosed. Water remaining aftex neutrallzation of aluminum
chemical milling wasteg is beneficial to municipal sewage
treatments plants that vemove phosphates by precipitation,
Steei and other alloys {nonaluminum) are milled in acidic
sgliutions. The acidic waste waters are neutralized and
heavy metals ave precipitated by the same techniques as for
analogous waste water in other metal finishing operations.

Bhching. WNeutralization and chemical precipitation are used
to remove metals &8 for the same metals in other metal
finishing cperations. If the waste water contains chromium
{From ef.ching of  8tainless steelj, reduction 1is not
neceuzary because the chromium is present in the trivalent
form. Because the etching solutions become depleted with
use, they are regenerated. Regeneration is most effective
in decreasing copper waste from etching ox printed circuits.
The cupric chleride solutions are electrolyzed in a closed-
loop scheme to electrodeposit the excess copper and
reoxidize the solutions. Copper etchants containing
chromate, WHUOH to pE 9 €o 11, chloride and acetates are
uged for etching printed circuits., These are now being
nharndled by metal recovery plants. Ammonium persulfate
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etchants and peroxide~sulfuric acid etchants are also common
and copper can be recovered from them.

water Conservation Throuab Control Technology

The volume of effluent 1is reduced if water is conserved
during rinsing operations. The solubility limit of effluent
constituents is essentially constant, so that a reduction in
the effluent volume accomplishes a reduction in the amount
of effluent constituents discharged, Water conservation can
be accomplished by in-plant process modifications requiring
little capital or new equipment, materials substitutions,
and good housekeeping practice. Further water conservation
is obtained by installing counterflow rinse tanks and ijion-
exchange, evaporative recovery, or reverse osmosis systems.
Other systems that may accomplish water conservation are
freezing, electrodialysis, electrolytic stripping, carbon
adsorption, and liquid-liquid extraction.

Process Modifications

Substitution of low-concentration metal finishing solutions
for high-concentration baths has been adopted in recent
years, principally for reducing the cost of chemicals used
for cyanide destruction. The dilute solutions require less
water for rinsing when electroplating parts are transferred
to rinse tanks. Assuming a 50 percent reduction in total
dissolved solids in the plating solution and two rinse tanks
in series, a 30 percent reduc*ion in rinse water
requirements is achieved. {i»+ce Water constituents
requiring treatment are reduced by the same amount. Adverse
effects in terms of lower efficiency and reduced
productivity per unit facility may be encountered when
dilution is adopted to conserve rinse water and reduce waste
water constituents requiring treatment, unless other factors
affecting plating rate are modified to adjust for the
effects of dilution. Thus, dilution should not be adopted
before a complete analysis is made of all pertinent factors.

The advent of effluent limitations is expected to encourage
research and development on other processes that will
eliminate or reduce water waste. A dry process for applying
chromate coatings, which is currently being developed, may
prove useful for such a purpose, for example. Chemical
vapor deposition processes partially developed a few years
ago may be revived for plating hard chromium.

Material Substitutions
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Noncyanide solucions, which have been dJdeveioped for metal
finishing operations in place of cyanide solutions, reduce
the costs of treatment by eliminating cyanide destruction,
but do not eliminate treatment to precipitate and separate
the metals. The chelating agents employed in some non-
cyanide baths to keep the metal in soluble form are
precipltated when rinse water waste is treated with lime to
precipitate the metals, but other agents such as ethylene
diamine tetraacetic acid inhibit the precipitation of zinc
and contribute organic matter to the treated water waste.
Thus, the applicability of the noncyanide solutions as
replacements for cyanide baths must be considered carefully
in the 1light of the effluent limitation guidelines
recommended in this document.

Trivalent chromium baths have recently been introduced to
the electroplating industry. They eliminate the need for
sulfur dioxide reduction of waste water associated with
chromium plating. The trivalent chromium baths appear ¢to
have other advantages for decorative plating such as better
throwing power, curreat efficlency and plating rate. The
dark color of the Jeposics is cited as a disadvantage by
some purchasers, however. Nevertheless, this process
modification may ultimately prove to be significant for
reducinc waste treatment costs. No details have been
released on the treatment required for minimizing the
soluble chromium concentration in treated effluent, however.

Good Housekeeping Practices

Good housekeeping practices that reduce the waste generated
in metal finishing facilities include the following:

(1) Maintain racks and rack coatings to prevent
the transfer of chemicals from one operation
tc another. (Loose rack coatings are
notewnrthy as an example of poor practice.)

{2) Avoid overcrowding parts on & rack, which
inhibits drainage when parts are removed
from a process solutions.

(3) Plug all floor exits to the sewer and con-
tain spllils in segregated curbed areas or
trenches, which can be drained to direct
the spills to rinse water effluent with the
same chemicals.

{(4) Wash all filters, pumps and other auxiliary
equipment in curbed areas or trenches,



which can be drained o direct the wash
water to a compatible holding tank ox
rinse water stream.

(5) Install anti-syphon devices on all inlet
water lines to process tanks.

(6) Inspect and maintain heating and cooling coil=
to avoid leaks.

(7) Inspect and maintain all piping installed fov
waste water flow, inciuding piping from fume
scrubbers.

Water Consezvation by Peducing Dragout

Dragout. Dragout iz defined as solution on the workplece
carried beyond the edge of the proceseing tank. The dragout
of concentrated solution from the processing tank can vary
over a wide range depending on the shape factor of the part.
A value of 16.3 1liters/1000 sgm {0.4 gal/s1000 aq ft) is
considered a minimum foxr vertical parts that are well
drained. The practical range for parts of various shapes
that are well drained is about 40 toc 400 1iters/1000 sq m (1
to 10 gals1000 aq ft).

Reduction of dragout with the abuve methods is not without
problems. By returning chemicals to the processing tank,
impurities tend to build uwp in the rroceasing solution.
Therefore, purification systems, guch as iomn exchange,
batch-chemical treatments, and/or electrolytic purification
are required to control impurities. The purification
systems create some effluents which must be treated prior to
end~-of-pipe discharge.

Water Conservation During Rinsing

water conservation procedures that aze used after processed
work 1is transferred to a rinse tank incliude (1) adding a
wetting agent to the rinse water, {2y installing air ox
ultrasonic agitation and {3} installing counterflow rinses
whereby water exiting the last tank in the rinsing operation
becomes feed water for the preceding rinse. With two
counterflow rinses, water consumption is reduced 96 percent
in comparison with a sinale rinse, assuming that the dragout
solution mixes immediately with the rinse water. This
assumption is incorrect. While a rpart of the dragout
solution mixes rapidly with the rinse water, particularly if
agitation is used, the remaining £ilm on the work comes off
rather slowly by a diffusion process. A more typical value
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for the water reduction might be 85%, corresponding to a
rinsing efficiency of approximately 90%. Use of
conductivity meters in the final rinse provides automatic
control of water use according to need. Rinse water flow is
shut off automatically when no work is being processed.
Excessive use of water can also be avoided by use of flow
restrictors in the water feed lines.

Although multitank, counterfiow rinsing imposes capital
investment costs for tanks, pumps, and flocor space, . these
costs are compensated for by a savings in water (and sewer)
charges, Further incentive is provided when regulatory
agencies require pollutional contrcl. When end-of-process
chemical treatment is wused, design of wastetreatment
facilities wusually indicates the econonic advantage of
r2ducing rinse-water flow by installing two or more
counterflow rinses,

Because waste treatment facilities are usually overdesigned
to  hancle future expansion in production, ¢there is a
tendency to use the water flow capacity of the treatment
facility whether or not it is needed for effective rinsing.
Furthermore, rinse water flows set by an orifice are not
always —curned off when plating production is shut down. It
is prcbably more economical to reduce rinse water usage by
use of good rinsing practice than to increase water-
treatment facilities in the event of an increase in
nroducticn,

Rineina can be carried out beyond the point consistent with
good practic2, even though there is an economic incentive to
save water. The result is unnecessary pollution, Typical
concentration levels permitted in the rinses following
various process tanks, should not be decreased unless
definite quality problems can be associated with the dis-~
scived solids concentrations listed below foxr representative
rinsing systens:

Max Dissolved Solids

e BEQCRBS in Fipal Rinse, masl
Alkaline cleaners 750

Acid cleaners, dips 750

Cyanide plating 37

Copper plating 37

Chromi im plating 15

Nickel plating 37

Chromium bright dip 15

Chromate passivating 350-750
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A problem not considered in proposinc a maximum dissolved
solids in the final rinse, is the dragin of these rinses
into a subsequent processing operation. If the dragin
attained from the concentration proposed is deleterious to
the following processing operation, the dissolved solids in
the final rinse would have to be decreased or means for
purification provided.

The following is an example, using various rinse
combinations, of the reduction in water wvolume that can be
obtained for rinsing assuming that the dragout and the rinse
water mix immediately. A Watts-type plating bath typically
contains 270,000 mg/l of total diassclved solids. Obtaining
37 mg/1 in the final rinse requires 27,600 (7300 gallons) of
rinse water if a single rinse tank is used, in order to
dilute 3.78 1liters ({1 gallon} of a Watts~type plating
solution containing 270 g/1 of dissolved solids. The same
degree of dilution in a final rinse tank may be obtained
with less water by use of series and counterflow arrangement
of two or more rinse tanks. If the tanks are arranged in
series and fresh water is fed in parallel to each tank in
equal volume, the ratio, r of rinse water to dragout is:

P

n
co
r =n CF ,

where Co = concentration in the process solution
CF = concentration in last rinse tank and
n = number of rinse tanks.

If the tanks are arranged in the same way, but flow proceeds
from the last rinse tank to the first zinse tank
(counterflow) ,

=3 [ 3}

[ofe
r = CcF .

By feeding water to counterflow tanks instead of in series,
the reduction in water varies n-fold. Values of n
calculated for several rinsing combinations, using the Co
and CF values given above for a nickel bath are as follows:

Ringe Combination —_— Ringe Ratio, r
Single rinse 7300
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Twe rinses, paralilel feed 172

Three rinses, parallel feed 58.3
Two rinses, counterflow feed 85.5
Three rinses, counterflow fead 19.5

There is a signiflcant raduction in water use by addition of
a second rinse tank, and at least two rinse tanks can be
considered normal practice. These should best be fed in
counterfiow. Counterflow rinse tanks increase the
concentration of a metal or other constituent in the first
ringe tank folilowing the plating or process bath. The water
in the first rinse tank can be used to supply makeup water
for +the plating bath. As the concentration in the first
rinse tank increases, more of the dragout from the plating
bath <can be returned to the bath in the makeup water, and
less will require treatment and/or disposal. Therefore, the
addition of countercurrent rinse tanks can decrease both the
volume of water to be treated and the amount of dissolved
metal that must be removed, at leasd:t in some cases. A
problenr not considered in using count:erflow rinses is that
the concentration in the first rinse tank can become so high
that the diffusion of the dragout from the film on the
workpiece can bhe siowed considerably and, therefore, the
rinsing efficlency decreased substantially. Therefore, the
more countercurrent rinse tanks that are used, the less
accurate is the calculation assuming that the dragout and
rinse water mix immediatelv.

The rate of evaporacion from the plating bath is a factor in
determining how much makeup water must be added. Operating
a bath at a higher temperature will allow more of the
dragout +0 he returned to the bath because of the higher
rate of evaporation. However, the temperature at which a
bath may be operated is sometimes limited because of the
decomposition of bath components. Progress has been made in
developing bath components that alliow higher bath
temperatures tc be used. For example, brighteners for =zinc
cyanide baths have been developed which allow bath operation
at 50 C (120 ¥y a3 compared to 32 C {90 F). The new
brightenecs permit the return of more of the dragout to the
plating hath and a lessened load on the waste treatment
gystem, in addition to what other processing advantages they
may offer,

Advanced Treatment Tecnnologies
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Ion Exchange

Applicability. Ion exchange is currently a practical com-
mercially accepted method for the in-process treatment of
(1) raw water, (2) processing baths, (3) rinse waters. Raw
water is treated to provide delonized water for both makeup
and critical final rinsing operations. Plating baths are
treated to remove impurities, i.e., removal of nickel ions
from a chromic acid bath with a cation exchange resin.
Rinse waters are treated to provide water that can be
returned to the process solution. The concentrated
regenerant can be chemically treated more easily than the
original volume of rinse water and in some cases the
chemicals can be recovered and returned to the bath. The
in-process treatment of chromium and nickel plating
effluents by ion-exchange techniques are the more econom-
ically attractive treatment operations currently being
carried out. Ion exchange also is beginning to find
increased use in combination with evaporative and reverse
osmosis systems for the processing of metal finishing rinse
waters.

it . Some :dvantages of lon exchange
for treatment of plating effluentes are as follows:

(1) Ion exchange is an economically attractive
method for the removal of small amounts
of metallic impurities from rinse waters
and/or the concentration for recovery
of expensive processing chemicals.

(2) 1Ion exchange permits the recirculation
of a high-quality water for reuse in the
rinsing operations, thus saving on water
consumption.

(3) Ion exchange concentrates processing bath
chemicals for easier handling, treatment,
subsequent recovery, or disposal operations.

Some 1limitations or disadvantages of ion exchange for
treatment of process effluents follow:

(1) The limited capacity of parallel bed ion
exchange systems means that relatively
large installations are necessary to provide
the exchange capability needed between
regeneration cycles. Continuous ion exchange
units reduce the size compared to dual-bed
units.
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(2) Parallel-bed ion exchange systems require
seriodic regeneration with expenditures
for regenerant chemicals. Uniess regeneration
is carried out systematically or continuous
ion exchange units are used, leakage of
undesirable components through the resin
bed may occur. In addition, the usual
treatment methods must be emgloyed to
dispose of the regenerated materials.

{(3) Cyanide geunerally tends to adversely affect
the resin performance because of tightly
held metal cyanide complexes on strongly
basic anion resins, so0 that processing of
cyanide effluents {(except for very dilute
solutions) does not appear practical at
the present time.

(43 Resins, which are not highly cross-linked
for macroreticularj, slowly deteriorate with
use under oxidizing conditions.

Process _Principles _and Equipment. Ton exchange involves a
reversible interchange of ions between a solid phase and a
liquid phase. There is no permanentc or substantial change
in the structure of the solid resin particles. The capacity
of an ion exchange materizl i3 equal to the number of fixed
ionic sites that cau enter into an lon exchange reaction,
and is usually expressed as millieguivalents per gram of
substance. Jon exchange resins can perform several
different operations in +the processing of waste water,
including:

{1y Transformation of icnic species
{2y Removal of ions
(37 Concentratlion of ions.

The performance of some of these functions is illustrated in
Figure 1., which is a genexalized schematic presentation of
the application of ion exchange o treatment of electro-
plating effluents. In practice, the soilutions to be treated
by ion exchange are generally filtered to remove solids such
as precipitated metals, soaps, @LCa, which could
mechanically clcg the resin bed. 0iis, organic wetting
agents, brighteners, etc., which might foul the resins, are
removed ky passage through carbon filters.

During processing, the granular ion exchange resin in the
column exchanges onz of its ions for one of those in the
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rinse water or other sclution being treated. This process
continues until the solution being treated exhausts the
resin. When this happens, solution flow is transferred to
another column with fresh resin. Meanwhile, the exhausted
resin is regenerated by another chemical which replaces the
ions given up in the ion exchange operation, thus converting
the resin Dback +to its original composition. With a four-
column installation consisting of two parallel dual-bed
units, as shown in Figure 11, the ion excnange process can
be applied continunously by utilizing the regenerated units
while che exhausted units are being regenerated.

Most ion exchange systems depend upon regenerating with acid
and base to form the acid and base forms of the resin.
These are capable 0f exchanging with and thereby removing
from solution both heavy metals and Cissolved saits such as
sodium chloride. However, resins can e regenerated with
salts, 1i.e., sodium chloride to form sodium and chloride
forms of the resin. These will exchange with heavy metals
but not the 3cluble salts, Since exchange capacity is
reserved for hneavy metals only, the frequency of
regeneratzion is  decreased as is the cost of heavy metal
removed,

Practical Opexating Systems. The Phase I report described
systems in use to remove nicke! ions and trivalent chromium
ion from chromium plating baths. The more dilute baths for
producing chromium conversion coating are treated in a
similar manner to vemnove, zinc ions. Aluminum is removed
from chromic acid anodizing baths, and from phosphoric acid
baths us=2d for bright dipping. Cyanides may also be
removed, in a 3-bed system, consisting of strongly acidic,
weukly bausic, and etrongly basic ion exchangers. The system
provides ease of regeneration and little chance of cyanide
leaking through. The three~bed system has been in
commercial operation in Europe aad only recently introduced
in ®be US. Several of the systems are being installed one
of which will be supported tc a iimited extent under an EPA
grant to obtain performance and economic information.

Demongtration _Staktus. An ion exchange system using a short
30-minute ¢ycle, including a 3 <o G4-minute back wash to
recover chromic acid from rinse waters has been in operation
fovr over a year , The 1resin undergoes wvery 1little
performance detericoration 3ince +the chromic acid is not
deeply absorbed into the resin Quring such a short cycle.

Anothexr system under development uses an ion exchange column
to achieve separaticn of components in much the same manner
that chromé tographic columns are used., For example, a
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strictly on the basis of savings in chemicals such factors
as value of the chemicals, their concentration in the
process bath, and the dragout rate are important in
determining whether a savings is possible

Advantages _and Limitations. The following are some of the
advantages of using evaporation for handling plating waste

effluents:

(1) Recovers expensive plating chemicals, which
were either lost by discharge to a sewer or
effluent which would have to be treated or
destroyed prior to disposal; chemicals
concentrated to plating strength can be
returned to the plating tank.

(2) Recovers distilled water for reuse in the rinse
operations, thus lowering water and sewer
di sposal.

(3) Eliminates or greatly minimizes the amount of
sludge formed Quring chemical treatment and
eliminates or reduces the amount requiring
disposal by hauling or lagooning.

(4) The use of vacuum allows evaporation to accur
at relatively low temperatures (e.g., 110°F)
8o that destruction of cyanides or other heat-
sensitive materials is lessened.

(5) The technology of evaporators (conventional and
vapor recompression units) is firmly established,
so their capabilities are well known and their
performance should be readily predictable and
adaptable to plating effluent handling.

Some of the limitations or disadvantages of evaporative
recovery systems are given below:

(1) The rinse water saving (e.g., 1100 l/hr (300 gph))
is rather small, and by itself does not signifi-
cantly lighten the rinse water load on the final
chemical treatment plant.

(2) Evaporative units have relatively high capital
and operating costs, especially for the vacuum
units. Steam and coolant water are required.

(3) The evaporative units are fairly complex and
require highly trained personnel to operate
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and maintain them.

(4) sSeparate units are required icr handling the
waste effluent from each line, since various
solutions, such as zinc, nickel, copper,
chromium, cannot be mixed for chemical
recovery.

(5) As with all closed-loop systems, evaporation
in most cases results in a build-up of impurities
which must be taken care of by & bleed stream
or directly in the closed-locp system.

The advantages offered by evaporative recovery Gfhen
outweigh the disadvantages. Evaporative recovery ia a
promising and economical method currently availablie for
handling plating waste effluents and limiting treatment
plant size. where existing chemical treatment {cyanide
destruction, chromate reduction, and chemical precipitation)
facilities are operating at less than capacity, the
economics and practicality of installing new evaporative
equipment must be closely evaluated. The small decrease in
the rinse water effluent (e.g., 1100 1i/hr (300 gph}) by
itself does not warrant the jnstallation of an evaporative
system. The savings produced by the recovery of plating
chemicals plays the significant role in judging the overall
merits of the evaporative system for a specific operation.

Process Principles and Equipment. A representative closed
loop system for recovery of chemicals and water from a
plating line with a single-effect evaporator is shown in
Figure 12. A single-effect evaporator concentrates flow from
the rinse water holding tank. The concentrated rinse
solution is returned to the final rinse tank. With the
closed-loop system, no external rinse water is added except
for makeup of atmospheric evaporation iosses. The system is
designed for recovering 100 percent of the chemicals,
normally lost in dragout, for reuse in the plating process.

Single-, double-, and multiple-effect evaporators, and
vapor-recompression evaporator units are used for handling
plating effluent. Open~loop and combined evaporation (i.e.,
evaporation combined with ion exchange, revexrse osmosis, or
other systems) are also employed fox nandling plating
effluent.

A single-effect evaporator is preferred, 1if relatively
untrained operating personnel are involved, or low initial
capital outlay is desired. It's the simplest in design and
therefore the easiest to operate. However, it is less
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economical than a double-effect oy va.i réecompression unit
with regard to utility costs., =« dounie-affect evaporator
should be considered when lower aperaiving cost 1is desired
with a modest increase in capital lavestment.
A wvapor~recompression evaporater should be considered if no
gteam or cooling water iz avaliable. WwWhere utlilities for a
conventional steamn evaporator ave available, the high
initial cost of the wapor seoonpression unit is not
economically justified. Ltg cpercaviscyg cogt is the lowest of
the three systems. vy depondencse on  an expensive and
complex mechanical compressor is the meailn disadvantage.

Some sources report oonziderable weinsicnsaace and down time
and have dispensed wich use of evaporvator units., Other
sources report little wr no trounie and are very satisfied
with the operation. 1t appaers Lnat the units can perform
very satisfactor.ly it the  ipstalilation 18 properly
enginzered, and 1if preventive wmeliotenance and trouble-
shooting ave carried out by knoeisdgeahle personnel,

In some instances, evaporation provedures must be used in
combination with chemical oy osthner nethods in order to
handle small acunts of Impurity build-up (e.g.,
brightenexs, carbonates, extranecus mecal lons, etc., in
closed loop operation) or fur vrgatmant of minor bleed-off
gtreams (open-loopi .

Atmospheric evaporation, which uses aly flow through packing
media in an evaporator, <can concentrarve plating solution
such as chraomic acid up ©wo €0 ¢/l {4 Lbrsgall.

The Corniny Glass Company hss iontvaliced a new concept for
evaporative recovery. A glass siell and tube heat exchanger
is mounted wvertically and the asoviuvion is fed through the
bottom. The voiling causes liguld 3urges that produce a
“yiging film™ effect and sn improvement in heat transfer.
vapox and liguid overficw the <top «f the +tubes and are
geparated 1in a cyclone. Water with less than 0.05 ppm of
chromic acid has baen produced from chyomium plating rinse
water.

Practical Qveratino Svstems:. gysceans opevating on copper
cyanide, nickel, chromiuam, and zinc ocyanide plating lines
were described in ‘the TIhase ¥ Repore. Systems have also
been instalied on lines using the {oilowing baths: brass
cyanide, cadminm cyanide, 7 luoborate, and gold.
s cadmium  and  lead
< ne way of eliminating

Jn Tisese processes., Small

plating baths means there iy
discharge of pollutead ws

I
N
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amounts of spills, leaks, if segregated, are evaporated to
dryness, and the solid waste sent to a metal recovery unit.
Falling film atmospheric evaporators have been installed in
a few plants,

Demonstratjion Status. The "rising film" wunits are
undergoing pilot and plant test.

Reverse Osmosis

Applicability. Reverse Osmosis uses a pressure differential
across a membrane to separate a solution into a concentrate
and a more dilute solution that may approach the purity of
the solvent. 1t therefore accomplishes the same type of
separation as distillation and has been applied in plating
installations in the same manner. Small units under 300 gph
have been installed to recover plating baths chemicals and
make closed-loop operation of a line possible.

There are limitations on the acidity and alkalinity of
solutions suitable for treatment by reverse osmosis that
eliminate some alkaline baths and chromic acigd baths from
consideration unless modifications are made to the solutions
prior to treatment. Another use of reverse osmosis is for
end-of-process water recovery following chemical treatment.
A recently designed system for Plant 11-22 offers promise
that large capacity reverse osmosis systems are possible and
therefore not subject to the size constraints of evaporative
systems. If so, they should play a key role in the design
of plants that will have no liquid effluent.

Most of the development work and commercial utilization of
the reverse osmosis process, especially for desalination and
water treatment and recovery, has occurred during the past
10 years. There is a steadily growing number of commercial
installations in plants for concentration and recovery of
plating chemicals along with recovery of water under
essentially closed~loop conditions. Most of the existing
commercial installations are for treatment of nickel plating
solutions, since reverse osmosis is especially suited for
handling nickel solutions and also because of the favorable
economics associated with recovery and reuse of expensive
nickel chemicals. Commercial reverse osmosis units for
handling acid zinc and acid copper processes also have been
installed, however. Laboratory pilot plant and full-scale
in-plant studies directed at handling cyanide and chromium-
type effluents are under way.

Reverse osmosis is especially useful for treating rinse
water containing costly metals and other plating salts or
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materials. Generally, the purified water is recycled to the
rinse, and the concentrated salts to the plating bath. In
instances where the concentrated salts cannot be recycled to
the plating tank, considerable savings will be achieved
because of the reduced amount of waste-containing water to
be treated.

Advaptages and Limitatiops. Some advantages of reverse
osmosis for handling process effluents azre as follows:

(1) Ability to concentrate dilute solutions
for recovery of salts and chemicals

(2) Ability to recovery purified water for
reuse

(3) Ability to operate under low power require-
ments (no latent heat or vaporization or
fusion is required for effecting separa-
tions; the main energy requirement is for
a high-pressure pumpj.

(4) Operation at ambient temperatures (e.g.,
about 60 to 90 F)

{5) Relatively small floor space requirement
for compact high-capacity units.

Some limitations or disadvantages of the reverse osmosis
process for treatment of process effluents are listed below:

(1) Limited temperature range for satisfactory
operation. (For cellulose acetate systems
the preferred limits are 65 to 85 F;
higher temperatures will increase the rate
of membrane hydrolysis, while lower temper-
ature will result in decreased fluxes hut
not damage the membrane) .

(2) Inability to handle certain solutions
(strong oxidizing agents, solvents and
other organic compounds can cause dissolu-
tion of the membrane).

(3) Poor rejection of some compounds (some
compounds such as borates and organics of
low molecular welght exhibit poor rejection).

(4) Fouling of membranes by siightly soluble
components in sclution.
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(S5) Fouling of membranes by feeds high in sus-
pended s0lids (such feeds must be amenable
to solids separation before treatment by
reverse osmosis).

(6) Inability to treat highly concentrated
solutions (some concentrated solutions may
have initial osmotic pressures which are so
high that they either exceed available
operating pressures or are uneconomical to

treat).
Process Principles and Egqujppent. Water transport in

reverse osmosis (RO) is opposite to the water transport that
occurs in normal osmosis, where water flows from a less
concentrated solution to a more concentrated solution. In
reverse osmosis, the more concentrated solution is put under
pressure considerably greater than the osmotic pressure to
drive water across the membrane to the dilute stream while
leaving behind most of the dissolved salts., Salts in
plating baths such as nickel sulfate or copper sulfate can
be concentrated to solutions containing up to 15 percent of
the salt, by weight.

Membrane materials for reverse osmosis are fairly limited
and the bulk of the development work has been with specially
prepared cellulose acetate membranes, which can operate in a
pH range of 3 to 8 and are therefore useful for solutions
that are not strongly acid or alkaline, i.e., rinses from
Wwatts nickel baths. More recently, polyamide membranes have
been developed that will operate up to a pH of 12, and
several of these units are operating in plants for the
treatment of cyanide rinse waters.

Figure 13 is a schematic presentaticn of the reverse osmosis
process for treating plating-line effluent. The rinse
solution from a countercurrent rinse line is pumped through
a filter, where any suspended solids that could damage or
foul the membrane are removed. The rinse solution 1is then
raised to the operating pressure by a highpressure pump and
introduced into the reverse osmosis unit. The concentrated
salt stream is returned to the plating tank, while the
dilute permeate stream is returned to the second rinse tank.
Currently, several different configurations of membrane
support systems are in use in commercial reverse osmosis
units. These include plate and frame, tubular, spiral
wound, and hollow fine fiber designs.
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Practical Operating Systems. Reverse osmosis units are in
operation for recovering nickel from rinse waters. The
concentrate is returned to the plating bhath.

Demonstration__Status. The reverse osmosis units installed
at the Rock Island Arsenal as part of an end-of-process
water recovery system, remains to be demonstrated as a part
of a total successful system. A project sponsored by the
American Electroplating Society has demonstrated that
cellulose acetate membranes can operate successfully on
nickel and copper sulfate rinse waters and that gpiral wound
and hollow fiber poliyamide membranes can be used to treat
copper, zinc, and cadmium cyanide baths. A second phase of
this study is a demonstration in & piating shep of a full
scale reverse osmosis system on copper cvanide rinse water.

Freezing

Applicability. The freezing process would be capable of
recovering metal and water values from plating rinse water
to permit essentially closed-loop type ocperation if fully
developed. The feasibility of using freezing for treatment
of plating rinse waters was demonstrated on a laboratory
scaie using a mixed synthetic solution containing about 100
mg/1l each of mickel, cadmium, chromium, and zinc, along with
30,000 mgs1 of sodium chloride. Greater than 99.5 percent
removal of the metallic ions was achieved in the
experiments, with the purified water product containing less
than 0.5 mg/1 each of the individual plating metals. The
separation tests were carried out using the 9500 1/hr (2500-
gpd} pilot plant unit at Avco Systems Division, Wilmington,
Massachusetts.

Process Principles_and Equipment. The basic freezing pro-
cess for concentration and recovery of water from plating
effluents is similar to that used for recovery of fresh
water from the sea. A schematic diagram of the treatment of
plating rinses by the freezing process is shown in Figure
14, The contaminated reuse water is pumped through a heat
exchanger (where it is cooled by melted product water) and
into a freezer. An immiscible refrigerant {®.g., Freon) is
mixed with the reuse water. As the refrigerant evaporates,
a slurry of ice and concentrated solution is formed. The
refrigerant vapor is pumped out of the freezer with a
compressor. The slurry is pumped from +the freezer to a
counterwasher, where the concentrated solution adhering to
the ice crystals is washed off.

The counterwasher is a vertical vessel with a screened
outlet located midway between top and bettom. Upon entering
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the bottom, the slurry forms a porous plug. The solution
flows upward through the plug and leaves the counterwasher
through the screen. A small fraction of the purified
product water (less than 5 percent} flows countercurrently
to the ice plug to wash off concentrated sclution adhering
to the ice. The ice is pumped to & condenser and melted by
the release of heat from the refrigerant vapor which had
been originally evaporated to produce the ice, and which had
been heated by compression to a saturation temperature
higher then the melting point of the ice.

Because of the pump work, compressor work, and incomplete
heat exchange, a greater amount of refrigerant is vaporized
than can be condensed by the meicing ice. Consequently, a
heat removal system |{is needed o maintain thermal
equilibrium. This system conaists of a compressor which
raises the temperature and pressure of the excess vapor to a
point where it will condense on contacc with ambient cooling
water.

The freezing process offers several advantages over some
other techniques. Because concentration takes place by
freezing of the water in direct contact with the
refrigerant, there 18 no heat-transfer eurface (as in
evaporation) or membrane (as in reverse osmosis) to be
fouled by the concentrate or other contaminants. Suspended
solids do not affect the freezing process and are removed
only as required by the end use to be made of the recovered
products.

The heat of crystallization is about 1/7 the heat of
vaporization, 80 that considerably less energy is
transferred for freezing than for a comparable evaporation
operation. Because freezing is a low-temperature process,
there will be 1less of a corrosion problem than with
evaporation, and less expensive materials of construction
can be employed. The freezing process requires only
electrical power, as opposed to the evaporation process
which also requires steam generating eguipment. The cost of
the freezing method may be only 1/3 that for evaporative
recovery.

A method of freeze drying metal finishing solutions has been
demonstrated in the laboratory. Droplets of the solutions
are 1injected into cold 1liguid-hexane where they are
immediately frozen. The droplets were separated out and the
water removed at subfreezing temperature. The method leaves
a dry chemical residue, and the pure vaporized water could
be recycled to process. The economics of the process on a
practical scale are unknown.
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Practical Operating Systems. No commercial utilization of
freezing for treatment of waste water from metal finishing
is known.

Demonstration Status. No demonstrations are in progress in
metal finishing plants., However, a 9500 literssday (2500
gpd) unit is in operation to demonstrate desalination of
water.

Electrodialysis

Applicability. Electrodialysis removes both cations and
anions from solution and is most effective with multi-valent
ions. It is capable of reducing the concentration of heavy
metal ions from solutions whether they are complex or not.
Chromate and cyanide ions may also be removed.

Process Principles and Egquippent. The simplest
electrodialysis system consists of an insoluble anode and an
insoluble cathode separated by an anion permeable membrane
near the anode and a cation permeable membrane near the
cathode. An anode chamber, cathode chamber, and middle
chamber are thereby formed. Upon electrolysis anions pass
from the middle chamber to the anode compartment and cations
pass from the middle chamber to the cathode compartment.
The concentration of salt in the central compartment is
thereby decreased. By employing several anion and cation
permeable membranes between the electrodes several chambers
are created. A stream may then be run through several of
these chambers in which the concentration is successively
increased. The net effect is similar to that of a
continuous moving bed ion exchange column with electrical
energy used for regeneration rather than chemicals.

pPractical Operating Systemg. UWo practical operating systems
have been reported. However, development has resulted in

several demonstrations, discussed below.

Demongtration _Status. Several demonstrations have shown
that electrodialysis is a promising method. Further
development and use of the method may be expected. Copper
cyanide rinse water may be concentrated sufficiently to be
returned +to the bath by using two wunits on a double
counterflow rinse system, i.e., between the first and second
rinse tank and between the bath and first rinse tank.
Copper may be recovered and chromic acid regenerated in a
spent etching solution for printed circuits. The Metal
Finishers Foundation has put priority on a future project on
cyanide removal by electrodialysis.
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Ion-Flotation Techniques

Applicability. Ion-Flotation techniques have not been
developed for application to process rinse water effluents.
If successfully developed into a practical method for
effluent treatment, ion flotation offers possibilities of
reducing the amount of water discharged by 60-90 percent for
some operations. These savings are based on results of
small-scale laboratory studies on solutions containing
cyanides or hexavalent chromium.

Process Principies _and Equipment. Separation of ions from
aqueous solutions by a flotation principle is a concept

first recognized about 25 to 30 years ago. In the ion-
flotation operation a surface active ion with charge
opposite to that of the ion to be concentrated is added to
the solution and bubbles of air or other gas are introduced
into the solution +to form a froth of the surface-active
materials. The foam is separated and collapses to form a
scum containing an ion concentratae. Ion flotation combines
the technologies of minexal flotation and ion exchange. A
gschematic diagram of an ion-flotation cell 4is shown in
Figure 15.

Experimental results indicate that 60 percent of the
hexavalent chromium in a 10 +to 100 ppm solution can be
removed with primary amine surface-active agents. However,
the amine suffered deterioration when regenerated for reuse,
since the removal efficiency dropped to 60 percent after two
regenerations of the amine.

Grieves, et al., have demonstrated the feasibility of using
ion fiotation on dichromate solutions with a cationic
surfactant (ethylhexadecyldimethylammonium bromide) . A
continuous operation with a retention time of 150 minutes
was devised. The feed stream contained 50 mg/l of
dichromate. Approximately 10 percent of the feed stream was
foamed off to produce a solution containing 450 mg/l of
dichromate, while the stripped solution contained 15 mg/l.

Cyanides have been removed from dilute solutions with mixed
resulte. The extraction efficiency from a cadmium cyanide
solution containing 10 ppm of cyanide was 57 percent, using
primary, tertiary, and quaternary ammonium compounds as
collectors. Extraction efficiencies for nickel and iron
cyanide solutions were approximately 90 percent, but these
systems are of relatively little interest.

Pragtical operating Svstem . There are no practical
operating systems.
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Remongtration Status. The process has not been demonstrated
in an operating plant.

Electrolytic Stripping

Applicabiljity. Electrolytic stripping is not in general use
for removing heavy metals although some procedures have been
employed for recovering precious metals.

Procegs Principles and Egquipment. In order to strip a solu-
tion by electrodeposition it is necessary that the metallic

ions in a dilute solution reach the cathode surface at a
sufficient rate so that essentially all of the ions can be
deposited in a reasonable time. 3Surfleet and Crowle have
discussed several methods of accompiishing this. One method
called the "integrated" system uses baffles in a <tank to
create a very long path through which the water may be
recirculated at a high velocity. The method 18 suitable
only for metals having a relatively high limiting current
density for dilute solutions, such as gold, silver, and tin.
The fluidized bed electrode is 2 bed of metal spheres or
metal~-coated glass spheres that is fiuidized by pumping the
dilute solution through it and causing an expansion of 5 to
10 percent, With spheres of 100 ¢o 300 microns in diameter,
a total geometric area of 75 cm2/cm?® is obtained. Thus, the
current density is very 1low and the flow of electrolyte
through the bed provides the forced convection to support
high currents. Another system employs electrodes made of
expanded metal and the turbulence around this structure
enhances the rate of deposition of metal when solution is
pumped past it. Turbulence and an increase in the rate of
deposition at a plane electrode may also be promoted by
filling the space between electrodes with a woven plastic
screen, glass beads, etc.

In another system the electrode is introduced into a narrow
gap between two porous carbon electrodes. The bulk of the
solution (99%) is forced through the cathocde where copper is
deposited out. Predeposited copper on the anodic electrode
is dissolved into the 1 percent of the electrolyte that
permeates through this electrode and a copper concentrate is
produced, The two electrodes are periodically reversed so
that copper deposited from a large volume of solution is
dissolved into a small volume of electrolyte. Copper in
solution has been reduced from 670 mg/lL to 0.55 mg/l in the
cathode stream and concentrated <to 44 g/1 in the anode
stream. A similar system has been used for depositing
metallic impurities from strong caustic solutions.
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Practical _Operating _Systems. There are many systems in
operation for the recovery of precious metals.

s Status. The porous electrode system is still
under development at the University of California and has
been scaled up to handle 250 gpdé of copger sulfate solution.
Metal Finishers Foundation has established priority for a
future project to remove zinc from effiluent Dby
electrodeposition.

Carbon Adsorption

Applicability. Activated carbon has been used for the
adsorption of various materials from solution, including
metal ions. Experimental data show that up to 98 percent ot
the chromium can be removed from waste water. The treated
water can be recycled to the rinse tanks.

Process Principles _and Eguipmept. The process relies upon
the adsorption of metal ions on specific types of activated

carbon. In the case of Chromium VI, a partial regeneration
of the carbon can be accompilished with caustic soliution
followed by an acid wash treatment to remove residual
caustic and condition and carbon bed for subsequent
adsorption cycles. The equipment consists of holding tanks
for the raw waste, pumps and piping to circulate the waste
through adsorption columns similar to those used for ion
exchange.

Practical Operating Systems. Systems based on adsorption

and desorption are still under laboratory development and no
practical operating systems are known.

Demonstration Status. Pilot plant equipment has been
operated successfully in an electroplating plant treating
chromium rinses at a flow rate of 19 liters/min (5 gpm) at
concentrations from 100 to 820 mgs/l1 hexavalent chromium.
Adsorption was continued until the effluent reached
concentrations of 10 ppm of Chromium Vi.

Water Conservation by Liquid-Liquid Extraction

Applicability. Liquid-liquid extraction has been used on an
experimental basis only for the extraction of hexavalent
chromium from waste waters. The effect is to concentrate
impurities in a smaller volume, which in turn will have to
be treated by other means or suitably dJdisposed of. The
fully extracted aqueous phase may be recycled to the rinse
tanks. Water savings from 50 tc¢ 73 percent appear to be
possible.
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Procegs Principles _and Equipment. The metal-ion pollutant
is reacted with an organic phase in acid solution, which
separates readily from the aqueous phase. Metal is subse-
quently stripped from the organic phase with an alkaline
solution. Hexavalent chromium, for example, has been
extracted from waste water at pH 2 with tertiary and
secondary amines dissolved in kerosene. After the reaction
of the chromium with the amine and phase separation, the
chromium is stripped with alkaline solution from the organic
phase restoring the amine to its original composition. For
ligquid-liquid extraction to be feasible the following
conditions would have to be met:

(1) The extraction of chromium should be virtually
complete

(2) Reagent recovery by stripping would be efficient

(3) The stripping operation should produce a
greatly concentrated solution

(4) The treated effluent solution should be
essentially free from organic solvents

(5) Capital and operating costs should be
reasonable.

The equipment required consists basically of mechanically
agitated mixing and settling tanks, in which the phases are
intimately dispersed in one vessel by agitation and then
permitted to flow by gravity to a settling vessel for
separation. Holding tanks for extractant and stripper and
circulating pumps for these solutions, as well as the
purified waste water, are necessary. Equipment for liquid-
liquid extraction would also include horizontal and vertical
columns, pulsed columns and centrifuges.

Practical oOperating _Systems. Liquid-liquid extraction
Systems are not known to be operating for treatment of metal

finishing wastes.

Demonstration Status. Experimental evidence exists indi-
cating that up to 99 percent of chromium can be successfully
extracted from rinse waters containing 10 to 1000 mg/1l of
Cré+, With 10 ppm of Cré+ in the rinse water, the treated
effluent contained as little as 0.1 mg/l of the ion; with
100 ppm 1in rinse water concentration was reduced to 0.4
mg/l. Stripping was effective as long as the amines were
not allowed in contact with the chromium for a prolonged
period of time which would allow oxidation by Creé+ ions.
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The effluent, however, contained from 200 to 500 mg/l of
kerosene, which is undersirable.

Methods of Achieving No Discharge of Pollutants

Although chemical methods of treating waste waters are
achieving the 1low effluent ' discharges recorded in this
report, they are not improvable to the point of achieving
zero discharge of pollutants. Also the problem of
recycling sludges or solid wastes remains. It is easy ¢to
design systems that will in principle close the process loop
and prevent discharge. In practice, however, this can only
be done with considerable forethought and experience, since
closed systems are in general subject to impurity buildup.
Progress in achieving no-discharge systems is likely to take
place in a series of steps in which the amount of discharge
is consistently reduced untii it is negligable.

A major problem with a series of metal finishing processes
in a closed cycle is that of dragin. After & closed cycle
has been run long enough any stagnant tank, i.e., a plating
solution that is normally not discarded, will contain the
same concentration of contaminant as the preceding tank in
the cycle, the assumption being that the volume of dragin
and dragout are equal. Therefore, if the final rinse
following nickel plating contains 12 ppm of nickel and
chromium plating follows, the chromium bath will ultimately
contain 12 ppm of nickel. Nickel is frequently removed from
chromium plating baths by ion exchange, but since the ion
exchanger requires periodic regeneration, the regenerant
must somehow be returned to the system if it is to be
considered a closed one. The nickel in the regenerant might
be recovered and returned to the nickel bath, but the
dissolved solids, i.e., sodium sulfate, and sodium chloride
are really excess products that cannot be completely
returned to the process. While the main process loop may be
closed, the secondary purification 1loops may be more
difficult to close. With some process baths, it may not be
possible to find a method for purification that is as
adaptable as is ion exchange to the removal of nickel from a
chromium bath. Alternatives <then are o (1) develop
processing baths that can tolerate the impurity buildup or
(2) to design rinse systems in which the concentration of
impurity in the final rinse tank is reduced to a tolerable
level.

Some systems, designed to remove a specific impurity, are
found to remove other componentg &s well, which may require
further treatment. An example of such a system is that used
for removing carbonates from cyanide baths. Whether
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freezing or precipitation with calcium is used, the
carbonates occlude and adsorb significant quantities of
cyanide that must then be further treated, with the result
that cyanide is not maintained in a closed system.
Therefore, with present technology, it is likely that there
will be some discharge from a process loop in spite of the
best efforts that are made to close it. Some waste water
effluent will be produced and the next consideration is how
well a waste treatment system can be closed.

The effluent will contain heavy metals, cyanide, and
chromate all of which can be treated to relatively low
levels to give (1) liquid containing small amounts of heavy
metals, cyanide and chromate and larger amounts of soluble
salts such as sulfate and chlorides, and (2} sludge
containing heavy metals, phosphate, carbonates, flocculating
agents, etc. The 1liquid, 1if 1large in volume may be
concentrated further by evaporation, reverse osmosis, ion
exchange, or some other process followed by a further
purification to reduce the heavy metal effluent to a
negligable value. The 1liquid may alternatively be passed
through a salt loaded ion-exchange column to remove all
traces of heavy metals and yield an effluent containing
essentially soluble salts that may be discharged to the
ocean if not to a stream or sewage facility. Alternatively,
solutions of soluble salts may be evaporated to dryness and
the so0lid salt contained or fixed in cement, etc.

Sludge, obtained either directly from waste water or from
ion-exchange regenerants, cieaning and pickling baths, etc.,
would need to be reclaimed for metal values or the metal
salts separated out for return to process tanks in order to
provide a closed or recycle system.

Thus, +to attain the ideal of providing a system where input
is energy and materials and output is solely a finished
product will require further research and development,
congsiderable ingenuity, and expert engineering and design.
However, the capability for progressing towards this goal is
available.
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SECTION VIII

COSTS, ENERGY, AND NONWATER QUALITY ASPECTS

Introduction

In this section, costs associated with the degree of
effluent reduction that can Dbe achieved by exemplary
treatment methods are discussed. The nonwater dquality
aspects concerning disposal of solid waste and the energy
impact of the waste treatment technologies also are
discussed.

Treatment and Control Costs

chemical Treatment to Achieve Low Levels of Pollutants

BPCTCA Limitations (Table 1). Costs associated with control
technology consistent with the exemplary practice of
chemical treatment in 26 plants averaged $1.06/1000 liters
treated with a standard deviation of $1.91/1000 1liters
(Table 27). Operating costs include a cost of capital equal
to 8 percent of the investment and depreciation equal to 10
percent of the investment.

The operating cost of waste treatment as a percent of cost
of metal finishing for 13 companies 1is 7.4 percent with a
standard deviation of 5.4 percent. The figures were arrived
at from estimates by the plants themselves concerning the
relative cost of waste treatment.

The plot in Figure 16 shows the 1large variation in
investment costs for individual plants and reflects the
large deviations reported above. Thus, there are no typical
plants. Rather, costs are highly dependent upon local
conditions. Costs were calculated in terms of wvolume of
waste water treated rather than surface area finished
because costs are believed to be more closely related to the
volume treated. Water use is highly variable and relating
waste treatment costs to area finished would have provided
even more variable results. For a nominal water use of 80
liters/sq m (2 g/sq f£ft) the cost of $1.06/1000 liters is
equivalent to $0.085/sq m ($.0079/sq ft).

In addition to the cost data collected from plants with
waste treatment facilities, costs were also estimated by
modeling metal finishing facilities together with waste
treatment facilities providing effluent that would meet
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TABLE 27 COSTS FOR WASTE TREATMENT FACILITIES
Treating
Operating Hours Volume to Volume to Invest- Operating Cost/
Plant Investment Cost/Year Operated Treatment Treatment ment/ Cost/ Processing
No. Processes (19713 (19717 Per Year Plant, 1/kr  Plant, 1l/yr 1/hr 1000 licers Cost
20~24  Plating Common Metals 34,000 14,195 4,800 26,497 1.271 x 108§ 1.28 $ 0.30
33-24  Plating Cormon Metals 172,000 80,430 4,000 15,897 6.359 x 107 10.82 1.26 14
33-26 Plating Common Metals 27,932 10,694 7,200 4,163 2.997 x 107 6.71 0.36
36-12 Plating Com.,Prec.Metals 200,000 72,809 7,520 6,813 5,123 x 107 29.36 1.42
33-2 Placing Prec. Metals 25,000 14,968 1,025 12,615 1.293 x 107 1.98 1.15 3
334 Flating Prec. leotals 66,000 18,205 1,800 24,224 4.366 x 107 2.72 0.42
8-5 Plating Prec. Metals 300,000 115,995 2,400 34,0065 8.176 x 107 8.81 1.42 5
6-37 Plating Trec. Metals 400,090 121,905 2,250 113,562 2.555 x 108 3.52 0.48
19-11  Plating Prec. detalis 110,000 49,985 2,000 45,424 9.08 x 107 2.42 0.55
15-3 Plating Prec. Metals 66,113 25,552 2,000 57,727 1.154 x 108 1.15 0.22
9-7 Electropainting, Anodizing 100,000 32,249 4,000 30,851 1.234 x 108 3.24 0.26
4-9 Electroless Plating 43,325 45,312 4,000 1,741 6.964 = 106 26.03 6.51 5
) Electroless Plating 23,292 9,746 4,000 3,985 1.594 x 107 5.84 0.61 0.65
30-19  Electroless Plating 217,725 168,312 8,400 104,087 8.743 x 108 2.09 0.19 7
2-8 Electroless Plating 51,679 13,430 4 ,000% 36,794 1.471 x 108 1.40 0.99
33-22  Ancdizing 193,846 51,515 4,00¢C 2,000 3.600 x 107 21.54 1.43 7.5
33-23  Anodizing 167,375 Ly ,658 6,602 15,925 1.135 % 10° 8.85 0.44 13
20-22  Anodizing 180,902 113,372 6,000 79,485 4,769 x 108 2.28 0.24 .7
20-20 Arodizing 155,300 ol 58, 7,200 129,447 9.320 x lO? 1.20 0.09 L&
33-35 Anodizing 125,000 28,204 7,270 3,08 2,180 x 19/ £1.28 1.30 5
20~23  Ancdizing 123,414 41,855 h, 000 22,712 1.362 x 108 5.43 6.31 7.
4-8 Chemical Milling 17,45¢ 16,675 4,500 7,070 3.63% x 107 2.31 .46 1.0
5-35 Chenical Milling 250,000 83,75 2,000 1,570 1.514 x 16/ 3C.63 5.53 18
9-2 Chemical Milling 2,708,490 685,847 6,000 189,258 1.236 x 109 15.3% (.60
23-7 Cremical ldlliing C472,006 323,715 5,000 159.00" 9.54C¢ x LU° 3.66 .35
30-13 Cuenmical Milling 29,232 il,1:2 3,500 6,813 2.673 x 197 L G043 ILe
73-30  Phosphating 94,3500 L9,72 3,500 54,509 1.952 x ¢! 1,13 0.30 .
1924 Etching 285,615 126,211 2.000 U,813 i.362 x 107 43.39 8.83
635  immersion 58,065 Loyl 2,250 11,356 2.555 x 107 5.19 0.62
31-16 Trinted Circuits L 50,000 23%,500 4,000 90,849 3.633 x Li¢ 1.5 N.6z
46-4 FEiectropolishing 11,429 DTN 4,177 30,659 1.278 x 109 1,37 .11
33-272 Electromachining 4,000 22,710 9.084 x 107
® s3cgmcd 15 hours per dav, o frotan
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BPCTCA standards. By modeling plants it was possible to
derive selfconsistent costs for various degrees of treatment
and for various plant sizes. Plants were sized according to
the number of employees, which is desirable if data are to
be used for cost impact studies. Table 28 and 29 summarize
the results of one cost estimate.

The Jlowest investment cost of $22,980 is for a S5-employee
urban plant that precipitates heavy metals, does not treat
cyanide or hexavalent chromium, and does not clarify. This
plant also has the lowest operating cost of $12,294/yr. The
highest investment cost of $378,455 is for a plant with 47
employees carrying out complete waste water treatment
including clarification and filtering of sludge. This plant
also has the highest operating cost of $157,894/yr. The
operating cost probably could be reduced somewhat by using a
filter press directly on the neutralized waste water.
However, this technology is not as well established as that
using a clarifier.

Costs per area are $1.02/1000 liters for the 5-man plant
neutralizing only and $1.09/1000 liters for the 4#7-man plant
doing complete waste treatment. These figures compare
favorably with the $1.06/1000 liters average value for the
plants listed in Table 28.

The operating costs as a function of plant size have been
plotted in Figure 17 and show that in the size range studied
costs are roughly linear with the number of employees. The
makeup of the production processes varies somewhat, both
with the extent of treatment and with plant size. Processes
using cyanide or chromate were not included where treatment
for cyanide and/or chromate was omitted. The smaller plants
were assumed to be concerned with electroplating only while
processes such as anodizing and electroless plating were
confined to the 1largest plant. Even among the smaller
plants there are some variations in plating processes. Some
of the 5-man plants included cadmium plating as a specialty
while the 10-man plant omitted cadmium but concentrated more
on tin plating. The product mixes listed are only one of
many sets that might have been chosen but reflect in general
the amount of finishing that can be accomplished in the
various sized plants with diverse operations. The amount of
waste water to be treated, and the amount of waste produced
are thus typical of the various size plants.

The productivity of a plant, measured in area processed/
hour will vary with the process mix even though the number
of employees 1is not changed. Thus, in Table 29 the S+~man
plants that require only coprecipitation (A) or cyanide

144



“ TR
y ® ey, .

TABLE 28  yesaTmNT BQUPMENT COSTS, VALUES IN U, S. DOLLARS, 1974

—  STmsioyess 10 Employees 20 Euployees 41 employess
ttem A ] C D A 8 C D A ] C D A | ] [ D
A, Concrete Holding Pits 410 420 50 605 . 950 M5 1,3% 1,358 1,545 1,525 1,725 1,740 2,49 2,535 2,89% 2,963
Valves, Cootrols, Monitors & Recorders 2, 600 4,850 5,000 1,215 2,945 5,080 §,310 1,45 2,943 s,310 §, 310 1,445 1,785 10,610 9,690 14,483
Stirrers 1,100 1,106 1,100 1, 100 1,100 1,100 1,100 1,108 1,100 1,100 1,100 1,100 2,200 2,200 2,200 2,200
Purnps 3,740 4,718 4, 845 8, 00 4,940 6,3% €, 900 4,890 5,650 5,110 1,880 12,30 9,00 11,610 11,88 12,140
Tanks 2,95 3,55 4, %0 $,30 2,78 3,700 4,605 5, 195 3,895 3,440 §,715 7,200 8,355 13,955 12,23 11,7%
Clanfiers 22,550 12,550 14,900 14,900 19,100 19,000 22,400 22 40¢ 25,400 25,400 28,000 28,000 47,100 47,100 49,630 30,600
Lagoons (Soil) 100 313 2] 230 100 130 2% 2% 160 160 2% 230 470 470 600 110
Polishing Filters 2,600 2,70 2,700 3, 300 3.15¢ 3,200 $, 100 5,100 §,600 6,500 €, 500 6,500 14,000 14,000 15,600 15,600
Evaporator -~ -- -~ -- .- -- -~ - -- - .- -- 146,000 146,000 144,000 346,000
lon-exchanger -- - -~ .- - -- - - -- -- .- -~ 550 550 -- -
Sulfonator - - 3,550 3,550 -- -— 3,550 3,550 - - 3,550 3,550 - - 3,550 3,55
Chlorinator .- 3.5% - 3,550 - 3,550 - 3,550 - 3,550 - 3,550 -- 3,850 .- 3,550
Subtotal A 26,045 33,629 31,885 46,050 35,065 43,095 80,4 1T 46,295 54,095 60,010 71,665 243,200 252,580 254,240 264,1%
8. Treatment Building 3,990 s, 910 8,160 9, 960 9,660 11,760 15,060 16,710 13,020 18,540 19,050 21,1% 29,520 33,150 44.370 43,360
= Laml Cost, Urban us 65 300 610 595 120 925 1,035 9% 1,13% 1,170 1,300 1,810 2,030 2,120 2,780
K Rurat 50 % 109 125 120 145 185 208 160 230 235 260 365 410 543 560
(5, ] Land Cost, Pits & Lagoons, Urban 4 2 E 4 45 225 185 85 s 240 a0 300 EA T 47, §20 168 808
Rural 10 » 10 10 L3 L] -] £ 4 13 60 [ 95 105 158 160
. Subtotal B .
Uthan 4,718 [ % 8,6% W65 10,408 22,083 .2 10e8 M 025 MW 0453 20,52 2210 31,805 35,700 47,858 48,45
Rural 4,050 5,995 8,210 10,09 9,825 115 15305 169N 1,25 18,843 19 M5 21,3505 29,980 33,665 45,070 46,080
C. Total ALB
Urban 30,320 39925 46,518 56,665 45,545 §5.,700 06,700 151%™ M, 320 74,140 80,530 94,455 215,005 288,200 302,095 313,078
Rural 30,095 39,615 46,155 S6,M45 4,89 55,040 65,75 W 6@ $0.530 12,99 79,355 93110 273,180 206,245 299,310 310,210
D. Equipment Installation s, 10 [ % 1,50 9,210 7,015 8,620 18,090 11 545 9,260 10,820 12005 14,335 48,640 50,520 50,850 52,89
£. Total C&D Utban B.50 46,659 54155 &0 §2,660 64,300 16,79 M2 69,500 84,960 92,535 108,719 323,846 338,800 332,945 385, WS
Rural WP W QI 68X 83,9085 83,660 15,85 M.20 $8,780 83,760 91,360 107,508 321,820 336,765 350,160 363,040
C&D, Lam Clanfier, Urhsn 22,900 M0 DWW, 33,460 4,538 54,390 6,08 44,30 9.0 .58 0,71% 276,546 291,700 30,33 38, 308
F. Shdge Filter (Option)
Urban 3,860 4,59 4,650 4,300 1,150 1,720 7,745 1.%485 I N0 11,240 12,380 312,300 12,90 12,90 12,550 12,580
Rutal 3, 8% 4,62 4,880 4,39 7.880 1,850 17,88 7800 11,51 11,490 12,380 . 12,580 13,220 13,220 13,050 13,080
G. Toral EAF
Utban 39,390 S1 M0 59005 M. INS 60,310 12,100 84,53 95,00 80,960 96,200 104,915 121,170 336,875 351,730 365,495 310,466
Rural 39,196 50,960 58,618 69,685 §9,765 711,510 83,198 94 115 90,290 95,250 103,940 120,086 335,040 349,985 363,210 976,090
A~ Neutralizanion,

B - Cyanide oxidation ples seutralization,
C- Chromate reduction plas neutralization,
D~ Cyanide ox{dation chromate redwctioa, newtralization,
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TABLE 29

ANNUAL OPERATING COSTS, WASTE TREATMENT, U, S, DOLLARS, 1974

Plamt Size
Procen  Water Tont Water Evapo Toral(3V Totalt 37 (Using Filter Premt
Yo, of Pate, Ui, Treatment of Chemical Electelc & Shwige fon Credit No, Clarifier
Erilpees  mitv i/ Type Capuatl M Depreciattont® Ute  Labod®  Matntensnce(®  Powor®  Sewer(®  Renoval? Exchange(8) Treatmen®  Save(10) palance Urban Rural Urban Urhan Raral
) bt €.599 A 2.%3 3,583 481 4,000 711 1,440 240 1,536 - - - - 14,904 14, 584 12,38 13,263 15,148
bt ] [ 3,112 4,665 3,366 4,000 933 1,440 240 864 - .- e e 19,240 19, 170 16.7% 13,76 18,256
1.7 2,97 [ 4.1 5,416 2,74 4,900 1,084 1,828 08 3,072 - .- -- .- 22,7118 22,625 19,793 1978 19.583
197 8,049 D 5,270 6,588 4,589 4,000 1,318 1,826 w06 2,016 - - - - 25,913 285,760 22,833 23,8, 33,78
19 175 13,677 A 4,298 5,256 1,582 12,000 1,052 2.1 38 2,208 - - -- .- 8,959 28,769 25,139 26,751
17 13,04 5,181 6,438 8,79 12,000 1,288 2,217 380 2,592 L .- .- - 39,108 38,915 35,205 %, 812
2w 18,47 C 6, 144 1,619 4,658 12,000 1,536 2,409 402 §,184 .- - - .- 40,009 39 808 33,810 M, 508
2% 12,470 D 6,02 8,728 10,789 12,000 1,746 2,409 402 5,184 - - - -~ 48,241 48,040 43,781 43087
> 2% 23,290 A 5,567 6,958 1,793 24,000 1,392 3,036 506 3,456 - .- .- -- 48,708 46,455 41,828 43,352
9 23,¢9? 8 8,1 8.4% 11,831 24,000 1,708 3,006 508 3,456 - - g e 59,822 59,569 84,742 8¢, Jod
b ¥4 C 1.473 9,254 5,59 %,000 1,851 3,798 (> 5,184 - .- .- - §7.713  57,3% 51,51 82,579
9 .49 D 8,794 19,879 15,413 24,000 2,178 3,795 634 5,184 - - - - 10,785 10,468 85,18 85,601
| ¥od €23 54,04 A 25,32 2,365 4,9% 32,000 §,500 11,803 1,918 10,464 ! 650 8,000 11,628 3,748 121,434 10,475 112,004 e, e nn
5% 55,4 ] 27,104 33,880 15,829 32,000 8,776 11,603 1,918 10,464 850 8,080 11,828 3,748 136,276 135,317 126, 858 178,812 123.839
778 £3.44) [ 28,236 35,295 10,110 32,000 1,059 11,285 2,258 8,819 - 8,080 11,828 3,748 131,174 130,045 121,254 122,49 121, 368
€15 £5.27 D 23,273 36,591 24,132 32,000 17,319 13,899 2,228 15, 600 L 8,080 11,828 3,748 157,894 156,780 141,774 pURNAS ) 1118
(1) 8 perexry of icvemment
12) 1. pevcez of inverment
[+ 3 i Yl 1
€30 2 perzesz of anvenment
%) 15,018 ety
12, 2,25 « 7,25 ¥7155% 2allons of water added with treatment chemicals
"1 $..32/gakinzs for sluize contalning 4 percent wlids
€%, Eal to Lovesmest coms
% Das fmm Flandlee fo1 ‘719 gal/v evapnrator
117 Bawd o0 2 drag-eit rate o 2 33071799 3q Tt plated and # solutlon cont of 2.50/gallon .
(11) Difference between utban and rusal is the cost of sewage charge only
(L Cred.sed for te covts of siudge L Use in with Equlip Cost Data,




TABLE 30 INVESTMENT AND ANNUAL OPERATING COSTS FOR VARIOUS TYPES OF WASTE
TREATMENT FOR REPRESENTATIVE AVERAGE PLANT (38 EMPLOYEES) (a)

“WEEH
Electroplaing Anessl Op tay Cams or Credits Omnosia  Water sad R.O. Cocc, Dried
Asead D Caphtal , doltars Ansmat Anrassi Vater and (R.O.)  Sewer Sav- Evaporzmew  Sa%t
Acta3sl Processing Depreci Majscnaece  Elecrric Scwer Chemicals Slodge Operating  lagy with  Operaning Lospmal
*ax  Phue Prodocnon,  Area, Equip-~ cioal®, Charge(D, Laborl®, Chmge®),  Powed®, Chacged), Used™,  Diposal®), Cond™, RO.MP,  Consf™, o,
“Ratwe N9, Trestmem System!® o m M Building(c)  tamKd) men(t)  Total  dollans dotlan dollaes dollans dollaey  dollan dollary dollan dollans doltan ealan Soliay
. thay I ComMined chemical am 425 s 2,000 4700 142,500 219,200 21,900 17,540 29, 000(3) 6, 580 208 1040 26, 300 460 - - .- -
precipitazion
Larad t Comduad chemical trestoncat and 425 3 72,000 00 142,500 216,100 21,500 17, %0 28, ooo(*) 6,450 2600 S0 26, 00 8460 - - -- bl
Freciyanoda
L ™an A Comdined clermical Destmene and L 5] ) 38,000 L~ 366,300 461,000 46, 100 %, 8os 32, 000 13,89 s 1040 29,80 4400 15,700 9920 285,48 673
Trecriaton rlus KO areald of
1ime for zero hwid effleect discharge
Laral 1A JomMiwd chemical treatment aed L -1 5 86, 000 1400 366,300 453,700 45, 370 », »e =, 9 13,68 2860 a2 29, 820 %oy 15, 700 4769 25,499 ) [ 303
Trecinizanon plus RO, at end of
[ lice for zero Ligund efflaem dicharge
[ P
Lrsan N Segrezated mwral strcam ucatemerr, 45 i) 81,400 4850 276,300 32, 570 36,35 0,00 32,000 10, % 973 w040 28,100 1408 - -— -— -
{ctemscal Wwextmest and precipitation)
=a n Sresated meral strzam weatmery, 425 15 81,400 970 276,300 358,610 35, 510 8, 83 32,000 0,158 9% & 28, 0 1400 - - -- -
(o moad tneatment 3nd precipiationd
(3 At recroaeTIaree s of the varkus INament syRems werd 31 thoum {x the body of the report wader Task 2. Eqalpmest amd anda, oo, wige sdued o 150 ¢ of ¥ apremiey cop Y. Coxs s basxd 6o sa $-bemt &y, S dayr/week (Le., 295 ln/yess).
sder Tasi 2 for details of varions plating live amangements, plating and rinsing seqe bath comng e,
~as tahen as 32 sy fe,
a5 80,000 a0 and 33 aN/acre for srdon and raral docations, rerpectively,
stiny firniezs, ixuibitee of eqapment, engincenng, nﬂ other fems associated wiih sciting up & wasic tre2tmem piomt wvess anived st by eslag & faces of 149 tiemey thr puschased ot of the miln equigsnes hecs (e.g., Gals, mactrs senzh,
Lces, saifozaton, chlasisators, pumps, pH and ORP lectric miners, eod othet Mams vhich wate stzed for & overall plom deciped, A focior of 1. 15 vas srod on the RO, uolt zod e RO, conceamrae evapesaace, siasce thex S

RRCUICLE o IR NN SR N
GG e, 10 0 w3 cplosed, whalc an swmal 3 p & change was appliod to the o caplial.
I TUe ware Lo Iz aNT cRane wscd wae I3 A0hn 2 1Y mantday figure was used for Phate 1 and 2 2 man/day figuse was uscd for Phases 1A and 1.
& A macaetance ¢tacce Of 3 percent of e ttal iprestment was employed.
av A ceer cost of 33, 15 hnkr was wsed, A vabee of 1N pal water treated pet Kwit was used for Phase | calculations; this besic valse was adjused Jower for the inceeaed puacceing wed s Phoses 1A aad H,
oV Tre cast of warer was taken 35 3.5 bt gal far boch uthan amd roeal plams, A sewer charge of 3025 £3l/1000 gat of water wecd In the WT operations was sppited. Thew iame cONT wese cd t8 detcrmine the savings achicved by the sz of the R.O. westmest.
e The cuats of chermicals aied were based for the most part oo current vendor or distributor prices, recent prices pald by WT plant persommel, etc. Chemicals comy are fuc aormat operation asd sov for 150 percent capacity,
N The com Lsed for Jupoaeal oF 207 shudee and Jred wio was 29, 15/g0),
SThe L0, NI o ware based on 3 figme of 35,7571 W gal procemad; thas figure incindes the cost of 1abor, elecmrichry, and modul A =% » com of $3.00 cach wirk 3 T-yeas We_ [ wioa and § ch wese ot included fn the ¥:.7$/1773 gal

) 4] P Lg

25w vl acd Rt 20l doeteviatioa and ineerest-chante colunus in the loft ceater of thae tahic.  Stadlar commnents apply 10 the operating cests (which laclede 1abor, scam, water and decuu:ﬂy) of 2192/day ot e PO, cacreiTax




Operating cost - dollars/yr

160,000 -

140,000 }-
120,000 ¢~
100,000 -
80,000 |~
60,000 |.
40,000 la ® Coprecipitation only
8 Oxidation of cyanide +
coprecipitation
& Reduction of chromate +
coprecipitation
20,000 %X Oxidation of cyanide, reduction
of chromate, coprecipitation
1 L i 1 1
10 20 30 40 50

No. of Employees

FIGURE 17 OPERATING COSTS RELATED TO PLANT SIZE AND
"EXTENT OF WASTE TREATMENT
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oxidation plus coprecipitation for treatment of wastes can
process 75 sq m/hr, while 5-man plants that include chromium
plating and chromating (C,D) can process 100 sq m/hr.

It was concluded that costs for a captive or independent
shop would be similar if the waste treatment plant was sized
for the metal finishing operation only. Captive metal
finishing operations may discharge waste waters into large
systems that handle other plant wastes, but it would be
difficult to estimate what volume percent of waste water
typically came from the metal finishing operations and what
portion of total waste treatment costs should be allocated
to them. Flow sheets of the waste treatment plants that
were costed are shown in Figures 18, 19, 20 and 21.

Another plant was modeled to ascertain investment and
operating costs of a medium large plant employing (1)
segregated chemical treatment of waste waters containing
individual metals, and (2) no discharge of pollutants.
Costs for waste treatment employing destruction of cyanide,
reduction of chromate wastewaters and coprecipitation of all
metals were also developed as a basis of comparison. Table
30 summarizes both investment and operating costs of the
waste treatment plants. Investment and operating costs
increase in the order

(1) Combined chemical treatment and
coprecipitation

(2) Segregated chemical treatment and
coprecipitation

(3) Combined chemical treatment plus
end-of-pipe treatment to eliminate
discharge of pollutants.

The operating cost for combined chemical treatment and
coprecipitation is equivalent to $1.41/1000 liters, which is
approximately 30 percent higher than the $1.09/1000 liter
figure for a similar model in the previous discussion.
Wwhile the two models are slightly different the difference
is mainly due to the fact that the two cost values were
arrived at by two cost analysts, each of whom assumed what
he considered were the most realistic costs. Such a
discrepancy is not surprising and indicates the necessity
for making analysis self-consistent. Thus, the results in
Table 28 and 29 were made by one analyst and are set of cost
factors and the cases (1) through (3) above by another
analyst with a different set of cost factors. The
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FIGURE 18. TYPICAL PLANT OPERATION - CHEMICAL TREATMENT (A);
COPRECIPITATION ONLY
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FIGURE 19 .TYPICAL PLANT OPERATION - CHEMICA
CYANIDE OXIDATION AND COPRECIPITA
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FIGURE 20, TYPICAL PLANT OPERATION ~ CHEMICAL TRFATMENT (C);
CHROMIUM REDUCTION AND COPRECIPITATION
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FIGURE 21 .TYPICAL PLANT OPERATION - CHEMICAL TREATMENT (D);

CYANIDE OXIDATION, CHROMIUM REDUCTION, AND
COPRECIPITATION
153



difference is actually much smallier than that of actual
osts reported in Table 27.

The wuse of a system to eliminate pollutant discharge
requires aprroximately twice the investment and operating
cost as a system for combined chemical treatment. The costs
can be reducec in some situations by in-process recovery
systems where the saevings in chemicals more than compensate
for the costs of operating the recovery system. Evaporative
recovery systems ware not economical to use in  the plants
assumed since the value, bath concentration, and dragout of
chemicals were not sufficient &2 make their in-process
recovery worthwhile, ”h@ coots of installing more counter-
current rinse tanks, evaporative @qnjpment, and steam more
than offset the savings chamicals,

In-process reverss 0smosis systems may have lower operating
ms, but are still in a

b4
costs than evayporative svste
demonstration stage for bpaths other than nickel. Use of
reverse osmosis systems on the nickel lines in the plant
model  would aot be expected to vreduce overall in operating
costs by more than 5 percent.

Figure 22 shtows the op@ratiuw“ in the plant and a schematic
jiagram of a segregatcd waste treatment system. Figure 23
shows a coprecinitation systen and Figure 24 the
modifications made at the end of ine coprecipitation system
with a reverse osmosis unit and salt evaporator to eliminate
the discharge of pollutaenis.

,.,4.‘

Preliminary calculations indicated that use of evaporators
in-process and 2% the end-of-pipe tc eliminate pollution
would be more expensive than use of reverse osmosis at end-
of -pipe for the particular metal finishing lines considered.
With the installation of a4 reverse osmosis system the
neutralizing agent was sodium hyvdroxide rather than the lime
used with the coprecipitation and segregated precipitation

systems. Lime was used to precipitate phosphate as well as
heavy metals, but precipitation products with 1lime are
likely to Ffoul the reverse osmosis membranes. These

membranes remove phosphate directly and lime is not needed.

The cost of a minimum batch treatment system was also
estimated. The layout is shown in the schematic diagram of
Figure 25. The system was sized to handle 4500 1/hr of
waste water, which is less than produced by the 5-man plant
discussed above. For calculating operating costs an 8-hour
day and 5-day week were assumed.

Small Platers
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Costs have been estimated for the 1-4 man shop and 5-9 man
shop and may be found with accompanying assumptions in the
following tables:

Sizing Assumptions

1-4 employee shop (3 employees)

30 sq m plated per hour

80 1/8q m per hour

174 of the flow is cyanide bearing (and can be
segregated)

. The cyanide concentration is 20 ppm

The concentrations in the rest of the flow are equivalent
to 100 ppm of Fs+++

Engipeering Assumptions

. Complete manual operation utilizing minimal equipment
. Store 1 day of cyanide containing waste and treat overnight
. Equalize flow in a tank corresponding to 172 of the
daily output. Operate in backmix with adjustment every
two hours.
. All adjustment from carboys or drums.

Manyal Handling Of cChemicals Verjfication

Cyanide  Total waste flow 2400 l/hr
Cyanide flow 600 l/hr
Total cyanide waste 4800 l/day
Total cyanide in waste 98 gm per day

Chlorine requirement approximately 700 gm per
day or 1.5 1b

Using hypochlorite (1 1b Cl2 1 gal hypochlorite)
1. 5 gallons per day.

Using caustic 1 ib/1 1b of chlorine - say,
1. 5 lbssday

Neutraljzatjion (Assume that the caustic from cyanide treat-
ment is used in the first 1/2 day)

Total caustic required - about 2 gm per gm of iron (120/56)
(120/56) 172 day flow 9600 1 960 gm of iron

Caustic required - 2800 gm/oxr 4.5 1b.

Additional - 4.5 - 1.5 = 3 1bs.

Rest of day - 4.5 1bs.

Total per day - 7.5 1bs
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O.K. to add by hand (drum of caustic - approximately
400 1lbs)

0.K. to use a small bucket (8 gals. approximately or
80 1lbs)

Residence time - 4 hours (nominal or actual) for equalization

Equipment List
Equalization tank - 2500 gals. $2500
Agitator - 5 HP 1000
Chlorination tanks - 2 x 800 gals. 1500
2 Agitators - 1 HP 800
1 Transfer pump 150
High level alarm - 3 400
Valves - 5 300
Other piping and supplies 150
$6800
Installation -~ 25% 1700
$8500

Instrument

pH meter 400

colorimeter 200 500

Total $9100
Area required - 400-500 square feet (assumed available)

Assume that there is room for equipment, e.g. a 2500 gal.
tank of normal configuration is 6.5!' in diameter and
10' in height (without legs).

Sizing Assumptjions

5-9 employee shop (7 employees)

70 sq m plated per hour

80 1/8@ m 5600 l/hr of flow

174 flow is cyanide bearing (and can be segregated)
Cyanide concentration = 20 ppm

The concentrations in rest of waste flow are equivalent
to 100 ppm Fs+++

Englneering Assumptions

. Cyanide flow - 1400 1l/hr - say, 350 gals/hr.

. Assume that a hand operation once a day is used for
cyanide (Automatic continuous unit would cost about

. Equalize daily flow in a 1/2 day tank.

« Check for hand addition - or cheapest equivalent.
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Handling Of Chemicals

Cyanide . Cyanide total - 11,200 1l/day 2800
gals. (3000)

. Total cyanide in wash - 224 am/day

- Chlorine required - 1500 gn/day say 3.5 lbs.

- Hypochlorite - 1 gals/lb of chlorine 3.5
gallons (can be added out of a plastic lined

55 gallon drum with a hand pump)

. Caustic - 3.5 1lbs.
Out of a 55 gallon drum ( 500 1b) with a
SCoop. (a big scoop is about 5 1b)

pH Adjust 2 gm per gm of iron
172 day flow (total) 22,400 1. (say 6000 gals)
Iron 2,240 gm
Caustic 4,500 gm 10 1bs.
2 to 3 scoops.

Manual addition from a drum appears feasible.

Material handling equipment - 1 chlorine resistant
hand pump -~ say $200

Equipment List

1 Equalization tank - carbon steel 6000 gals. $ 4,100
2 Cyanide treat tanks - carbon steel, epoxy linedx 7,200
(3000 gal)
3 Agitators (1) 10 HP, (2) 5 HP (3500) (2 x 1000) 5,500
Transfer pump 300
High level alarms 400
Valves (5) 500
Other piping and supplies ——__300
18,300
Installation - 25% 4,600
Total $22,900
Instruments
Hand pump 200
PH meter 400
Colorimeter 200
$23,700

*Add 20% for epoxy lining.

If a 2 hour equalization is required
use a 3000 gal tank + 5 HP agitator (3000 + 1000) 4,000
instead of 4100 + 3500 (7600)
thus, 18300 - 3600 14,700

--3.700
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18,400
Save 4,500

Total 19,000

The total capital investment and operating and maintenance
costs for both size plants are as follows:

No. of Capital Investment ($1000) Annual O&M Costs ($1000)

employees 80 1/sq m 160 1/8q m 80 1/sq m 160 1/8q m
min max min max min max min max

1"“ g’-" 1347 13.7 20.5 3.9 6.5 3.9 6.5
5-9 23.7 35.6 35.6 53.3 4.3 7.1 4.3 7.1

New Source Pexrformance Standards (NSPS}. New sources that
are required to meet the recommended standards of

performance have the opportunity of designing and building
plants that reduce water flow. Such systems as counterflow,
spray, and fog rinses, interlocks to provide water flow only
during processing sequences, drip tanks, etc., can be
provided. The capital investment for installing an extra 3¢
x 3' tank in each rinsing sequence of a plating line to
reduce further the water use in counterflow rinsing is of
the order of $3,000. The plant modeled in Figure 22 has 27
rinses so adding one more tank for each rinse would increase
capital investment $81,000 for a total of $300,200 for
combined chemical treatment and precipitation in an urban
plant. It is probable that water use can be reduced 100
percent by installing only half this number of tanks at a
cost of $40,000 or an increase in capital investment of 18
percent over a plant meeting BPCTCA standards. Operating
cogts would increase $7200/yr minus a credit of $520 for
water and sewer charges or $6680/yr. The increase in
operating cost is 6 percent as compared to those for a plant
meeting BPCTCA standards.

No Discharge of Pollutants

The elimination of liquid discharge from metal £finishing
processes has not been demonstrated with present technology.
Anticipating that future development will make this
elimination possible, it is desirable to have a rough
estimate of the cost impact of doing this. Technically,
evaporative recovery, reverse osmosis, and ion exchange can
concentrate wastes after which the concentrate can be
evaporated essentially to dryness. Purified water can be
returned to process. Approximate cost analysis have been
made for a medium large plant 240 sq m (2600 sq ft) per hour
assuming use of 80 literss/sq m of water. The effects of
closing the 1liquid 1loop without a purge on the buildup of
impurities are not known and the cost of solving problems
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connected with impurity buildup will depend greatly upon how
much impurity must he removed, the development of efficient
systems for their removal, and how many of the components
that are recovered can be recvcled rather than discarded.

To determine the cost effectiveness of various control and
treatment alternatives much of the data developed for Plant
33-1 in Phase I was used. For those examples involving
evaporative recovery, an additional investment of $150,000
was allowed for a unit to evaporate concentrate to dryness.
Results of the calculations are shown in Table 31. A
finishing cost of $2.70/8q m ($0.25/8q ft) is equivalent to
$684/hy, and all of the projected costs for waste treatment
are 1less ¢than 10 percent of this figure. Of course, the
$2.70/8q m fiqure is too high f{or sowme processes, but
provides a basis for at least a rough estimate of the cost
impact of waste treatment.

Nonwater Qualjty Aspects

EFnergy Requirements

Introduction. Energy requirements will be discussed for
chemical +treatment, evaporative recovery, ion-exchange, and
reverse osmosis.

Chemical Treatment. Fnergy requirements for chemical
treatment are low, the main item being electrical energy for
pumps, mixers, and control instruments. Electrical costs
have been tabulated for several plants in Table 32. Data
for Plants 33-1 through 33-6 were cbtained from the Phase I
study. Results indicate that approximately 5 percent of the
waste treatment cost is for electric power.

It is estimated in the Phase I study that electrical energy
for treating 2.271 x 104 liters per hour by a reverse
osmosis unit for 4000 hours per year would cost $6,400. The
electrical energy cost is therefore 7.045 x 10-%5. The
liters per vyear processed by all plants listed in Table 32
add up to 3.964 x 109 liters and the cost of electricity for
processing this water by reverse osmosis is $279,200. The
total electrical cost for chemical treatment for the plants
listed in Table 32 is $75,330. These figures can be used to
roughly estimate the increases in electrical . power
requirements in going to a system with no liquid effluent.
For best practical control technology currently available
the electrical cost would Le essentially that of current
estimates or $75,330. For the best available technology
economically achievable the combination of chemical
treatment and reverse osmosis plus evaporation of the
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TABLE 3] COST EFFECTIVENESS OF
CONTROL ALTERNATIVES
(247 Sq M/Hr)

Water Operating
Investment Operating Treated Cost per
Type of Control Cost Cost/Year 1/Hr 100 Sq M
Plant 33-1
Rinse System - $264,274 $112,361 25,210 §17.30
Chemical treatment
Three countercurrent 330,000 121,387 9,766 18.68
rinses - chemical
treatment
Single stage evapor- 890,000 327,895 0 50.47
ators (21 units)
Dry evaporator
Five single stage 400,000 109,913 0 16.92
evaporative units
and one vapor com-
pression unit - dry
evaporator
Chemical treatment 560,000 161,328 0 24.83

plus reverse osmosis
Sludge drier and dry
evaporator for
concentrate
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TABLE 3, COST OF POWER RELATIVE TO TOTAL OPERATING
COST FOR CHEMICAL TREATMENT

Electric
Waste Cost x

Treatment 100/Waste

Plant Electric Operating Treatment

No. Processes Cost/Year Cost/Year Cost

33-1 Platiug Cu, Ni, Cr, Zn $ 4,100 $112,361 $ 3.65
11-8 Plating Cu, Ni, Cr, Zn 668 391,406 0.17
36-1 Plating Cu, Ni, Cr, Zn 5,220 221,009 2.36
20-14 Plating Cu, Ni, Cr, Zn 6,000 93,240 6.44
20-17 Plating Cu, Ni, Cr, Zn 8,940 798,840 1.12
3-4 Plating Cu, Ni, Cr, Zn 600 4,064 14.76
33-3 Plating Cu, Ni, Cr, Zn 240 18,019 1.33
33-6 Plating Cu, Ni, Cr, Zn 1,460 77,460 1.88
33-22 Anodizing 1,948 51,515 3.78
20-20 Anodizing 4,763 83,481 5.71
20-22 Anodizing 12,623 113,370 11.13
33-24 Plating Common Metals 1,212 80,430 1.51
36-12 Plating Precious Metals 1,894 72,809 2.60
33-2 Plating Precious Metals 1,082 14,968 7.23
33-4 Plating Precious Metals 120 18,205 0.66
8-5 Plating Precious Metals 16,239 115,995 14.00
6-35 Chemical Milling 3,897 83,758 4,65
30-19 Chemical Milling 4,330 168,312 2.57
x = 4,185 x = 139,957 x = 4.75
o = 4,454 o = 187,688 o = 4.44
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concentrate (that would require little electrical energy)
the electrical cost would be $75,330 plus $279,200 or
$354,530. The ratio of $354,530/75,330 is 4.70. On this
basis going to a system without discharge of liquid effluent
will increase the use and cost of electrical energy S5-fold.

Evaporative Recoyery. From the Phase I report the cost of
steam for operating a 300 gph single-stage evaporator is

approximately $2100/yr corresponding to approximately
1,900,000 ib of steam, The single-effect evaporators
require considerable energy. This requirement can Dbe
diminished by wuse of multiple stage or vapor-compression
evaporators.

Ion Exchanpge. The few pumps required for ion-exchange
systems should consume very little power.

Reversgse Osmosis. The energy requirement for reverse osmosis
systems is the electricity for operating the high pressure
across the membrane and for operating low pressure transfer
pumps. The estimate is $6400/yr for a 6000 gph facility
operating 4000 hours/yr.

Impact of Power Requirements for Waste

Treatment. Domestic production of electrical energy in 1971
was 1.717 x 1032 kwh, For the plating 4industry the
electrical energy requirement is estimated to be 9.75 x 108
kwh. The metal finishing industry as a whole is estimated
to consume no more than twice this value, which would be
1.950 x 10° kwh. The percentage of annual power that is
used for metal finishing operations should be no more than:

1.950 x 1031/1.717 x 102 = 0.114 percent.

Power for pumps, 1lights, fans, etc., and waste treatment
should not more than double this figure to 0.228 percent.

Cost of Recovery of Metal Values from Sludge

Tribler et. al. is a report on the feasibility of recovering
metal values from sludge b digesting the sludge with acid to
dissolve it followed by electrolysis and neutralization
procedures to recover metal values. The case considered was
a sludge containing prirarily copper, nickel, chromium, and
zinc values. A cost estimate was included for a small plant
that would treat 45 kg of dry sludge during a 12 hour day to
yield 2.27 kg of copper, 0.09 kg of nickel, and 4.54 kg of
chromium, However, the chromium was obtained as an oxide
mixed with some iron. The investment for a small plant was
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estimated to be $15,130. Operating cost per day was
estimated to be $85.30. This did not include a cost of
capital, which if assumed to be eight percent of the
investment per year, would raise the daily operating cost to
$91.35, The total weight of metal recovered per day is 6.90
kg so that the cost is estimated to be $13.23 kg. The cost
is obviously very high compared to market prices so that the
small operation would be far from economic. Undoubtedly,
the cost of processing would be 1less with a larger
installation, but if more than one metal finishing
installation were served there would be an additional cost
for transporting sludge to the recovery operation.
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SECTION IX

S E¥aliasic, GOTDELINGS, AND LOGTARIONG

Introduction

The effluent limitations which must be achieved by July 1,
1977, are to specify the degree of effluent reduction
attainable <through the application of the best practicable
control technology currently available. Best practicable
control technology currently available is generally based
upon the average of the best existing performance by plants
of various sizes, ages, and unit processes within the
industrial category and/ or subcategory.

Consideration must also be given to:

(a) the total cost of application of technology
in relation to the effluent reduction benefits
to be achieved from such application

(b)Y the size and age of equipment and facilities
involved

(c) the processes employed

(d) the engineering aspects of the application of
various types of control techniques

(e) process changes

(f) nonwater quality environmental impact
(including energy requirements).

The best practicable control technology currently available
emphasizes treatment facilities at ¢the end of a
manufacturing process but includes the control technologies
within the process itself when the latter are considered to
be normal practice within an industry.

A further consideration is the degree of economic and
engineering reliability which must be established for the
technology to be "currently available", As a result of
demonstration projects, pilot plants and general use, there
must exist a high degree of confidence in the engineering
and economic practicability of the technology at the time of
commencement of construction or installation of the control
facilities,
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Industry Category and Subcategory Covered

The effluent 1limitations recommended herein cover the
following metal finishing processes: anodizing, chemical
milling and etching, immersion plating, chemical conversion
coating. These processes have been divided into three
categories: Subcategory (1) consists of anodizing,
Subcategory (2) consists of coatings, and Subcategory (3)
consists of chemical etching ané miliing.

Identification of Best Practicable Con%icd
Techpoloay Curreptly Available

Best practicable control technology currently available for
Subcategories (1), (2) and (3} is the use of chemical
methods of treatment of waste water at the end of the
process combined with the best practical in-process control
technology to conserve rinse water and reduce the amount of
treated waste water discharged.

Chemical treatment methods are exemplified by destruction of
cyanide by oxidation, reduction of hexavalent chromium to
the trivalent form, neutralization and coprecipitation of
heavy metals as hydroxides or hydrated oxides with settling
and clarification to remove suspended solids prior to dis-
charge or prior to dilution with other nonelectroplating
process water before discharges. The above technology has
been widely practiced by many plants for over 25 years.
However the above technology cannot achieve zero discharge
of heavy metals because of finite solubiiity of the metals.
In addition, it 1= not practicable to achieve 100 percent
clarification and some small amocunt of metal is contained in
the suspended solids. By optimum choice of pH and efficient
clarification it is possible to achiave a significant re-
duction in the heavy metal pcllutional load.

Zero discharge of heavy metals in effluent may be achieved
only by eliminating the effluent itself by such techniques
as reverse osmosis and evaporatiom, which offer the
possibility of purifying all waste water to a sufficient
degree to be recycled to process or by evaporating to
dryness so that waste water constituents are disposed of as
solid waste.

No generalization regarding the degree of metal pollution
reduction is possible because of the mix of finishing
processes possible in a single plant and the variety of
metals in the raw waste of most plants. Because of this
fact and the high cost of inplant segregation of all waste
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streams according to metal, coprecipitation of metals is the
general practice. There is an optimum pH for precipitating
each metal that results in the c¢reatest removal by
clarification. The optimum pH for removing all metals
cannot be utilized for coprecipitaticn so the pH selected
for a mixture of metals is a compromise. However,
coprecipitation can result in lower &ischarge of metals than
if each is precipitated separately at its optimum pH value
if synergistic effects of the type shown in Table 26 are
operating. For coprecipitation ¢o provide lower discharge
than segregated precipitation In-process dilution must be
minimal.

There are several advanced recovery methods available for
closing up the rinse water cycle on individval metal
finishing operations. These methods (evaporation, ion
exchange, reverse osmosis, countercurrent rinsing) have not
yet been applied to rinse waters from pretreatment and
posttreatment operations. The corresponding rinse waters
plus concentrated soclution dumps and £loor apills may
contain one or all of the percinent metals (copper, nickel,
chromium, and zinc) in significant amounts requiring
chemical treatment. Thus, chemical treatment of at least
the typical acidsr alkali stream <Lrom pretreatment and
posttreatment operations represents the best practicable
control technology currently eveiliable to achieve the
effluent limitations recommendad.

Having identifiled the technology for end-of-process
treatment and recognizing <+<he technical and practical
limitations on removal of heavy metals by this technology
(metal solubility and clarification efficiency), further
reduction in the qguantity of metal pollutants discharged
must be achieved by reducticn in the volume of treated water
discharqged. There are many in-process contreols designed to
reduce the volume of waste wataer which is principally that
resulting from rinsing. Some of thess controls, desioned to
minimize dragout of concentrated solutions or to reclaim as
much dragout as practical can be considered normal practice
within the industry. It can be assumed according to good
practice that reclaim <tanks and/cr still rinses are being
used and that all evaporation losses are made up with the
reclaimed solution. Dragout reclaimed does not contribute
to the raw waste load norxmaliy discharged from remaining
rinses. There is economic iacentive to reduce the chemicals
purchased for bath makeup &nd the added economic incentive
to reduce the cost of treatment chemicals required for end-
of-process treatment. Reduction of dragout 1leads ¢to
reduction in water requirements for rinsing.
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Further reduction in rinse water use can be achieved by use
of a stagnant rinse for recovery or by multiple-tank
countercurrent rinsing. Counteracting the <cost of
installing multiple rinse tanks are the savings in treatment
chemicals, water costs, and sewer charges. Further, the use
of advanced recovery techniques (evaporation, ion exchange,
and reverse osmosis) which concentrate the rinse water
sufficiently to allow reclaim of the valuable metal
finishing solution can often provide the economic incentive
to use this technology and Jjustify the cost of recovery
equipment plus the cost of installing multitank
countercurrent rinsing. However, it should be recognized
that the major water reduction occurs because of the
installation and use of multitank countercurrent rinsing.

In the past there has been little economic incentive to
reduce water use for rinsing after preparatory and
posttreatment operations. The cost of the chemicals has not
made their recovery from rinse waters worthwhile. High
dragout from preparatory cleaning solutions has not been
considered an unfavorable factor since the dragout of
impurities along with bath chemicals has prolonged the 1life
of the bath in some cases. The disadvantage of high dragout
is that more water must be used for rinsing to prevent
significant concentrations of impurities, i.e., grease, from
contaminating the processing solutions,

Best practicable control technology currently available also
includes water conservation through rinsing. A water use of
160 1l/sq m/operation (4 gals/sq m/operation) has been
estimated as that achievable by the industry. This figure
precludes the use of countercurrent or series rinses.
Exclusive use of s8ingle stage rinsing will not meet this
water use. It has been calculated that for 186 s8sg wm/hr
(2000 sq ft/hr) proudction the rinse water need for various
rinsing techniques are:

single rinse 1l/hr 499,620 (132,000 gal/hr)
tank countercurrent 2800 1l/hr (140 gal/hr)
tank countercurrent 477 1l/hr (126 gal/hr)
tank countercurrent 201 l/hr (53 gal/hr)
tank countercurrent 121 l/hr (32 gal/hr)

N EWN =
LI T B

This corresponds to a water use of:

- single rinse 2686 1/sq m {66 gal/sq ft)

- tank countercurrent 15 1/sq m (.37 gal/sq ft)

- tank countercurrent 2.56 l/sq m (.06 gal/sq ft)
- tank countercurrent 1.2 1l/s8g m (.026 ga/sq ft)
- tank countercurrent .65 l/sq m (.0l6 gals/eq ft)

[S 00 N VER S
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A 3 - stage series rinse consumes approximately the same
quantity of water as a 2 - stage countercurrent.

The 160 15q m (4 gal/sq ft) takes into account the
contributions made by the pretreatment steps of alkaline
cleaning and acid pickling and allows some use of single
rinses.

An alternative mode of operation to the above is to dump
cleaning baths frequently so that dragout of impurities is
minimized. Then the amount of rinse water can be reduced
and can be even further reduced by use of mltiple
countercurrent rinsing techniques. The increased cost of
chemicals from more frequert dumping and the cost of
multiple rinse tanks is counteracted by savings in water and
sewer charges. Water use can therefore be greatly minimized
since preparatory solutions, i.e.,, alkaline cleaners and
acid dips contain chemicale that can be tolerated in fairly
high concentrations in subsequent processing solutions,
i.e., plating baths. 1In general, the amount of rinse watex
required should be substantially less for rinsing following
alkaline cleaning and pickling than for rinsing following
typical metal finishing operations such as electroplating.

while sufficient economic incentive may not be present to
achieve reduction in the volume of the rinse water from pre-
and posttreatment operations, <here is an opportunity for
significant reduction in pollution. The above factors are
taken into account in recommending the effluent limitations.
Even in plants currently achieving good waste treatment
results, there are further opportunities for reduction in
volume of effluent discharge.

Rationale for Selecting the Best Practicabie
Control Technology currently A ab

General Approach

In determining what constitutes the best practicable control
technology currently available, it was necessary to
establish the waste management techniques that can be
considered normal practice within the metal finishing
industry. Then, waste-management techniques based on
advanced technology currently available €for in-process
control and end-of-process treatment were evaluated to
determine what further reduction in pollution might be
achieved considering all the important factors that would
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influence the determination of best practicable control
technology currently available.

Waste Mapagemept Techpigues Considered Normal
Practice in the Metal Finishing Industry

For that portion of the metal finishing industry that
discharges to navigable waters, many are currently using
chemical treatment for end-of-process pollution reduction.
Some of these waste-treatment facilities have been in
operation for over 25 years with a continual wupgrading of
performance to achieve greater pollution abatement. Because
of the potentially toxic nature of the chemicals used in the
metal finishing industry, there is a relatively high degree
of sophistication in its water pollution abatement
practices. For example, the accidental release of
concentrated solutions without treatment to navigable waters
is believed to be a rare occurrence today. This is because
adequate safety features are incorporated in the design of
end-of-process waste treatment facilities in conjunction
with good housekeeping within the electroplating facility.
This example and other waste management techniques were con-
sidered as examples of normal practice within the metal
finishing industry in determining the best practicable
control technology currently available. Other examples of
normal practice include:

(1) Manufacturing process controls to minimize
dragout from concentrated solutions such as

(a) proper racking of parts for easy
drainage

(b) slow withdrawal of parts from the
solution

(c) adequate drip time or dwell time
over the tank

(d) wuse of drip collection devices.

(2) Effective use of water to reduce the
volume of effluents such as

(a) use of rinse water for makeup of
evaporation losses from solutions

(b) use of cooling water for noncritical
rinses after cleaning
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(c) use of treated waste water for
preparing solutions for waste-
treatment chemicals.

(3) Recovery and/or reuse of waste water
constituents such as

(a) use of reclaim tanks after metal
finishing operations to recover
concentrated solutions for return
to the plating tank ¢o make up
evaporation losses

{b) reduction in waste water volume by the
use of at least two series flow rinse
tanks after each finishing operation
with return of as much rinse water as
possible to the £inishing tank.

Other waste-management techniques not considered normal
practice, but currently in use in one or more plants, were
evaluated on the basis of reduction in the quantity of
pollutants in the effluent discharged.

Degree_of Pollution Reduction Based
Existing Pexformance by Plants of Various
sizes, Ages, and Processes Using

yarious Control and Treatment Teghnology

Identification of Best Waste Treatment Facilities

The initial effort was directed toward identifying those
companies that had well engineered and operated metal
finishing process and waste treatment methods. Such
companies were identified on the basis of personal
knowledge, and referrals by people well acquainted with the
industry (EPA regional representatives, state pollution
control authorities, trade associations, equipment
suppliers, consultants). Representatives of approximately
75 companies returned questionnaires mailed to them and
these representatives were further contacted by telephone or
further correspondence in many cases to clarify the
information in the questionnaires and obtain further data.
Furthermore, visits were made to 1l plants for development
of detailed data on several of the processes. Effluent
samples were collected at five plants and analyzed at
Battelle-Columbus Laboratories. The above constitutes the
data based for the Phase II study.
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Waste Treatment Results

Volume Capacity of Treatment Flant Studjed. Figure 26 shows
the volume capacity of the waste treatment plants for which
data were received, as measured by the amount of waste water
treated per hour. The range of capacities covers
approximately two orders of magnitude,

The plot is a cummulative one indicating how many plants
have a water use less tham rhe voliume sorrespoading o the
cummulotive number. Thus, 5% olants have & volume of
100,000 iiters/hour or less and ¢ plant have a greater
volume,

Concentration c¢cf Constituents. Tae concentration of con-
stituents in the treated effluent and the o4 are shown in
Table 33. The concentrations are for sciuble plus suspended
constituents in the effiuent, unless ocherwise noted. These
results appear to have 1little <xelation to the type of
process from which waste waters ave dJdevived with the
possible exception of electroiess plating. The complexing
agents, such as ammonia, that are dragged into waste waters
from electroless piating baths are capabdle of inhibiting the
precipitation of metals such as copper and nickel.

Watexr Use. To discuss water use .t iz first necessary to
carefully define several terms.

"Process®; A procesg 18 the accunulation of steps
raquired to bring avout a metal finishing
result. An electroplating process
includes cieaning and pickling of the
basis metal, a strike 1f necessary,
the plating step, and &ll rinses needed
0 carry out the process.

"Rinse"; A4 rinse is a step in a process used
to remove compenents of a bath from
the work following an operation.

24 rinse may consist of several
segquencas such as successive
countercurrant riansing or hot
winsing foliowed bv a zold
rinsing with delionized water.
Nevertheless, there iz oniy one
rinse after an operation.

Table 34 shows the water use for the various processes
studied. The water use has been expressed in two ways.
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TABLE 33 CONHCENTRATION OF EFFLUENT COESTITUENTS

Concentration, mg/l
Plant _ Total +6 _

N¥o. Processes Ag Al Au cd CN CR Cr Cu F Fe Ni
20-24 Plating Common Metals 0.02 0.54 0.17 1 1.9
3324 Plating Common Metals <0.025 <} <0,05 <1 <1
33-26 Plating Common Matals 0.25 0.3 7
31-1 Platipg Common Merals 1.18
36-12 Platiag Com.,Prec.Metals 0.0l <3,1
33-2 Plating Precious Metals traces traces .1
33-4 Pliating Precions Metals

8-5 Plating Preclious Metals (]

6~37 Plating Precious Metals <5 <1 <5 <5
19-11 Platiog Precious Metals {®) €0) {0) <0.58 <18
15-3 Plating Precious Metals D.02 0.04 0.08 0.0¢ 0.03 0.03

9-7 Electropainting, Amodizing 6.3 "

9-6 Electropainting
33-34 Electropainting

4-5 Electroless Plating 7.7

8-8 Electroless Plating <0.02
30~19 Electrcless Plating <0.03 0.2 <0,05 20 1.0
33~22 Anodizing <0.03
33-23  Anodizing 0.91 0.40 0.37 0.24
20~22  Anodizing 1.0
20-20 Anodizing 3.7
33-35 Anodizing 1.08 0.13 . 0.05
20-23  Anodizing 8.18 <0.18
A7-9 Anodizing )

6-35 Chemical Milling <1 0.1 {0) 1.0 0)

92 Chemical Milling 8.25 Q.05 treca 1.75
23~7 Chemical Milling ,5E .05E 5 5 0.018 0.05E
33-30 Phosphating .9 1.3 0.33 0.32 0.2
19-24 Etching -~ 0.5 .02 < .05 < .03 0.15 2,2
31-16 Printed Circuits 0.37 0.1

6-36 Immersion Plating 1.1 0.1
46-4  Electropolishing 0.01  0.3-0.7 0.003 0.4-8.4 0.70-0.78 4~13

E - aestimated

S - soluble
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TABLE 33 CONCENTRATION OF EFFLUENT CONSTITUENTS (Comtinued)

Concentration, mg/l

Pt Susp. Dis.

No. Processes Pb  PO4~3 Metal Sn Zn Solids Solids PH Other

20-24 Plating Common Metals 0.6 <2 0.25 4 676 8.5-9.5

33-24 Plating Common Metals <1.0 <23 1400 7-9 -

33-26 Plating Cowmon Metals 0.3 <1.0 Nil 78 1250 8.0 BF - 75 mg/l
31-1 Plating Common Metals 0.28 1642 7.0-8.¢

36-12 Plating Com.,Prec.Metals 0.58 <10 200 8.0

33-2 Plating Precious Metals traces 6 5-10

33-4 Plating Precious Metals 6.9 640 7.5-8.5

8-5 Plating Precious Metals 7.5-8.0

6-37 Plating Preciocus Metals 2760 7-10.5

19-11 Plating Precious Metals (9) <20 7-8
15-3 Plating Precious Mstals 0.5 COD = 34 mg/1

9-7 Electropainting <0.4 10 250 7.0 Cobalt - <0.03 mg/l
96 Electropainting 40 6.2 COD = 320 mg/l
33-34 Electropainting 8.1 130 400 8.4 Barfum - 1.0 mg/1
&5 Electroless Plating 7 COD = 624 mg/1
s8-8 Electroleas Plating <0.02 22.7 204 7 Ammonia ~ 6.8 3
30-19 Electroless Plating 0.5 50 100 500 6.5-10 Ammonia - 10 mg/}
33-22 Anodizing 13 <10 >10 6.5-9.0
3323 Anodizing 180 25-60 3600 6.5-9.0
20-22 Anodizing 0.3 10 1500 7.5 Nitrate - 50 =g/l
20-20 Apodizing 0.8 5 993 6.8-9.2

33-35 Anodizing 16
20-23  Anodizing 0.17 29 6.5-9.5 Ritrate - 18 mg/l
&7-9 Anodizing <0.1 <5 8

4-35 Chemical Miliing {0) 708 8.0

9-2 Chemical Milling trace
23-7 Chemical Milling 300
33-30 Phosphating 2 0.1 5 1690 8.6
19-24 Etching 0.15 2.2 11 927 8.0
31-16 Printed Circuits <0.2 <0.1 <10 506

6~36 Ismaxsion Platiag 0.1 220 8.7
46-4 Eleetropslishing 70-85 1-34 1200 2.6-5.8




TABLE 34 WATER USE IN METAL-FINISHING PROCESSES

Liters/
Production, Water Use, Number of Sq m/
Plant Line sq m/hr 1/hr Operations Operation
36~12 Sn 42.8 454 1 10.61
Cu-Sn 122.8 908 2 7.39
30-2 Rack Cd-Zn 171.5 5,995 2 17.49
33-30 Rack Cd 123.4 18,160 1 147.2
Barrel Cd 45.8 11, 355 1 2417
20-3 Rack alkaline Sn 46.5 9,463 1 203.1
Rack acid Sn 46.5 3,936 1 84.1
Rack Ni, CuPbSn, Sn 9.3 6,188 3 222
Rack zincate dip, Cu, 9.3 12,737 4 343
CuPbSn, Sn
33-24 Rack Cu=Sn 92,90 7,040 2 37.9
33-5 Basket Sn 21,1 3,407 1 161.5
Rack Ni, CuPbSn, PbSn 25.1 2,725 3 36.2
16-3 Rack Cd, manual 1.86 2,181 1 1,162
Barrel Cd, manual 11,15 220 1 19,7
Barrel Sn, manual 18.58 1,553 1 83.6
Ditto 1.39 2,120 1 1,525
9-1 Electropaint 139.4 8,398 1 60.22
33-34 " 529.5 4,315 1 8.15
6-36 Immersion 48.8 1, 022 1 20.94
31-16 Electroless Cu 23.23 12,491 5 107.5
Ditto 25.08 5,678 3 15.5
30-19 " 23.23 5,678 3 81.48
Electroless Sn 13.94 76 1 5.45
33-21 Electroless Ni 1.39 1,590 7 163
Ditto - 10.03 1,590 5 31.1
" 11.71 2,271 10 19.4
33-23 Anodizing Al 2917.4 18, 921 4 15.9
33-22 Ditto 148.1 27,254 3 61.09
9-2 " 83.6 44,895 4 134.3
Anodizing Mg 4.65 7,382 1 1,558.9
20-20 Anodizing Al 269.5 19, 494 3 98.3
33-35 Ditto 55.8 2,082 6 6.2
20-22 " 3,253 81, 064 4 6.7
20-23 " 102.2 18, 9217 4 46.3
41-2 " 16,173 5,618 4 84.9
6-35 " 9,29 2,271 2 122.2
47-9 " 13.94 1,930 1 138.5
4-8 Chernical Milling 37.17 3,785 2 50.9
Ditto 9.29 1,893 2 101.9
" 9.29 1,893 2 101.9
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TABLE 3 4 (Continued)

Liters/
Production, Water Use, Number of Sq m/
Plant Line sq m/hr 1/hr Operations Operation
30-9 Chemical Milling 92.9 6,814 2 36.17
Ditto 9.29 2,728 2 146.1
H-4 " 53.6 4,18b 2 1.8
68=db " 13.4 3,028 3 16.3
33-20 " 24.6 6,613 2 134.4
2317 “ 27.9 15, 141 2 271.3
6-317 Auto rack silver 74.33 13, 967 4 46. 98
Ditto 293 20, 363 4 17.40
Man rack silver 59.5 9, 084 3 50. 92
30-21 Ditto 11.61 8,365 4 180.1
Auto rack silver 35.3 8,270 4 58. 57
Ditto 11,61 5,602 4 120.6
" 22,22 9,311 4 100.2
" 4.65 8,318 4 441.6
Man rack silver 6.50 908 3 46, 54
" 6.50 908 2 65.32
Cont strip silver 4.65 5,942 4 319.8
Auto rack silver 0.84 0) 1 1))
Stripping silver 1,12 751 1 658
Man rack gold 1.39 8,138 4 1,460
31-16 Ditto 0.74 1,811 3 815
Auto rack gold 8,65 1,590 2 93
8-5 Man rack silver 0,093 3,028 2 16,280
Man rack gold 0.093 319 1 4,080
15-8 Man rack silver 0.047 460 2 4, 952
Ditto 1.86 462 2 124
Man barrel silver 5.87 462 2 41.43
33-4 Auto rack gold 1.21 4,637 3 1,281
33-2 Man rack gold=-silver 2.79 5,678 3 679
Man rack silver-rhodium 2.79 1,708 3 204
36-12 Cont strip silver 31.6 454 2 7.18
30-19 Chemijcal etching 92.9 13,248 2 71.3
Ditto 8.36 2,271 2 135.7
31-16 " 16.173 2,725 2 81.5
" 18.8 3,188 2 101.9
" 18.6 6,624 2 178.3
" 11.15 7,870 2 340.2
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TABLE 3 4 (Continued)

(Neutral Salt Electrolyte)

Liters/
Production, Water Use, Number of Sqm/
Plant Line sq m/hr 1/hr Operations Operation
4-9 Chemical etching 18.6 4,088 2 110.0
Ditto 13.94 1,362 2 48.9
" 13.94 1,362 2 48.9
" 4,65 1,362 2 146.17
36-16 Chemical Machining 6.51 5,299 2 407
Ditto 3.72 1,514 2 203.5
33-30 Zn phosphating steel 66.91 11, 356 2 84.9
20-25 Ditto 464.17 11,356 2 12.2
23-8 Fe phosphating steel 183.4 946 1 6.17
46-1 Electropolishing 10.59 1,817 2 185.8
33-29 Electrochemical machining 0,53 7.6 1 14,3
(Neutral Salt Electrolyte)
3329 Electrochemical machining 0.37 22,700 1 61,400
(Acid Electrolyte) .
4-4 Electrochemical machining 0.19 7.8 1 40,0°
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The firast method of erpressing water use reguires choosing
what operations in the overall process will be included in
calculating water use and what operations will not be
included. This method was followed in the Phase I gquide-
lines, where all operations involving electrodeposition and
posttreatment were included but cleaning and pickling were
omi tted. The water use has been calculated in terms of
liters/sq msoperation where the square meters refer to the
finished work and the operations exclude c¢leaning and
pickling. ’

This method of expressing water use allows one to consider
its wvariation in terms of those operations that are
different from process to process. On the other hand, those
operations that are common to mest processes, i.e., cleaning
and pickiing, and involve about the same water use
regardless of the process in which they ocour, can be
eliminated from consideration as a cause of variations in
water use, Calculations for Phase II processes have been
made using the above formula, omitting the initial cleaning
and pickling operations, but counting aii subsequent
operations in a process.

Ae mentioned previously, lerzs water is required for rinsing
following alkaline cleaning and pickling than for rinsing
following most cother coperations.

Data provided by the companies on area processed and water
use is given in Table 34, Fraom ¢this data, frequency
distributicns for water use (i 8q m operation) for processes
in subcategories (1), {2} and (3} were Jerived. These are
given in Figures 2, 3 and 4. The redian water use for each
subcategory was veed as a baeis for the guidelines. 1t was
felt that the plants identified by the contractor were well
designed and well-operated and therefore the median value
wags a good approximation of the “average of the best
"criteria specified for BPCTIA treatment.

Determination of Zffluent Limitations

Effiuent limitations were estahlished from three parameters:
(1) constituent concentration in the effluent, (2) water
use, 2nd {3} area processed or plated. Some dependence
among these parameters i3 known. L.e., coagulation of
precipitates our of dilute colution ig morxe difficult than
out of more concentrated solutions and area processed in a
giver line increases with compiex shapes that glve higher
dragout and zreguire more water for rinsing. The plant data
obtained show no evident oorrelation between the three



factors probably because variations in water use and
concentration due to other factors mask out the relationship
between the three factors mentioned. Within the accuracy of
the information available the three factors will be
considered independent, that is, the concentration
achievable in the effluent by exemplary chemical treatment
is not related to the amount of water used for processing.
The best water use 1s not necessarily found in a plant
operating an exemplary waste treatment facility and vice
versa. However, once exemplary values for both water use
and concentrations have been established the product of the
two represents an overall figure of merit that takes into
account both parameters. Therefore, the guidelines can be
expressed in terms of the product of the two parameters:
(mg/l) x (1/sq m) = mg/sq m. More water may be used if
lower concentrations are achieved and vice versa.

Concentrations of Effluent Constituents and pH. Table 35
lists the concentration baslis for each constituent, The
values given are for the total amount of constituent,
dissolved and suspended. Therefore, both proper
precipitation and efficient clarification and/or filtration
are required to meet the concentrations congidered
achievable.

Water Use. The values of water use for each type of process
cover a wide range. Variations in dragout, the
concentration of dragout, and the degree of rinsing required
vary and are in part responsible for the range of values.
However, inefficiencies in reducing dragout to a minimum,
rinsing beyond requirements, and poor design of rinsing
facilities and waste of water are also responsible for
making in making a wide range of water use . It is
necessary, then, to estimate the minimum water use that can
be achieved by essentially all of the lines of a given type
of process.

Subcategory (1)

The process covered in this subcategory is anodizing.

Data on water use for anodizing operations from ten plants
on eleven different lines are given in Table 34.
Supplemental information and configuration data was obtained
from two of these plants by plant visits,
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TABLE 35. CONCENTRATION VALULS FOR WASTBWATER
CONSTITUENTS FOR BPCTCA

Present Phase II

Constituent Proposal, mg/1
TSS 20
Cyanide (oxidizable) .05
Cyanide (total) 0.5
Fluoride 20.0
Cd 0.3
Crt*d 0.05
Cr (total) 0.5
Cu 0.5
Fe 1.0
Pb 0.5
Ni 0.5
Sn 1.0
Zn 0.5
Phosphorus 1.0
pH 6-9
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Plant 33-23 is an aluminum anodizing plant which has a large
automatic rack 1line for anodizing aluminum alloy parts.
Figure 27 is a schematic of this facility. The waste
treatment plant for treating the spent processing solutions
and the rinse water effluents from this operation is shown
in PFigure 28, Data taken during ¢the plant visit for
treated effluent pollutant concentration are shown in Table
36.

Plant 6-35 1is a large chemical anodizing and milling
facility. Although the anodizing 1line was not operating
during the time of the plant visit. Information on the
sequence of operating steps and analyses of the waste
treatment plant effluent was obtained and is given in PFigure
29, Additonal data on rinse water flows and production
rates were provided by the plant at a later date. The 65th
percentile water use was found to be 90 1/sq m-operation
(2.2 gal/sq ft-operation).

Subcategory (2)

Subcategory (2) covers coatings - phosphating, chromating
and immersion plating.

One immersion plating plant was visited in this study.
Plant 6-36 has an immersion tin plating facility consisting
of one barrel plating line. Treatment of the wastes from
this plant is done in an integrated waste treatment plant
which was installed in 1972. The sludge from the treatment
reservoirs is collected in storage tanks and hauled away by
truck to a landfill several times a year.

Three chemical conversion coating plants were covered in
this study. Two were zinc phosphating on steel and the
other was iron phosphating on steel. The data on water use
for these operations is 1listed in Table 34. The 65th
percentile was found to be 17 1l/sq m~operation (.42 galssq
ft-operation) . Since there was no apparent reason for this
much smaller water compared to other subcategories, the
largest value reported of 80 1l/sq m-operation (2 gal/sq ft-
operation) was chosen as the water use factor.

Subcategory (3)
Subcategory 3 covers chemical milling and etching.
Data on nine chemical milling lines in six plants are given

in Tables 33 and 34. Supplemental data on two of these
plants was obtained on visits to these plants.
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TABLE 36 COMPARISON OF BCL ANALYTICAL RESULTS WITH TYPICAL ANALYTICAL
RESULTS REPORTED BY PLANT 33-23 FOR TREATED EFFLUENT

Total Concentration, mg/1

Typical Plant 33-23 Contractor
Constituent _ [ ffluent Analysis Sampled Effluent
A 0.1 0.2
+6
Cr 0.30 0.10
tot
Cr 0.32 0.28
PO 9.1 10.5
S5 23 22
DS 3600 3500
ph 7.0 8.0
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Plant 30-9 is a large aluminum and titanium chemical milling
installation. cChemical milling of the two metals is carried
out in the same area and some of the tanks are used
interchangably, since some of <che operating steps are
similar.

The spent chemcial milling etchants z d other processing
nolution  frem  this plant are hsaule. away by a licensed
scavenger, and the rinse waters are - 7t to large settl':;
noids on company property.

Data on ten etching 1lines is given in Tables 33 and 34.
Plant 31-16 was visited during this gstudy and data +-ken
during the plant visit 1is covered under subcategory («)
processes,

The 65th percentile water use for this eubcategory is 12¢
1/sq m-operation (3.0 gals/sq ft-operation).

Thirty Day Average Vs One D-y Maximum

Five months of daily data were cobtained from plant 15-1,
This data appears in Table 35. 'In this time period the 30-
day average value of 80 mg/sq m-operation for Zn was
exceeded on two occasions, December &, 1974 and December 10,
1974. The thirty day average of 80 mg/sq m-operation for
CNT was never exceeded. The one-day maximum of 160 mg/s8q mw
operation was never exceeded by Zn or CN.

One month's effluent data was chosen at random from plant
12-6. It appears in Table 36. Ni, TSS, Cu, 2Zn, CNT are not
out of compliance with the thirty day average or one-day
maximum. Cr+¢ 1is not out of compliance with the 30-~day
average but is out on the one-day maximum three times during
the month.

Five months of twice weekly sampling TSS, for plant 33-15 is
shown in Table 39, CrT, Ni, Cu never exceed the 30-day
average or one-day maximum. Cr%é is not in compliance for
30-day average or one-day maximum.

Plapts Meeting the Guidelipes

Tne effluent concentrations and water use factors have been
collected for 21 plants in Table 40. Except as indicated on
the table, all values are in tota. solids. Plants 36-1, 36-
12, 15-3, 15-1, 12-6, 33-15 and 12-8 meet the 1977
scandards. Plants 36-1 and 36-12 meet the new source
performance standards. Plants 11-8 and 33~ . were out of
compliance on only one or two parameters.
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mg/m2-Cperation

PLANT 15 - 1

TABLE 37
Cr+b
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46.0

45,6

16.2
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8.0

8.6

7.2

8.7

Average



DATE

11-13-74
11-14-74
11-18-74
11-19-74
11-20-74
11-25-74
11-26-74

Average

12-02-74
12-03-74
12-04-74
12-05-74
12-06~T74
12-09-74
12-10-74
12-11-74
12-12-74
12-13-74
12-16-74
12-18-74
12-19-74

Average

1-03-75
1-06-75
1-07-75
1-08-75
1-09-75
1-10-75
1-13-75
1-14-75
1-15-75
1-16-75
1-17-75
1-20-75
1-22-75
1-23-75
1-24-75
1-27-75
1-28-75
1-29-75
1-30-75
1-31-75

Averape

TABLE 38

PLANT 12 - 6

=

-3
o

ﬂ
N N~ oo

[

=

)

-

OO~~~ N~J o

O~_NWWOWOAANI~I 0

[oNe Noclorbos Eot RV We N

’~q—4-q<3\c:oo~qcncn~q~acn

Py

193

mg/m2-Operation
In cNr
1.3 7.7
11.9 14.5
15.8 18.5
13.2 22.4
48.8 14,5
15.8 29.0
6.6 31.7
17.4 23.3
10.6 30.4
14.5 bg.2
12.1 29.0
55.4 17.2
17.2 21.1
15.8 31.7
92.4 23.8
29.0 21.1
5.3 23.8
37.0 37.0
67.7 22.4
9.2 19.8
25.1 17.2
38.4 26.2
10.6 23.E
11.9 15.8
6.6 19.8
7.9 13.5
33.0 15.3
66.0 18.5
13.2 29.0
11.9 52.8
15.8 27.7
13.2 14.5
48.8 13.2
15.8 18.5
6.6 15.8
5.6 15.8
36.3 22.4
9.2 17.2
7.9 18.5
1.3 14.5
26.4 29.0
2l. . gé;
18.6 20 9



DATE

G-02-Th
9-03~74
90474
90571
9-06-74
30974
G 0T
Gou, 373}
Gt 27
9~13-7h
9-16-74
9-17-7h
G~18-74
9~19-7h
De2C=T4H
9-23-Th
G~2ib=Th
92574
9-26-7h
9-27~74
9-30-74

Aversgs

10-01-74
10-02-74
10-0:3-74
100474
10-07-74
10~08-74
10-09-74
10-20-74
10-11-74
10~14-74
10-15-74
10-16-74
10-17-74
10-18-74
10-21~74
10~22-74
10-23-74
10-24-74
10-25-T74
10-28-T4
10-29-T4
10-306-74

Average

11-01-74
130274
12-Gu-74
11-0n-=74
11-06-74
11-07-74
11-08--74
11-11-74
11-12-74
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TABLE 39
PLANT 12'-% ~

E2
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rg/m2-Operation
o) CNT
10.5 1.7
i7.2 23.8
1%.8 211
5.2 23.7
26.0 37.0
5.5 22.4
50,7 3.3
L 2%.5
5.5 155
26,1 15.8
10.8 18.5
119 17.2
Cﬁg 22.&
?09 1508
33.0 8.5
6.5 29.0
13.2 5.3
15.9 27.7
15.8 14.5
k3.8 9.2
6.6 18.9
15.8 20.5
79.2 .8
33.3 22,4
48.8 17.2
9.2 21.1
37.0 18.5
i3.2 29.0
26.4 L2.2
x0.6 11,7
11.9 35,5
9-2 "26.2
68.6 26.4
10.6 22.4
4.5 21,1
9.2 31,7
55.4 23.8
17.2 26.4
15.8 .1
9.2 ¥l
2.0 23.8
5.3 37.0
37.0 22,4
2r.1 198
3008 :_’IS;::
3.2 22,4
1.9 15.5
15.6 19.8
11.9 18.5
6.6 22.4
7.9 15.5
33.0 18.5
66.0 29.0
7.9 52.8



DATE

7-03-74
7-09-T4
7-11-T4
7-15-T4
7-17-T4
7-23-TH
7-26-Tk
7-30-T4

swerage

8-02-74
8-06-T4
8-09-7i
B-12-74
8-14-74
8-19-74
8-23-74
8-26-74
8-28-~T4

Average

90474
9-06-T
9-10-T4
9-12-74
9-16-T4
9-19-74
92474
9-27-7

Average

10-02-74
10-04-74
10-07-74
10-10-74
10-15-74
10-18-74
10~-21-T4
10-23-74
10~29-74
10-31-74

Average

11-04-74
11-06-74
11-12-74
Ta-15-74
11-19-74
11-21-74
11-25~74
11-27-74

Average

TABLE 39

195

PLANT 33 ~ %
ggzmg—gggration

pH Cu Ni Cr+6 P

7.5 18.5 g5 89,8 S5 10.6 - Pl
8.6 29.3 34.3 35.C 44.9 2.9 1657
8.8 16.2 37.1 L6, i u8.7 3.2 858
8.6 11.6 Ly, 23.2 27.8 2.8 766
8.3 3.7 95 £2.8 5.4 2.6 1109
8.4 17.5 35 61.3 53.5 8.7 1226
8.4 16.3 36.7 53.0 £1.2 4.9 734
8.5 30, 49,0 65.3 71.4 4.1 877
8.4 21.5 53.3 53.9 58.5 5.0 1006
8.5 10.2 49.0 65.3 73.4 2.2 714
8.8 14.3 40.8 5.0 61.2 5.3 898
8.9 11.0 Ly, 2 5.8 27.6 1.8 2594
8.7 16.3 57.1 61.2 63.2 2.0 1102
8.5 19.7 39.4 L6.0 70.1 2.0 1489
8.8 16,2 1.C 71.% 81.2 3.0 974
8.6 hg.2 122.6 T4.5 k8,2 2.6 1862
8.5 23.2 74.2 69.6 83.5 _2.1 766
8.7 A 6.1 £8.1 73.2 3.5 1382
8.8 18.3 89.7 75.5 . 8.2 836
8.8 28.6 65.3 36.7 . 4.1 714
8.6 21.9 21.9 32.9 . 8.1 701
8.7 19.7 55.7 50.8 . 13.2 1067
8.7 15.3 78.8 61.3 . 8.1 u60
8.8 13. 6.4 69.6 83.5 4.9 Th2
8.9 15.3 37.2 37.4 59.1 3.7 548
9,1 30.2 74,2 60.3 £5.0 6.5 928
8.8 20.4 58.6 53.1 85.3 7.1 750
8.9 24,1 43.8 50.4 65.7 7.9 1621
8.9 18.6 37.1 32.5 39.4 7.9 T42
8.7 30.6 96.4 21.9 21.9 7.7 1051
9.0 16,2 ky,3 32.5 32.5 4.9 557
8.6 18.5 89.8 23.7 23.7 3.4 818
8.6 17.5 87.6 24,1 26.3 8.3 635
8.9 36.7 73.4 20.4 24.5 8.8 612
8.9 21.9 65.7 15.3 19.7 13.8 701
8.9 26.3 61.3 6.6 11.0 8.5 876
9.0 32.8 48,2 11.0 30.7 8.1 1007
8.8 30.4 80.9 36.9 9.9 883
8.7 18.4 40.8 5.1 449
8.3 24,5 B1.6 4,3 1204
8.3 26.5 73.4 1.2 1775
8.7 22.4 57.1 6.9 1408
8.5 20,2 71.8 2.4 1398
8.6 34,9 33.1 8.8 626
8.3 35.0 81.0 2.4 3864
8.7 17.2 55.0 33 877
8.5 24.9 61.7 .3 1450



29-17
23-7
30-21

1/m2-0p  (gal/ft2-op) Cu B2 o cer cr*®  zn Pb
l2¢ (3.0) .12 .60 . 045 .03 325 -
e (4.4) 1,.5% .09 .20 .10 .43° -
29 {.733) .14 .08 .06 .36 .34 -
12 (.329) .73 - - - 52 -
232 {5.8) .335 5.7 - - - 5.12
184 {4.6) .2 Ji4 .07 .23 W12 -
232 {5.8) .17 1.9 .54 - .25 -
128 (3-2° <l.0 - <1.0 - <1l.¢ < .05
4440 (111; - - - - - -
122 (3.3) - - - - .18 -
60 (1.5) .8 .8 .4 .13 ) -
211 {(5.3) .09 .27 .30 .28 - -
8¢ (2.0) .50 - .72 - .58 -
52 {1.3) <5 <S - - - -
- - .2 .5 .5 - - -
- - - <.5 - - - -
- - __.3_5_“,- o .05 .03 2.2 -
- - .02 .31 - - .17 .05
- - .01 - 5.0 5.0 - -
= in com, li-nce w/ 1°77 standards

= in

comellan.z w/ new soarce jeriormance standards

= ot of ccnzliance un pacameters starred

= dissolved solids

TABLE

‘v /1

Fe ¢d Au Ag
- .21 - -
.18 .C3 - -
.18 .03 - -
- - - <.01
.82 - - -
- .009 - -
1.0 .01 - -

1.C - - -

- - or Tr
.25 - - -

- - 5 -

- .3 - -

- - 0 o

- - - .20
- .02 - .05

.85 .01 - 0

.5 .05 - -

.UC3 .63
126

Bh.

Hg CNT
- .42
- .o
- .025
- <. 01
- .06
- <.02
- .025°
- .1

- .16
- .14
- .01
- .41
.Co: .o
- 0

- 06
- .07

Lt

59

[

TSS
<10
<10

< 10

A
[N
Ut

o

6.5 -

10
10
8.7



The plated area is the primary unit of production on which
the etfluent limitations in Table ? are based. Plated area
is defined with reference to Faraday : Law of electyc)ysis
by the following equation:

P %
5 = 100 kt Zguation 2

white 8 = arees, sq m (8q f£t)
% = cathode current efficiency, pevsenc
I = current used, amperes
T = time, hours
t = average thickness of deposit, zm (mil)
k = a congtant for each metal piaced based on the electro-

chemical equivalent for metal depositicn, amp-hr/mm-sq m
(amp-hr/mil-sqg ft).

The numerical product of current and time (IT} is the value
that would be measured by an ampere-hour mecer. Values of
the constant k based on equiv-lenc weight and the valance of
the metal deposited are shown in Table 41,

Average thickness can be approximsted by averaging thickness
measurements at several points on & single plated part, to
establish the ratio of average <o minimum thickness.
Minimum thickness is customarily monitored to meet the
specifications of purchasers of electroplated parts, based
on service requirements.

This equation was used in this study toc determine the plated
areas per unit cime in each plating operation when the only
available information was the current used and the average
thickness of deposit. This eguation was also used as a
check on estimates of surface areaz plated provided by the
plants contacted.

To calculate the total plated zrez on which the effluent
limitations are based for a specific plant, it was necessary
to sum up the area for each elactroplating process 1l1line
using FEquation (2). For process lines containing two or
more electroplating operations (such &3 in copper-nickel-
chromjum decorative platingj the plated area is calculated
by Equation (2) for each plating operation in the process.
The results should be the same, since the same parts are
proce=sed through each operati ", However, if the
calculated plated area differed r.. e2ach plating operation
in a single process line, the average of the calculated
p.ated areas for the operations was used. The sum of the
psated area for each process line ig the total . ated area
for the plant.
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Process Chanqges

Process changes are not currently available for the metal
finishing industry that would leaé %o greater pollution
reduction than can be achieved by the recommended effivent
limitations. Some possible process changes such as use of
noncyanide plating baths may eliminate one poilution
parameter, but do not elimincte &ll and mey causs sther
problems. They may be usefuwl Iin scme faciiities fo*
reducing the cost of meeting the effluent Ilimitae
recommended in this document.

Nonwater Quality Environmental Impact

As discussed in Section VIII of this report, the principal
nonwater quality aspect of metal finishing waste treastment
is in the area of solid waste disposali. Disposzal of sludges
resulting from metal removal by chemical treatnent is a
current problem in many states that have a high
concentration of facilities. The problem might be partially
alleviated by disposal of drier sludge. Such added costs
for removal of water from sludge would be imposed by the
requirements for solid waste disposal and does not directly
result from the requirement for water poliution reduction.

The wuse of advanced technology to recover metal plating
chemicals from rinse water rather than chemical treatment
which adds to the sludge is being applied in areas where the
sludge-disposal problem is greatest. Further impetus in the
direction of recovery rather than disposal is expected toc be
provided by authorities responsible for solid waste
disposal. This will have an overall beneficial effect on
water pollution because of the concurrent requirements for
water conservation for economic applicaticn of recovery
techniques.

It is estimated that many of the existing sources dis~ -
charging to navigable waters are already using chemical
treatment methods with a high percentage removal of metals.
This is particularly true in geographic areas where water
pollution reduction has been emphasized and the sludge-
disposal problem is most evident.

There will be no direct effect on air quality as a result of
the application of recommended technology for water
pollution reduction. Indirect effects related to increased
enerqgy use are estimated to be modest.

Plated Area Unit of Production

198



Smz.1i discrepencies in the above calculation for two or more
plating operations in the same process line might be related
to a difference in the actual current efficiencies from
those in Table 37 which are to be us«é for the calculation.
However, experience with data from several plants indicated
that the more lticely cause of <¢he <iscrepancy is the
accuracy of the reported values of avazey plate thickness.

The use of ampere-hour on rectificrs - .gnt have value fo
monitoring or record keeping for scmz Diazats in lieu of
medasuc...g the area of the pares plevad provided the average
thicknes= plated is known or deterilasd.

Records of plating voltage anéd aupere~-iours on each
rectifier (oxr watt-hours) plus thiciness deposited might be
correlated with watt-hours of eliectricicy consumed per day
or month with allowance for odher @iectricity uses
(lighting, pumps, etc) to estimatce total. plated area per day
or month. The total effluent cculd be approximated by the
plant water purchases iZ wsainly £or eiectrcplating. Thus,
the information on electric power oconsumpiion and water
consumption from monthly biils for these services might be
used in an approximation of daily piatad aves for a cross
check against plated area determined 2y more direct means,

In practice, it should be possibie Ior electroplaters to
readily adapt to keeping records <¢f plated area for
reporting purposes. The fact +tha: many platers do not
presently know their production vate Lu cerms of 3surface
area plated 1is not & valid consideracion since there has
been no prior re uirement to keep such records. Determining
plated area should not be difficulc for platers whose
process operation is dependent on use ¢f the correct current
density for optimum plating results.

"Process"; A process is the accumulation of steps
required to bring aocut an electroplating
result,

"Operation"; The concept of an operation is a crucial
one in the formation of limitations
for each individual installation plant.
For this purpose, an operation shall
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14
i 4o

A7 "onY
Arsenit
Bisnmuth

Cadmium

Chromiuvm

Cobalt

Copper

Gallium

Gnrnunl;m

Cold

Indtua

Iridium

Iron
Lead
Manganese

Mercury

Hickel

Palladium

Platinum

Polonfum

Rhod{um

Rhenium
Selenfum
8ilver

Tellurium

Thallium

Tin

Zinc

Atomic
waight

26.97

111.7¢

74.91

209.0

112.4
52.01

58.94
63.357

69.72

72.60

197.2

114.76

193.1

33.84
207.2
54.93

200.61

58.69

106.7

195.23

10

102.9

186.31
78.9
107.88
127.61

204.39
118.7

65.38

Valence

e MW B W N N W, N P W wis

-

N

N

nw s

~

~ >

mg/cou~
lomb

0.0932

0.2%23
0.4208

0.1525
0.2587

0.4332
0.7219

0.5824

0.0898
0.1796

0.3054

0.32%4
0.6588

0,2408

0.1881
0.3762

0.6812
1.0218
2.0435

0.3964

0.5001
0.6€70

0.289)
1.074
0.2846

1.0394
2.0788

0.3041
0.2764
0.3686
0.5528

0.5058
1.0115

0.5440
0.2666
0.3553
0.5332
0.2758
0.2046
1.1179

0.3306
0.6612

2,1180

0.3075
0.6150

0.3387

taBLE A 1 ZLECTROCHEMICAL EQUIVALENTS AND NI'ATED DATA®

(A1l figures (n this table sre hesed on 100% .sveni oiZfabonsy;

g/amp hr

0.3354

0.9083
1.5141

0.5589
0.9315

1.5594
2.5990

2,097

10,323
0.646

1.099

1.186
2.372

0.8670

0.6771
1.3542

2.4322
3.6783
7.35687

1.4271

1.8001
2.4012

1,042
3.865
1.0246

3.7420
7.4839

1.095

0.9951
1.3268
1.9903

1.8208
316416

1.958

0.9598
1.2797
1.9196
0.9929
0.7364
4.0243

1.1901
2.3803

7.6249

1.1070
2,2141

1.2195

-

oz/amp hr

0.0118

0.032
0.0535

0.0197
0.0328

0.055
0.0915

0.074

0.0114
0.0228

0.0388

0.0418
0.0837

0.0306

0.02388

0.04776
0.0865
0.1297
0.2595

0,03033

" 0.06349

0.08469
0.0368
0.1362

0.0362

0.1320

0.2640

. 0.0386

0.035 -
0.0467
0.0703

0.0645
0.1284

0.06%1
0.0338
0.0451
0.0677
£.0350
0.0260

0.142

0.0420

0.0840
0.2583

0.019
0.078

0.043

1541, 000

any hr
0.7394

2.0028
3.3380

1.2322
2.0536

3.4378
5.7297

4.6226

0.7129
1.4258

2,4225

2.6142°

5.2283
1.9114

1.4928
2,.9855

5.406
8.1094
16,2187

3.1461

3.9704
5.2938

2.2%63
8.5210
2.2588

8.2496
16,4992

2.4235
2.1939
2.9252
4.3878

4.0142
8.0283

4.318
2,1160

2.821)
4,2319

2.189%0
1.623%

8.8726

2.6238
35,2476

14,8000

26408
4.8812

2.6886

* From Electroplating Engineering Handbook
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2.7

6.68
5.68

5.73
3.73

13.55
13.55

o

12.5
12.5
12.3
120,53
4.81
10.5

6,25
$.25

31.83

7.3
7.3

7.1

98 hE B
vifuy ¢ fov deporit 4,008  byubel af
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0.473 145
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0.591 Si.8 Cr
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2.74 1%.0 Co
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0.445 s
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0.5%d 16.8 sn
1,129 8.5% ¥y
1.12¢ 4.27
0.742 19.0 Fs.
0.999 28.6 Pd
6,944 21.4
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1.78 27.6 ¥t
1.78 13,85
—— RO L)
1.06 30.8 Y
1.04 23.1
1.04 18.37
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5,875 6.16 ag
0.320 12,4 Te
c.520 . 6.19
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0.61 15.63 1
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G.59 13.7 n

LU S T

ge, el

g e *

6,12
2.9

6.95

7.30
3.34

2.62
5.3

1.58
L35 2

6,62
.

5.80

ate

$6-10x

Y]

100
30106

100
46

100

i00

80
60

[ 1]

R3]

#
L,

100 (ACID)
RS LI ()]



be defined as any step followed by

a rinse in the electrcplating process
in which a metal i ¢lectrodeposited
on a basis materiali. Electroless
plating on non-metallic¢ materials
for the purpose of graviding a
conductive surface on ti:2 basis
material and preceding ¢ : actual
electroplating step, and the past
treatment steps of chromating,
phosphating ané co.gxing vhere an
integral part of th: cleating line
and stripping whers zonducted in
conjunction with elsctropleting for
the purpose of selvaging improperly
plated parcs mav be included under
the term operation /or the purpose
of calculating efileanc discharge.

"Rinse"; A rinse is a stap Iin & process used
to remove components of a bath from
the work following an operation.

A rinse may consist of several
sequences such ag zuccessive
countercurrent vinsing or hot
rinsing followed »y & cold
rinsing with deionized water.
Nevertheless, therxe iLs only one
rinse after an operation.

Applying Effluent Limitation Guidelines

The application of the effluent limitation gquidelines
will be illustrated by examples. In all cases, certain
basic information is needed from & plant:

(1) The number of operacions in each process line
including initial clesning and pickling
operations and all rinses

(2) The sq m/hr through each process line (average
for 30 sequential dGays;

(3) The volume of effluent from the plant
due to electroplating proczsses (average
for 30 sequential days;

(4) The concentrations of wisce water constituents
in the effluent that are limited by the
gquidelines. Thase are 2he concentrati ns

L3V ]
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1o the effluent dov to elec.. w130l
processes before diluticn by ~Ifirent
from other processes [avevage oo W

sequential days).

Determination of Finished AreasHr/Operction

The area for each line will be determined Yrom informaticu
on the (1} average amperes used, (2} iho sequence of plating
operations, and (3) the average thiciness in mil o . n
type of plate. If complete data or thickness is  la kiog,
the following value will be used:

Copper 0.3 wil
Nickel 0.3 mid
Zinc 0.3 mi}
Chromium 0.01% wil

Where chromating follows plating, the area will be tlhe same
as that of the primary plating operation. The eguation:

5 = EIT/100 kt

is then used to calculate plated area*”r/oy@r&”iwno In a
line with several qequentld] on@fati na§ it is likely that
the calculated pilated areas f5 w@uch rting operation will
vary from each other although the aut& T 2vea placed should
be the same. The difference in calculats: sreas may vary by
a factor of two ox three. When applying vbe gridelines, the
figure used for area piated should be th. axi hmetic averaje
of the calculated pl ¢ arsas.

Where actual amperes a-e not known, . . .¢ e®gual to 273 ot
the installed caparity for the line > 13 be uged. .hers
information on amperes is completely lackino for a line buw
water use is available, ihe sg w/hir may ve Jdeteinined Ly:

Sq m/hr -

br used o the Iipo
Joisee m) {no. of spprationg)

S5q fts/hr < gaisng uged on the Li...
(S gal/or) (no. of cperaziirel
Once the plated are: bw- o measured the goidelines can he

used to deterwinez e total A lowable discharas oFf waste
water constituents from Lhe plant Every time che asurface
is rinsed, following wome Hperatics in the process line, it
is assumed that more waste water i3 produced, and a greater
quantity of ~aste wet.r counstituents may be dischacgeu under
the guidelires, “he  cleaning and  gickling wieses are
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therefore incorporated into the rinse following the first
plating operation for purposes of calculating the allowable
amount of waste water constituents dfacharxged. The total
allowable discharge in gsday will be:

(108) (sq m platedshr) (effluent limitatior in mgs/sq m)
(No. of oper.) (hr/dayj)

The total allowable discharge in lb/dey ics

(10°) (8q ft plated/hr) (effluentc limitation
in lbs/million sq ft (No. of cper.; (hr/day)

These relations hold for each effluent limitations guideline
value 1listed in Tabkle 1. The velations apply to each
process line or part of a process line if the area plated/hr
changes in the line.

The actual discharge from the plant is the product of the
volume of effluent/hr and the concentration of waste water
constituent in the effluent.

Thus,

gqsday = (literss/hr) (mg/1) (10-3) {hz/day)
1bsday = (8.33 x 10—-¢) (gal/ht) (mg/l) {hx/day)

Figure 30 represe..ts such a situacion. The 1line processes
15 sq m/hr. The volume of effluent is 3,000 1l/hr. The
plant operates 10 hr/day. There are three operations in
this line, chromium electroplating, etching, and anodizing.

The discharger is allowed: (10-¢) {sg m/hrj (effluent
limitation in mg/sq m-operation}) (number of operation)
(hr/day) = kgsday pollutant

The actual discharge is the product of the volume of efflu-
ent/hr and the concentration of waste water constituent.

kg/day = (liters/hr) (mg/lj {(10-9) (hz/day)

Thus, in this example the discharxgs. ‘s allowed to discharge
the following amount of chromium fox -hzomium electroplate

(16-8) {15 sq m/hr) (80 mg/sq m—operation) (1 operatl .n)
(10 hrsday) = 1.2 x 10-2 kg/4Gay
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for anodizing

(10-9) (15) (45) (1) (10)

6.75 x 10—3 kg/day

for etching

(10=8) (15) (60) (1) (10)

i

9.0 x 10-3 kg/day

In total he may discharge the sum of the three:
2.78 x 10-2 kgs/day of chromium total.

He may dischar?e one~-tenth of that or
2.78 x 10~! kxg/day of Crt+6

If the final effluent concentration is equal to 0.56 mg/1

for CrT and 0.06 mg/l for Cr+6, the actual discharge will be
(3000 1/hr) (.56 mg/1) (10-6)
(10 hr/day) = 1.68 x 10~2) kg/day of CrT
and
(3000 1/hr) (.06 mg/1) (10-6)
(10 hr/day) = 1.8 x 10-1 kg/day of Cr+6

Thus, the plant is meeting the guidelines.
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SEOTTON X

BEST AVAILARLE TECHNOLOGY FCCNOMIC
ACHIEVABLE, GULDELINZS AN. LoMITATIONS

Introductjon

The effluent limizacicns walic A
1983, are to specify wu Z

¢ &ehlieved July 1,
e Pogf%lgent reduction
“ics iwss of whhe bast available

Ll

L]

m9=m

attainable through <cuie )

technology economic~” ' (nhlaves.e, 7T~is ¢echnology can be
based on the very uéat concen., Wod trestment technology
employed by a specific woinc & .zrs wiilia the industry
category and/or subravsgery W Laelln0.ogy that is readily
transferable fram one Indvet  woSoold ¢ another. A

specific finding must be wad. <6 w0 the availability of

b

control measures and pracuices v. s..nate the discharge of
pollutants, taking intce acrow .. sec of such elimina-
tion.

consideration must alsc Le given <o

133
£
€
>
b

(a) the age oif the sgu.pmern: «ul facilities

involved
(b) the process =amployed

(c) the eng neering agpeste < i@ application
of var‘ous typseg of cunrron celanologies

(d) process changes

(e) cost of achieving whe eff.usat zeduction
resulting foom he tecioLlNy

(f) nonwater qualit’ eaviviamciial impact
(including energy Cequiilé..d.uld, «

The best available toChadily) wolllonwolly achievable also
assesses the availabiiicy in mL: s&ses of in~-process
controls as well as vie concsol L2 2dditional treatment

techniques employed atr the end o & woduction process.

A further consideration is the avai. Suliey of processes and
control technology at the zilct pl=zi ., semiworks, or other
levels, which have demonstraces Zoth ter inological
performances and economic vizblilty .. a .evel sv ficient to
reasonably Jjustify iavesving .o <ok feoilis es, Best



availeble technology economically achievable is the higl.est
degree of control technology that has been achieved or has
been demonstrated to be capable of being designed for plant
scale operation up to and including no discharge of
pollutants. Although economic factors are considered, the
t3.ts for this level of control aze intended to be top-of-
the-1l1inc of current technology subject to limitations
imposed by economic and engineering feasibility. However,
best available technology economically achievable may be
charactecized by some technical risk with respect to
performance and with respect to certainty of costs and vius
may necessitate some industrially sponscred work prior o
its application.

Industyy Category and Subcateqory Coveied

The pertinent industry cateqgory is the wmetal finishing
segment of the electroplating industry divided into
Subcategories (1) and (2) as previously discussed in Section
 AVN

Identification of Best Available Economically Achjevabie
Subcategory (1)

The best available technology =conomicaily achievable is the
use of in-process and end-of-process control and treatment
to achieve no discharge of pollutants. By the use of in-
process controls to reduce the volume of waste wateyxy, it
becomes economical to use end-~of-process traatment Ade.ignod
to recover water «nd reuse the water within the plant thas
avoiding any discharge of effluent "¢ navigable weteras.
Solid constituents in the wastewa.:: are disposed of 2
landfill or otherwise. A line im Plant su-21 plating silver
has eliminated liquid ef fluent discharge for several months,
and continued demonstration of this operation will support
the fact that technolegy is available o achieve this.
Plant 11-22, a chromium electroplater studied in rhase I, is
using a system desicgned to eliminate 1liquid effluent hy
subjecting effluent from the clarifier of the chemical
treatment plant to reverse osmosis and vecycling water to
process. The concentrate from the ravers: osmosis unit is
evaporated to dryness. I+ is expected that other methods
will be developed dui.ng the next five vyears to avoid
discharge of effluent to navigable waters and thus achieve
no discharge of pollutazats in an economical manner. While
the above examples of zero dischavye are being achieved in
conjunction with electroplating operations, the similarity
of operations in processes in Subcategory (i) to those in
the electroplating processes, and the similarity of the
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wasce waters, suggests that techniques of obtaining zero
discharge for electroplating processes are equally
applicable to the other procesaes in 8ubcategory (1) .

subcategory (2) and (3)

The hest available tachnology economicslly & hievable is the
use of in-process and end-of-process contro. and treatment
to achieve no discharge of polliutantu, Processes in
Subc.teqory (2) are distinguished from “hose in Subcategory
(1) only by water use. The operations 4in the two
subcategorics arve very similar, the types of waste waters
obtained are essentially the same, ani the types of waste
treatments that are applicable are the same. The evidence
that zero discharge 1is being and will be attained for
processes in Subcategory (1} is egqualiy applicable ¢to
processes in Sukcategory (2) .

Ratjonale for Selection of Besgt Avalizble
Technology Economically Achievar_ &

Age of Equipment and Facilities

Replacement of older equipment and facilities will permit
the installation of modexrn multitank countercurrent rinsing
systems after each operation in each process line with
conservation of water use for rinsing. The use of reclaim
and recovery systems after each finishing operation should
be possible. Use of inprocess controls to the ma ximum
extent will reduc: the volume of effluent ¢o the point that
recovery and reuse of water is economically feasible.

Process Employed

The application of the technology for end-of -process
recovery and reuse of water to the maximum extent possible
is not dependent on any significant change in the processes
now used. Most water recovery technology can produce a
higher quality of water than normally available from public
or private water supplies. High purity water for the final
rinse after metal finishing operations is desirable to
improve the guality of the product.

Engineering Aspects of the Applicaticn of various Types of
Control Techniques

Many wlants are successfully using @vaporative recovery
systems after one oOr more plating operations with a net
savings compared to chemical treatment. Evaporativ': systems
are in current use after copper, nickel, chromi‘a, zinc,
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brass, tin, lead, and gould plating operations. &Some plrnts
have succeeded in using recovery systems after all plating
operaticns in their facility. The engineering feasibility
of in-process controls for recovery of chemicals and reuse
of water are sgufficiently well established. Sufficient
operational use has been accumulated to reduce the technical
risk w.th regard to performance and any uncertainty with
respect to costs.

The technical feasibility of end-of-process water rscovery
gystems has been established by extensive development of *hs
recovery of pure water in many related industrial proceuses.
Although some uncertainty may remain concerning the overall
costs when applied to metal finishing waste waters, auch
uncertainty primarily relates to the volume of water that
must be processed for recycling and reuse. The fact that
the technology as applied to the =lectroplating industyry has
progressed beyond the pilot plant stage and has Leeén
designed and 1is being built for fullscale operational use
indicates that the technology is available and probably
economical. These systems are equally applicable to
processes other than electroplating due to the similarity in
the waste water produced.

Process Changes

Application of the technoiogy is not dependent on any
process changes, However, process changes and improvements
are anticipated to be a natural consequence .f meeting the
effluent limitations in the most economic mannex.

Nonwater Quality Environmental Impact

Application of technology to achizx. pno dischurvge oFf
pollutants to navigable waters by July 1, 1983, wiil have
little impact on the solid waste disposal problem with
regard to metal removal as sludge beyond that envisioned +o
meet effluent limitatiocus recommended for July 1. 1977. The
volume of soluble salts will be substantially increased.

In general, it 1is anticipated that the technology will ke
applied in a manner such that no discharge of effluent +tou
surface waters «ccurs. Thus, metal oxide sludges would be
disposed of on land with suitable precautions. The soluble
salts which are largely innocuous should be suitable for
disposal in salt water. Because these saits are not large
in amount and can be dewatered to dry solids (by
incineration if necessary) very little additional impact on
the solid waste disposal problem is anticipated.
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No 1impact on air pollution 1is expected as the result of
achieving no discharge of pollutants to surface water. The
available technology creates no air poiiutants.

Effluent Limitatlons Based Qo the sevlion of Rest
mumg_mnmmﬂ“mmmﬁﬁﬁm"s

The recommended effluent limitations to ! a achieved by July
1, .983, for exlsting sources based on "8 application of
Best Availabie Technology Economically Achievable is no
dis mnarge of pollutants €o navigable waters for
Subca-egories (1}, {2) and {3).

Guidelines_for the Appiication of Zfiluent Limitations

Achieving the effluent limitations of no discharge of
poliutants by achieving no discharge of effluent to surface
waters is the most direct method that eliminates the need
for sampling and analysis. I <there is other effluent
discharge to surface wacers from the plant not associated
with metal finishing, a detexminaticn is vequired that no
waste waters originating from metzl finishing processes are
admixed with this other plant efflueaat.
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SECTION XX
NFEW SOURCE PERFORMANCE STANDARDS
Introducticn

The standards of parformance which must be achieved by new
sources are to correspond +to the deyree of effluent
redsction attainable through the application of higher
levels of pollution control than those identified as best
avel.abie _echno.ogy economically echlevable for existing

gourceEs. e added conesliderztion for new sources is the
deqree ¢ F75sent reductlon attainable through the use of

improved groducticn piocesses and/or treatment techniques.
The term "new sources® is defined by the Act to mean "any
source, +he construction of which is commenced afterxr
publication of wopcsed regulazion® oragscribing a standaxd
of performance.¥

New source performance stanturds are based on the best in-
plant and endg-of~process twechnsicgy identified as best
available techrology economically achievable for existing
sources. Additionz: consideraticns applicable to new source
performarce standarda take into account techniques for
reducing the level of effiuent by changing the production
process itself or adopting alternative processes, operating
methods, oOr other alternatives. The end result will be the
identification of effiuent standards which reflect levels of
control achievall: through the use of improved production
processes (as w:11 as control technology), rather than
prescribing a pa~:icular type of process or technology which
must be employed. A further determination must be made as
to whether a standard permitting no discharge of pollutants
is practicable.

Consideration mus- also be given tvo:

(a) The type of process emplcyed and process
changes

by operating methceds
{c} batch as opposed to concinucus operations

"4 use of alternative raw ma“erials and mixes
of raw materials

(e) use of dry rather than wet processes

(inciuding substitution of recoverable
sglvents for water)
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(f) 1 covery of pollutants as by-products.

Standards of performance for new sources are based on
applicable  technology and related effluent 1imitations
coverirg discharges directly into waterways.

Consideration 7wust also be given to the fact that Standards
wf  Performer - for Nev Sources could require compliance
about three +»ars gsooner than the effluent limitations to be
achieved by sxisting sources by July 1, 1977. However, new
sources shou.d aci.'eve the same effluent limitations as
existirag sources by July 1, 1983.

Industry Cateqoxy and Subcategqory Covered

The pertinent industry category is the metal finishing
industry divided into Subcategories (1) and (2), as
previously discussed in Section IV.

Identifjcatjon of Coptrol and Treatment
Technoloay Applica hls...e,fszmmmss
Standards and Pretreatment Stapdards of
New_Sources

Subcategory (1)

The technology previously identified in Section IX under
Subcategory (1) as best practicable control technology
currently available is aiso applicable to new source
performance standards. I'. addition, a new source can
utilize the best practice in multitank rinsing after each
operation in the process as required to meet the effluent
limitations at the time of construction. Thus, with no
practical restrictions on rinse water conservation after
each operation by multitank rinsing, there are fewer
restrictions on the use of advanced techniques for recovery
of bath chemicals and reduction of wastewater from rinsing
after pretreatment and posttreatment. Maximum wuse of
combinations of evaporatlve, reverse osmosis, and ion
exchange systems for in-process control currently available
should be investigated. A small end-of-pipe chemical
treatment syscem can be used to treat spills, concentrated
solution dumpb, and any other water flows not economically
amenahle to in-process water and chemical reccovery.

The net xegu . of the improvements cited should be a
reduction in wster use as compared ¢to ¢hat considered
achievable for best practicable control technology currently
available. This reduction should result in a lowe:
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discharge of waste water constituents. Although methods are
being developed that may make possible a further reduction
in the concentration of constituents and a reduction in the
discharge of waste water constituents in chemically treated
effluents, present technology is capable only of achieving
the concentrations listed in Table 39 by exemplary chemical
treatment. It would be anticipated that some plants now
operating, due to having been designed recently to minimize
water use or because of other favorable clrcumstances such
as adequate space to make modificaticns, are attaining a
water use well below 120 l/s8q w'operation. Table 37 shows
12 lines involving processes in Subcategory {1) that achieve
a water use of less than 45 1/8q w/cperation. These are
found in Plants 33-23, 33-3%, 20~-22, 20~23. It is estimated
that a new source can achieve a water use of 45 l/sq
m/operation for processes in Subcategory (i) by use of the
technology described above for reducing water use.

Subcategory (2)

The technology previously identified in Section IX as best
practicable control technology currantly avallable for
processes in Subcategory (2) 4is also applicable to new
gsources. In addition, a new source c¢an use bhest rinsing
practice and advanced tecnniguaa for recowvery of bath
chemicals and reduction of rinse water as described under
Subcategory (1) above, The almilarity of operations in
processes of Subcategory (2) to the coperations of processes
in Subcategory (1), and ¢the similarity in waste water
compositions and treatment methods can be cited to indicate
that the same methods of reducing water use are applicable
to Subcategory (2) as are applicable to Subcategory (1).
The application of the same techniques ¢o the ¢two
Subcategories should reduce the water proportionately so
that if a reduction of 90 1/sq wmfoperation to 45 1l/sq
m/operation can be achieved by & new asource with a
Subcategory (1) process, a reduction from 80 1l/sq
m/operation for a Subcategory (2} process in a present
source to 40 1l/8q m/oper&tion for the same process in a new
source should be achievable. Therefore, it 18 estimated
that new 8ources can achieve & water use of 40 1l/sq
m/operation for Subcategory (2} processes., Two lines in
Table 34 involving Subcategory (2} processes have a water
use of less than 40 1/sq m/operation. These lines are in
Plants 6-36, 20-25, 23-8.

Subcategory (3)

The technology previously identified in Section IX as best
practicable control technology cuxrently ava? .able for
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processes in Subcategory (2) is alsc applicable to new
sources. In addition, a new source can use best rinsing
practice and advanced techniques for recovervy of bath
chemicals and reduction of rinse water as described under
Subcategory (1) above. The similarity of operations in
processes of Subcategory (2) to the operations of processes
in Subcategory (1), and the similarity in waste water
compositions a:'d treatment methods can be cited ¢o i.:dicate
that the samo methods of reducing water uss are k7 vicable
to Subcategory (2) as are applicable to Suhmategorv (1),
The application of the same techniguc:s <o ¢lz2 two
Subcategories should reduce the water proporciciaiately so
that if a reduction of 90 1l/sq m/operation to 45 1l/sq
m/operation can be achieved by a new source with a
Subcategory (1) process, a reduction from 120 1/sq
m/operation for a Subcategory (2) process in a present
source to 60 1/8q m/operation for the same process in a new
source should be achievable. Therefore, it is astimated
that new sources can achieve a water use of 60 l/8q
m/operation for Subcateqory (2) processes. Two lines in
Table 34 involving Subcategory (2) processes have a water
use of less than 60 1/sq m/operation. These 1ines are in
Plants 4-8, 30-9, 9-2, 4-9,

Rationale for Selection of control and
Treatment Technology Applicable to New

Source Performance Standards
The rationale for the selec:zion of the above technology is

applicable to new sources discharging to navigable waters is
as follows:

(1) In contrast to an existing source, a new
source has complete freedom to choose the
most advantageous equipment and facility
design to maximize water conservation by
use of as many multitank rinsing operations
as necessary. This, in turn, allows for
economic use of in-process controls for
chemical and water recovery and reuse.

(2) In coatrast to an existing source which may
have z: present a large capital investment
in wastz treatment facilities to mee+
effluent limitations by July 1, 1977, 2 new
source has complete freedom in the selection
the design of new waste treatment facilities.

(3) 1In contrast to an existing source, a new
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source has freedom of cholice with regard to
geographic locatiocn.

stapdaxds of Pexfoxrmange Applicable Lo Naw SQurqes

The recommended St=ndurds of Performance ¢ be achieved by
new 8sources discharging ¢to navigabia .acers was shown
previously in “ble 2 of Sectlon II.

The quantitative values for the 3U-~day svsrege standard for
eac.: p.. -mecer in mgssg w (lbs.d% sy £ty is based on a
nomin. 1 water use one~-half as Larsge 25 chose used to develop
1977 guidelines combin=d with the cinsencrations achievable
by chemiral treacwm:n: as prev.ously shown in Table 39 of
Section IX. For example, G.5 wy/. fov copper, nickel, total
chromium, zinc, and total cyanide, 0.05 mg/i for hexavalent
chromium and .075 mqg.} for oxidizablLe cyanlds, 20 mgs/l for
suspended s0lids, when combined with an effiuent factor of
45 1/sq m are the hasis for the 30~day sverage standards of
performance for Subcategory {1 processes in Table 2.

In effect, standards of perfarmance for naw sources as shown
in Table 2, axre i/72 of <he va.ues o0f the effluent
limitations for existing scurces o be achieved by July 1,
1977, as shown in Table 1. The rac:icns.e for selection of
standards of perf orm.nce is bDaged on the technical
feasibility of achieving grester reduccion in water use by
multitank rinsing at ¢the time <¢I construction of new
facilities in c.icrast to the presenc iimitations for some
existing sources For example, 1Y an existing sourxce can
achieve water use of 120 l/sq m, a néw scurce should be able
to design a new facility to achieve a water use of €0 1/8q
M. As discussed previously in Sectiom IX, the stai.dard of
performance in mg/sq m is the product i the water use in
1/8q m and the concentration of the pavameter in the treated
effluent in mg/l. The choice of whether to reduce
concentration by emphasis on opuimus cnemical treatment and
clarification or whether tc reduce effluent volume by water
conservation or a combination of koth agpproaches is left to
the discretion of +he new scurce.

The rationale for estaovlishi ig the daily maximum value of
standards of performance at 2.0 times the 30-day average is
based on the arguments given in Section IX for BPCTCA.

It s recommended <that new sourc... meet the same effluent
limitations as required for existirg sources by July 1,
199:., based on the effluent .caiuction believed to be
ev:ainable by the application of <wne  best available
technology economically achievable.
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Guidelines for_ the_ Application of
New_Source Performance Standards

The recommended guidelines for the application of standards
of performance for new sources discharging to navigable
waters are the same as those in Section IX relating to
existing sources based on use of the best practicable
control technology currently available and those in Section

X based on use of best available technology economically
achievable.
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SECTION XIV

GLOSSARY

Acid Dip

An acidic solution for activating the workpiece surface
prior to electroplating in an acidic solution, especially
after the workpiece has been processed in an alkaline
solution.

Alkalipe Cleanipg

Removal of grease or other foreign material from a surface
by means of alkaline solutions.

Apodizing

The production of a protective oxide film on aluminum or
other light metals by passing a high voltage electric
current through a bath in which the metal is suspended. The
metal serves as the anode. The bath usually contains
sulfuric, chromic, or oxalic acid.

Automatic Plating

(1) full - plating in which the cathodes are automatically
conveyed through successive cleaning and plating tanks. (2)
semi - plating in which the cathodes are conveyed
automatically through only one plating tank.

Barxel Plating
Electroplating of workpieces in barrels (bulk).

Bagsis Metal or Material

That substance of which the workpieces are made and that
receives the electroplate and the treatments in preparation
for plating.

Batch Treatment
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Treatment of electroplating rinse waters collected in
adjacent tanks. Water is not alldwed to leave the tank till
treatment is completed.

Best Avajlable Technoloqy Economically Achjevable

Level of technology applicable to effluent limitations to be
achieved by July 1, 1983, for industrial discharges to
surface waters as defined by Section 301(b) (2) (A) of the
Act.

Level of technology applicable to effluent limitations to be
achieved by July 1, 1977, for industrial discharges to
surface waters as defined by Section 301(b) (1) (A) of the
Act.

Bright Dip

A solution used to produce a bright surface on a metal.

Captive Operation

Electroplating facility owned and operated by the same
organization that manufacturers the workpieces.

Chemical Brightening
Process utilizing an addition agent that leads to the

formation of a bright plate, or that improves the brightness
of the deposit.

Chemjcal Etching

To dissolve a part of the surface of a metal or all of the
metal laminated to a base.

Chemical Metal Coloring

The production of desired colors on metal surfaces by
appropriate chemical or electrochemical action.

Chemical Polishing
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The improvement in surface smoothness of a metal by simple
immersion in a suitable solution.

chromatizing

To treat or impregnate with a chromate or dichromate
especially with potassium dichromate.

Chrome-Pickle Process

Forming a corrosion-resistant oxide f£ilm on the surface of
magnesium-base metals by immersion in a bath of an alkali
bichromate.

Closed-Loop Evaporatiopn System

A system used for the recovery of chemicals and water from a
plating 1line. An evaporator concentrates flow from the
rinse water holding tank. The concentrated rinse solution
is returned to the plating bath, and distilled water is
returned to the final rinse tank. The system 1is designed
for recovering 100 percent of the chemicals, normally lost
in dragout, for reuse in the plating process.

Continuous Treatment

Chemical waste treatment operating uninterruptedly as
opposed to bath treatment; sometimes referred to as flow
through treatment.

Conversion Coating

A coating produced by chemical or electrochemical treatment
of a metallic surface that gives a superficial layer
containing a compound of the metal, for example, chromate
coatings on zinc and cadmium, oxide coatings on steel.

Reoxidizing

The removal of an oxide film from an alloy such as aluminum
oxide.

Descaling
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The process of removing scale or metallic oxide from
metallic surfaces,

Desmutting

The removal of smut, generally by chemical action,

Dragin

The water or solution that adheres to the objects removed
from a bathw

Dragout

The solution that adheres to the objects removed from a

bath, more preciously defined as that solution which is
carried past the edge of the tank.

EDTA

Abbreviation for ethylenediamine~-tetraacetic acigqg,

Effluent

The waste water discharged from a point source to navigable
waters.

Electrobrightening

Electrolytic brightening (electropolishing) produces smooth
and bright surfaces by electrochemical action similar ¢to
those that result from chemical brightening.

Electrochemical Machining (ECM)

A machining process whereby the part to be machined is made
the anode and a shaped cathode is maintained in close
proximity to the work. Electrolyte is pumped between the
electrodes and a potential applied with the result that
metal 1is rapidly dissolved from the wvork in a selective
manner and the shape produced on the work complements that
of the cathode.
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Electrodialysis

Membrane dialysis under the influence of direct current
electricity.

Electroless Plating

Deposition of a metallic coating by a controlled chemical
reduction that 1is catalyzed by the metal or alloy being
deposited.

Electropainting

A coating process in which the coating is formed on the
workpiece by making it anodic or cathodic in a bath that is
generally an aqueous emulsion of the coating material.

Electroplating

The electrodeposition of an adherent metallic coating upon
the basis metal or material for the purpose of gsecuring a
surface with properties or dimensions different from <those
of the basis metal or material.

Electroplating Process

An electroplating process includes a succession of
operations starting with cleaning in alkaline solutions,
acid dipping to neutralize or acidify the wet surface of the
parts, followed by electroplating, rinsing to remove the
processing solution from the workpiece, and drying.

Electropolishing

Electrolytic corrosion process that increases the percentage
of specular reflectance from a metallic surface.

Electrostatic Precipitatjion

Use of an electrostatic field for precipitating or rapidly
removing solid or liquid particles from a gas in which the
particles are carried in suspension.

Heavy Metals
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Metals which can be precipitated by hydrogen sulfide in acid
solution, e.g., lead, silver, gold, mercury, bismuth,
copper, nickel, iron, chromium, zinc, cadmium, and tin.

Hot Dipping

A method of coating one metal with another to provide a
protective film.

Hydrogen Embrittlement

Embrittiement of a metal or alloy caused by absorption of
hydrogen during a pickling, cleaning, or plating process,

Immersion Plate

A metallic deposit produced by a displacement reaction in
which one metal displaces another from solution, for
example:s

Fe + Cu++ Cu + Fe+s¢

Independent Operation

Job shop or contract shop in which electroplating is done on
workpieces owned by the customer.

Integrated cChemjcal Treatment

A waste treatment method in which a chemical rinse tank is
inserted in the plating line between the process tank and
the water rinse tank. The chemical rinse solution is
continuously circulated through the tank and removes the
dragout while reacting chemicals with it.

IonzFlotation Techpique

Treatment for electroplating rinse waters (containing
chromium and cyanide}) in which ions are separated from
solutions by flotation.

Iridite Dip Process
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Dipping process for zinc or =zinc coated objects that
deposits an adherent protective film that is a chrome gel,
chrome oxide or hydrated chrome oxide compound.

Phosphatiz
Process of forming rust-resistant coating on iron or steel

by immersing in a hot solution of acid manganese, iron, or
zinc phosphate.

Pickle

An acid solution used to remove oxides or other compounds
related to the basis metal from its surface of a metal by
chemical or electrochemical action.

Pickling

The removal of oxides or other compounds related to the
basis metal from its surface by immersion in a pickle.

Poipt Source

A single source of water discharge such as an individual
plant.

Precious Metals
Gold, Silver, Platinum, etc.

Rack_Plating

Flectroplating of workpieces on racks.

Reverse Osmosis
A recovery process in which the more concentrated solution
is put under a pressure greater than the osmotic pressure to

drive water across the membrane to the dilute stream while
leaving behind the dissolved salts.

R 1l salt
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Sodium potassium tartrate: KNaC4HUO6 . 4H20.

Shot Peening

Dry abrasive cleaning of metal surfaces by impacting the
surfaces with high velocity steel shot.

Sludge

Residue in the clarifier of a chemical waste treatment
process.

Strjike

(1) noun - a thin coating of metal (usually less than
0.0001 inch in thickness) to be followed by other coatings.
(2) noun - a solution used to deposit a strike. (3) verb

- a plate for a short time, usually at a high initial
current density.

Stripping

Removal of an electrodeposit by a chemical agent or reversed
electrodeposition.

workpiece
The item to be electroplated.
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Conversion Table

MULTIPLY (ENGLISH UNITS) by TO OBTAIN (METRIC UNITS)
English Unit Abbreviation Conversion Abbreviation Metric Unit

acre ac 0.405 ha hectares

acre - feet ac ft 1233.5 cu m cubic meters

British Thermal Unit BTU 0.252 kg cal kilogram - calories

British Thermal Urit/pound BTU/1b 0.555 kg cal/kg kilogram calories/kilogram

cubic feet/minute cfm 0.028 cu ©/min cubic meters/minute

cubic feet/second cfs 1.7 cu m/min cubic meters/minute

cubic feet cu ft 0.028 ct m cubic meters

cubic feet cu ft 28.32 1 liters

cubic inches cu in 16.39 cu cm cubic centimeters

degree Fahrenbheit °F 0.555(°F-32)* °c degree Centigrade

feet ft 0.3048 m meters

gallon gal 3.785 1 liters

gallon/minute gpm 0.0631 1/sec liters/second

horsepower hp 0.7457 kw kilowatts

inches in 2.54 cm centimeters

inches of mercury in Hg 0.03342 atm atmospheres

pounds 1b 0.454 kg kilograms

million gallons/day mgd 3785 cu m/day cubic meters/day

mile mi 1.609 km kilometer

pound/square inch (gauge} psig (0.06805 psig+l)* atm atmospheres {absolute)

square feet sq ft 0.0929 sq m square meters

square inches sq in 6.452 sqg cm square centimeters

tons (short) ton 0.907 kkg metric tors (1000 kilograms)

yard yd 0.9144 ™ meters

* Actual conversion, not a multiplier
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