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ABSTRACT

This document presents the findings of an extensive study by the
Environmental  Protection Agency of the secondary aluminum
smelting industry for the purpose of developing effluent
limitations guidelines and standards of performance to implement
Sections 304, 306, and 307 of the Federal Water Pollution Control
Act, as amended.

Effluent limitations guidelines contained herein set forth the
degree of effluent reduction attainable through the application
of the best practicable control technology currently available
and the degree of effluent reduction attainable through the
application o©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 attainable through the application of the
best available demonstrated control technclogy, processes,
operating methods, or other alternatives.

The development of data and recommendations in this document
relate to waste waters generated in metal cooling, fume scrubbing
and wet residue processing. The best practicable control
technology currently available, the best available technology
economically achievable, and the best available demonstrated
control technology for each of these waste water streams are
presented in Section II of this report. The effluent limitations
and standards of performance corresponding to these. technologies
also are presented.

Supporting data and rationale £for development of the effluent

limitations guidelines and standards of performance also are
contained in this report.
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SECTION I
CONCLUSIONS

For the purpose cf establishing effluent limitations guidelines
and standards of performance, the aluminum segment of the
nonferrous metals manufacturing point source category was divided
into three subcategories: the bauxite refining subcategory, the
primary aluminum smelting subcategory, and the secondary aluminum
smelting subcategory. This report deals with the secondary
aluminum smelting subcategory.

Secondary aluminum smelting 1is a single sukcategory for the
purpose of establishing effluent limitations guidelines and
standards of performance. The consideration of other factors
such as age and esize of +the plant, processes employed,
geographical location, wastes generated, and waste water
treatment and centrol techniques employed support this
conclusion. The similarities of the wastes produced by secondary
aluminum smelting operations and +the control and treatment
techniques availakle to reduce the discharge of pollutants
further sukstantiate the treatment of secondary aluminum smelting
as a single subcategory. However, guidelines for the application
of the effluent limitations and standards of performance to
specific facilities do take intc account +the size of the
secondary aluminum smelting facility and the mix of different
recovery processes possible in a single plant,

Approximately 10 perxrcent of the secondary aluminum smelting
industry 4is currently discharging directly to navigable waters.
The majority of the industry discharges effluents into municipal
treatment works, usually with scme treatment. It is concluded
that the industry can achieve requirements set forth herein for
metal c¢ooling, fume scrubbing, and wet reszidue milling effluents
by July 1, 1977, Ly the best practicable control technology
currently available. Those plants not presently achieving the
July 1, 1977, limitations for all three operations woculd require
an estimated capital investment of $20 per annual metric ton and
an increased operating cost of about $9.4 per annual metric +ton
of aluminum produced. It is estimated that to decrease the
discharge of pollutants for all three operations to the July 1,
1983, level would require a capital investment of $140 per annual
metric ton with an estimated operating cost of $3.7 per annual
metric ton of aluminum produced.







SECTION II

RECOMMENDATICNS

In the secondary aluminum industry, waste water is generated
principally from three operations: cooling of molten aluminum
alloy, wet scrubbing of fumes during chemical magnesium removal,
and the wet milling of .aluminum melt residues such as dross and
slag. Ingots and shcot are cooled with water by direct contact
with the mold and metal. Magnesium content in aluminum alloys is
adjusted by the chemical removal of magnesium, using either
chlorine or aluminum fluoride., Waste waters containing very
large levels of suspended and dissolved solids are produced
during the wet milling of residues containing aluminum.

Best Fracticable Control Technology
Currently Available

Metal Cooling Waste Water

The best practicable control technology currently available for
metal cooling waste water is air cooling or continuous recycling
of cooling water with periodic removal, dewatering, and disposal
of sludge. The effluent limitation for metal cooling waste
water, to be achieved by existing sources by July 1, 1977 through
the application of +the best practicable control technology
currently available, 1is no discharge of process waste water
pollutants to navigakle waters.

Fume Scrubbing Waste Water

The best practicable control +technology currently available
applicable to effluents from chloride fume scrubbing (magnesium
removal processes using chlorine) is pH adjustment and settling.
The best practicable control technology currently available
applicable to effluents from fluoride fume scrubbing (magnesium
removal processes using aluminum fluoride) is pH adjustment,
settling, and total recycle of water.

The effluent limitaticns for chloride fume scrubbing waste water,
t0 be achieved by existing sources by July 1, 1977, through the
application of the kest practicable control technology currently
available are given in Table 1. The effluent limitation for
fluoride fume scrubbing waste water, to be achieved by existing
sources by July 1, 1977, by the application of the best
practicable control technology currently available 1is no
discharge of process waste water pollutants to navigable waters.

Residue Milling_Waste Water

The best practicable control technology currently available for
residue milling waste water is pH adjustment with settling and




TABLE 2,

Effluent

BY

Characteristic

TSS

Fluoride
Ammonia (as N)
Aluminum
Copper

CcOoD

pH

TSS

Fluoride
Ammonia (as N)
Aluminum
Copper

COD

pH

EFFLUENT LIMITATIONS FOR TREATED WASTE
WATER FROM RESIDUE MILLING TO BE ACHIEVED
JULY 1,

CONTROL TECHNCOLOGY CURRENTLY AVAILABLE

Effluent Limitations

1977, BASED ON THE BEST PRACTICABLE

Average of daily values for 30 con-

secutive days shall not exceed

Metric units (kilograms per 1,000 kg

of product)

1.5
.4
.01
1.0
.003
l'o
Within the range of 7.5 to 9.9

English units (pounds per 1,000 1b

of product)

1.5
.4
.01
1.0
.003
1.0
Within the range of 7.5 to 9.0




the judicious application of water recycle to minimize the volume
cof waste water discharged.

The effluent limitaticns for residue milling waste water +to be
achieved by existing sources by July 1, 1977 through application
of the best practicakle control technoclogy currently available
are given in Table 2.

Besgt Available Technoloqy Economically Achievable

The best available +technology eccnomically achievable for the
secondary aluminum smelting subcategory is eguivalent to the
following:

(a) Metal Cooling Waste Water
(l) The use of air cooling.
{2) The use cof water ccoling, so that
all water is evaporated.
(3} The total reuse and recycle of cooling water by
use cf settling and sludge dewatering.
(b) Fume Scrukber Waste Water
(1} The use of aluminum fluoride for magnesium removal.
{2) The use of one of the alternative processes such
as the Alcoa process, the Derham process or
the Tesiscrb process,(1}
{c) Residue Milling Waste Water
(1) Dry rmilling.
{(2) A water recycle, evaporation, and salt reclamation
Process.

The effluent 1limitations for +the secondary aluminum smelting
subcategory, to be achieved by existing sources by July 1, 1983,
by the application cf the best available technology economically
achievable is no discharge of process waste water pollutants +to
navigable waters.

Best Availakle Demonstrated Control Technology

The besgt. available demonstrated control technology, processes,
operating methods cr cther alternatives is equivalent +to the
following technologies:

{a) Metal Cooling Waste Water
(1) The use of air cooling.
{2) The use of water cooling, so that all water
is evaporated.
{3) The total reuse and recycle of cooling water
by use of settling and sludge dewatering.
(b) TFume Scrukber Waste Water
(1) The use of chlcrine for magnesium
removal with wet scrukbing.
{2y The use of aluminum flucride for
magnesium removal.

(1) Mention of trade names or specific products does not constitute an
endorsement by the Environmental Production Agency

5




TABLE 1. EFFLUENT LIMITATIONS FOR TREATED FUME
SCRUBBER WASTE WATER GENERATED DURING CHLORINE DEMAGGING
- TO BE ACHIEVED BY JULY 1, 1977, BASED ON THE BEST
PRACTICABLE CONTROL TECHNOLOGY CURRENTLY AVAILABLE

Effluent Limitations

Effluent
Characteristic Average of daily values for 30 con-
' secutive days shall not exceed
Metric units (kilograms per 1,000 kg
magnesium removed)
TSS 175
COoD 6.5
pH Within the range of 7.5 to 9.0
English units (pounds per 1,000 1lb
magnesium removed)
TSS 175
coD 6.5
pH Within the range of 7.5 to 9.0




(c) Residue Milling Waste Water
(1) Dry rilling.
(2) A water recycle, evaporation, and salt reclamation
PrOCESSs.

The standard of performance for new sources in the secondary
aluminum smelting sukcategory is no discharge of process waste
water pollutants *¢ navigable waters. An exception +to the
standards of perfcrmance is provided for new sources using
chlorine in the magnesium removal process to allow the discharge
of process waste water pollutants from +the magnesium removal
process only. The standards of performance for such sources
should be identical t¢ the effluent limitations presented in
Table 1. '







SECTION III
INTRCDUCTION

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 cwned treatment works, which are based on the
application of the kest practicable control techmnology currently
available as defined by the Administrator pursuant to Section
304 (b) of the Act.

Section 301(b) alsc requires the acievement 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 o©f the best available technology economically
achievable which will result in reasonable further progress
toward the goal of eliminating the discharge of all pollutants,
as determined in accordance with requlations issued by the
Administrator pursuant to Section 304(b) to the Act,

Section 306 of the Act regquires the achievement by new sources of
a Federal standard of performance providing for +the control of
the discharge of pcllutants which reflects the greatest degree of
effiluent reduction which the Administrator determines +to be
achievable througl +the applicaticn of +the best available
demonstrated contrcl 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
practicakble control technology currently available and the degree
of effluent reducticn 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 regulations,
contained  herein set forth effluent 1limitations guidelines
pursuant to Section 308(b) of the Act for the secondary aluminum
smelting subcategcry of the nonferrcus metals category.

Methods Used fcr Development of Effluent Limitations
cuidelines and_Standards of_ Performance

The effluent limitations quidelines and standards of performance
contained herein were developed in the following manner. The
secondary aluminur industry, a segment of the aluminum subcate-
gory of the nonferrous metals industry, was first categorized for




the purpose of determining whether separate 1limitations and
standards would be agpropriate for the different subsegments.
Such categorization was based on water usage, raw materials pro-
cessed, products produced, manufacturing, plant age and size, and
other factors.

General information was obtained on the industry and detailed
information on 69 rlants (81 percent) of an estimated 85 domestic
secondary aluminum swelting plants. The sources and types of
information consisted of the follcwing:

° Applications to the Corp of Engineers for permits to
discharge undexr the Refuse Act Permit Program (RAPP) were
obtained for fcur plants, These provided data on
characteristics o¢of intake and effluent waters, water usage,
raw materials and daily production.

o Information for the selection of plants for on-site visits
was made through a telephone survey of 69 plants. Data were
obtained on the raw materials used, products ' produced, type
of furnaces, pretreatment of scrap, methods used for
magnesium removal, degassing methcds, air pollution control
methods, solid waste management practice, waste water
management methods and dispositicn, and availability of cost
data for treatment operations.

o An on-site inspection of nine rlants, selected from the group
above, provided detailed material and water flow information.
Data on waste water <treatment equipment and operational
costs, as well as information on process alternatives, were
oktained. BAnalytical data for various waste streams within
the plant werxe also compiled whenever available. Table 3
summarizes the features of these rlants,

The raw waste water characteristics were identified. This
included: 1) the source of the waste water, 2) the volume of the
waste water, 3) the pcints of discharge, and 4) the waste water
constituents. The ccnstituents of the waste water, which should
be subject to effluent limitations, were identified. Control and
treatment technologies existing for each type of waste water
produced were identified. This included both inplant and end-of-
process technologies. Also, the effluent levels resulting from
the application of each treatment and control technology were
identified. Limitations, reliability, and problems of such
technology were also identified.

The effects of the application of such technologies upon othexr
pellution problems, including air, solid waste and noise, were
also identified in crder to establish nonwater environmental
impacts, The energy regquirements, as well as the costs of the
application of such technologies, were identified.

This information, as cutlined above, was evaluated to determine
what levels of technology constituted the best practicable

10




TABLE 3. SUMMARY OF FEATURES OF PLANTS VISITED

e — e e e ——te TRt
e ——— — e — e ——— e ————— ——

Plants

Features

Operations
Smelters

Refine

AlF
3
012

W

Residue Mills

Dry
Wet

S\ ]

AirrPollution Controls

Demagging Fumes
Wet scrubber control
Dry control

oo o

Milling Dust
Dry

[

Plant Capacities, thousand metric toms melted aluminum per month

0.50 or less 1
0.50-1.00 3
1.00-2.00 2
over 2.00 3

Raw Materials

W

Scrap (solids) only
Residues (dross, slag, etc.) only

Both scrap and residues

"Plant Locations
Midwest
East 2
South

11




control technology currently available, the best available
technology economically achievable, and the best available
demonstrated contrcl technolegy, processes, and operating methods
or other alternatives., In identifying such technologies, the
total cost of +the application of the technology in relation to
the effluent reduction benefits +to be achieved from such
application, the processes employed, the engineering aspects of
the application of ccntrol techniques proposed +through process
changes, the nonwater gquality environmental impact and other
factors wexe identified. :

Data for identification and analyses were derived from several
sources, including EPA research information, information from
State water pollution control agencies, trade organizations, and
the +trade literature., Supplemental data were obtained by making
telephone surveys and site wvisits to interview personnel and
obtain and analyze samples of water streams at exemplary
secondary aluminum swelters,

General Description of the Seccndary Aluminum Industry

The secondary aluminum subcategory is defined for the purposes of
this document as that segment of the aluminum industry which
recovers, processes, and remelts various grade of aluminum
bearing scrap to produce metallic aluminum or an aluminum alloy
as a product. Although primary aluminum producers recover
captive scrap generated from their own operations, they are not
included in this sukcategory. The secondary smelters buy scrap
in various forms on the open market as their raw material.
Companies that cast cr alloy remelt billets, ingots, or pigs, and
whose raw materials, processes, and products differ from those of
secondary aluminum smelters are not included in this sukcategory
of the nonferrous metals manufacturing category of sources.

The scrap raw material used by secondary smelters can be divided
into two <categories, so0lids and residues. The solids are
principally metal and include borings and turnings, new clippings
and forgings, old castings and sheet, and aluminum containing
iron. Residues include (1) dross and skimmings from melting
operations at foundries, fabricators and from the primary alumi-
num industxy and (2) slag formed  dJduring secondary smelting
operations. It is the task of the secondary aluminum industry
smelters +to reprocess +the scragp, so that it can be used for
consumer goods. In sc doing, they are recycling a moderately
priced metal, whicl otherwise would become a solid waste, Such
recycling conserves koth natural resources and energy since only
5 percent of +the energy needed to produce virgin aluminum is
required tc produce an egqual amount of secondary aluminum.

The scrap must undergo a presmelting process before it 'is con-

verted to +the wvarious aluminum alloys. This is done primarily
through selective scrap mixing and blending during melting.

12




Further refining is attained by chemical treatment andsor
addition of alloying metals.

The types and amounts of products of +the secondary aluminum
industry as reported by the Bureau of Mines are listed in Table

ﬂr

About 90 percent of metal supplied by the secondary aluminum
producers goes to fcundries. Of this amount, 60 percent is con-
sumed in die castings and 25 percent as permanent mold and sand
castings, and in alloy additions +to zinc die castings. Most
alloys sold by secondary smelters to the casting industry £fall
into the following categories:

(1} Aluminum-~correr alloys.

(2) Aluminum-ccpgper-silicon alloys.
(3) Aluminum~silicon alloys.

(4) Aluminum-~magnesium alloys.

(5) Aluminum-magnesium-silicon alloys.

These are sold primarily as 15-pound and 30-pound ingots. Larger
quantities are scld in 1000-pound sows or as hot molten alloy.
Although not considered alloy production, some scrap (10 percent)
is melted to produce deoxidizer for use in steel mills either in
the form of shot cr notched bar. Secondary aluminum smelters
have been in operation since 1904, with major growth and
expansion periods in the 1920's and 1late 1940's and 1950's.
Their numbers have decreased over the last decade due +to
industrial consolidation and technical obsolescence,

Most of +the 85 plants currently producing secondary aluminum
metal are located near heavily industrialized areas, which give
them proximity tc a supply of scrap and to their customers (see
Figure 1). There is no real need for them to be near plentiful
supplies of electrical power and water, as in the case of primary
aluminum smelters. Most of these plants are located in the
Midwest, in or near the Chicago and Cleveland metropolitan areas
and in the Los Angeles area. The east coast has plants located
near the New York City - Philadelrhia area. There are none in
the Rocky Mountain states.

These plants produced about 14 percent of the nation's aluminum
in 1970, &Annual capacity is considerably above the 1level shown
for 1970 operaticns since, unlike primary plants, secondary
smelters do not operate around the clock and, thus, can step up
production by operating extra shifts. On a company basis, the
two largest secondary aluminum smelting companies supply 30
pexrcent of the seccndary aluminum produced and the next four
largest companies supply anothexr 30 rercent, for a total of 60
percent prcduction by the six largest companies.

Since most secondary smelters offer essentially the same product
line, there is no ccmpetitive advantage to be realized from
product offering. In addition, since the products are produced
according to rigid trade specifications, product differentiation

13
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TABLE 4. PRODUCTION OF ALUMINUM ALLOYS BY SECONDARY SMELTERS
(1970 and 1971)

- — — -
1970 1971
Production, Production, Production, Production,
metric tons short tons metric tons short tons

Pure aluminum (Al minimum 97.0 percent) 64,295 70,873 77,351 85,265
Alyminum-silicon: ,

95/5 Al-Si, 356, etc. (maximum Cu 0.6 percent) 15,338 16,907 16,543 18,236

13 percent Si, 360, etc. (maximum Cu 0.6 percent) 42.031 46,331 39,882 43,962
Aluminum-silicon (Cu 0.6 to 2 percent) 5,342 5,889 4,82v 5,313
No. 12 and variations , 7,722 8,512 6,032 6,649
Aluminum-copper (maximm S8i, 1.5 percent) 741 817 425 469
No. 319 and variations 45,068 49,679 42,580 46,882
Nos. 122, 138 918 1,012 1,215 1,339
AXS=679 and wvariations 280,206 308,875 292,210 322,106
Aluminum~silicon-copper-nickel 15,888 17,508 15,187 16,741
Deoxidizing and other destructive uses:

Grades 1 and 2 15,658 17,260 14,307 15,771

Grades 3 and 4 9,377 10,336 7,542 8,314
Aluminum=base hardeners 4,323 4,765 3,885 4,282
Aluminum=magnesium 710 783 799 881
Aluminum=zinc 4,685 5,164 3,750 4,134
Miscellaneous 21,871 24,109 23,689 26,113

Total 534,169 588,820 606,457

e i —

550,169

arevram:

Source: TU.S. Bureau of Mines
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SECTION IV

INDUSTRY CATEGORIZATION
Introduction

This section describes the scope o0f the secondary aluminum
smelting industry. Included are technical discussions of the raw
materials used, methcds of production, and products produced,
Rationales for possikle subcategorization of the industry for the
establishment of separate effluent limitations guidelines are
also discussed.

okjective of Categorization

e s . s e g

The objective of industry categorization is to identify and
examine the factors in an industry which might serve as bases for
the further subdivision of the industry for the purpose of
establishing effluent limitations and standards of performance.

‘Definition of the Industry

The secondary aluminum industry is herein defined as that portion
of SIC 3341 (Secondary Nonferrous Metals) which recovers,
processes, and remelts various grades of aluminum bearing scrap
to produce metallic aluminum or an aluminum alloy as a product.
This does not dinclude +the casting or alloying of remelted
billets, ingots, or rigs, nor those operations of the primary
aluminum industry, which recycle certain categories of scrap.

Process Description

The recovery of aluminum from various forms of aluminum scrap
involves four rather distinct operations. These are:

(1) Collection, sorting, and transporting.
(2) Preswelting preparaticn.

(3) Charging, smelting, and refining.

(4) Pouring of the product line,

The last three operations vary somewhat throughout the industry,
with . resultant wvariations in water usage and waste water
generation. Figure 2 gives a generalized flowsheet of secondary
aluminum industry operations. The flowsheet includes initial
collection of aluminum bearing scrap, presmelting scrap

17
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. MIXED NEW ALUMINUM ALLOY CLIPPINGS: Shail

TABLE 5.

CLASSIFICATIONS:

. NEW PURE ALUMINUM CLIPPINGS: Shall consist of

new, clean, unalloyed sheet clippings andd/or aluminum
sheet cuttings, free from gil, grease, foil and any other
foreign w and from hings less than one-hatf
inch in size.

NEW PURE ALUMINUM WIRE AND CABLE: Shall
consist of new, clean, unalloyed aluminum wire or cable
free from hair wire, wire screen, copper, iron, insulation
andt any other fereign substance.

OLD PURE ALUMINUM WIRE AND CABLE: Shall
consist of old, unalioyed aluminum wire or cable contgin-
ing not over 1 per cent free oxide or dirt and free from
halr wira, wire screen, copper, iron, insulation and any
Gther foreign substance.

. SEGREGATED NEWALUMINUMALLOY CLIP- .

PINGS: Shall consist of new, clean uncoated slurinum
clippings of ong specified aluminum alloy onty, free
from hair wire, wire screen, foil, can stock, stainless
steel, iron, dirt, ©il, grease and any other foreign
substance, and from punchings less than cne-half inch
n size.

consist of new, clean, o alumi s of
two or more slloys, none of which shall be alloys
containing zine in excess of .25% (such as 7,000 series),
tin in excess of -30%, and/or magnesium in excess of
2.80%. To be free from hair wire, wire screen_ foll, can
stock, stainless stegl, ron, dirt, oil, orease andfor any
other foreign substance. Shall not contain punchings
less than one-half inch in size.

MIXED LOW COPPER ALUMINUM AL OY . CLLP-
PINGS: Shatl consist of new, clean uncoated aluminum
clippings of twe or more 2lloys, none of which shall
exceed a maximum of .40% copper, .25% zinc, .30% tin,
and 2.80% magnesium; and shall be free from tin-
containing alloys, hair wire, wire screen, stainless steel,
won, dirt, ail, gtaase andfor eny other foreign substance,
and shall be free from punchings less than one-half inch
n size.

SEGREGATED OLD ALUMINUM ALLOY SHEET:
Shall consist of clean, uncoated, ald aluminum sheet of
one specitied alloy only, free from wrecked airplane
sheet, hair wire, wiré screen, foil, stainless steel, iron,
dirt, oil, grease and any other foreign substance.

MIXED QLD ALLCY SHEET: Shalf consist of clean,
uncoated, old alioy sheet aluminum of two or more
alloys not 1o contain wrecked airpiane sheet and 1o be
free from hair wire, wire screen, ol cans, foil, food or
beverage containers, stainless steel, iron, dirt, oil, greass
and all other foreign substances.

SCRAP SHEET AND SHEET UTENSIL ALUMINUM;
Shalt consist of clean, uncoated manufactured sheat
suminum, free from stainless steel, iron, dirt, or any
other foreign sybstances and t0 be frae from hub caps,
radiator shelis, airplane shest, foil, food or beversges
containers, pie plates, oil cans, bottle caps, and 1awn
furniture,

A.S5.R.I.ALUMINUM SCRAP CLASSTFICATIONS
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SEGREGATED NEW ALUMINUM CASTINGS, FORG-
INGS, AND EXTRUSIONS: Shall consist of new, clean,
d aluminum forgings and extrusions of

one specified alloy only and to be free from sawings,
stainless steel. zinc, iron, dirt, oil, grease and any other

foreign substancey

MIXED NEW ALUMINUM FORGINGS AND EXTRU-
SIONS: Shall consist of clean, new, ancoated aluminum
forgings and extrusions of two of more alloys, none of
which shall be alleys containing zinc in excess of .25%
(such as 7,000 seriesh, tin .30% snd/oc magnesium in
excess of 2.80%. Shall also be free from sawings, stainless
steel, zinc, iron, dirt, oil, grease and any other foresgn
substance.

MIXED NEW ALUMINUM CASTINGS: Shall consist of
clean, new, uncoated aluminum castings of two or more
alloys, none of which shall exceed 3% zinc, .50% tin.
and/or i ium_in excess of 2.80%. Shall be free of

i inl steel, iron, dirt, oil, grease, and any
other foreign substances.

. ALUMINUM AUTO CASTINGS: Shall consist of all

clean sutomobile aluminum eastings of sufficient size 1o
ba readily identified and 1o be free from iron, dirt, brass,
babbitt bushings, brass bushings and any other foreign
materials. il and grease not to exceed 2%.

ALUMINUM AIRPLANE CASTINGS: Shall consist of
clean aluminsm castings from airplanes and to he freg
from iron, dirt, brass, habbitt bushings, brass bushings
and any other forgign rmaterials. Oil and grease nol 1o
exceed 2%.

. MIXED ALUMINUM CASTINGS: Shall consist of all

clean aluminum castings which may or may not contain
suto and airplane castings, but no ingots, and 1o be fros
from iron, dirt, brasy, habbitt and sny other foreign
materials. Oil and grease not 1o exceed 2%.

ALUMINUM PISTONS:

{a) CLEAN ALUMINUM PISTONS: Shall comst of
clean aluminum pistons 1o be free from struts,
bushings, shafts, iron rings and any other foreign
materials. Oil and grease not to excesd 7%,

{b) ALUMINUM PISTONS WITH STRUTS: Shall consist
of clean whole aluminum pistons with struts to be
free from bushings, shafts, ron rings and any othar
foreign materials. Oil and grease not to excaed 2%

{c} IRONY ALUMINUM PISTONS; Should be sold on
Tecovery basis, or by special arvangements with
purchaser.

WRECKED AIRPLANE SHEET AND/OR BREAKAGE
ALUMINUM: Should be sold on vecovery basis, or by
special arangements with purchaser.

NEW ALUMINUM FOIL: Shall consist of clean, new,
pure, uncoated, unalloyed sluminum foil, frea from
erchad radar foil, paper, dit, laad, sisinless stoel, won,
tin, soider, plastic or sy other foreign mateciais. Should
not be packed in hydraulic briquettes

QLD ALUMINUM FOIL: Shall consist of cloan, 0id,
purae, ¥ toil, free from

ziched and radar foil, paper, dirt, tead. stainiess steel,
wron, tin, solder, plastic o7 sy other foreign materists,

Shouid not ba packed i hydraulic briquettes,

ALL OTHER ALUMINUM BASE FOLLS INCLUDING
ETCHED FOIL, RADAR FOIL AND CHAFF: Should
be 30id by special MTMMEMEHE with purchaser.

SEGREGATED ALUMINUM BORINGS AND TURN-
INGS: Shall consist of clean, uncorroded aluminuen
borings and tumings of one specified alloy only and
wbject to deductions for fines in excess of 3% thvough
» 20 mesh screen and dirt, free iron, oil, moisture and
all other foreign materials. Material containing iron in
excess of 10% andfor any free magnesium oF stainless
steel or containing highly flammable cutting compounds,
will not constitute good delivery.

MIXED ALUMINUM BORINGS AND TURNINGS:
Shall consist of clean, uncorcoded aluminum barings
and twnings of two or more alloys and subject 1o do-
ductons for fines in excess of 3% through a 20 mesh
sreen and dirt, free iran, oil, moisture and all other

foreign ipis Material won in excess of
10% andfor any free magnesium or stainless steel or
i highly fia cutting ds, will

not constitute good detivery_ To avakl dispute shauld be
sold on basis of definite maxiowim 2inc, tin and mag-
PESRNT CORtENT-
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scrap which hat been sweated or metted into a form or
shape such as an ingot, pig oF siab for convenience in
shipping; 10 be fres from comotion, drosses or any
{oreign matecisls. Should be 30id subject 1o sample or
analysis.
ALUMINUM GRINDINGS: Should be sold on recovery
basis, or by special arrangernents with purchaser.
ALUMINGM DROSSES, SPATTERS. SPILLINGS,
SKIMMINGS AND SWEEPINGS: Should be sold on
racovery basis, o by special arrangemeats with pur-
chaser.
ALUMINUM HAIR WIHE: Should be sold by special
ith purct )
ALUMINUM WIRE SCREEN: Should be s0id by special
arrangsments with purchaers.
COATED ALUMINUM {PAINTED Of PLASTIC
COATED, ETC): Should be sold by special arrange-
ments with pavch: Siding, i and i
blinds should asch be packaged separately.

. CONTAINERS OF ALL TYPES lOIL, FQOD, BEVER-

AGE, AEROSOL): Should be soid by special arange-

mants with the purchses, and should sechy be packaged
separataly.

ITEMS NOT COVERED SPECIFICALLY BY ABOVE

CLASSIFICATIONS: Ary new item which might sppear
ang which = not d specifically Ty above clasuti
eations should be di d and soid by speciat

arcangements with the purchaser.




airplanes. Miscellaneous high diron scrap requires srecial
handling in sweating furnaces. Table 6 gives the consumption of
scrap by type of seccndary smelter for the years 1970 and 1971.

The dealer sorts the ccllected aluminum scrap into groups of
similar ‘composition and physical shape. Sheet, extruded
material, and castings are often baled into 3 x 6 ft bundles.
Some dealers briquette borings and turnings for shipment. High
iron scrap may be. +treated by the dealer to concentrate the
aluminum, or may ke shipped directly to the smelter. The high
iron scrap is heated to above 760°C (14009F) in a sloping hearth
or grate furnace, which is direct-~fired by natural gas (a
"sweating furnace"), The aluminum melts, flows away from the
residual iron, and is cast into pigs (sweated pigs) or sows. In
many cases the various types of scrap are shipped 1loosely in
large bins.

Many secondary alurinum smelters have accounts with scrap pro-
ducers and receive segregated shipments directly without dealer
handling. This does not mean that they take over the function of
a dealer, since their sources of scrap define the chemical
composition of the scrap they receive.

The collection, sorting, and transgorting of aluminum scrap are
elements of the secondary aluminum industry relatively
unimportant to this study, because such functions are not part of
the secondary smelter operation and water was not used in these
operations. Conceivably a dealer operating a sweat furnace to
recover high iron aluminum may use a wet scrukber to reduce
fumes, although no such case is known, Such operations typically
employ an afterburner to reduce air pollution.

Presmelting Preparaticn

The presmelting rreparation of scrap varies in accordance with
the type of scrap keing handled. Some smelters do considerable
preparation to upgrade and segregate scrap. Those with more
limited facilities bypass some of the preparation steps and rely
‘upon the furnace +t¢ burn up ccmbustible contaminantsg. Here,
contaminating metallics taken up into the melt can be diluted
with relatively pure scrap, while free iron can be raked from the
furnace bottom. Rew clippings and forgings are largely
uncontaminated and require little presmelter treatment other than
sorting, either wmwanually or mechanically to remove obvious
non-aluminum material. This scrap is stored in tote boxes and
charged directly intc the furnace forewell,

Borings and turnings are often heavily contaminated with cutting
oils. In spite of this fact, some plants charge this material
directly into +the forewell. Most, however, pretreat this
material. Typically, this material is received in 1long,
intertwined pieces and must be crushed in hammer mills or ring
crushers. The crushed material is then fed into gas or oil-fired
rctary dryers +o remove cutting oils, grease, and moisture.
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- TABIE 6. CONSUMPTION OF NEW AND OLD SCRAP IN THE
UNITED STATES IN 1970 AND 1971(2) By
SECONDARY SMELTERS

1970 Consumption 1971 Consumption
metric tons short toos metric toas short tons
New scrap:

Solids 98,769 {108,874) 110,617 {21,934)
Sepregated low copper (Cu max. 0.4%) 98,769 {108,874) 110,617 (21,934)
Segregated high copper 12,154 (13,397) 13,250 (14,606)
Mixed low copper 58,904 (64,930) 66,221 (72,996)
High zinc (7,000 series type) 8,278 (9,125) 5,673 {(6,253)
Mixed clips 46,276 (51,010) 41,101 (45,306)

Borings and turnings 145,150 (160,000) (®) 146,964 (162,000) (&)

Foil, dross, skimmings, and other 100,886 (111,208) 86,415 (95,256)

014 Scrap (soli&s) 113,985 (125,647) 107,413 (118,402)
Sweated pig (purchased for own use) ' ' 42,976 (47,373) 52,747 . (58,144)
e — — _——— _ ———— . — . __ = L - — - __

(a) After U.S. Bureau of Mines Mineral Yearbook.

(b) Estimated, figure withheld from Minerals Yearbook to avoid disclosure of individual
company confidential data.




After drying, the material is screened for removal of fines, with
the oversize passing through a magnetic separator to remove tramp
iron. The undersize material would ccntribute excessive oxides
if charged into the furnace and is often sold as pyrotechnics.

Oof the 69 secondary smelters surveyed in the study, 23 process
residues (dross, slags, skimmings, etc.). In addition to 10 to
30 percent metallic aluminum, these residues contain oxides,
carbides, fluxing salts, and other contaminants. To recover the
metallic aluminum, it is necessary to 1liberate it from the
contaminants. This can be done in either wet or dry processes.

In the dry circuit, the material is crushed, in attrition or ball
mills, screened to remove +the fines, and passed through a
magnetic separator tc remove any ircn. Large amounts of dust are
created in +this circuit and provide a source of air pollution.
Normally, the dust emissions are controlled by passage through
baghouses. Wet dust cellecticn is done at two of the plants
surveyed processing dross., The dry residue waste, after aluminum
removal, is piled cn the plant site in the open. Markets for the
high alumina material exist and are keing developed.

Six of the 23 plants processing residues use wet techniques.
Generally, +the raw material is first fed into a long rotating
drum, Water is passed through the drum to wash the feed, carry
away the fluxing salts and chemicals, and liberate the aluminum.
The washed material is then screened, dried, and passed through a
magnetic separatcor. The nonmagnetics are then ready for the
smelter. Fine particulates, dissolved salts, and screening
undersize are all sources of watexr pcllution.

In some plants, sheets and castings may be charged directly into
the reverberatory forewell, as received. In most cases, this
category of scrap goes to crushers, which reduce it to small
dimensions. The crushed material is passed along vibrating
screens and magnetic separators to remove pulverized nonmetallics
and free iron, resrectively,

Aluminum scrap containing considerakle amounts of iron generally
is pretreated to eliminate the iron. This may consist of
crushing followed by magnetic separation or, more commonly,
removal in a sweating furnace. The operation of the sweating
furnace has been previously described. Fumes from +the furnace
generally are passed through an afterburner before being emitted
to the atmosphere.

In summary, of the varicus presmelter treatments employed, only

the wet processing of drosses and slags appears to provide a
source of water pollutants.

Smelting

Generally, the smelting of aluminum scrap with reverberatory
furnaces consists <¢f seven operations or tasks. These are
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charging scrap intc the furnace, addition of fluxing agents,
addition of allcying agents, mixing, removal of magnesium
{demagging), degassing, and skimming. Any given smelter may not
necessarily incorpcrate all seven steps, as demagging or addition
of alloying agents 1in the case c¢f deoxidant producers, and may
nct follow the abcve order, There is some wvariability in the
secondary aluminum industry as to pxecise techniques used in each
ster. These variations and their contribution to waste and
environmental effects are discusgsed.

Charging. Scrap may ke charged ccntinuously into the furnace,
with simultaneous rouring, or may be loaded in batches. De-
oxidant producers, nct particularly concerned about the exact
compositicn of the welt, often use ccntinuous loading, Specifi-
cation allcy producers, however, need +to maintain a critical
compositional range through selective melt additions and, thus,
are confined to batch loadings. Often residual melt ("heel") is
left in the reverkeratory to facilite melting of the new charge.
This results in a shcrtened heating cycle.

Forklifts or front«end loaders are used +to charge the furnace
through the forewell with the various types of scrap. Depending
on the capacity of the furnace (9100 to 82,000 kg), it takes # to
75 hours to fully charge a furnace, with the average being 24
hours. Each complete smelting cycle is called a heat., The time
required for each heat is dependent on the materials charged,
size and design of furnace, heat ingut, fluxing procedures, and
alloying practices,

The addition of scrar into the fcrewell is accompanied by varying
amounts of fuming and smoke generation, depending on the
cleanliness of +the scrap as it contacts the molten metal. The
forewell area is scretimes hooded and vented into an afterkurner
for fume and smcke cleanup. The absence of moisture during
charging is necessary for safety reasons. No water is used
during this operation.

Fluxing. The additicn of a covering flux to the molten aluminum
melt forms a barrier for gas absorption and oxidation of the
metal. The flux also reacts with ncnmetallics, residues from
burned coating, and dirt in the scrap, collects such impurities
and allows physical serparation from the molten aluminum. The
exact composition flux cover used varies from smelter to smelter,
but is generally scme combination containing one or more of +the
following: sodium chloride, potassium chloride, calcium
chloride, calcium fluoride, aluminum fluoride, and cryolite. A
cagmmon flux mixture is 47.5 percent NaCl, #7.5 percent KCl, and 5
percent cryolite. At the melting pcint of aluminum, the fluxes
usually range from a tacky semisolid to a liquid depending on the
composition of the mixture and the technique used +to remove it
from the melt.

The amount of flux used depends primarily on the material

charged. Scrap corntaining a relatively large surface area, such
as borings and turnings, creates large amounts of oxides and
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requires proporticnally larger amounts of £flux. The flux
generally is added along with the aluminum scrap in amounts from
less than 10 percent to 33 percent by weight of the material
charged,

Alloying. alloying agents, normally added to the aluminum melt,
include copper, silicon, manganese, magnesium, and zinc. Usually
these are added after the furnace has been charged with aluminum
scrap and analyzed for its composition. The amounts of additions
required to bring it up to specifications are then added. These
additions are usually scrap, which is high in the concentration
of the desired element or, as in the case of silicon, in the pure
state. These are added to the forewell and stirred into the melt
with an inert gas (N2). The addition of the alloying agents and
the stirring produces no solid waste and only minor amounts of
fumes and dust, that are removed from the working area by the
hoods over the forewell.

Mixing. Mixing of the metal to insure uniform composition and to
agitate the solvent fluxes into the melt is generally
accomplished by injecting nitrogen gas. Aside from homogenizing
the melt, the mixing step is beneficial in bringing +to the
surface dissolved gases, such as hydrogen, and intermixed solids.
Once on the surface the impurities combine with the fluxing agent
and can be skimmed off.

Mixing 1s performed nearly continuously in the reverberatory
furnace. Mixing cften does double duty and serves as a degassing
operation. In such cases a mixture of nitrcgen and chlorine (90
percent-10 percent) is often used. The mixing operation employs
no water and produces no sclid wastes. Only when the mixture of
nitrogen and chlorine is used are fumes generated.

Magnesium _Removal _ (Demagging). Scrap aluminum, received by the
secondary smelters, averages about 0.3 to 0.5 percent magnesium,
while the product line of alloys produced averages about 0.1
percent. Therefore, after the furnace is fully charged and the
melt brought up tc the desired chemical specification, it is
usually necessary to xremove the excess magnesium. This 1is done
with chlorine or chlorinating agents, such as anhydrous aluminum
chloride or chlorinated organics, or with aluminum fluoride,
Magnesium chloride cr magnesium flucride is formed and collected
in the fluxing agents on torp of the molten melt. As the mag-
nesium level is depleted, chlorine will consume aluminum and the
aluminum chloride or aluminum flucride present in excess
volatilizes into the surrounding air and is a source of air
pollution,

Magnesium is the only metal removable from the alloy in this
manner., Other metal alloy 1levels must be adjusted by the
addition of either mcre aluminum diluticn or more of the metal.

Chlorination, the methcd preferred by the industry for demagging,

is performed at temperatures between 760 and 8l6°9C (1400 and
15009F) ., As a rule of thumb, the reaction requires 3,5 kg of
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chlorine per kg of magnesium remcved. Elemental chlorine gas is
fed under pressure through tubes cr lances o the bottom of the
melt. As it bubbles through the melt it reacts with magnesium
and aluminum to form chlorides, which float to the melt surface
where they combine with the fluxing agents and are skimmed off.
Because magnesiur is above aluminum in the electromotive series,
aluminum chloride will ke reduced by any available magnesium in
the melt. At the keginning of the demagging cycle, the principal
reaction product is magnesium chloride. As magnesium is remowved
and there is less available for reaction with chlorine, the
reaction o©of chlorine with aluminum kbecomes more significant, the
reduction of the aluminum chloride by magnesium becomes less
likely, and the production of aluminum chloride, a wvolatile
compound, becomes significant. The aluminum chloride escapes and
considerable fuming results from +the . chlorination, making
ventilation and air pollution equipment necessary. Control of
fumes is frequently done by wet scrukking and, thus, is a source
of water contaminaticn.

Aluminum fluoride as a demagging agent reacts with the magnesium
to form magnesium fluoride, which in turn combines with the flux
on top of the melt, where it is skimmed off. 1In practice, about
4.3 kg of aluminum fluoride are required per kg of magnesium
removed, The air contaminants exist as gaseous fluorides or as
fluoride dusts and are a source cf air pollution. The fluorides
are controlled Lky either dry or wet methods. When done dry, a
solid waste proklem exists. When done wet, both a water
pollution problem (whkich must be treated) and solid waste problem
exist.

Some operators 1in the secondary industry are little concerned
with the magnesium ccntent of their prceduct, as +the deoxidant
manufacturers, and they make no attempt at removing it. They,
thus, do not contend with the magnitude of fumes that the de-
maggers do and as a result, dc not require extensive air
pollution control egquipment and related water usage,

Skimming. The contarinated semisolid fluxing agent, known as
slag (sometimes as dross), 1is removed from the surface of the
melt in the forewell, usually with a perforated ladle or similar
device, that permits molten metal to drain back into the
forewell., This is done just before tapping the reverberatory
furnace to pour ingots. The slag is placed in pans to cool or in
an internally water-ccoled dross cooler.

Once cooled, the slag is either stored until shipped to a residue
processor, reprocessed by the company, or is dumped. If stored
in the open, it 1is a source of ground and runoff water
contamination, because of contained soluble salts (NaCl, KC1l,
MgCl2). During drcss cooling, thermiting generates fumes and is
a source of air pcllution. The thermiting, as well as reactions
in the smelting, produce nitrides and carbides of aluminum which,
upon reacting with water cr water vapor 1in the air, release
hydrocarbons and ammonia to the atmosphere. The ammonia also may
become a component of water polluticn.
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Pouring _and Cooling. After +the furnace has been completely
charged, the specification compcsition reached by blending and
demagging, and the melt degassed and skimmed, the molten metal is
cooled +to around 7329C (1350°F) fcr pouring. Pouring practices
employed and the related water usage by any given smelter will,
of course, be derendent on the company's product-line, The
product-lines o©f the secondary aluminum smelters have been
grouped into six categories, These are specification alloy
ingots, billets, hot metal, notched kar, shot, and hardeners.

Specification Alloy Ingots. The most important product of the
secondary aluminur industry is specification alloy ingots to be
used by foundries for casting. Most smelters concentrate on a
few of the kasic allcys. Normally automatic casting methods are
used te fill the ingct molds. The molds are, generally, the 15
or 30-pound size.

Cooling often is accomplished with a water spray, that contacts
both the molds and hcet metal as they move along a conveyor track
above a casting gpit. Cooling also is performed by a few
companies by passing water through passages in the mold, in which
case water does not ccntact the hot aluminum metal. In some
cases, the molds are cooled by rassing the hot ingots through a
cooling tunnel, klcwn with a water mist-air mixture, thus
generating no waste water. Eleven of 69 plants canvassed are
currently air cooling their ingots. The water used for c¢ooling
may be sent +to a cooling tower and recirculated, or it may be
used only once and discharged. Recirculated water often bkuilds
up sludge in both the c¢ooling tower and cooling pit. This
necessitates sludge removal at zregular intervals and is
accompanied by a discharge of system water.

Billets. Secondary aluminum for use in the extrusion industry is
cast into 454 kg (100 pcund) billet logs. The long cylindrical
billet molds are 7 tc 10 inches in diameter and about 10 feet
long. The molds are arranged in circular arrays. A riffle above
each array splits the molten metal into fractions, filling each
simultaneously.

Water lines inside the molds cool the billets, The billet logs
are then removed and cut into shorter two foot sections. The
cooling water is generally cooled and reused, as is the case for
ingot cooling.

Hot Metal. In some cases, hot metal is tapped from the
revexberatory furnace into preheated portable crucibles, The
crucikles are sealed, placed on a flat bed truck and transported
directly to the custcmers for use. Presently, crucibles with up
to 6,810 kg (15,00C 1k) capacity are used.

Notched Bar. Notched bar is used as a deoxidant by the iron and
steel industry and is normally cast in various 0.9 to 2.3 kg (2
to 5 1b) shapes. Four grades are produced, each grade having a
different aluminum ccntent., Notched bar molds are cooled, either
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with water sprays, internal water lines, or with air. The water
used may or may not ke cooled and recirculated,

Shet. Shot 1is alsc used as a deoxidant and comes in various
compositional grades. Shot is produced by pouring the molten
metal onto a vibrating feeder, where perforated openings in the
bottom allow the mclten metal to drop through into a water bath
below. The drorlets solidify in the water, are dried, sized, and

packed for shipment. The c¢versize shot is recharged into the
furnace. Quenching water is usually sent to a cooling tower and
recirculated. Sludge build~ur cccurs and must be removed

regularly on an annual or semi-annual basis.

Hardenexrs. Hardeners are sometimes produced by specially
equipped secondary smelters, The hardeners are alloys of high-
purity aluminum with titanium, bcrcn, and chromium. They are
produced in small capacity 908 kg (2000 1b) induction furnaces,
rather than reverberatory furnaces.

In summary, water wusage in +the pouring phase of secondary
aluminum smelting is for mold cocling or shot quenching. In some
cases, water contacts hot aluminum and, in other cases, it
contacts only the mold cooling lines. Some smelters cool and
recirculate the water, while others use fresh water contiriuously.
The recirculated water 1s periodically discharged, normally at
six-month intervals.

Industry Categorization

A survey was made of +the secondary aluminum industry, which
covered such factors for subcategorization as raw materials used,
product 1line, prccesses employed, water usage, plant age, and
plant capacity. Sixty-nine plants, cut of an estimated total of
85, were surveyed. Nine plants were visited by interviewing
teams. The results cf the survey indicate that the secondary
industry should ke considered as a single category. Rationale
for this judgment is given below,

Results of Industry Inventory

A portion of the information obtained in the industry survey of
69 plants is takulated in Tables 7 through 10. Respectively,
these tables contain data on plants generating no waste water
(seven each), plants generating only cooling waste water (28
each), plants generating waste water from fume scrubbing andror
cooling operations (26 each), and plants generating waste water
from the wet processing of residues and/or fume scrubbing and
cooling (eight each) . Categorization of smelters on the kasis of
waste water generation is not possible, because a given smelting
plant may have any ccmbination of the three waste streams. A
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TABLE 7. SECOMDARY ALUMINUM SMELTERS A, THOSE CLAIMING NO PROCESS WATER USE

Process Water

Usage
N 1
o ']
P g 2 Was tewat:
rocess o W ..nDu M—. “ - astewater N
Plant Raw ) or Demag Adr Pollutien § 7532 4 L] 8 Treatment Discharge
Company Age,¥rs Euployees Materials Producta Type Control 2 83 H&{3d &L TCurreat Future To
Ae1 - Solids, 18-19x106 Casting Allgy ALF, ¥No xt NA
. : ~ 1b/yr Ingot
"15x106 Ib/yr
b..N - Dross Spec Alloy & None Dxy KA HA
Owm Slag 5 Remelted scrap
o8] 6.0-6.5x10 ingot
= 1b/mo 1.6x10% 1b/mo
A3 - _Solids Spec Alloy Clz/AlF3 No NA NA
0.75-1.25x10%  Ingot
1b fmo 0.6x10% 1b/mo
A=b - Dross & - - - NA NA
Slag
A=5 - Solids Spec Alloy AlFy Pry NA NA
Qun Slag Ingot
1.5x105 1b/mo 1.0x10% Ib/mo
A~6 35 Sclids, 20% Foundr plloy Dilution No NA HA
0.20x105 1b/mo 0,18x10° 1b/mo
] ] Cu, brass, 80%
A7 - Solids Remelt ¥elt Ouly o Na NA
Own Slag ;

* Not Applicable,




TABLE 8.

SECONDARY ATUMINUM SMELTERS B, sntmzns USING WATER FOR INGOT COOLING ONLY

Process Water

0t

‘Zn

Usage
o %
a Wnsteuwater
Proceas Alr oy 4% =24
e Plant Raw or Demag Follution 38 ubkg B 4 Ireatment Discharge
OmpanY Age Yrs Employees Materials Products Type Control oE wwX A Current Future to
B-1 - - Solids, new Deox None bry + Recire,, Zero
0,15-0.20x Shot & Cool
106,!!0 Bar
None + Becire Ground
- - Irony Scr Deox Ro - round/6 mo.
B-2 Y SeHR Shot me 1000 gal
23 - - Solids Spec Alloy AlF Hone + None tary Sever
0.6x1061b/mo  Engot 3
Bt - - Salids Billet A%luy Hone None + Recixc. Sanitary Sewer
7x10"1b/mo 6.0 x 10°1b/mo 10 gal
B-5 - - Solids Spec Alloy AR, Dbry + Nome Recirc,  Sanirary Sewer
' Dross, 'l.\'j‘g'ot:6 City Approved
12x10" 1b/mo 10x10 1b/mo
B-6 - - Solids, Spec Alloy C1,/Al¥, Dry + Recire. Zero
3.3x10"'1b/mo Ingot 6 g Cooling
' 3.0x10"1b/mo
B-7 - - Solids Deox Hone Bone + Recire. Flood Sewers/
7x1081b/mo Shot Colling 6 mo.
Bar 6
6210" 1b/mo
B-8 - - Solids Spec Alloy 012 Home + Recire. O et Hell
Own Slag Ingot . (Bag House) Cooling
2.9x1051b/mo 2.5x10"1b/mo Soon
B~9 - - Solids Spec Alloy + None Sanitary Sewer -
Ingot )
B-10° - - Solids Die Cast Hone? Rone + Hone Pond
2,3x10" 1b/mo Alloy
Billets
B-11 45 - Solida Deox None Dry + Hone Recire,  River
Dross Shot 80 F Winter
Slag 6 Bar 110 F Svmmer
20x10" 1b/mo 1.5-2.0
x10%1b/mo
B-12 40 95 Solids Ingot Alr, Hone + 7 - 2
Cu




TABLE 8. (Continued}

Process Water
Usage
)
4 2 Wastewater
Process Alr @ oa 28 88 HﬂM»MMMHn
Compan Plant Raw or Demag Pollution- B B4 MG LR Discharge
ARy Age,Yrs Employees Materials Products Type Control B OE <@x A Curtent Future to
5-13 - - mo:mm Deox None None - + . Rone BRecirc, Sanitary Sewer
- 20x10%1b/yr Shot
Bar
Shapes
B-14 3 46 Solids Diecast Alloy b:.u None - + Recirc, - ?
"Runouk g™ Deox
1,0x10°1b/mo Bar 5.
0.6x10° 1b/mo
B=15 - - me:mnm Spec Alloy bwﬁu Dry + x Recirc, - Zero
0.7z10" 1b/mo Ingot Cool
B-16 - - Solids Spec Alloy nun bry + Rone - Sanitaty Sewer
1x10"1b/mo Ingot
?
Lang B17 . - - Soligs Spec Alloy AR, Dry + ) Recire, Zero
Ix10"Ib/mo Ingot 6 Cool
0,85x10" 1b/mo
B-18 - - Solids 6 Spec Alloy _:mu Dry + _ Hone Recirc., Sanitary Sewer
: 4.5-5x10" 1b/mo  Ingot 6 Cool
4,0x10 1b/mo
B-1% - - Solids Spec Alloy None Dry * None Dty Well
0.25-0.3 . Tngot o . ,
x10°1b/mo 0.25x10" b/mo
B-20 - - Solids 6 Deox Rone Pry + Recire. Zero
0.40x10"1b /mo Shot . GCooling
Bar 6
0,4x10" ib/mo
B-21 - - Solids Spec Alloy cL, None + Hone - Sanitary Sewer
2x10 1b/mo Ingot §
1,7x10 1b/mo
B-22 . - - mn:.._um Spec Alloy ALF, None + - Recire. - ?

U.SHQ HF\BO ﬂ’ﬂﬁﬂ

2,6x10%1b/m0




(4%

TABLE 8. (Continued)
Frocess Water
Usage
@ ]
2 . Wastewater
Procese Air - 2% 5% = Treatment
Company Plant Raw or Demsg Pollucton 5 84 xEL P2 TISSEME . piocharge
__Age Vrs. Bwployees Materials Products Type Control ® OF «<wXx & Current Future to
B-23 - - Solids Spec Alloy K.3A1F + None - - Sanitary Sewer
o Dross Ingots 6 by
Own Slgg 1x10° 1b/mo
1,0x10”1b/mc
Be24 - - Solids 5 "6000™ spec Bone Rone + Recirc. - H
4-4.5x10"1b/mo  Alloy Ingot Cooling
5.5-6x10°1b/mo .
B=25 16 37 Solids . Die Casg Alloy  Kome NHone + 7 Becire. Zero
0,65x10_1b/mo 0,25x10"1b/mo Cooling
0.25x10" 1b/mo
remelted
B-27 20 4 Solids Die Cagt Ingot + None Soil Surface
0,4x10°1b/mo 0.4x10°1b/mo
B-28 97 50-75  Solids, Spec Alloy AlF, Dry + Recirc. Sanitary Sewer
2.0x10 1b/wo Ingot - Cooling
1.3x10%b/mo Sludge/
Deox é mo
Shot
Bar 6
0.8x10° /mo
B-29 - - Solida . Deox Hone Hone + Recirc. Zeto
0.75x10" 1b/mo Shot Cooling
Bar 6
0.6-0,7x10
1b/mo




TABLE 5.

SECONDARY ALUMINUM SMELTERS C. WATER USED FOR SCRUBBING AND/OR COOLING

Process Water

C.ﬂm—mn
o
- m
[ a [
g 2 wid Wastewater
Plaat Raw Demag AMr Pellution ..m. :E wil 23 Iceatment Discharge
Company Age, yr8  Employees Materlals Products Type Coatrol 88 2E&3 A& Cooling Serubber o
- 50 Solids Spec ailoy ingot ciz Wet + + Recirc + cool PR centrol Both te sanitary
c-1 1.7210° 1b/mo.  1.4-1.5x10% 1b/mo, desludge/6 mo,  Recycle sever
Residues Pischarze weekly
1.3x10% 1b/mo. 1500-2000 gal
Spec alloy lngot ALF Wet
— - Solids 3 + + Grease trap pHE control Cooling to
6
€2 6.0x205 1pjmg,  3-5%10° lb/mo. Vantuzi Total recycla Sanitary sewer
— — Solids Spec alloy ingot ALFy Wat + + Grease trap pH control Cooling to
c-1 Residues 3.5x105 1b/mo. : Total recycle sanltary sewer
5.6x100 Jb/mo,
— - Solids Spec alloy ingot Cly Teaporary + + None None Lagoon; <ry
C-4 Own slags Wat Control planned
- - Solida - Spec alloy ingot o1, Wet + + Hene Cooled, pH contrel, Eoth to sanitary
C=5 1-1.25x106/m0,  1.2x106 1b/mo. Settling sover
C-6 - -— Solids 38 waoa ingot Cly Wet + + Nope, 25 gpm, Hone, 25 gpam, Ditdh; limdag
1-1.2x2060 lb/mo. 1x10% 1b/mo. & hrlday & hr/day plaaned
-— - Solida Sgec alloy ingot Cl, Her + + None pH contrel Scorm sever
c-7 »4x108 1b/wo. >4x108 1b/mo. Solids removal Creek
W - 60-65 Sclids Spec alloy ingot ClyHAlF;  Wet +* + Partly Tecycle None Pord
L9%) c-B ) Cool
c-9 -— —-— Solids Spec alloy ingot Cl; Dry/fwet + + Recirg,, cool=— PH coatrol Sanitary sever
3.6x10% 1b/wo.  3.2x10% lb/me. ing, cont.
¢~10 % 22 Solids Die cast ingot Cly Het + + Rona Recire. with cont. Cooling water ro
1.2-1.52106 1b.  1.2x106 lb/umo. PH control, settling sanitary sever,
1b/mo. solids, periodic - scrud solids to
discharge to lagocn lagooa/3 wks.
- -— Solids Hardeners None Wet + +* Hone .
¢-11 0.4220% 1b/mo.  0.5x108 In/mo, ' Septie taak
Aleay Cu
-_— —_ Solids Tagot cly Wet +* + Rote $ Re
=12 & ettling ponds ver
2.5x10% 1b/mo. <2,5x108 1b/wa. Plan neutTalir
zation
14 100 Soltds Billets + sowe Nona - Wet + + Recirculated Skimi,
€13 5x10% Ib/ma. "6000" (remelt) {Revelt)  (Smake) P Lagosa
4.5x10% 1b/ma.
-— — Solide Spee alloy fngot cl Het + + Vaporized
g . 2 - Vaporize P concrol, Sanitary sewer
-1y 2.5x105 1b/wo. 22106 1b/mo. Dry placned Yearly solids removal
to land fi11 fn
druns
0 [} Solids Ingot €1, Vet + +
C-13 »2.5x10% Ihfma.  2.52106 ln/mo. 2 Houe pH concrol Santtary sewer

Solide zo land fil1;
pond planaed for
liics




TABLE 9. (Continued)

Dsage

Dross and own
slag, 106
YN

beox shot
8.6x10° 1b/wo.

Partiglly recire.

2
= v =
= . Bu =% Vastewater
Flant Raw Demag Alr Pollutfion 24 Lol 232
c rs Isployess Haterials Products Typa Control S 3 258 bk Ireatment Lischarge
oupany Age, ¥ 3 e WX A Cooling Scrubber to
c-16 - Solids Spec alloy ingor €1, et * None PH tontrol and Sanltary sever
2.7x10% 1b/mo. 2.5x10% 1b/mo. Dry plammed settling 0.5x20% gal/sq.
c-17 - Solids Spec Alloy inget €1, Wat Recyeled pH control Creck
0.5x105 lb/mo.  {high ng) Cooled Racycle cout.
<0.5x16° 1b/wo. Conct. Settling
Discharge/mo.
2000 gal
=18 - Solids Spec alloy cl, Vet Vaporized pE contral Sanitary sewver
8x105 1b/ms. 6.5x10% ib/mo. Alkaline
20X ingot
0% liquid
c~-i9 -~ Solfids Spe¢ ailoy ingot cla Wet Recir. pH control Discharged to
3.5x108 1b/mo.  2.75 1b : Cooled Alkaline gromd
Dross
Own siag
=20 -— Solide Spec alloy <l Wat Noge Rone Sanit r
4-5x106 Ib/mo.  6-7x106 1b/mo. 2 5000 gph 600 gph aT e
Dross snd 10T ingot 12 hr/day
slag, 2.5x10 902 molten
Ib/mo. as meral
W c-21 —_— Stslic:lsﬁ Spec_alloy [= P Wet Nome None Senitary sever
s 2.6x10% 1b/ma. 4x10% 1b/mo, 5000 gph 3300 gph *
Dross and owa 10X ingot
slag, 1.4 1b/mo. 90X molten
metal
e-22 - Solids Spe¢ alloy ingot Cly Wer Kone Kone Izperzeadle lagsoo
4.3x106 1b/mo,  &x105 1b/mo. 5000 gph 1000 gph
c-23 -_— Solids Spec_alloy ingot €1y Wet None Rone Sanitary mewer
3.0x108 1b/mo. 3x108 1b/mo. 5000 3000 gph
Droas.and own
slag, 0.3x106
1b/mo. wmetal
Ce2bh -— Selids Spec alley ingot Cly Wet None Nene Sanitary sever
2.2x106 1b/mo.  2x10% lb/meo. 5000 3300 gph
‘metal
C+25 15 Selids Spee alloy ingot [5P% Her None pH control and River
1.5x10° 1b/es,  Deox shat Dry sectling
1.2x16% 1b/mo.
c-26 15 Sollds Spec alloy ingot €1, | Wet Hone pH control Eveporation pond
11-12x10% 1bfeo. Holten Sertling




TABLE 10, SECONDARY ATUMINUM SMELTERS D. WATER USED FOR DROSS PROCESSING, SCRUBBING AND/OR COOLING

Procesa Water Wastewater
Usage Treatment
w0 g e g
& a o . 5 b o .
Plant Raw Demag Air Pollution i wE =3 - 4 oY Discharged
Coupany Age, yrs Ewployees Materials Products Type Control § 14 EE 8 ] EE to
D=1 . —-_— - Dross Alloy ingot None Dry and wet None None + - - Recirc. dis- Evaporation pond
om slag Al309 bot charge/6
topping months
Bag house
" Planned
D=2
: - -= Drous Alloy sows None Wet and dry Hone + + -- Venturi with Sludge to pond
Slags 1.2 x 105 1b/ et miiling recire. & sludge 1000 2/B brs
3.0-4,5 x 108 wo. ' removal/8 hr
1b/ma, lime pB control Dissolved salts
Solids Fond
removal
D=3 - - Dross Alloy sows Hone  Wet None None + L - Settling River
1-2 x 'lO6 1bf 0,75 x 108 Dry planned Wet milling Flec.
mo. 1b/mo. . agent ph
contrel
pondsa
-4 2i 25-30 Droas Alloy pig Hone Nome None None +- o - Settling River
Own slag 0.5 x 108 b/ Dry being Wet milling Floc.
3,75 x 10° 1o/ mo. 1nstalled : agent
[#%] mo. Alz03 hot ponds
in topping sludge
Related products recirc.
-5 — -e Solids Spec alloy c;_z Wat ES + + None pE contrel Cooling to river
bross ingot 80 gpw 60 gpm i
Own alags 1.75 x 108 1p/ 2 he/ 6 hx/day Settl:ng : ls::_mb to ;E:“
2 x 108 Ib/mo. mo. day pon 288 waih to
pond
D-§ - - .Drose Spec alioy ingot Clz bry + + + Kone Wone Ponds Cooling to sewer
Slags Product 8 contrel Scrubber and
g x 10° 1b/mo. 3.5 x 106 1n/ washing wash o ponds
Solids mo.
22,5 x 108
1b/mo.
b-8 - == Dross (107) Spec alloy ingot Cl, Wet + + + Hone pH control Settling Ponds
Slag 3 x 10% 1b/mo. ) settling ponds
Solids - ponds
3.75 x 106
1b/mo.
D=9 .
30 250 Dross 6 Spec alloy ingot €1, Wet + + + Rone pH control Settling Sanitary sewer
2.5 x 10° 1b/ 907 Alkaline ponda
mo. Al Molten 10% Settling -
Solide 5.7 x 10° 1/ pends
3.5-4.0 x 10° mo,

1b/ma.




more useful apprcach for the purpose of developing effluent
limitations guidelines is tc deal with the waste water streams
themselves. Three distinct streams may be characterized: (1)
cooling waste water, (2) fume~scrubbing waste water, and (3) wet~-
residue milling waste water, Each stream has an associated unit
waste loading of fpcllutants per pound of product produced or
scrap processed. Each may also be associated with an appropriate
effluent limitations gquideline. For example, +the guidelines
would require a smelter generating only cooling waste water to
maintain waste loadings under the established 1level for that
category. A smelter generating cooling, scrubber, and residue
milling waste waters wculd be reguired not to exceed 1its waste
loadings for each respective categcory of waste water under each
of the established levels.

=

Consideration was given to a number c¢f other factors for possible
use in subcategorizaticn of the secondary aluminum industry.
Factors taken into account include raw material processed,
product line produced, processes employed, plant age, plant size,
and air polluticn control techniques., Upon application, each of
these factors leads to unmanageable ambiguities in
subcategorization, as described in the following paragraphs.

Raw_Materials. The principle yroupings of raw materials for the
secondary aluminum industry are (1) new clippings and forgings,
{2} old casting and sheet, (3} borings and turnings, (4) remelted
ingot and sweated pig, and (5) residues. With +the possible
exception of residues, these raw materials provide no firm basis
for sukcategorizing the secondary industry. The first four
grougings are, to the first approximation, handled by nearly all
smelters at various times (the exception being a few plants using
only residues). The first four groupings will be referred to
collectively as solids and the fifth grcuping as residues,

out of 69 smelters interviewed Ly telephone or plant visit, 46
use only sclid scrap, 19 use bcecth sc¢lid scrap and residues, and
four use only residues. Although the wet processing of residues
can lead to water effluents different from those of a nonresidue
smelter, subcategorization based on residues is complicated by
those smelters handling bcth residues and solid scrap and that
some sSmelters, using both forms of raw material, dry process the
residue and have nc water effluent frcm it.

Products. The main product 1l1ine of secondary smelters is
specification allcys (ingots or sows) and/or deoxidant (notched
bar, shapes, or shct). These prcducts are common to the industry
and support the identification of a single category.

Processes. The main processes in seccndary aluminum recovery of
scrap consist of (1) scrap preparation, (2) charging scrap into
reverberatory forewell, (3) smelting, (4) refining, and (5)

casting. Scrap preparation procedures are common to the
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industry, as are clarging and smelting procedurés, and support
the establishment cf a single category.

A variation exists in refining, as scme smelters use chlorine as
a demagging agent, whkile others use AlF3. Deoxidant rroducers
generally  have no need to refine or demag their melt.
Significant to waste water treatment and effluent limitations may
be that the use of chlcrine or AlF3 will generate unique waste
water effluents when the smelter fumes are wet scrubked. oOf the
69 smelters interviewed, 46 refine their melts, Of these, 28 use
only Cl2, 14 use only AlF3, and fcur use both AlF3 and Cl2. The
presence, absence, or method of waste water treatment at these
smelters is independent of the demagging process used. Thus, the
response required for the achievement of performance implied by
any effluent limitations guideline would be likewise independent
of current process oreration.

The waste products fcrmed during magnesium removal with chlorine
differ from +those formed when aluminum trifluoxide is used.
Volatile anhydrous metal chlorides are formed when chlorine is
used for demagging at 760°C (1400°F). When aluminum trifluoride
is used, metal flucrides are formed, which have relatively low
volatilities at 760¢C. The anhydrcus metal chlorides are very
gsoluble in water; whereas, metal fluorides are sparingly soluble
in water. This difference could ke related to categorization.
Both react with water by hydrolysis to yield acidic wet scrubber
solutions, which are amenable to treatment by pH adjustment and
settling to reduce pollutant concentrations. The similarity in
scrubber water treatment suggests a single industrial category,
regardless of the chemical system used for magnesium removal.
However, the 1lower vclatility of the fluorides places reduced
lcad on the scrubker system for a fixed amount of magnesium
removed from +the rwelt. Low sclubility of the scrubbed salts
{after pH adjustment) sets the waste water generated from
fluoride scrubbing apart from waste water generated from chloride
fume scrubbing.

The last process ster in secondary aluminum recovery, casting, is.
common +0 the industry, and supports the establishment of a
single category for the industry.

Most (19 of 23) residue processing orerations are associated with
solids processing cgerations, wherein practices of water
interchange and rixed waste treatment have been identified,
Similarly, the wet and dry variations of residue processing are
variously associated with cr are independent of solids
processing, This complex pattern of process distribution further
supports the above described approach to deriving regulations.
In additien, residues from secondary smelters (slags) containing
high levels of soluble zalts (NaCl and KCl} are processed along
with the residues (dross) containing low levels of salt. Soluble
and insoluble wastes from each material are similar and are
suited to the same type of treatment to reduce suspended solids.
In both cases, the soluble pecrticns are untreatable, except by
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total evaporation c¢f the water. Therefore, establishment of a
single industrial category is still supported.

Plant__Age. From interviews with various secondary smelters,
there appears no ccnsistent connection Lketween plant age and
waste water character or treatment. Many of the older plants
have updated treatment facilities, while others have not.

Plapt Sige. Plant size is directly related to the number of

furnaces employed (usually 2 to 8). The number of furnaces is,
however, unrelated tc waste water character or treatment.
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SECTION V

WASTE CHARACTERIZATION

Introducticn

Specific processes in the secondary aluminum industry generate
characteristic waste water streams, In this section of the
document, each waste water stream is discussed as +t0 source,
quantities, and characteristics, in terms of the process opera-
tion from which it arises.

Specific Water Uses

e

The secondary aluminum industry generates waste waters in the
following processes:

{1) 1Ingot ccoling and shct guenching.

{2) Scrukbing of furnace fumes during demagging.
(3) Wet milling of residues or residue fractions.

Waste Water From Metal Cooling

Sources. Molten metal in the furnace is generally either cast
into ingot or sow molds or is guenched into shot., In cases where
cooling waste water is generated, the ingot molds are attached to
conveyors which carry the molds and their molten charge of
aluminum over a cooling pit. Here water is sprayed onto the mold
to solidify the aluminum and allow its ejection from the mold.
In some cases the molds contain internal c¢ooling 1lines through
which water is passed. In these cases the water does not contact
the molten metal. Sows are generally air cooled and have little
associated water use,

The production of shot involves water usage for the rapid
quenching of molten metal, Here the molten metal is poured into
a vibrating porous centainer which allows the metal to pass
through as droplets. The drops of molten metal fall into a water
bath below and are quickly sclidified. From the water bath, they
are conveyed to a dry screening operation.

In a survey conducted on 69 seccndary smelters, 57 were found to
be using water for cccling purposes. It was learned from the
survey that the cooling water used has five possible
dispositions. The water may be (1) ccmpletely vaporized, (2)
discharged to municipal sewage or navigable waters after one
passage through the cccling circuit, (3) recycled for some period
and discharged (6-month intervals), (4) continuously recycled
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with no discharge, and (5) discharged to holding ponds after one
passage through the cccling circuit. The disposition o©f the
cooling waters by the 57 smelters is as given in Table 11.

Quantities. Data cn the quantity of water used for metal cooling
in the secondary industry is very sparse and of questionable
gquality. Only a small number of rlants had even approximate
water quantity figures, Data gathered was converted to liters
used per metric tcns cf metal cocled and is given in Table 12.
As is evident, the values vary widely. It is not certain whether
these great differences are real or whether they are due to
grossly inaccurate estimates of water flow. Each of the plants
listed in Table 12 is discharging the cooling waste water after
one passage through the circuit., Plants recycling their cooling
water had very 1limited informaticn on the amrount of water used
per ton of product cccled.

Characteristics. Cf the 69 secondary smelters surveyed, one
plant, B~1ll, had analytical data on cooling waste water (for a
Corps of Engineerst' permit). To better characterize the nature
of cooling waste water, sampling teams were sent to plants C=7
and D~6 for water sarples. Samples cbtained were analyzed for
appropriate constituents and related to pollutant loadings per
metric ton of allcy cocled. Data on plants C-7, D-6, and B-l1l
are given in Takles 13, 14, and 15. The tables show that
pollutant levels in the cooling waste waters, with the exception
of o0il and grease, are relatively low.

A great deal of variability in waste loading is noted in some of
the parameters. Fcr instance, +total dissolved solid 1loadings
range between 0 and 1l.34 kg per metric ton of alloy cooled.

Recirculation o©of cccling water produces sludge and accumulates
0il and grease contamination. The sources of sludge include
collection of airbcrne solids from ambient air during spray
cooling of the water, buildur of hydrated alumina from chemical
reaction with the molten aluminum and debris and dust from the
plant floor. Flux salt buildup (NaCl) occurs in recirculated
“water used for shot ccoling. Water used once and discharged will
contain o0il and grease contaminants. There are operations in
which the rate of water flow for cocling is controlled to assure
total evaporation.

Waste_ Water From Fume_Scrubbing Sources

Aluminum scrap ncrmally charged into the furnace contains a
higher percentage cf magnesium than is desired for the alloy
produced. It is, therefore, necessary to remove a portion of
this element from the melt. Magnesium removal, or "“demagging,®
is normally accomplished by either rassing chlorine through the
melt (chlorination), with the formation of magnesium chloride
(MgCl2), or by mixing aluminum fluoride (A1F3) with the melt,
with the removal of magnesium as MgF2. Heavy fuming results from
the demagging of a melt, and these fumes are often controlled by
passing them thrcugh a wet scrubbing system. Water used in the
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TABLE 11, COOLING WATER DISPOSAL PRACTICES

Disposition of Cooling Water Number
Completely vaporized 3
Discharged directly after use : 26
Discharged after some recirculation 7
Recycled continuously 15
Discharged to holding pond _6

Total 57

TABLE 12, COOLING WATER USAGE BY SECONDARY SMELTERS

Water Use liters/metric ton
of metal cooled (gallons/short ton)

Plant Ingot Cooling Shot Quenching
Cc-7 A 680 (160)

C-26 250 (60)

C-20 2,300 (550) 60,000 (14,400)
D-6 570 (140) |

B~11 11,500 (2,760)
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CHARACTER OF COOLING WASTE WATER
(Plant C-7)

TABLE 13.

___ZEEQKE_EEEQETZT Effluent Concentrations in Samples, Net Loadings in Waste

Conc. Loading (mz /1) Water (P) (gram/mton)
Parameter (mg/l) gram/mton 6 15 16 Average Average Min Max
Alkalinity 8 5.43 6 16 - 7.3 -- -- 5.37
CcOoD 4 2.71 1000 365 2252 1206 815 245 1525
Total solids 86 58.4 234 188 3222 1215 766 69.2 2128
Total dissolved
solids 73 49.5 78 118 548 248 119 3.4 322
Total suspended
solids 6 4.07 102 b4 2620 929 626 39.4 1774
Sulfate 6 4,07 1¢ 15 21 15.3 6.3 2.7 10.2
Chloride 6 4.07 16 12 401 143 93.0 4.07 268
Cyanide <0.02 <0.013 0.05 <0.02 <0.02 0.03 0.006 0 0.020
:; Fluoride 1.04 0.706 0.84 1.36 0.16 0.78 - - 0.217
Aluminum 0.01L 0.007 0.01 0.08 32.0 10.7 7.26 o) 21.7
Calcium 2.38 1.62 2.60 3.10 1.07 2.26 - -- 0.489
Copper 0.037 0.025 0.037 0.037 0.325 0.133 0.065 0 0.195
Magnesium 1.95 1.32 1.07 1,07 1.37 1.17 == -- ==
Nickel <0.02 <0.014 0.043 <0.02 <0.02 0.03 0.007 0 0.016
Sodium 3.19 2.156 2.81 2.91 5.06 3.59 0.271 - 1,27
Zinc 0.031 0.021 0.231 0.038 1.555 0.61 0.393 0.005 1.03
Cadmium <0.009 <0.006 0.009 <«<0.009 0.027 0.015 0.004 0 0.012
Lead <0.026 <0.018 0.026 0.052 1.147 0.46 0.261 0 0.76
Manganese <0.010 <0.006 0.042 0.042 0.229 0.10 0.061 0.022 0.149
Chlorine residue <0.02 <0.014 0.02 0.02 <0.02 0.02 0 0 0
Oils and grease 6.3 4.28 255.6 64.3 5180 1833 1240 39.4 3511
Phenols (ppb) 30 0.020 35 3 260 99.3 0.043 -- 0.156
pH 6.7 3.4 7 6.1 5.5 5.5 3.4 7
(2) E;:g:i; tﬁé;)gﬁﬁi:Zf :i?g;yifdaz) X 10-3 gram/mg = loading in grams/metric ton of alloy, where water
used is 39,700 1/day (average) and metric tons poured is 58.5 mT/day (average)
(b) minus intake load.




TABLE 14. CHARACTER OF COOLING WASTE WATER

{Plant D=6)
) Effluent Concentrations in Samples, Net Loadings in Waste
Intake Water(a (mg /1) Water{c) (gram/mton)
Parameter Conc. (mg/l) 1 2 3 b 5 ) Avg. Avg. Min. Max.
Alkalinity 292 271 -- 278 355 131 149 237 --- --- 36
COD 3.8 228 134 456 160 365 122 244 138 68 261
Total solids 203 711 788 1663 654 2422 639 1146 545 252 1282
Total dissolved solids 184 : 661 665 1412 567 2146 475 289 465 168 1134
Total suspended solids 19 50 123 251 78 276 164 157 80 18 60
Sulfate 12 ' 20 25 28 23 28 19 24 7 4 9
Chloride 8.2 223 160 622 108 582 165 310 174 58 355
Cyanide wp(b) .004  .003 ND ND ND ND  .004 .002 - .002
Fluoride 2.5 2.4 2.3 2.0 2.0 2.6 2.6 2.3 -—- -——- .08
Aluminum 2.7 0.3 6.3 2.2 ¢.3 0.5 0.3 1.7 --- -—- 2.1
Caleium 14.0 6.0 6.2 . 41.5 5.1 41.7 9.6 18.4 0.33 --- 16.0
Copper ND ND ND 0,026 ND ND ND 0.026 0.015 -—- ===
o Magnesium 1.26 2.83 2.68 7.50 2,68 6,00 2.63 4.03 1.61 0.79 3.60
iw  Nickel 0.08 ND ND 0.47 0.15 ND 0.15 0.26 0.10 0.04 0.22
Sodium 5.55 450 375 1450 325 1700 100 733 420 54 979
Zinc 0.002 0.011 ¢.005 0.017 0,012 0.022 0,013 0,013 0.006 0.002 0.012
Cadmium ND ND ND ND ND ND 0.01 0.01 0.006 ——— ——
Lead G.10 ND 6.16 0.10 ND ND 0.16 0.1G - -—— -
Manganese 0.01 0.30 0.23 0.70 0.15 0.30 0.12 0.30 0.17 0.06 0.40
0ils and grease 4.5 57.5 60.5 36.4 24.5 891 484 259 147 12 512
Phenols WD ND ND ND WD D ND ND - -—— -—
pH 5.4 7.5 7.3 4.9 5.3 48,0 7.6 6.4 -~ -—- -

(a) Average of 4 samples. i
{b) ND = Kot detected. .

(c) [Conc. effluent-conc. intake (me/1)] x (water used 1l/dav) 10-3

gram/mg = loading (gram/m ton)

Amount of metal cooled, mtons/day
(d) Water flow 30g pm for 260 min average time/day
(e} 51 mtons/day(56 tons/day)




TABLE 15. CHARACTER OF COOLING WASTE WATER

(Plant B-11(a))

Intake Water Discharge Net loading in Waste-
Municipal mg/1(a) water gram/mton(b)
mg/l Ave, Average

Alkalinity 95 95 m-—

oD male) 15 172

Total solids 152 198 69

Total dissolved solids 190 180 ——

Total suspended solids 2 18 182

Ammonia 0.01 1.1 12.5

Nitrate . 0.06 0.07 0.11

Chloride 25 29 46

Fluoride 1.01 0.9 ---

Aluminum, g -- 0.7 0.008

0il and grease, lb/day -~ 5 (7) 86

(7.5 mg/1)

pH 4.5-6.5 4,5-6,5 --

Temperature, F NA 97-112 -——-

Temperature, C 36=44 -
Volume: 80,000 gal/day = 302,800 1/day. Product: 25-33 tons/day = 23-30 mton/day.
{(a) Corp of Engineers data. :
() Loone effluent - cone intake (ma/L)l x 1itera/day 103 gran/ng = loading, gran/nton
{¢) NA = Not applicable. :
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scrubbing gains resulting poliutants and is the source of a waste
water stream.

Waste water from AlF3 demagging gas scrubkers can normally be
recirculated because of the relative insolubility of fluorides
(which can be settled out). Waste water from +the scrubbing of
chlorine demagging fumes, however, can be recycled only to a very
limited degree, This is because the chloride salts are highly
soluble and would socn build up to make water unusable. Thus,
the discharge of this effluent is the source of waste water from
fume scrubbking. Table 16 gives data cn present smelter practices
in regard to scrukking waste water., Of 69 plants surveyed, 46
are demagging their melts. No demagging waste water discharges
are reported from thcse plants wusing AlF3. All plants using
chlorine are discharging demagging scrubber waste water, whether
+0 navigable waters, public sewage, or holding ponds.

Quantities. Very few swmelters in the secondary industry have
reliable water-use data for their fume scrubbing systems. In one
plant, D=6, water usage measured by the project sampling team was
one-third +the usage estimated by company personnel, In general,
data given out by the plants should ke used with caution.

Data on the quantities of water used in scrubbing, which were
mcst consistent in terms of their ccntent, are given in Table 17.
Water usage is given in liters per kilogram of magnesium removed
during the demagging operation. Basing the water use on
magnesium removal grovides a commen unit for all smelters. The
values in Table 17 are fairly consistent, with the average water
use being 150 liters per kilogram of magnesium removed,

Charactexistics. Tre character of the raw waste water generated
during the scrukbing cf chlorinaticn fumes is given in Table 18.
No similarly detailed-data on this waste water was available in
the secondary aluminum industry. The data on plants C-7 and D-6
were obtained by sending project water sampling teams to the
plant sites for representative samples. The waste water samples
were then analyzed fcr appropriate ccnstituents,

At plant C-7, fumes were scrubbed in a tower, followed by
neutralization and settling of the raw waste water in separate
unit operations. This arrangement permitted sampling the acidic
effluent from the scrubber before it was treated and 1is one
example of raw fume scrubber waste water collected by a tower.
At plant D-6, the fumes were trapred under a proprietary bell-
shaped device in contact with the molten metal and were scrubbed
with water. This arrangement also permitted sampling of raw
untreated waste wateér from a different method of fume scrubbing.
Simultaneous scrukbing and pH adjustment is considered a
treatment and the treated waste water is characterized in Section
VIiI.

Table 18 gives both effluent concentrations (milligrams pex

liter} and loadings (grams of pollutants per kilogram of
magnesium removed), For almest every parameter listed, the
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TABLE 16. FUME SCRUBBING WASTE WATER --
GENERATION AND DISPOSAL PRACTICES

Practice Number of Plants
a Use AlF3 for demagging 14
No air pollution control 5
Dry air pollution control
Wet air pollution control . 2
- Water recycled continuously 2
e Use Cl2 for demagging 28
No ailr pollution control
Dry air pollution contrel 1
Wet alr pollution control 24
Wastewater discharged:
-~ with no recycling 12
- with some recycling ' 6
- no discharge-continuously recycled 0

-~ to evaporation pond

- with neutralization 17
- with solids removal 12
e Use both AlF3 and 012 for demagging 4
No air pollution control _ 1
Dry air pollution contrel 1
Wet air pollution control 2
Wastewater discharged:
= with no recycling 1
= to evaporation pond 1
- with neutralization 2
= with settling 2
Total Number of Plante Demagging 46
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TABLE 17. QUANTITIES OF WASTE WATER GENERATED IN THE
WET SCRUBBING OF CHLORINATION FUMES

~ Company (code) Wastewater Generated

__1/kg  of Mg Removed (Gal/lb)
C-7 95.2 (11)
D-6 ' 182 (22)
D-8 190 (23)
C-26 133(1) (16)

(1) Estimated from dates provided by plant on water usage
and rate of Mg removal,
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TABLE 18.

- CHARACTER OF WASTE WATER FROM CHLORINATION
FUME SCRUBBING (No Treatment)

c-7® p-g ).
Cong, , 'Loading,(c) Cone,, Loading,( 3
Parameter mg/4 rams /KeMp mg /4 grams /KeMg

COD 123 12.1 536 95,8

Total solids 2910 301

Total digsolved -

solids 1885 194 10,500 1856

Total suspended

solids 225 22,3 480 ‘83.0

Sulfate 11 0.51 481 84.4

Chloride 4420 446 - 8,671 1560

Cyanide <0,02 0 (d)' - -

Fluoride 0.24 -0.08 0.7 -0.324

Aluminum 472 50.9 - 6,12 0.615

Calcium 0.12 -0,215 990 176

Copper 0.25 0.02 1.31 0.236

Magneaium 41,2 3.86 55.8 9.81

Nickel 0.050 0.003 Q.74 0,106

Sodium 3.11 ~0.007 770 32.7

Potassium -- - 206 37.1

Zinc 0.952 0.091 3.58 0. 64

Cadmium 0.066 0.006 0,30 0.054%

Lead 0.061 0.004 Q.24 0.025

Manganese 0.449 0.049 2,34 0.34%

Chlorine residue 0.257 0.027

01ls and grease 13.9 0.590 6.24 0,403

Phenols (ppb) 20,7 -0,002 -~

pH 2.1 - 1.0 -

(a) Average of three composite samples,

(b) Average of five composite samples.

(¢) loading calculated as: [conc. effluent (mg/4) « conc. intake (mg/L)] x

quantity of water used ({)
quantity of Mg removed (Kg)

(d) Negative numbers indicate that the process apparently reduced the
concentration of this parameter, and are derived from the reports
of analytical results as shown above,

(e) Analytical methods from Standard Methods for the Examination of Water

and Wastewater,

13th Edficion (1971),
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loadings vary widely. Raw waste waters (averages of composites)
gathered during chlcrine demagging have a low pH due to the
hydrolysis of anyhdrous aluminum chloride and magnesium chloride
that make up the fume. The hydrclysis forms hydrochloric acid,
which acccunts for part of the high chloride 1levels present
without the associated total dissolved solids. The data at plant
C-7 suggests that the chloride in excess of that accountable from
aluminum and magnesiur had +c¢ come from excess chlorine used
during demagging. A similar imbalance in operation is suggested
by the data on raw waste water for Plant D-6. Unreacted chlorine
was measured as residual chlorine in the raw waste water from
plant C-7., The effect of pH adjustment and settling on the raw
waste water from plant C-7 is described in Section VII.

When chlorine is wused for demagging, mest of the product is
magnesium chloride during the initial phase of the operation, and
only a little aluminum chloride is formed., At the temperature of
the molten alloy, 760-780°C (1400-1450°F), some of the magnesium
chloride is included in the off gases (which may include
unreacted chlorine). As the magnesium level 1is decreased, the
chlorine flow is decreased, but more aluminum chloride is formed.
When chlorination 1is done within the furnace, the fumes are
usually wet scrubbed through a series of towers. When done in
the forewell, the fumes are caught in a bell, contacting the
molten metal, and scrubbed with a specially designed aspirator
mechanism. The scrukbing is done with and without neutralization
of the scrubbing liquid.

When aluminum fluoride is used for magnesium removal, both
magnesium fluoride and residual aluminum fluoride remain at the
surface of the melt. Both materials are solid at 7809C (1450°F)
and exert vapor pressures of less than 1 torr. They do react
with water vapor to yield hydrofluoric acid., The recovery of the
fumes during demagging is done with fume hoods over the forewell,
and the gases are scrubbed with recycled water through venturi-
type scrubkers. '

Chloride fume scrubber water (when not scrubbed with caustic
solution) has a pH of 1.5 and contains hydrolyzed metal chlorides
of aluminum, magnesium, and other wvolatile metal halides such as
zinc, manganese, cadrium, nickel, ccpper, and lead. In alkaline
scrubber waters, scdium, potassium, and calcium are present, with
a corresponding zxreduction in +the amount of dissolved heavy
metals, aluminum and magnesium. The pH =range is 9«11, (See
Section VII.)

The water from aluminum fluoride fume scrubbing contains HF which
is neutralized with caustic. Any metal fluoride or partially
hydrolized fluoride particulates would be expected to react in
the scrukber system to £form insoluble fluorides after pH
adjustment. The supernatant should: contain fluorides of
magnesium and aluminur and perhaps cryolite, all of which are
only sparingly solukle. Most of +the heavy metal f£fluorides
associated with the alloying metals may end up in the fumes and
subsequently in the scrubber sludge, '
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Fume scrubber water generation is intermittent and coincides with
the 1,5-4 hour magnesium removal cycle for each heat (every 24
hours) . The water flow rate during the scrubbing ranges between
3,800-12,500 liters (1N00-3300 gallons) per hour producing about
the same amount of discharge. ©f the 27 companies practicing wet
scrubbing for air pollution ccntrol, scrubbing water is
discharged directly (eight each), discharged with recycle (three
each}, dischaxged after recycling (two each), recycled
continuously (two each) (only those using aluminum fluoride for
magnesium removal), discharged tc pcnds (five each), and recycled
and discharged +tc¢ pcnds (two each). ‘Iwenty of the 27 companies
neutralized the scrukber water and 15 make an effort +to remove
solids as sludge ky settling or by filtration.

Waste Water From‘Res;gge Processing

Sources. Residues - used by the seccndary aluminum industry are
generally composed of 10 t¢ 30 percent aluminum, with attached
aluminum cxide fluxing salts (mostly NaCl and KCl), dirt, and
various other chlcrides, fluorides, and oxides. Separation of
the metal frcm the ncnmetals is done by milling and screening and
is performed wet c¢r dry. Wwhen performed dry, dust collection is
necessary to reduce air emissicns. Milling of dross and
skimmings will produce a dust that, when scrubbed wet, will
contain insoluble solids in suspensicn, such as aluminum oxide
hydrated alumina, and soluble salts from the flux cover residues,
such as a sodium cklcride and potassium chloride. Drosses also
contain aluminum nitride, which hydrolyzes in water +o yield
ammonia, When slags are milled, the waste water from dust
control contains mcre dissolved scdium and potassium chloride and
fluoride salts frcm the cryolite, thar from drosses or skimmings.
Some of the oxides of heavy metals are solubilized in the slag
and leached from the dust,

With wet milling, the dust groklem is minimized, but the
operation produces a waste water stream that is similar to the
scrubber waters in make up, but more concentrated in dissolved
solids contaminants. The aluminum and alumina fines are settled
rapidly and are used to assist the settling of more difficult to
settle components, oktained as sludges from related waste water
discharges.

0f +the 23 plants recovering aluminum values from residues, eight
use wet techniques, which lead to the generation of highly saline
waste waters. Table 19 lists the general character of these
eight coded plants. Waste water is generated by wet dust removal
systems (dust generated by dry milling of residue), the washing
of residue fractions (sized), and by wet milling the residue to
liberate metallic aluminum. In every case, the waste water is
passed into a settling pond before discharge.

Quantities. Water use for the wet milling of residues has been
based on the tonnage of aluminum recovery rather than the tcnnage
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TABLE 19. RESIDUE WASTE WATER GENERATION AND DISPOSAL PRACTICES

Plant Codes
Practice D-1 D-2 D-3 D-4 D=5 D-6 D-7 D-3

. Wastewater generated by:

Wet dust Temoval system X X
Washing of residue fractions ) X
Wet milling of residues X X X X X X

Disposal of wastewater:

Discharge with some recycling X X
Discharge to settling pond X X X X X X X X
Chemically treat wastewater to aid settling X X X X
Discharge to navigable waters via settling pond X X X
No direct discharge streams from settling ponds X X . X X X
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of residues processed, This is kecaunse the former quantity is
generally known mcre accurately by the smelters than the latter,

Table 20 gives availakle data on the guantity of waste water
generated in the wet milling of residues in liters per metric ton
of aluminum recovered. Values for plants D-3 and D-8 are fairly
close, while the value for plant D-4 is 1roughly an order of
magnitude higher,

Characteristics. The character of waste water generated during
wet milling of residues or residue fractions is given 4in Table
21. Two plants, D-4 and D~3, had scme analytical data on their
waste water from Ccrps of Engineers! permits. To provide bLetter
characterization c¢f the waste water, sampling teams were sent to
plants D~-6, D-8, and D=4 to gather water samples for analysis.

As noted in Table 21, waste water loadings are exceedingly
variable., For exargle, chloride loadings are 0.32, 3264, and 150
kgs/kkg (0.64, 6500, and 300 1lbs/ton) for plants D-3, D-4, and D-8,
respectively., This variability is attributed to variation in the
salt content in the residues being processed at the time samples
were taken. If the dissolved salt (chloride) content 1is 1low,
drosses frcm primary aluminum melt operations are being processed
(e.g., plant D-3). If they are high, then slags (and drosses or
skimmings} from seccndary aluminum melting operations are being
processed (e.g., Eplant D-#). Some residue millers operate on a
toll, based on the amount of molten aluminum recovered, and
process both types cf residues. Therefore, there are highs and
lcws in the dissolved salt content of the waste water depending
on +the batch of residues being milled. Nontoll millers process
both types of residues also, low salt residues for their high
aluminum content and home slag fcr improved aluminum recovery
within the plant. In some cases, such plants will also accept
slag from secondary smelters not equipped to process their own.
The raw waste water as it comes frcm the mill and screening
operation contains large amounts of insoluble sclids that settle
very quickly. Isolaticn of +the raw discharge stream, to
determine <the amount of solids present, could not be done; but,
it was estimated thkat the solids content in the waste water is
about 30 percent Ly weight, This would be a highly variable
value and dependent upon the type of residue being processed at
the time. Settling is a very effective way to remove the
insoluble solids. Hewever, there is variation in a plant's
ability +to remove suspended solids (cocmpare plants D=4 and D=8).
Milling at plant D-8 is done with a mixed stream, containing 75
percent alkaline fume scrubber water and 25 percent fresh water.
The concentrations reported in Table 18 have been adjusted for
this wvariation and are =reported only as the new gain in
concentration due to milling. The data suggest that milling with
an alkaline stream reduces the ammonia concentration agpreciably
from that resulting from milling with unaltered intake water
(0.30 mgs/1 vs 350 mgs1l for D-4) and suggests an effective way to
reduce the 1level of +this pollutant. The mixed stream is also
claimed to be effective in reducing the suspended sclids load in
the pH-adjusted fure scrubber water. The effectliveness isg
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TABLE 20. QUANTITIES OF WASTE WATER GENERATED IN THE WET MILLING
OF RESIDUES PER TON OF ALUMINUM RECOVERED

Wastewater Generation
J/mton of Al recovered

Company (code) : . {(Gal/ton)
D-3 16,6901
D-4 | 218,000
D-8 28,838

(1) From Corp of Engineers' data.
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TABLE 21. CHARACTER OF SETTLED WASTE WATER FROM RESIDUE PROCESSING

Plants
p-3(® p-5¢P) p-4 () -8
Loading Cone. Cone., Loading Cone. Loading
Parameter (Kg/mron A1) (mg /4 £ Kg /mton (e) Kg/mton (e)

Alkalintty 6.47 314 586 102 500 7.5
cop 0,97 2,045 29 0.17
Total asolids 24,264 5,144 17,800 326
Total dissolved

solids 13.51 12,920 ' 17,400 324
Total suspended

sollds 0,121 4,961 .15 1.5 159 ~5.6
Sulfate 1,100 47 1.5 151 1.8
Chloride 0.319 6,492 15,465 3,264 8,903 150
Cyanlde 0,04 0,05 0
Fluoride 0.129 2.9 8.7 1.81 16,5 0.38
Armonia 0.33 0.75 330 73 0.30 ~0.03
Aluminum 0,002 0.3 16,4 3.5 28 =-1.49
Caleium 58.8 23 -1.4 48 0.17
Copper <0,001 0.174 0.070 0.008 0,137 0.003
Magnesium 32.5 6 3.9 76 1,39
Nickel 1.2 0,240 0.009 0,20 0
Sodium ‘ 2,560 11,600 2,528 3,103 46,2
Potassium 1,087 6,470 1,407 4,802 102
Zinc . 0 0.015 0.10 0 0,198 -9.1
Cadmium 0.05 0.002 0 0,005 -0.,001
Laad 0.20 0.020 0,004 0.028 «0.,001
Manganese 0.16 0.045 0.002 0.060 0
Chlorine residue - - .- .-
0ils and grease 0.053 55.4 ] 0 0.5 0
Phenaols (ppb) . - -~ 0.03 0
pH 8.68 8.3 2.09 9.2
Nitrates 0.032

(a) Caleculated from U, 8. Corps. of Englneers, concentration dats not given.

(b) From residue milling solid waste washing, tonnage values of residue waste processed not

available - loading cannot be caleculated. Water flow is 151 fpm,

(c) ggg;ogggg gfmggtgagggeg Eg gcgg rg%gragdpgg ogic%t%og data from state: metals verlified
(d) Represents composite of 9 samples collected over 3 days Milling waste stream 1s blended

: with scrubber waste stream,

(¢) Loading calculated as: [conc. effluent (mg/4) - conc. intake (mg/4)] x

guantity of water ysed (4)
quantity of Al recovered from residue (mton)
(£f) XNegative values indicate that the process reduced the concentration of this parameter.

and are derived from reported analytical values,
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attributed to the rarid settling of the coarser milling wastes,
which carry down with them the hydrated alumina and magnesium
hydroxide in the treated fume scrubber water, as well as the
associated heavy metals, Fluoride in milling waste water is due
to the cryolite or aluminum fluoride contained in the slag (flux
cover). The presence of aluminates in the alkaline milling water
acts on fluoride to limit its concentration. Fluoride content in
the slag is alsoc gquite variable and depends on the source of the
residue being milled at the time. The concentrations of fluoride
found in the milling waste water are less than those attainable
by the use of lime precipitation. ‘

55







SECTION VI

SELECTION OF POLLUTANT PARAMETERS

Introduction

The waste water ccnstituents, which have been determined to be
present in the process waste waters of +the secondary aluminum
smelting dindustry in sufficient quantities <+to warrant their
control and teatment, are listed in Takle 22.

This secticn provides the rationale for the selection, as well as
the rejection, of pollutant characteristics for this subcategory.

Pollutant Parameters

Cooling Waste Water

The analyses of cooling waste water streams for three plants are
given in Table 13, 14, and 15. Examination of the values for the
various parameters shows disscolved solids, lead, manganese, and
©il and grease to be significantly added to this stream.

Fume_Scrubbing Waste Water

Analyses of two tyrical waste water streams from fume scrubbing
during chlorinaticn are given in Table 18, Examination of the
concentration values shows total susgended so0lids and chemical
oxygen demand +to ke significantly added to this stream. The
average pH is noted to be between 1 and 2 and is, thus, a
significant pollutant characteristic,

e s = Wt St St

BRnalyses of four residue milling waste water streams are given in
Table 21, Three <¢f <these provide concentration levels., The
fourth provides only 1loading values, From +the concentration
levels, it is established that total suspended solids, fluoride,
ammonia, aluminum, ccpper, and chemical oxygen demand are
significantly added to this stream and are considered as
significant pollutants. Total suspended solids, although
typically low, can be at high levels, as is the case for plant C-
6. Ammonia levels and pH are identifiable as contrikutions from
the process, and are subject to centrel by currently practicable
~control and treatment measures.

pPH, Acidity _and_Alkalinity
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TABLE 22, POLLUTANTS SUBJECT TO EFFLUENT LIMITATIONS

Pollutant Under
Treated Wastewater Stream Effluent Limitation

Wet Milling of Residues pH
: Total Suspended Solids
Fluoride
Ammonia
Aluminum
Copper
CoD

Fume Scrubbing . pH
Total Suspended Solids

coD
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Acidity and alkalinity are reciprocal terms. Acidity is produced
by substances that yield hydrogen ions wupon hydrolysis and
alkalinity is produced by substances that yield hydroxyl . ions.
The +terms "total acidity" and "total alkalinity"® are often used
to express the buffering capacity of a solution. Acidity in

" natural waters is caused by carbon dioxide mineral acids, weakly

dissociated acids, and the salts cf strong acids and weak bases.
Alkalinity is caused by strong Lases and the salts of strong
alkalies and weak acids.

The term pH is a logarithmic expressicn of the concentration of
hydrogen ions. At a pH of 7, the hydrogen and hydroxyl ion
concentrations are essentially equal and the water is neutral.
Lower pPH wvalues indicate acidity while higher values indicate
alkalinity. The - relationship Letween pH and acidity ox
alkalinity is not necessarily linear or direct.

Waters with a pH Lkelow 6.0 are corrosive +o water woxks
structures, distrikution lines, and household plumbing fixtures
and can thus add such constituents to drinking water as iron,
copper, zinc, cadmiur and lead. The hydrogen ion concentration
can affect the ‘'taste" of the water. At a low pH water tastes
"sour", fThe bactericidal effect of chlorine is weakened as the
pH increases, and it is advantageous to keep the pH close to 7.
This is very significant for providing safe drinking water,

Extremes of pH or rarid pH changes can exert stress conditions or
kill aquatic life outright. Dead fish, associated algal blooms,
and foul stenches are aesthetic 1liabilities of any waterway.
Even moderate changes from "acceptable" criteria limits of pH are
deleterious to some sgpecies. The relative toxicity +to agquatic
life of many materials is increased by changes in the water pH.
Metalocyanide complexes can increase a thousand-fold in toxicity
with a drop of 1.5 pH units. The availability of many nutrient
gsubstances varies with the alkalinity and  acidity. ' Ammonia is
more lethal with a higher pH.

The lacrimal fluid of the human eye has a pH of approximately 7.0
and a deviation of 0.1 pH unit from the norm may result in eye
irritation for the swimmer., Appreciable irritation will cause
severe pain. ' '

Total_ Suspended_Sclids

Suspended solids include both organic and inorganic materials.
The inorganic compcnents include sand, silt, and clay. The
organic fraction includes such materials as grease, oil, tar,
animal and vegetaklie fats, varicus fibers, sawdust, hair, and
vaxious materials from sewers. These solids may settle out
rapidly and bottom derosits are cften a mixture of both organic
and inorganic sclids. They adversely affect fisheries by
covering the bottom c¢f the stream c¢r 1lake with a blanket of
material that destroys the fish-food bottom fauna or the spawning
ground of fish. Leposits c¢ontaining organic materials may
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deplete bottom oxygen supplies and gproduce hydrogen sulfide
ca;bon dioxide methane, and other noxious gases.

In raw water sources for domestic use, state and regional
agencies generally srecify that suspended solids in streams shall
not be present in sufficient concentration to be objectionable or
to interfere with normal treatment processes. Suspended solids
in water may interfere with many industrial processes, and cause
foaming in boilers, cr encrustations on equipment exposed to
water, especially as the temperature rises. Suspended solids are
undesirable in water for textile industries; paper and pulp;
beverages; dairy rproducts; laundries; dyeing; photography;
cooling systems, and power plants. Suspended particles also
serve as a transpcrt mechanism for pesticides and other
substances which are readily sorbed into or onto clay particles.

Solids may be suspended in water fcr a time, and then settle to
the bed of the stream or lake. These settleable solids
discharged with man's wastes may be inert, slowly biodegradable
materials, or vragidly decomposable substances. wWhile in
suspension, +they increase the turbidity of the water, reduce
light penetration and impair the tghotosynthetic activity of
aguatic plants.

Solids in suspensicn are aesthetically displeasing. When they
settle tc form sludge deposits on the stream or lake bed, they
are often much more damaging to the life in water, and they
retain the capacity tc displease the senses, Solids, when
transformed +to sludge deposits, may do a variety of damaging
things, including klanketing the stream or lake bed and thereby
destroying the 1living spaces for those kenthic organisms that
would otherwise occugy the habitat. When of an organic and
therefore decomposakle nature, solids use a porticn or all of the
dissolved oxygen available in the area., Organic materials also
serve as a seemingly inexhaustible fcod source for sludgeworms
and associated organisms,

Turbidity is principally a measure of +the 1light absorbing
properties of suspended solids. It is frequently used as a
substitute method of guickly estimating +the +total suspended
solids when the concentration is relatively low.

Dissolved sSolids

In natural waters the dissolved solids consist mainly of
carbonates, chlorides, sulfates, chosphates, and possibly
nitrates of calcium, magnesium, sodium, and potassium, with
traces of iron, manganese and cther substances.

Many communities in the United states and in other countries use
water supplies containing 2000 to 4000 mgs/l1 of dissolved salts,
when no better water is available. Such waters are not
palatable, may not quench thirst, and may have a laxative action
on hew users. Waters containing more than 4000 mgsl of total
salts are generally considered unfit for human use, although in

1
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hot climates suck tYtigher salt ccncentrations can he tolerated
whereas +they could not be in temperate climates, Waters
centaining 5000 mg/l or more are reported to be bkitter and act as
biaddex and intestinal irritants. It is generally agreed that
the salt ccncentraticn cf gcod, palatable water should not exceed
500 mg/l. L

Limiting concentraticns of dissolved solids for fresh-water <fish.
may .range from (0C0 +to 10,000 mgrsl, according to spe01es and
prior accllmatlzatlon. Some flsh are adarted to living in more
saline waters, and a few species of fresh-water forms have been
found in natural waters with a salt concentration of 15,000 to
20,000 mgrsl. Fish can slowly Lecome acclimatized to higher
salinities, but fish in waters of low salinity cannot survive
sudden exposure to kigh salinities, such as those resulting from
discharges of oil-well brines. Dissolved so0lids may influence
the toxicity of heavy metals and organic compounds to fish and
other aquatic life, primarily because of the antagonistic effect
of hardness on metals. '

Wwaters with total dissolved solids cver 500 ‘mg/l have decreasing
utility as irrigation water. At 5,000 mgs/l water has 1little or
no value for irrigaticn. :

Dissolved solids in industrial waters can cause foaming in
boilers and cause interference with clealiness, color, or taste
of many finished groducts, High contents of dissolved solids
also tend to accelerate corrosion,

specific ccnductance is a measure of the capacity of water +to
cenvey an  electric current, This property is related to the
total concentration c¢f ionized substances in water and water
remperature, This grogerty is frequently used as a substitute
methcd of quickly estimating the dissolved solids concentration.

Fluorides

As the most reactive non-metal, flucrine is never found . free in
nature but as a cocnstituent 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 cexrtain types of rocks and only in a few regions, fluorides in
high concentrations are not a common constituent of natural
surface waters, but they may cccur 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
wocd and mucilages, for the manufacture of glass and enamels, in
chemical industries, fcr 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 or dental enamel ©f children; these studies lead
to the generalization that water containing less than 0.9 to 1.0
mgsl of fluoride will seldom cause mottled enamel in children,
and for adults, concentrations less than 3 or § mg/l are not
likely to cause endemic cumulative fluorosis and skeletal
effects, Abundant literature is also available describing the
advantages of maintaining 0.8 to 1.5 mg/1 of fluoride ion in
drinking water tc¢ aid in the reduction of dental  decay,
especially among children.

Chronic fluoride pcisoning of livestock has been cbhserved in
areas where water contained 10 to 15 mg/1l fluoride.
Concentrations of 30 - 50 mg/) of fluoride in the total ration of
dairy cows 1is considered the upper safe limit. Fluoride from
waters apparently dces not accumulate in soft tigssue to a
significant degree and it is transferred to a very small extent
into the milk and to a somewhat greater degree intc eggs. Data
for fresh water indicate that flucrides are toxic to fish at
concentrations higher than 1.5 mg/l.

_Ammonja

Ammonia is a common rroduct of the decompositicn of organic
matter, Dead and decaying animals and plants along with human
and animal body wastes account for much of the ammonia entering
the agquatic ecosystem. Ammonia exists in its non~ionized form
only at higher pH levels and is the most toxic in this state.
The 1lower +the pH, the more ionized ammonia is formed and its
toxicity decreases. Ammonia, in the presence of dissclved
oxygen, 1is converted to nitrate (NC3) by nitrifying bacteria.
Nitrite (NO2), which is an intermediate product between ammonia
and nitrate, sometimes occurs in quantity when depressed oxygen
conditions permit. »mmonia can exist in several other chemical
combinations including ammonjum chlcride and other salts.

Nitrates are considered to be among the poisonous ingredients of
mineralized waters, with potassium nitrate being more poisonous
than sodium nitrate. Excess nitrates cause irritation of the
mucous linings of the gastrointestinal tract and the kladder; the
symptoms are diarrhea and diuresis, and drinking one 1liter of
water containing 500 mg/l of nitrate can cause such symptoms.

Infant methemoglobinemia, a disease characterized by certain
specific blcod changes and c¢yancsis, may be caused by high
nitrate concentrations in +the water used for preparing feeding
formalae. While it is still dimpossible +0 state precise
concentration 1limits, it has been widely recommended that water
containing more than 10 mg/1 of nitrate nitrogen (NO3-N) should
not be used for infants. Nitrates are also harmful in
fermentaticn processes and can cause disagreeable tastes in beer.
In most natural water the pH range is such' that ammonium ions
(NHY4 +) predominate. In alkaline waters, however, high
concentrations of un-~ionized ammonia in undissociated ammonium
hydroxide incredse the toxicity of ammonia solutions. 1In streams
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polluted with sewage, up to cne half of the nitrogen in the
sewage may be in the form of free ammenia, and sewage may carry
up to 35 mgs/1 c¢f total nitrogen. It has been shown that at a
level of 1.0 mg/1l un-ionized ammonia, the akility of hemoglobin
to combine with oxygen is irmpaired and fish may suffocate.
Evidence indicates that ammonia exerts a considerable +toxic
effect on all aquatic life within a range of less than 1.0 mg/1l
to 25 mg/l, depending on the pH and dissolved oxygen level
present.

Ammonia can add +tc¢ the problem cf eutrophication by supplying
nitrogen through its breakdown products. Some lakes in warmer
climates, and others that are aging quickly are sometimes limited
by the nitrogen available., Any increase will speed up the plant
growth and decay rrocess.

Cccrper

Copper salts occur in natural surface waters only in trace
amcunts, up to abcut 0.05 mg/l, so that their presence generally
is the result c¢f pclluticn. This 4is attributable to the
corrosive action of the water con copper and krass tubing, to
industrial effluents, and frequently to the use of copper
compcunds for the control of undesirakle plankton organisms.

Copper 1is not considered to be a cumulative systemic poison for
humans, but it can cause symptoms of gastroenteritis, with nausea
and intestinal irritations, at relatively 1low dosages. The
limiting factor in domestic water suprlies is taste, Threshold
concentrations for taste have been generally reported in the
range of 1.0-2.0 wg/l1 of copper, while as much as 5-7.5 mgr/1l
makes the water completely unpalatable.

The toxicity of corper to aquatic organisms varies significantly,
not only with the species, but also with the physical and
chemical characteristics of +the water, including temperature,
hardness, turbidity, and carbon dioxide content. 1In hard water,
the +toxicity <¢f copper salts is reduced by the precipitation of
copper carbonate cr cther insoluble compounds. The sulfates of
copper and zinc, and cf copper and cadmium are synergistic in
.their toxic effect on fish.

Copper concentraticns less than 1 mg/l have been reported to be
toxic, particularly in soft water, to many kinds of fish,
crustaceans, mollusks, insects, rhytoplankton and zooplankton.
Concentrations of ccprer, for example, are detrimental to some
oysters above ,1 rrm. Oysters cultured in sea water c¢ontaining
0.13~0.5 ppm of cocrper deposited the metal in their bodies and
became unfit as a focd substance.

0il and grease exhibit an oxygen demand. 0il emulsions may
adhere +to the gills of fish or coat and destroy algae or other
plankton. Depositicr ¢f oil in the bottom sediments can serve to
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exhibit normal benthic growths, +thus interrupting the aquatic
food chain. Solukle and emulsified material ingested by fish may
taint the flavoxr cf the fish flesh. Water solukle components may
exert toxic acticn on fish. Floating o0il may reduce the re-
aeration of the water surface and in conjunction with emulsified
oil may interfere with photosynthesis. Water insoluble
components damage the plumage and coats of water animals and
fowls. 0il and grease in a water can result in the formation of
objectionable surface slicks greventing the full aesthetic
enjoyment of the water.

0il spills can damage the surface of boats and can destroy the
aesthetic characteristics of beaches and shorelines.

Chemical Oxvgen_Demand

The chemical oxygen demand is a measure of the quantity of the
oxidizable materials present in water and vaires with water
composition, temperature, and other functions., Dissolved oxygen
(DO) is a water guality constituvent that, in appropriate
concentrations, is essential not only to keep organisms living
but also to sustain species rerroduction, wvigor, and the
develcgment of populations. Organisms undergo stress at reduced
DO concentrations +that make them less competitive and able to
sustain their species within the aquatic environment. For
example, reduced DO concentrations have been shown to interfere
with fish population through delayed hatching of eggs, reduced
size and vigor of embryos, production of deformities in young,
interference with focd digestion, acceleration of blood clotting,
decreased tolerance to certain toxicants, reduced food efficiency
and growth rate, and reduced maximum sustained swimming sgeed.
Fish food organisms are likewise affected adversely in conditions
with suppressed DO. Since all aerobic aquatic organisms need a
certain amount of oxygen, the conseguences of +total 1lack of
dissolved oxygen due +to a high COD can kill all inhabitants of
the affected area.

If a high COD is present, the quality of the water is usually
visually degraded Ly the presence cf decomposing materials and
algae blooms due to the uptake of degraded materials +that form
the foodstuffs of the algal populations.

. S i o o -

Constituents as_ Pollutant Parameters

Waste water from +the +three unit operations, metal cooling,
demagging fume scrukking and residue rilling, were characterized
in a limited way pricr to the sampling and analysis, as conducted
in this study. The choice of possible pollutant parameters for
which analyses were tc be made was tased on information supplied
to the Corp of Engineers for permits to discharge under the
Refuse Act Permit Program and on an understanding of the
chemistry associated with each oreration waste stream. Some of
thegse parameters were rejected as significant pollutants. The
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reasons for rejection were that either +the process did not
contribute to the rresence of such constituents or that the
concentrations of certain constituents, namely oil and grease for
all process waste water sources except cooling, were considered
to be too small in rmagnitude +to ke significantly reduced by
current technolegy. :
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SECTION VII

CONTROL AND TREATMENT TECHNOLOGY

Introduction

The control and treatment technolcgy for reducing the discharge
of pollutants in waste water from metal cooling, fume scrubbing,
and residue milling is discussed in this section. The discussion
includes control and treatment alternatives for each type of
waste water stream and identifies process modifications to reduce
or eliminate the discharge of water.

Waste Water From Metal Cooling

The major pollutant in the waste water generated during the
cooling of ingot molds, containing molten alloy, are oil and
grease and suspended and dissolved sclids. The o0il and grease,
used to lubricate mold conveyor systems, is washed from equipment
as the ingots are sprayed frcm the underside with water. The
water is collected in a pit, which is drained +to a sump. The
dissolved solids and suspended sclids are attrikbutable to poor
housekeeping in the area of the cooling pit. 1In those operations
where cooling water is spray-cooled before recycling, dust is
removed from +the air in the vicinity of +the plant. The
production of deoxidizer shot differs frcm ingot cooling, in that
the molten metal shct contacts the water as it 1is quenched.
During the quench, some aluminum reacts with the water to
eventually form a sludge,

Typically, cooling waste water is -discharged by the secondary
aluminum smelters without prior treatment. Many of the smelters
control the discharge of cooling waste water through continuous
recirculation or by adjusting water flow, so +that +total
ccnsumption (evaporation) takes place. Others have avoided water
usage completely thrcugh the use ¢f air cooling,.

Control Alternatives

The amount of waste water generated from metal cooling can be
reduced by recirculation and cooling., A waste water discharge
could te eliminated Ly adopting a concept of either total
ccnsumption through regulated flow or air cooling. However, the
latter two alternatives are not suited to smelters producing
deoxidizer shot. :
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Recirculation. ©Of 58 secondary smelters canvassed which generate
cocling wagte waters, 15 are recirculating the water
continuously, with no discharge whatever, Seven others are
recycling the c¢coling water but discharge +the holding tanks
periodically, usually at six-month intervals. The reason for the
discharge is to permit sludge removal from cooling towers and
pits. A flow diagram for a recirculating system is given in
Figure 3.

Discussions with smelter personnel have indicated that it is
possible tc discharge the cocling water into an auxiliary holding
tank to0 permit sludge removal from the main system. The watex
could then be returned to the system after sludge removal.

Installaticn of a recirculation system involves the construction
of a cooling tower, possible enlargement of the cooling pit, an
auxiliary holding tank, associated plumbing, and necessary pumps.
The size and cost c¢f these facilities would depend on the
production capacity of the smelter. Generally, this type of
equipment has been engineered, built, and installed by smelter
personnel. Because of this, it is difficult to oktain accurate
cost data. Estimates have run frcom $2000 to $5000 for the spray
cooling, water storage pit, pumps, and associated plumbing to
provide encugh capacity for a smelter with an output of about
0,454 million kg (1 million 1b) of alloy per month,

Maintenance on the recirculation system is largely due to sludge
buildup. This invclves approximately four man-days every six
months. Very seldcm are any maintenance problems mentioned in
connection with the recirculation system itself, The amount of
sludge buildup agppears to vary from plant to plant. Those that
do not have a sludce problem claim to recirculate their cooling
water continuously and must replenish the water <+that has
evaporated. They attribute the sludge buildup by others to rpoor
housekeeping more than removal of sclids from the air. Similar
comments were made akout dissolved salts; however, as their
concentration increases, +total evaporation of cooling water
through flash cooling on hot ingots may be a wviakle disposal
alternative, 0il and grease accumulation would appear to be
unavoidable. However, at these higher concentrations of oil and
grease, removal by skimming 1is <facilitated. Use of more
exgensive greases that melt at higher temperatures and are less
rrcne to erosion have been suggested as a means of controlling
this pollution proklem,

Total _Consumption of Cooling Water. Of <the 58 smelters using
cooling water, three have reduced the flow rates such that the
water is essentially totally evaporated by the hot ingots. As
such, no waste water is generated. Specially designed nozzles
exist to give a water-mist spray, that reduces the steam-to-metal
interface. However, these nczzles are inclined to get plugged
with dirt and, thereby, present a maintenance probliem. Such
approaches require lcnger conveyors to assure that <the ingots
have cooled sufficiently to be handled.
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Air_ Cooling. Of the 69 secondary smelters canvassed, 13 are air
cooling thely ingots and sows. Air ccoling is accomplished by
conveying the hct ingots <through an air tunnel, fitted with
entrance and exhaust blowers, The conveyors need to be
arproximately +twice +the 1length of water cooling conveyors.
Maintenance is higker cn the air-cccled system because of the
longer conveyor, +the added heat load on the lukricants, and the
additional blcwer motors. In some cases a water mist is added to
the air tc improve the cooling rate, The water is completely
evaporated.

Treatment Alternatives

The waste water from cooling cperations requires treatment to
remove the o0il and grease and suspended solids before discharge.
This holds for once~through water and for recirculated water. As
in most treatment processes, it is less difficult to treat waste
water with high concentrations of rpollutants than those with low
concentrations. Therefore, treatment of recirculated water would
be preferakle,

Qii__and _Grease. Specialized skimring devices are available for
the removal of o0il and grease pollutants from water, Grease (and
0il) traps can reduce the levels, so that such specialized
equipment is not overloaded.

Solids_Separation. Eoth dissolved and suspended solids are added
to the cooling waste water, Removal of suspended solids requires
settling, which is very slow at lc¢w concentrations, but can be
made more rapid at high concentrations. The components of the
suspended solids are primarxily aluminum hydroxide or hydrated
oxide which are kncwn to be excellent coagulants. Recirculation
of cooling water will build <the suspended solids level to
concentrations great encugh to effect rapid settling between
cocling operaticn cycles. Sludge 1is removed periodically,
usually every 6 montks, However, others have claimed no need to
remove gludge since buildup was not detected. The supernatant
water is of sufficiently good quality that it can be pumped into
a holding tank during sludge removal from the settling tank or
pit and then reused., The latter procedure appears to be more in
line with a process that evaporates water and which is constantly
replenished. For example, a settling tank or pit with about
37,850 liters (10,000 gallon) capacity and a holding tank of
cemparable size weuld be required to supply water for a 15 metric
ton per day (17 ton) ingot casting operation. Billet "direct
chill" cooling and shct cooling require, typically, about a 3,785
million liter (1.0 million gallon) capacity system.

S8ludge from the settling tank, which amounte to about 757 <o
7,570 liters (200 to 2000 gallons) every 6 months, is disposed of
in sanitary sewers, stcrm sewers, lagoons, ponds or simply dumped
onto slag, destined fcr land disposal or reprocessing. Since the
sludge is primarily hydrated alumina, the nonwater environmental
impact is considered to be negligible, Disposal in land fills,
after dewatering by filtration, would be the ultimate means of
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sludge disposal. The filtrate would be recycled or discharaed to
~the sanitary sewers.

Waste Water From Fume Scrubbing

A . .y e S, S A

The fumes formed during chemical magnesium removal must be
controlled to reduce air emissions to acceptakle levels, Wet
gcrubbing techniques have been emplcyed for this purpose and take
numerous forms, some of which are considered to ke proprietary.
The discharge from these wet fume scrubbing devices contains most
of the volatile metal salts entrained in the gas flow. When
chlorine is used for magnesium removal, aluminum chloride and
magnesium chloride are the principal constituents, while
chlorides cf the other alloying elements are also found due to
entrainment. When aluminum £flucride is used for magnesium
removal, the principal wveolatile products may be silicon
tetrafluoride and hydrcgen £luoride which is formed from the
high-~temperature hydrclysis of the slightly wvolatile f£fluoride
salts reacting with moisture in the air. 1In both cases, the air
pollutants are transferred into water pollutants. In the case of
chloride fume scrukbing, the salts are mostly soluble in water.
In the case of fluoride fume scrubbing, the salts are only
slightly soluble, but the hydrclysis product, hydrogen fluoride
ie very soluble.

Control Alternatives

Control of air emissions during magnesium removal can be done dry
as well as wet, Dry emission ccentrol techniques must contend
with rather corrosive gases for both types of magnesium removal.
Anhydrous c¢hloride salts hydreclyze to produce hydrogen chloride
gas, which in turn reacts with water vapor to form hydrochloric
acid. Hydrogen fluoride and hydrofluoric acid are formed only at
high temperatures; however, once formed, they remain in the gases
being scxrubbed.

Fume Contxol, Three processes exist for reduction and/or removal
of fumes without major use of water either in the process or in
fume control, These are the Derham prccess, the Alcoa process,
and the Teller process,

The Derham Process.(1) The Derham process includes eguipment
and techniques for magnesium removal, with chlorine, from secon-
dary aluminum melte with a minimum cf fume generation and without
major use of water in either the grocess or in fume control. The
principal concept 1isg +the entrapment of magnesium chloride, the
reaction product of magnesium removal, in a 1liquid flux cover,
with the flux being subsequently used in the melting operations.

The elements ,0f +tlke Derham prccess are indicated in Figure 4.
The principal comgcnents consist of a separate bath of the metal
t0o be treated with its special flux cover, and means to circulate
the molten metal tc and from that separate bath.

17 Mention of trade names or specific products does not constitute an
endorsement by the Environmental Production Agency
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Figure 4. Schematic diagram of elements of the Derham Process.
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The +treatment bath may be integral with the smelting furnace or
~separate, depending cn whether the particular installaticn is a
new facility or the equirment is being installed on existing
equipment. The molten metal circulaticn frcm the main furnace
hearth to the Derham unit is accomplished by pumping (usually
with an air driven siphon) rather than by less direct methods,
such as mechanical stirring or nitrogen gas sparging or
agitation. The molten metal brcught t¢ the treatment unit is
treated in the wusval manner with gaseous chlorine to achieve
magnesium removal, resulting in the generation of molten
magnesium chloride as the reaction product. By maintaining a
relatively thick c¢over of molten salt on the kEtath in the
treatment unit, the emissions c¢f aluminum chloride +0 the
atmosphere, usually produced by demagging, are nearly completely
arrested. As the flux cover becomes saturated with respect to
magnesium chloride, it is removed and may ke used as a flux in

the main melting furrace,

Any gaseous effluents from the treatment unit are klended with
the combustion gas effluent and released to the stack. Emission
ccntrcl requirements vary, and may be satisfied by blending the
gases. In situaticns requiring particulate contrcl with
baghouses, the cklcride emissions, although hygroscopic, are
usually dilute enough not to interfere with baghouse operation,

Associated engineering features, repcrted for +this process,
include the significant reduction of fuel reguirements and
melting time resulting from metal circulation. Heat transfer
rates from the center hearth tc the charging well are increased,
so that temperature gradients are decreased. The usual gradient
was gquoted as being 200°F between charging well (1300°F) and melt
(1500-1600°9F) . With metal circulaticn, this is reduced to 150°F.
The increase in melt rate was quoted as at least 20 percent.

The efficiency cf chlorination is zreported +o be nearly
stoichiometric down tc 0.1 percent magnesium in the melt, This
is better than crdinary chlcrinaticn rates, which are 50-60
percent efficient at the lower range c¢f magnesium content. No
adverse effects on product guality are reported., One user,
employing the process for degassing only (rather than demagging),
reports improved metal guality in the application of the process
in an extrusion plant. .

The Derham process is generally satisfactory in terms of meeting
air pollution restrictions. Although a second scrukker may be
desirable under stringent regulaticns and/or transient process
ccnditions, the loading should be very low. Water use would not
be completely eliminated, but recycling of water could be done
more easily. :

The Alcoa Process.€1? The Aluminum Company ©of America is
allowing +the 1licensing of a "fumeless" demagging process, that
claims achievement of 100 percent efficiency in chlorine
uatilization £for magnesium removal., It recovers molten magnesium

chloride as a product. At present, it is being used in England

73




for captive scrap processing. The unit is installed between the
holding furnace and a casting machine and removes magnesium
continuously as the metal flcws through.

The operation uses no flux salts and attains the high chlorine
efficiencies by means cf extended gas residence times provided by
gas-liquid contactcrs. For very dirty scrap, a short periocd of
prechlorination in +the furnace is necessary to improve fluxing.
The system has been cperated on a ccmmercial scale at an alloy
flow rate of 5900 kg (13,000 1lk) per hour, with a magnesium
removal rate of 27 kg (52 1lb) per hour. Magnesium content was
reduced frcem 0.5 t¢ 0.1 percent.

Coated Baghouse (Teller) Process.¢!? Baghouses have not been
effective in the remcval of fumes from demagging operations.
Blinding occurs during collection of submicron particulates.
These particles enter the interstices of the weave and create a
- barrier to gas flcw, When blinding occurs, the pressure drogp
rises rapidly, and gas flow diminishes,

The Teller modification of baghouse cgperation has been described
in varying detail, since the inventor considers most information
proprietary (Teller, 1972). Only one system has been installed
at a secondary aluminum smelter. PBasically, the system differs
from a normal baghouse in that the bkags are precoated with a
selid to abksork effluent gases as well as particulates,
supposedly without blinding. Upon saturation, the coating is
removed along with the collected dust by vibration. A fresh
coating is then apgplied. The collected particulate and spent
coating are to ke disposed of in a landfill. The system is
suited for collection of emissions from operations using aluminum
fluoride for deraqging. A prototype has been installed in such a
facility, where its performance 3is being evaluated. The
evaluation program should also establish its effectiveness for
the collection of emissions from cperations using chlorine for
demagging.

The proprietary system, in the case of fluoride emissions from
glass furnaces, 1is based on simultaneous filtration and
chromatcographic absorption and baghouse recovery. The
chromatographic sclid is injected into the gas duct and is then
separated from +the gas in a baghouse., The solid serves as an
absorbent for acid gases and as a baghouse precoat to prevent
blinding. The reactive carrier coats the bags and acts as a
filtration precoat. It breaches, rather than blocks, the
interstices and acts as the actual filter, using the bag surface
only as a support, This is the principle of the precoat action.

The chromatographic material consists of a monomolecular layer of
reagent on a reactive carrier. In one application, the carrier
cost was estimated to be $30 per metric ton. In the absorption
of hydrogen fluoride it can provide one transfer unit in  0.0254
cm  (0.01 inch) derth of the chromatographic material. With a
duct line injection rate of 0.454 to 0.908 kg per 280 cum (1 to
2 1b per 10,000 cu ft) of gas, 80-90 percent removal of hydrogen
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fluoride cccurred in the duct and 99 rpercent in the baghouse
ccllector.

The recovered solids, consisting of the original chromatcgraphic
material, neutralized gaseous fluorides, and the particulates
from the operation can either ke recycled (if the discharge is
compatible with feed material being charged to the operation) or
it can be removed to a landfill.

In order to apply the Teller [frocess to specific secondary
aluminum orerations, +the nature and the wvariabkility of the
emission with the tyres of scrap, and/or the ratio of scrap types
being charged, as well as the rate of magnesium removal, must be
established, To be& ccmprehensive, such a  study would require
considerable expenditure.

Treatment Alternatives

Oof the 69 facilities canvassed, 46 use demagging to prepare
alloys (see Table 23)., Of these, 29 employ some form of wet
scrubbing to control air emissions. Three use aluminum fluoride
and 26 use chlorine fcr demagging. A number of +the smaller
volume operations have delayed installing wet air pollution
control devices until water standards are more clearly defined.
In one case, a wet scrubker system has been employed for smoke
abatement, since restrictions on fuel consumption have ruled out
the use of afterburners. No demagging was done at this plant.

Removal of fumes fcrmed during demagging from the air by wet
scrubbing techniques transfers the pollutants to water., Disposal
and treatmeént pricr tc disposal cr reuse are dictated by the
method used for magnesium removal from the molten metal. When
chlorine is used, the anhydrous salts hydrolyze during scrubbing
to form acidic solutions of chloride salts, which even after
neutralization preclude reuse of the water continuously without
buildup of high 1levels of salt concentration. When aluminum
fluoride is used, scrubbing of the fumes with water produces
fivorides in soluticn. Subsequent treatment '~ can assure the
formation c¢f slightly soluble salts, that do not increase their
concentration in water, making continuous recycle of water
possikle after settling.

Discharge practices and treatment practices, used on both types
of waste watexr, are given in Tables 24 and 25 and are described
in the following secticns.

Chloride Fume Scrukker Waste Water. The water from fume scrubbing
orerations, using chlcrine for demagging, are highly acidic, due
tc the hydrolysis of aluminum chloride and magnesium chloride.
Four plants are disclarging directly into sanitary sewers without
treatment, Three discharge into sewers after neutralization, and
four after neutralization and solids removal by settling. Such
an effluent provides a source of partially solukle aluminum and
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TABLE 23, MAGNESTUM REMOVAL PRACTICE (DEMAGGING)
USED BY SECONDARY ALUMINUM INDUSTRY

Number of Smelter
Plants Using Wet
Number of Smelter * Scrubbing to
Chemical Plants Using Control Emission
Used Magnesium Removal During Demagging

Aluminum
Trifluoride

Chlorine

{(a) Of this total, & use both methods for magnesium removal.

(b Of this total, 2 use both methods for magnesium removal.




TABLE 24, TREATMENT OF EFFLUENTS FROM FUME

SCRUBBING (DISCHARGED AS NOTED)

Number of Smelters Using Given Practice

Neutralize
Solids Removal Solids No
Treatment Neutralize 012 Ang Removal Treatment
Effluent Control
Discharge Directly
No Recycle 2 5 - 1 4
With Recycle - 3 - - -
After Recycle 1 1 - - -
Total 3 9 0 1 4
Discharge to:
Stream 1 4 - - -
Sanitary Sewer 3 4 1 - 4
Total 4 8 1 0 4
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TABLE 25, TREATMENT OF EFFLUENTS FROM FUME
, SCRUBBING (NO DISCHARGE)

Number of Smelters Using Given Practice

Neutralize
Solids Removal Solids No
Treatment Neutralize Clz A1F3 Removal Treatment

iffluent Control
Recycled Continuously
Discharge into Pond

Recycle and Discharge
to Pond

Total
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magnesium salts, whkich are suitakle for coagulation and
precipitation treatment.

Neutralization to a ©pH of 6.0-7.0 will precipitate most of the
aluminum and magnesium as hydroxide. Coprecipitation of heavy
metal hydroxides also occurs. The effectiveness of neutrali-
zation is diminished if +too much alkali is added, since
dissolution of aluminum hydroxide cccurs at about pE 9. The data
presented in Takle 26 4indicate that +this is true. When
neutralization follows the scrubbing, as is shown in the flow
diagram of the treatment of chlocride scrubber water in Figure 5,
not all of the aluminum is precipitated when the pH is raised to
9.0-9.2. This c¢culd, in part, ke due to over treatment with
alkali, causing dissclution of the aluminum hydroxide. The
scrubbing operation is done directly with an alkaline solution at
plant D-~8, and the data suggest that the aluminum loading is
high, due to the high pH. The heavy metals are decreased;
however, due to the high pH, the total solids and sodium loading
is increased. Smelter personnel using pH control instrumentation
for alkali feed claim that they are unreliable and require
frequent maintenance, Under conditions of failure, over-
neutralization occurs,

The effluents from chloride scrubbers are also discharged into
streams, Four smelters neutralize and remove solids by settling
before discharging intc navigable waters. Two discharge with
recycling, and two discharge directly after neutralization and
settling to remove sc¢lids,

Effluents are alsc discharged to ponds with impermeable to
semipermeable surfaces, both with and without neutralization.
solids are removed periodically after evaporation of the water.
One practice 1is +tc¢ recycle +the neutralized water through the
scrubber until it is tco difficult tc pump. The slurry is then
discharged to the prond. Another practice is to employ a settling
tank for neutralization, from which the supernatant is discharged
into the evaporaticn pond and is recycled to the scrubker, as
needed. The settling tank was drained weekly into the pond in:
order to remove the sludge accumulation of 625 liters (165
gallons), The £flow diagram cf a facility employing an
evaporaticn pond in this manner is shown in Figure 6.

Aluminum__Fluoride Fume, Scrubber Water. Three of the 14 smelters,
using aluminum flucride for magnesiﬁm removal, use wet scrubkbing
for air emission ccntrol. Two of the three recycle the water
continuously and neutralize the solution with sodium hydroxide.
The other plant alsc neutralizes the waste water, but since both
chlorine and aluminum fluoride arxre used at this plant, the
effluent is discharged to a lagoon.

The continuous recycle system shcwn 1in Figure 7 scrubs the
emissions with a venturi-type scrukker, followed by a packed
tower and demisting chamber., The waste water is collected in a
settling tank, where it is treated with 5 percent caustic to
neutralize hydrogen fluoride formed from hydrolysis. The sodium
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TABLE 26.

EFFECT OF NEUTRALIZATION AND SETTLING ON SCRUBBING WASTE WATER LOADING

Parameter

Waste Loadings, gram of pollutant/kg of Hg removed

Plant -7 {Case I)

Plant C-7 (Case IT)

Plant D-6

Plant D-8

Before Treatment After Treatment

Net Effect Before Treatment After Treatwment

Net Effect No Treatment

Alkali Treatment
No Settling

Alkalinity

coD

Total Solids
Total Dis, Solids
Total Sug., Solids
Sulfate
Chloride

Cyanide

Fluoride
Aluminum
Calcium

Copper
Magnesium
Nickel

Sodium

Zinc

Cadmium

Lead

Manganese
Chlorine Residue
0il & Grease
Phenols (ppb)

pH

1.8

999
710

5.47
6,84

2754
1.52
4864
3772
1193
41
851
0
-8.3
184
-0.21
0.01
6.02
]
1919
1.35
0.12
-0.0Q
0.0
0
0.02
9.5
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fluoride formed reacts with particulate aluminum fluoride carried
with the emission, tc form insoluble cryolite. The magnesium
fluoride which may also be carried with the air stream, cryolite,
and other insoclukles are separated in settling tanks, and the
alkaline supernatant is recycled to the scrubber system. The
plant personnel c¢laim that there is no water discharged except
for that removed with the sludge, which is discarded in
landfills. The installation was designed for cperation on one
furnace, but plans are to use the system for the three remaining
furnaces. Special retractable panels are being installed to
improve air flows cver the forewell for emission controel. Until
these imprcvements are made, the system remains idle.

aste Water From Residue Milling

Water is used by six of the 23 smelters that process residues to
recover metallic aluminum values. ULepending on the nature of the
residue being milled, the amounts of dissclved solids and insolu-
ble solids in the raw waste water vary. When the residues are
slags from secondary smelters, the waste water is very high in
dissolved salts. When the residues are drosses or skimmings from
primary or foundry scurces, the amount of dissolved salts in the
waste water is greatly reduced; however, the insoluble solids
fraction in the dross approaches 70 gercent by volume, At most
residue milling facilities, both types of residues are handled,
and both types cof raw waste water are generated from the same
milling operation. Waste water 1is also produced from the wet
contrxol of dust generated by a dry milling operation producing a
low salt, high aluwinum product of the solid waste from the dry
milling of residues.

Current Practice

Waste water generated during wet milling of residues 1is +treated
in settling ponds, in which the insoluble materials are removed.
No control of the dissolved salts is practiced Ly the two plants
discharging into streams and the one discharging into municipal
sewers. Some dissolved salt control by evaporation is c¢laimed by
those discharging the waste water into lagoons, Four smelters,
with waste water from residue milling, use such lagoons.

In one plant, all milling residues less than 60 mesh are dis-
charged for treatment in settling gpcnds. The first stage, of a
four stage pond system, 1is treated with a polyelectrolyte to
improve settling. A fourth settling pond, with skimmers, dis-
charges the clear cverflow into the midcourse of the receiving
stream, The sludge from the fourth stage is recycled back into
the first pond and is removed with the aid of the material
passing through 60 mesh. The insoluble residue is disposed of
through sales or through an industrial disposal contractor.
Residues stored outside are subject to leaching by the rain, and
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the runoff is dJdirected into +the plant drainage ditch and the
fourth pond.

In another operaticn shown in Figure 8 (Plant D-8), the discharge
from the milling cperation, which contains the insoluble
materials after metallic aluminum was removed, is used to accel-
erate settling cf alkaline scrubber solutions from chloride fume
scrubbing waste water discharged intc the same ponds. Because of
the - mixing occurring in the waste water circuit, the benefits of
this treatment on scrukber waste water loading could not be
determined.

gontrol Alterpatives

The alternative to¢ wet residue milling and the resulting waste
water treatment is dry milling of the residues. Seventeen of the
23 residue processcrs practice dry milling to eliminate waste
water. Impact mills, grinders, and screening operations are used
to remove +the metallic aluminum wvalues from the nonmetallic
values. The high levels of dust formed in these operations are
vented to baghouses. The baghouse dust and the nonmetallic fines
from the screening ccnstitute the solid waste from the operation.
These are stored c¢n the plant site on the surface of the ground.
Attempts are made to ccntrcl the runcff by containing dissolved
salts in drainage ditches. Contamination of surface and
subsurface waters is unavoidable as the solid waste handling is
practiced now. Markets  for the #field 1leached waste" are
developing in the <cement industry, since +the waste consists
mostly of impure alurinum oxide, The purity is claimed to be too
low for use as a substitute for bauxite ore.

Those practicing dry dross milling in areas where land for solid

waste disposal of the waste is limited are using the services of
industrial waste disrcsal contractors.

Treatment Alternatives

Wet milling of prirary aluminum residues and secondary aluminum -
slags by a countercurrent process is claimed by certain segments
of +the industry as the only way tc reduce or possikly eliminate
salt impregnation cf ground and runcff water from +the discarded
solid waste, By wusing a countercurrent milling and washing
approach, two advantages could be realized. The final recovered
metal would be washed with clean water providing a low salt feed
to the reverberatory £furnaces, The waste water, with the
insolubles removed, would be of a concentration suitable for
economical salt reccvery by evaporation and crystallization.
Heat for evaporaticn could be supplied by the waste heat from the
reverkberatory furnaces. The prccess would have to contend with
the ultimate disposal of the dirt, trace metals, and insolubles
recovered from the brine, ‘which shculd contain very low levels of
soluble salts. Such salt recovery installations are operating in
England and Switzerland, and the salts recovered assist in paying
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Figure 8. Residue milling and alkaline chloride fume scrubber waste water treatment system.
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for <the operation, since they are reusable as fluxing salts in
the secondary aluminum industry. Such a system has not been put
into practice in the United States, although groundwork for

research in the area appears to ke developing.
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SECTICON VIII

COSTS, ENERGY AND NONWATER QUALITY ASPECTS
Introduction

This section deals with the costs asgscciated with the wvarious
treatment strategies, available to the seccondary aluminum
industry, to reduce tle pollutant lcad in the water effluents.
In additicn, other nonwater quality aspects are discussed. Since
the entire secondary industry is engaged in recycling scrap
aluminum, it represents significant savings in natural resources,
both in terms of alurinum ore (bauxite) and in the reduced
pcllution and energy consumption represented by a ton of
secondary aluminum vs a ton cf primary aluminum. These aspects
of +the industry, therefore, alleviate the nonwater quality
environmental impacte identified for each method of control of
waste water cited in this section,

Because of the nature of the seccndary industry, the cost data
oktained are lacking in some details, oOften the equipment and
operating costs have been combined with other portions of the
process. Wwhere data were lacking, engineering estimates were
made, All costs are expressed in terms of metric tons. Costs
rer ton are ten percent higher.

Basis for Cost Estimation
s el A V. e e

Capital Investment

Where possible, data cn equirment ccsts and total capital were
obtained from the secondary aluminum processors. These capital
investments were changed t¢ 1971 dcllars by the use of the
Marshal and Steven's Index (quarterly values of this index appear
in the publicaticn chemical Engineering, McGraw Hill). In
addition, where ccst data were not available, equipment costs
were estimated from published data (Feters and Timmerhaus, 1968).
The total capital investment was then calculated as this cost
rlus:

Installation 50% of equipment.
Piping 31% of equipment.
Engineering 32% c¢f equipment.
Electrical Services 15% of equipment,
Contractor's Fee 5% cf equipment.

Contingency 10% of equipment.




Operating Costs

The extent of operating cost data available from the secondary
processors was usually limited to raw materials and maintenance
costs. In order to put all operating costs on a common basis, the
following procedure was used to calculate annual operating cost
items:

Raw material cost - as reported.

Maintenance - as reported or estimated as 5% of total
plant cost.

Depreciation - 10% of the total capital.

Interest - 8% cf total capital,

Tax and Insurance - 1% of the plant cost.

Wagte Water From Metal Cooling

e — R iy, e S S e e Yl

Control Costs

A o e i Mgy, s . S S

There are esentially two means for effecting waste water control:
(1} recycle the cooling water, using a cooling tower to remove
the heat in the water, and (2) perfcrm the ingot cooling in air,
avoiding the use of water altogether.

In a recycle system, there will be a build up of dissolved
solids, and some suspended solids, oil and grease, and sludge.
Because of this, a blowdown is carried out about +twice a vyear,
typically amounting tc¢ 1,000 gal. In present practice, this
blowdown is discharxged, However, total evaporatiocon is
technically feasible for this blcwdcun.

Conversion of a once~through ingot cooling 1line +to a
recirculation system is relatively inexpensive. A capital cost
of about $0.43/annual ton of aluminum with an operating cost of
$0.15/ton, would be required. Elements in this cost calculation
include pumps, settling and slime-settling basin, and the cooling
tower. The operating cost does nct include savings, resulting
from the lcwered freshuater use. In crder +to perform a total
evaporation of the blowdown from the cooling tower, a capital
cost of $Q.30/annual ton, and operating cost of $0.05/ton, would
be added to the costs for the recirculation system.

Additien of an air cooling process necessitates longer conveyor
lines and the installation of blowers. The cost of the air
cooled ingot 1line relative to the kase cost of a once-through
cooling system, hcwever, is dependent cn whether the plant is to
be newly constructed or is existing. In the first case, the
smelter is faced with only the difference in initial costs
btetween water cooling equipment and air cooling equipment
($3.17annual ton). However, the smelter with an existing water-
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cooled line is essentially faced with an investment for the total
air-cocled line ($9.2/tcn).

Operating costs for the two cases are air cooling, $2.25/ton, and
water cooling, $1.09/ton. Again, nc credit has keen claimed for
the water savings. Ancther consideration is the fact +that an
air-cooled ingot 1ine would result in an additional enexrgy
consumption of about 11 kwhr/tcn.

Treatment Cogts

Water from ingot cocling lines contains large amounts of oil and
grease and dissolved solids, The suspended solids content is
about 250 to 500 mgrs1l, approximately half the concentration of
the o1l and grease and dissolved sclids., Treatment of this
stream could be done by a separator, which would remove about 75%
of the oil and grease (Patterson and Minear, 1971) and fprobably
atout 50% of the sclids. The equirment consists essentially of a
lagcon with a skimming device. This txeatment has capital costs
of about $0.08/annual ton and $0.07/ton operating costs.

Cost Benefit

A summary of the c¢cst benefit relationship of control and
treatment systems fcr waste water from metal cooling is shown in
Table 27. The data (carpital cost) are plotted as Figure 9.
Several points can ke noted from the data presented in Table 27,
No discharge of prccess waste water gollutants can be achieved by
two means, recycle of the cooling water and evaporation of the
blowdown from the cccling tower in an evaporator, or the use of
air to cool the ingots. Of the two, the recycle scheme is the
most economical, requiring a cagpital outlay of 1less than
$1l/annual ton. The <ne advantage of air cooling is that therxe is
no water use; whereas, water cooling does result in a water
consumption of akout 55 gal/ton (ccoling ingot from 1,500° to
1009F) . However, the saving. in the cost of water does not
justify +the use of air cocling tc reach no discharge from an
economic standpoint., 1In addition, the energy requirements of an
air-coocled 1line are higher, and the air cooling cannot be used
for shot ccoling.

In conclusion, it is possible to perform the cooling step and +to
achieve nc discharge cf process waste water pollutants, either by
recirculation or ky air cooling. Costs involved would add about
$0.15 to $1.0/ton to the cost of the aluminum produced.
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TABLE 27. COST BENEFIT OF CONTROL AND. TREATMENT
FOR WASTE WATER! FROM METAL COOLING

Discharge
01l and Dissolved Suspended . Costs

grease Solids Solids Capital; Operating;

kg/ton kg/ton kg/ton §/annual ton $/ton
Once-through cooling 1,2 0,12 0.63 0 ]
Recycle cooling water 0.5 0,12 0.13 0.4 0.1
Recycle cooling water 0 0 0 0.7 0.2

with evaporation

01l Separation - 0.4 0.12 0.33 0.1 0.1
Alr Cooling (total) 0 0 0 9,2 2.3
Alr Cooling (A water) 0 0 0 3.0 1,1
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Wagte Water From Fume Scrubbingt¢i?

The three processes in present use for +the contrcl of water
effluent are the Derham Procesa, the Alcoa Process, and the use
of AlF3 as a demagging agent.,

The equipment cost of the Derham Process was obtained from the
liceneing company (Andrews, 1973) as Letween $5,000 and $10,000
for a production rate of 5,000 kkg (5,540 tons) of aluminum/year.
The addition of other capital items, installation, piping, etc.,
adds an average ccst of $7,500, and results in a total cagital
requirement of $3.4/annual ton. The capital equipment 4includes
the molten aluminum gpumps, an additional holding furnace, and
other items, necessary for conversicn of a standard demagging
operation to the Cerham Process,

The licensing company claims <that several cost savings to the
secondary smelter would result when the Derham Process is used.
The major savings claimed are:

(1) The reported chlcrine usage is 3 kgskg of magnesium removed,
in lieu of the value of 3.5 kg/kg found in conventiocnal
demagging operations,

(2) An increase in melt rate of 20%.

The operating cost of $2.5/tcn, calculated for the Derham
process, includes the savings expected as a result of the two
claims above. However, Lecause cf the present uncertainty as to
whether the Derham prccess may meet all air pollution control
standarxds, the costs for <this alternative have alsc been
calculated for two pcssible cases of scrubber use, If the Derham
process were aprplied in a small treatment unit (the recommended
method), a relatively small volume of gases would need to be
scrubbed. This case was calculated cn the basis of a caustic
scrubber treating 500 actual cubic feet per minute of gases at
1509C (3009F), and gave additicnal increments of costs amounting
to $0.55/annual .metric +ton capital cost and $0.13/metric ton
operating cost. If the backup scrukber for the Derham process
treated all the gases (i.e., combustion gases and demagging fume
combined), the cost c¢f the larger scrubber would be higher, This
case 1is calculated cn the assumpticn that there are some
operational factors, such as lack of space or very stringent air
pollution control conditicns, that would lead to the use of the
scrubber on the ccmkined gases. The conditions assumed for this
case were a caustic scrubber, with capacity to +treat 11,000
actual cubic feet per minute at 650°C (120G9F), giving a capital
cost of - $2.237annual metric ton and an operating cost of
$0.54/metric ton (i.e., over and above the costs of the Derham
process itself).

{1} Mention of trade names or specific products does not constitute an
endorsement by the Environmental Production Agency
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The equipment cost of the Alcoa process was obtained from the
licensee (Demmler, 1972). The equipment cost includes the basic
reactor, the salt tagprping vessel, and the metal tapring vessel.
The calculated capital investment, for a 17,000 ton capacity
installaticn, was $5.9/annual ton.

The operating costs were calculated based on informaticn provided
by the licensee. These represent a difference between the cost
of the Alcoca prccess and those of the usual fume scrubber
operation. The total operating cost was calculated to be
$2.9/ton. The Alcca process 1is an entirely dry process. WNo
water is used for funme ccntrol. '

The third method of water control is by the use of a wet
scrubbing system in conjunction with AlF3 as the demagging agent.
The major advantage of this scrukbing system over a conventional
chloride fume scrukker is the ability to recirculate the water
used for scrubbing. The fluoride is precipitated with caustic in
the recycle loop. As the process is relatively new, there is not
enough opeéerating experience +to determine whether a small bleed
stream would ke required. For the purposes of this report, it
was assumed that total recycle is being accomplished.

The capital cost ¢f equipment was cbtained from the equipment
supplier (wWaki, 1973) and includes the cost of the scrubber,
packed tower, neutralization facilities, thickening tanks, and
associated pumps., The total capital required is about $l4/annual
ton of aluminum, An operating cost of $5.4/ton has been
calculated for +the AlF3 process. This cost includes the
additional expense @of using AlF3, rather than chlorine, as the
demagging agent. _

Costs associated with ancther ccntrol technique for fume control
(the "Tesisorb" prccess) have been calculated, based on data from
a fluoride control installation in a glass plant (Teller, 1972).
These costs were §$27.7/annual mettic ton carital and $7.3/metric
ton operating. Because of the prorrietary nature of the process,
the elements involved in this cost estimate have not been given.
The technical feasibility of this prccess applied to fume control
in a demagging oreration has not keen sufficiently established,
although it does have the advantage of resulting in no discharge
of process waste water pollutants from demagging fume control
orerations.

Treatment Costs

The method of treatment of scrubber water, in use at the present
" time, is neutralization and settling, Costs for this operation
are estimated at $2.8/annual metric ton capital and $1.50/ton
operating. The equipment cost includes the neutralization
facility, settling pcnd, and asscciated pumps, piping, controls,
etc, The costs of caustic and polyelectrolyte accounts for about
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173 of the total operating cost to neutralize and settle scrubber
water,

A summary of +the effluent loadings and costs for the treatment
and ccntrel models is given in Table = 28, The Derham Process
gives the best cost kenefit. Of the cther two dry processes, the
Alcoa process  is c¢nly slightly more expensive; howevexr, the
installaticn of the Tesisorb system would result in higher costs.

Waste Water from Residue Milling

- At the present time, +the only technically feasible means of
removing the solukle ccnstituents frcm this waste is evaporation.
The alternative contrcl measure is tc perform the residue milling
on a dry basis, '

‘The costs for evaporaticn are dependent on the amount of soluble
salts in the residue being milled. The capital cost to evaporate
the water from a low salt content residue (dross) is $1l6/annual
metric ton, with ocperating costs of $24s/ton. The major equipment
included in the capital cost of evapcoration is an evaporator and
crystallizer. The heat, required for the evaporation, amounts to
about 70 percent ¢f the +total cgperating c¢ost in this cost,
assuming a wvalue of $0.50/million Btu. For a residue with high
salt content (slag)}, crerating ccsts wculd be very high (greater
than $300/ton), due +o the large amount of heat necessary for
~evaporation. -For eccncmic feasibility, in the case of water
discharged from slag wet milling, some means must be used to
increase the salt ccncentration in the water and lower the water
use before evaporaticn can be considered.

Treatment Costs

Settling treatment in practice has been found to be 99.9+ percent
effective in remcving the suspended solids. Dissolved solids,
however, are not remcved at all., Ccsts reported from one plant
were $8.7/annual ton capital, and $3.3/ton orerating.
Corresponding costs, reported frorm a second rlant, were
$15.37annual ton and $10.9/ton. The reason for the substantial
difference in costs ketween the two plants 1is related to <the
amount of water use. In the first glant, the residue is
primarily dross, with a low salt content, and consequently, a
water use of only 29,000 liters/ton (7,000 gals/ton). However, in
the seccnd, the water used for the wet milling operation is
217,000 literss/ton (52,000 galston). This difference is due to
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TABLE 28. COST BENEFIT OF CONTROL AND TREATMENT
FOR WASTE WATER FROM FUME . SCRUBBING

Waste Losds, -
grams /ke Mg Removed : Costs

Suspended Dissolved Capital Operating
Process Solids Solids - Al Mg pH $/Apnual ton* $/ton*
Once=Through 175 800 50 5 1.5 0 0
Scrubbing : : - ' '
Neutralize -0 500 40 1.0 9.1 2.8 1.5
and Settle
Al]&‘3 Process 0 (o] 0 0 - 14.0 5.4
Derham 0 0 0 0 - 3.4 2,6
Process :
Derham
Process
with small
scrubberd® - - - - - 3.9 : 2.7
Derham
Process
with large )
scrubber®* - - - - o= 5.6 3.1
Alcoa 0 0 0 o - 3.9 2.9
Process :
Tesisorb 0 0 0 0 - 27.7 7.3
(Teller)

* Ton = metric ton = 2200 1b.
‘%% TInsufficient data avallable to characterize effluents,
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the higher salt content of the residue (slag) milled at one of
the plants.

Cost_Benefit

The data on cost kenefits are presented in Table 29. Control
costs to reach no discharge of process waste water pollutants are
very high, The only economically feasible method of attaining no
discharge of process waste water pollutants is for new sources to
install a dry milling operation, in lieu of wet milling. At this
point, however, evaporation cannct kte ruled out completely,
because of the pctential to reduce costs by countercurrent
milling and selective crystallization of saleable salts. On the
other hand, the cost to remove the suspended solids is moderate,
and represents less than half the economic kurden of evaporation.
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TABLE 29. COST BENEFIT OF CONTROL AND TREATMENT
FOR WASTE WATER FROM RESIDUE MILLING

Waste Loads, kg/ton Costs
Suspended Dissolved Capital Operating,

Process Solids Solids NH3 3/annual ton¥ $5/ton*
No Treatment 720 present 35 "0 0
Settle 1.0 present 35 8.7-15.3 3.3-10.9
Settle and Evaporate,

Low Flow 0 0 0 16 24
Dry Milling 0 0 0 130 -

¥ Metric ton of aluminum produced.
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SECTICN IX

BEST PRACTICABLE CONTROL TECHNCLOGY CURRENTLY
AVAIIABLE -- EFFLUENT LIMITATIONS GUIDELINES

Introduction

The effluent limitaticns, which must ke achieved by July 1, 1977,
are to specify the degree of effluent reduction attainable
through +the applicaticn of the best practicable control
technology currently available. Such control technology is kased
on the average <c¢f the best existing performance by plants of
various sizes, ages, and unit processes within +the industrial
category. Because of the absence of data on the characterization
of waste water by this industry, the treatment technology and the
corresponding effluent limitations are based on a sampling survey
of waste waters from exemplary plant operations in this
sukbcategory. Consideraticn must alsc be given to:

(2) The total ccst of application of technology in
relaticn to the effluent reduction benefits to
be achieved from such application.

(b) The size and age of equipment and facilities
involved.

(c) The rrocesses employed,

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

{(e) Process clkanges.

(f) Nonwater quality environmental impact (including
energy regquirements),

The best practicakle ccntrel technclcgy currently available em-
phasizes treatment facilities at the end of a manufacturing
process. It also emgphasizes the control technologies within the
process itself, when they are considered to be normal practice
within the industry. Other technclogy currently available was
considered for its degree of economic and engineering
reliability.

Industry_cCateqorization and waste Hater Streams

-

The seccondary aluminum smelting sukcategory is defined as that
segment of the aluwinum industry which recovers, processes, and
remelts various tygpes of aluminum scrap tc produce metallic
alumirmum alloy as a product. Althcugh primary aluminum producers
recover captive scrap generated from their own operations, they
are not included in this sukcategory. The secondary smelters buy
-scrap in various fcrrs cn the oren market as their raw material.
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A more useful apprcach for the purpcse of developing effluent
limitations guidelines is +to¢ deal with the waste water streams
themselves. The princiral streams are (1) waste water from metal
cooling, (2) waste water from fume scrubbing, and (3) waste watexr
from residue milling. Each stream has an associated loading of
pollutants per pound of product or scrap processed. For example,
the guidelines require a smelter generating only ccoling waste
water to meet the effluent limitaticns established for that waste
stream. A smelter generating cooling, scrubber, and residue
milling waste waters wculd be required toc meet the effluent
limitations established for each resrective waste water stream,

Wagte Water From Metal cgoling

E:.L.sa__nimiuugng__sgsﬁ_gn___s._sslmmc
Best Practicable Contyol Tsshnnlmg.;z_en;;x_ui__v 11}§1r:1,_

The effluent limitaticns, based on the application of +the best
practicable control technology <urrently avallable, 1s no
discharge of process waste water pollutants into navigable
waters.

The achievement c¢f +this limitation by use of the control and
treatment technclogies identified in this document leads to the
complete recycle, reuse, or consumption of all water within the
process, with an asscciated result of no discharge of process
waste water pollutants.

Identifjcation of Pes ble control
Technology Currently agiai b —

The best practicahle contrcl techrclogy currently available for
metal cooling in the secondary aluminum industry is the elimi-
nation of - water discharge through the use of the following
arproaches:

{1} Aair cooling cf ingots,

(2) Total consumption of cooling water for ingot cooling,

(3} Recycle or reuse c¢f cooling water for deoxidizexr-
shot cooling or ingot ceooling.

With reuse or recycle of water, the need for sludge removal and
0il removal will be dictated by plant operational procedures
(i.e., the care used in contrelling c¢cntaminants caused by poor
housekeeping) . Dissolved salt contamination may ke reduced with
improved housekeeping and improved manufacturing procedures,
Such precautions wculd provide for an extended period of water
reuse, which approaches that cf no discharge of process waste
water pollutants.

The implemention cf the air cooling method or the total

evaporation cooling method (the air cooling method with water
mist added to assist the air coocling) requires:
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(a) The addition of ingot molds to the lengthened
conveyoxr line.

{b) The installaticn of blowers,

(c}) In the case cf total evaporation cooling, the
addition of special nozzles, flow meters, and
controls to existing water lines.

To implement a recycle system for ingot cooling requires:

(a) The additior of a cooling tcwer, holding tanks,
and pumps tc¢ the existing water coeoling facility.
(p) Provisions fcr o0il and grease removal.
- (¢} Provisions for sludge removal, dewatering, and
disposal.

Rationale for Selecting the Best Fracticakle
Control ology_ Currently Available

Thirty—-one of the 58 plants canvassed (cr 54 percent) are cooling
ingots by one of +the methods given above, Existing cooling
lines, used for once-through water cooling, could be converted to
one of three alternative methods to eliminate the discharge of
water. Shot coeling will continue t¢ require direct water
cooling and only the last option above, (c), 1is available to
these plants.

Age and _size Size of Equipment and Fac11; ies. As set forth in this
recort, general 1mprovements in production concepts have
encouraged modernization of plant facilities throughout the
industry. This, ccugpled with similarities of waste water
characteristics from metal cooling for plants of varying size,
substantiate the identification <¢f total recycle of cooling
and/or consumptive cocling as practicable.

Total Cost of Application_ in__Relaticn _to_ _Pollutant_ _Reduction.
Based on the information c¢ontained in Section VIII of this
rerort, a capital c¢cst of about $0.437annual metric ton of
aluminum alloy wculd be required to convert an existing once-
through cooling systems to a recirculation system. An operating
cost of $0.15 per ton would be required, but does not include
savings resulting frcm the lowered fresh watér use. Ceonversion
to an air~cooled ingct line from a water-cooled line is estimated
t0 require an investment of $9.2 per ton. Operating costs would
be $1.09 per ton, with no credit being c¢laimed for water savings.

Engineering Aspects cf control Technigue Application.

This level of technology is practicakle, because over 54 percent
of the plants in <the industry are now achieving effluent
reductions by these methods, The concepts are proven, available
for 1np1ementation. and may be readlly adopted by adaptation or
modification of existing production units.




Process_Changes. This technology is an integral part of the
whole cost saving and waste management program ncw being
implemented within the industry. While the application of such
technology requires process changes, each has been practiced by
existing plants in the industry.

Nonwater Quality Environmental Impagt. There are four possible
associated impacts upon major nonwater elements of the
environment:

(1) An incremental addition to the thermal lcad of the plant
by thermal radiation from air cooling of ingots.

(2) Added electrical energy requirements of about 11 kwhr
per ton would ke needed for air cooling coperations.

(3) Negligible impact on alr quality is anticipated from
water evagporaticn either from ccnsumptive water-mist
cocling oxr from sludge drying.

(4) Solid waste disposal c¢f dried sludge would be a minor
impact, kecause of very small amounts accumulated, and
its nontoxic character (Al1203). 0il and grease,
collected during recycled water ccoling operations, may
be disposed of through responsible waste oil disposal
centractors,

Waste Water From Fume_ Scrukbing

Effluent Limitations_Based on_the Application of_the
Best Practicable cCcntrol Technclogy Currently Available

The effluent limitaticns, based on the application of the best
practicable contrcl technology currently available, are given in
Table 1 for waste water generated during magnesium removal with
chlorine, The effluent 1limitation based on the application of
the best practicakle ccntrol technclcgy currently available is no
discharge ¢f process waste water pollutants for waste water
generated during magnesium removal with aluminum fluoride.

Rationale for Effluent Limitations Based on_the_Application
of the_Best Practicakle Control Technology Currently Available

The values given in Takle 1 wexe derived as follows:

(1) The 30-day average value fcr total suspended solids is
the average of the values given in Table 26 (namely 284
gm/kg and 66 gm/kg) for Cases I and II of Plant C-7,
These twc values are considered the most representative
available. Both of these "after treatment" values are
higher than the suspended sclids values in the untreated
waste, The increase in values during treatment is due
to the fine particles of reacticn products formed during
neutralizaticn, adding to the quantity of suspended
solids.

The 30-day average value for chemical oxygen demand is
the average of the two values (6.1 and 6,8 grams/kg for
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the same effluents (Plant C-7, Cases I and II,. Table
26) .

(3) The 30-day average ranges of pH given in the limitations
are those estimated to rrovide the optimum conditions
for accertable pH and ccprecipitation of both heavy
metals, such as copper, and amphoteric elements, such as
zinc and aluminum,

Identification of the Best Practicable control
Eégﬁgologz Currently Available

The best practicable control technclogy currently available for
control of the discharge of pollutants contained in fume scrubber
waste water is as fcllcws:

(1) When chlcrination is used for magnesium removal,
adjustment of +the scrubber effluent pH to between 7.5
and 8.5, followed by settling for solids removal. Prior
adjustment cf the pH of the scrubker liquor, so that the
resultant effluent from the scrubber is at a pH of 7.5
to 8.5, fcllowed by settling for solids removal is
equally practicable.

(2) When aluminum filuoride is used for magnesium removal,
adjustment of +the scrubber effluent pH to between 7.5

and 8.5, followed by settling for solids removal. (In
practice this treatment is an integral part of the
control technclogy discussed in Section X.) After

neutralizaticn and settling, the supernatant is recycled
continuously. Solid fluorides are removed continuously.

The fume scrubber water frem the chlorine magnesium removal
process, upon pH adjustment, cannot be recycled continuously, due
to excessive buildup c¢f sodium chloride. Partial recycle of the
clarified treated effluent will reduce water consumption.

The use c¢f neutralization and settling treatment, to remove
pollutants from chloride scrubber waste water, requires reaction
tanks for pH adjustment, mixing +tanks for polyelectrolyte
addition (if settling is not rapid), a settling tank for sclids
removal, and associated pumps, ccntrcls, and plumbing.

The implementation of continuous recycle of fluoride scrubber
waste water will require the additicns of 1liquid storage and
pumping capabilities. A chain conveyor for continuous solids
removal would alsoc be required.

Rationale for Selecting_the Best Practicable
Control Technology Currently Availakie

Of the 29 plants using wet scrubbing to control air emissions, 20
(or 69 percent) are gracticing scome fcrm c¢f pH adjustment. of
these 20, 15 (or 51 percent) are removing solids ky settling.
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The adjustment of pH to 7.5 to 8.5 and settling are effective in
removing aluminum ané magnesium icns as hydroxides from chloride
fume scrubber waste water, Some removal of heavy metals as
hydroxides also occurs with the removal of the aluminum and
magnesium hydroxides. At a pH of 9.0 or greater, aluminum
hydroxide and other amgphoteric metal pollutants are dissolved.
Therefore, to maximize the oOverall metal removal, the pH
generally should nct exceed 8.5. (see discussion, Section VI and
Table 26).

An adjustment of pH tc 7.5 to B.5 is effective 1in reducing the
solubility of flucrides by neutralizing the hydrogen fluoride in
the effluent. Acid fluoride salts are more scoluble than the
neutral fluoride salts of the ccmmen pollutants in fluoride fume
sc¢rubber waste water. The 1limited solubility of +the neutral
fluoride salts in water provides a supernatant solution suitable
for recycle in scrubker operation,

Age_anpd_size cof Egulgment and _Facilities. Those segments of the
industry that are refining aluminum alloys must remove magnesium
to attain the specifications c¢f their customers. Therefore,
regardless of +the size or age of the facility, chemical removal
of magnesium is practiced. Contrcl of air emissions from
demagging operations with wet scrukbers also is practiced Ly a
majority of the seccndary aluminum smelters., Control of the pH
and solids content of +the effluent from the scrubber is alsc
practiced, 1In such cases, investments would have to be made for
sludge disposal. In a large tonnage secondary smelter, scrubber
equipment is used continuously and requires larger treatment
facilitiess than a smaller +tonnage plant. A small plant may
require treatment caracity for operations lasting only four hours
per day. The capital investment for treatment equipment per
annual ton would ke greater for the smaller plant., However, the
similarities in the fume scrubber waste water generated in each
type of magnesium removal process (chlorine or aluminum
fluoride), regardless of the size or age of +the facility,
substantiate +the 1level of pollutants that can ke removed by pH
adjustment and settling.

Those plants using aluminum fluoride for magnesium removal can,
by using the same +technology, eliminate +the discharge of
pellutants by adapting <the system to completely recycle the
supernatant after settling.

Total _Cost __of_ _Application _in_Relaticn_to Pollution_ Reduction.
Based on the information contained in sSection VIII of the report,
a capital cost of abcut $2.75 per annual metric ton of aluminum
alloy produced would be required +to install a pH adjustment-
settling treatment capability €0 control pollutant levels from
the chloride scrubker systems, An operating cost of $1.5 per
metric ton is estimated for such an installation. Lesser capital
expenditure would ke required by those already neutralizing the
scrubber effluent.
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For those plants using aluminum fluoride for magnesium removal,
treatment of the scrukker waste water requires, in addition +to
neutralization and settling, a means to recirculate the scrubber
water continuously and to continucusly remove solids., This would
require an estimated capital investment of $9.9 per annual metric
ton and an operating ccst of $2.45/metric ton.

Engineering_ _Asrpects__of__Control _Technigue Applications, This
technology ‘is practiced by over 51 percent of the plants in the
industry to reduce +the discharge of pollutants from fume
scrubbing operaticns. The concerts are rroven and are available
for iwplementation. They can be adopted to fume scrubbing
effluent streams ky those presently not using them as an end-of-
pipe treatmwent facility.

Process Changes. The technology of pH adjustment and settling to
remove solids is an integral part of the whole waste management
program already implemented by part of the industry. All plants
in the industry use the same or similar demagging processes,
which produce sirmilar discharges. There is no evidence that
operation of any current manufacturing process will affect the
capability of a plant to implement these end-of-pipe waste
treatment technologies.

Nonwater _Quality _Enviropmental Impact., There is only one
essential irpact upcn major nonwater elements of the environment.
This 1is the potential effect on scil systems due to the reliance
ugpen the land for ultimate disposition of final solid waste from
the treatrent, The so0lid wastes are primarily inorganic and
ncnleachable, The solid waste from fluoride recovery potentially
can affect ground waters adversely and should be disposed of in
an acceptable landfill to prevent the contamination of surface cr
subsurface waters, '

Selection __of _Production Units, Effluent limitations specify the
guantity ¢f pollutants which may be discharged from a point
source after the arplication of the best practicakle control
technology currently available. This quantity must be related to
a unit of producticn, so that the effluent limitations can be
broadly applied to various plants in the same subcategory.

The amount of pollutant generated during the chemical removal of
magnesium from a given heat is dependent wupon the amount of
magnesium originally rresent in the charged scrap and the final
magnesium content desired in the metal produced. Judicious
selection of scrap entering the melt will reduce this difference,
the length of +time required for chemical treatment, and the
amount of chemical required for reducing the magnesium content to
the desired level. These variables in turn establish the amount
of material entering the scrubber water. There are variabilities
in the amount of magnesium removed for a unit weight of chemical
agent., Frequently, these are dependent on the furnace operators!
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techniques and/or rlant practices and, therefore, are not suited
for a production unit. An invariant production unit suitable for
the determinaticn of pollutant loadings is +the amount of
magnesium removed relative to the amcunt of metal produced. This
can be determined frcm the percent magnesium contained in the
charge before magnesium removal and the resultant magnesium
ccntent.

The application of this guideline requires the reporting of the
number of pounds c¢f magnesium removed kased on the magnesium
content of the melt befcre magnesium removal, the magnesium
content of +the rprcduet metal, and the net weight of the metal
treated for magnesiur removal. These data are currently a part
of company records, Also required are the flow rate of the
discharge water streamr from the scrubber system, and the analyses
of the pollutants in that stream.

Waste Water from Residue Milling

Effluent Limitations_EBased on_the Application of the
Best_Practicable Centrol Technology Currently Avallable

The effluent limitations based on the application of the best
practicable contrcl techneclogy currently available is that given
in Table 2 in Section II,

Rationale_ for_ Effluent Limitationg Based on_ the Qp ication :
of the Best Practicakle Control Iechnclogy Currently_Avallable

The values given in Takle 2 were derived as follows:

(1) The 30-day average value for total suspended solids is
that rercrted for Plant D~4 in Table 21. This value is
used since it was based on verified, seven to nine month
averages of sampling, and is otherwise considered a
valid wvalue on +the basis of plant operations and raw
material variation.

(2) The value for fluoride is derived from data for Plant D-
8 in Table 21 and is based ¢cn 9 composite samples over a
three day period.

(3) The value fcr ammonia was derived by using the actual
concentraticn of ammonia in the effluent from a plant
using exerplary milling practice (0.3 mgs/l, Plant D-8,
Table 21), and calculating the loading on the associated
flow (200 gpm, or 1,090,080 literss/day) and production
(37.8 metric tons per day). This use of concentration
reflects tlhe chemistxry cf the reaction during alkaline
wet milling. The calculated net loading of ammonia for
Plant D-8 in Table 18 is a negative value, that is, the
discharge water from the alkaline wet milling operation
contained less ammonia than the intake water.

(4) The limitation value for aluminum was derived in the
same manner as +the ammonia wvalue (i.e.,. using the
concentraticn of 28 mgs/l for Plant D-8 in Table 21).
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The same flow and production as in (3) were used, giving
a value of 1.0 kgsmetric ton of metal recovered,

(5) The values cf ammonia, aluminum, copper, and pH are
interrelated. The pH specified is to ke achieved with
reagents cther than ammonia. However, - if an ammonia
loading were not specified, the specified pH value could
be present due +to a high ammonia content. Further,
ammonia and copper interact to form chemical ccmplexes,
whose presence would not necessarily be reflected in the
measurement of pH. Aluminum 1is specified to prevent
under or cver alkalizaticn.

(6) The value of chemical oxygen demand specified is that
listed for Plant D-3 in Table 21 (0.97 rounded to 1
kgsmetric tcn). The source of COD in the effluent has
not keen fully documented,

Identification of the Best Practicable
control Technology Currently Available

The begt practicakle contrecl technclogy currently available for
control of the discharge of pollutants contained in waste water
from residue milling is the follcwing:

A settling treatment of three to four stages, with
partial recycle cf the sludge and the clear super-
natant from the fcurth stage to the mill. Adjust-
ment of the intake water pH is necessary to reduce
ammonia levels in the waste water during milling.

When milling is dore without pH adjustment of the intake water,
ammonia remains in sclution as a pollutant. To aid the settling
of the milling wastes, a polyelectrolyte is frequently added to
reduce the level <¢f suspended solids. Recirculaticn of the
sludge in +the last settling [pcnd to the mill will reduce the
overall sludge content of the final pond.

Rationale for Selecting the Best Practicable
Control Technology Currently Available

Only six of the 23 plants (or 26 percent) processing residues use
water for milling. ¢€f these, cnly three are discharging to
navigable waters after treatment in such ponds. The remaining
three use total impoundment.

Settling is capable of reducing settleable and suspended solids
to very low levels. However, dissclved salts are not removed.

Evaporation and crystallization, although a viable alternative
for salt removal, is not currently practiced in the United
States, The principal reason is that the cost of salt recovery
{for flux cover use) exceeds the price of the salt, even if more
concentrated salt solutions were attainable +through process
changes. The alternative to discharge is total impcoundment.
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Age_and Size of Egquirment _and Plant. Regardless of the size and
age of the facility, the waste water generated from residue
milling is similar. All plants are practicing the same type of
waste management. Ioadings dc¢ vary with techniques employed and
the amount of mclten metal recovered from the operation,
Modernization @ of this segment of the secondary aluminum industry
has already reduced the number of smelters processing residues
for metal value recovery tc 23 glants. Since 17 of the 23 plants
process the residues dry, this trend is expected to continue.
The life c¢f the equipment in the wet mill is two to three times
longer than equipment in dry mills, because of the lower energy
requirements needed for comminution.

Total_Cost_in_Relaticn__to__Pollution _Reduction. Based on the
informaticn contained in Secticn VIII of this document, a capital
cost of about $8.7 to $15.3 per annual metric ton of alloy
recovered as molten metal and an ope€rating cest of $3.3 to $10.9
per annual metric tcr tc treat residue waste water by settling is
estimated, Variaticns in +the cost are dependent upon (1) the
amount of water used for milling and (2) the solids content of
the residue. ,

Epgineering_ _Aspects, cf_control ;ggng;ggg_Agglication, This level
of technology is practiced by three c¢f six plants, which process
residues by wet methods. The concepts are proven and are
reliable for implemertation.

Process _Changes. Only minox process changes are foreseen. The
practice of partial recirculaticn of +the treated effluent is
currently vsed by twc plants in the industry.

Nonwater Quality Enviropmental Impact.  There is no added impact
upon major nonwater elements cf the environment by the adaptation
of settling for removal of susgended solids. An impact on soil
systems currently exists, due to the reliance upon land for the
ultimate dispositicn cf the final sclid waste from a wet residue
milling operation.
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SECTION X

BEST AVAILABLE TECHNOLCGY ECONOMICALLY
ACHIEVAELE -- EFFLUENT LIMITATIONS GUIDELINES

Introducticn

The effluent limitations which must ke achieved by July 1, 1983,
are to specify the degree of effluent reduction attainable
through the application of +the best available technology
economically achievalkle, This technclogy can be based on the
very best control and treatment technology employed by a specific
point source within the industry category or subcategory, or
technology that is readily transferakle from one industry process
to another. A srecific finding must be made as to the
availability of control measures and practices to eliminate the
discharge of pollutants, taking intc account +the cost of such
elimination.

Consideration must alsc be given to:

(a) The age of the equipment and facilities involved.

(b} The process ermrlcyed.

(c) The engineering aspects of the application
of various types of control technologies.

(d) Process changes.,

(e) Cost of achieving the effluent reduction
resulting from the technology.

(f) ©Nonwater quality environmental impact (including energy
requirements) .

The best availakle technology economically achievakle also
assesses the availability in all cases of inprocess controls, as
well as the control or additional treatment techniques employved
at the end of a prcduction rrocess.

A further consideraticn is the availability of  processes and
control technology at the pilot glant, semi-works, or other
levels, which have demonstrated bcth technoclogical performances
and economic viakility at a level sufficient to reascnably
justify investing in such facilities. Best available technology
econcmically achievable is +the highest degree of control
technology that has keen achieved or has been demonstrated to be
capable of being designed for plant scale operation, ugp to and
including no discharge of pollutants. Although economic factors
are considered, the costs for this lewvel of control are intended
t0 be top-of-the-line cf current technology subject to
limitations imposed by economic and engineering feasibility.
Howeveyr, best availakle technolegy eccnomically achievable may be
characterized by scme technical risk with respect to performance
and with respect tc certainty of costs and, thus, may necessitate
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some 1ndustr1ally sponsored development work prior to its
arplication. :

Waste_Watexr from_ Metal Cooling

The effluent limitaticns attainable by the application of the
best available +technology economically achievable for cooling
waste waters is no discharge of prccess waste water pollutants to
navigable waters, as developed in Section IX. The best available
technology economically achievakle is identical +to the best
practicable contrel technology currently available,

Waste Water from_ Fume Scrubbing¢1)

gtlflcatlon of _Be

&t _Available Technclogy
Econcmlca ly_Ac Achlevak

MeS aExilia o
e
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The best available technology economically achievable is the use
of inprocess and end-cf-process ccntrols and treatment to achieve
no discharge of process waste water pollutants into navigable
waters. This can ke achieved by using one of the following
agproaches:

(1) The use of currently availakle rrocesses for fumeless
chlorine magnesium removal

(2) Using a combination cf AlF3 for demagglng and continuous
recycling of scrubbing water from emission and effluent
contrel systers

(3) Using a combinaticn of AlF3 for demagging and a ccated
baghouse system for air pollution control.

Fumeless Chlorine Cemagging Progesses. The process developed by
Derham and the Frccess developed by alcoa are techniques for
removing magnesium frcm molten aluminum scrap with a . minimum of
fume generation, thrcugh the efficient use of chlorine. No water
is used for fume ccntrol, but a back-up scrukber may ke requlred
with the Derham system,

In the Derham Process a thick cover of fluxing salt over the
molten metal almcst completely arrests fume emissions and the
subsequent need for wet scrubblng for their ccntrol. Details of
this process are given in Section VII.

The Alcoa process operates on a similar principle, using
efficient chlorinaticn of magnesium to minimize emissions. The
unit is inserted Letween the casting line and the furnace and
demagging with chlcrine takes place as the metal is being cast.

(L) Mention of trade names or specific products does not constitute an

endorsement by the EnvironmentallProduction Agency
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AlF3_ Magnesium_Removal with_Continuous Recirculation_of _Scrubber
Water. The wuse of AlF3 for remov1ng magne51um “from molten
aluminum scrap is advantageous in that it permits fume scrubbing
waste water to be ccntinuously recycled, The fluoride salts are
relatively insoluble and can be 'settled out, The same approach
for wet scrubbing fumes fxcm chlcrine demagging for emission
control is not possikle, because of the dissolved solids buildup.

AlF3 Magnegium_Removal_ Fume _control With _the__Coated__Baghouse
(Teller) _Process. In this~ process fumes from AlF3 | magnesium
removal are controlled by passing them through chemlcaIly treated
filters (bags), which remcve the pollutants from the exhaust.
The system eliminates the use of water for fume control.

Rationale for Selecting Best Availakle Technology
Economically Achievakle

‘Time_ -Available _for Achieving Effluent Limitatiopns. The effluent
Timitation of no dlscharge of process “waste water pollutants frem
fume scrubking is required before July 1, 1983, This allows
sufficient +ime for the planning, purchasing, installation, and
trial operation <¢f equipment needed for the three control
alternatives identified, :

Cost _of Achieving_the Effluent Limjtaticns. The estimated cost of
achieving the effluent limitations from fume emission ccntrol
will depend on which ¢f the three techniques, given above, is
used. The use c¢f the Derham Process for magnesium removal
involves an estimated carital exgenditure of $3.4 per annual
metric ton of capacity and an estimated operating cost of $2.5
per metric ton. The Alcoa Process has been estimated to require
a capital cost of #$5.9/annual metric ton and an operating cost of
$2.9/metric +ton (with no credit Leing +taken for selling the
magnesium chloride). The use of AlF3 for magnesium removal,
combined with continuous recirculation of scrukber water for
emission centrol invclves an estimated capital expenditure of
$14.0 per annual metric ton and $5.4 per metric ton operating
cost. Use of chemically treated baghouse systems (Tellexr System)
for removal of air emission during magnesjum removal with AlF3
was similarly estimated to require a capital expenditure of about
$27.7 per annual metric ton of capacity and an operating cost of
$7.3 per metric ton.

Engineering _Aspects_ _of _Control Technique __Application. The
englneerlng practlcablllty of the Derham Process is demonstrated
by its present use in the industry. Currently, the process is
under license or is cperating at four plants within the U. 8. and
in four glants outside the U. €. In a telephone canvass of the
secondary industry, several rlants indicated that they were
considering wusing this rrccess. Both the Derham and Alcoa
processes will require extensive research and development efforts
tc meet thelr limited capacity (Alcoa) and to reduce their

113




reliance on secondary scrubbers (Derham} to meet air quality
standards,

The use of AlF3 for demagging with continuous recirculaticn of
scrubber water is ccnsidered achievable because two large plants
in the secondary industry are using this technique for emissions
and effluent contrcl.

The use of chemically treated baghouses (Teller System) for dry
air polluticn control during AlF3 demagging is yet unproven from
an air guality standgpoint, Cne major plant in the secondary
industry has installed the system and is presently evaluating its
effectiveness,

Process_Changes. The application of the Derham Process or the
Alcoa Process for magnesium removal would require those plants
using AlF3 to change to chlorine and adopt the appropriate pro-
cedures and safety measures for 1its application. No major
process changes are anticipated for those already using chlorine.

The use of AlF3 with continuous recycling of scrubber water would
require those plants rresently using chlorine to change t¢ AlF3
for demagging. This would not invclve a major process change, as
the application cf AlF3 for demagging is simpler than
chlorination demagging, but twice as expensive for the removal of
the same amount of magnesium, Those plants with low energy, wet
scrubbing systems wused for chlcrine demagging, would need to
convert to higher energy systems for effective scrubbing of the
fumes generated with the use of AlF3. Although not a principal
process change, +the change to AlF3 demagging would require
extensive modificaticn of present air pclluticn ccontrol equipment
now used for collecting fumes from chlorine demagging in some of
the larger plants.

The chemically treated baghouse system (Teller System) for dry
air pollution contrcl would require those plants using chlorine
for demagging to charge to AlF3. Those already using AlF3 would
have no process change.

Nonwater Quality Environmental Impact. The use of the Derham
Process results in no known nonwater quality environmental
problems. The residues resulting from its aprlication may be too
high in scluble salts for economic grocessing by residue milling
techniques for metal recovery and could present a so0lid waste
disposal problem. Insufficient information exists on the process
to assess this impact.

Application of AlF3 with continuous scrubber water recirculation
could result in a solid waste disposal problem. Pluoride salts
precipitated and settled from the scrubbing water are slightly
soluble and could possibly be 1leached in a landfill disgposal
site, :
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Application of chemically +treated baghouse systems for dry air
pocllution control alsc results in a solid waste as the bag
coating and the c¢cllected dust and fumes may contain fluoride
salts that are slightly soluble and leachable to ground water.
Disposal of solid wastes in an accerptable landfill is required to
prevent contamination of surface or subsurface waters.

Waste Water from Residue Milling

Identification of Best Available Technoloqy
Economically Achievakle

The best availakle technology econcmically achievable for waste
water from residue milling is the replacement of present wet-
milling ofperations by totally dry milling methods. In dxy
milling, the residue is crushed and the contained salts,
fracturing into small particles, are screened out as undersized
waste material. Tke dry operation is extremely dusty and
requires extensive air pollution controls.

Recovery of dissolved salts contained in waste streams from wet
milling by evaporation and - crystallization is a potential
approach to the c¢cntrol or elimination of the discharge of
pollutants. The salts can be reused for flux and the condensed
water can be recycled back to the milling process. Salt recovery
has not been demonstrated in the United States, but is used in
Europe.

Rationale for Selecting the Best Available Technology
Economically Achievaktle

Time Available_for Achieving Effiuent Limitations. The effluent
limitation of no discharge of prccess waste water pollutants to
be achieved July 1, 1983, allows time for the retirement of
existing wet milling operaticns Lky those plants wusing this
practice.

Cost._of Achieving_the Effluent Limitations., The cost of achieving
no discharge of process waste water pollutants from <+the milling
of residues is estimated to be abcut $130.00 per annual ton of
aluminum producticn capacity. This is the cost of building a new
-plant, for the changeover from wet to dry milling involves a
complete process change. Data are not available for operating
costs, but estimates frcm the seccndary industry indicate such
costs to be higher than for wet processing.

The cost of recovery of salts from waste water from residue
milling is dependent on the type of residue keing processed. The
estimated capital cost to evaporate the water from low salt
content residues is $l6/annual metric ton of aluminum, while
operating costs are $24/metric tcn. When high salt content
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residues are processed, the estimated cagpital costs are
$200/7annual metric tcn and the operating costs are $124/metric
ton.

Engineering Aspects c¢f Contrcl Arplication. Dry processing of
residues for alumirum recovery is practical from an engineering
standpoint since 15 of the 23 plants processing residues use a
totally dry mill operxation and generate no associated waste water
stream. Thus, the technology is well proven by actual practice.

Prccess Changes. Plants presently wet milling residues will need
to completely alter their presmelter processing facilities +to
adopt dry milling gractices. Crushing, screening, conveying, and
dust collection equigment will be required for the conversion.

Nonwater Quality Fnvironmental Impact. Both dry milling and wet
milling of residues generates large quantities of solid wastes,
ranging from 2.3 to 9 +tong per tcocn of aluminum recovered,
depending on the grade of the residue, Generally this solid
waste from dry milling contains the highly soluble chloride salts
that were washed cut during wet milling. S8clids should be
disposed of in an accertable landfill to prevent contamination of
surface or subsurface waters,

Dry milling also generates large quantities of airborne dust,

Aprropriate dry collection systems are normally akle to control
the atmospheric emissicns of the dust.

Recovery of salts Ly evaporation from wet milling waste water 1is
estimated to require additicnal consumption of thermal energy of
8.6 million kg calstcn for the low salt residue waste water and
176 wmwillion kg cal/metric +ton fcr the high salt residue waste
water (on the basis cf metric tcns of aluminum recovered).




SECTICN XI

NEW SOURCE PERFORMANCE STANDARDS

Introduction

The standards of performance, which must be achieved by new
sources, are to sgpecify the degree of effluent reduction attain-
able through the application of the kest available demonstrated
control technology, processes, oferating methods, or co¢ther
alternatives., The added consideration for new sources is the
degree of effluent reduction attainable +through +the use of
improved producticn processes ands/cr treatment techniques. The
term 'mew source" is defined by the Act to mean "any source, the
construction of which is commenced after publication of proposed
regulations prescribing a standard cf performance.®

New sourxce performance standards are based on the best inplant
and end-of-process technology identified with additional
consideration given to techniques for reducing the discharge of
pollutants by changing the producticn process itself or adopting
alternative processes, operating methods, or other alternatives.
The standards of perfcrmance reflect levels of contrxol achievable
through the use of imprcved production processes (as well as
control technology), rather than through a particular type of
process or technclcgy, which must Le emgloyed. A further
determination must be made as to whether a standard permitting no
discharge of process waste water pollutants is practicable.

consideration must alsc be given tc:

(a} The type of process employed and process changes,

(b) Operating methcds. ,

(c) Batch as opposed to continucus operations.

(d) Use of alternative raw materials and mixes of raw materials.

(e) use of dry rather than wet processes (including substitution
of recoverable sclvents for water). N

(f) Recovery of pollutants as byrroducts

Waste_Water from Metal Cooling

standards_of Performance based on_the Application_ of
the Best Available Demonstrated Ccntrol Technology

The standards of performance to be achieved by new sources is no
discharge of process waste water pollutants into navigable waters
as develored in Section IX of this document,

Identification of the Best Available Cemonstrated Control
Technology, Processes, Operating Methods, or Other Alterpatives
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The best available demonstrated centrol technology for metal
cooling waste water is identical to the best practicakle control
technology currently available described in Section IX. The
control and treatment technologies identified in Section IX are:

(1) BAir cocling of ingcts

{2) Total ccnsumption of cooling water for ingot cooling

(3) Recycle or reuse of cocling water for deoxidizer shot
cooling or ingot cooling.’

Rationale_ for the_Selection of the Best Available Demopgtrated
Control Technology ' -

Thirty~one of +the existing plants, or 54 percent of the plants
canvagsed during develorment of these guidelines, were using the
technology identified above and described in Section VII of this
document. Thus, the technolegy is judged to ke hoth available
and demonstrated.

B new source has the freedom to design a technology, initially,
to achieve the standard of performance without any change in
existing equipment, The current practice of these control
technologies by a large fraction c¢f the industry demonstrates
that there are no significant technical or economic barriers to
the selection and irrlementation of such technology.

The cost of application of the technologies, identified in
Section VIII, is estimated to be the same or less for new sources
than for existing rlants.

Waste water from Fume Scrukking(t?

standazde of Performance based gn the Acplication of
the Best Avajlable Demopstrated contyol Technology

The standards of rperformance to be achieved Ly new sources
discharging to navigakle waters are:

1) Identical tc the effluent limitations presented in Table
1, section II, €for those rlants using chlorine for
magnesium removal
2) No discharge cf process waste water pellutants for those
- plants using aluminum fluoride for magnesium removal.
Identification of the Begt Avajlable Demcpgtrated contxol
Technology, Processes, Operating Methods, or Other Alternatives

The technology previcusly identified in Section X as +the bhest
available technology economically achievable for control of fumes
from chlorine deragging does nct meet the criterion of
ndemonstrated", This technology may not be capable of handling
the anticipated caracities of new plants and still permit the
centrol of air contaminants by dry methods. Therefore, the
technology previcusly identified in Section IX as bhest
practicable control technology currently available is considered

(1) Mention of trade names or specific products does not constitute an
endorsement by the Environmental Production Agency
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identical to the best available demcnstrated control technology
for waste waters fror magnesium removal processes,

Rationale _for _Selection_ _of _the _Eest  Availakle_ _Demonstrated
Control Technology :

The rationale fcr concluding that the best available demonstrated
centrcl  technolegy is identical to the best practicakle control
technology currently available fcr waste waters from magnesium
removal processes using chlorine is as follows:

(1) Although the technology described in Section X indicates
that the LCerham and Alcoa fgprocesses are able to control
fume emissicns from chlorine demagging without the use
of water, there are some technical limitations to their
adopticn ky new sources. The Alcoa rrototypes have been
limited to inhouse use for primary aluminum processing
and have not keen used by the secondary aluminum
industry in the United States, In addition, the design
may require modification tc meet <the casting poundage
rates presently used by most of the industry. 1In
effect, tre system may not ke agplicable to new sources
without further development work.

(2) The Derham prccess is used by two secondary aluminum
smelters in the United sStates to control fumes generated
during thke process of magnesium removal with chlorine.
One of these plants was not studied and the other was
found to ke not fully cperational. Therefore, it was
concluded that insufficient data are availakle tc prove
that the system 1is effective under typical operating
conditions. A supplemental wet scrubber may be required
with +the TCerham rrocess to meet air emmissions
standards. This is the case for at least one plant in-
the subcategory. The Derham process is considered
insufficiently demonstrated to be applied to new sources
without further technical evaluation.

Waste Water from Residue Milling

Standards_of Performance_Based on_the_Application of_ the_ Best

i i e ot et st e, A . S —_

Available Demonstrated Contyol Techncleqy

The standard of performance to be achieved by new sources is no
discharge of process waste water pollutants into navigable
waters. '

Identification __of __the _Best _Available _Demonstrated _Control
Technolody, Processes, Operating Methods, or_ Other Alternatives
The best available demcnstrated ccntrol technology, processes,
operating methods, c¢r other alternatives for residue milling
waste water are: :

(1) Dry milling, currently in practice in existing plants in
the U, S.
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(2) The evaporation of waste waters from wet milling of
residues with +the associated reclamation and reuse of
fluxing materials. This technology is not currently
demonstrated in any existing plant in the U.S., but is
demonstrated in Europe.

The details and costs of <these technologies are presented in
Sectiocns VII and VIII of this document. '

Rationale__for__sSelecticn__of _the Best__Available_ Demonstrated
Centrol Technology

The rationale for +the selection of the best available
demonstrated contrcl technology is as follows:

(1) A new scurce has +the freedom +o choose +the most
advantageocus residue processing techniques for maximum
recovery of metal and byprcducts with the minimum use or
discharge of water.

(2) In contrast to an existing source which may have a large
capital investment in waste treatment facilities to meet
effluent liritaticns by July 1, 1977, a new source has
complete freedom in the selection and design of new
waste treatrent facilities.

{3) ' In contrast to an existing source, a new source has
freedom of choice with regard to geographic location in
seeking any economic advantage relative to power cost or
land cost,

Since the technology for achieving no discharge of residue
milling waste water has been demonstrated for a facility
currently being ccnstructed, it is congidered the hest awvailable
demonstrated contrcl techncoclogy for new sources. The possibility
of a slightly higher cost in relation to several crders of
magnitude reduction in pollution and the possible elimination of
monitoring expense for no discharge of effluent warrants the
selection of this technology as the kest available demonstrated
control technolcgy for the secondary aluminum smelting
sukcategory.

Cost_of Achieving No_Discharqe of Prccegs Waste Water Pollutants.
The cost of achieving no discharge of process waste water
pollutants from the milling of residues is estimated to ke about
$130.00 per annual tcn of aluminum prcduction capacity. This is
essentially the cost of building a new plant. Data are not
available for operating costs, but estimates from the seccndary
industry indicate such costs to be higher than for wet
processing.

The cost of recovery of salts from waste water from residue
milling is dependent of the tyge of residue being processed. The
estimated capital c¢cst to evaporate the water from low salt
content residues is $l6/annual ton of aluminum, while operating
costs are $24/ton. When high salt-~content residues are
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’ ’
processed, the estimated capital costs are $200/annual ton and
the operating costs are $124/annual tcn.

Engineering _Aspects__of Control Aprlication. Dry processing of
residues for alurminum recovery is practical from an engineering
standgoint, since 15 of the 23 plants processing residue wuse a
totally dry mill ogeration and generate no associated waste water
stream. Thus, the technology is well proven by actual practice.
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SECTION XIV

GLOSEARY

Act

The Federal Water Polluticn Control Act Amendmeénts of 1972.

Alloving

The process altering the ratio cf ccmponents in a metal by the
addition or removal ¢f such components.

Borings_and Turnings

Scrap aluminum £from machining c<f castings, rods, bars, and
forgings. :

Captive Scrap_ (Runarcund ScragL

Aluminum scrap metal retained by fabricatcr and remelted.

CheMical-oxygen demand, a parameter used to assess watei'quality.

Compatible Pollutants

Those pollutants which can be adegquately treated in publicly
owned sewage treatment works without harm to such works.

Demagging

Removal of magnesium frcm aluminum alloys by chemical reaction.

Dross

Regidues generated during the processing-of molten aluminum ox
aluminum alloys by oxidation in air.




The waste water discharged from a rpoint source <to navigable
waters. o

A maximum amount per unit of production (or other unit) of each
specific constituent of the effluent that is subject to
limitations in the discharge from a point source. -

Fluxing Salts_{or_covering Flux)

Sodium chloride ocr a mixture of equal garts of socdium and
potassium chlorides c¢entaining varying amounts of cryolite. Used
to remove and gather ccntaminants at the surface cf molten scrap.

Heat

A fully charged reverkeratory furnace containing aluminum alloy
of desired compositicr,

Heel
That part of the mclten aluminum allcy remaining in the furnace

to facilitate melting of scrap being charged for the preparation
of the following heat.

Incompatible Pc;;qtants

L

Those pollutants which would cause harm to, adversely affect the
performance of, or ke inadequately treated in puklicly cwned
sewage treatment werks,

Ingdtg'

A mass of alumirum or aluminum allcy shaped for convenience in
storage and handling, Sizes according to weight are 15, 30, 50,
and 100C¢ pounds. :




Irony Aluminum
High iron content aluminum alloy xrecovered from old scrap

containing iron., Prepared in sweating furnace operating at
temperatures sufficiently high tc melt only the aluminum,

New Clippings_and Forgings

Scrap from industrial manufacturing plants such as aircraft and
metal fabricators.

Bigs
Ingots of aluminum alloy weighing 15 to 50 pounds.

Pcint_Source

‘A single source of water discharge, such as an individual plant.

Pretreatment

Treatment performed ¢n waste waters from any source prior to
intrcducticn for Jjcint treatment in publicly owned sewage
treatment works.

Residues
Include dross, skimrings and slag recovered from alloy and

aluminum melting ofperations of both the primary and secondary
smelters and frcm fcundries.,

Reverberatory Furnaceé_(Reverb)

A furnace used for tke production cf aluminum alloy from aluminum
scrap. '

Skimmings

Wastes from melting cperations removed from the surface of the
molten metal. Censists oprimarily of oxidized metal, but may
contain fluxing salts.
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Slag
Fluxing salts removed from the surface cf molten aluminum after

charging and mixing. Contains 5 to 10 percent solid aluminum
alloy.

Selids

s it

Aluminum scrap metal.

Sows

Ingota weighing 500 to 1000 pounds.

Standard of Perforwance

s ety o AP e e Sy S ke R M S W 2P P, o

A maximum weight discharged per unit of production for each
constituent that is subject to limitations and applicakle to new
sources as opposed tc existing scurces, which are subject to
effluent limitations.

Aluminum recovered frcm bauxite.
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.Multiply {English Units)

TABLE 30. CONVERSION FACTORS

by To Obtain (Metric Units)

English Unit Abbreviation Conversion Abbreviation Metric Unit
acres 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 Unit/pound BTU/1b 0.555 kg cal/kg kilogram calories/kilogram
cubic feet/minute cfm 0.028 cu m/min cubic meters/minute
cubic feet/second cfs 1.7 cu m/min cubic meters/minute
cubic feet cu ft 0.028 cum cubic meters
cubic feet cu ft 28.32 1 liters
cubic inches cu in 16.39 cu cm cubic centimeters
degree Fahrenheit °F 0.555(°F-32) (&) °C degree Centigrade
feet ft 0.3048 m meters
galion 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 ib 0.454 kg kilograms
million gallons/day mgd 3,785 cu m/day cubic meters/day
mile mi 1.609 ) km kilometer
pound/square inch (gauge) psig (0.06805 psig +1)(a atm atmospheres (absolute)
square feet sq ft 0.0929 sq m square meters
square inches sq in 6.452 © sg cm square centimeters
tons (shotrt) ton 0.907 kkg metric tons (1000 kilograms)
vard vd 0.9144 m meters

(a) Actual conversion, not a multiplier.




