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SECTION I
SUMMARY AND CONCLUSIONS

Background

Pursuant to Sections 301, 304, 306, 307, 308, and 501 of the
Clean Water Act, and ‘the Settlement Agreement in Natural
Resources Defense Council v. Train 8 ERC 2120 (D.D.C. 1976)
modified 12 ERC 1833 (D.D.C. 1979) by orders dated October 26,
1982, August 2, 1983, and January 6, 1984, EPA collected and
analyzed data for plants in the Battery Manufacturing Point
Source Category. There are no existing effluent limitations or
performance standards for this industry. This document and the
“administrative record provide the technical bases for
promulgating effluent limitations for existing direct dischargers
using best practicable and best available technology (BPT and
BAT). Effluent standards are promulgated for existing indirect
dischargers . (PSES), and new sources, for both direct dischargers
(NSPS) and indirect dischargers (PSNS). . }

Battery manufacturing éncompasses the production of modular
electric power sources where part or all of the fuel is contained
within the unit and electric power is generated directly from a
chemical reaction rather than indirectly through. a heat cycle

engine. There are three major components of a cell -- anode,
cathode, and electrolyte -- plus mechanical and conducting parts
such as case, Separator, or contacts. Production includes

~electrode manufacture of anodes and cathodes, and associated
ancillary operations hecessary to produce a battery. :

This volume (Volume II) of the development document specifically
- addresses the lead Subcategory and Volume I addresses all other
subcategories within the battery manufacturing point source
category. Section 1III of both . volumes provides a general
discussion of all battery%manufacturing. : '

Subcategotization

The category ié subcategorized on the basis of anode material and.

electrolyte. This subcategorization was selected because most of
the manufacturing process . variations are similar within these

" subcategories and the approach avoids: unnecessary complexity.

The data base for this volume includes all information for the
- lead subcategory. ' :




Within the lead subcategory manufacturing process operations (or
elements) were grouped into anode manufacture, 'cathode
manufacture, and ancillary operations associated with the
production .0of a battery. The development of a production
normalizing parameter (pnp) for each element was necessary to
relate water use to various plant sizes and production
variations. For the lead subcategory the total (raw material)
lead use was selected as the pnp and is generally applied to all
process elements.

Data.

The data base for the lead subcategory includes 186 plants which
employed an estimated 18,745 people. - Of the 186 plants, 12
discharge wastewater directly to surface waters, 117 discharge
wastewater to publicly owned treatment works (POTW), and 57 have
no discharge of process wastewater. Data collection portfolios
(dcp) were sent to all known battery companies in the U.S. and
data were requested for 1976. Data were returned by 96 percent
of the lead battery companies. The data base includes some data
for 1977, 1978, and 1982. ‘ :

Water is used throughout lead battery manufacturing to  clean
battery components and to transport wastes. Water is used in
paste mixing to make lead electrodes; water 1is also a major
component of the sulfuric acid electrolyte which 1is also
contained in formation baths. A total of 17 lead battery plants
were visited before proposal for engineering analysis, and
wastewater sampling was conducted at five of these plants. These
visits enabled the Agency to characterize subcategory specific
wastewater generating processes, select the pollutants for
regulation, and evaluate wastewater treatment performance in this
subcategory. Since proposal, 17 additional lead battery
manufacturing sites were visited in order to collect additional
data and to further evaluate wastewater treatment performance.

Pollutants or pollutant parameters found in significant amounts
in lead battery manufacturing wastewaters include (1) toxic
metals —- copper and lead; (2) nonconventional pollutants --
aluminum, iron, manganese; and (3) conventional pollutants -- oil
and grease, TSS, and pH. Toxic organic pollutants generally were
not found 1in large quantities. Because of the amount of toxic
metals present, the sludges generated during wastewater treatment
generally contain substantial amounts of toxic metals.

Current wastewater treatment systems in the battery manufacturing
category range from no treatment to sophisticated physical

chemical treatment (although frequently not properly operated)
combined with water conservation practices. Of the 186 lead




battery manufacturing plants in the data base, 23 percent of the
plants have no treatment and do not discharge, 17 percent have no
treatment and discharge, 20 percent have only pH adjust systems,
5 percent have only sedimentation or clarification devices, 29
.percent have equipment for chemical precipitation and settling, -
5.5 percent have equipment. for chemical precipitation, settling
and filtration, and 0.5 percent have ‘other treatment systems.
Even though treatment systems are in-place at many plants,
wastewater treatment practices in this subcategory are uniformly
inadequate. The systems in-place are generally inadequately
sized, poorly maintained, or improperly operated (systems
overloaded, solids not removed, pH not controlled, etc.).

Wastewater Treatment

The control and treatment technologies available for this
-category and considered as the basis for the promulgated

regulation include both in-process and end-of-pipe treatments.
In-process treatment includes a variety of water flow reduction
steps and ma]or ~ process changes such as: cascade and
countercurrent rinsing (to reduce the amount of water used to
remove unwanted materials from electrodes); consumption of
cleansed wastewater in product mixes; and 'substitUtionr of
nonwastewater-generating - formation (charging) systems. End-of-
pipe treatment considered includes: chemical precipitation of
metals using hydroxides, carbonates, or sulfides; and removal of
precipitated metals. and other materials using settling or
sedimentation; filtration; reverse osmosis; and combinations of
these technologies. While developing the final regulation, EPA
also considered the impacts of these technologies on air quality, .
solid waste generation, water scarcity, and energy requirements.

The effectiveness of these treatment technologies has been
evaluated and established by examining their performance. on
. battery manufacturing and other similar wastewaters. The data
base for hydroxide precipitation-sedimentation (lime and settle)
technology is a composite of data drawn from EPA sampling and
analysis of copper and aluminum forming, battery manufacturing,
. porcelain enameling, and coil coating effluents. A detailed
~statistical analysis done on the data base showed -substantial
homogeneity in the treatment effectiveness data from these five
categories. This supports EPA's technical judgment that these
wastewaters are similar 1in all material respects for treatment
because they contain a range of dissolved metals which can  be
removed by precipitation and solids removal. Electroplating data
were originally used in the data set, but were excluded after
further statistical analyses were performeg. "Following proposal,
additional battery manufacturing 1lime  and settle technology
- effluent data were . obtained from battery plants primarily to




evaluate treatment effectiveness for lead. Precipitation-
sedimentation and filtration technology performance is based on
the performance of full-scale commercial systems treating multi-
category wastewaters which also are essentially similar to
battery manufacturing wastewaters. .

The treatment performance data is used to obtain maximum 'daily
and monthly average .pollutant concentrations. . These
concentrations (mg/l) along with the. production  normalized
reqgulatory flows (1/kg of production normalizing parameter) are
used to obtain the maximum daily and monthly average values
(mg/kg) for effluent limitations and standards. The monthly
average values are based on the average of ten consecutive
sampling days. The ten day average value was selected as the
minimum number of consecutive samples which need to be averaged
to arrive at a stable slope on a statistically based curve
relating one day and 30 day average values and it approximates
the most frequent monitoring requirement of direct discharge
permits. : '

Treatment Costs

The Agency estimated the costs of each control and  treatment
technology using a computer program based on standard engineering
cost analysis.  EPA derived unit process costs by applying plant
data and characteristics (production and flow) to each treatment
process (i.e., metals precipitation, sedimentation, mixed-media
filtration, etc.). The program also considers what treatment
equipment exists .at each plant. These unit process costs were
added for each plant to yield total cost at each treatment level.
In cases where there is more than one plant at. one site, costs
were calculated separately for each plant and probably overstate
the actual amount which would be spent at the site where one
combined treatment system could be used for all plants. These
costs were then used by the Agency ' to estimate the impact of
implementing the . various options on the industry. For each
control and treatment option considered the number of potential
closures, number of employees affected, and the impact on price
were estimated. These results are reported in the EPA document
entitled, Economic - Impact Analysis of Effluent Limitations and
Standards for the . Battery Manufacturing Industry (EPA
440/2-84-002). , , < o .

Regulation

- On the basis of raw waste characteristics, in-process and end-of-
pipe treatment performance and costs, and other factors, EPA
identified and classified various = control .and treatment
technologies as BPT, BAT, NSPS, PSES, and PSNS. The regulation,




however, does not require the installation of any particular
technology. Rather, it requires achievement of effluent
limitations equivalent to those achieved by the proper operation
of these or equivalent technologles '

Except for PpH requ1rements, the effluent limitations for BPT,
BAT, and NSPS are expressed as mass ‘limitations -- a mass of
pollutant per unit of production (mg/kg).  They were calculated
by combining three figures: (1) treated effluent <concentrations
determined by analyzing control technology performance data; (2)
production-weighted wastewater flow for each  manufacturing
process element of each subcategory; and (3) any relevant process
or treatment variability factor (e.g., mean versus maximum day).
This basic calculation was performed for each regulated pollutant
or pollutant parameter and for each wastewater-generating process
element of each subcategory. Pretreatment standards -- PSES and
PSNS -~ are also expressed as mass limitations rather than
concentration limits to ensure a reductlon in the total quantity
of pollutant discharges.

BPT - In general the BPT level represents the average of the
best existing performances of plants of various ages, sizes,
processes or other common characteristics. Where . .existing
performance is uniformly inadequate, BPT may be transferred from
a different subcategory or category. In balancing costs in
relation to effluent reduction benefits, EPA considers the volume

"and nature of existing discharges, the volume and nature of

discharges expected after application of BPT, the general
environmental effects of the pollutants, and c¢ost and economic.

‘impact of the required pollution control level.

EPA is promulgating BPT mass limitations for existing direct
dischargers based on model end-of-pipe treatment, which consists
of oil skimming when required and lime precipitation and
settling. The pollutant parameters selected for 1limitation  at
BPT are: copper, lead, iron, oil and grease, total suspended
solids (TSS), and pH. : -

Twelve lead battery plants are direct dischargers.
Implementation of BPT limitations will remove 115,400 kilograms
(253,900 pounds) per year of toxic metals and 675,800 kilograms
(1,486,800 pounds) per year of conventional and other pollutants
from the estimated raw waste generation. = The Agency estimates
that capital costs above equipment in place for these plants will
be $0.715 million ($1983) and total annual costs will be $0.499

million ($1983). The economic impact analysis concluded that
there are no potential plant closures or employment effects
associated with compliance with this regulation. If compliance
costs were passed on to consumers, price increases would be no




higher than 0.3 percent for lead battery products. There are no
balance-of-trade effects. The Agency has determined that the
effluent reduction benefits associated with compliance with BPT
limitations justify the costs.

BAT - The BAT level represents the best economically achievable
performance of plants of various ages, sizes, processes or other
shared characteristics. As with BPT, where existing performance
is uniformly inadequate, BAT may be transferred from a different
subcategory or category. BAT may include feasible process
changes or internal controls, even when not common industry
practice.. :

In .developing BAT, EPA has given substantial weight to the
reasonableness of costs. The Agency considered the volume and
nature of discharges, the volume and nature of discharges
expected after application of BAT, the general environmental
effects of the pollutants, and the costs and economic impacts of
the required pollution control levels. Despite this
consideration of costs, the primary determinant of BAT is still
effluent reduction capability.

The direct dischargers - are expected to move directly to
compliance with BAT limitations from existing treatment because
the flow reduction used to meet BAT limitations would allow the
use of smaller -- and less expensive -- lime and settle equipment
than would be. used to meet BPT limitations without any flow
reduction. . The pollutants selected for regulation at BAT are:
copper, lead, and iron. o

Implementation of the BAT 1limitations will remove annually an
estimated 115,600 kilograms (254,000 pounds) of toxic metals and
679,000 kilograms (1,494,000 pounds) per year of other pollutants
from estimated raw waste ¢eneration at a capital cost, above
equipment in place, of $0.819 million and a total annual cost of
$0.510 million ($1983). The Agency projects no plant closures,
employment impacts, or foreign trade effects and has . determined
that the BAT limitations are economically achievable. '

NSPS -~ NSPS (new source performance standards) are based on the
best available demonstrated, technology (BDT), including process
changes, in-plant controls, and end-of-pipe treatment
technologies which reduce pollution to the maximum extent
feasible.

EPA is estabiishing the best available demonstrated technology
for the lead subcategory of the battery manufacturing category to
be equivalent to BAT technology with the addition of filtration




prior to discharge. The pollutants regulated at NSPS are copper,
lead, iron, oil ‘and grease, total suspended solids (TSS), and pH.

EPA estimates that a new direct discharge lead battery
manufacturing plant having the industry average annual production
level for discharging plants would generate a raw waste of 14,500
- kilograms (31,800 pounds) per year of toxic pollutants. The NSPS

~ technology would reduce the toxic pollutant discharge 1levels to

4.3 kilograms (9.5 pounds) per year. The capital investment cost:
for a. new model lead battery manufacturing plant to install the
NSPS technology is estimated to be $0.119 million, 'with annual
costs of $0.069 million ($1983). EPA believes that NSPS will not
constitute a barrier to entry for new sources, prevent major
modifications to existing sources, or produce other adverse
economic effects. ‘ -

PSES - PSES  (pretreatment standards for existing sources) are
designed to prevent the discharge of pollutants which pass
through, interfere with, or are otherwise incompatible with the
operation of POTW. Pretreatment standards are technology-based
and analogous to the best available technology for removal of
toxic pollutants. EPA is promulgating PSES based on the
application of technology equivalent to BAT, which consists of
end-of-pipe treatment comprised of o0il skimming where necessary,
and. lime, precipitation and settling. .

The Agency has concluded that the toxic metals regulated under
these standards (copper and lead) pass through the POTW. The
nationwide average percentage of these toxic metals removed by a
well operated POTW meeting secondary treatment requirements is 58
percent for copper and 48 percent for lead, whereas the
percentage that can be removed by a lead battery manufacturing
direct discharger applying the best. available technology
economically achievable is expected to be over 99 percent.
Accordingly, these pollutants pass through a POTW and are being-
regulated at PSES. ‘

Implementation of the PSES will remove annually an estimated
1,488,400 kilograms (3,274,500 pounds) of toxic pollutants, and
8,743,600 kilograms (19 235 900 pounds) of other pollutants from
estlmated raw waste.

To comply with PSES, EPA estimates that total capital investment,
- above equipment in place, would be $7.11 million and that annual
costs would be $4.07 million ($1983), including interest and
depreciation. The Agency has concluded that PSES is economically
achievable. ‘ -




PSNS - Like PSES, PSNS (pretreatment standards for new sources)
are established to prevent the discharge of pollutants which pass
through, interfere with, or are otherwise incompatible with the
operation of the POTW. New indirect dischargers, like new direct
dischargers, have the opportunity to incorporate the best
available demonstrated technologies. ‘ o '

This regulation establishes mass-based  PSNS for the lead
subcategory of the battery manufacturing category. The treatment
technology basis for the PSNS being promulgated is identical to
the treatment technology set forth as the basis for the NSPS
being promulgated. The pollutants regulated under PSNS are
copper and lead. - :

New source model plant costs were estimated for the lead
subcategory. The total -capital investment cost for a lead
battery manufacturing plant with the industry average production
level for discharging plants to install PSNS technology is $0.119
million with corresponding total annual costs of $0.069 million
($1983). This new lead battery manufacturing plant would
generate a raw waste load of approximately 14,500 kilograms
(31,800 pounds) per year of toxic pollutants and 84,900 kilograms
(186,900 pounds) per vyear of other pollutants. Application of
PSNS technology would reduce the toxic pollutant discharge to 4.3
kilograms (9.5 pounds) per vyear and the discharge " of other
pollutants to 42 kilograms (92 pounds) per year. .EPA does not
believe that PSNS will pose a barrier to entry for new indirect

T sources.

BCT - BCT effluent 1limitations for .the lead,subcategory are
deferred pending adoption of the BCT cost test.

Nonwater Quality Environmental Impacts

Eliminating or reducing one form of pollution may cause other

environmental problems. Sections 304(bk) and 306 of the Act
require EPA to consider the nonwater quality environmental
impacts (including energy requirements). In compliance with

these provisions, the Agency considered the effect of this
regulation on air pollution, solid waste generation and energy
consumption. The Administrator has determined that the impacts
identified ‘below are justified by the benefits associated with
compliance with the limitations and standards.

Imposition of BPT, BAT, NSPS, PSES, and PSNS will not create any
substantial air pollution problems because the wastewater
treatment technologies required to meet these 1limitations and
standards do not cause air pollution. ‘




EPA estimates that battery manufacturing plants generated 18,960
kkg (87,000 tons) of solid wastes per year from manufacturing
process operations, and an indeterminate amount of so0lid waste
from wastewater treatment because of the wvariable technologies
currently practiced. The solid wastes that would be generated at
battery manufacturing plants by lime and settle treatment

technologies are beélieved to be not hazardous under Section 3001
of the Resource Conservation ‘and Recovery Act (RCRA). Only
wastewater treatment sludge generated by sulfide precipitation
technology, and wastewater treatment sludges containing mercury
are likely to be hazardous under the regulations implementing
subtitle C of RCRA. ' . :

EPA estimates that the achievement of BPT effluent limitations
. for the lead subcategory will result in a net increase' in
electrical energy consumption of approximately «0.40 million
kilowatt-hours per year. The BAT effluent technology are
projected to increase electrical énergy consumption by 0.30
million kilowatt hours per year, slightly 1less than BPT. The
energy requirements for NSPS and PSNS are estimated to be similar
to energy requirements for BAT and PSES. - ’







SECTION I1I
RECOMMENDATIONS
1. EPA has divided the ‘battery manufacturing category into

eight subcategories for the purpose of effluent limitations and
- standards: These subcategories are:

A. Cadmium E. Lithium
B. Calcium | F. Magnesium
C. Lead G. Zinc
D. Leclanche H. Nuclear
2. These subcategories have been further subdivided into

process elements specific to basic manufacturing operations
within the subcategory, and the promulgated regulations are

specific to these elements. This volume (Volume II) presents
effluent limitations and standards for the 1lead subcategory
(Subcategory C). Effluent 1limitations and standards for the

other battery subcategories of the battery manufacturing category
are presented in Volume 1I. '

3. The following effluent limitations are promulgated for
existing sources in the lead subcategory.

A.  Subcategory C - Lead

(a) BPT Limitations

(1) Subpart C - Closed Formation - Double Fill, or Fill
and Dump BPT Effluent Limitations

Pollutant or
Pollutant Maximum for Maximum for
_Property : any one day monthly average

Metric Units - mg/kg of lead used .
English Units - 1b/1,000,000 1b of lead used

Copper 0.86 0.45
Lead 0.19 0.090
Iron 0.54 0.27
0il and Grease ‘ 9.00 5.40
TSS 18.45 8.78

pH - Within the range of 7.5 - 10.0 at all times
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(2) Subpart C - Open Formation - Dehydrated
BPT Effluent Limitations

Pollutant or
Pollutant Maximum for Maximum for
Property any one day monthly average

Metric Units - mg/kg of lead used
English Units - 1b/1,000,000 lb of lead used

Copper 20.99 11.05
Lead 4.64 2.21
Iron 16.13 6.74
0il and Grease 221.00 132.60
TSS 453.05 215.47
pH Within the range of 7.5 - 10.0 at all times

(3) Subpart C - Open Formation - Wet
BPT Effluent Limitations

Pollutant or
Pollutant Maximum for Maximum for
Property any one day monthly average

Metric Units - mg/kg of lead used
English Units - 1b/1,000,000 lb of lead used

Copper 0.10 0.05
Lead 0.02 0.01
Iron 0.06 0.03
0il and Grease 1.06 0.64
TSS 2.17 1.03
pH Within the range of 7.5 - 10.0 at all times
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(4) Subpart C - Plate Soak
BPT Effluent Limitations

Pollutant or ’
Pollutant Maximum for Maximum for
Property any one day monthly average

Metric Units - mg/kg of lead used
English Units ~ 1b/1,000,000 1b of lead used

Copper 0.04 0.02
Lead 0.009 0.004
Iron 0.03 0.01
Oil and Grease 0.42 0.25
TSS 0.86 0.41
pH : Within the range of 7.5 - 10.at all times
(5) Subpart C - Battery Wash (with Detergent)
BPT Effluent Limitations
Pollutant or -
Pollutant Maximum for Maximum for
Property any one day monthly average
Metric Units - mg/kg of lead used
English Units -~ 1b/1,000,000 1lb of lead used
Copper ' 1.71 0.90
Lead 0.38 0.18
Iron 1.08 0.55
0il and Grease 18.00 10.80
TSS 36.90 17.55
pH Within the range of 7.5 - 10.0 at all times
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(6) Subpart C - Battery Wash (Water Only)
BPT Effluent Limitations

Pollutant or
Pollutant Maximum for Maximum for
Property any one day monthly average

Metric Units - mg/kg of lead used
English Units - 1b/1,000,000 1lb of lead used

Copper L 1.12 0.59
Lead 0.25 0.12
Iron 0.71 0.36
0il and Grease 11.80 7.08
TSS 24.19 11.51
pH Within the range of 7.5 - 10.0 at all times
(7) Subpart C - Direct Chill Lead Casting
BPT Effluent Limitations
Pollutant or
Pollutant Maximum for Maximum for
Property any one day monthly average
Metric Units - mg/kg of lead used
English Units - 1b/1,000,000 lb of lead used
Copper 0.0004 0.0002
Lead 0.00008 0.00004
Iron 0.0002 0.0001
Oil and Grease 0.004 0.002
TSS. 0.008 0.003
pH Within the range of 7.5 - 10.at all times

14




(8) Subpart C - Mold Release Formulation
BPT Effluent Limitations
i C

Pollutant or
Pollutant Maximum for Maximum for
Property any one day monthly average

Metric Units - mg/kg of lead used
English Units - 1b/1,000,000 1lb of lead used

Copper 0.011 0.006
Lead 0.002 0.001
Iron 0.007 0.004
Oil and Grease 0.120 0.072
TSS 0.246 0.117
pH Within the range of 7.5 - 10.0 at all times
(9) Subpart C - Truck Wash

BPT Effluent Limitations
Pollutant or
Pollutant _ Maximum for Maximum for
Property any one day monthly average

Metric Units - mg/kg of lead in trucked batteries
English Units - 1b/1,000,000 1b of lead in trucked

batterles
Copper 0.026 0.014
Lead 0.005 0.002
Iron 0.016 0.008
Oil and Grease 0.280 0.168
TSS 0.574 0.273
pH Within the range of 7.5 - 10.at all times
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(10) Subpart C - Laundry
BPT Effluent Limitations

Pollutant or
Pollutant Maximum for Maximum for
Property any one day monthly average

Metric Units - mg/kg of lead used
English Units - 1b/1,000,000 1lb of lead used

Copper 0.21 0.11
Lead 0.05 0.02
Iron 0.13 0.07
0il and Grease 2.18 1.31
TSS 4.47 2.13
pH Within the range of 7.5 - 10.0 at all times

(11) Subpart C - Miscellaneous Wastewater Streams
BPT Effluent Limitations

Pollutant or
Pollutant Maximum for Maximum for
Property any one day monthly average

Metric Units - mg/kg of lead used
English Units - 1b/1,000,000 1lb of lead used

Copper 0.81 0.43
Lead 0.18 0.09
Iron 0.51 0.26
0il and Grease 8.54 5.12
TSS 17.51 8.33
pH Within the range of 7.5 - 10.0 at all times

There shall be no discharge allowance for process wastewater
pollutants from any battery manufacturing operation other than
those battery manufacturing operations listed above.
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(b) BAT Limitations

(1) Subpart C - Open Formation - Dehydrated
BAT Effluent Limitations

Pollutant or .
Pollutant Maximum for Maximum for
Property any one day monthly average

Metric Units - mg/kg of lead used
English Units - 1b/1,000,000 1b of lead used

Copper 3.19 1.68
Lead 0.71 0.34
Iron 2.02 1.02

(2) Subpart C - Open Formation - Wet
BAT Effluent Limitations

Pollutant or
Pollutant Maximum for Maximum for
Property any one day monthly average

Metric Units - mg/kg of lead used
English Units - 1b/1,000,000 1b of lead used

Copper 0.100 0.053
Lead 0.022 0.010
Iron 0.06 0.03
(3) Subpart C - Plate Soak
BAT Effluent Limitations
Pollutant or
Pollutant Maximum for. Maximum for
Property any one day monthly average
Metric Units -~ mg/kg of lead used
English Units - 1b/1,000,000 1b of lead used
Copper 0.039 0.021
Lead 0.008 0.004
Iron 0.030 0.010
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(4) Subpart C - Battery Wash (Detergent)
BAT Effluent Limitations

Pollutant or

Pollutant Maximum for Maximum for
Property any one day monthly average
Metric Units - mg/kg of lead used
English Units - 1b/1,000,000 1b of lead used
Copper 0.86 0.45
Lead 0.19 0.09
Iron 0.54 0.27
(5) Subpart C - Direct Chill Lead Casting

BAT Effluent Limitations
Pollutant or
Pollutant Maximum for Maximum for
Property any one day monthly average
Metric Units - mg/kg of lead used
English Units - 1b/1,000,000 1b of lead used
Copper 0.0004 0.0002
Lead 0.00008 0.00004
Iron 0.0002 0.0001
(6) Subpart C - Mold Release Formulation

BAT Effluent Limitations
Pollutant or
Pollutant Maximum for Maximum for
Property any one day monthly average
Metric Units - mg/kg of lead used
English Units - 1b/1,000,000 lb of lead used
Copper 0.011 0.006
Lead 0.002 0.001
Iron 0.007 0.003
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(7) Subpart C - Truck Wash
BAT Effluent Limitations

Pollutant or
Pollutant Maximum for Maximum for
Property any one day monthly average

Metric Units - mg/kg of lead in trucked batteries
English Units - 1b/1,000,000 1b of lead ir. trucked

batteries
Copper 0.026 0.014
Lead 0.005 0.002
Iron 0.016 0.008

(8) Subpart C - Laundry
BAT Effluent Limitations

Pollutant or
Pollutant Maximum for Maximum for
Property any one day monthly average

Metric Units - mg/kg of lead used
English Units - 1b/1,000,000 1lb of lead used

Copper 0.21 0.1
Lead 0.05 0.02
Iron : 0.13 0.07
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(9) Subpart C - Miscellaneous Wastewater Streams
BAT Effluent Limitations

Pollutant or
Pollutant Maximum for Maximum for
Property any one day monthly average

Metric Units - mg/kg of lead used
English Units - 1b/1,000,000 1lb of lead used

Copper 0.58 0.31
Lead 0.13 0.06
Iron 0.37 0.19

There shall be no discharge allowance £for process wastewater
pollutants from any battery manufacturing operation other than
those battery manufacturing operations listed above.

4. The following standards are promulgated for new sources.

A, Subcategory C - Lead
(1) Subpart C -~ Open Formation - Dehydrated - NSPS

Pollutant or
Pollutant Maximum for Maximum for
Property any one day monthly average

Metric Units - mg/kg of lead used
English Units - 1b/1,000,000 lb of lead used

Copper 2.15 1.02
Lead 0.47 0.21
Iron’ 2.01 1.02
0Oil and Grease 16.80- 16.80
TSS 25.20 20.16
pH Within the limits of 7.5 - 10.0 at all times :
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(2) Subpart C - Open Formation - Wet - NSPS

Pollutant or

Pollutant- Maximum for Maximum for

Property any one day monthly average
Metric Units -~ mg/kg of lead used

English Units - 1b/1,000,000 1b of lead used

Copper 0.067 0.032

Lead 0.014 0.006

Iron 0.063 0.032

0il and Grease. 0.53 0.53

TSS 0.80 0.64

pB Within the limits of 7.5 - 10.0 at all times

(3) Subpart C - Plate Soak - NSPS

Pollutant or

Pollutant Maximum for Maximum for

Property any one day monthly average
Metric Units - mg/kg of lead used

English Units - lb/l,Oop,OOO 1b of lead used

Copper 0.026 0.012

Lead 0.005 0.002

Iron 0.025 0.012

0il and Grease 0.21 0.21

TSS 0.32 0.25

pH Within the limits of 7.5 - 10.0 at all times

(4) Subpart C - Battery Wash (Detergent) - NSPS

Pollutant or

Pollutant Maximum for Maximum for
Property any one day monthly average
Metric Units - mg/kg of lead used

English Units - 1b/1,000,000 1b of lead used

Copper 0.576 0.274
Lead 0.126 0.058
Iron 0.540 0.274

0il and Grease 4.50 4.50
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’ TSS 6.75 : 5.40
pH Within the limits of 7.5 - 10.0 at all times

(5) Subpart C - Direct Chill Lead Casting - NSPS

Pollutant or
Pollutant Maximum for Maximum for
Property any one day monthly average

Metric Units - mg/kg of lead used
English Units - 1b/1,000,000 lb of lead used

Copper 0.000256 0.000122

Lead 0.000056 0.000026

Iron 0.000240 0.000122

0il and Grease 0.0020 0.0020

TSS 0.0030 0.0024

pH Within the limits of 7.5 - 10.0 at all times

(6) Subpart C - Mold Release Formulation - NSPS

Pollutant or
Pollutant Maximum for Maximum for
Property any one day monthly average

Metric Units - mg/kg of lead used
English Units - 1b/1,000,000 1b of lead used

Copper 0.0077 0.0037
Lead 0.0017 0.0008
Iron 0.0072 0.0037
0il and Grease 0.060 0.060
TSS 0.090 0.072
pH Within the limits of 7.5 - 10.0 at all times
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(7) Subpart C - Truck Wash - NSPS

Pollutant or ,
Pollutant Maximum for Maximum for
Property any one day monthly average

Metric Units - mg/kg of lead in trucked batteries
English Units - 1b/1,000,000 1b of lead in trucked

batteries
Copper 0.006 0.003
Lead 0.001 0.0007
Iron 0.006 0.003
0il and Grease 0.050 0.050
TSS 0.075 0.060
pH Within the limits of 7.5 - 10.0

(8) Subpart C - Laundry - NSPS

at all times

Pollutant or
Pollutant Maximum for Maximum for
Property any one day monthly average

Metric Units - mg/kg of lead used
English Units - 1b/1,000,000 1lb of lead used

Copper 0.14 0.07
Lead 0.03 0.01
Iron 0.13 0.07
Oil and Grease 1.09 1.09
TSS 1.64 1.31
pH Within the limits of 7.5 - 10.0
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(9) Subpart C - Miscellaneous Wastewater Streams - NSPS

Pollutant or
Pollutant Maximum for Maximum for
Propertvy any one day monthly average

Metric Units - mg/kg of lead used
English Units - 1b/1,000,000 1b of lead used

Copper 0.39 0.19

Lead 0.085 0.039

Iron 0.37 0.19

Oil and Grease - 3.07 3.07

TSS 4.61 3.69

pH Within the limits of 7.5 - 10.0 at all times

There shall be no discharge allowance for process wastewater
pollutants from any battery manufacturing operation other than
those battery manufacturing operations listed above.

5. The following pretreatment standards are promulgated for
existing sources.

A. Subcategory C - Lead
(1) Subpart C - Open Formation - Dehydrated - PSES

Pollutant or
Pollutant Maximum for Maximum for
Property any one day monthly average

Metric Units - mg/kg of lead used
English Units - 1b/1,000,000 1lb of lead used

Copper 3.19 1.68
Lead 0.71 0.34
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(2) Subpart C - Open Formation - Wet - PSES

Pollutant or
Pollutant Maximum for Maximum for
Property any one day monthly average

Metric Units - mg/kg of lead used
English Units - 1b/1,000,000 1b of lead used

Copper 0.100 0.053
Lead 0.022 0.010

(3) Subpart C - Plate Soak - PSES

Pollutant or
Pollutant Maximum for Maximum for
Property any one day monthly average

Metric Units - mg/kg of lead used
English Units - 1b/1,000,000 1b of lead used

Copper 0.039 0.021
Lead 0.008 0.004

(4) Subpart C - Battery Wash - Detergent - PSES

Pollutant or
Pollutant Maximum for Maximum for
Property any one day monthly average

Metric Units - mg/kg of lead used
English Units - 1b/1,000,000 1b of lead used

Copper 0.86 0.45
Lead 0.19 0.09
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(5) Subpart C - Direct Chill Lead Casting - PSES

Pollutant or
Pollutant Maximum for Maximum for
Property any one day monthly average

Metric Units - mg/kg of lead used
English Units - 1b/1,000,000 1lb of lead used

Copper 0.0004 0.0002
Lead 0.00008 0.00004

(6) Subpart C - Mold Release Formulation - PSES

Pollutant or
Pollutant Maximum for Maximum for
Property any one day monthly average

Metric Units - mg/kg of lead used
English Units - 1b/1,000,000 lb of lead used

Copper . 0.011 0.006
Lead 0.002 0.001

(7) Subpart C - Truck Wash - PSES

Pollutant or
Pollutant Maximum for Maximum for
Property any one_day monthly average

Metric Units - mg/kg of lead in trucked batteries
English Units - 1b/1,000,000 1lb of lead in trucked
batteries

Copper 0.026 0.014
Lead 0.005 0.002
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(8) Subpart C - Laundry - PSES

Pollutant or ,
Pollutant . Maximum for Maximum for
Property any one day monthly average

Metric Units - mg/kg of lead used
English Units - 1b/1,000,000 1lb of lead used

Copper 0.21 0.11
Lead 0.05 . 0.02

(9) Subpart C - Miscellaneous Wastewater Streams - PSES

Pollutant or
Pollutant Maximum for Maximum for
Property any one day monthly average

Metric Units - mg/kg of lead used
English Units - 1b/1,000,000 lb of lead used

Copper 0.58 0.31
Lead 0.13 . 0.06

There shall be no discharge allowance for process wastewater
pollutants from any battery manufacturing operation other than
those battery manufacturing operations listed,aboye.'
6. The following pretreatment standards are promulgated for new
sources. ' v ' ' : '

A. Subcategory C - Lead
(1) Subpart C - Open Formation - Dehydrated - PSNS

Pollutant or _ -
Pollutant Maximum for Maximum for
Property any one day monthly average

Metric Units - mg/kg of lead used
English Units - 1b/1,000,000 1lb of lead used

Copper ‘ 2.15 -1.02
Lead 0.47 0.21




(2) Subpart C - Open Formation ~ Wet - PSNS

Pollutant or
Pollutant Maximum for Maximum for
Property any one day monthly average

Metric Units - mg/kg of lead used
English Units - 1b/1,000,000 1lb of. lead used

Copper ‘ 0.067 0.032
Lead 0.014 0.006

(3) Subpart C - Plate Soak - PSNS

Pollutant or
Pollutant Maximum for Maximum for

Property any one day monthly average

Metric Units - mg/kg of lead used
English Units - 1b/1,000,000 1lb of lead used

Copper 0.026 0.012
Lead 0.005 0.002
(4) Subpart C - Battery Wash - Detergent - PSNS

Pollutant or ,
Pollutant Maximum for Maximum for

Property any one day monthly average

Metric Units - mg/kg of lead used
English Units - 1b/1,000,000 lb of lead used

Copper 0.576 0.274
Lead 0.126 ' 0.058
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(5) Subpart C - Direct Chill Lead Casting - PSNS

¢

Pollutant or
Pollutant Maximum for - Maximum for

Property any one day monthly average

Metric Units - mg/kg of lead used
‘Engllsh Units - 1b/1,000,000 1b of lead used

Copper 0.000256 0.000122
Lead 0.000056 . 0.000026

(6) Subpart C - Mold Release Formulation - PSNS

Pollutant or : .
Pollutant Maximum for Maximum for

Property any one day monthly average

Metric Units - mg/kg of lead used
English Units - 1b/1,000,000 1lb of lead used

Copper ~© 0.007 0.0037
‘Lead 0.0017 0.0008

(7) Subpart C - Truck Wash - PSNS

Pollutant or . '
Pollutant Maximum for Maximum for
Property any one day monthly average

Metric Units - mg/kKg of lead in trucked batteries
English Units - 1b/1,000,000 1lb of lead in trucked
batterles

Copper 0.006 | 0.003
Lead 0.001 0.0007
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(8) Subpart C - Laundry - PSNS.

Pollutant or ,
Pollutant Maximum for Maximum for
Property any one day monthly average

Metric Units -~ mg/kg of lead used
English Units - 1b/1,000,000 1b of lead used

Copper 0.14 ~ 0.07
Lead 0.03 : 0.01

(9) Subpart C - Miscellaneous Wastewater Streams -PSNS

Pollutant or .
Pollutant Maximum for Maximum for
Property any one day monthly average

Metric Units - mg/kg of lead used
English Units - 1b/1,000,000 1b of lead used

Copper : 0.39 0.19
Lead 0.085 0.039

There shall be no discharge allowance for process wastewater
pollutants £from any battery manufacturing operations other than
those battery manufacturing operations listed above.

7. Effluent limitations based on the best conventional pollutant
control technology are reserved at this time.
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SECTION III

INTRODUCTION

This section provides an overview of the legal background of the
Clean Water Act, and of the technical background of the battery
category. Volumes I and II include general information for the
entire category in this section. Volume I also includes a brief
technical description of the cadmium, calcium, Leclanche,
lithium, magnesium, and zinc subcategories whereas only the lead
subcategory is discussed in Volume 1I1. ' '

LEGAL ‘AUTHORITY

This report is a technical background document prepared to
support effluent 1limitations and standards under authority of
Sections 301, 304, 306, 307, 308, and 501 of the Clean Water Act
(Federal Water Pollution Control Act, as Amended, (the Clean
Water Act or the Act). These effluent limitations and standards
are in partial fulfillment of the Settlement Agreement in Natural
Resources Defense Council, Inc. v. Train, 8 ERC 2120 (D.D.C.
1976), modified 12 ERC 1833 (D.D.C. 1979), modified by orders
dated October 26, 1982, August 2, 1983 and January 6, 1984.. This
document also fulfills the requirements of sections 304(b) and
(c) of the Act. These sections require the Administrator, after
consultation with appropriate Federal and State Agencies and
other interested persons, to issue information on the processes,
procedures, or operating methods which result in the elimination
or reduction of the discharge of pollutants through the
application of the best practicable control technology currently
available, the best available technology economically achievable,
and through the implementation of standards of performance under
Section 306 of the Act (New Source Performance Standards).

‘Background

The Clean Water Act

The Federal Water Pollution Control Act Amendments of 1972
established a comprehensive program to restore and maintain the
chemical, physical, and biological integrity of the Nation's
waters. By July 1, 1977, existing industrial dischargers were
required to achieve effluent limitations requiring the
application of the best practicable control technology currently
available (BPT), Section 301(b)(1)(A); and by July 1, 1983, these
dischargers were required to achieve effluent limitations
requiring the application of the best available technology
economically achievable --- which will result in reasonable




further progress toward the national goal of eliminating the
discharge of all pollutants (BAT), Section 301(b)(2)(A). New
industrial direct dischargers were required to comply with
Section 306 new source performance standards (NSPS), based on
best available demonstrated technology; and new and existing
sources which introduce pollutants into publicly owned treatment
works (POTW) were subject to pretreatment standards under
Sections 307(b) and (c) of the Act. While the requirements for
direct dischargers were to be incorporated into National
Pollutant Discharge Elimination System (NPDES) permits issued
under Section 402 of the Act, pretreatment standards were made
enforceable directly against any owner or operator of any source
which introduces pollutants into POTW (indirect dischargers).

Although section 402(a)(1) of the 1972 Act authorized the setting
of requirements for direct dischargers on a case-by-case basis,
Congress intended that, for the most part, control requirements
would be based on regulations promulgated by the Administrator of
EPA. Section 304(b) of the Act required the Administrator to
promulgate regulations providing guidelines for effluent
limitations setting forth the degree of effluent reduction
attainable through the application of BPT and BAT. Moreover,
Section 306 of the Act requires promulgation of regulations for
NSPS. Sections 304(g), 307(b), and 307(¢) required promulgation
of regulations for pretreatment standards. 1In addition to these
regulations for designated industry categories, Section 307(a) of
the Act required the Administrator to promulgate effluent
standards applicable to all dischargers of toxic pollutants.
Finally, Section 501(a) of the Act authorized the Administrator
to prescribe any additional regulations necessary to carry out
his functions under the Act.

The EPA was unable to promulgate many of these regulations by the
dates contained in the Act. 1In 1976, EPA was sued by several
environmental groups, and in settlement of this lawsuit EPA and
the plaintiffs executed a Settlement Agreement which was approved
by the Court. This Agreement required EPA to develop a program
and adhere to a schedule for promulgating for 21 major industries
BAT effluent limitations guidelines, pretreatment standards, and
new source performance standards for 65 priority pollutants and
classes of pollutants. See Natural Resources Defense Council,
Inc. v. Train, 8 ERC 2120 (D.D.C. 1976), modified March 9, 1979.

On December 27, 1977, the President signed into law the Clean
Water Act of 1977. Although this 1law makes several important
changes in the Federal water pollution control program, its most
significant feature is its incorporation into the Act of several
of the basic elements of the Settlement Agreement program for
priority pollutant control. Sections 301(b)(2)(A) and
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301(b)(2)(C) of the Act now require the achievement by July 1,
1984 of effluent limitations requiring application of BAT for
"toxic" pollutants, including the 65 "priority" pollutants and
classes of pollutants which Congress declared "toxic" under
Section 307(a) of the Act. Likewise, EPA's programs for new
source performance standards and pretreatment standards are now
aimed principally at toxic pollutant controls. Moreover, to
strengthen the toxics control program, Section 304(e) of the Act
authorizes the Administrator to prescribe best management
practices (BMPs) to prevent the release of toxic and hazardous
pollutants from plant site runoff, spillage or leaks, sludge or
waste disposal, and drainage from raw material storage associated
with, or ancillary to, the manufacturing or treatment process.

In keeping with its emphasis on toxic pollutants, the Clean Water
Act of 1977 also revises the control program for non-toxic
pollutants. Instead of BAT for conventional pollutants
identified under Section 304(a)(4) (including biochemical oxygen .
demand, suspended solids, fecal coliform and pH), the new Section
301(b)(2)(E) .requires achievement by July 1, 1984, of effluent
limitations requiring the application of the best conventional
pollutant control technology (BCT). The factors considered in
assessing BCT for an industry include the costs of attaining a
reduction in effluents and the effluent reduction benefits
derived compared to the costs and effluent reduction -benefits
from the discharge of publicly owned treatment works (Section
304(b) (4)(B). The cost methodology for BCT has not  been
promulgated and BCT 1is presently deferred. For 'non-toxic,
nonconventional pollutants, Sections 301(b){(2)(A) and (b)(2)(F)
require achievement of BAT effluent: limitations within three
years after their establishment or July 1, 1984, " whichever is
later, but not later than July 1, 1987. ' '

GUIDELINE DEVELOPMENT SUMMARY

The effluent guidelines for battery manufacturing were developed
from data obtained from previous EPA studies, literature sear-
ches, and a plant survey and evaluation. Initially, information
from EPA records was collected and a 1literature search was
conducted. This information was then catalogued in the form of
individual plant summaries describing processes performed,
production rates, raw materials utilized, wastewater treatment
practices, water uses and wastewater characteristics.

In addition to providing a quantitative description of the
battery manufacturing category, this information was used to
determine if the characteristics of the category as a whole were
uniform and thus amenable to one set of effluent limitations and
standards. Since the characteristics of the plants in the data




base and the wastewater generation and discharge varied widely,
the establishment of subcategories was determined to be
necessary. The initial subcategorization was made by using
recognized battery type as the subcategory description:

. Lead Acid i . Carbon-Zinc (Air)
. Nickel-Cadmium (Wet Process) . Silver Oxide-Zinc
. Nickel-Cadmium (Dry Process) . Magnesium Cell

. Carbon-Zinc (Paper) . Nickel-Zinc

. Carbon-Zinc (Paste) . Lithium Cell

. Mercury (Ruben) ' . Mercury (Weston)

. Alkaline-Manganese . Lead Acid Reserve
. Magnesium-Carbon . Miniature Alkaline

To supplement existing data, EPA sent a data collection portfolio
(dcp) under authority of Section 308 of the Federal Water
Pollution Control Act, as amended, to each known battery
manufacturing company. In addition to existing and plant
supplied information (via dcp), data were obtained through a
sampling program conducted at selected sites. Sampling consisted
of a screening program at one plant for each listed battery type
plus verification at up to 5 -plants for each type. Screen
sampling was used to select pollutant parameters for analysis in
the second or verification phase of the program. The designated
priority pollutants (65 toxic pollutants) and typical battery
manufacturing pollutants formed the basic list for screening.
Verification sampling and analysis was conducted to determine the
source and quantity of the selected pollutant parameters in each
subcategory.

Conventional nomenclature of batteries provided little aid in
development of effluent limitations and standards. SIC groupings
are inadequate because they are based on the end use of the
product, not composition of the product, or manufacturing
processes. Based on the information provided by the 1literature,
dcp, and the sampling program, the 1initial approach to
subcategorization wusing battery type was reviewed. Of the
initial 16 battery types no production of mercury (Weston) cells
was found. The miniature alkaline type was dropped because it is
not a specific battery type but merely a size distinction invol-
ving several battery types (e.g., alkaline-manganese, silver
oxide-zinc, and mercury-zinc “(Ruben)). In addition to the
original battery types, the dcp's disclosed seven additional
battery types (silver chloride~-zinc, silver oxide-cadmium,
mercury-cadmium, mercury and silver-zinc, mercury and cadmium-
zinc, thermal, and nuclear). Nuclear batteries, however, have
not been manufactured since 1978. Since they constitute a
distinct subcategory, they have been included in the
subcategorization discussion, but have not been considered in the




battery documents. Mercury and silver-zinc batteries have not
been manufactured since 1977, but do not constitute a single
subcategory and therefore will be discussed where appropriate.
The other five add1t1ona1 battery types are considered 1in .the
battery documents. ’

An analysis of production methods, battery structure and electro-
lytic couple variations for each battery type revealed that there
are theoretically about 600 distinct variations ‘that could
require further subgrouping. Based on dcp responses and plant
visits, over 200 distinct variations have been positively
identified. Because of the large number of potential subgroup-
ings associated with subcategorization 'by battery type, a
subcategorization basis characterizing these variations .- was
sought. Grouplng by anode material accomplishes this objective
and results in the following subcategor1e5°

Anode Material Designation for Battery Documents*
Cadmium Anode o ‘ ~ Cadmium
. Calcium Anode ) Calcium -
. Lead Anode o Lead
. -Zinc Anode, Acid Electrolyte Leclanche
. Lithium Anode Lithium
. Magnesium Anode - Magnesium
. Zinc Anode, Alkaline Electrolyte : - Zinc
. Radioisotopes v - Nuclear
*  All subcategories except for lead are discussed in detail in

Volume I and the lead subcategory is discussed in Volume II.

As discussed fully in Section IV, the zinc anode is divided into
two groups based on electrolyte type because of substantial
differences in manufacture and wastes generated by the two

groups. As detailed in Sections IV and V, further segmentation
using a matrix approach is necessary to fully detail each
subcategory. Specific manufacturing process elements requiring

control for each subcategory are presented in. Section IV followed
by a detailed technical discussion in Section V.

After establishing subcategorization, the available data were
analyzed to determine wastewater generation and mass discharge
rates in terms of production for each subcategory. In addition
to evaluating pollutant generation and discharges, the full range
of control and treatment technologies existing within the battery
manufacturing category was identified.  This was done considering
the pollutants to be treated and the chemical, physical, and
biological characteristics of these pollutants. Special
attention was paid to in-process technologies such as. -the
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recovery and reuse of process solutions, the recycle of process
water, and the curtailment of water use.

The information as outlined above was then evaluated in order to
determine what levels of technology were appropriate as a basis
for effluent limitations for existing sources based on the best
practicable control technology currently available (BPT) and best
available technology economically achievable (BAT). Levels of
technology appropriate for pretreatment of wastewater introduced
into a publicly owned treatment works (POTW) from both new and
existing sources were also identified as were the new source
performance standards (NSPS) based on best demonstrated control
technology, processes, operating methods, or other alternatives
(BDT) for the control of direct discharges from new sources. In
evaluating these technologies various factors were considered.
These included treatment technologies from other industries, any
pretreatment requirements, the total cost of application of the
technology in relation to the effluent reduction benefits to be
achieved, the age of equipment and plants involved, the processes
employed, the engineering aspects of the application of various
types of control technique process changes, and non-water quality
environmental .‘impact (including energy requirements).

Sources of Industry Data

Data on battery manufacturing were gathered from literature
studies, previous industry studies by the Agency, plant surveys
and evaluations, and inquiries to waste treatment equipment
manufacturers. These data sources are discussed below.

Literature Study - Published 1literature in the form of books,
reports, papers, periodicals, and promotional materials was
examined. The most informative sources are listed in Section XV.
The material research covered battery chemistry, the man-
ufacturing processes utilized in producing each battery type,
waste treatment technology, and the specific market for each
battery type.

EPA Studies - A previous preliminary and unpublished EPA study of
the battery manufacturing segment was reviewed. The information
included a summary of the industry describing: the manufacturing
processes for each battery type; the waste characteristics
associated with this . manufacture; recommended pollutant
parameters . requiring control; applicable end-of-pipe treatment
technologies for wastewaters from the manufacture of each battery
type; effluent characteristics resulting from this treatment; and
a background bibliography. Also included in these 'data were
detailed production and sampling information on approxlmately 20
manufacturing plants.
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Plant Survey and Evaluation - The initial collection of data
pertaining to facilities that manufacture batteries was a two-
phased operation. First, a mail survey was conducted by EPA. A
dcp was mailed to each company in the country known or believed
to manufacture batteries. This dcp included sections for general
plant data, specific production process . data, waste management
process data, raw and treated wastewater data, waste treatment
cost information, and priority pollutant information based on
1976 production records. A total of 226 dcp were mailed.. From
this survey, it was determined that 133 companies were battery
manufacturers, including full line manufacturers and assemblers.
Of the remaining 93 data requests that were mailed, 9 companies
were no longer manufacturing batteries, 15 'were returned as
undeliverable, and 69 companies were in other business areas.

For clarification, the following terminology is used throughout
the battery manufacturing documents. Battery manufacturing sites
are physical 1locations where battery manufacturing processes
occur. Battery plants are locations where subcategory-specific
battery manufacturing processes occur. Battery facilities are
locations where final battery type products or their components
are produced and is primarily used for economic analysis of the
category. In the survey, some plants responded with 1977 or 1978
data, and some provided 1976 data although ' production has
subsequently ceased. Table III-1 (page 63) summarizes the survey
responses received in terms of number of plants that provided
information in each subcategory. Another column was added  to
~include ‘information obtained in the survey, by phone or by actual
plant visit, that a plant was no longer active in a subcategory.
The total number of plant responses is larger than the 133
company responses, since many companies own more than one plant
and information was requested on each site owned or  operated by
the company. Also, some sites manufacture batteries in more than
one subcategory; four are active in three subcategories and nine
are active in two subcategories. Due to changes in ownership and
changes in production lines, the number of companies . and the
number of plants and sites active in the category often vary.
The result is that about 230 sites are currently included in this
category. All information received was reviewed and evaluated,
.and will be discussed as appropriate in subsequent sections.:

The sécond phase of the data collection effort included visiting
selected plants, for ' screening and verification sampling of

wastewaters from battery manufacturing operations. The dcp
served as the major source 1in the selection of plants for
visitation and. sampling. Specific criteria. used for site

selection included:
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1. Distributing visits according to the type of battery manu-
factured. .

2. Distributing visits among various manufacturers of each bat-
tery type.

3. Selecting plants whose production processes were represen-
tative of the processes performed at many plants for each
subcategory. Consideration was also given to the under-
standing of unique processes or treatment not un1versa11y
practiced but applicable to the industry in general.

4. A plant's knowledge of its production processes and waste
treatment system as indicated in the dcp.

5. The presence of wastewater treatment or water conservation
practices.

Prior to proposal forty-eight plants were visited and a
wastewater sampling program was conducted at twenty-four of these
plants. The sampling program at each plant consisted of two
activities: first, the collection of technical information, and
second, water sampling and analysis. The technical information
gathering effort centered around a review and completion of the
dcp to obtain historical data as well as specific information
pertinent to the time of the sampling. 1In addition to this, the
fgllowing specific technical areas were covered during these
visits.

1. Water use for each process step and waste constituents.
2. Water conservation techniques.
3. In-process waste treatment and control technologies.

4. Overall performance of the waste treatment system and future
plans or changes anticipated.

5. Particular pollutant parameters which plant personnel
thought would be found in the waste stream.

6. Any problems or situations peculiar to the plant beihg
visited.

All of the samples collected were kept on ice throughout each day

of sampling. At the end of each day, samples were preserved
according to EPA protocol and sent to laboratories for analysis
per EPA protocol. Details of this analysis and of the overall
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sampling program results are described in Section V of this
document. - ' ' :

After- proposal, EPA made a second intensive study of lead battery
manufacturing (lead subcategory), - and foliar 'battery
manufacturing (Leclanche subcategory). Seventeen additional lead
plants were visited and five were sampled. One foliar plant was
also visited. Plant supplied data from 65 1lead plants was
updated using an industry survey form. This additional data is
reported in Section V, (Volume I for the Leclanche subcategory
and Volume II for the Lead subcategory).

Waste Treatment Equipment Manufacturers - Various manufacturers
of waste treatment equipment were contacted by phone or visited
to determine cost and performance data on specific technologies.
Information collected was based both on manufacturers' research
and on in-situ operation at plants that were often not battery
manufacturers but had similar wastewater characteristics
(primarily toxic metal wastes). ' :

Utilization of Industry Data

Data collected from the previously described sources <are used
throughout this report in the development of a base for BPT and
BAT limitations, and NSPS and pretreatment standards. . Previous
EPA studies and information in the literature provided the basis
for the initial battery subcategorization discussed in Section
Iv. This subcategorization was further refined to an anode
grouping basis as the result of information obtained from the
plant survey and evaluation. Raw wastewater characteristics for
each subcategory presented in Section "V were:- obtained from
screening and verification sampling because raw waste information
from other sources was so fragmented and incomplete that it was
unusable. Selection of pollutant parameters for control (Section
VI) was based on both dcp responses and plant sampling. These
provided information on both the pollutants which plant personnel
felt would be in their wastewater discharges and those pollutants
specifically found in battery manufacturing wastewaters as the
result of sampling. Based on the selection of pollutants
" requiring control and their 1levels, applicable treatment
technologies were identified and then studied and discussed in
Section VII of this document. Actual waste treatment
technologies utilized by battery plants (as identified in dcp and
seen on plant visits) were also used to identify applicable
treatment technologies. The cost of treatment (both individual
technologies and systems) based primarily on data from equipment
manufacturers 1is contained in Section VIII of this document.
Finally, dcp data and sampling data are utilized in Sections ' IX,
X, XI, XII, and XIII (BPT, BAT, NSPS, Pretreatment, and BCT, res-
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pectively) for the selection of applicable treatment systems and
the presentation of achievable effluent levels and actual
effluent levels obtained for each battery subcategory discussed
in the two volumes.

INDUSTRY DESCRIPTION

Background -

The industry covered by this document makes modular electric
power sources where part or all of the fuel is contained within
the unit. Electric power is generated directly from a chemical
reaction rather than indirectly through a heat cycle engine.
Batteries using a radioactive decay source where a chemical
reaction is part of the operating system were considered. :

Historical - Electrochemical batteries and cells were assembled
by Alessandro Volta as early as 1798. His work establishing the
relationship between chemical and electrical energy came 12 years
after the discovery of the galvanic cell by Galvani, and 2000
years after the use of devices in the Middle East, which from
archeological evidence, appear to be galvanic cells. Veolta used

silver and zinc electrodes in salt water for his cells. Soon
after Volta's experiments, Davy, and then Faraday, used galvanic
cells to carry out electrolysis studies. In 1836 Daniell

invented the <cell which now bears his name. -He used a copper
cathode in copper sulfate solution separated by a porous cup from
a solution of zinc sulfate in dilute sulfuric acid which
contained the amalgamated zinc anode. In 1860, Plante presented
to the French Academy of Sciences the lead acid storage battery
he had developed, and in 1868 Leclanche developed the forerunner
of the modern dry cell. Leclanche used an amalgamated zinc anode
and a carbon cathode surrounded by manganese dioxide and immersed
both in an ammonium chloride solution. The portable dry cell was
developed in the late 1880s by Gassner who prepared a paste
electrolyte of zinc oxide, ammonium chloride and water in a zinc
can, inserted the carbon rod and manganese dioxide, then sealed
the top with plaster of Paris. The cell was produced
commercially. Several other acid-electrolyte cells using
amalgamated =zinc anodes and carbon or platinum cathodes saw
limited use prior to 1900. :

Lalande and Chaperon developed a caustic soda primary battery
about 1880 which was used extensively for railroad signal
service. Amalgamated zinc anodes and cupric oxide cathodes were
immersed in a solution of sodium hydroxide. A layer of oil on
the surface of the electrolyte prevented evaporation of water,
and the formation of solid sodium carbonate by reaction of carbon




d1ox16e in the air with the caustic soda électrolyte. Batteries
with capacities to 1000 ampere hours were available.

A storage battery of great commerc1a1 1mportance durlng the flrst
half of this century was the Edison cell. Although the system is
not manufactured today, a large volume of research 1is being
directed toward making it a workable automotive power source.
The system consists of iron anodes, potassium hydroxide
electrolyte, and nickel hydroxide cathodes. The iron powder was
packed in flat "pockets" of nickel-plated steel strips. The
nickel hydroxide, with layers of - nickel flakes to improve
conductivity, was packed in tubes of nickel-plated steel strips.
The batteries were rugged and could withstand more extensive
charge-discharge cycling than lead acid storage batteries. Their
greater cost kept them from replacing lead acid batteries.

Another cell only recently displaced from the commercial market
is the Weston cell. For decades the Weston cell, consisting of
an amalgamated cadmium anode and a mercurous sulfate cathode ‘in a
cadmium sulfate solution, was used as a voltage reference
standard in industrial instruments. Introduction of new solid
state devices and circuits has displaced the Weston cell from
most of its former industrial applications, and it is no longer
commercially available.

New battery systems are introduced even today. In the past
decade implantable 1lithium batteries have been developed for
heart pacemakers, tens of thousands of which are 1in use. Huge

development programs have been funded for electric powered
automobiles. The liquid sodium-liquid sulfur system is - one of
the new "exotic" systems being studied. Advancing technology. of
materials coupled with new applications requirements will result
in development of even newer systems as well as the redevelopment
of older systems for new applications. Figure II1I-1 (page 68),
graphically illustrates the amplitude of systems in use or under
development in 1975 for rechargeable batteries. This plot of
theoretical specific energy versus equivalent weight of reactants
clearly shows the reason for present intensive developmental
efforts on lithium and sodium batteries, and the Edison battery
(Fe/NiOOH) and the zinc-nickel oxide battery. :

Battery Def1n1t10ns and Terminology - Batteries are named by
various systenms. Classification systems include end-use, size,
shape, anode-cathode couple, inventor's name, electrolyte type,
and usage mode. Thus a flashlight battery (end-use), might also
be properly referred to as a D-Cell (size), a cylindrical cell
(shape), a zinc-manganese dioxide cell (anode-cathode couple), a
Leclanche cell (inventor), an acid cell (electrolyte type), and a
primary cell (usage mode), depending on the context. In the

41




strictest sense, a cell contains only one anode-cathode pair,
whereas a battery is an assemblage of cells connected in series
to produce a greater voltage, or in parallel to produce a greater
current. Common usage has blurred the distinction between these
terms, and frequently the term battery is applied to any finished
entity sold as a single unit, whether it contains one cell, as do
most flashlight batteries, or several cells, as do automobile
batteries. In these documents the marketed end product is
usually referred to as a battery. Manufacturing flow charts and
construction diagrams reveal the actual assembly details.

In the battery documents, the terms "battery" and "cell" are used
only for self-contained galvanic devices, i.e., those devices
which convert chemical energy to electrical energy and which do
not require a separate chemical reservoir for operation of the
device. Cells where one of the reacting materials is oxygen
supplied by the atmosphere in which the cell operates are
included as well as cells which contain all of the reacting
chemicals as part of the device. 1In some literature, reference
is made to electrolysis cells or batteries of electrolysis cells.
Those devices are for chemical production or metal winning., and
are not covered by this discussion. Fuel <cells, although
functioning as galvanic devices, must be supplied with the
chemical energy from an external source, and are not considered
in this document.

The essential parts of an electrochemical cell designed as a
portable source of electrical power are the same regardless of
the size of the unit. From the smallest cell used in a watch to
the massive storage batteries used in telephone branch exchanges
there 1is an anode, sometimes called the negative plate, a
cathode, also called the positive plate, and electrolyte. The -
anode and cathode are referred to by the general term electrodes.
One or both electrodes consist of a support or grid which serves
as a mechancial support and current collector, and the active
material which actually undergoes electrochemical reaction to
produce the current and voltage characteristics of the cell.
Sometimes the active material is the electrode structure itself.
The combination of an inert current collecting support and active
material 1is an . electrode system. For convenience, 1in this
document as well as in many publications, the terms cathode or
anode are used to designate the cathode system or the
anode system. '

Most practical modern batteries contain insulating porous
separators between the electrodes. The resulting assembly of
electrodes and electrolyte is contained in a protective case, and
terminals attached to the cathode and anode are held in place by -
an insulating material.
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The operating characteristics of ‘a battery are described by
several different parameters referred to <collectively as the
battery performance. Voltage and current will vary with the
electrical load placed on the battery. In some batteries, the
voltage will remain relatively constant as the load is changed
because internal resistance and electrode polarization are not
large. Polarization 1is the measure of voltage decrease at an
electrode when current density is increased. Current density is
the current produced by a specified area of electrode -
frequently milliamperes per square centimeter. Thus, the larger
the electrode surface the greater the current produced by the
cell unit at a given voltage. .

Battery power is the instantaneous product of current and
voltage. Specific power is the power per unit weight of battery;
power density is the power per unit volume. Watts per pound and
watts per cubic foot, are common measures of these performance
characteristics. Power delivered by any battery depends on how
it is being used, but to maximize the power delivered by a
battery the operating voltage must be substantially less than the
open-circuit or no-load voltage. A power curve is sometimes used
to characterize battery performance under load, but because the
active materials are being consumed, the power curve will change
with time. Because batteries are self-contained power supplies,
additional ratings of specific energy and energy density must be
specified. These are  commonly measured in units of
watthours per pound and watthours per cubic foot, respectively.
These latter measures characterize the total energy available
from the battery under specified operating conditions and allow
comparison of the ability of different battery systems to meet
the requirements of a given application. Figure I1I-2 (page 69)
illustrates how these measures of performance are used to compare
battery systems with each other and with alternative power
sources. : :

The suitability of a battery for a given appliéation is
determined not only by its voltage and current characteristics,

and the available power and energy. In many applications,
storage characteristics and the length of time during which a
battery may be operational are also important. The temperature

dependence of battery performance is also important for some
applications. Storage characteristics of batteries are measured
by shelf-life and by self-discharge, the rate at which the
available stored energy decreases over time. Self-discharge is
generally measured in percent per unit time and is usually
dependent on temperature. In some battery types, self-discharge
differs during storage and use of the battery. For rechargeable
cells, cycle-life, the number of times a battery may be recharged
before failure, is often an important parameter. ’
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Battery Applications and Requirements - Batteries are used in so
many places that it would be impractical to try to name all of
them. Each application presents a unique set of battery
performance requirements which may place primary emphasis on any
specific performance parameter or combination of parameters. The
applications may be useful however, in considering groups for
which the general purpose and primary performance requirements
are similar. Such groups are shown in Table III-2 (page 64).

The requirements for a flashlight battery are: low cost, long
shelf 1life, suitability for intermittent use, and moderate
operating life. The household user expects to purchase

replacement cells at low cost after a reasonable operating life,
but does expect long periods before use or between uses.

An automobile battery must be rechargeable, produce large
currents to start an engine, operate both on charge and discharge
over a wide temperature range, have long life, and be relatively
inexpensive when replacement is necessary. The user 1looks for
high power density, rechargeability, and low cost.

Standby lighting, and life raft emergency radio beacons represent
two similar applications. For standby 1lighting power in
stairways and halls, the battery is usually a storage battery
maintained in a constant state of readiness by the electrical
power system and is activated by failure of that primary system.
Such a battery system can be activated and then restored to its
original state many times and hence can be more expensive and can
have complex associated equipment. Weight 1is no problem, but
reliable immediate response, high energy density and power
density are important. The emergency radio beacon in a life raft
is reqgquired to be 100 percent reliable after storage of up to
several vyears. It will not be tested before use, and when
activated will be expected to operate continuously until
completely discharged. Light weight may be important. Instan-
taneous response is not a requirement although a short time for
activation is expected.

Remote location operation such as arctic meteorological stations
and orbiting spacecraft requires very high reliability and long
operating 1life. Cost 1is usually of no consequence because the
overall cost of launching a satellite or travel to a remote
location overshadows any possible battery cost. Rechargeability
is required because solar cells (solid state devices producing
small electrical power levels directly from solar illumination)
can be used to recharge the batteries during sunlight periods to
replace the energy used in brief periods of high power demand for
transmissions or satellite equipment operation. High power
density for meteorological stations and high specific power for
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satellites is therefore more important than high energy density
or high specific energy because the rechargeability requirement
means energy can be replaced. Additional requirements are
reliable operation over a wider range of temperatures than is
usually experienced 1in temperate earth regions, and sealed
operation to prevent electrolyte 1loss by gassing on charge
cycles, .

Voltage 1leveling and voltage standards are similar. Voltage
leveling is a requirement for certain telephone systems. The
batteries may be maintained in a charged state, but voltage
fluctuations must be rapidly damped and some electrochemical

systems are ‘ideally suited to this purpose. An additional
requirement is the provision of standby power at very stable
voltages. Such operation is an electrochemical analogue of a

surge tank of a very large area, maintaining a constant liquid
head despite many rapid but relatively small inflows and
outflows. The use of batteries for secondary voltage standards
requires stability of voltage over time and under fluctuating
loads. Though similar to the voltage leveling application, the
devices or instruments may be portable and are not connected to
another electrical system. Frequently power is supplied by one
battery type and controlled by a different battery type. Usually
cost is a secondary consideration, but not completely ignored.

- For secondary voltage standards, wide temperature ranges can

usually be avoided, 'but a flat voltage-temperature response is
important over the temperature range of application. Power and
energy density as well as spec1f1c power and energy also become
secondary considerations in both of these appllcat1ons

Battery Function and Manufacture

The extremely varied requirements outlined above have led to. the
design and production of many types of batteries. Because
battery chemistry is the first determiner of performance,
practically every Kknown combination of electrode reactions has
been studied - at least on paper. Many of the possible electrode

combinations are in use in batteries today. Others are being
developed to better meet present or projected needs. Some have
become obsolete, as noted ‘'earlier. Short discussions on the

electrochemistry of batteries, battery construction, and battery
manufacturing are presented to help orient the reader.

Battery Chemistry - The essential function of the electrodes in a
battery is to convert chemical energy into electrical energy and
thereby to drive electrical current through an external load.
The driving force is measured in volts, and the current is
measured in amperes. The discrete charges carrying current in
the external circuit, or 1load, are electrons, which bear a
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negative charge. The driving force 1is the sum of the
electromotive force, or EMF, of the half-cell reactions occurring
at the anode and the cathode. The voltage delivered by a cell is
characteristic of the overall chemical reaction in the cell. The
theoretical open-circuit (no-load) voltage of a cell or battery
can be calculated from chemical thermodynamic data developed from
nonelectrochemical experiments. The cell voltage is related to
the Gibbs free energy of the overall chemical reaction by an
equation called the Nernst equation. The variable factors are
temperature and concentration of the reactants and products.

Voltages (or more properly the EMF) of single electrode reactions
are often used in comparing anodes of cathodes of different types
of cells. These single electrode (or half-cell) voltages are
actually the voltages of complete cells in which one electrode is
the standard hydrogen electrode having an arbitrarily assigned
value of zero. 1In all such calculations, equilibrium conditions
are assumed.

In this brief discussion, only the net half-cell reactions are
discussed. The very complex subject of electrode kinetics,
involving a study of exactly which ionic or solid species are
present and in what quantities, can be found in any of several
electrochemistry textbooks. '

The anode supplies electrons to the external circuit -~ the half-
cell reaction is an oxidation. The cathode accepts electrons
from the external circuit - the reaction is a reduction. Half-
cell reactions can occur in either forward or reverse direction,
at 1least in theory. Some, however, cannot be reversed in a
practical cell. Tables 1III-3 and III-4 (page 65) show the
reactions as they are used in practical cells for delivery of
power. In those cells that are rechargeable, charging reverses
the direction of the reaction as written in the tables.

Most of the battery systems currently produced are based on
aqueous electrolytes. However, lithium and thermal batteries,
and at 1least one magnesium cell, have nonaqueous electrolyte.
Because lithium reacts vigorously with water, organic or non-
agueous inorganic electrolytes are usually, but not always, used
with this very high energy anode metal. Thermal batteries are
made with the -electrolyte in a solid form and are activated by
melting the electrolyte with a pyrotechnic device just prior to
use. One type of magnesium reserve cell uses a liquid ammonia
electrolyte which is injected under pressure just prior to use.

In aqueous systems, any of the anode reactions can be coupled
with any of the cathode reactions to make a working cell, as long
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as‘the electrolytes are matched and the overall cell reaction can
be balanced at electrical neutrality. As examples:

Leclanche:

anode: Zn <——-> -In+2 + 2e (acid) .
cathode: 2e + 2MnO, + 2NH,Cl + Zn*2 <---> MN,0; + H,0 + Zn(NH;),Cl,(acid)
cell: Zn + 2MnO, + 2NH,Cl <---> Mn,0; + H,0 + Zn(NH3),Cl,

Alkaline Manganese:

anode: Zn + 20H- <--->’Zn(OH)2 + 2e (alkaline)l
cathode: e + MnO, + H,0 <---> MnOOH + OH- (alkaline)’

e + MnOOH- + H,0 <---> Mn(OH), + OH- (alkaline)
cell: Zn + MnO, + 2H20 <=--> Zn(OH), + Mn(OH),

One essential feature of an electrochemical cell is that all
conduction within the electrolyte must be ionic. In aqueous
electrolytes the conductive ion may be H* or OH-. In some cases
metal ions carry some of the current. Any electronic conduction
between the electrodes inside the cells <constitutes a short
circuit. The driving force established between the dissimilar
electrodes will be dissipated in an unusable form through an
internal short circuit. For this reason, a great amount of
engineering and design effort is applied to prevent formation of
possible electronic conduction paths and at the same time to
achieving low internal resistance to minimize heating and power
loss. : ‘

Close spacing of electrodes and porous electrode separators leads
to low internal electrolyte resistance. But if the separator
deteriorates in the chemical- environment, or breaks - under
mechanical shock, it may permit electrode-electrode contact
resulting in cell destruction. Likewise, in rechargeable cells,
where high rates of charging lead to rough deposits. of the anode’
metal, a porous separator may be penetrated by metal "trees" or
dendrites, causing a short circuit. The ‘chemical compatibility
of separators and electrolytes is an important factor in battery
design. - '

Long shelf life is frequently a requirement for batteries. Shelf
life is limited both by deterioration of battery separators and
by corrosion (self-discharge) of electrodes which decreases the
-‘available electrical energy and may also result in other types of




cell failure. As an example, corrosion of the =zinc anode in
Leclanche cells may result 1in perforation of the anode and
leakage of the electrolyte. Compatability of the active material
of the electrodes in contact with the electrolyte to minimize
these self-discharge reactions is an electrochemical engineering
problem. Two of the approaches to this problem are outlined
here.

Some applications require only one-time use, and the electrolyte
is injected into the cell just before use, thereby avoiding 1long
time contact of electrode with electrolyte. The result is a
reserve battery. One reserve battery design (now abandoned) used
a solid electrolyte and the battery was constructed in two parts
which were pressed together to activate it. The parts could be
separated to deactivate the battery. Up to 25 cycles of
activation-deactivation were reported to be possible. Reserve
batteries are usually found in critical applications where high
reliability after uncertain storage time justifies the extra
expense of the device. '

In other applications, long shelf life in the activated state  is
required. This allows repeated intermittent use of the battery,
but is achieved at the price of somewhat 1lower certainty of
operation than is provided by reserve cells. Special fabrication
methods and materials then must be used to avoid self-discharge
by corrosion of the anode. In Leclanche cells, the =zinc is
protected from the acid electrolyte by amalgamating it; in some
magnesium cells a chemical reaction with the electrolyte forms a
protective film which is subsequently disrupted when current is
drained; in some lithium batteries, the very thin film formed by
chemical reaction with electrolyte conducts lithium ions at a
rate sufficiently high to be usable for power delivery. All
three types of cells require the use of specific chemicals and
special assembly techniqgues.

Operation of cells in the rechargeable mode places additional
constraints . on the chemical components and construction
materials. In aqueous—-electrolyte cells, vented operation may be
possible, as with 1lead acid automotive and nickel cadmium
batteries. Or, the cells may be sealed because remote operation
prevents servicing and water replacement. Cells with 1liquid
organic or inorganic electrolyte also are sealed to prevent
escape of noxious vapors. Organic liquids used in cells manufac-
tured in the U. S. today include: methyl formate, acetonitrile,
methyl acetate, and dioxolane. Inorganic liquids include thionyl
chloride and ammonia.

Sealed operation of .réchargable cells introduces two major
problems relating to pressure buildup that mst be accommodated
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by design and materials. Pressure changes normally occur during
discharge-charge cycling and must be accommodated by the battery
case and seal designs. Many applications also require cells to
accept overcharging. In nickel-cadmium cells, the oxygen or
hydrogen pressure would build to explosive levels in a short time
on overcharge. As a result, cells are designed with excess
uncharged negative material so that when the nickel electrode is
completely charged, the cadmium electrode will continge to
charge, and oxygen evolved at the nickel electrode will migrate
under pressure to the cadmium and be reduced before hydrogen
evolution occurs. A steady state is reached where cont@nuous
overcharge produces no harmful effects from pressure and no net
change in the composition of electrodes or electrolytes. The
excess uncharged negative material ensures that hydrogen is not
evolved. Oxygen recombination is used because the alternative
reaction of hydrogen recombination at an excess uncharged
positive electrode proceeds at very low rates unless expensive
special catalysts are present. ‘ :

Cell reversal 1is the other operational phenomenon requiring
chemical and electrochemical compensation. Cell reversal occurs
when a battery of cells is discharged to a point that one céll in
the battery has delivered all of its capacity (i.e., the active
material in at least one electrode is used up) but other |cells
are still delivering power. The current then travels through the
depleted cell in the same direction but the cell becomes an
electrolytic cell.

In a nickel-cadmium battery, cell reversal results in hy@rogen
generation at the nickel electrode or oxygen generation at. the
cadmium electrode. Cells can be designed to avoid pressure
build-up in those instances where reversal may occur. One method
is the incorporation of an antipolar mass (APM) in the nickel
electrode. The APM is Cd(OH),. When cell reversal occurs the
APM is reduced to cadmium metal. However, by using the proper
amount of APM, oxygen generated at the cell anode builds to
sufficient pressure to react with the metallic cadmium in the APM
before " all of the Cd(OH), 1is reduced. Thus, the oxygen
generation-reduction cycle discussed above is establisheq and
hydrogen evolution is avoided. For the oxygen cycle to function
for either overcharge or cell reversal, the separator must be
permeable to oxygen in nickel cadmium batteries. All éealed
cells also have an overpressure release to prevent violent
explosions. '

Special applications may require special operating conditions.
The ability of a cell to perform 1its function of delivering
current 1is determined £first of all by the kinetics of the
electrode processes for the anode-electrolyte-cathode system
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chosen. For a given electrode combination, the current per unit
area of active surface 1is characteristic of the system.
Temperature and pressure have an effect on the fundamental
electrode kinetics, but only in special applications 1is it
possible to design a battery for operation at other than ambient
temperature. For some high-power drain applications such as
prime mover power plants and central station power, it is
feasable to build a high-temperature system to take advantage of
the improved electrode kinetics and reduced electrolyte
resistance. Of course the kinetics of corrosion processes are
also enhanced, so additional materials problems must be overcome.

For the majority of cells that must be operated at a temperature
determined by the environment, the only practical way to achieve
greater power outputs is to increase the active surface area of
the electrodes. The usual approach to increasing surface area is
to subdivide the electrode material. Powdered or granular active
material is formed into an electrode with or without a structural
support. The latter may also function as a current collector.

The limitation to increasing the surface area is the fact that a
mass of, finely divided active material immersed in electrolyte
will tend to lose surface area with time, a phenomenon similar to
Ostwald ripening of silver halide photograph emulsion. The
smaller particles, which provide the large surface area, dissolve
in the electrolyte, and the larger particles grow even larger.:
The nature of the electrolyte and active mass is the main
determinant of the extent of this phenomenon.

A further 1limitation to the power drain available from porous
electrodes results from a phenomenon called concentration
polarization. Total ampere-hours available are not affected by
this process, but the energy delivered is limited. In a thick
porous body such as a tube or pocket type electrode, the
electrolyte within the narrow, deep pores of the electrode can
become overloaded with ionic products of electrode reaction or
depleated of ions required for electrode reaction. For instance,
at the-negative plate of a lead-acid battery, sulfate ions are
required for the reaction:

Pb + SO‘ Lm—=>> PbSC)‘ + 2e

When an automotive battery is fully charged the concentration of
sulfuric acid, hence sulfate ions, is very high. Large currents
can be sustained for sufficient time to crank a cold engine until
it starts. However, when the battery is "low" (i.e. the sulfate
ion concentration throughout the battery 1is 1low) sufficient
sulfate 1ions are initially present in the pores of the negative
plate to sustain the negative plate reaction for a brief period
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of cranking the engine, then the sulfate 1is so drastically

depleted that the cranking current cannot be sustained. If the
battery 1is "~ allowed to ‘"rest" a few minutes, the rather slow
process of diffusion will replenish sulfate ions in the interior
of the pores and in effect return to effective use that "deep"
surface area. The battery appears to come to "life"  again.
Cranking currents will again deplete the supply of ions and the
battery is "dead." If a "light" load, such as a radio is placed
on the nearly "dead" battery the diffusion process may be able to
supply sufficient ions on a continuing basis so that the battery
appears to be functlon1ng normally

The above example 1s'fam111ar to many people. Similar phenomena
occur in any battery with porous electrodes.  In some primary
batteries the discharge products may increase in concentration to
a point of insolubility and permanently block off active material
surface. Thus a battery may deliver significantly fewer ampere-
hours to a predetermined cut-off voltage when used at the C/2
ampere rate than at the (/20 ampere rate where C ‘is the
theoretical ampere-hour capaC1ty of the battery and the numerical -
denominator is in hours.

Concentration polarization also 1limits the rate at which
rechargeable batteries can be charged. Use of higher charging
voltages to shorten the recharge time can result in gassing
(e.g., production of hydrogen or oxygen in aqueous e€lectrolyte
cells) because the electrolyte constituents required for charging
become depleted in the vicinity of the electrode and a different,

unwanted reaction begins to carry the current. This is an
inefficient mode of,operation;. In rechargeable cells there is an
additional consideration in preparing porous electrodes. The

surface area of the electrodes must be substantially the same.
after recharge as it was after the initial formation charglng
It is of 1little benefit to provide large surface area in the
manufacture of the cell if it cannot be sustalned during a usable
number of cycles.

The steps used to manufacture batteries with stable, large-
surface-area electrodes are outlined for several types of
batteries to show similarities and differences in methods.
Further details of techniques for each spec1f1c battery type are
given in Sectlon V.

Battery Manufacture - The details of battery construction vary

with the type of battery. For the usual liquid electrolyte
batteries the steps are: manufacture of structural components,
preparation of electrodes, -and assembly into cells. Fabrication

of the structural components ~-- cell cases or caps, terminal
fittings or fixtures, electrode support grids, separators, seals,




and - covers -- are all manufacturing processes not directly
involving the electrochemistry of the cell. These components may
be fabricated by the battery producer, or they may be supplied by
other manufacturers. The steps considered to be battery
manufacturing operations are: anode and cathode fabrication, and
ancillary operations (all operations not primarily associated
with anode and cathode manufacture, or structural component
fabrication). e ’

Discussion of the manufacturlng operations is divided into three
parts—-anodes, cathodes, and ancillary operations. In each part,

specific operations are illustrated by reference to particular
battery types. Ten battery types were chosen to illustrate a
range of materials, applications, and sizes. Figures 1III-3
through 1III-12 (pages 70-79) are drawings or cutaway views of
these 10 batteries. Fiqgures 1I1I-13 through III-20 (pages 80-87)
are simplified manufacturing process flow diagrams for these same
batteries. Reference to the figures should help to understand
the discussion. -

Anodes

Anodes are prepared by at least four basic methods depending on
the strength of the material and the application, i.e., high
current drain or low current drain. Once the electrodes are
fabricated they may require a further step, formation, to render
them active. As noted earlier, anodes are metals when they are
in their final or fully charged form in a battery. Some anodes
such as lithium anodes, and zinc anodes for some Leclanche cells,
are made directly by cutting and drawing or stamping the pure
metal sheet. Lithium, because of its flexibility, is either
alloyed with a metal such ‘as aluminum, or is attached to a grid
of nickel or other rigid metal. Drawn sheet zinc anodes are
rigid enough to serve as a cell container.

Zinc anodes for some alkaline-manganese batteries are made from a
mixture of zinc powder, mercury, and potassium hydroxide. Zinc
is amalgamated to prevent hydrogen-evolution and thus, corrosion
at the anode. '

Anodes for most lead-acid batteries and some n1cke1 cadm1um cells
are prepared from a paste of a compound of the anode metal (lead
oxides or cadmium hydroxide, respectively). - Additives may be
miged in, and then the paste is applled to a support structure.
and cured. : '

The techniques. for ptepafing the;compounds of the anode metal may
be unique to the ‘battery manufacturing process. For pocket-type
nickel cadmium batteries, cadmium metal is oxidized in a high
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temperature air stream, then hydrated to cadmium hydroxide.
Graphite, to increase conductivity, and iron oxide, to keep the
cadmium in a porous state during cycling, may be mlxed into the
cadmium hydroxide. v :

Organic expanders, lampblack, and barium sulfate are added to the
paste mixture for lead-acid battery anodes. The expanders
maintain the 1lead in a porous state during charge-discharge
cycling.: The organic expanders coat the lead part1c1es,
preventing agglomeratlon Barium sulfate holds the lead. gralns
apart. Lampblack aids in the formation step.

In addition to physically applying the active material to the
support structure as a metal or compound, some anode active

materials are prepared from soluble metal compounds. High-rate
nickel-cadmium battery anodes are prepared by 1mpregnat1ng a
porous nickel plaque with a solution of cadmium nitrate. The

plaque 1is transferred to an alkali solution or is made the
cathode of an electrolysis cell. Either technique precipitates
the cadmium as the hydroxide which is subsequently converted to
metallic cadmium in the forming step.

To sum up, the act1ve mass for anodes is usually prepared as the
massive metal, finely divided metal, finely divided metal
compound, or as a soluble salt of the metal which is prec1p1tated
onto a carrier or support structure. In most batteries, there is
an additional support ' structure, such as the paste for the
negative active mass of a lead-acid battery which is pressed into
a grid of lead or a 1lead alloy. Different types of nickel-
cadmium batteries exemplify three approaches to fabrication of
anodes. As noted above, the cadmium for pocket type anodes is
admixed with other materials then loaded into the pockets 'of a
perforated nickel or steel sheet. The method of precipitating an
insoluble cadmium compound from a solution of a soluble cadmium
salt in the pores of a porous powder metallurgical nickel plaque
was also described above. For some cells, highly porous cadmium
powder is mixed with cadmium compounds and pasted onto a = support
structure. - Chemical production of anode active materials which
are specifically used for batteries, is considered part of
battery manufacturing. This process is.usually considered as an
ancillary operation. L “ - g

The final step in anode preparation for many types of batteries
is _formation, or charging, of the active mass. The -term
"formation" was first used to describe the process by which
Plante plates were prepared for lead-acid batteries. In that
process, lead sheet or another form of pure lead  was placed .in
sulfuric acid and made anodic, generating a surface layer .of ‘lead
sulfate, then cathodic, reducing that 1layer to 1lead which
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remained in the finely divided state. Repeated cycling generated
a deep layer of finely divided lead for the anodes. Few lead-
acid anodes are made that way today, but the term "formation" has
remained to designate the final electrochemical steps in
preparation of electrodes for any type of battery.

Formation may be carried out on individual electrodes or on pairs
of electrodes in a tank of suitable electrolyte, e.g. sulfuric
acid for 1lead-acid battery plates, or potassium hydroxide for

nickel-cadmium battery electrodes. Formation of anodes by
themselves requires an inert, gassing, counter—-electrode. More
often the electrodes for a battery are formed 1in pairs. The

cathodes are arranged in the tank in opposition to the anodes or
are interspaced between the anodes. Frequently, electrodes are
formed 1in the cell or battery after final assembly. However the
electrodes are physically arranged, current is passed through the
electrodes to charge them. For some battery types, charge-
discharge cycling up to seven times 1is wused to form the
electrode.

Primary battery anodes are almost always pquared in the active
form, and require no formation step. Rechargeable battery anodes
almost always go through a formation step.

Cathodes

Cathode active materials are never metals despite the common
usage of the metal type to designate the cathode active material.
"Nickel" cathodes are actually nickel hydroxide; "mercury"
cathodes, are actually mercury oxide; "manganese" cathodes
(alkaline~manganese battery) are manganese oxide (pyrolusite).
Non~metals such as iodine (lithium-iodine battery) and meta-
dinitrobenzene (magnesium-ammonia reserve battery) are the other
kinds of cathode active materials used. Manufacturing of
cathodes for batteries is not necessarily more complex than that
of the anodes, however, cathode production encompasses a broader
variety of raw materials for use in different battery types.

Cathode active materials are weak electronic conductors at best,
and usually possess slight mechanical strength. Therefore, most
cathodes must have a metallic current conducting support
structure. In addition, a conducting material is frequently
incorporated into the active mass. Structural reinforcement may
be in the form of a wire mesh, a perforated metal tube, or inert
fibrous material (woven or felted). Conducting materials added
to the cathode active mass are almost invariably carbon or
nickel. '
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Preparation of the cathode active material in the battery plant
is usually restricted to the metal oxides or hydroxides. Cathode
active materials for two of the ten battery types discussed here,
nickel hydroxide, and leady oxide, are specific to battery
manufacturing and are usually produced in the battery plant.
Cathode active materials for the other types are usually

purchased directly from chemical suppliers. For 'nickel-cadmium
pressed powder (pocket-electrode) cells nickel hydroxide is
produced by dissolution of nickel powder in sulfuric acid. The

nickel sulfate solution is reacted with sodium hydroxide. The '
resulting nickel hydroxide is centrifuged, mized with some
graphite, spray dried, compacted, and mixed with additional
graphite. For high-rate cells, nickel oxide is precipitated in
the pores of a nickel plaque immersed in nickel nitrate. A
process analogous to those described for preparatlon of high-rate
- cadmium anodes is used. Lead-acid batteries require a specific
oxidation state of 1lead oxide (24 to 30 percent free lead)
referred to by industry as "leady oxide," which is produced by
the ball mill or Barton process. This leady oxide is used for
both the anode and the cathode. Chemical production of cathode
active materials which are used specifically for batteries is
considered part of battery manufacturing usually as an anc111ary
operation.

Manganese dioxide for Leclanche cells and alkaline-manganese
cells is mixed with graphite to increase conductivity. For
Leclanche cells, the mixture may be compacted around the carbon
cathode rod, or is poured into the cell as a 1loose powder and
compacted as the carbon rod is inserted. For alkaline-manganese
cells, analagous procedures are - used except that the .cathode
~active material takes the shape of a cylinder against the wall of
the nickel-plated steel can and no carbon rod is used. In the
foliar-cell Leclanche battery the manganese dioxide 1is printed
onto a conducting plastic sheet. The other side of the sheet
bears the =zinc anode film to produce a bipolar electrode.
(Bipolar electrodes perform the same function as an anode and
cathode of two separate cells connected in series.)

The magnesium—ammonia reserve battery uses a different type of

cathode structure. A glass fiber pad containing the meta-
dinitrobenzene (mDNB), carbon, and ammonium thiocyanate is placed
against a stainless steel cathode current collector. Activation

of the battery causes 1liquid ammonia to flood the cell space,
saturate the pad, and dissolve the dry acidic salt (ammonium
thiocyanate) and the cathode active material (m- DNB) .. The m-DNB
functions as a dissolved cathodic depolarizer. e

The cathode active material for the carbon-zinc (air) ceilb is
oxygen from the air. Therefore, the principal function of the

55




cathode structure is to provide a large area of conductive carbon
surface in the immediate vicinity of the electrolyte-air contact
region. Air must have free access through the exposed pores of
the rigid structure. Electrolyte in the wetted surface pores
must have a continuous path to the body of the electrolyte to
provide the ionic conduction to the anode. The porous carbon
body is wetproofed on the electrolyte surface to prevent deep
penetration and saturation or flooding of the pores by
electrolyte. ’

The mercury-zinc cell uses a compacted cathode active material.
Mercuric oxide mixed with graphite is pressed into pellets for
use 1in miniature cells, or is pressed directly into the cell
case.

In sum, cathode fabrication almost always includes a rigid,
current-carrying structure to support the active material. The
active material may be applied to the support as a paste,
deposited in a porous structure by precipitation from a solution,
fixed to the support as a compacted pellet, or may be dissolved
in an electrolyte which has been immobilized in a porous inert
structure.

The formation step for cathodes of rechargeable batteries is much

the same as that for anodes. Nickel cathodes may be formed
outside or inside the assembled cell in a potassium hydroxide
electrolyte. Lead cathodes for lead-acid batteries are handled

in a manner similar to that used to make anodes, except they
remain in the lead peroxide state after forming. For some cell
types, chemical processes rather than electrolysis. are used to
form nickel hydroxide and silver oxide cathodes or reactive
materials prior to physical application to the electrode support.

Ancillary Operations

Ancillary operations are all those operations unique to the
battery manufacturing point source category which are not
included specifically under anode or cathode fabrication.  They
are operations associated mainly with cell assembly and battery
assembly. Also chemical production for anode or cathode active
materials used only for batteries (discussed above) is considered
an ancillary operations.

Cell assembly 1is done in several ways. The electrodes for
rectangular nickel cadmium batteries are placed in a stack with:a
layer of separator material between each electrode pair and
inserted into the battery case. Almost all lead-acid batteries
are assembled in a case of hard rubber or plastic with a porous
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separator between electrode pairs. The cells or batteries are
filled with electrolyte after assembly. : o

Cylindrical cells of the Leclanche or the alkaliné-manganese type
are usually assembled by insertion of the individual components
into the container. For Lecla::che batteries, a paper liner which

may be impregnated with a mercury salt is inserted in the zinc -

can; then depolarizer mixture, a carbon rod, and electrolyte are
added. The cell is closed and sealed, tested, aged, and tested
-again. Batteries are assembled from cylindrical cells to produce
higher voltages. Several round cells can be placed in one
battery container and series connections are made internally.
Two terminals are added and the batteries are sealed.

Miniature button cells of the alkaline-manganese and mercury-zinc
types are assembled from pellets of the electrode active mass
plus separator discs, or the electrodes may be pressed directly
in the cell case to assure electrical contact and to facilitate
handling during assembly.

Leclanche foliar cell batteries are a specialty product which
illustrate the possibility of drastically modifying the
conventional battery configuration when a need exists. The
bipolar electrodes and separators are heat sealed at the edges.
After each separator is positioned, electrolyte is applied to it

before the next electrode 1is placed. When the battery 'is
completed the entire ,assembly is sandwiched between two thin
aluminum sheets. Assembly is completely automated. The

resulting six-volt battery is about three inches by four inches
by three-sixteenths of an inch thick and has high specific power
and power density. Shelf 1life is several years and operating
lifetime depends on drain rate.

A contrasting battery is the carbon-zinc (air) cell. The cast
amalgamated zinc anodes positioned on each side of a porous
- carbon air electrode are attached to the cover of the cell. - Dry
potassium hydroxide and lime are placed in the bottom of the cell
case, the <cover 1is put 1ir ..ace and sealed, and a bag of
dessicant is placed in the fi " -z opening. The cell 1is shipped
dry and the user adds water to activate it. This cell has a very
low power density but a very long operatlng life.

Ancillary operations for this document, beside spec1f1c chemical
production, include some dry operations as well as cell washing,
- battery washing, the washing of equipment, floors and operating
personnel. Because the degree of automation varies from plant to
-plant for a given battery type, the specific method of carrying
out the ancillary operations is not as closely identifiable with
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a battery type as are the anode and cathode fabrication
operations.

INDUSTRY SUMMARY

The battery manufacturing industry in the United States includes
about 250 plants operated by about 130 different companies. In
all, the industry' produced approximately 1.8 million tons of
batteries valued at 2.1 billion dollars in 1976, and employed
over 33 thousand workers. As Figure III-21 (page 88) shows, the
value of industry products has increased significantly in recent
years. This growth has been accompanied by major shifts in
battery applications, and the emergence of new types of cells and
the decline and phase -~ out of other cell types as commercially

significant products. Present research activity in battery
technology and continuing changes in electronics and
transportation- make it probable that rapid changes in battery
manufacture will continue. The rapid changes in battery

manufacturers is : reflected in the age of battery manufacturing
plants. Although a few plants are more than 60 years old,
battery manufacturing plants are fairly new with over half
reported to have been built in the past twenty years. Most have
been modified even more recently. Figure 11I1-22 (page 89) -
displays where battery plants are located throughout the U.S. and
within EPA regions.

Plants commonly manufacture a variety of cells and batteries dif-
fering in size, shape, and performance characteristics. Further,
a significant number of plants produce cells using different
reactive couples but with a common anode material, (e.g.,
mercury-zinc and alkaline manganese batteries both use a zinc

anode) . Thirteen plants currently produce cells or batteries
using two or more different anode materials and therefore are
considered in two or more subcategories. Some battery

manufacturing plants purchase finished cell components and
assemble the final battery products without performing all of the
manufacturing process steps on-site. Other plants only
manufacture battery components, and perform battery manufacturing
process operations without producing finished batteries.
Finally, some battery plants have fully integrated on-site
production operations 1including metal forming and inorganic
chemicals manufacture which are not specific to battery
manufacturing.

The reactive materials in most modern batteries include one or
more of the following toxic metals: cadmium, lead, mercury,
nickel, and zinc. Cadmium and zinc are used as anode materials
in a variety of cells, and lead is used in both the cathode and
anode in the familiar lead-acid storage battery. Mercuric oxide
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is used as the cathode reactant in mercury-zinc batteries, and
mercury is also widely used to amalgamate the =zinc anode to
reduce corrosion and self discharge of the cell. Nickel
nydroxide is the cathode reactant in rechargeable nickel cadmium
" cells, and nickel or nickel plated steel may also serve as a
support for other reactive materials. As a result of this
widespread use, these toxic metals are found in wastewater
discharges and solid wastes :from -almost all battery plants.
Estimated total annual consumption of these materials in battery
manufacture is shown in Table III-5 (page 66). Since only lead-
acid batteries are reclaimed on a significant scale, essentially
all of the cadmium, mercury, nickel, and zinc consumed in battery
manufacture will eventually be found in liquid or solid wastes
~either from battery manufacturers or from battery users.

Water is used in battery manufacturing plants in preparing
reactive materials and electrolytes, in depositing reactive
materials on supporting electrode structures, in. charging
electrodes and removing impurities, and 1in washing £finished
cells, production equipment and manufacturing areas. Volumes of
discharge and patterns of water use as well as the scale of
production operations, wastewater pollutants, and prevalent

treatment practices vary widely among different battery types,
but show significant similarities among batteries employing a
common anode reactant and electrolyte. Table III-6 (page 67)
summarizes the characteristics of plants manufacturing batteries
in each of the groups discussed in the battery documents based on
anode and electrolyte. The lead subcategory is discussed below.

Lead Subcategory

The lead subcategory, encompassing lead acid reserve cells and
the more familiar lead acid storage batteries, is the largest
subcategory both in terms of number of . plants and volume of
production. It also contains the largest plants and produces a
"much larger total volume of wastewater. ‘

The lead group includes 186 battery manufacturing plants of which
about 146 manufacture electrodes from basic raw materials, and
almost 40 purchase electrodes prepared off-site and assemble them
. into batteries (and are therefore termed assemblers). Most
plants which manufacture electrodes also assemble them into
batteries. - In 1976, plants in the lead group ranged in annual
production from 10.5 metric tons (11.5 tons) to over 40,000
metric tons (44,000 tons) of batteries with the average
production being 10,000 metric tons (11,000 tons) per vyear.
Total annual battery production in this subcategory is estimated
to be 1.3 million kkg (1.43 million tons) of batteries. Seven
companies owned or operated 42 percent of the plants in this sub-
category, consumed over 793,650 metric tons (875,000 tons) of
pure lead and produced over 1.1 million metric tons (1.2 million
. tons) . of batteries. In 1977, total lead subcategory product
shipments were valued at about 1.7 billion dollars. The number




of employees reported by plants in the lead subcategory ranged
from 1 to 643 with total employment estimated to be 18,745. Most
of the plants employing fewer than 10 employees were found to be
battery assemblers who purchased charged or uncharged plates
produced in other plants. The distribution of plants in the lead
subcategory in terms of production and number of employees is
shown in Figures II1I-23 and III-24 (Page 90 and 91).

With the exception of 1lead-acid reserve batteries (which are
electroformed and are reported to be manufactured at only one
site), all products 1in this subcategory are manufactured using
similar materials and employ the same basic cell chemistry.
Products differ significantly in configuration and in
manufacturing processes, however, depending on end use.. Lead-
acid battery products include cells with immobilized electrolytes
used for portable hand tools, lanterns, etc.; conventional
rectangular batteries used for automotive starting, lighting and
ignition (SLI) applications; sealed batteries for SLI use; and a
wide variety of batteries designed for industrial applications.

Manufacturers of SLI and industrial 1lead acid batteries have
commonly referred to batteries shipped with electrolyte as "wet-
charged" batteries and those shipped without electrolyte as "dry-
charged" batteries. The term "dry-charged" batteries which is
used to mean any battery shipped without electrolyte includes
both damp-charged batteries (damp batteries) and dehydrated plate
batteries (dehydrated batteries). Dehydrated batteries usually
are manufactured by charging of the electrodes in open tanks
(open formation), followed by rinsing and dehydration prior to
assembly in the battery case. Damp batteries are usually
manufactured by charging the electrodes in the battery case after
assembly (closed formation), and emptying the electrolyte before
final assembly and shipping. The term "wet-charged"” batteries is
used to mean any battery shipped with electrolyte. ' Wet-charged
batteries (wet batteries) are usually manufactured by closed
formation processes, but can also be produced by open formation
processes. Details of these formation process: operations . are
discussed in Section V.

Dehydrated plate batteries afford significantly longer shelf-life
than wet batteries or damp batteries. 1In 1976, sixty plants
reported the production of 239,000 metric tons (268,000 tons) of
dehydrated plate batteries; this accounted for over 18 percent of
all 1lead acid batteries produced. Twenty-seven plants reported
producing damp batteries, which account for 9.3 percent of the
subcategory total, or 121,000 metric tons (136,000 tons).
Contacts with battery manufacturers have indicated a substantial
reduction in dehydrated battery manufacture since 1976 due




largely to the introduction of sealed wet charged batteries using
‘calcium alloy grids which provide 1mproved shelf-life.

Major raw materials for all of these battery types include lead,
leady oxide, 1lead oxide, 1lead alloys, sulfuric acid, battery
‘cases, covers, filler caps, separators and other plastic rubber
or treated paper components. Generally, additional materials
including carbon, barium sulfate, and fibrous materials are added
in the manufacture of electrodes. Many manufacturers use epoxy,
tar, or other similar materials to seal battery cases, especially
in manufacturing industrial batteries. Common alloying elements
used in the lead alloys are antimony, calcium, arsenic and tin.
‘Antimony may be used at levels above 7 percent while arsenic,
'ca1c1um,'and tin are generally used only in small percentages (1
percent) : ‘

Patterns of water usage and wastewater discharge are found to
vary significantly among lead battery plants. Variations result
.both from differences in manufacturing processes and from
differences in the degree and type of wastewater control
practiced. In general, the major points of process water use are
in the preparation and application of electrode active materials,
in the "formation" (charging) of the electrodes, and in washing
finished batteries. Process wastewater discharges may result
from wet scrubbers, floor and equipment wash water, laboratories,
casting operations, and personal hygiene where process materlals
are removed by washing.

;The total volume of discharge from 1lead subcategory battery
plants varies between 0 and 62,000 1/hr (16,400 gal/hr) with a

mean discharge rate of 6580 1/hr (1,740 gal/hr) and a medlan

discharge rate of 1,640 1/hr (430 gal/hr). When normalized on

the basis of the total amount of lead used in battery
manufacture, these discharge flows vary between 0 and 78 1/kg
(9.5 gal/ib) with an average of 4.280 1/kg (0.521 gal/lb). Over
60 percent of lead subcategory plants discharge wastewater to
POTW. The wastewater from these plants is characteristically
acidic as a result of contamination with sulfuric acid
electrolyte and generally contains dissolved lead and suspended
particulates which are also likely to contain 1lead. = The
prevailing treatment practlce is to treat the wastewater with an
alkaline reagent to raise its pH, and to provide settling to re-
move particulates and precipitated 1lead. In-process treatment
and reuse of specific waste streams is also common.

INDUSTRY OQUTLOOK

5The -~ pattern. of strong growth and rapid change 'which has
characterized the battery industry during the past decade may be
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expected to continue in the future. A number of technological
changes which have occurred 1in recent vyears and which are
anticipated 1in the near future are creating strong demand for
existing battery products and for new cnes.

The advent of transistor electronics, and subsequently of
integrated «circuits, 1light emitting diodes, and liquid crystal
devices has resulted in the development of innumerable portable
electronic devices such as radios, calculators, toys, and games,

which are powered by batteries. This has resulted .in the
development of new mass markets for cells in small sizes and has
led to the rapid commercialization of new cell types. The

extremely 1low power drains of some digital electronic devices.
have created markets for low power, high energy density, 1long
life cells and have resulted in the commercial development of
silver oxide-zinc and lithium batteries. Solid state technology
has also reduced or eliminated markets for some battery types,
most notably mercury (Weston) cells which were widely used as a
voltage reference in vacuum tube circuits. Continued rapid
change in electronics and growth in consumer applications are
anticipated with corresponding change and growth in battery
markets.

In transportation technology and power g¢generation, tightening
fuel supplies and increasing costs are directing increased
attention toward electrical energy storage devices. The
development and increasing use of battery powered electric
automobiles and trucks are creating an increasing market for
large battery sizes with high energy and power densities.
Increasing application of batteries for peak shaving in
electrical power systems 1is also an anticipated development
creating higher demand for batteries in larger sizes.

In summary, while, as with Lalande, Edison and Weston cells in
the past, some battery types may become obsolete, the overall
outlook is for growth in the battery industry. Increased
production of many current products and the development of new
battery types are likely. Based on general industry patterns,
conversion of battery plants £from one type of product where
demand for specific battery types is not strong to another is
more likely than plant closings.
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TABLE III-1
SURVEY SUMMARY

SUBCATEGORY NUMBER OF PLANTS NUMBER OF PLANTS
. (Information Received) (Currently Active)

Cadmium - 13 - 10

Calcium 3 3

Lead 186% 167%
Leclanche 20 19

Lithium

Magnesium

Nuclear

Zinc 1 1

Totals ' , 255 228

Total Number of Plaﬁt Sites in Category - 230.

xIncludes plate manufacturers and assemblers.




PﬁXs

TABLE III-2

BATTERY GENERAL PURPOSES AND APPLICATIONS

Purpose

Portable electric powéf

Electric power storage

Standby or emergency
electrical power

Remote location electrical power

Voltage leveling

Secondary voltage standard

64

Application

flashlights, toys, pocket
calculators

automobile batteries,

- solar powered electrical

systems

emergency lighting for
hallways and stairways,
life raft radio beacons
spécecraft,
meteorological stations,
railway signals

telephone exchanges and

regulated power supplies -




TABLE III-3.
ANODE HALF-CELL REACTIONS (electrolyte)

Cd + 20H- <—---> Cd(OH), + 2e (alkaline)

Ca <---> Cat*2 + 2e (nonagueous inorganic)

Pb + H,SO, <--—> PbSO, + 2H* + 2e (ac1d1c)

Zn <---> 1In+2 + 2e (acidic) :
Li <=---»> Li+ + e (molten salt, organic, nonaqueous inorganic)
Mg <~---> Mg*2 + 2e (sea water)

.Zn + 20H- <---> Zn(OH), + 2e (alkaliné)

TABLE III-4
| - CATHODE HALF-CELL REACTIONS (electrolyte)
e + NiOOH + H,0 <---> Ni(OH), + OH- (alkaline)

4e + Ag,0, + 2H,0 <---> 2Ag + 40OH- (alkaline)

2e + Ag,0 + H,0 <---> 2Ag + 20H- (alkaline)

2e + HgO + H,O0 <---> Hg + 20H- (alkaline)

2e + PbO, + SO,~2 + 4H* <---> PbSO, + 2H,0 (acid)

2e + 2MnO, + 2NH,Cl + In+t+2 <---> Mn,05; + H,0 + Zn(NH3),Cl, (acid)
2e + 2AgCl + ZIn+2 «<~---> 2Ag + InCl, (acid) : :

e + TiS, + Lit <---> TlSz Li (propylene carbonate)

2e + 280, <---> S,0,-2 (acetonitrile)

4e + 2S0C1, + 4 Li+ <---> 4 LiCl + (SO), (thionyl chloride)
2e + I, + 2 Li*+ <---> 2 LiI [poly(2 vinyl)propylene]

2e + PbI, + 2Li* <---> 2 LiI + Pb (nonagueous inorganic)

2e + PbS + 2Lit+ <---> Li,S + Pb (nonaqueous inorganic)

e + MnO, + H;0 <-~-> MnOOH + OH- (alkaline)

e + MnOOH + H,0 <---> Mn(OH), + OH- (alkaline)

ge + m—C6H4(NOZ)z + GNH"" + Mg+2 > m-biS“C6H4(NHOH)2
+ 6NH; + Mg(OH), (ammonia) :

2e + PbCl, <---> Pb + 2Cl- (sea water)

e + CuCl <---> Cu + Cl- (sea water)

e + AgCl <---> - Ag + Cl- (sea water)

4e + O, + 2H,O <—-=--> 40H- (alkaline)
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Table III-5
CONSUMPTION OF TOXIC METALS IN BATTERY MANUFACTURE*

METAL ANNUAL CONSUMPTION

Metric Tons Tons
Cadmium 730 800
Lead 980,000 1,080,000
Mercury 670 740
Nickel ‘ 1,200 1,300
Zinc 27,000 29,000

* Based on 1976 data provided in dcp. Numbers shown are sums of
provided data. Because response to the raw materials questions was
incomplete, actual consumption will be higher by 10 to 20 percent.
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TABLE IIL-6

BATTERY MANUFACTURING CATEGORY SUMMARY
(TOTAL DATA BASE) '

Estimated Estimated Total
Batteries Number of Total Annual Production Total Number Discharges Process Wastewater Flow
Subcategory Manutactured Plants kkg (tons) of Employees Direct POIW Zero L/yr (109 [gal/yr (109) |

Cadmium Nickel-Cadmium 13 5,250 (5,790) 2,500 5(4)1 4 4(5)1 748 (198)
Silver Cadmium
Mercury Cadmium

Calcium Thermal : <23 L2 , : (0. 034)
Lead Lead Acid 1,300,000  (T,430,000) 2 : . (1,877)

Leclanche Carbon Zinc . 108, 000 (119, 000) - (4.41)
Carbon Zinc, Air ) . - -
Depolarized
Silver Chloride-
Zince

Lithium Lithium ’ <23 (£25) .4 ' : 0. (0. 095)
Thermal ' ‘ ' o

'MagneSium Magnesium Carbon ‘ - 1,220 (1, 340) : ol - (1.03)

Magnesium Reserve
Thermal

Alkaline Manganese - 23,000 (25, 000) K ) (15.9)
Silver Oxide-Zinc ;
Mercury Zinc
Carbon Zinc-Air

Depolarized
Nickel Zinc

TOTALS - . . 2542 1,437,516 (1,581,180) 31,115 22(21) 83(84) 7,935.40 (2,096.469)

NOTES:
lone direct discharge plant changed to zero dischargeAafter data was collected.

2Total does not include nuclear subcategory (1 plant).
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FIGURE 111-3

CUTAWAY VIEW OF . AN IMPREGNATED SINTERED PLATE NICKEL-CADMIUM CELL
(SIMILAR IN PHYSICAL STRUCTURE TO SOME
SILVER OXIDE-ZINC AND NICKEL-ZINC CELLS)
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SECTION IV
INDUSTRY SUBCATEGORIZATION

Subcategorization should take into account pertinent industry
characteristics, manufacturing process variations, water use,
wastewater characteristics, and other factors which are important
in determining a specific grouping of industry segments for the
purpose of regulating wastewater pollutants. Division of the
industry segment into subcategories provides a mechanism for
addressing process and product variations which result in

distinct wastewater characteristics. Effluent limitations and

standards establish mass limitations on the discharge of
pollutants and are applied, through the permit issuance process,
to specific dischargers. To allow the national standard to be
applied to a wide range of sizes of production units, the mass of
pollutant discharge must be referenced to a unit of production.
This factor is referred to as a production normalizing parameter
and is developed in conjunction with subcategorization.

In addition to processes which are specific to battery
manufacturing, many battery plants report other process
operations. These operations, generally involve the manufacture
of battery components and raw materials and may include
operations not specific to battery manufacture. A number of
these operations are not considered in this document.

- SUBCATEGORIZATION

Factors Considered

After examining the nature of the various segments of the battery

manufacturing category and the operations performed therein, the
following subcategorization factors were selected for evaluation.
Each of these factors is discussed 1in the ensuing paragraphs,
followed by a description of the process leading to selection of
the anode subcategorlzatlon ‘

Waste Characterlstlcs

Battery Type

Manufacturing Processes

‘Water Use

Water Pollution Control Technology
Treatment Costs

Effluent Discharge Destination
Solid Waste Generation and Disposal
Size of Plant .

Age of Plant

Number of Employees

o e o e e o e
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12. Total Energy Requirements (Manufacturing Process
and Waste Treatment and Control)

13. Non-Water Quality Characteristics

14. Unique Plant Characteristics

Waste Characteristics - While subcategorization is inherently
based on waste characteristics, these are primarily determined by
characteristics of the manufacturing process, product, raw
materials, and plant which may provide useful bases for
subcategorization.

Battery Type - Battery type as designated by reactive couples or
recognized battery types (as in the case of magnesium reserve or
thermal cells), was initially considered as a logical basis for
subcategorization. This basis has two significant shortcomings.
First, batteries of a given type are often manufactured using
several different processes with very different wastewater
generation characteristics. Second, it was found that batteries
of several types were often manufactured at a single site with
some process operations (and resultant wastewater streams) common
to the different battery types. Since modification of battery
type subcategories to reflect all process variations and product
combinations results in over 200 subcategories, battery type was
found to be unacceptable as the primary basis for
subcategorization. Battery type 1is, however, reflected to a
significant degree in manufacturing process considerations and in
anode metal.

Manufacturing Processes - The processes performed in the
manufacture of batteries are the sources of wastewater
generation, and thus are a logical basis for the establishment of
subcategories. In this category, however, similar processes may
be applied to differing raw materials in the production of
different battery types yielding different wastewater
characteristics. For example, nickel, cadmium and =zinc
electrodes may all be produced by electrodeposition techniques.
Further, the number of different manufacturing process sequences
used in producing batteries is extremely large although a smaller
number of distinct process operations are used in varying com-
binations. As a result of these considerations, neither overall
process sequence nor specific process operations were found to be
suitable as primary bases for subcategorization..‘ However,
process variations that result in significant differences in
wastewater generation are reflected in the manufacturlng process
elements. for which specific discharge allowances were developed
within each subcategory.

Water Use - Water use alone is not a comprehensive enough factor
upon which to subcategorize because water use is related to the
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various manufacturing processes used and product quality needed.
While water use is a key element in the limitations and standards
established, it is not dlrectly related to the source or the type
and quantlty of the waste. For example, water is used to rinse
electrodes and to rinse batteries. The amounts of water used for
these processes might be similar, but the quantity of pollutants
generated is significantly different.

- Water Pollution Control Technology, Treatment Costs, and Effluent
Discharge Destination -~ The necessity for a subcategorization
factor to relate to the raw wastewater characteristics of a plant
automatically eliminates certain factors from consideration as
potential bases for subdividing the category. Water pollution
control technology, treatment costs, and effluent dlscharge
destination have no effect on the raw wastewater generated in a
plant. The water pollution control technology employed at a
plant and its costs are the result of a requirement to achieve a
particular effluent level for a given raw wastewater 1load. The
treatment technology does not affect the raw wastewater
characteristics. Likewise, the effluent discharge destination
does not affect the raw wastewater characteristics.

Solid Waste Generation and Disposal - Physical and chemical solid
waste characteristics generated by the manufacture of batteries
can be accounted for by subcategorization according to battery
type since this determines some of the resultant solid wastes
from a plant. Scolid wastes resulting from the manufacture of
batteries includes process wastes (scrap and spent solutions) and
sludges resulting from wastewater treatment. The solid waste
characteristics (high metals content), as well as wastewater
characteristics, are a function of the specific battery type and
manufacturing process. However, not all solid wastes can be
related to - wastewater generation and be used for developing
effluent limitations and standards. Also, so0lid waste disposal
techniques may be identical for a wide variety of solid wastes
but cannot be related to pocllutant generation. These factors
alone do not provide a sufficient base for subcategorization.

Size of Plant - The size of a plant is not an approprlate
subcategorization factor since the wastewater characteristics per
unit of production are essentlally the same for different size
plants that have similar processing sequences. However, the size
of a plant is related to its production capacity. Size is thus
indirectly used to determine the effluent limitations since these
are based on production rates. But, size alone 1is 'not an
adequate subcategorization parameter because the  wastewater
characteristics of plants are also dependent on the type of
processes performed. o :




Age of Plant - While the relative age of a plant may be important
in considering the economic impact of a regulation, it is not an
appropriate basis for subcategorization because it does not take
into consideration the significant parameters which affect the
raw wastewater characteristics. In addition, a subcategorization
based on age would have to distinguish between the age of the
plant and the age of all equipment used in the plant which is
highly variable. Plants in this industry modernize and replace
equipment relatively frequently, and changes of subcategories
would often result. Subcategorization using this factor is
therefore infeasible.

Number of Employees - The number of employees in a plant does not
directly provide a basis for subcategorization since the number
of employees does not reflect the production processes used, the
" production rates, or water use rates. Plants producing batteries
varied widely in terms of number of production employees. The
volume and characteristics of process wastewater was found to not
have any meaningful relationship with plant employment figures.

Total Energy Requirements - Total energy requirements were
excluded as a subcategorization parameter primarily because
energy requirements are found to vary widely within this category
and are not meaningfully related to wastewater generation and
pollutant discharge. Additionally, it 1is often difficult to
obtain reliable energy estimates specifically for production and
waste treatment. When available, estimates are likely to include
other energy requirements such as lighting, air conditioning, and
heating energy.

Non-Water Quality Aspects - Non~water quality aspects ‘may have an
effect on the wastewater generated in a plant. For example, wet
scrubbers may be used to satisfy air pollution control
regulations. This could result in an additional contribution to
the plant's wastewater flow. However, it 1is not the primary
source of wastewater generation in the battery manufacturing
category, and therefore, not acceptable as an overall
subcategorization factor. : :

Unique Plant Characteristics - Unique plant characteristics such
as geographical 1location, space availability, and water
availability do not provide a proper basis for subcategorization
since they do not affect the raw waste characteristics of the
plant. Dcp data indicate that plants in the same geographical
area do not necessarily have similar processes and, consequently
may have different wastewater characteristics. However, process
water availability may be a function of the - geographic location
of a plant, and the price of water may necessitate individual
modifications to procedures employed in plants. For example, it
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has been generally observed that plants located in areas of
" limited water supply are more llkely to practice -in-process
wastewater control procedures - to reduce the ultimate volume of
discharge. These procedures however, can also be implemented in
plants that have access to plentiful water supplies and thus,
constitute a basis for effluent control * rather than for
subcategorlzatlon o : '

A limitation in the ava1lab111ty of land space for constructing a
waste treatment facility may in some cases affect the economic
impact of a limitation. However, 'in-process controls and water
conservation can be adopted to minimize the size and thus land
space required for the treatment facility. - Often, a compact
treatment unit can easily handle wastewater if ‘good 1n-process
technlques are utilized to conserve raw, materlals and water.

Subcategorlzatlon Development

" After reviewing and evaluating data for this ‘category, the
initial battery type subcategorization was replaced by the anode
material, electrolyte approach : This development is discussed
below in detall ' = -

Upon 1n1t1at10n of the ‘study of the battery manufacturing
category, published 1literature and  data - generated in a
preliminary study of the industry were reviewed, and a
preliminary approach to subcategorization of the 1ndustry was
defined. This approach was based on electrolytic couples (e.q.

nickel-cadmium and silver oxide-zinc) and recognized battery
types (e.g. carbon-zinc, alkaline manganese, and thermal cells).

The weight of batteries produced was chosen the -production
basis for data analysis. This approach prov1ded the structure
within which a detailed study of the industry was conducted, and
was reflected in. the data collection portfollo used to. obtaln
data from all battery manufacturing plants. In add1t1on, sites
selected for on-site data collection and wastewater sampling were
chosen to provide representatlon of the significant electrolytic
couples and battery types identified in the data collection
portfolios. Co- o o

As discussed in Section 1III, the preliminary review of ‘the .
category resulted in the 1dent1f1catlon’ of sixteen distinct
electrolytic couples and battery types’ requ1r1ng consideration
for effluent 1limitations and standards. A review. of the
completed dcp returned by the 1ndustry revealed four additional
battery types requlrlng study but did not initially result in any
fundamental. change in the approach to subcategorlzatlon

. . t
N .
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As the detailed study of the industry proceeded, however, ‘it
became apparent that the preliminary approach = to
subcategorization would not be adequate as a final framework for
the development of effluent limitations and standards. It was
determined that further breakdown of the original battery type
subcategories would be required to encompass existing and
possible process and product variations. The number of
subcategories ultimately required using this approach was likely
to approach 200. This approach was likely to result in redundant
regulations and possible confusion about applicability in some
cases. ‘

Review of dcp responses and on-site observations at a number of
plants revealed that there was substantial process diversity
among plants producing a given battery type, and consequently
little uniformity in wastewater generation and discharge. For
most cell types, several different structures and production
processes were identified for both anode and cathode, and it was
observed that these could be combined into many variations. The
data also revealed that not all plants performed all process
operations on-site. Some battery manufacturing plants produced
cell electrodes or separators which were not assembled into
batteries within the plant, and others purchased some or all of
the components which were used 1in producing the finished
batteries shipped from the plant. To reflect these differences
in manufacturing processes it would have been necessary to divide
the preliminary battery type subcategories into approximately 200
subcategories to accommodate those presently existing and into
nearly 600 subcategories to encompass all of the obvious
variations possible in new sources. '

The data obtained from the industry also showed that most
production operations are not separated by battery type.
Manufacture of more than one battery type at a single location is
common, and some production operations are commonly shared by
different battery types. Raw material preparation, cell washes,
and the manufacture of specific electrodes (most often the anode)
are often commonly performed for the production of different
battery types. Production schedules at some of these plants make
the association of production activity (and therefore wastewater
discharge) in these operations with specific . battery types.
difficult. o

Many operations are intermittent and variable, and there is often

a considerable lag between the preparation of raw materials and
components, and the shipment of £finished batteries. The
redundant inclusion of production operations under several
different battery types is undesirable in any case. o -
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Subcategorization of the battery category was re-evaluated and
redefined in 1light of the industry characteristics discussed
above. In the development of the final - subcategorization

approach, objectives were to: - '

l. Encompass: the significant variability observed in

. processes and products within battery manufacturing
operations o C

2. Select a subcategorization basis which vyielded a

manageable number of subcategories for the promulgation
of effluent limitations and standards

3. Minimize redundancy in -the . regulation of specific
process effluents ‘ ‘ .

4. Facilitate the determination of appliCability of
subcategory guidelines and standards to specific plants

5. Subcategorize so that, to the maximum extent ‘possible,
plants fall within a single subcategory ,

Available data show that where multiple cell types are produced,
and especially where process operations are common to several
types, the cells frequently have the same anode material. As a
result, cell anode was considered as a subcategorization basis.
Significant differences in wastewater volume and characteristics
between plants producing zinc anode cells with alkaline
electrolytes and "Leclanche - ' cells necessitated further
subcategorization based on cell electrolyte. Subcategorization
on these bases yielded eight subcategories: cadmium, calcium,
lead, Leclanche, lithium, magnesium, nuclear, and =zinc. All
subcategories except for 1lead are discussed specifically in
Volume I of the Development Document for Effluent Limitations.
Guidelines and Standards for the Battery Manufacturing Point
Source Category. S < ‘ ' o

These Schategories preserve most of the recognized battery types
within a single subcategory and greatly reduce the redundancy in

covering process operations. They also 1limit the number of .
plants producing batteries under more than one subcategory to
thirteen. Recognized battery  types which are split under this

approach are carbon-zinc air cells which are manufactured with
both alkaline and acidic electrolytes, and thermal batteries
which are produced with calcium, lithium, and magnesium anodes.
In both cases, however, significant variations in process water
use and discharge exist within the  preliminary battery type
subcategories, and these are reflected in the breakdown resulting
from anode based' subcategorization. In most cases where process
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operations are common to multiple battery types, the processes
fall within a single subcategory. Where plants produce batteries
- in more than one subcategory, manufacturing processes are
generally completely segregated. :

Identification of these anode groups as subcategories - for
effluent 1limitations purposes was also favored by an examination
of wastewater characteristics and waste treatment practices. In
general, plants manufacturing batteries with a common anode
reactant were observed to produce wastewater streams bearing the
same major pollutants (e.g. zinc and mercury from zinc anode
batteries, cadmium and nickel from cadmium anode batteries). . As
a result, treatment practices at these plants are similar.

A battery product within a subcategory 1is produced from a
combination of - anode manufacturing processes, cathode
manufacturing processes and various ancillary operations (such as
assembly associated operations, and chemical powder production
processes specific to battery manufacturing). Within each group
(anode, cathode, or ancillary) there are numerous manufacturing
processes or production functions. These processes or functions
may generate independent wastewater streams with significant
variations in wastewater characteristics. To obtain specific
waste characteristics for which discharge allowances could be
developed, the following approach was used (Figure 1IV-1, page
107). Individual process waste streams (subelements) can be
combined to obtain specific flow and waste characteristics for a
manufacturing process or function with similar production
characteristics which generates a process wastewater stream.
Some manufacturing processes are not associated with any
subelements; these are discussed in Section V. Each significant
battery manufacturing process or production function is called an

element in this document. For example, in the cadmium
subcategory, a nickel cathode can be produced for a nickel-
cadmium battery. One method of producing this cathode is by

sintering nickel paste to a support structure and impregnating
nickel salts within the pores of the sintered nickel. Several
process waste streams can be associated with this manufacturing
process such as, electrode rinse streams, spent solution streams,
and air scrubber wastewater streams. All of these subelements
are related to production of nickel impregnated cathodes, which
is the element. At the element level,  flows and pollutant
characteristics can be related to production.  Elements are
combined or can be combined in various ways at specific plants at
the subcategory level. Wastewater treatment can be related to
this level which is considered the level of regulation. The
detailed information which contributed to the adoption of the
above subcategorization approach is presented in the discussion




of process wastewater sources and characterlstlcs in Sectlon vV of
vthls document. ‘

FINAL SUBCATEGORIES AND PRODUCTION NORMALIZING PARAMETERS

For lead  batteries the determination was made that one
subcategory would be appropriate. The subcategory however,
needed to be d1v1ded into separate elements or process operations
to account for ‘various wastewater flow differences and process
mixes at different plants. Also, lead used was selected as the
most appropriate production normalizing parameter. Specific
elements within the lead subcategory are summarized in Table IV-]
(page 105). Discussion of the process elements and selection of
a production normalizing parameter is discussed below. -

Lead Subcateggry
Allu lead batteries use the lead-lead -peroxide electrolytiC"
couple, but differences in battery type ‘and . manufacturing
processes require careful examlnatlon of productlon normallzxng
factors. Some of the significant varlatlons 1nc1ude.
Full line manufacture (plates produced,onfslte)
Assembly usihg green plates‘(formatibn en—site)
Assemblyvusiné formed plates

Leady Oxide Production

Purchased oxide
On site production
- Ball Mill process
Barton process

Grid Manufacture

Grid casting

Mold Release Formulation
~Direct chill casting
Lead rolling

Plate Curlng‘

With steam '
 Humidity temperature controls_
‘Stacked

Plate Formation (Charging)
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Closed Formation (electrodes assembled in battery case)

Single fill-single charge

Double fill - double charge

Double f£ill - single charge

Acid dumped after charge - no refill (damp batteries)

Open Formation

Electrodes formed, rinsed, and dried prior to assembly
(dehydrated batteries)
Plates formed prior to assembly into batteries

Plate Soak

Electrolyte

Immobilized
Liquid

Sealed
Vented

. Battery Wash

None
With water only
With detergent

Configuration

Cylindrical
Rectangular

Separators

Rubber
Paper-Phenolic
Vinyl

Among these variations, the distinction between full line
manufacture and assembly, and variations in plate curing and
formation, and battery wash operations were observed to. have a
significant effect on the volume and treatability of process
wastewater. Other operations which are not specifically
associated with manufacturing operations contribute to wastewater
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generation: floor wash, wet air pollution control, battery
repair, laboratories, truck wash, and personal hygiene related
activities. To adequately reflect the combinations of these
variables observed within the industry, the subcategory was
subdivided on the basis of specific process operations.

The total lead weight (1nclud1ng the weight of alloying elements
in lead grid alloys) used in the manufacture of batteries
- produced was chosen as the production normalizing parameter for
all process elements for which discharge allowances are provided

in this subcategory except truck wash. The production
normalizing parameter for truck wash is the weight of 1lead in
batteries moved over the highway in trucks, because this relates
more closely with what is actually washed. Total battery weight,
electrode surface area, total electrode weights, electrical
capacity of the battery, and number of employees were considered
as alternatives to the selected production normalizing parameter

The weight of lead consumed in battery manufacture was chosen in
preference to total battery weight because total battery weight
is subject to variations resulting from differences in the ratio
of case weight to the weight of active material. Case weight is
not directly related to wastewater generation. Further, battery
weight 1is not applicable where plates are shipped for use at
other locations. Total electrode weights were not generally
reported by plants in this subcategory and, further, are subject
to variation due to the degree of hydration and state of charge

of the electrode. Therefore, the weight of lead was found to
provide a more available and consistent basis for effluent
limitations and standards. Since most of the wastewater

discharge volume associated with electrode production results
from depositing materials on or removing impurities from
electrode surfaces, electrode surface area was considered a
possible choice as the production normalizing parameter for lead
operations. Significant difficulty is encountered in defining
" the surface area, however, and data were not always available.
The difficulty results from the fact that the electrodes
generally have significant porosity and irregular surfaces, and
it is the total wetted surface rather than the simple projected
area which determines the volume of wastewater generated. Since
this area could not be readily determined, electrode surface area
was not chosen as the production normalizing parameter for these
operations. ‘

Electrical capacity of the battery should, in theory, correspond
closely to those characteristics of cell electrodes most closely
associated with process water use and discharge during -
manufacture. The electrical capacity of cells is determined by
the mass of reactive materials present, and the processing of
reactive is often the major source of process wastewater. It was




not, however, for use in this study because " electrical capacity
data were not obtained.

Becuase the degree of process automation at battery manufacturing
plants was observed to vary, the number of production employees
was not found to be generally suitable as a production
normalizing parameter. Although the number of employees would be
a suitable basis for limiting discharges from employee showers
and handwashes, battery weight was chosen instead. to achieve
unlformlty with other ancillary wastewater sources and to
minimize the number of production normalizing parameters to be
applied. .

OPERATIONS COVERED UNDER OTHER CATEGORIES

Some lead subcategory battery plants perform procéesses on-site
which are not unique to battery manufacturing and which are
addressed in effluent limitations and standards for other
industrial categories. These are identified in Table 1V-2 (page
106) and are discussed in reference to the lead subcategory
below. Specific operations are d1scussed in Section V.

Plants producing batteries within the lead subcategory perform a
number of processes which may be performed in other industrial
categories. Most plants produce electrode grids on-site. These
are most often cast from lead (and lead alloys), a metal casting
operatlon, but may also be rolled or stamped from pure or alloy
lead in metal forming - operations. For the purposes of this
battery manufacturing regulation, 1lead casting (die cast or
direct <chill) performed at battery manufacturing plants is
regulated under the battery manufacturing category. Lead rolling
is included under the battery manufacturing category but is not
specifically regulated because there are no dischargers.
Guidance is provided for those battery manufacturing plants which
may perform this function and need to discharge wastewater. The
production of 1lead oxide at 1lead battery plants is a unique
operation yielding a "leady oxide" distinct £from' lead oxide
produced in inorganic chemical production. It is included under
the battery manufacturing category for the purpose of effluent
limitations and standards. v

Several 1lead battery plahts report the recovery of lead from

scrap batteries. These processes -  battery cracking and
secondary lead smelting are included under the nonferrous metals
manufacturing point source category. Some lead anode battery

plants also produce rubber or plastic battery cases on-site which
are not regulated under the battery manufacturing point source
category.
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TABLE 1IV-1

. LEAD SUBCATEGORY ELEMENTS AND PRODUCTION NORMALIZING

Anodes and Cathodes

Anciliary

Personal Hygiene

PARAMETER (PNP).1

Leady Oxide Production
Grid Manufacture

Grid Casting
Mold Release Formulatlon
Direct Chill Casting

. Lead Rolling

Paste Preparation and Application
Curing

Closed Formatlon (1n case)

Slngle Fill
. Double Fill
'Fill and Dump

. Open Formatlon (out of case)

Wet
Dehydrated

Plate Soaking
Battery Wash

Detergent
.Water Only

" Floor Wash -

Wet Air Pollution Control
Battery Repalr .

. Laboratory

Truck" Washg/

Hand Wash-
Respirator Wash
Laundry ‘

1/Productlon Normallzlng Parameter (PNP) is the total welght of

lead used

2/PNP is welght of lead in trucked batterles.wj“f“';rf"
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TABLE IV-2

OPERATIONS AT BATTERY‘PLANTS INCLUDED IN OTHER
INDUSTRIAL CATEGORIES

(Partial Listing)

e Plastic and Rubber Case Manufacture
e Retorting, Smelting and Alloying Metals

e Inorganic Chemical Production (Not Specific to Battery
Manufacturing)
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SECTION V
WATER USE AND WASTEWATER CHARACTERIZATION .

- This section describes the collection,: analysis, and
characterization of data that form the basis for effluent
limitations and standards for the lead subcategory, and presents
‘the results of these efforts. Data were collected from a number
of sources including published literature, previous studies .of
battery manufacturing, data collection portfolios (dcp) mailed to
all known battery manufacturers, industry surveys mailed to lead
battery manufacturers after proposal, and on-site data collection
and sampling at selected facilities. Data analysis began with an
investigation of the manufacturing processes practiced, the raw
materials used, the process water used and the wastewater
~generated in the entire battery category. This analysis was the
basis for subcategorization of  battery manufacturing which
‘resulted in a séparate lead subcategory, and also was the basis
for selection of the 1lead subcategory production normalizing
parameter (pnp) already discussed 1in detail 1in Section 1IV.
Further analysis included collecting wastewater samples and
characterizing wastewater streams within the lead subcategory.

DATA COLLECTION AND ANALYSIS

The sources of data used in this study have been discussed in
detail in Section III. For the lead subcategory, data collection
and analysis were conducted in two phases, before and after
proposal. Prior to proposal data collection served to provide a
subcategorization scheme as well as characterize manufacturing
processes, water use, and treatment. After proposal, -extensive
data collection and analysxs was performed for the lead
subcategory in order to address issues rece1ved in comments from
the lead battery industry. :

Published literature and previous studies' of the battery
manufacturing category provided a basis for initial data
collection efforts and general background for the evaluation of
data from specific plants. The dcp sent -to all known battery
manufacturing companies provided the most complete and detailed
description of the category which could be obtained. Dcp were
used - to develop category and lead subcategory data summaries and
were the primary basis for the selection of sites for pre-
proposal on-site sampling and data collection. Data from these
plant visits were used to characterize raw and treated wastewater
streams within the 1lead subcategory and provide an in-depth
evaluation of the impact of product and process varlatlons on
wastewater characterlstlcs and treatability. -
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Prior to proposal, data analysis proceeded concurrently with data
collection and provided guidance for the initial data collection
effort. Initially, a review and evaluation of the available
information from published literature and previous studies was
used as the basis for developing the dcp format which structured
the preliminary data base for category analysis. This  effort
included the definition of preliminary subcategories within the
battery manufacturing category. These subcategories were
expected to differ significantly in manufacturing processes and
wastewater discharge characteristics. Consequently on-site data
collection and wastewater sampling were performed for each
subcategory. Specific sites for sampling were selected on the
basis of data obtained from completed dcp. For each subcategory,
screening samples were collected and analyzed for all priority
pollutants and other selected parameters. The results of these
screening analyses, plus the dcp data, were evaluated to select
significant pollutant parameters within each subcategory for
verification sampling and analysis.

After proposal, additional data were collected to augment
existing data in response to a number of comments received £from
lead battery manufacturers and their trade associations. A
survey was developed and distributed to lead battery
manufacturers to assess wastewater treatment system operating
characteristics, solid waste disposal, and process water use
practices. Based on industry comments and survey responses,
sites were selected for data collection and additional sample
analysis. Data from these site visits were used to further
characterize raw and treated process wastewater streams to assess
wastewater characteristics and treatability. Also, grid
manufacture operations proposed for regulation under the metal
molding and casting category were transferred to the lead
subcategory. Visit data were used to augment existing data
concerning water use and air pollution control practices in the
grid manufacturing process operations.

Data Collection Portfolio

The data collection portfolio (dcp) was used +to obtain
information about production, manufacturing processes, raw
materials, water use, wastewater discharge and treatment,
effluent quality, and presence or absence of priority pollutants
in wastewaters from battery manufacturers. Because many lead
battery manufacturers operate on-site casting facilities, a dcp
addressing casting operations for the metal nmolding and casting
(foundry) category was included with the battery manufacturing
dep. After <collection of the data, the determination was made
that process wastewater discharges from casting were initially to
be evaluated as part of the foundry category. '
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For data gathering purposes, a 1list of companies known to
manufacture batteries was compiled from Dun and Bradstreet Inc.
SIC code listings, battery industry trade association membership
lists (Battery Council International (BCI) and Independent
Battery Manufacturers Association (IBMA) for 1lead batteries),
listings in the Thomas Register, and 1lists of battery
manufacturers compiled  during previous EPA studies. = These
sources included battery distributors, wholesalers, corporate
headquarters and individual plants. The lists were screened to
identify corporate headquarters for companies manufacturing
. batteries and to eliminate distributors and wholesalers. As a
result, a total of 226 dcp were mailed to each corporate
headquarters, and a separate response was requested for each
battery manufacturing plant operated by the corporation.
Following dcp distribution, responses were received confirming
battery manufacture by 133 companies operating at 235
manufacturing sites. Of these, 184 lead battery manufacturing
sites were identified. Because of the dynamic nature of battery
manufacturing these numbers vary since some new sites have been
built, some sites have consolidated operations, and some have
closed. Since proposal, information was received which revealed
that 19 lead battery sites have closed, while 2 new sites have
been built. , - :

Specific information requested in the dcp was determined on the
basis of an analysis of data available from published literature
and previous EPA studies of this category, and consideration of
data requirements for the promulgation of effluent limitations
and standards. This analysis indicated that wastewater volumes
and characteristics varied significantly among different battery
types according to the chemical reactants and electrolyte used,
and that raw materials constituted potential sources of sig-
-nificant pollutants. 1In addition, batteries of a given type were
commonly produced in a variety of sizes, shapes, and electrical
capacities. Available data also indicated that processes could
vary significantly in wastewater discharge characteristics.

As a result of these considerations, the dcp was developed so
that specific battery types manufactured, manufacturing processes
practiced, and the .raw materials used for each type could be
identified. Production information was requested in_ terms of
both total annual production (lbs/yr) and production rate
(lbs/hr). The dcp requested data for the year 1976, . the last
full year for which production information was expected to be

~-available. Some plants provided information for 1977 and 1978

rather than 1976 as requested in the dcp. All data received were
used to characterize the industry. Water discharge information
. was requested in terms of gallons per hour. The dcp also

requested a complete description of the manufacturing process for
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each battery type, including flow diagrams designating points and
flow rates of water use and discharge, and type and quantity of
raw materials used. Chemical  characteristics of each process
wastewater stream were also requested. '

Basic information requested included the name and address of the
plant and corporate headquarters, and the names and telephone
numbers of contacts for further information. Additionally, the
dcp included a request for a description of wastewater treatment
practices, water source and use, wastewater discharge
destination, and type of discharge regulations to which each
plant was subject. Since the wastewaters at each plant had not
been analyzed for the priority pollutants, the dcp asked whether
each priority pollutant was known or believed to be present in,
or absent from, process wastewater from the plant.

Of the 184 confirmed lead battery manufacturing sites, all but 10
returned either a completed dcp or a letter with relevant
available information submitted in lieu of the dcp. This level
of response was achieved through follow-up telephone and written
contacts after mailing of the original data requests. Follow-up
contacts indicated that six of the 10 plants which d4did not
provide a written response had less than five employees and with
the other four comprised a negligible fraction of the industry.

The quality of the responses obtained varied significantly.
Although' most plants could provide most of the information
requested a few indicated that available information was limited
to the plant name and location, product, and number of employees.
These plants were generally small and usually reported that they
discharged no. process wastewater. Also, process descriptions
varied considerably. Plants were asked to describe all process
operations, not just those that generated process wastewater. As
a result over 50 percent of the lead subcategory plants
submitting dcp indicated that certain process operations did not
generate wastewater. In some d¢cp specific process £flow rates
conflicted with water use and discharge rates reported elsewhere
in the dcp. Specific process flow information provided in the
dcp was sufficient to characterize flow rates for most process
elements for the lead subcategory. These data were augmented by
data from plant visits and, where appropriate, by information
gained in follow-up telephone and written contacts with selected
plants. Raw waste chemical analysis was almost universally
absent from the dcp and had to be developed almost entirely from
sampling at visited plants and data from previous EPA studies.

Upon receipt, each dcp was reviewed'to deterﬁine plant producté,
manufacturing processes, wastewater  treatment ‘and. control
practices, and effluent quality (if available). Subsequently,
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selected data contained in each portfolio were entered. into a
computer data base to provide identification of plants with
specific- characteristics (e.g. specific 'products, . process
operations, or waste treatment processes), and to retrieve basic
data for these plants. The dcp data base - provided quantitative
flow and production data for each plant.” This information was
used to calculate production normalized flow values as well as
wastewater flow rates for each process element in the lead
subcategory. The data base was also used to identify and
evaluate wastewater treatment technologies and in-process control
techniques used.

Industny Survey

After proposal, the Agency determined that additional data were
required in order to address. a number of issues -in comments
received 'from lead battery manufacturers and trade associations.

An “industry survey was developed to assess wastewater treatment
system operating characteristics including effluent quality;
solid waste disposal; process water use practices; and personal,
hygiene and cleanlng pract1ces required at the plant

The Battery Council International (BCI) played a major role in
the development of the industry survey. BCI distributed the
survey to their membership and to the Independent Battery
Manufacturlng Association (IBMA). Completed forms were sent. to
the EPA at the request of BCI. EPA received survey responses
from 65 plants. Two of thé survey responses indicated that the1r
plants were closed and did not prov1de any new data.

The data provided in the industry surveys; along -with the dcp
data base ' were carefully considered in formulating the
promulgated regulat1on Industry survey data were particularly
useful in evaluating personal hygiene and cleanlng practlces at
‘ lead battery plants ,

Plant Visits-and Sampllng (Pre-Proposal)

Seventeen lead subcategory plants were v151ted prlor to proposal.

At each plant information was obtained about the manufacturing
processes, ' raw materlals, process wastewater sources (if any),
and wastewater treatment and control practices. ~ Wastewater
samples were collected ‘at 5 lead subcategory plants ' R

Prior to proposal - the collection of data on priority,
conventional and nonconventlonal pollutants in - waste streams
generated by thls category was accompllshed using a two-phase
sampllng program. ‘The first phase, $creening,, was designed to
provide “samples of influent water, raw wastewater and treated




effluent from a representative plant in each subcategory.
Samples from the screening phase were analyzed and the results
evaluated to determine the presence of pollutants in a waste
stream and their potential environmental significance. Those
pollutants found to be potentially significant in a subcategory
were selected for further study under the second, or
verification, phase-of the program. This screening-verification
approach allowed both investigation of a large number of
pollutants and in-depth characterization of individual process
wastewater streams without incurring prohibitive costs.

Plant Visits and Sampling (Post-Proposal)

Engineering site visits were made to seventeen lead subcategory
sites after proposal. Sites were selected in order to obtain the
data necessary to accurately address the issues raised during the
comment period. During the site visits the Agency collected
information, where available, about the quality and flow rate of
raw and treated water, including treatment effectiveness data
from plants where monitoring was conducted. Additionally, the
Agency collected samples for chemical analysis for verification
at five of the sites visited. These samples were collected to
characterize pollutant loadings in raw waste streams and to
determine the effectiveness of end-of-pipe treatment. Analytical
data collected on the post-proposal sampling visits have been
combined with the data collected prior to proposal and are
included in the data base presented in this section.

Sampling and Analysis Procedures

Sampling procedures were applied for all sampling programs
including screening and verification sampling and . post-proposal
sampling. For the screening effort, plants identified as being
representative of the subcategory in terms of manufacturing
processes, raw materials, products, and wastewater generation
were selected for sampling.

Screening samples were obtained to characterize the total process
wastewater before and after treatment. All  screening was
performed according to EPA protocol as documented in Sampling and
Analysis Procedures  for Screening of Industrial Effluents for
Priority Pollutants, April 1977. Only the combined raw waste
stream and total process effluent were sampled. At plants that
had no single combined raw waste or treated effluent, samples
were taken from discrete waste sources and a flow-proportioned
composite was used to represent the total waste stream for
screening. S




Asbestos data were collected from one lead plant as part of a
separate screening effort using self-sampling Kkits supplied to
the selected -plant. The sampling protocol for asbestos was
developed after the initial screening efforts had been completed.
Consequently, asbestos data on plant influent, raw wastewater,
and effluent for each subcategory was not necessarily collected
from the same plants involved in the initial screening.

Plants were selected for verification sampling on the basis of"
the screening results. Those plants within the subcategory that
demonstrated effective pollutant reductions were specifically
identified for sampling in order to evaluate wastewater treatment
and control practices. Plants were selected for post-proposal
sampling to obtain data to adequately address several issues
concerning process wastewater flows and effective treatment
practices that arose during the comment period.

Initially, -each potential sampling site was contacted by
telephone to confirm and expand the dcp 1information and to
-ascertain the degree of cooperation which the plant would
provide. The dcp for the plant was then reviewed to identify (a)
specific process wastewater samples needed to characterize
process raw waste streams and wastewater treatment performance
- and (b) any additional data required. Each plant was usually
visited for one day to determine specific sampling locations and
collect additional information. 1In some cases, it was determined
during the preliminary visit that existing wastewater plumbing at
the plant would not permit meaningful characterization of battery
manufacturing process wastewater. In these cases, plans for
sampling the site were discontinued. For plants chosen for
sampling, a detailed sampling plan was developed on the basis of
the preliminary plant visit identifying sampling locations,  flow
measurement techniques, sampling schedules, and additional data
to be collected during the sampling visit. ' '

Sample points were selected at each plant to characterize a
.process wastewater from each distinct process operation, the
total process waste stream, and the effluent from wastewater
treatment. Multiple wastewater streams from a single process
operation or unit, such as the individual stages of a series
rinse, were not sampled separately but combined as a flow-
proportioned composite sample. In some cases, wastewater <flow
patterns at specific plants did not allow separate sampling of
certain process waste streams, and only samples of combined
wastewaters from two or more process operations were taken.
Where possible, chemical characteristics of these -individual
waste streams were determined by mass balance calculations from
the analyses of samples of other contributing waste streams and
of combined streams. 1In general, process wastewater samples were
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obtained betore any treatment, such as settling in sumps,
dilution, or mixing that would change its characteristics When
samples could not be taken before treatment sampling cond1L1ons
were carefully documented and considered in the evaluatlon of the
sampling results.

As a result of the pre-proposal and post-proposal sampling visits
to lead battery plants, over 100 raw waste samples were obtained
which characterize wastewater sources from 21 process elements.
In addition, samples were obtained from plant water supplies.
Samples were also taken for analysis which either characterized
wastewater streams from sources other than battery manufacturing
that were combined for "treatment with battery manufacturing
wastes or characterized 'wastewater at intermediate points in
treatment systems that used several operations.

Samples for verification were usually collected at each site on
three successive days. Except if precluded by production or
wastewater discharge patterns, 24-hour flow proportioned
composite samples were obtained. Composite samples were prepared
either by using continuously operating automatic samplers or by
compositing grab samples obtained manually at a rate of one per
hour. For batch operations composites were prepared by combining
grab samples from each batch. Wastewater flow rates, pH, and
temperature were measured at each sampling point hourly for
continuous operations. For batch operations, these parameters
were measured at the time the sample was taken. At the end of
each sampling day, composite samples were divided into aliguots
and taken for analysis of organic priority pollutants, metals,
TSS, and oil and grease. Separate grab samples were taken for
analysis of volatile organic ' compounds and for total phenols
because these parameters would not remain stable during
compositing. Composite samples were kept on ice at 4°C during
handling and shipment. Analysis for metals was by plasma arc
spectrograph for screening and by atomic absorption for
verification. Metals analyses were done by both methods for
post—-proposal sampling. Atomic absorption was used for analysis
of antimony and arsenic. Analysis for organic priority
pollutants was performed by gas chromatograph-mass spectrometer
for screening. For verification analysis, gas chromatograph—mass
spectrometer (GCMS) and gas chromatograph were used for organic
prlorlty pollutant analysis as required by EPA protocol. No
organic analyses were performed for sampling done after proposal.

All sample analyses were performed in accordance with the EPA
protocol ‘listed 1n Table V—l (page 164).

The sampling data prov1ded ‘wastewater chemlcal characterlstlcs as
well as flow information for the‘manufacturlng process elements
within the subcategory Long—term flow and product1on values




from the dcp data base or average flow and production values
obtained during sampling were used as a basis for calculatlng a
production normalized flow . for each- process element. - A single
value for each plant that most accurately 'represented existing
plant operations was used to avoid exce551ve1y weighting visited
plants (usually three days of values) in statistical treatment of
the data.

' Mean and median statistical methods were used to characterize
each process element productlon normallzed flow and wastewater
characteristics. The mean value is the average of a set of

values, and the median of a sét of values is the value below

which half of the values in the set "lie. For. the additional

process wastewater streams considered after proposal, a flow

weighted average was calculated using production and other
parameters from a number of plants. Production normalized flows
for the lead subcategory are described in deta11 later in this
section. : o ‘

All data were used to determine total process element and
subcategory wastewater discharge flows. For plants that did not
supply process wastewater discharge flows, but did provide
production data, the mean of the 1nd1v1dual productlon norma11zed
flow values was used. , :

Screening Analysis Results'

The results of screening analysis for the 1lead subcategory are
presented in Table V-2 (page 170). Pollutants reported in the
dcp as known or believed to be present in process wastewater from

plants in the subcategory are’also indicated on this table. -In
- the  table, ND indicates that the pollutant was not detected and
NA indicates that the pollutant was not analyzed. For organic
pollutants other than pesticides, the symbol *  is. used to
indicate detection at less than or equal to 0.01 mg/1, the
guantifiable 1limit of detection. For pesticides (pollutants 89-
105), the symbol ** indicates detection less than or equal to the
quantifiable limit of 0.005 mg/1l. For metals, the use of <«
indicates that the pollutant was not detected by analysis with a
detection limit as shown. The analytical methods used ‘for
screening analysis could not separate concentratlons of certain
pollutant parameter pairs, specifically pollutants numbered. 72
and 76, 78 and 81, and 74 and 75. These pollutantvpairs will
have the same reported concentrations. Alkyl epoxides, and
xylenes were not analyzed in any samples because established
analytical procedures and standards were not available at the
time of analysis. 2,3,7,8- Tetrachlorodlbenzo—p—dlox1n (TCDD) was
not analyzed because of the hazard in laboratory analy51s
associated ‘with handling TCDD standards. In  the screenlng




analysis tables dioxin is listed as not detected because analysis
was not done for this pollutant. Analysis of asbestos was
accomplished using microscopy. Results of asbestos analysis are
reported as fibers being present or absent from a sample. The
symbol + is used to indicate the presence of chrysotile fibers.

Selection Of Verification Parameters

Verification parameters were selected based on screening analysis
results, presence of the pollutants in process waste streams as
reported in dcp, and a technical evaluation of manufacturing
processes and raw materials used within the . subcategory.
Criteria for selection of priority and conventional pollutants
included:

1. Occurrence of the pollutant in process wastewater from
the subcategory may be anticipated because the
pollutant is present in, or used as, a raw material or
process chemical. Also the dcp priority pollutant
segment indicated that the pollutant was known or
believed to be present in process wastewaters.

2. The pollutant was found to be present in the process
wastewater at quantifiable limits based on the results
of screening analysis. If the presence of the
pollutant was at or below the quantifiable limit, the
other criteria were used to determine if selection of
the parameter was justified.

3. The detected concentrations were considered significant
following an analysis of the ambient water quality
criteria concentrations and an evaluation of
concentrations detected in blank, plant influent, and
effluent samples.

The criteria was used for the final selection of all verification
parameters, which included both toxic and conventional pollutant
parameters. An examination was made of all nonconventional
pollutants detected at screening and several were also selected
as verification parameters. Specific discussion of the selection
of wverification parameters is presented in the following
paragraphs. '

For the 1lead subcategory, the following 30 pollﬁtant paraméters
were selected for further analysis: ‘

11 1,1,1~-trichloroethane 118 cadmium
23 chloroform : 119 chromium
44 methylene chlorid 120 copper
55 naphthalene 122 lead

65  phenol 123

mercury
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66 bis(2~ethylhexyl)phthalate 124 nickel

67  butyl benzyl phthalate - 126 silver

68 di-n-butyl phthalate 128 zinc

69 di-n-octyl phthalate aluminum

78 - anthracene ' - iron

81 phenanthrene ' manganese

84 pyrene . phenols (4AAP)

114 antimony , - strontium

115 arsenic , 0il and grease
: TSS '

pH

Eighteen organic priority pollutants were detected in screening
at concentrations " at or below the quantification level. These
pollutants, acenaphthene, benzene, 2,4,6,trichlorophenol, 2~
chlorophenol, 1,3-dichlorobenzene, 2,4-dichlorophenol,
ethylbenzene, fluoranthene, - dichlorobromomethane,
chlorodibromomethane, 1,2-benzanthracene, 3,4-benzopyrene, 3,4-
benzofluoranthene, 11,12-benzofluoranthene, chrysene, fluorene,
trichloroethylene, and heptachlor epoxide were neither known to
be used in manufacturing within the subcategory nor reported as
present in process wastewater by any manufacturer. They were
therefore not selected for verification. Five additional organic
priority pollutants were reported as believed to be 'present in
process wastewater by at least one plant in the subcategory but
were not detected 1in screening analysis. On the basis of
screening results and the other criteria, 1,2-dichloroethane,
dichlorodifluoromethane, PCB-1242, PCB-1254, and PCB-1260, were
not selected as verification parameters for the lead subcategory.
Toluene was also indicated as believed to be present in one dcp,
but was detected 1in screening analysis at 1less than the
quantifiable limit. Therefore, it was not selected for
.verification. Two organic pollutants, methylene chloride, and
naphthalene, were included in verification analysis, though
detected only at the quantifiable 1limit, because they were
reported to be present in process wastewater in dcp from lead
subcategory plants. Pyrene and phenol were selected as
verification parameters because they were identified as potential
pollutants - resulting from oils and bituminous battery case

sealants. All other organic priority pollutants found to be
present in screening analysis for this subcategory were included
in verification. ' i ‘ '

Of the metal priority pollutant parameters, beryllium was
reported at the 1limit of detection. Because beryllium was not
known to be related to battery manufacture, it was not selected

for verification. Antimony, although detected at the limit of
detection, was selected for verification = because of dcp
responses. ‘All metal pollutant parameters detected in screening
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above the limits of detection were selected for verification.
Arsenic was selected as a verification parameter because it was
reported to be present 1in process wastewater : by battery
manufacturers and was known to be used in the manufacturing
process. Another metal pollutant, mercury, was also selected for
verification because it was not analyzed in screening and was
reported as believed'to be present in process wastewaters by some
battery manufacturers. Cyanide was not selected for verification
since it was reported in all samples at the limit of detection
and was not known to be present in lead battery process
wastewaters. ‘

A number of nonconventional pollutants were also detected in
screening, but not included in verification analysis. Iron and
total phenols were detected in screening and were consequently
included in verification analyses. Iron is present in process
wastewater as a result of corrosion of process equipment, and
total phenols may derive from o0il and grease, and bituminous
materials used in manufacturing. After proposal, aluminum and
manganese were also detected and included in @ verification
analysis. Strontium was included in verification analysis
although it was not analyzed in screening because it is used as a
raw material in manufacturing some batteries in this subcategory.
In addition, the conventional pollutants, o0il and grease, TSS,
and pH were included in verification analysis. ' :

Presentation of Analytical Results. '~ Pre-proposal and post-
proposal parameter analytical results are discussed and tabulated
by process element in the discussion which foliows this section.
Pollutant concentration (mg/1l) tables are shown for each sampled
process. In the tables 0.00 indicates no detection for all
organic pollutants. For organic pollutants, the symbol * is used
to indicate detection at 1less than or equal to 0.01 mg/1, the
quantifiable limit of detection. For the metals, total suspended
solids, and oil and grease, 0.000 indicates the pollutant was not
detected above the quantifiable limit. 'When samples were flow
proportionally combined for a process, the values shown are
calculated, and 0.0000 indicates that the pollutant was detected
in at least one sample of the combined process wastewater stream.
For chemical analysis, the *'s are calculated as positive values
which cannot be quantified, but for statistical analysis are
counted as zeroes.

LEAD SUBCATEGORY

Batteries manufactured in this subcategory use lead anodes, lead
peroxide cathodes, and acid electrolytes. Lead subcategory cells
and batteries, however, differ significantly in physical
configuration, size, and performance characteristics. They
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include small cells with immobilized electrolyte for use in
portable devices, batteries for automotive starting, lighting,
and ignition (SLI) applications, a variety of batteries designed
for industrial applications, and special reserve batteries for
military use. Lead reserve batteries are similar to dehydrated
batteries and are produced from lead electrodeposited on steel.
The SLI and industrial batteries are manufactured and shipped .as
"dry-charged" and "wet-charged" units. Dry-charged batteries are
shipped without acid electrolyte and may be either "damp" or
"dehydrated plate" batteries as described in Section 1I1I. Wet-
charged batteries are shipped with acid electrolyte. Significant
differences in manufacturing processes correspond to these
product variations.

" Lead subcategory battery production reported in dcp totaled over
1.3 million kkg (1.43 million tons) per year. Of this total,
72.3 percent were shipped as wet batteries, 9.3 percent were
damp, and 18.4 percent were produced as dehydrated plate
- batteries. Less than 1 percent of the subcategory total
production ‘is for 1lead reserve batteries. Reported annual .
production of batteries at individual plants in this subcategory
ranged from 10.5 kkg (11.5 tons) to over 40,000 kkg (44,000
tons). Median annual production at lead subcategory plants was
approximately 6,000 Kkkg (6,600 tons). No correlation between
plant size and battery type, i.e, wet, damp, or dehydrated
batteries, was observed. o

Geographically, lead acid battery plants are distributed
throughout the U.S. and are located in every EPA . region. The
highest concentrations of plants in this subcategory are in EPA
Regions IV, V, and IX. Region IX in particular contains large
numbers of small manufacturers many of whom purchase battery
plates from outside suppliers.

Process water use and wastewater discharge vary widely among lead
subcategory plants because of differences in control of water
use, wastewater management practices, and manufacturing process
variations. The manufacturing process variations which most
. significantly influence wastewater discharge are in electrode
formation techniques,  but these variations are frequently
overshadowed by variations in plant water management practices.
Wastewater treatment practices also were observed to differ
widely, leading to significant variability in effluent quality.
Most plants in the subcategory discharge process wastewater to
POTW, and many provide little or no pretreatment.




Manufacturing Process and Water Use

The manufacture of 1lead batteries 1is 1illustrated in. the
generalized process flow diagram presented in Figure V-1 (page
240). As shown in the figure, processes presently used in
commercial manufacture generally involve the following steps: (1)
grid or plate support structure manufacture; (2) leady oxide
production; (3) paste preparation and application to provide a
nlate with a highly porous surface; (4) curing to ensure adequate
paste strength and adhesion to the plate; (5) assembly of plates
into groups or elements (semi-assembly); (6) electrolyte addition
as appropriate; (7) formation or charging (including plate
soaking) which further binds the paste to the grid and renders
the plate electrochemically active; (8) final assembly; (9)
battery testing and repair if needed; (10) battery washing; and
(11) final shipment. Each of these process steps may be
accomplished in a variety of ways and they may be combined in
different overall process sequences depending on intended use and
desired characteristics of the batteries being produced. Process
steps (1) through (7) are anode and cathode operations while
assembly, battery testing and repair, and battery washing are
ancillary operations. Additional ancillary operations involved
in the manufacture of lead batteries include floor and truck
washing, 1laboratory testing, and personal hygiene activities.
Personal hygiene activities include mandatory employee
handwashing, respirator washing, and laundering of employee work
uniforms. Each process step and ancillary operation identified
above is a process element in the lead subcategory. These
process elements, and their various combinations form the basis
for analysis of lead subcategory process wastewater generation as
‘shown in Figure V-2 (page 241). A general discussion summarizing
water use data collected for the 1lead subcategory process
elements is provided below. Following this discussion, the
process elements are discussed individually. Each process
element discussion includes a process description and a summary
of the process element water usage. . :

Water Use Data ~ Wastewater flow data for the lead subcategory
process elements were collected from the dcp, site visits, and
written responses to EPA requests for data. These flow data were
normalized with production data in order to compare flows from
different sized battery plants. The production normalizing
parameter is :-generally the total weight of lead used for all
processes. Lead use data were originally provided in the dcp,
however, after proposal, the Agency obtained more recent (1982)
lead use data from 41 plants. Production normalized flow values
for these 41 plants were calculated using the more recent (1982)
lead use data. Mean and median normalized discharge flows from
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all dcp, site visit, and written response data for the wastewater
production processes are summarized 1in Table V-3. This table
also shows the number of plants which reported flow data for each
process. . ‘ ‘ : '

Table V-3 contains a number of wastewater sources for which
limited flow data is available. In the case of mold release
formulation, laboratory, hand wash, respirator wash, and laundry,
a flow weighted average calculation procedure was used to
calculate the mean normalized flow.  This procedure varied
somewhat for the different operations due to differences in
available flow data; specific calculation procedures are provided
in each of the process element discussions. The calculation of
the average normalized flows for hand washing, respirator
washing, and laundry was determined with the aid of lead battery
manufacturers survey data regarding personal hygiene activities.
Personal hygiene activity data are summarized in Table V-4.

Normalized flow data for the major wastewater producing
manufacturing process elements are summarized 'in Figure V-3.
This figure shows the distribution of production normalized flows
for 'each process operation at ‘those plants which produce a
wastewater discharge for the process operation. Plants which
report no process wastewater from the process are not represented
on the curves. The insert on the figure presents for each
process the median of the non-zero flows, the median of all flows
values, the total number of flow values, and the number of these
which are equal to zero. The median shown for the non-zero flows
is derived from a 1linear regression fit to the data "and
represents the best available estimate of the median flow from
all plants discharging wastewater from each process operation.
Because of the difficulty in handling zero values in this
statistical treatment, the median shown for all values is the
classical median of the sample population (for plants supplying
specific process flow data). - .

As the regression lines on Figure V<3 indicate the dispersion in
the flow data (indicated by the slopes of the 1lines) showed no
'significant differences among the different process operations
shown on the figure. The slope for leady . oxide production was
slightly less than the slope of other process element lines.
This difference is judged to be insignificant. The median flows
- differed considerably. This® reflects the fact that the
variability in wastewater flow from all process .operations
results primarily from the same factors, i.e., plant-to-plant
variations in the degree of water conservation and flow control
practiced. - No significant technical factors causing major
~wastewater flow differences were identified for any of these
process elements and none are suggested by these data.
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Consequently the data indicate that any plant active in any of
these process operations can achieve wastewater flows
demonstrated for that process by other plants without any major
process change.

Grid Manufacture. A lead or lead-alloy grid is the mechanical
framework to support active material (lead or lead peroxide) for
a battery plate or electrode. Cast or perforated grids are

designed to provide mechanical strength, paste adhesion, and
electrical conductivity while minimizing the grid weight in
relation to the weight of active material in the paste. Alloys
reported in dcp include lead-antimony and lead-calcium, sometimes
with the addition of tin. The literature also indicates that
lead-strontium grids may be used and that trace amounts of
arsenic, cadmium, selenium, silver and tellurium may be added to
grids. . ’

Impurities found in lead grids include  copper, silver, zinc,
bismuth, and iron. Newly developed grid structures discussed in
the literature use ABS plastic grids coated with 1lead or poly-
styrene interwoven with lead strands for the negative plate, but -
no plant reported commercial manufacture of these grid types.

Two different operations are used to manufacture grids in the
lead subcategory: (1) grid casting (a form of die casting) of
lead and (2) perforating by punching or piercing and expanding of
lead. The latter can be preceeded by the actual manufacture of
the sheet which includes direct chill casting and lead rolling
processes. Based on dcp data, grid casting is performed at 130
lead subcategory sites and was performed at 14 of the 17 sites
visited after proposal. Grid fabrication by punching or piercing
and expanding is known to be practiced by at least 10 plants and’
the practice 1is growing. Melting furnaces or pots are used to
produce molten lead for both grid casting and direct chill
casting methods. These melting furnaces generate fumes which are
removed by wet air pollution control devices at some sites. Wet
air pollution control is discussed later in this section. Both
of the grid manufacturing methods are discussed below.

Grid Casting - Grid casting is performed by cooling molten lead
in metal molds to produce individual grids. The molten lead is
cooled by passing noncontact cooling water through the mold.
This non-process water is recycled through cooling towers at some
sites, discharged direct 14 to the sanitary sewer at other sites,
or discharged to wastewater treatment. If the water is recycled
through cooling towers, non-process cooling tower blowdown water
is discharged to the sewer or to wastewater treatment.
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The use of molds in grid casting requires the use of a mold
release compound which prevents the molten lead from adhering to
the mold upon cooling. Mold release compounds are either cork or
silica based with either kerosene or silicon carrier fluids.
These compounds can either be purchased or formulated on-site.
Twenty~nine sites owned by two companies reported formulating
their mold release compound on-site. Process wastewater is
generated from on-site mold release formulation by cleaning
equipment  after mixing batches of the release material. Flow
information for mold release formulation was obtained after

proposal from both of the companies which report this activity.
At one company approximately 50 gallons per day of water are used
at each site for equipment cleanup. At the other company, 75
gallons of water are used per day at each site.

The average production normalized flow (0.006 1/kg) for mold
. release formulation was calculated as follows:

o  For each company, the company mold release formulation

© flow was multiplied by the number of company sites to

determine the total company mold release formulation
flow. o '

o  The total company mold release formulation flow was
then divided by the total company production to
~determine a productlon normalized flow for the -company .

) ‘“The two production normalized company flows were then
averaged.
Perforating -~ - In this . process, grids are mariufactured by

perforating sheet lead by various methods. The sheet lead can be
continuously punched and coiled or cut into individual grids.
This method does not generate wastewater and lead scrap from the
punching is reclaimed. The sheet metal can also be pierced and
expanded into grids with no wastewater discharge, although a
‘neglibible amount of aqueous emulsion is used for lubrication.
This mniethod can be preceded by manufacture of the lead sheet by
direct chill casting and lead rolling.

- In direct chill casting, molten lead flows by gravity through a
die. This die is sprayed with contact cooling water which causes
the 1lead to solidify into a continuous strip of about two inches
"thick.® The continuous str1p is ‘then reduced to the desired
thickness (0.05 in.) 1in a rolling mill. Following rolling, the
lead strip is aged for one to two weeks to  increase tensile
strength prior to grid fabrication.
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Water usage data for direct chill casting and lead rolling were
collected on a post-proposal sampling visit to one site reported
to be active 1in- these. processes. At this site, direct chill
casting contact cooling water drains to a catch - tank and is
continuously recirculated. The catch tank is drained to
treatment about once every four months. The average production
normalized flow of" 0. 0002 1/kg was calculated for direct chill
casting as follows:

(o} Catch tank dimensions at the sampled . site were
measured. '

o) The annual discharge flow from direct chill casting was
then calculated assuming three batch dumps per year.

o The annual discharge flow was divided by the site's
annual production. to determine the average normalized
flow.

In lead rolling, an aqueous emulsion of 0.5 percent oil is wused
to lubricate the rolling mills. This emulsion is continuously
recirculated and subsequently contract hauled once per week to
treatment and disposal off-site. Based on flow data from the
sampled site, 0.006 1/kg of spent solution are contract hauled.

Leady Oxide Production. Active materials for the positive (Pb0,)
and negative (Pb) plates are derived from 1lead oxides 1in
combination with finely divided lead. Lead oxide (PbQ) used in
battery plates and known as litharge exists in two crystalline
forms, the yellow orthorhombic form (yellow lead) and the red
tetrogonal form. Red lead (Pb30,) is sometimes used in making
positive plates, but its use 1is declining. The lead oxide
mixture (PbO and Pb) called leady oxide, which is most often used
in producing electrodes, is usually produced on-site at battery
manufacturing plants by either the ball mill process or the
Barton process. Leady oxide generally contains 25-30 percent
free lead with a typical value observed to be approximately 27
percent.

In the ball.mill process, high purity lead pigs or balls tumble
in a ball mill while being subjected to a regulated flow of air.
Heat generated by friction and the exothermic oxidation reaction
causes oxidation of the eroding lead surface to form particles of
red litharge and unoxidized metallic lead. The rate of oxidation
is controlled by regulation of air flow and by non-contact
cooling of the ball mill, or bearings. .

In the Barton process, molten lead is fed into a pot and vigor-
ously agitated to break lead into fine droplets by aspiration.
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_Oxidation in the presence of an air stream forms a mixture of
“yellow lead, red 11tharge, and unoxidized lead in a settling
chamber.

High purity refined lead is required to produce oxide for use on
- electrodes. Recycled 1lead recovered by remelting scrap is
normally used in casting grids, straps, and terminals.

Water use and wastewater generation associated with leady oxide
production 1is dependent on the process (Barton or ball mill)
used. The Barton process uses only non-process water for cooling
screw conveyors and other mechanical parts. Shell cooling water
is the primary source of process wastewater from ball mills.

Five of the 17 sites visited after proposal used the Barton
process. None of these sites generated process wastewater. In
the ball mill process, a number of cooling configurations have
been observed in this subcategory. At some sites, noncontact
cooling water was used to cool bearings. This cooling
configuration does not generate a process wastewater stream since
the cooling water does not contact lead dust or other
contaminants. Other sites use water to cool the shell of the
ball mill. Cooling 1in this manner may produce a process
wastewater stream due to entrainment and dissolution of lead dust
when the ball mill is not shrouded properly. Four of the 17
sites visited after proposal operate ball mills. One of these
sites cools only bearings generating no process wastewater.
Three of the sites use shell cooling water with widely varying
cooling = configurations. @ One site uses once-~through shell
cooling. One has two ball mills with two . different cooling
conf1guratlons in one ball mill, once through shell cooling
water is used while at the other ball mill the shell cooling
water is rec1rculated with minimal wastewater generation. The
third site uses a completely closed recirculating cooling
configuration with annual sump cleaning. , -

Twenty-nine of the 41 plants submitting data for this process
reported zero discharge of wastewater. Nine of the 12 plants
reporting discharge flows from leady oxide production are from
shell cooling. Two of 12 are discharges associated with wet
scrubbers. Wet scrubber discharges from leady oxide production
are included in the wet air pollution control process element
which 1is discussed later in this section. The remaining flow is
an unidentified process . wastewater discharge. The  average
production normalized flow is 0.37 1/kg and median is 0. OO l/kg

Paste Preparation and Appllcatlon. Lead oxides are pasted on the
grid to produce electrode plates with a porous, high area,
reactive surface. The pores provide maximum contact of the
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electrolyte with the electrode. Various mixtures of lead oxide
powder are used for the formulation of the negative and positive
pastes, which wusually are mixed separately. The positive plate
is formed from leady oxide, granular 1lead, or red lead with
binders such as acrylic fibers, sulfuric acid, and water. The
negative paste generally contains leady oxide, lead, sulfuric
acid, water, and expanders. Expanders are added to the negative
paste to minimize contraction and solidification of the spongy
lead. The most common expanders are lampblack, barium sulfate,
and organic materials such as lignosulfonic ‘acid. Addition of
expanders amounting to an aggregate 1 or 2 percent of the paste
can increase the negative plate effective area by several hundred
percent.

Hardeners have been added to pastes (e.g., glycerine and carbolic
acid), but prevailing practice is to control this property by
proper oxide processing. Other additives to the paste include
ammonium hydroxide, magnesium sulfate, lead carbonate, lead
chloride, lead sulfate, potash, and zinc chloride. Where a plate
is to be placed in a dehydrated battery, mineral 0il may be added
to the negative paste to protect the plate from oxidation, from
sulfation, and to reduce hydrogen evolution (dependlng upon the
grid alloy).

Water is added to the paste to produce proper consistency and
increase paste adhesion. During acid addition, considerable heat
is evolved. Temperature must be controlled to produce a paste
with the proper cementing action. Paste is applied to the grids
by hand or machine.

The major source of wastewater from paste preparation and
application 1is equipment and area cleanup. Equipment and area
cleanup is a required procedure because different paste
formulations may be used on any one pasting line, and the
equipment must be periodically cleaned. Fifty-seven of the 100
plants submitting flow data on this process report zero discharge
of wastewater from paste preparation and application. Zero
discharge is accomplished by settling and recycling paste area
water for equipment washdown. The settled paste can also be
reclaimed. The average production normalized flow for this
process is 0.49 1/kg and the median is 0.00 l/kg.

Sixteen of the 17 sites visited after proposal perform paste
formulation and application operations. Seven of these sites do
not discharge wastewater from equipment and area washdown.
Another site was planning to install a complete recirculation
washdown water system by December 1983.
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Some plants use wet scrubbers to control dust generated during
paste mixing. These wet scrubbers are discussed - later in this
section under the wet air pollution control process element.’

Curing. The drying and curing operations must be carefully
controlled to provide electrodes with the porosity and mechanical
strength required for adequate battery performance and service
life. The purpose of curing is to ensure proper control of
ox1datlon and sulfat1on of the plates o

Where leady oxides are present, common practice is to flash dry
the plates by pass1ng them through a tunnel drier and then either
stacking and covering them (air curing), placing them in humidity
controlled rooms or ovens (humldlty curing) for several days, or
directly applying steam in a controlled ‘environment (stear
curing) to convert free lead particles in the plates to lead
oxide. The free lead 1is reduced from 24-30 percent 'to the
desired level (5 percent or less) during curing. Proper
conditions of temperature and humidity allow the formation of
small crystals of tribasic lead sulfate whic¢h convert easily to a .
very active lead peroxide (positive plate) during formation. Toc
high a temperature (57¢ C) 1leads to the formation of coarse
crystals of tetrabasic lead which is difficult to convert to lead
peroxide and may cause shedding of active material during forma-
tion. Too 1little or too much moisture in the plate retards the
rate of oxidation. Steam curing increases the rate of curing by
providing controlled humidity at higher temperatures. '

Multiple curing techniques are used by a number of sites in the
subcategory. For instance, at some sites plates are first cured
in° humidity controlled rooms or ovens. The curing process is
then completed in covered stacks. Other sites first steam cure
plates and then finish the curing process in humidity controlled
rooms. At some sites only positive plates are steam or humidity
cured while at other sites both positive and negatlve plates are
.steam or humidity cured. Process wastewater discharge from
curing was reported by ten of the 97 plants that supplied flow
.data. The average production normalized flow for this process is
0.03 1/kg and the median is 0.00 1/kg. ' Discharge of wastewater
from curing is associated with humidity Curing and steam curing.
Wastewater dlscharge from = humidity  curing results from
condensation in hum1d1ty controlled rooms and once-through spray
water from humldlty curing ovens. Wastewater dlscharge from
steam curing is associated w1th steam condensatlon Lo

Although a few sites dlscharge wastewater from steam or hum1d1ty
curing, other sites have demonstrated that these operations can
be performed without the discharge of process wastewater. Eight



of the 17 sites visited after proposal do not: discharge
wastewater from positive or negative plate curing. Of these, six
use humidity controlled rooms for both types of plates; one uses
steam curing for both types of plates and one uses ambient
curing, humidity <controlled rooms, or steam curing depending on
the battery and type of plate.

Semi-Assembly (Stacking, Grouping, Separator Addition)
Following <curing, plates are stacked or grouped in preparation
for formation. This semi-assembly process varies depending upon
the specific formation process which is to follow and the type of
separator being used. ‘

Separators prevent short circuiting between the anode and cathode
yvet permit electrolyte conduction between the electrodes. Sepa-
rators also may serve to provide physical support.to the positive
plate. The configuration and the material of separators differ
according to the specific properties desired. Materials used for
separators in lead acid storage batteries include paper, plastic,
rubber, and fiberglass. .

Water use in the semi-assembly operation is limited to non-
contact cooling water associated with welding of elements and
groups. No process wastewater is generated or discharged from
the semi-assembly operation.

Electrolyte Preparation and Addition - Sulfuric acid is purchased
by battery manufacturers as concentrated acid (typically 93
percent) and must be diluted with water or "cut" to the desired
concentration(s) prior to use in forming electrodes or filling
batteries. Dilution usually proceeds in two steps. :The acid is
first cut to an intermediate concentration (about 45 percent
acid) which may be used in paste preparation. Final dilutions
are made to concentrations (generally 20-35 percent) used 1in
battery formation and battery (£filling. Often two or more
different final acid concentrations are produced for use in
formation and for shipment in different battery types.

For some battery applications, sodium silicate is added to the
electrolyte prior to addition to the battery. The resulting
thixotropic gel is poured into the battery and allowed to set,
yielding a product from which liquid loss and gas escape during
operation are minimal and which may be operated in any
orientation. :

Acid cutting generates heat and generally requires the use of
non-contact c¢ooling water. Process wastewater is not generally.
produced. Wet scrubbers are reported to be in use at some sites
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to control acid fumes but are used as dry mist eliminators and do
not. generate process wastewater. Since water is consumed -imm
"cutting” acid, some sites use this process as a sink for process —
wastewater contaminated with acid and lead, thereby reducing or -
eliminating the volume requiring treatment and discharge.

The addition of electrolyte to batteries for formation and for
shipment is frequently a source of wastewater discharge in the
form of acid spillage. Electrolyte addition is accomplished by a
wide variety of techniques which result in widely varying amounts
of spillage and battery case contamination. While efficient
producers employ £filling devices which sense the 1level of
electrolyte 1in the batteries and add only the proper amount with
essentially no spillage or case contamination, others continue to
regulate the amount of acid in the batteries by overfilling and
subsequently removing acid to the desired level. In some plants,
batteries are filled by immersion in tanks of acid. Overfilling
or filling by immersion results in significant contamination of
the battery case with acid ‘and necessitates rinsing prior to
further handling or shipment, generating significant volumes of

- process wastewater. Acid spills also contaminate equipment in
the formation area requiring periodic equipment  washdown
(formation area washdown). Wastewater flows from formation area
washdown and battery rinsing are considered as flow values for
the formation processes. -

Formation = (Charging) - ,Although 1lead peroxide is the active
material of the finished positive plate, it is not a component of
the paste applied to the plate. The formation process converts
lead oxide and sulfate to lead peroxide for the positive plate
and to lead for the negative plate by means ©of an electric
current. Formation starts in the region where poorly conducting
paste is in contact with the more conductive grids and proceeds
through the volume of the paste. Completion of formation is
indicated by (1) color of active materials (plates have "cleared"
and are uniform in color), (2) plates are gassing normally, (3) a
constant maximum - voltage 1is indicated, and (4) the desired
electrolyte specific gravity is reached. Final composition for
the positive plate 1is 85-95 percent lead peroxide and the
negative plate is greater than 90 percent lead. Formation of
battery plates may be accomplished either within the battery case
after assembly has been completed (closed formation) or in open
tanks prior to battery assembly (open formation). Open formation
is - most often practiced in the manufacture of dehydrated plate
batteries. ‘

~

A number of charging techniques are used to form batteries in
this subcategory. Charging techniques used for closed formation
include (1) high rate formation, (2) 1low rate formation, (3)




controlled charge rate formation, and (4) chilled acid formation.
In high rate formation, batteries are formed rapidly in one day
or less. When batteries are formed rapidly, heat generation is
so rapid that the batteries must be cooled using fine sprays of
water on the battery cases. This contact cooling water is a
significant source of wastewater. Low rate formation 1is a
charging technique.in which batteries are charged at a constant
rate which 1is 1low enough to adequately dissipate heat without
using cooling water. Low rate charging requires formation
periods of up to seven days. In controlled charging, the
charging current is varied during the course of formation to
maintain acceptable electrolyte temperatures. This eliminates

the need for contact cooling water. Current .variation is
achieved manually or by the use of automatic timers or small
computer devices. Controlled charging sometimes comprises

charging slowly for a few hours initially, on the order of a few
amps; then the rate is increased for most of the formation cycle,
and then the rate is decreased again to finish charging. Other
plants charge rapidly for nine to ten hours, then let the
batteries cool for several hours and finish charging rapidly for
approximately another nine hours. Overall controlled charging
formation times have been observed to vary from nine hours to a
total of 72 hours. Another charging technique observed in this
subcategory is the use of chilled acid to reduce electrolyte

temperatures in the . initial stage of charging. Reduced
electrolyte temperature in the initial stage of charging serves
to reduce the overall charging time. The initial heat of

reaction during the charge cycle is usually greater due to the
presence of unreacted (uncured) lead oxide in the cured plate.
Instead of charging slowly at first to dissipate heat, charging
can proceed more rapidly immediately with the use of chilled
acid. ' ‘ ' '

Open formation charging periods have been observéd,to_ vary from
approximately one to five days. Since batteries are formed in
open tanks heat dissipation is not a problem in open formation.

Closed Formation. Closed formation is performed in . several
different ways depending upon the desired charging rate and
characteristics of the final product. The major variations in.
this process may be termed: single fill-single charge, double
fill-single charge, double fill-double charge, and fill and dump
(for damp batteries). A major factor influencing the choice of
operating conditions for closed formation is the relationship
between charging rate, electrode characteristics, and electrolyte
concentration. As the electrolyte concentration increases, the
rate of formation of positive plates decreases, but durability of
the product improves. The rate of formation of negative plates
increases by increasing acid concentration. ’ o o
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Slngle—Flll - In the single ¢£fill-single charge process, the
battery is filled with acid of a specific gravity such that,
after formation, the electrolyte will be suitable for shipment
and operation of the battery. Thirty-one of the 43 sites
reporting flow data for single fill formation achieve zero
discharge. The average production normalized flow is 0.28 1/kg
and the median is 0.00 1/kg. For sites that report a discharge,
wastewater sources include area washdown, contact cooling water,
and wet air pollution <control scrubbers. Wet air pollution
control scrubbers are used to remove fumes generated during
charging and are discussed later in thlS section under the wet
air pollution control process element. As discussed earlier,
contact cooling water 1is a major source of wastewater.at sites
which use high rate charging. , v

Eight sites Visited,after,prop05al use single £fill formation.
Three of these sites use contact cooling water to dissipate heat
generated during high rate charging. One of the three sites has
two single fill operations. 1In one operation the cooling water
is recycled through a water softening system while the other
operation uses a once through cooling configuration which
generates the majority of wastewater discharged to treatment at
the site, about 200,000 gpd. The second site uses controlled
charging with no wastewater generation for some batteries, and
spray cooling for the remaining batteries. The third site uses
spray cooling water to dissipate heat. The remaining five sites
incorporate slow. or controlled formation procedures which
eliminate the need for cooling water. ¢

Double-Fill =~ Double fill formation processes use a more dilute
formation electrolyte than is used for single-fill formation.
Formation of the battery is complete in about 24 hours. The
‘formation electrolyte is removed for reuse, and more concentrated
fresh electrolyte suitable for battery operation is added.

Double fill-double charge batterles are given a boost chargex
prior to shlpment.

Seven of the 35 sites reporting flow data for double fill
formation achieve zero discharge. The average productlon
normalized flow is 0.92 1/kg and the median is 0.44 1/kg.  The .
sources of wastewater from double fill are essentially the same
as for single £fill: cooling water, area washdown, and wet air
scrubber discharge. An additional source of wastewater
associated with double fill operations is battery rinse water.
‘Both filling and emptying battery . cases may = result in
contamination of the case with acid, necessitating subsequent
battery rinsing. The extent of this contamination depends on. the
filling and emptylng technlques applied. The immersion -filling
method results in the most exten51ve battery case contamlnatlon'
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and requires subsequent battery rinsing. Other filling methods
have been observed which do not require battery rinsing. ‘

The fraction of sites using immersion filling is much greater for
double £fill operations than for single fill. Based on post-
proposal site visits three of four double fill sites use at least
one filling procedure by immersion; only one of the eight sites
visited used immersion filling for single fill operations. All
sites using immersion filling were observed to rinse batteries.
Conversely, very few double fill plants practice contact cooling;
none were observed during site visits and one plant reported this
procedure based on dcp and industry survey data.

Closed formation of wet batteries (single and double fill) was
reported to produce a process wastewater discharge at 40 of 78
plants. Data specific to these two formations are summarized in
Figure V-4 (page 244). As these data show, over 70 percent of
all plants reported =zero discharge from single fill formation
while 80 percent reported wastewater discharge from double £fill
formation. The median flow at discharging plants was similar,
for both processes (0.28 1/kg for single £ill and 0.45 1l/kg for
double f£fill). The more frequent occurrence of discharge of
process wastewater from double £ill is attributable to rinsing
batteries after immersion filling or dumping of formation
electrolyte. : :

Fill and Dump - The fill and dump process is used to produce damp
batteries which are a part of the group of batteries commonly
called dry-charged by - manufacturers. These differ from
dehydrated plate batteries (produced by open formation) in the
degree of electrolyte removal and dehydration. The presence of
some electrolyte in the damp batteries when they are shipped
causes the degree of charge retention during long-term storage to
be 1less than that of the dehydrated plate type. Damp batteries
are produced by closed formation of assembled batteries and
subsequent removal of the electrolyte and draining of the battery
which is shipped without electrolyte. After the formation
electrolyte is removed from the battery, some manufacturers add
chemicals to the battery in a second acid solution which is also
dumped. These chemicals are intended to reduce the 1loss of
battery charge during storage. Other manufacturers centrifuge or
"spin-dry" the batteries before final assembly.

Water use and wastewater .discharge in the production of damp
batteries do not differ significantly from that for double £fill
wet batteries. Thirteen plants supplied flow information on this
process. One of the 13 reported zero discharge from the process.
The average production normalized . flow 1is 1.83 1/kg and the
median is 1.49 1/kg. o C- ‘




Three plants visited after proposal practice fill = and dump
formation. One of these plants uses immersion filling techniques
with an associated battery rinse. All three plants reuse the
dumped acid electrolyte. At one of the plants, batteries are
filled with a chemical solution to dry the plates after the
formation electrolyte 1is dumped. This chemical solution is
discharged to treatment. ' :

Open Formation - Open formation has the advantage of having
access to the battery plates during and after formation. Visual
- inspection of the plates during formation allows closer control
of formation conditions than is possible during closed formation.
More significantly, however, after open formation plates can be
rinsed thoroughly to remove residual electrolyte and-can then be
~thoroughly dried as is required for the manufacture of dehydrated
plate batteries. v ‘

" Wet - Open case formation is used in the manufacture of some wet
batteries. Because . problems of inhomogeneity in the plates are
most pronounced during formation of larger plate sizes, open case
formation for the manufacture of wet batteries is frequently used
for the manufacture of industrial batteries with 1large -
‘electrodes. '

Ten of the 16 sites submitting flow data for open formation wet
batteries achieve zero discharge. The average production .
normalized flow is 0.36 1/kg and the median 1is 0.00 1/kg.
- Wastewater discharges from open formation for wet batteries
result from periodic replacement of spent formation electrolyte,
plate rinsing, formation area washdown, and wet air pollution
control scrubbers. Three of the six discharging sites discharge
wastewater from plate rinsing operations. Plate rinsing is done
in tanks which are periodically (about once a month) emptied to
treatment. Alternately, some sites use a light water spray to
rinse plates.: The discharge £flows from these plate rinsing
operations are much lower than the flows from open formation
dehydrated battery plate rinsing where single or multi staged
rinsing operations are often used to eliminate all acid from the
battery plates. Three of the six discharging sites, which
include one site which also discharges plate rinse water,
discharge  spent formation electrolyte. The remaining site
discharges wastewater from:. wet scrubbers and formation area
"washdown. Wet scrubber discharges associated with formation are
‘discussed under the wet air pollution control process element.

Dehydrated - Most open case formation 1is for the purpose of
producing dehydrated plates. Immediately after formation, the
plates are rinsed and dehydrated. These operations are
particularly important for the (lead) negative plates which
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oxidize rapidly if acid and moisture are not eliminated. A
variety of techniques including the use of deionized water are
used to rinse the formed plates. Multi-stage rinses are
frequently used to achieve the required degree of electrolyte
removal. Drying often requires both heat and vacuum to achleve
dehydration of the plates.

The most common and significant source of wastewater from open
dehydrated formation is plate rinsing. Additional wastewater
sources are from vacuum pump seals or ejectors, wet air pollution
control scrubbers, formation area washdown, and periodic
electrolyte discharge. : '

Forty-two plants provided flow data .with regard to open
dehydrated formation. Two of these sites achieve zero discharge.
A wide range of flows were reported by the 40 discharge sites.
The wide range of flows is due to a number of factors. A variety
of plate rinsing techniques (single stage rinsing, mnultistage
series rinsing, countercurrent cascade rinsing) are practiced in
the subcategory. Water usage associated with single and multi-
stage series rinses is greater than that associated with
countercurrent cascade rinsing. At some sites, the  rinse tanks
are agitated by bubbling air through sprayers or repeatedly
lifting plates in and out of the tanks. Rinse tank agitation
lowers the water usage associated with plate rinsing. The use of
flow controllers also lowers water usage. ' Some sites discharge
water from vacuum pump seals and ejectors used for dehydrating
plates. Vacuum pump seal or ejector water significantly
increases the flow from open dehydrated formation. The average
groductlon normalized flow is 28.26 1/kg and the median is 11.05
/kg. '

Seven of the sites visited after proposal use open dehydrated
formation. All of these sites use plate rinses. One of the
sites uses treated water for plate rinsing. Three sites use wet
air pollution control scrubbers to remove acid fumes and mist,
while at one site electrolyte is periodically discharged to
treatment. None of the plants have a dlscharge associated with
vacuum pump seals or ejectors i

Plate Soak -~ After curing, and usually the preliminary step for
open formation, plates may be soaked in a sulfuric acid solution
to enhance sulfation and improve mechanical properties. Plate
soaking may be done in the battery case, a formation tank, or in
a separate vessel, and is usually done for plates greater than
0.25 cm (0.10 1inches) thick. Wastewater results from periodic
discharge of the spent soaking acid. Wastewater flow data for
plate soaking was collected after proposal from three sites.
Assuming a monthly replacement of soaking acid, a production
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normalized flow for plate soaking was calculated for'each site.
The average of the three production normalized flows is 0.026
" 1/kg and the median is 0.021 1/kg.

Battery Assembly - As diScussed breviously, assembly may be
partially accomplished prior to formation but is completed after
formation. Assembly after open formation includes interleaving

positive and negative plates and separators to create elements,
and welding connecting straps to the positive and negative lugs
~on the elements to provide electrical continuity through the
battery. The battery cover is then installed and sealed in place
" by heat, epoxy resin, rubber cement, or with a bituminous sealer;
vents are installed; and the battery posts are welded or "burned"
in place. Partial assembly prior to closed formation is the same
as semi-assembly. Final sealing of the case and installation of
vent covers is accomplished after formation. Wastewater
discharges - from battery assembly result from using wet scrubbers
to control fumes generated from casting terminals and connector
straps (small parts casting) and welding battery posts. These
wet scrubbers are discussed later under the wet air pollution
control process element. :

Battery Wash. Many plants wash batteries in preparation for
shipment. Plants which do not wash batteries generally produce
dehydrated plate batteries, or extensively use contact cooling in
formation precluding the necessity to wash. Batteries are washed
primarily to remove sulﬁuric acid spilled on the outside of the
battery case. Detergent is used at some plants to remove o0il and
grease. The battery wash process element is divided into two
subelements, battery wash with water only, and battery wash with
detergent. ’

‘Battery Wash with Water Only - Forty-four plants reported flow
data for water only battery washes. One of these plants achieves
zZero discharge . This plant reuses battery wash water in acid
cuttlng The average product1on normalized flow for this process
is 3.47 1/kg and the median is 0.59 1/kg. The magnitude of the
discharge flow from battery washing is related to a number of
factors. Factors which tend to reduce the discharge flow are as
follows:

o Use of a sw1tch1ng device (mechan1ca1 or electrlcal) to
stop the flow of water when batterles are not in the
~ battery washer.
o  Use of approprlate types of spray nozzles to properly
' disperse the rinsewater.
o Recycle wash water back to the battery washer




Seven of the sites visited since proposal operate water only

battery washes. All of these sites discharge wash water. One
site uses an electrical switching device to reduce the discharge

flow. Another site recycles the wash water with an overflow
stream to treatment. -

Battery Wash with Detergent - Twenty-two plants reported flow
data for detergent battery washes. All of these plants discharge
the detergent wash water. The average production normalized flow
for this process is 1.70 1/kg and the median is 0.90 l/kg. Five
of the sites visited after proposal operate detergent battery
washes.

Floor Wash. Many battery plants use power floor scrubbers to
clean floor areas. Power floor scrubbers are sometimes not used
in areas such as (1) formation areas because acid spills tend to
corrode these machines and (2) those areas where it 1is not
practical to use a machine scrubber. Instead, high pressure
water hoses are used to spray equipment and floors in these
areas. Wastewater discharges associated with both power
scrubbers and hoses are considered under floor wash,

A total of 13 sites reported flow data with regard to floor
washing. Two sites reported no discharge from £floorwash
operations. The average production normalized flow from £loor
washing is 0.11 1/kg while the median flow is 0.13 1/kg. At some
sites, floor wash flows and formation area washdown flows are not
distinguishable. For those sites, the flow associated with
formation area washdown was included in the floor wash flow.

Floor wash information was obtained from twelve of .the sites
visited after proposal. Ten sites have power floor scrubbers and
2 sites use only hoses. Five of the 10 sites use power scrubbers
to clean all floor areas including the formation area. The
remaining five sites use water hoses to washdown the formation
and other miscellaneous areas.

Wet Air Pollution Control. Wet air pollution control (WAPC)
devices are reported to be used in many lead battery plants to
varying degrees in the following process activities: leady oxide
production, grid manufacture, pasting, formation, - battery
assembly, battery washing, boost charging, acid mixing, and
laboratories. From dcp, site visits, and telephone contacts with
plant personnel, 80 sites reported using scrubbers in each  area
as follows: three sites for leady oxide production; 16 sites for
grid manufacturing, 53 sites for pasting, 37 sites for formation
(22 for open, 24 for closed, 15 for closed only), six sites for
battery assembly, one site for battery washing, one site for
boost charging, five sites for acid mixing, two sites for
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laboratories and one site:: for controlling paint fumes.
‘Wastewater discharges from all lead subcategory process elements
. except laboratories are included in the wet air pollution control
process element. Discharges from laboratory wet scrubbers are
included in the laboratory process element. :

Based - on all collected data for wet air pollution control, most
plants use wet scrubbers in two or less process element
operations. Of the 80 plants which indicated the use of wet
scrubbers, 73 use scrubbers in two or less operations. Pasting
and formation represent the most common areas where wet scrubbers
are used. The use of scrubbers in other areas was found to be
rare, and site specific in nature. Grid manufacturing and
battery assembly wet scrubbing is mostly (70 percent) represented
by one company

The scrubbers reported for battery wash1ng and acid mixing are at
sites associated with one corporation and are now used as static
- demisters without use of or generation of water. The site using
a boost charging scrubber utilizes recycle of coalescer/demister
washdown water with caustic addition,  incurring infrequent 1low
volume blowdown to treatment. No information is availalbe
concerning the paint fume scrubber.

Based on telephone contacts and post-proposal data submittals by
lead battery companies, primarily two types of scrubbers are
used. These are as follows: (1) a static vessel of scrubber
water, or internally recirculated water, through which fumes are
sparged and (2) an acid mist or fume coalescer with intermittent
washdown. The static vessel design typifies leady  oxide
production, grid manufacture, pasting, and battery assembly
applications; the latter design typifies formation area air
scrubbing. Wastewater from the static vessel design results from
continuous overflow or periodic¢ tank drainage. Wastewater from
the fume coalescer results from intermittent mesh washdown or the
use of a continuous water spray in the fan section of the
scrubber. ‘ ‘

Flow rates reported by plants in the subcategory for WAPC devices
applied in pasting, grid manufacture, battery assembly, and leady
oxide production varied significantly due to widely varying
operating philosophies. The flow rates reported varied from 0
l/hr to 1,703 1/hr. After the dcp were submitted, three ‘sites
eliminated a total of five grid manufacturing, battery assembly
- -and leady oxide WAPC scrubber operations and installed'baghouses.
Consequently, the current reported flow range is from 0' 1l/hr to
681 1/hr. All but two of these flows are equal to or less than
227 l/hr. About 40 sites report ' either "an intermittent or
‘unmeasureable stream wh1ch goes to wastewater treatment. The




intermittency results from overflow or batch periodic draining to
clean the tank and reclaim any residual lead-containing material.

The measured flows connote a continuous makeup and drainage rate
for generally undefined reasons. From plant contacts with a site
which used a scrubber for grid manufacturing, it was reported
that a steady drainage was used at a time when a different mold
release compound was being used, which generated significant
loadings of soot upon application to the molds. The soot was the

desired end product to lubricate the mold. This raised the
particulate 1loading on their static scrubber system, purportedly
requiring continuous makeup and drainage of water. Upon

switching to cork release material, the need is negligible, and
the flow has been set back, but st111 remains.

Reported flow rates from formation area scrubbers varied from
negligible and . intermittent to 68,130 1liters per hour. This
difference is due to a number of factors. Some sites operate the
scrubber dry with intermittent washdown of the mesh. Some sites
report no mesh washdown at all. Mesh washdown frequency varies
from site to site resulting in varying wastewater flow rates.
Other sites use a continuous water spray in the fan section of
the scrubber. Based on vendor information, use of the continuous
water spray results in a wastewater discharge that 'is 20 times
greater than the discharge associated with the dry (intermittent
washdown) operating mode.

The average and median production normalized flow for wet. air
pollution control was calculated using flow data for all
scrubbers except for laboratories. Flow values for scrubbers
used for more than one process area were counted once. The flow
from one scrubber (68,130 l/hr) was not used to calculate the
average and median production normalized flow values because
water usage at this high 1level 1is considered excessive. The
average production normalized flow for WAPC is 0.26 1/kg and the
median is 0.00 1/kg, based on data from 56 scrubbers of which 32
do not discharge.

Battery Testing and Repair. Most finished batteries are tested
prior to shipment to assure correct voltage and current capacity.
Selected batteries may undergo more extensive tests including
capacity, charge rate -acceptance, cycle life, over-charge, and
accelerated life tests. Batteries which are found to be faulty
in testing may be repaired on site. These repair operations
generally require disassembly of the battery and replacement of
some component(s) o '

The conduction of tests and subsequent disassembly, inspection,
and repair operations yield wastewater which is similar in
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character to discharges from formation operations. From industry
survey data, 30 out of 65 'plants report this activity

~demonstrating extensive involvement by the subcategory. The flow
data which exists for this process is primarily from the dcp and

- sampling visits. Three sites reported flow values of 0.004 1/kg,
0.25 1/kg, and 0.34 1l/kg. The average productlon normalized flow

is 0.20 1/kg and the median is 0.25 l/kg » .

Laboratory Testing. A number of quality control analyses are
performed in laboratories at lead battery plants. These analyses
~involve both chemical and some physical property analyse