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ABSTRACT

This report presents the findings of an extensive study of
electroplating processes for the purpose of developing pretreatment
standards for existing point sources discharging to publicly owned
treatment works (POTW) to implement Section 307(b) of the Clean Water
Act, as amended (33 U.S.C. 1317(b)), which requires the establishment
of pretreatment standards for pollutants introduced into publicly
owned treatment works (POTWs). This regulation 1is also being
promulgated in compliance with the Settlement Agreement in Natural
Resources Defense Council, Inc. v. Train, 8 ERC 2120 (D.D.C. 1976), as
modified March 9, 1979.

This study presents pretreatment standards for the entire
electroplating point source category for existing sources discharging
to municipal treatment systems. Pretreatment standards for existing
sources presented in this document describe the degree of effluent
reduction attainable through the application of the best practicable
control technology currently available and do not account for the

further incidental treatment to be performed by municipal treatment
systems.

These standards may be achieved by chemical treatment of the waste
waters to destroy oxidizable cyanide, reduce hexavalent chromium, and
removal of all but small amounts of metals using conventional solids
removal equipment. In-process control equipment such as ion exchange,
evaporation or reverse osmosis may also be used, either alone or in

conjunction with the end-of-pipe control equipment to achieve these
standards.

Pretreatment standards setting forth the degree of pollutant reduction
attainable through the application of the best available technology
economically achievable (BAT) will be published at a later date. The
standards of performance for new sources discharging to surface waters
or municipal treatment systems will also be published at a later date.
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SECTION 1

CONCLUSIONS

For the purpose of establishing pretreatment standards, the
electroplating point source category was divided into three segments:
plating, metal finishing and printed circuit board manufacture. The
plating category was then subdivided into common metal electroplating,
precious metal electroplating and electroless plating. The metal
finishing segment was subdivided 1into anodizing, coating, chemical
milling, and etching. The printed board manufacturing segment was not
subdivided 1like the plating and metal finishing segments because
printed board manufacturing is a unique mixture of operations and does
not require further subdivision. These subcategory selections were
based on a review of potential subcategory bases including: types of
processes, types of basis materials, raw materials used, size and age
of facilities, number of employees, geographic location, quantity of
work processed, waste characteristics, treatment technology, and water
use.

Of these potential subcategorization parameters, raw materials used
(plating baths) 1is the most suitable for the plating segment because
it focuses on the plating baths, and the dragout from these baths is
the major source of wastes in this industry segment. The value of
plating bath constituents dictates the type of treatment and recovery
practices for the plating wastes. The types of manufacturing
processes are the basis for subcategorization for the metal finishing
segment as they are the source of wastes from the plant and inherently
encompass the process baths used. Manufacturing processes also
provide a basis for subdividing the printed board industry. However,
because of the similarity in operations and wastes for printed board
plants, only one subcategory is selected for printed board
manufacture.

The pretreatment standards can be expressed in units of mass of
pollutant discharged per unit area processed for each plating or metal
finishing operation performed (mg/operation-sq m). For printed board
"manufacture, area immersed is used in place of area processed. Area
immersed accounts for the dragout from the masked portion of the
board. The wunits in which the limitations are expressed directly
reflect the quantity of work performed by a plant and indirectly
relate to the number of parts processed, the size of the plant, and
the number of employees. These units are practical to derive, apply
and enforce, and they represent an absolute control on pollution. 1In
addition, pretreatment standards can also be specified in terms of
concentration.



Pretreatment standards for electroplating were generally based on
actual performance by plants. This actual performance was determined
by plant visits and plant submitted data. Incidential pollutant
removal accomplished by municipal treatment systems was not considered
when determining these pretreatment standards.



SECTION II

RECOMMENDATIONS

Proposed pretreatment standards for existing facilities discharging to
municipal treatment plants are summarized in Table 2-1. As shown in
the table, the limitations specified in this document are expressed in
terms of concentration (mg/1). Concentration limits are specified
primarily because of the ease of enforcing such regulations. Section
XII details the rationale for these standards as well as the optional
standards which follow. The table also shows a separate set of
regulations for smaller electroplating sources. These are defined as
plants discharging less than 38,000 liters (10,000 gallons) per day of
electroplating process water. This division was established in order
to minimize the economic impact to small sources caused by new
regulations. In future regulations, the Agency expects to define
small electroplating sources on the basis of the mass of pollutants
discharged as well as flow.

Table 2-2 presents an optional set of mass-based standards for plants
discharging more than 38,000 1liters (10,000 gallons) per day of
electroplating process wastewater. These limitations may be used in
place of the concentration based standards upon prior agreement with
the publicly owned treatment works receiving the wastes. These
standards were designed as an equivalent to the concentration limits
for use by plants which recover process solutions and practice water

conservation. The 1link between the concentration standards and the
mass-based standards is a flow conversion factor (liters/square
meter). This flow conversion is the average production related flow

of the relevant plants in the data base (Reference Section XII).

Another optional set of limitations is the TSS monitoring alternate
(Table 2-3) in which TSS replaces Cu, Ni, Cr, and Zn as monitoring
parameters. The TSS monitoring alternate may be used with the
following stipulations:

- No strong chelating agents are present in the waste, such as
cyanide, ammonia, EDTA, quadrol, HEDTA, NTA and DTPA (and
other amino polycarboxylic acid-type chelates).

- Hexavalent chromium wastes are reduced.

- All wastewaters are neutralized with calcium oxide (or
hydroxide).

These optional TSS regulations were developed in order to relieve the
monitoring burden from those plants who presently have a well operated
waste treatment system. The Agency believes that if the required
level of suspended solids is met, the individual metal and total metal



concentrations of the effluent streams will not be greater than their
regulated concentrations.

Section XII explains the monitoring requirements and their
derivations. 1If regulated pollutants are found in concentrations less
than .10 mg/1 and the owner or operator of the plant attests that such
pollutants are not a part of his raw materials or processes, then
monitoring of these pollutants may be omitted for six months.
(Reference Section XII).



TABLE 2-1

RECOMMENDED PRETREATMENT STANDARDS

PRETREATMENT STANDARD

SMALL PLATERL)
PRETREATMENT STANDARD

Pollutant Average of Daily Average of Daily
or Values for 30 Values for 30
Pollutant Maximum for Consecutive Days Maximum for Consecutive Days
Property Any 1 Day Shall Not Exceed Any 1 Day Shall Not Exceed

(mg/1) (mg/1)

CN, Amenable 5.0 1.5
CN, Total 0.8 0.23

Cu 4.5 1.8

Ni 4.1 1.8

Cr. Total 7.0 2.5

In 4.2 1.8

Pb 0.6 0.3 0.6 0.3
Cd 1.2 0.5 1.2 0.5
Total Metals?) 10.5 5.0

Silver

Notes:

1) "Small plater" indicates plants discharging less than 38,000 Titers (10,000 galions)
per day of electroplating process waste water.

2) "Total metals" is defined as the sum of the concentration of copper, nickel, total
chromium, and zinc.

3) The silver pretreatment standard applies only to Subpart B, precious metals plating.



TABLE 2-2

OPTIONAL MASS-BASED PRETREATMENT STANDARDS

PRETREATMENT STANDARD
(mg/sq m-operation)

SUBCATEGORIES A, B, D, E, F, G

PRINTED CIRCUIT BOARD MANUFACTURING

Pollutant Average of Daily Average of Daily
or Values for 30 Values for 30
Pollutant Maximum for Consecutive Days Maximum for Consecutive Days
Property Any 1 Day Shall Not Exceed Any 1 Day Shall Not Exceed
CN, Total 29 9 67 20
Cu 176 70 401 160
Ni 160 70 365 160
Cr 273 98 623 223
In 164 70 374 160
Pb 23 12 53 27
Cd 1 47 20 107 45
Total Metalsl) 410 195 935 445
Silver 47 20 - -

NOTES:

1) “"Total metals" is defined as the sum of the concentration of copper, nickel, total
chromium and zinc.

2) The silver pretreatment standard applies to Subpart B, precious metal plating.



TABLE 2-3
OPTIONAL PRETREATMENT STANDARDS

PRETREATMENT STANDARD
(mg/1)

Pollutant Average of Daily
or Values for 30
Pollutant Maximum for Consecutive Days
Property Any 1 Day Shall Not Exceed
CN, Total 0.8 0.23
Pb 0.6 0.3
Cd 1.2 0.5
TSS 20.0 10.0

pH Within the range 7.5 to 10.0






SECTION III
INTRODUCTION
AUTHORITY

Section 307(b) of the Act requires the administrator to establish
pretreatment standards for existing and new sources for incompatible
pollutants introduced into publicly owned treatment works (POTWs).

APPROACH TO PRETREATMENT STANDARDS

The standards proposed in this document were developed in the
following manner. The overall electroplating point source category
was first studied for the purpose of determining whether separate
standards were appropriate for different subcategories within the
point source category. This analysis resulted in the division of the
electroplating category into seven subcategories: electroplating of
common metals, electroplating of precious metals, anodizing, coatings,
chemical etching and milling, electroless plating and printed circuit
board manufacturing.

The electroplating category was initially investigated to determine
pollutant discharge rates 1in each subcategory. The printed circuit
board (sometimes called printed board) industry was known to have
somewhat different wastes than the remainder of the electroplating
category and was subsequently investigaged to compare pollutant
discharge rates, composition, and water uses in this subcategory to
those from the remaining electroplating subcategories. This
comparison indicated that there were higher pollutant discharges for
some parameters and higher water uses in printed circuit board
manufacturing than in the remaining electroplating subcategories.
Thus, printed circuit board manufacturing 1is considered a separate
subcategory in the electroplating category, and further subdivision of
printed circuit board manufacturing is not required. Once the
pollutant discharges were analyzed, the raw waste characteristics for
each subcategory were then identified. This included an analysis of
1) the source and volume of water used and the sources of wastes and
wastewaters, and 2) the constituents of all contact process
wastewaters including toxic constituents and other constituents which
result in taste, color and odor in water or affect aquatic organisms.
From this analysis, the constituents of wastewaters which should be
subjected to standards of performance were identified.

The full range of control and treatment technologies existing within
the electroplating category was then identified. 1In evaluating this
technology, various factors were considered. These included the total
cost of application of the technology in relation to the effluent
reduction benefits to be achieved, the age of equipment and facilities



involved, the processes employed, the engineering aspects of the
application of various types of control techniques, process changes
and non-water quality environmental impact (including energy
requirements).

Sources of Industry Data

Data on electroplating and related processes were obtained from
literature studies and inquiries to federal and state environmental
agencies, plating materials suppliers, trade associations, and the
manufacturers themselves. These contacts are summarized in Table 3-1
and discussed below.

Literature Study - Published 1literature in the form of books,
periodicals, reports, papers, and promotional material was examined
and is presented in a detailed bibliography in Section XIV. The
material researched covered manufacturing processes used 1in the
industry, water use and percent recycling, waste treatment technology,
pollutant characteristics and economic data. This information
provided considerable insight into the plating industry, provided
background against which to categorize the industry, and provided a
list of some of the plants engaged in this industrial area.

Federal and State Contacts - All EPA regional offices and some state
environmental agencies were contacted to obtain permits and monitoring
data on plants contacted that were engaged in electroplating and
related processes.

Plating Materials Suppliers and Manufacturers - Two major plating
material suppliers and manufacturers were visited to gather
information on the chemistry of plating baths, the pollutional aspects
of the chemicals in baths, and the application of baths. 1In addition,
another 38 plating material suppliers and manufacturers were contacted
to obtain information on the chemicals in their baths.

Trade Association Contacts - Pollution abatement meetings of several
trade and professional associations were attended.

10



Data Source

Literature Sources
EPA Regional Offices

State and Territories
(contacted only
when regional
data was not
available)

Plating Materials
Suppliers

Companies (Plants)
Contacted
& Considered for
This Study

Companies Visited for
Data Verification

Seminars

Table 3-1

Data Source Summary

224
10

11

40

542

82

11



A general meeting of the Institute of Printed Circuits was attended at
which time the objectives of this program were outlined, and specific
effluent information from printed circuit manufacturers was solicited.
No significant response to this request was received.

Seminar -~ A seminar on printed circuits was attended. At this
seminar, state-of-the-art technology, particularly in the area of
additive and semi-additive circuitry, was presented.

Plant Survey and Evaluation - A number of sources were used to find
prospective companies to establish a data base for the electroplating
category. Among these sources were prior environmental studies done
on the subject, state and 1local agencies, literature studies, and
trade associations. Based on information from these sources, a total
of over 500 plants were contacted by telephone or letter.

All of the plants were initally contacted by telephone using standard
interview forms to guide the telephone conversation. Those that were
involved 1in electroplating and whose personnel were agreeable to
filling out a data collection portfolio were sent a portfolio. It has
sections for general plant data, specific production process data,
waste management process data, raw and treated wastewater data, waste
treatment cost information, material finishing line data, and
chelating agent information.

The criteria involved in selecting plants for sampling visits from the
telephone contacts were:

1. Electroplating or related manufacturing processes should
represent a large percentage of the plant's effluent
discharge.

2. The physical layout of plant plumbing should facilitate
segregation of the wastewater under study. This was
necessary to avoid interference of wastes from other
manufacturing operations.

3. The plant must have adequate waste treatment control
technology in place.

4. The mix of plants visited should contain both direct
dischargers and indirect dischargers.

5. The selected plants should provide a representative
geographical distribution to avoid a data base that
concentrates on a unique geographical condition.

6. The printed board plants visited should use a variety of
chelating agents.

12



As stated, over 500 plants were contacted by telephone or letter.
Data from a large number of the companies were inadequate for complete
analysis, leaving an analyzable data base of 196 electroplating
facilities. A summary of the plant data base is presented in Table
3-2. The companies in each subcategory of the data base for the
industry are not mutually exclusive since some companies have
operations in more than one subcategory.

TABLE 3-2
CHARACTERISTICS OF THE DATA BASE

SUBCATEGORY NO. OF PLANTS
A. Electroplating of Common Metals 118
B. Electroplating of Precious Metals 39
D. Anodizing 26
E. Coatings 46
F. Chemical Etching and Milling 69
G. Electroless Plating 28
H. Printed Circuit Board Manufacture 14

The on-site evaluations consisted of two major activities; collection
of technical information and water sampling and testing. The
technical information gathering effort centered around a review and
completion of the data collection portfolio. 1In addition to this, the
following specific technical areas were studied during the visitation.

1. Rinsing operations and their effect on water use and waste
characteristics.

2. Water conservation techniques.

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

4. Current discharge limitations under which the plant |is
operating and any difficulties in meeting them.

5. Particular pollutant parameters which plant personnel feel
will be found in the waste stream.

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

In addition, the %ollowing areas were reviewed during visits to
electroless plating and printed board plants:
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1. Chelating agents; their applications and their effects on
waste treatment.

2. Masking and its effect on dragout.
3. Through-hole plating and its effect on dragout.

The wastewater collection at the visited plants consisted of a
composite sampling program done over two or three days. Prior to the
sampling visit, all available data, such as layouts and diagrams of
the selected plants' manufacturing processes and waste treatment
facilities, were reviewed. Representative sample points were selected
such as effluents from plating rinse tanks as well as total raw wastes
entering treatment systems and the final effluents. Finally a
detailed sampling plan showing the selected sample points and the
overall sampling procedure was generated and reviewed.

Composite samples were taken at each sample point for two or three
consecutive days. A minimum of four grab samples were obtained and
composited by flow proportioning over each eight-hour period. When
sampling large batch tanks with fill times greater than two hours,
well-mixed grab samples were taken at predetermined intervals.

Samples were subjected to three levels of analysis depending on the
stability of the parameters to be analyzed. These levels were: on-
site analysis, 1local laboratory analysis, and central laboratory
analysis. On-site analysis, performed by the sampler at the facility,
determined flow rate, pH, and temperature. Three liters of water from
each sample point were delivered to a laboratory in the area of the
subject plant and analyzed for total <cyanide, <cyanide amendable to

chlorination, and phosphorus. This analysis was performed by these
local laboratories within a 24 hour period after the composite sample
was prepared. The remainder of the wastewater was shipped to a

central laboratory where analysis was performed within seven days for
silver, gold, cadmium, hexavalent chromium, total chromium, copper,
iron, fluorides, nickel, lead, tin, zinc, total suspended solids, and
total dissolved solids as appropriate. Analysis for certain special
parameters such as palladium and rhodium was performed only 1if the
-facility being sampled utilized such materials in their plating lines.
In addition, samples from electroless plating plants were also
analyzed for the chelating agents which were being used by the plant.
The acquisition, preservation, and analysis of the water samples was
performed in accordance with methods set forth in 40 CFR Part 136.

One of the principal areas of interest in the study of printed board
manufacture was the use of chelating agents in electroless plating
solutions. All available data concerning these chelating agents were
solicited from the facilities under study, and wastewater from the
sample points where chelating agents might be found was analyzed. In

14



addition to the sampling and analysis described above, special samples
were obtained from a few select plants. These samples were taken from
the rinses 1in the surface preparation section of the plating lines.
Rinse samples were taken from the rinse immediately following the
first alkaline cleaning process and acid cleaning process in the line.
These samples were a one time grab type. The alkaline rinse sample
was analyzed for phosphorus, basis metal, o0il and grease, total
dissolved solids, and total suspended solids. The acid rinse sample
was analyzed for the same constituents excluding phosphorus.

Finally, special tests were conducted at several plants to determine
the dragout characteristics in the printed board industry. Different
combinations of boards (with and without holes, and with and without
masking) were run through actual plating lines to determine the effect
of masking and holes upon dragout.

Utilization of Industry Data

Data collected from the previously described sources were used
throughout this report. The following paragraphs discuss the
application of this information in Sections III through XII.

Section 1III: Introduction - Industry data are used in the last part
of this section to describe the seven regulated subcategories of the
electroplating industry. These subcategories are electroplating of

common metals, electroplating of precious metals, anodizing, coatings,
chemical etching and milling, electroless plating and printed board
manufacturing. This subdivision is based on the fact that distinctly
different production processes are performed in each of the
subcategories even though these subcategories are not mutually
exclusive subdivisions of the electroplating point source category.
These subcategory descriptions provide an overview of the industry in
the area of production processes and product descriptions. In
describing electroless plating, particular attention is focused on the
use of chelating agents in these plating baths since their property of
holding plating metals 1in solution during the plating process
inherently 1inhibits the precipitation of these metals 1in waste
treatment facilities.

Section IV: Industry Categorization - Seven subcategories are
established to cover the entire 1industry, one for common metals
electroplating, another for precious metals, a third for electroless
plating of common and precious metals, a fourth for anodizing, a fifth
for coatings, a sixth for chemical milling and etching, and a seventh
for printed board manufacture. Information used for selection is
derived from actual plant visits and from data collection portfolios
received from plants contacted but not visited. A concentration basis
for limitations, as well as an optional operation-processed area basis
for limitations, 1is selected following a review of several industry
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characteristics that potentially relate to pollutant discharges
including: processed area, number of employees, power consumed,
number of parts processed, and effluent discharge destination.

Section V: Waste Characterization - The raw waste loadings presented
are based entirely on an analysis of raw waste samples taken from
contacted plants because published data were fragmented and
incomplete. The raw waste data are based on an analysis of wastewater
samples taken downstream of manufacturing operations, and upstream of
any treatment. The waste characterization is common to both direct
and indirect discharge electroplating facilities since wastes are
dependent only upon the production processes performed.

Section VI: Pollutant Parameters - Based on analysis of both raw
waste data and effluent data collected from the contacted plants,
pollutant parameters requiring limitations were selected. This
selection required that two primary criteria be met: first, the
pollutant nature of the parameter must be significant; and second, it
must be discharged at a significant level.

Section VII: Treatment Technology - Treatment technologies observed
during plant visits and described in the literature are discussed 1in
three main areas. The first describes inplant techniques in the area
of rinsing, good housekeeping, chemical recovery, bath regeneration,
and bath recycling. The second presents the performance of individual
pieces of waste treatment equipment. The third section concerns the
system performance of groups of such equipment. Most of the equipment
descriptions were derived from the literature and supplemented by
plant data analysis. Where this information was inadequate, equipment
makers were contacted directly. End-of-pipe and in-line system
descriptions are based on an analysis of the treatment techniques
currently being used or installed as observed during the plant visits.

Section VIII: Economics - The wastewater economics data presented
were obtained from the waste treatment equipment manufacturing
industry and were applied with the aid of a computer. The basic
program logic allows the program user to vary both the types of unit
wastewater treatment processes to be used in the waste treatment
system and the manner in which the processes are interconnected. Each
unit process 1is described in a separate subroutine which sizes the
unit, calculates its performance, and estimates the total investment
and annual costs associated with the process. At the end of the
system iteration, process costs are summed, and auxiliary costs are
estimated. The computer cost estimates were compared to many actual
plant wastewater treatment installations and vendor quotes, and were
consistently within 20 percent of actual cost.

The technologies 1identified in Section VII were then input to a
computer to calculate costs and performance. Both single unit
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processes and typical end-of-pipe and in-line treatment systems were
described. The program was executed several times for each unit
process and overall system, each time utilizing a different raw
wastewater flow rate. These various flow rates provided a
relationship between plant production rate and estimated costs of
water pollution control.

Section XII: Effluent Limitations - The derivation and formulation of
pretreatment limitations are discussed in detail in Section XII.

DESCRIPTION OF THE ELECTROPLATING POINT SOURCE CATEGORY

The industrial operations covered by this document 1include those
subcategories of the electroplating category dealing with
electroplating of common and precious metals, anodizing, c¢oating,
chemical etching and milling, electroless plating and printed board
manufacturing. It is estimated that a total of approximately 13,000
companies are engaged in metal plating in the United States with about
3400 of these companies being independent (job) platers. The majority
of the plating facilities are captive shops, i.e., facilities plating
their own work. Department of Commerce data indicate the annual value
added by job plating shops may exceed $2,000,000,000, and the annual
value added by the captive sector is estimated to be an additional
$10,000,000,000.

Electroplating facilities vary greatly in size and character from one
plant to another. A single facility for plating individual parts
formed by stamping, casting, and machining, may employ plating or
processing solutions (excluding water rinses) ranging in volume from
less than 400 liters (100 gallons) to more than 20,000 1liters (5300
gallons). The area of the products being plated in these facilities
varies as much as three orders of magnitude, from less than 10 to more
than 1000 sq meters/day (100 to 10,000 sq ft/day). The power consumed
by a single facility varies from a few kwh/day to as much as 20,000
kwh/day. Products being plated vary in size from less than 6.5 sq c¢cm
(1 sq in) to more than 1 sgqm (10 sq ft) and in weight from less than
30 g (1 oz) to more than 9000 kg (10 tons). Continuous strip and wire
are plated in some plants on a 24-hour/day basis. Some companies have
capabilities for electroplating ten or twelve different metals and
alloys, but others specialize in just one or two. Because of
differences 1in character, size and processes, facilities are custom
tailored to the specific needs of each individual plant.

Electroplating applies a surface coating typically by
electrodeposition to provide corrosion protection, wear or erosion
resistance, anti-frictional characteristics or decorative purposes.
The electroplating of common metals includes the processes in which a
ferrous or nonferrous basis material 1is electroplated with copper,
nickel, chromium, =zinc, tin, 1lead, cadmium, iron, aluminum or
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combinations thereof. Precious metals electroplating includes the
processes in which a ferrous or non-ferrous basis material is plated
with gold, silver, palladium, platinum, rhodium, or combinations
thereof.

Electroless plating on metals 1is an integral part of a number of
industries, such as, aircraft, shipbuilding, automotive and heavy
machinery. It is associated, in general, with industries whose
products have to withstand unfavorable conditions or significant wear
and abrasion. Electroless plating on plastics for both functional and
decorative purposes 1is most prevalent in some specific industries:
automotive, furniture, appliance and electronics.

Anodizing and coating processes (chromating, phosphating, metal
coloring) provide a surface coating on a metal substrate. These
surface coatings provide corrosion protection, wear or erosion
resistance, electrical conductivity, a pleasing appearance or other
special surface characteristics. Chemical etching and milling bring
about a specific amount of metal removal through chemical dissolution
of the basis material. '

A plating line usually is a sequence of tanks in which one or more
coatings are applied or a basis material is removed. A process is the
accumulation of steps required to bring about a plating result. A
rinse is a step in a process used to remove dragout from the work
following immersion in a process bath. A rinse may consist of several
steps such as successive countercurrent rinsing or hot rinsing
followed by cold rinsing.

Conceptually, an electroplating line may be broken down into three
steps; surface preparation involving the conditioning of the basis
material for plating, actual application of the plate and the post-
treatment steps. This breakdown is presented in Figure 3-1. Each of
these steps are covered in the following pages. Also included 1is a
separate subsection on chelating agents which are an integral
component in electroless plating baths but which also have a uniquely
negative effect on waste treatment systems.

Electroplating

The electroplating processes apply a surface coating for functional or
decorative purposes. In electroplating, metal ions in either acid,
alkaline or neutral solutions are.reduced on cathodic surfaces, which
are the workpiece being plated. The metal 1ions in solution are
usually replenished by the dissolution of metal from anodes or small
pieces contained in inert wire or expanded metal baskets.
Replenishment with metal salts 1is also practiced, especially for
chromium plating. In this case, an inert material must be selected
for the anodes. Hundreds of different electroplating solutions have
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been adopted commercially, but only two or three types are utilized
widely for any particular metal or alloy. Cyanide solutions are
popular for copper, =zinc, brass, cadmium, silver and gold, for
example, yet non-cyanide alkaline solutions containing pyrophosphate
or another agent have come 1into use in recent years for zinc and
copper. 1Zinc, copper, tin and nickel are plated with acid sulfate
solutions, especially for plating relatively simple shapes. Cadmium
and zinc are sometimes electroplated from neutral or slightly acid
chloride solutions.

The electroplating process is basically an oxidation-reduction
reaction. Typically, the part to be plated is the cathode, and the
plating metal is the anode. Thus, to plate copper on zinc parts, the
zinc parts are the cathodes, and the anode is a copper bar. On the
application of electric power, the copper bar anode will be oxidized,
dissolving it in the electrolyte (which could be copper sulfate):

Cu = Cut2 + 2e-

The resulting copper ions are reduced at the cathode (the =zinc part)
to form a copper plate:

Cu+2 + 2e- = Cu

With some exceptions, notably chromium plating, all metals are usually
electroplated in a similar manner. In chromium plating, the typical
anode material is lead, and the chromium is supplied to the plating
baths as chromic acid.

The two most common methods for plating parts are in barrels or on
racks. Barrel plating is used for small parts that tumble freely in
rotating barrels. Direct current loads up to several hundred amperes
are distributed to the parts being plated. Parts may be rack plated
by attaching them to plastic coated copper frames designed to carry
current equally to a few hundred small parts, several medium-sized
shapes or just a few 1large products through spring-like rack tips
affixed to the rack splines. Racks fabricated for manual transfer
from cleaning, plating, and rinsing tanks usually hold workpieces
totaling 0.5 to 1 sgqm (5 to 10 sq ft) 1in area. Larger racks for
holding heavier parts are constructed for use with mechanical hoist
and transfer systems. Mechanized transfer systems for both barrels
and racks, which range in cost from $50,000 to more than $1,000,000
are being utilized for high-volume production involving six to thirty

sequential operations. In some instances, dwell time and transfer
periods are programmed on magnetic tape or <cards for complete
automation. Facilities for plating sheets will be in the higher end

of this cost range.
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Following are descriptions of the various surface preparation and
post-treatment steps involved with electroplating along with
description of the electroplating processes themselves.

Electroplating Processes - Techniques for electroplating aluminum,
cadmium, chromium, copper, gold, indium, 1iron, lead, palladium,
platinum, rhodium, ruthenium, silver, tin and zinc are described
below.

Surface Preparation

Surface preparation involves cleaning, descaling, degreasing, and
other processes which prepare the basis material for plating.

Cleaning involves the removal of o0il, grease and dirt from the surface
of the basis material and may be accomplished in any of several ways.
These include solvent cleaning, alkaline cleaning (both non-
electrolytic and electrolytic alkaline cleaning), emulsion cleaning,
ultrasonic cleaning, and acid cleaning.

Solvent cleaning of metals is classified as either hot cleaning such
as vapor degreasing or cold cleaning, which covers all solvent
cleaning near room temperature. Vapor degreasing, which is performed
in specifically designed equipment that maintains a nonflammable
solvent at its boiling point, is used to clean metal parts and is very
effective in removing 1lubricants high in non-saponifiable oils or
sulfurized or chlorinated components as well as in flushing away
soluble soil. 1In cold cleaning, the solvent or mixture of solvents is
selected based on the type of soil to be removed. For some parts,
diphase cleaning provides the best method of cleaning where soil
removal requires the action of water and organic compounds. This
approach uses a two layer system of water soluble and water insoluble
organic solvents. Diphase <cleaning 1is particularly useful where
solvent-soluble and water-soluble lubricants are used, where the part
cannot be heated and when heat tends to "set" the soil.

Alkaline cleaning 1is wused to remove oily soils or solid soil from
workpieces. The detergent nature of the <c¢leaning solution provides
most of the cleaning action with agitation of the solution and

movement of the workpiece being of secondary importance. Alkaline
cleaners are classified into three types: soak, spray, and
electrolytic. Soak cleaners are used on easily removed soil. This

type of cleaner is less efficient than spray or electrolytic cleaners.
Spray cleaners combine the detergent properties of the solution with

the impact force of the spray which mechanically loosens the soil. A
difficulty with spray cleaning is that to be effective the spray must
reach all surfaces. Another problem is that the detergent

concentration is often lessened because of foaming. Electrolytic
cleaning produces the cleanest surfaces available from conventional
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methods of alkaline cleaning. The effectiveness of this method
results from the strong agitation of the solution by gas evolution and
oxidation~-reduction reactions that occur during electrolysis. Also,
certain dirt particles become electrically charged and are repelled
from the surface. Direct current (cathodic) cleaning uses the
workpiece as the cathode, while for reverse current (anodic) cleaning
the workpiece is the anode. 1In periodic reverse current cleaning, the
current is periodically reversed from direct current to reverse
current. Periodic reverse cleaning gives improved smut removal,
accelerated cleaning and a more active surface for subsequent plating.

Emulsion cleaners consist of common organic solvents dispersed 1in an
aqueous medium by emulsifying agents. The various types of emulsion
cleaners are classified by the stability and number of phases. The
stable single phase cleaner requires no agitation to maintain the
dispersion of the discontinuous phase throughout the continuous phase.
The unstable single phase requires agitation to maintain a uniform
dispersion of the discontinuous phase.

Ultrasonic energy 1is finding increased use for the agitation of
cleaning solutions. Although it is more expensive to install, there
are substantial savings in labor and time. Ultrasonic cleaning is
used to remove difficult inorganic and organic soils from intricate
parts. Acid cleaning is used to remove oxides that are formed on the
metal surfaces prior to plating. The removal involves the dissolution
of the oxide in an acid. Sulfuric acid is the most common <cleaning
acid with hydrochloric and phosphoric acids also being used. The
oxide removal rate is increased by an increase in temperature, acid
concentration and degree of agitation.

Salt Bath Descaling - Molten salt baths are used in a salt bath -~
water quench - acid dip sequence to clean hard-to-remove oxides from
stainless steels and other corrosion-resistant alloys. The work is
immersed in the molten salt (temperature range from 400° C ~ 5400 (),
water quenched, and then acid dipped. Oxidizing, reducing and
electrolytic baths are available and a particular selection is
dependent on the oxide to be removed.

A typical electroplating surface preparation sequence is shown in
Figure 3-2. The first step (alkaline soak) removes o0il and grease
from the surface. The acid cleaning removes oxide and scale and is
followed by a rinse. The subsequent electrolytic alkaline cleaning
gives the cleanest surface obtainable from conventional alkaline
methods. The final acid dip removes light oxide films and activates
the surface prior to electroplating.

1. Aluminum Electroplating - Application of aluminum on a commercial
basis is limited. It has been used for coating uranium and steel
strip and electroforming.
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Because it is more reactive than hydrogen, aluminum cannot be plated
from aqueous solutions or any solution containing acidic hydrogen.
Only plating from a hydride bath with the basic ingredients of diethyl
ether, aluminum chloride and lithium aluminum hydride has had any
commercial applications.

2. Cadmium Electroplating -~ Cadmium electroplating provides a
corrosion protection coating over the basis material. Iron and steel
are the most commonly used basis materials. Since cadmium is
relatively high priced, only thin coatings are applied. It is
sometimes used as an undercoating for zinc. Cadmium plating is often
used on parts consisting of two or more metals to minimize galvanic
corrosion. Cadmium cyanide baths are by far the most popular because
they cover completely and give a dense, fine-grained deposit which can
be made very lustrous by the use of stable brighteners.

3. Chromium Electroplating - Chromium electroplating solutions
contain chromic acid and silicate or fluoride ions. Three basis
materials account for the bulk of the chromium plated work: steel,

nickel-electroplated steel, and nickel-electroplated zinc. Solutions
containing 150 to 400 g/1 of chromic acid are the common baths for
electroplating 0.0002 mm to 0.10 mm (0.000008 to 0.00040 inch) of
decorative chromium or hard chromium (for resisting wear) on steel and
aluminum. Unlike the copper and nickel plating processes which
utilize soluble copper or nickel anodes to replenish the solution the
metal deposited on the work-pieces, chromium electroplating processes
always use insoluble lead alloy anodes. Thus, some portion of the
chromic acid added regularly for maintenance is consumed by reduction
to chromium metal at cathode surfaces.

4. Copper Electroplating - Copper is electroplated from several types
of baths. Among these baths are alkaline cyanide, acid sulfate,
pyrophosphate, and fluoborate, which are prepared with the
corresponding copper salt. The cyanide solutions contain sodium
carbonate and may also contain sodium hydroxide or sodium potassium
tartrate. All four types may also contain a small amount of an
organic chemical for refining the grain or brightening the plate.
Cyanide solutions are used extensively for copper electroplating but
acid copper solutions have been adopted for plating large numbers of
steel, plastic, and =zinc alloy products. Steel and zinc are
customarily plated first in a cyanide strike bath to insure good
electroplate adhesion.

Alloyed forms of copper also find use 1in electroplating, the most
common being brass and bronze. Brass, a combination of copper and
zinc, is often used as a decorative plate on furniture hardware.
Several types of bronze solutions including copper-tin, copper-cadmium
and copper-zinc are utilized primarily as decorative finishes.
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5. Gold Electroplating - Gold electroplated surfaces not only provide
decorative finishes and corrosion protection, but are also important
in providing electrical contact surfaces, bonding surfaces and
electroformed conductors. Plating baths have been developed for each
of these uses. Four types of gold baths are used. Three of these are
cyanide baths - unbuffered alkaline with a pH range of 8.5 to 13, acid
buffered with a pH range of 3 to 6, and a neutral buffer with a pH
range of 6 to 8.5. The fourth is noncyanide.

6. Indium Electroplating - Indium electroplating 1is wused in the
manufacture of aircraft engine bearings. Corrosion of the originally
plated cadmium-silver-copper bearings is reduced by an indium over-
layer and heat treating. 1Indium is often alloy plated with copper,
tin, lead, cadmium, nickel, bismuth or rhodium.

Initially, indium baths were composed of cyanide and sugar. Today the
sulfate bath is the most widely used along with alkaline, fluoborate,
sulfamate, chloride, perchlorate and tartrate baths.

7. Iron Electroplating - The electroplating of 1iron is used for
certain specialized purposes such as electroforming and buildup of
worn parts. Since iron does not alloy with solder, this has 1lead to
iron plating of soldering tips. While there are several difficulties
in the maintenance of an iron electroplating line, the iron
electroplating solutions are comparatively stable and simple to
operate. Special noncorrosive equipment is needed to heat and agitate
the plating bath. Also, care must be taken that the plating bath
does not oxidize. However, these disadvantages may be offset by the
great abundance of low cost iron. Iron may be deposited as a hard and
brittle or soft and ductile coat. Almost all 1iron 1is plated from
solutions of ferrous salts at low pH's. The most common baths contain
sulfate, chloride, fluoborate and sulfamate.

8. Lead Electroplating - Lead is most resistant to hydrofluoric and
sulfuric acids and is used for protective linings as well as coatings
on nuts and bolts, storage battery parts and bearings. Lead is often
an undercoat for indium plating. Lead-tin and lead-antimony alloys
are used. Solder plating is a 40/60 lead-tin alloy which 1is widely
used in the electronics field.

Fluosilicate and fluoborate baths are the most widely used. The
fluoborate bath is more expensive, but it gives finer grained denser
deposits, adheres better to steel and will not decompose as readily.

9. Nickel Electroplating -~ Nickel 1is electroplated from several
baths; among these are Watts (sulfate-chloride-boric acid), sulfamate,
all chloride, and fluoborate baths. Each type of solution is prepared
with the corresponding nickel salt, a buffer such as boric acid and a
small concentration of a wetting agent. A small amount of another
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organic chemical may be added to brighten the deposits or control
other properties. Nickel is extensively electroplated in a three-
metal composite coating of copper, nickel, and chromium. Nickel is
also electrodeposited on steel for decorative-protective finishes and
on other materials for electroforming. 1In these applications, nickel
electroplating is preceded by cleaning and activating operations in a
sequence selected for a specific basis material.

Organic agents that refine the grain size of the deposit and brighten
the plate are added to all nickel plating baths adopted for sequential
nickel-chromium plating. Proprietary agents are supplied by metal
finishing supply companies that have developed stable, effective
chemicals for 1insuring mirror-like, corrosion-protection deposits
requiring no buffing.

10. Platinum Metals Electroplating - Of the six metals in the platinum
group only platinum, rhodium, and palladium are electroplated to any
extent. Of these, rhodium 1is most often deposited. Decorative
coatings for silverware, jewelery, and watches are very thin (0.1 wum)
and are used to prevent tarnish and excessive wear of silver and to
enhance the color of gold and gold-filled products. When the basis
metal is not a silver or a gold alloy an undercoat of nickel is
generally used. Coatings 25 um thick (0.001 inch) are used for wear
and corrosion resistance in the electronics industry and provide a
surface of high optical reflectivity.

Platinum is electroplated on titanium and similar metals which are
used as insoluble anodes in other plating operations (e.g. rhodium and
gold). Electroplated platinum 1is wused as an undercoat for rhodium
plate. Ruthenium electroplating is used on high intensity electrodes
to improve electrical contact. Commercial electroplating of osmium
and iridium are believed to be non-existent.

Rhodium electroplating baths are supplied as phosphate or sulfate
concentrates. The only additions made to the diluted concentrate are
phosphoric and/or sulfuric acids at concentrations of 25 to 75 ml per
liter of plating bath. A rhodium conentration of 2.0 g/1 is used for
decorative coatings. Concentration is increased to 10 to 20 g/1 for
achieving thicker deposits.

The palladium content in plating solutions ranges from 2.5 to 10 g/1
in the form of an amino nitrite complex. Other constituents are 11
g/l sodium nitrite and 40 ml/l1 of concentrated ammonium hydroxide.
Palladium deposition has been accomplished from chloride or bromide
solutions and from a molten cyanide bath.

11. Silver Electroplating - The use of silver electroplating is
expanding in both the engineering and the decorative fields. Silver
is typically electroplated in two types of baths, a conventional low
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metal bath and the high speed bath with a much higher silver content.
Most baths are now based on potassium formulations because of high
plating speeds, better conductivity, increased tolerance to carbonates
and smoother deposits.

12. Tin Electroplating - In terms of tonnage of product produced,
continuous tin electroplating of <coil steel represents the largest
application of electroplating in the world. Tin 1is resistant to
corrosion and tarnish, solderable, soft and ductile. These properties
of tin make it excellent for food handling equipment, electronic
components and bearing surfaces where lubricity to prevent seizing and
scoring is desired.

Tin electroplate can provide a mat or bright deposit. The common
baths of alkaline stannate and acid fluorborate produce a mat finish
while the acid sulfate process can result in either type of deposit.
Commonly, mat finishes are brightened by a post-plating operation of
melting the deposit. This method is call "reflowing".

13. Zinc Electroplating - Zinc 1is electroplated in (a) cyanide
solutions containing sodium cyanide, zinc oxides or cyanide and sodium
hydroxide; (b) non-cyanide alkaline solutions prepared with zinc

pyrophosphate or another chelating agent such as tetrasodium
pyrophosphate, sodium citrate or the sodium salt of ethylenediamine
tetraacetic acid; (c) acid or neutral chloride baths prepared with
zinc chloride and a buffer salt such as ammonium chloride; or (d) acid
sulfate solutions containig =zinc sulfate and a buffer salt such as
aluminum chloride or sulfate. A small concentration of an organic
compound such as glucose, licorice, or glycerin may be added to the
chloride or sulfate baths for brightening purposes.

Post-Treatment Processes - After a deposition of a metallic coating
either by electro or electroless techniques, an additional coating is
sometimes applied. The function of the additional coating is to
improve the metal surface for painting, lubricity, improved corrosion
protection or the application of a colored £finish. These post-
treatment processes encompass chemical conversion coatings

(chromating, phosphating and metal coloring) which are discussed later
as treatment processes.

Electroless Plating

Electroless plating is a chemical reduction process which depends upon
the catalytic reduction of a metallic ion in an agqueous solution con-
taining a reducing agent, and the subsequent deposition of metal
without the use of external electrical energy. It has found
widespread use in 1industry due to several unique advantages over
conventional electroplating. Electroless plating provides a uniform
plating thickness on all areas of the part regardless of the
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configuration or geometry of the part. This makes it possible to
plate deep recesses and niches that electroplating cannot effectively
reach due to current distribution problems. An electroless plate on a
properly prepared surface 1is dense and virtually non-porous.
Furthermore, certain types of electroless platings provide better
hardness and corrosion protection than their electroplated
counterparts.

Copper and nickel electroless plating are the most common. Others
found on a smaller scale are iron, cobalt, gold, palladium, and
arsenic. Because of their widespread use, nickel and copper
electroless plates are described in the following paragraphs, and then
the application of these plates to both metals and plastics is
described.

The basic ingredients in an electroless plating solution are:

1. A source of metal, usually a salt.
2. A reducer to reduce the metal to its base state.
3. A chelating agent to hold the metal in solution (so the metal

will not plate out indiscriminately).

4. Various buffers and other chemicals designed to maintain bath
stability and increase bath life.

For electroless nickel plating baths, the source of nickel is a salt
such as nickel <chloride or nickel sulfate and the reducer is sodium
hypophosphite. There are several chelating agents which can be used,
the most common ones being citric and glycolic acid.
The basic plating reactions proceed as follows:
The nickel salt is ionized in water.
NiSO, = Ni+2 + SO, ,—2

There is then a redox reaction with nickel and sodium
hypophosphite.

Ni+2 + SO,~2 + 2NaH_,PO, + 2H,0 = Ni + 2NaH_,PO5; + H, + H,SO,
The sodium hypophosphite also results in the following reaction:
2NaH,P, + H, = 4P + 2NaOH + 2H,0

As can be seen in the equations above, both nickel and phosphorus are
produced, and the actual metal deposited is a nickel-phosphorus alloy.
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The phosphorus content can be manipulated to produce different
characteristics in the nickel plate.

Electroless copper plating is similar to electroless nickel plating.
The source of copper is one of a variety of salts such as cupric
chloride and copper sulfate. The reducer is one of a variety of
agents including formaldehyde, acetaldehyde, trioxane, hydrazine and
hypophosphite. Formaldehyde, however, is by far most commonly used.
The chelating agent in a copper bath is usually either a tartrate
(Rochelle salt) or a member of the amine family.

The copper salt is ionized in water.
CuSO, = Cu*2 + SO,—2

There 1is then a redox reaction with the copper and the
formaldehyde to:

Cu+2 + 2H,CO + 4 OH-* = Cu + 2HCO,-* + 2H,0 + H,

The base metal copper now begins to plate out on a proper surface,
that is, on a less noble metal or on a surface which has been
sensitized with a catalyst. Electroless copper deposits quite readily
on certain metal surfaces, but a catalyst must be used to plate copper
on a non-metal.

Of particular interest among the constituents of electroless plating
baths are the chelating agents. Chelation is an equilibrium reaction
between a metal ion and a complexing agent characterized by the
formation of more than one bond between the metal and a molecule of
the complexing agent. This results in the formation of a ring
structure incorporating the metal ion and thus holding it in solution.
Chelating agents control metal ions by blocking the reactive sites of
the metal ion and preventing them from carrying out their normal (and
in many cases undesirable) reactions.

In the electroless plating processes, the purpose of the chelating
agent is to hold the metal in solution, to keep it from plating out
indiscriminately. Thus, the chelate can only be replaced by some
material capable of forming an even more stable complex, that is, the
part to be plated.

One of the drawbacks in the use of chelating agents is the difficulty
in precipitating chelated metals out of wastewater during treatment.
Quite often, plants which are engaged in plating activities that make
use of chelating agents have treatment systems based on the
precipitation and the settling out of heavy metals. Unfortunately, in
the treatment system, the chelating agents continue to hold the metal
in solution, and cause the chelated metal to pass through the
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treatment system without precipitation and settling. In some

situations, particularly with the stronger chelates, special
consideration or treatment is necessary in order to remove the bound
metals. Proper treatment of <chelates 1is discussed in the system

portion of Section VII.

The more common chelating agents currently being used in industry are
shown in Table 3-3 along with some of their marketers and
manufacturers. These chelates are divided into three main categories:
amino carboxylic acids, amines, and hydroxy acids. The amino
carboxylic acids and the amines are stronger, more aggressive chelates
that are more difficult to break away from the metal ion. The hydroxy
acids are fairly mild chelates whose bond with a metal can be broken
rather easily, if necessary. These hydroxy acids are biodegradable.

Surface Preparation for Electroless Plating on Plastics - Surface
preparation for electroless plating on plastics consists of cleaning
and roughening or etching. Roughening can be accomplished by
mechanical means such as tumbling or vapor blasting, or it can be done
by chemical means such as etching. Once the plastic surface is
roughened, a catalyst must be applied. All plastics which are plated
need the catalyst in order for the metal deposition to occur. The
catalyst application consists of deposition of a thin layer of
palladium on the surface of the part. Usually, it is a two step
process which is variously known as: "sensitizing", "activating”,
"accelerating”, and "catalyzing".

Two different catalyst application methods have been employed and both
are based on the interaction of stannous and palladium salts. One
method involves adsorbing stannous tin on the surface, then immersing
the part in palladium chloride. This reduces the palladium to the
metal form and oxidizes the tin from stannous to stannic. A molecular
layer of palladium metal is deposited on the surface of the part and
the tin remains in the solution. The other process used for .catalyst
application involves the application of a mixture of stannous and
palladous compounds on the part. This activator is adsorbed on the
part, and a reaction takes place when the part 1is exposed to a
solution that dissolves tin on the surface. After the catalyst is
applied, the part is immersed in the electroless bath and the desired
metal plates out on the palladium. After the initial layer of metal
is applied it becomes the catalyst for the remainder of the plating
process.

Surface preparation of plastic prior to electroless plating is shown
in Figure 3-3. The production process for electroless plating on
plastics is different from that used for electroless plating on
metals. After cleaning with an alkaline soak cleaner, the surface is
roughened or etched by an acid. Following neutralization a tin-
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Table 3-3.

Common Chelating Agents - Marketers and Manufacturers
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palladium catalyst is applied. The acceleration step dissolves the
tin from the surface, allowing the part to be plated.

Surface Preparation for Electroless Plating on Metals - Surface
preparation for electroless plating on metal consists of the
conventional electroplating cleaning steps for metals with active
surfaces such as iron, cobalt, nickel, ruthenium, palladium, osmiunm,
iridium and platinum. In addition, the smoother the surface the
better the resulting plating finish. Therefore, the parts usually
undergo mechanical preparation such as honing, and chemical treatment
such as acid dipping and alkaline cleaning. However, not all metals
are active enough to accept electroless plating directly and,
consequently, require an activation step. Surface preparation for
stainless steels, aluminum base alloys, beryllium, and titanium alloys
typically consists of a flash deposit of nickel to catalyze the
surface for subsequent electroless deposition.

Certain materials need a galvanic initiation, normally an immersion
nickel deposit. Included in this group are copper, chromium,
selenium, and uranium. Material surfaces containing such metals as
lead, cadmium, zinc, tin and antimony (such as soldered components,
galvanized products or cadmium-zinc plated items) are not amenable to
electroless plating in that they interfere with all electroless
plating activity. Thus, when electroless plating these materials, it
is necessary to use a preplate of a material that is autocatalytic. A
copper strike 1is frequently used which then can be surface activated
and electroless plated.

Surface preparation of metals prior to electroless plating is shown in
Figure 3-4. The first two steps (vapor degrease and alkaline clean)
remove o0il and grease from the surface. The acid cleaning removes
oxide and scale and is followed by a rinse. The subsequent alkaline
cleaning (electrolytic) gives the cleanest surface obtainable from
conventional methods. The final acid cleaning removes 1light oxide
films and activates the surface prior to flash electroplating. After
the electroplate, which acts as a catalyst, the part 1is electroless
plated.

Electroless Plating on Metals - Electroless plating on metal is
associated 1in general with products which have to withstand
unfavorable conditions or significant wear and abrasion. Electroless
nickel plating is the most widely used type of electroless plating in
industry. Its primary importance 1is its use in protecting against
corrosion and wear. Because of its corrosion protection, it 1is used
in such areas as ship components to resist the marine atmosphere,
filters, heat exchangers, pumps, holding tanks and oil field drilling
equipment. An electroless nickel plate can be heat treated to
hardness values not attainable with electroplated nickel and thus has
a tremendous resistance to wear and abrasion. This property is useful
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in coating hydraulic <cylinders, valve 1inserts, friction rings,
linkages, pump and fan impellers, and ink cylinders.

Electroless Plating on Plastics - During the past decade, the plating
of plastics has increased significantly. Included in the industries
applying such platings are the automotive, appliance, cosmetic,
electrical, hardware, furniture, and plumbing industry.

Among the plastics most widely used for plating are acrylonitrile-
butadiene-styrene (ABS), polycarbonate, polypropylene, polysulfone,
and epoxies. ABS is a low cost, easily plated plastic which is used
in automotive grilles, appliance knobs, and plumbing. Polycarbonate,
whose best feature is its high impact strength, has found use in air-
craft parts. Polypropylene, which has been described as having a
unique blend of average properties, is the least expensive of the
plastics which are plated and is used for lamps and appliance parts.
Polysulfone which has good dimensional stability and high temperature
tolerance, is employed in household appliances and camera housings.
Epoxy resin type plastics are mostly used in the electronics industry,
particularly in the production of printed boards.

An electroless nickel plate has an active surface, making it very
receptive to a follow-up electroplate. Because of this, electroless
nickel 1is used as a base coating in the plating of plastics. A large
variety of follow-up electroplates and finishes are used 1including
bronze, satin copper, satin gold, silver, bright copper, brass and
black oxide. However, the usual procedure 1is to follow up the
electroless nickel plate with copper, nickel, and then chromium
electroplate. The procedure is widely used for decorative parts in
the automotive, furniture, and appliance industries.

Electroless copper plating was developed primarily for deposition of
copper on plastic printed boards and is still generally only used 1in
this industry. The chemistry of electroless copper plating is similar
to electroless nickel plating; only the chemicals are different.

Post-treatment Processes - The most common operation carried out after
electroless plating is electroplating. Virtually all of the
electroless plating done on plastics is followed by some form of
electroplating operation. Although an electroless plate has superior
hardness and corrosion protection characteristics, it may be covered
by some coating such as a lacquer.

Anodizing
Anodizing 1is an electrolytic oxidation process which converts the
surface of the metal to an 1insoluble oxide. These oxide coatings

provide corrosion protection, decorative surfaces, a base for painting
and other coating processes, and special electrical and engineering
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properties. Aluminum is the most frequently anodized material, while
some magnhesium and limited amounts of zinc and titanium are also
anodized.

Surface Preparation - Surface preparation for anodizing can be minor
or extensive depending on the alloying elements in the basis material
and the amount of o0il, grease, or oxide present on the part. Figure
3-5 presents a surface preparation sequence for either chromic or
sulfuric acid anodizing of aluminum. The vapor degreasing step is
usually required only if the amount of oil and grease on the part is
excessive. The next step is cleaning in an inhibited soak cleaner.
This 1is the principal cleaning step for most work. Following
cleaning, an oxide removal step is included only if a large amount of
oxide 1is present on the part. The etching step provides an active
surface for anodizing but also produces a smut on the surface when an
alloying agent (particularly copper) 1is present and the etch is an
alkaline type. For these situations a desmutting bath such as nitric
acid is wused to remove the smut. The desmutting is followed by
anodizing. Preparation for anodizing of magnesium, zinc, and titanium
typically consists of cleaning in an inhibited alkaline cleaner with
only titanium  requiring activation 1in a nitric- hydrofluoric acid
solution.

For aluminum parts, the formation of the oxide occurs when the parts
are made anodic in dilute sulfuric acid or dilute chromic acid
solutions. The oxide layer begins formation at the extreme outer
surface, and as the reaction proceeds, the oxide grows into the metal.
The 1last formed oxide, known as the boundary layer, is located at the
interface between the base metal and the oxide. The boundary is
extremely thin and nonporous. The sulfuric acid process is typically
used for all parts fabricated from aluminum alloys except for parts
subject to stress or containing recesses in which the sulfuric acid
solution may be retained and attack the aluminum.

Chromic acid anodic coatings are more protective than sulfuric acid
anodic coatings. This is partly due to the retention of chromic acid
in the coating and its relatively thick boundary layer. For these
reasons, a chromic acid bath is used if a complete rinsing of the part
cannot be achieved.

The characteristics of anodic coating on magnesium vary from thin
coatings to give good corrosion resistance to heavy coatings for
abrasion and corrosion resistance. Of the numerous anodizing
solutions available, only two are 1in widespread use. Of these
solutions, one is a combination of fluoride, phosphate, and chromic
acids, and the other is a mixture of potassium hydroxide, aluminum
hydroxide, and potassium fluoride.
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Coatings

This section deals with the chemical conversion coating of chromating
and phosphating, metal coloring and immersion platings. These
coatings are applied to previously deposited metal or basis material
for increased corrosion protection, 1lubricity, preparation of the
surface for additional coatings, or formulation of a special surface
appearance.

Surface Preparation - Surface preparation involves cleaning,
descaling, degreasing and other processes which prepare the basis
material for surface treatment. The number of surface preparation
steps required prior to additional surface treatment depends upon the
work flow sequences established in individual facilities. The surface
preparation processes for coating are identical to those described

earlier for electroplating. In addition to these operations,
polishing is often used to obtain the desired surface prior to
coloring. Mechanical polishing, electropolishing, and chemical

polishing are used to obtain specific surface finishes.

Chromating - Chromate conversion coatings are protective films formed
on the metal surfaces. During the process of chromating, a portion of
the base metal 1is converted to one of the components of the film by
reaction with aqueous solutions containing hexavalent chromium and
active organic or inorganic compounds. Chromate coatings are most
frequently applied to zinc, cadmium, aluminum, magnesium, copper,
brass, bronze, and silver. The chromating solutions are generally
acidic and contain chromic acid or its sodium or potassium salts, plus
organic or inorganic compounds such as activators, accelerators, or
catalysts. Although chromate conversion coatings can be applied by
chemical or electrochemical action, the bulk of the coatings are
usually applied by a chemical immersion, spray or brush treatment.
Most chromate treatments wused in industry employ proprietary
solutions. With these processes, a wide variety of decorative and
protective films ranging from colorless to iridescent yellow, brass,
brown, and olive drab can be produced. The coating appearance will
depend on the basis metal and the processing procedures employed.
Additional coloring of the coatings can be achieved by dipping the
parts in organic dye baths to impart  red, green, blue, and other
colors. Besides their use as protective or decorative films, chromate
conversion coatings are extensively employed to provide an excellent
base for paint and other organic finishes which do not adhere well to
untreated metal surfaces.

Phosphating - Phosphate conversion coatings produce a mildly
protective layer of insoluble crystalline phosphate on the surface of
a metal. Phosphate coatings are used to a) provide a good base for

paints and other organic coatings, b) condition the surfaces for cold
forming operations by providing a base for drawing compounds and
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lubricants, and c¢) impart corrosion resistance to the metal surface by
the coating itself or by providing a suitable base for rust-
preventative oils or waxes. Phosphate conversion coatings are formed
by the immersion of iron, steel, or zinc plated steel in a dilute
solution of phosphoric acid plus other reagents.

The method of applying the phosphate coating is dependent upon the
size and shape of the part to be coated: Small parts are coated in
barrels immersed in the phosphating solution. Large parts, such as
steel sheet and strip, are spray coated or continuously passed
through the phosphating solution. Supplemental oil or wax coatings

are usually applied after phosphating unless the part 1is to be
painted.

Coloring - Metal coloring by chemical conversion methods produces a
large group of decorative finishes. This section covers only chemical
methods of coloring in which the metal surface is converted into an
oxide or other insoluble metal compound. The most common colored
finishes are used on copper, steel, zinc, and cadmium.

Application of the color to the cleaned basis metal involves only a
brief immersion in a dilute aqueous solution. The colored films
produced on the metal surface are extremely thin and delicate.
Consequently, they lack resistance to handling and the atmosphere. A
clear lacquer is often used to protect the colored metal surface.

A large quantity of copper and brass is colored to yield a wide
variety of shades and colors. Shades of black, brown, gray, green,
and patina can be obtained on copper and brass by use of appropriate
coloring solutions. The most important colors for ferrous metals are
based on oxides which yield black, brown, or blue colors. A number of
colors can be developed on zinc depending on the length of immersion

in the <coloring solution. For instance, in a solution of ammonium
chlorate the color sequence is yellow, brown, violet, deep blue, and
blue~black. Ammonium molybdate solutions give a gold to brown to

black color sequence. Although cadmium is not a structural metal, it
is used 1in decorative coloring as a protective deposit on ferrous
metal substrates. The most important surface treatment for cadmium is
chromate passivation which improves its resistance to the atmosphere
and to fingerprints as well as providing color. 1In most instances,
the color of chromate-passivated cadmium is yellow, bronze, or dark
green. Black and brown colors can also be produced on cadmium.
Silver, tin, and aluminum are also colored commercially. Silver is
given a gray color by immersion in a polysulfide solution such as
ammonium polysulfide. Tin can be darkened to produce an antique
finish of pewter by immersion in a solution of nitric acid and copper
sulfate. Because the colored 1layers on metal surfaces are so
delicate, they are usually protected by a coat of lacquer applied by
spraying or dipping.
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Immersion Plating - Immersion plating is a chemical plating process in
which a thin metal deposit is obtained by chemical displacement of the
basis metal. In immersion plating, a metal will displace from
solution any other metal that is below it in the electromotive series
of elements.

The lower (more noble) metal will be deposited from solution while the
more active metal (higher in the series) will be dissolved. A common
example of immersion plating is the deposition of copper on steel from
an acid copper solution.

The thickness of immersion deposits is usually of the order of 0.25 um
(.00001 1in) although a few processes produce deposits as thick as 2.5
to 5 um (.0001-.0002 in). This thinness 1limits the usefulness of
immersion deposits as to applications other than corrosion protection,
such as decoration or preparation for further processing such as
painting or rubber bonding. The most widely used immersion plating
processes are, a) tin on brass, copper, steel, or aluminum, b) copper
on steel, c) gold on copper or brass, d) nickel on steel and e) zinc
on aluminum.

Immersion tin plating is used to ‘"whiten" pins, hooks, eyelets,
screws, buttons, and other hardware items made of copper, brass, or
steel. In addition, aluminum alloy pistons for internal combustion
engines are immersion tin plated. All immersion tin plating baths for
copper, brass, and steel are based on stannous chloride solutions.
Immersion tin solutions contain, 1in addition to stannous chloride,
cream of tartar (potassium bitartrate), ammonium aluminum sulfate, or
sodium cyanide and sodium hydroxide.

Copper 1is immersion deposited on steel wire prior to drawing in order
to reduce wear on the dies. Copper is deposited from an acid copper
sulfate solution. A copper-tin alloy is obtained on steel wire by
adding tin salts to the copper sulfate solutions.

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

Post-treatment Processes

The corrosion resistance of anodic coatings on aluminum and its alloys
is improved by immersion of the anodized surface into slightly
acidified hot water. The sealing process converts the amorphous
anhydrous aluminum oxide to the crystalline monohydrate (Al,0;.H,0).
For chromic acid anodized parts, a slight amount of chromic acid is
added to the sealing bath. For sulfuric acid anodized parts 5 to 10%
by weight potassium dichromate is added. Parts are rinsed and dryed
after the sealing.
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Anodic coatings on magnesium are sealed in ammonium acid fluoride and
sodium dichromate solutions. After sealing, the parts are water
rinsed and dried. This sealing neutralizes any alkali retained in the
coating and provides better corrosion protection and improved paint
adhesion.

Unsealed anodic coatings on aluminum are colored by immersion in a
solution of organic or inorganic dyes. The depth of dye absorption
depends on the thickness and porosity of the anodized surface. After
rinsing, the sealing of the dye is accomplished by immersion in a hot
solution of nickel or cobalt acetate.

Special surface characteristics can be imparted to chromate conversion
coatings by bleaching or dyeing. Clear bright finishes are obtained
by immersion 1in various mildly acidic or alkaline solutions.
Solutions such as sodium hydroxide, sodium carbonate, or phosphoric
acid are employed to eliminate the yellow coloring from the chromate
film. Dyed coatings can also be applied.

After the post phosphating water rinse, phosphated parts can be rinsed
in a weak chromic acid solution. The chromic acid solution
neutralizes any phosphoric acid remaining on the part and improves the
corrosion resistance. Following the acid rinse, parts are frequently
dipped in a suitable oil, wax, or other lubricant before drying in hot
air.

Chemical Milling and Etching

Chemical milling and etching processes are used to produce specific
design confiquration and tolerances on metal parts by controlled
dissolution with chemical reagents or etchants. 1Included in this
general classification are the specific processes of chemical milling,
chemical etching, bright dipping, electropolishing, and electro-
chemical machining.

Surface Preparation - Surface preparation procedures for chemical
milling and etching are similar to those presented for electroplating.
Prior to the etch step, the basis material is usually alkaline or acid
cleaned. After removal of grease, dirt, oxide, or scale from the
metal surface by any of the applicable methods, parts to be chemically
milled or etched sometimes have a mask applied. Areas where no metal
removal is desired are masked off with an etch resistant material.
Masks are applied by dip, spray, brush, roll or flow-coating, silk-
screen techniques or photosensitive resists. Typically photographic
techniques are used for the blanking of small intricately shaped parts
or for the production of name plates, dials, and fine mesh screen.
After masking, parts may be dipped in acid to activate the surface
prior to chemical milling or etching.
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Chemical Milling - Chemical milling 1is similar to the etching
procedure used for decades by photoengravers, except that the rates
and depths of metal removal are wusually much greater. Chemical
milling is especially suited for removing metal from shallow depths on
formed complex shaped parts (e.g., forgings, castings, extrusions)
from thin sections and from large areas.

The amount of metal removed or the depth of removal is controlled by
the immersion time in the milling solutions. The metal can be removed
from an entire part or restricted to selected areas by masking. Areas
where no metal removal is desired are masked off. Masks are applied
by dip, spray, brush, roll or flow-coating techniques. These
preparatory steps were discussed in the Surface Preparation section.

Typical solutions for chemical milling include ferric chloride, nitric
acid, ammonium persulfate, chromic acid, cupric chloride, hydrochloric
acid and combinations of these reagents. Aluminum is milled in ferric
chloride or hydrochloric acid or sodium hydroxide solutions. Copper
is milled in ferric chloride, cupric chloride, chromic acid, or
ammonium persulfate solutions.

Etching - Chemical etching is the same process as chemical milling
except relatively small amounts (1-5 mils) of metal are removed.
Bright dipping is a specialized example of the etching process.
Etching to produce a pattern for printed circuit boards is discussed
later in this development document in the description of the printed
board subcategory.

Bright dipping 1is used to remove oxide and tarnish from ferrous and
nonferrous materials. Bright dipping can produce a range of surface
appearance from bright clean to brilliant depending on the surface
smoothness desired in the finished part. A smoother surface results
in a more brillant appearance.

Bright dipping solutions wusually involve mixtures of two or more of
sulfuric, chromic, phosphoric, nitric, and hydrochloric acids. The
rate of attack on the metal 1is controlled by the addition of
inhibiting materials. The quantity of these materials is dependent
upon the metals that are to be dipped. The type and quantity of the
parts to be bright dipped greatly influences the composition of the
bath. For parts with simple shapes which can be easily removed from
the dipping solution and quickly rinsed, fast-acting dips are used.
Slow-acting dips are used for bulk 1loads of parts and parts with
complex shapes.

Printed Board Manufacturing

Printed boards are fabricated from nonconductive board materials such
as plastic or glass on which a circuit pattern of conductive metal,
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usually copper, has been formed. The board not only provides a
surface for the application of a conductive wiring path but also gives
support and protection to the components it connects. As a means of
packing and interconnecting electronic devices, printed boards find
widespread use in such applications as business machines, computers,
communications, and home entertainment equipment.

The total market for printed boards 1is about one billion dollars
domestically and about two billion dollars world wide. The industry
in the U.S. consists of large facilities totally involved with printed
board manufacture, both large and small captive facilities, small job
shops doing contract work, and speciality shops which do low volume
and high precision type work. Total annual production is
approximately 150 million square feet of printed boards.

This section presents details on the production methods, types of
circuit boards, and the specific processes 1involved 1in producing
printed boards.

Production Methods - The earliest printed boards were produced by
brushing a specially formulated silver paint on a ceramic plate for
the required circuit pattern. This was followed by heating at high
temperatures to remove the paint vehicle and binder, leaving the

deposited silver electrically conductive. Over the years, several
different production methods have been employed as the overall science
evolved. Presently, the industry 1limits 1itself to three main
production methods (additive, semi-additive, and subtractive). Some

small production facilities use offshoots of these main processes as
well as some remaining processes from the past. Table 3-4 presents a
comparison of the three principal production methods. The following
paragraphs describe the general subtractive, additive, and semi-
additive processes.
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TABLE 3-4

COMPARISON OF BASIC PROCESS STEPS

Conventional
Subtractive

Process sequence
begins with copper
clad material
I - Fabricate holes

- Chemically clean

II - Sensitize
(Catalyze surface)

- Electroless copper

Semi-Additive
Unclad

Process sequence
begins with

unclad material

Fabricate holes

Promote adhesion

Sensitize
(Catalyze surface)

Electroless copper

flash flash
III - Print reverse Print reverse
pattern pattern
IV - Electroplate copper Electroplate
to desired thickness copper to
desired
thickness
- Over plate Over plate
- Strip mask Strip mask
V - Etch Quick Etch
IV - Tab plate Tab plate
I - Cleaning & Surface Preparation

II - Catalyst & Electroless Plating

III - Pattern Printing & Masking

IV ~ Electroplating
\' - Etching
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Standard

Process sequence
begins with

unclad material

(already sensitized)

Fabricate holes

Print reverse
pattern

Electroless
deposit copper
to desired
thickness

Tab plate



The subtractive process derives its name from the large amount of
material that 1is removed in order to make the circuit. The simplest
of the subtractive techniques is the print and etch process which
begins with a board of nonconductive material, such as glass or
plastic, which is clad with a copper foil. The circuit pattern is
printed onto this foil 1in oil, cellulose, asphalt, vinyl, or resin
based ink and then the board goes through an etching operation 1in
which the area of the foil not covered by the ink is removed. Next,
the ink is stripped from the foil, leaving only the desired circuit of
copper on the board.

The conventional subtractive process shown in Figure 3-6 begins with a
laminate board composed of a nonconductive material such as glass

epoxy or phenolic paper. This board is then clad with a metallic
foil, usually copper, and drilled for mounting and through hole
connections. After appropriate cleaning and surface preparation, the

panel is plated entirely with electroless copper in order to deposit a
uniform conductive layer over the entire board, including the inside
surfaces of the holes.

At this point, the board can be handled in one of two ways. 1If it is
to be panel plated, the whole board 1is electroplated with copper.
Then a plating resist is applied in a form such that only the desired
circuit is left exposed (not covered by resist). This exposed area is
then electroplated (by immersing the entire board in the plating
solution) with an etch resist, usually solder. 1If it is to be pattern
plated, the plating resist is applied directly after the electroless

copper step, so only the circuit is copper electroplated and likewise
solder plated.

Following the application of the solder plate by either method the
plating resist is stripped off, exposing the copper in areas where the
circuit is not required. This copper is then etched off, leaving only
the desired circuit which was etch protected by solder plate. The
tabs or fingers at the edges of the boards are now stripped of their
solder in preparation for subsequent plating. These tabs are
electroplated according to the specifications of the customer (in most
cases gold or nickel and gold). The solder plate in the circuit
pattern is now reflowed to completely seal the copper circuitry and
act as a corrosion preventative. The last step is the blanking and
cutting of boards to size and final inspection.

The additive process involves the deposition of plating material on
the board in the pattern dictated by the circuit, rather than removing
metal already deposited (as in the subtractive process). There have
been several "additive" methods for producing printed boards. The
original method consisted of depositing a thin layer of electroless
copper on a bare unclad board and following this up with the
conventional subtractive processing.
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The additive process presently employed by some manufacturers is more
totally additive than the original method. The process, shown in
Figure 3-7, begins with a bare board which may or may not be
impregnated with a catalyst. Holes are then formed by drilling or
punching. The next step is an adhesion promotion operation where the
surface is roughened or etched in order to make it microporous. The
roughening or etching is required because of the large area that must
be electroless plated. If the board is not catalyst-impregnated, the
catalyst 1is applied after this roughening or etching operation.
Following this, the plating resist, describing the required «circuit
pattern, 1is applied to the board in the non-circuit areas. The
accelerator step necessary for electroless plating is then carried
out, and the board goes into the electroless copper bath. Unlike the
subtractive process where the electroless copper is only used as a
base for copper electroplating, the electroless copper deposition is
used in the additive process, to build up the circuit. Since the
board does not initially have any copper in non-circuit areas and a
resist is applied to these areas prior to electroless plating, a
copper etching step is not necessary. Following the copper
deposition, the tabs are plated in the same manner as in the
subtractive process. At this point, different finishing steps may be
applied, such as the application of a protective coating to the board.

A recently developed additive method involves sensitizing the entire
board and then selectively activating the catalyst in the pattern of
the circuit by means of ultraviolet light.

A semi-additive production process is a compromise between the
additive and subtractive methods. The process sequence, shown in
Figure 3-8, begins with an unclad board which undergoes hole
fabrication (drilling or punching). An adhesion promotion operation
is performed on the board just as in the additive process, the board
being etched to obtain a microporous surface. At this point, the
sequence follows the subtractive process. The entire board is
catalyzed and activated, and electroless copper is applied to the
entire board including the inside surfaces of the holes. The circuit
pattern 1is then applied by conventional methods (screening or photo-
imaging). Copper electroplate is deposited to build up the circuit to
the desired thickness. The solder plate for etch masking is then
applied, and the plating mask is stripped from the noncircuit areas.
The subsequent etching operation is a quick etch (as compared with the
subtractive process etch) because only the electroless copper flash
has to be removed. In the subtractive process, the copper foil on the
board and the electroless copper have to be etched away, but this is
not required for the semi-additive process. Thus its advantage over
the subtractive process is a reduction in copper waste. After the
etch operation, the solder stripping, tab plating, and any final
fabrication processes are performed as in the conventional subtractive
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process. This semi-additive process is not used extensively at this
time.

Types of Boards - Printed boards can be classified into three basic
types: single-sided, double-sided, and multilayer. The type of board
used depends on such things as spatial and density demands and
intricacy of the circuits.

Single-sided boards (reference Figure 3-9 production sequence) are
used for relatively simple circuitry, where circuit types and speeds
do not place unusual demands on wiring electrical characteristics.
When density demands require more than one layer of wiring, circuits
are printed on both sides of the board (see Figure 3-10 production
sequence). The interconnection between the layers is accomplished by
going through the board rather than around it, and plated through
holes have come to be the conventional way of making such a
connection. The holes thus serve a dual purpose: providing an
electrical connection from one side of the board to the other and
accommodating a component lead. These are, of course, more difficult
to make than the single-sided boards because of the extra steps
involved (the drilling and the through hole plating).

The necessity for increased wiring density as required in many present
day electronic packaging applications can be met by the use of more
than two layers of wiring, i.e., a multilayer printed board. The
production sequence for multilayer printed boards is shown in Figure
3-11. A multilayer board is a series of individual <circuit board
layers bonded together by an epoxy glass material to produce a thin,
monolithic assembly with the internal and external connections to each
level of the circuitry determined by the system wiring program.

Production Processes - Printed board production for all the above
board types can be broken down into the following operations: 1)
cleaning and surface preparation, 2) catalyst application and
electroless plating, 3) pattern printing and masking, 4)
electroplating, and 5) etching.

1. Cleaning and Surface Preparation - This 1is a crucial step 1in
printed board production. For a board to be plated correctly
without flaws, it must be cleaned and properly treated. In many

cases, the boards go through a mechanical scrubbing before they
reach the plating lines. 1In the case of multilayer boards, after
they are bonded or 1laminated, they go through an acid hole
cleaning operation, as shown in Figure 3-12, to remove any bonding
epoxy which spilled over the holes.

Once on the plating line, all types of boards are alkaline cleaned

(reference Figure 3-13) to remove any soil, fingerprints, smears
or other substances which cause plating flaws. A mild etch step
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is then performed with ammonium or sodium persulfate to prepare
the copper foil surface (for copper clad boards) for subsequent
plating. The copper clad boards are then acid treated in order to
roughen the exposed plastic surfaces (inside area of holes) to
readily accept the catalyst. 1In the additive and semi-additive
production methods, the process sequence begins with an unclad
board. In order to get a good bond between the board and the
electroless plate, an adhesion promoter 1is applied and dried.
Then the board undergoes an etch (usually chromic acid or
chromic-sulfuric). This etch makes the surface of the board
microporous which allows for deep penetration of the catalyst and
subsequent strong bonding of the electroless copper plate.

Catalyst Application and Electroless Copper Plate - Electroless
copper deposits quite readily on a copper clad board, but for a
deposit to form on the exposed plastic or on a bare board (as in
the additive process or in through hole plating), a catalyst must
be involved for the copper plate on the nonmetal. The application
and activation of the catalyst is a two-step process. The
catalyst application consists of the deposition of a thin layer of
palladium on the surface of the part. This process goes under
several names: '"sensitizing", "activating", "accelerating", and
"catalyzing".

Three different catalyst application methods have been employed,
and all are based on the interaction of stannous and palladium
salts. One method 1involves first adsorbing stannous tin on the
surface, then immersing the part in palladium chloride. This
reduces the palladium to the metal form and oxidizes the tin from
stannous to stannic. A molecular layer of palladium metal is
deposited on the surface of the part and the tin remains in the
solution. The overall chemistry of this reaction is as follows:

SnCl, + H,0 = SnO + 2HC1 (Sensitization Reaction)
Sn0 + Pd+2 + H,0 = SnO, + Pd + 2H* (Activation Reaction)

Cu*2 + HCHO + OH-* = Cu + HCOO-* + H, (Electroless
Deposition)

Another process used for catalyst application involves the
application of a mixture of stannous and palladious compounds on
the part. This activator is adsorbed on the part, and a reaction
takes place when the part is exposed to a solution that dissolves
tin, leaving only palladium on the surface. This step is commonly
referred to as "acceleration".

In a recently developed method, specifically for printed boards, a
catalyst is applied only to the area to be occupied by the
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circuit. Stannous chloride 1is adsorbed on the entire part's
surface. Then the surface is exposed to ultraviolet 1light shone
through a stencil. The light oxidizes the stannous tin to stannic
in the area not to be plated. This area, when exposed to
palladium chloride, undergoes no reaction, and no palladium is
deposited. Only the unexposed area receives a palladium deposit.

Once the catalyst 1is applied, the metal in the electroless bath
plates out on the palladium. After the initial layer of metal is
applied, it becomes the catalyst for the remainder of the plating
process.

After the boards have been catalyzed, they go into the electroless
copper solution (reference Figure 3-14) and are panel plated 1in
the subtractive and semi-additive processes or pattern plated in
the additive process. The electroless copper bath contains copper
salts (copper sulfate being most prevalent), formaldehyde as a
reducer, chelating agents to hold the copper in solution (in most
cases either a tartrate or an EDTA compound), sodium hydroxide as
a pH buffer, and various polymers and amines which serve as
brighteners and bath stabilizers. These chemicals vary according
to each bath supplier and his own "proprietary" formulas.

Of particular note among the constituents of electroless plating
baths are the chelating agents. Chelation 1is an equilibrium
reaction between a metal ion and a complexing agent characterized
by the formulation of more than one bond between the metal and a
molecule of the complexing agent and resuvlting in the formulation
of a ring structure incorporating the metal ion and thus holding
it in solution. Chelating agents control metal ions by blocking
the reactive sites of the metal 1ion and preventing them from
carrying out their normal (and in many cases undesirable)
reactions.

In the plating processes, especially electroless plating, the
purpose of the chelating agent is to hold the metal in solution,
to keep it from plating out indiscriminately. Thus, the chelate
can only be replaced by some material capable of forming an even
more stable complex, that is, the part to be plated.

One of the drawbacks in the wuse of chelating agents 1is the
difficulty in precipitating chelated metals out of wastewater
during treatment. Quite often, plants which are engaged 1in
plating activities that make wuse of chelating agents have
treatment systems based on the precipitation and settling out of
heavy metals. Unfortunately, in this type of treatment system,
the chelating agents continue to hold the metal in solution, and
cause the chelated metal to pass through the treatment system
without precipitating and settling. In some situations,
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particularly with the stronger chelates, special consideration or
treatment is necessary in order to remove the bound metals.
Proper treatment of chelates is discussed in the system portion of
Section VII.

The more common chelating agents currently being used in industry
were shown in Table 3-3 along with some of their marketers and
manufacturers. These chelates are divided into three main
categories: amino carboxylic acids, amines and hydroxy acids.
The amino carboxylic acids and the amines are stronger, more
aggresive chelates that are more difficult to break away from the
metal ion. The hydroxy acids are fairly mild chelates whose bond
with a metal can be broken rather easily, if necessary. These
hydroxy acids are biodegradable.

Pattern Printing and Masking - One of the key steps 1in the
manufacture of printed circuit boards is the pattern printing.
The precision of this artwork is crucial since the quality of the
final board can be no better than the image printed on it. There
are three principal methods in which the 1image or pattern is
applied to the board: screening, photosensitive resist techniques
and offset printing. All of the methods apply a resist material
to the board.

Screening consists of selectively applying resist material through
a stencil or screen. The screen material, which may be silk or
metal, is stretched tight over a metal frame. This is placed over
the work, and the ink or resist material is squeegeed through the
screen. Screening inks come in oil, cellulose, asphalt, vinyl, or
resin base. The screening method is highly acceptable for simple
low density circuits because its low cost allows for high volume
production.

Photosensitive resist is a light sensitive polymer which, after
curing, has a significant chemical resistance. After the board
has been cleaned and prepared, the polymer 1is applied by such
methods as dipping or rolling. A 1light source (usually
ultraviolet) is applied through a pattern onto the resist. The
light sensitive material hardens, and the unexposed resist is then
removed by various methods, usually a trichloroethylene degreaser.
This is followed by a baking or curing step after which the resist
is able to withstand plating solutions. This type of masking has
made possible the production of high density and intricate
circuits because of the precision obtainable with this method.

Offset printing is a high volume production technique which is
similar to the operation of a printing press. An etched plate
(the printing plate) serves as a master pattern. Ink is
transferred from an ink roller to the plate on a rubber cylinder.
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The 1ink 1image is then deposited on the copper covered board. By
making several passes, enough ink can be built up on the board to
form a plating or etching resist.

In the subtractive and semi-additive processes for making printed
boards, the pattern is applied after the board has been panel
plated with copper, and pattern plating directly follows the
application of the image. After the board has been solder plated,
the plating mask is stripped off, and the solder plate becomes the
mask (an etching mask).

In the additive process, the image is applied to the board before
it ever enters the electroless plating line. It is then used
solely as a plating mask in the electroless bath. After plating,
the stripping of the mask is optional, depending on subsequent
operations and customer demands.

Whether an additive, semi-additive, or subtractive process is
used, masking 1is applied when the tabs are being plated. The
simplest and most commonly used mask for such applications is a
water repellent tape which can be easily applied to or removed
from the board.

Electroplating - Electroplating is performed at several junctures
in the production of printed boards. It is employed in the actual
buildup of the «circuit (in the subtractive and semi-additive
processes); it applies the etch resist and anti-corrosion layer to
the circuit; and it covers the tabs or fingers of all boards.

In order to build up the desired circuit in the subtractive and
semi-additive processes, copper electroplating is used followed by
solder electroplating (reference Figure 3-15). The copper bath
itself is usually one of four types: cyanide copper, fluoborate
copper, pyrophosphate copper, or sulfate copper. After the
application of the copper -electroplate, solder electroplate is
applied. This serves a dual purpose. First, it acts as a mask
during the etching process and second, protects the copper circuit
from corrosion after final fabrication. This solder plate usually
consists of a 60-40 tin-lead electroplate, although tin-nickel and
gold are used in some instances.

The tabs or "fingers" of the printed circuit boards are elec-
troplated, as shown 1in Figure 3-16, for most applications
(additive, semi-additive or subtractive). 1In the subtractive and
semi-additive processes, there is a solder strip operation before
plating to ensure better adhesion, while this step is unnecessary
in the additive process. 1In most cases, nickel and gold or simply
gold is used.
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Although it is not a type of electroplating, mention is made here
of tin immersion plating. -This is a displacement type of plating
(reference Figure 3-17) in which a tin solution with a chelating
agent is employed. The tin displaces copper which goes into
solution. The chelating agent is used to tie up the copper going
into solution; the tin only complexes weakly. This is a process
almost universally found in printed board shops and is used mainly
for rework.

Etching - Etching is that process by which all the unwanted copper
(i.e., any copper other than in the circuit) is removed from the
board. This step, 1illustrated in Figure 3-18, follows, in
sequence, the pattern print and pattern plate. Most companies
make use of mechanical etchers which spray solutions from various
tanks (containing etch solutions, solder brighteners or
activators, and rinse waters) onto horizontally traveling boards.

The etch solutions include:

Ferric chloride base - This provides good uniform etching,
but removal of the residual acid from the work is difficult.

Cupric chloride - This is suitable for any resist and has the
advantage of continued regeneration through addition of
chemicals.

Chromic acid base -~ This is the most expensive etchant listed
here and requires special attention in waste treatment for
chromium reduction. It is also very effective.

Ammonium persulfate - This is clean and easy to handle, but
the solution can be somewhat unstable.

Etching is always used in the subtractive production method, while
an abbreviated etch is employed in the semi-additive process. The
etching operation is not a part of the additive process.

After etching, the boards are ready for solder stripping and the
electroplating of the tabs, which was described earlier.
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SECTION IV

INDUSTRY CATEGORIZATION

INTRODUCTION

The primary purpose of industry categorization is to establish
groupings within the electroplating point source category such that
each group has a uniform set of effluent limitations. These
subcategories are not mutually exclusive subdivisions of the electro-
plating point source category, however, as plants often perform
operations 1in more than one subcategory. For the purposes of this
document, the printing and publishing industry (SIC 2700) and the iron
and steel industry (SIC 3300) are specifically excluded from this
subcategorization even though they do perform similar operations.
This section presents the subcategories established as well as the
rationale for this categorization. There are two main elements of
categorization: first, the selection of a basis upon which to divide
each 1industry subcategory; and second, the selection of a discharge
limiting parameter for each subcategory against which to quantify the
limitations. The subsections which follow deal with each of these
major considerations.

CATEGORIZATION BASIS

After considering the nature of the various segments of the
electroplating industry and the operations performed therein, the
following categorization bases were considered plausible:

Type of manufacturing process
Type of basis material
Process baths used

Waste characteristics

Size and age of facility
Number of employees
Geographic location

Quantity of work processed

. Water use

0. Effluent discharge destination
1. Job shops vs. captive shops

= O 00~ UT B W~

Previous regulations for the electroplating point source category
subcategorized the industry on the basis of the processes employed.
Electroplating was separated from electroplating-related metal
finishing processes because electroplating always requires the action
of an electrical current to deposit a metallic coating on the basis
material. Electroplating-related metal finishing processes may not
require a current and may or may not deposit a metallic coat on the
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basis material. The processes of anodizing, conversion coating,
chemical etching and milling are different enough to warrant separate
subcategories. Anodizing, usually performed on aluminum, converts the
surface of the object to the metal oxide. Conversion coating refers
principally to chromating and phosphating. Each of these processes
chemically forms a thin protective coat on the treated object. An
electrical current may or may not be applied. Chemical etching and
milling involve the dissolution of the basis material.

In restudying the industry for the purpose of establishing
pretreatment regulations, the Agency decided that printed circuit
board manufacturing and electroless plating also warrant separate
subcategorization because of the unique mixture of electrolytic and
electroless plating operations found in these processes.
Additionally, these processes produce pollutants which may render
normal waste treatment techniques ineffective if proper safequards are
ignored.

The following subsections present the rationale for the
categorizations and subsequent selection of subcategories.

Type of Manufacturing Process

The types of manufacturing processes are a natural candidate for
forming the anodizing, coatings, and chemical etching and milling
subcategories for the purpose of establishing effluent limitations.
Anodizing 1is an electrolytic oxidation process which is unique and
thus is a separate subcategory. The processes encompassing the
coating subcategory involve the displacement, conversion or covering
of the base metal, while the operations in the milling subcategory all
involve removal of the base or plated metal.

Manufacturing processes also provide a basis for subdividing the
printed board industry for the purpose of establishing effluent
limitations. The basic processes involved in the manufacture of
printed boards are cutting, drilling, screening, electroplating,
electroless plating and etching. The above processes involving
deposition or removal of metal use water. Although these water using
processes are distinctly different from one another, they are all
performed on the same product from plant to plant and thus the wastes
generated by each plant are similar for a given production level.
Because of the similarity in operations from plant to plant, only one
subcategory is selected for printed board manufacture. A convenience
of this approach is the fact that a printed board plant does not have
to classify its manufacturing processes to arrive at an allowable
discharge. All the processes performed are in the same subcategory
for determining compliance with effluent discharge limitations.
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Type of Basis Material

The wastes produced by plating different basis materials with the same
plating metal are similar. The distinguishing feature of these wastes
is the plating metal rather than the basis material.

Process Baths Used

Process baths (plating baths) provide a basis for subcategorization
because the major source of wastes are the dragout of the solutions
from the baths and the batch dumping of these baths. Thus the
characteristics of the wastes from this industry are dependent on the
constituents of the baths. The most significant distinguishing
characteristic among electroplating baths is whether common or
precious metal plating is performed. Precious metal plating has less
waste discharge than common metal plating because of the value of the
plating constituents. Plants tend to take greater care 1in recycling
or reclaiming precious metals dragged out from baths and thus the
quantity of precious metal contents in streams is significantly less
than the common metal contents in common metal plating waste streams.
Electroless plating baths are different than electroplating baths in
chemical makeup. The metal concentrations are lower and there are
more complexing and chelating agents which have a negative effect on
removal efficiency during treatment. Accordingly, three subcategories
are selected: common metal electroplating, precious metal
electroplating, and electroless plating. These subcategories are not
subdivided to account for plating of specific metals in each
subcategory because the recommended chemical treatment systems in
Section VII of this report effectively reduce all metals in each
subcategory regardless of the metal plated.

Process baths provide a basis for the subcategorization of anodizing,
coatings, and chemical etching and milling because a major source of
wastes in these operations is from the dragout of solutions from
process baths and thus the characteristics of the wastes from these
subcategories are dependent on the constituents of the process baths.

However, categorization by manufacturing process inherently
encompasses the process baths used because the different process
subcategories employ different process baths. While the various

processes within each subcategory might employ different process bath
constituents, the recommended chemical treatment systems in Section
VII of this report effectively reduce all pollutants 1in each
subcategory regardless of the specific operations in each subcategory.

Process baths do not provide a basis for printed board manufacture
subcategorization because practicable waste treatment technology
identified 1in Section VII is equally applicable to all of the usual
procedures and process solutions described in Section III for printed
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board manufacture. In any facility carrying out one or more of the
processes shown, the same waste treatment needs arise.

Size and Age of Facility

The nature of the processes for the various subcategories of the
electroplating 1industry is unrelated to size and age of the facility.
Size alone is not an adequate categorization parameter since the waste
characteristics of a plant per unit of production are essentially the
same for plants of all sizes.

The relative age of plants is important in considering the economic
impact of a guideline, but it is not an appropriate basis for grouping
the industry into specific subcategories because it does not consider
the significant parameters which affect the effluent discharged. The
constituents of plating baths have a much more significant impact on
the effluent discharge than the age of the plant.

Number of Employees

The number of employees engaged 1in electroplating operations in a
plant does not directly provide a basis for subcategorization because
these operations can be carried out manually or in automatic machines
which greatly conserve labor. For example, an operation for a given
production level may require six people if operated manually, whereas
a plant of the same production 1level and carrying out the same
operation in an automatic machine may need only two people. The same
amount of waste could be generated in each case if all other factors
were the same.

Geographic Location

There 1is not a basis for subcategorization by geographic location
alone. Manufacturing processes are not affected by the physical
location of the facility, except for availability of useable process
water. The price of water may affect the amount of modification to
procedures employed in each plant. However, procedural changes can
affect the volume of pollutants discharged but not the characteristics
of the constituents. The waste treatment procedures described in
Section VII can be utilized in any geographical area. 1In the event of
a limitation in the availability of land space for constructing a
waste treatment facility, the in-process controls and rinse water
conservation techniques described 1in Section VII can be adopted to
minimize the land space required for the end-of-process treatment
facility. Often, a compact package unit can easily handle end-of-
process waste if good in-process techniques are utilized to conserve
raw materials and water.
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Quantity of Work Processed

Quantity of work processed is related to plant size. Therefore, the

discussion about plant size is equally applicable to the quantity of
work processed.

Waste Characteristics

The physical and chemical characteristics of wastes generated by
electroplating are inherently accounted for by subcategorization
according to process baths and manufacturing processes. The physical
and chemical characteristics of wastes g¢generated by printed board
manufacturing processes are similar from one plant to another in that
all wastes are amenable to the conventional waste treatment technology
detailed in Section VII. Since the characteristics of treated waste
are the same throughout the industry, waste characteristics do not
constitute a basis for subcategorization.

The treatability of wastes from manufacturing operations is uniform
throughout each subcategory since all of the principal treatment
procedures and in-process controls are technically applicable, by
choice, for any given waste from each subcategory. Although the
chelates involved in electroless plating and printed board manufacture
have a uniquely negative effect on precipitation type waste treatment
systems, they can be treated effectively by chemical precipitation if
they are segregated from the other types of waste. In addition,
electroless plating with chelated baths is common to most printed
board manufacturers and thus does not constitute a peculiarity from
plant to plant.

Water Use

Water wusage alone is not a comprehensive enough factor upon which to
subcategorize. While water use is a key element in the limitations
established, it does not inherently relate to the source of the waste.
Water usage must be related to some other factor to be an effective
subcategorization base. The other factor is the manufacturing process
utilizing the water since it dictates the water usage.

Effluent Discharge Destination

The effluent discharge destination (surface waters or municipal
treatment stream) is not an adequate basis for subcategorization. The
wastes produced are determined by the production processes regardless
of the effluent wastewater destination.
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Job Shops vs. Captive Shops

A job shop/captive shop division 1is not a valid basis for
subcategorization. Although job shops on the average are much smaller
than captive shops, the two groups of plants employ similar types of
manufacturing processes and generate  wastes with similar
characteristics.

EFFLUENT LIMITATION BASE

Having selected the appropriate categorization bases and having
established the subcategories, the next step 1is to establish a
quantitative parameter on which to base limitations. The possible
choices for this quantitative parameter were all considered 1in (great
detail before the final selection was made. The primary limitations
specified in this document for plants discharging to publicly owned
treatment works (POTW) are expressed in terms of concentration.
Concentration 1limits are easier to report since pollutants are
normally measured 1in concentrations, and such a limitation is easier
to enforce by the monitoring authority. However, dilution may be a
problem in some instances. Where dilution is encountered and is of
concern, local authorities should consider the need for prohibitions
on dilution, inspection of pretreatment and industrial facilities, and
enforcement of mass limitations.

An optional mass-based standard is also presented in this document for
those plants which recover process materials and employ water
conservation techniques. A milligram per square meter (mg/sq m)
standard was selected as the most rational mass-based standard since
effluent discharge rates are a function of the 1level of production,
and this standard accounts for differences in the actual production
level from plant to plant. The following subsections deal with the
selection of this production related parameter and the application of
this parameter for discharge limitations.

Selection of Production Normalizing Parameter

The level of production activity in a particular plant can be
expressed quantitatively as the number of parts processed, processed
area, power consumed or number of employees. All of these parameters
have some relation to the level of production in a particular plant,
but area processed is more closely associated with the 1level of
activity relative to pollutant discharge than the other potential
parameters.

Number of Parts Processed - This parameter is a direct and readily
identifiable production related parameter. However, parts to be
processed or printed boards produced come in many different sizes and
since the pollution generation rate is dependent on the quantity of
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solution dragged out of process baths, different size parts drag out
different quantities of chemicals from the baths. Thus, the number of
parts processed is not sufficient for determining a quantitative
prediction of pollution discharge rate, but must be factored by the
plated area of these parts.

Area Processed - The direct relation of the pollution generation rate
to the quantity of dragout leads naturally to the selection of
processed area as a production related pollutant discharge rate
parameter. For the common metals electroplating, precious metals
electroplating and electroless plating subcategories, processed area
is area plated. For the anodizing, coatings and chemical etching and
milling subcategories, processed area 1is area finished. Although
masking (particularly hydrophilic masking) might contribute somewhat
to dragout, relatively little masking is used in these subcategories.
In addition, processed area for electroplating is readily obtainable
by measuring power consumption and determining the average plating
thickness. Thus, plated area is more easily measured for
electroplating operations than plated and masked area (total immersed
area).

For the printed board segment, the direct relation of the pollution
generation rate on the quantity of dragout 1leads naturally to
consideration of plated area as a production related pollutant
discharge rate parameter. The masked area of printed boards is
significant, but if the masked area of a printed board immersed in a
plating or treatment solution 1is hydrophobic, it should not drag out
any plating or treatment solution, and thus only the non-masked
(plated) area contributes to the dragout. However, controlled
experiments performed during a study of the industry indicate that
masking used on printed boards drags out as much of a plating bath as
the area plated. Table 4-1 presents this controlled experiment data
showing negligible difference (within expected measurement scatter) in
the amount of dragout £from masked and unmasked boards. The actual
dragouts for each plant in Table 4-1 cannot be compared because
different boards were used at each plant. Since the sum of the area
plated and the area masked is the total area immersed, and since this
entire area immersed contributes to the dragout, total area is the
selected production related parameter for pollutant discharge for the
printed board manufacturing subcategory.

A unique characteristic of the printed board industry relative to
immersed area and associated process bath dragout is the effect of
through holes on dragout. To quantify the effect on dragout of
through hole plating, controlled experiments were performed. These
experiments involved immersing various boards (both with holes and
without) in an electroless copper plating bath and then rinsing these
boards and measuring the concentration of copper in the rinse tank.
The results of these experiments are shown in Table 4-2.
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COMPANY
1D

17061 #1
$2

36062 #3
$4

COMPANY 1D

4065

6067

36062

TABLE 4-1

EFFECT OF MASKING ON DRAGOUT

DRAGOUT DRAGOUT
TEST TYPE OF MASK UNMASKED MASKED
Photoresist 280 mg/1 250 mg/1
Photoresist 360.8 mg/1 386.6 mg/1
Screen 0.377 mg/1- 0.33. mg/l-
in2 in2
Photoresist 0.377 mg/1- 0.318 mg/1-
in in
TABLE 4-2
EFFECT OF HOLES ON DRAGOUT
DRAGOUT DRAGOUT
HOLE SIZE WITHOUT HOLES WITH HOLES
0.077 1.429 mg/1 1.786 mg/1
0.031-0.040 4.429 mg/1 6.3 mg/1
0.031-0.040 2.250 mg/1 2.921 mg/1
0.045 0.337 mg/1-in?2 0.394 mg/1-in2
0.037 0.337 mg/l-in2 0.354 mg/1-in2
0.045 0.938 mg/1-in2 0.072 mg/1-in2
0.037 0.038 mg/1-in2 0.065 mg/l-in2
0.045 0.331 mg/1-inz2 0.493 mg/1-inz2
0.037 0.318 mg/1-in2 0.477 mg/1-in2
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Based on these results, it is apparent that holes cause an increase in
dragout, but this increase is extremely variable and dependent on:

Plating bath characteristics (including viscosity, pH, and
chemical composition).

Physical handling of the boards (types of racks, drip time,
and agitation of parts).

Characteristics of holes (size and density).

Due to the complexity of calculating hole areas and volumes, no
significant data in this area were received from most plants
contacted. Therefore, the specific effect of holes on dragout cannot
be accounted for in establishing limitations. However, the provision
for a separate subcategory for printed boards relative to the overall
electroplating point source category negates the effect of holes since
many plants through hole plate and holes are, therefore, not a
distinguishing factor.

Power Consumption - Power consumption was also considered for a
production related parameter. For electroplating, this parameter can
be related by a coulombic equivalent to the quantity of metal
deposited on a part and if the average plating thickness is known, it
can be used to determine plated area. For anodizing, this parameter
is relatable to oxide buildup on a part and if the average oxide
thickness is known, it can be used to determine anodized area.
However, pollutant dragout is more closely related to area processed
rather than power since power varies as a function of the thickness of
the workpiece. Also this parameter is not applicable to electroless
plating, coatings, and chemical milling and etching.

Number of Employees - As discussed previously, some plants employ
automatic production lines while others have manual lines. Thus, for
the same production 1level, the work £force at two plants might be
distinctly different. For this reason, the number of employees is not
an adequate production related parameter on which to base limitations.

Application of Production Normalizing Parameter

Basing limitations on processed area results in a milligram per square
meter limitation that 1is calculated from the concentration of
pollutants (mg/1) in a discharge multiplied by the discharge flow rate
(1/hr) and divided by the production rate (sq m/hr). However, the
mg/sq m term also requires definition of the number of manufacturing
operations since each manufacturing operation involves immersion in a
process tank with subsequent dragout of solution into rinse tanks. To
account for the different processing sequences found in different
electroplating plants, the limitation in terms of area processed must
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also be expressed in terms of operations performed (mg/operation-sq
m). Since dragout enters an effluent - stream only when it is rinsed
from a part, only production steps which are immediately followed by a
rinse are counted as operations for the limitations.

Table 4-3 lists operatons applicable to the seven subcategories of the
electroplating category. Referring to Table 4-3, catalyst application
and acceleration are considered operations in electroless plating.
This 1is because these operations involve the deposition of palladium
and tin on the surface of a plastic part and are thus similar to
plating operations. In addition, the initial acid cleaning and
alkaline cleaning steps in a line are counted as operations if they
precede all electroplating processes (one alkaline cleaning step per
plating line). Sampling and analysis showed that basis metal and
surface contaminants are removed to a significant degree in the
initial cleaning steps of a plating line. Since the subsequent rinses
contribute metal to the waste stream, these initial cleaning steps are
regarded as operations. With the exception of catalyst application,
acceleration, and the initial cleaning steps, no other surface
preparation or post-treatment steps are considered plating operations.
These other surface preparation and post-treatment operations are
considered 1integral with subsequent plating type operations, and the
water used and wastes produced by these operations are intrinsically
included in the water use and pollutant discharge from the plating
operation. As such, the water use and pollutant discharge from
surface preparation and post-treatment operations are included in the
limitations which are established from overall plant discharges.
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TABLE 4-3
ELECTROPLATING OPERATIONS

Subpart A-Common Metals Plating

Aluminum Electroplating
Cadmium Electroplating
Copper Electroplating
Chromium Electroplating
Iron Electroplating
Nickel Electroplating
Tin Electroplating

Lead Electroplating
Zinc Electroplating
Electroplating of any combination of above
metals

Subpart B-Precious Metals Plating

Gold Electroplating
Indium Electroplating
Palladium Electroplating
Platinum Electroplating
Rhodium Electroplating
Silver Electroplating

Subpart D-Anodizing
Anodizing

Subpart E-Coatings
Coloring*
Chromating*
Phosphatingx*
Immersion Plating

Subpart F~Chemical Milling and Etching

Chemical Milling

Etching

Bright Dipping

Stripping (To salvage improperly coated
parts) x*

Subpart G-Electroless Plating

Electroless Plating on Metals
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Electroless Plating on Plastics
Catalyst Application
Acceleration

All Subcategories

Stripping (to salvage improperly plated parts)
Coloring*x*

Chromating*x*

Phosphating**

Acid Cleaning

Alkaline Cleaning

*Counted as a coating operation if not integral with a plating line.
If integral with plating line, it is counted as a plating operation.

**If 1integral within a plating line, it is counted as an operation of
that subcategory.

Table 4-4 lists operations applicable to printed board manufacture.
Referring to Table 4-4, both catalyst application and acceleration
steps are considered operations in the manufacture of printed boards.
This is because these operations involve the deposition of palladium
and tin onto the surface of the board and are thus similar to plating
operations. In addition, the 1initial acid cleaning and alkaline
cleaning steps in a line are counted as operations if they precede all
printed board operations. Sampling and anaylsis showed that basis
metal and surface contaminants are removed to a significant degree in
the initial cleaning steps of printed board process lines. Since
subsequent rinses contribute metal and other contaminants to the waste
stream, these 1initial cleaning steps are regarded as operations. No
other surface preparation or post-treatment type steps are considered
operations. These other surface preparation and post-treatment
operations are considered integral with the surface preceding or
subsequent plating type operations, and the water used and waste
produced by these operations are intrinsically included in the water
use and pollutant discharge from the plating operations.
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TABLE 4-4

OPERATIONS IN THE MANUFACTURE OF PRINTED CIRCUIT BOARDS

Catalyst Application

Acceleration

Copper Electroplating

Nickel Electroplating

Solder Electroplating

Tin Electroplating

Gold Electroplating

Silver Electroplating

Platinum Metals Electroplating
Electroplating of Any Combination of
Above Metals

Electroless Plating on Plastics
Electroless Plating on Metals
Immersion Plating

Etching

Stripping (To salvage Improperly Plated
Parts)

Acid Cleaning*

Alkaline Cleaning¥*

Conversion Coating

* Only the 1initial alkaline cleaning and acid cleaning steps in a
line are counted as operations. Therefore, any subsequent surface
preparation steps are not counted as operations.

Optional TSS Limitations

Another optional set of limitations established for indirect
dischargers is the total suspended solids (TSS) monitoring alternative
described in Section II. 1In this set of limitations, TSS replaces
copper, nickel, chromium, and zinc as monitoring parameters. TSS was
selected as a basis parameter because the Agency believes that if the
required level of TSS is met, the individual and total metal
concentrations of the effluent streams will not be greater than their
regulated concentrations.
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SECTION V
WASTE CHARACTERIZATION
INTRODUCTION

This section presents the waste constituents and quantities
originating from the Electroplating Point Source Category. The raw
waste data presented are derived from an analysis of samples taken
downstream of the manufacturing sources but prior to final treatment.
All parameters were measured as total material rather than dissolved.
A tabulation showing each parameter analyzed, the specific analysis
procedure employed, sample collection data, sample preservation data,
and the minimum detectable analysis 1limit is shown in Table 5-1.
Table 5-2 describes the analysis technique used to determine the
concentration of the chelates found in waste streams sampled. The
following section presents the characteristics of the wastes for the
common metals plating, precious metals plating, anodizing, chemical
conversion coating, etching and chemical milling, electroless plating
and printed circuit board subcategories of this point source category
because of the distinctly different operations performed in each
subcategory. These subcategories are not mutually exclusive
subdivisions of the -electroplating point source category, however,
because plants often perform operations in more than one subcategory.

CHARACTERISTICS OF WASTES FROM THE ELECTROPLATING POINT SOURCE
CATEGORY

For the purposes of this document, electroplating process wastewater
is defined as all waters used for rinsing, alkaline cleaning, acid
pickling, plating and other metal finishing operations; it also
includes waters which come about from spills, batch dumps, and
scrubber blowdown. Cooling water which does not come in contact with
the produce or waste by-products is not included 1in this definition
unless the cooling water 1is subsequently used in an electroplating
process.

Wastewater from common and precious metals plating processes comes
from cleaning, surface preparation, plating, and related operations.
Wastewater from metal finishing processes comes from cleaning,
pickling, anodizing, coating, etching, and related operations.
Printed circuit board wastewater comes from cleaning, electroless
plating, etching, masking and electroplating. The wastewater from
electroless plating derives from etching, catalyst application,

acceleration and plating. The constituents 1in these wastewater
include the basis material being finished as well as the components in
the processing solutions. Predominant among the wastewater

constituents are copper, nickel, chromium, zinc, lead, tin, cadmium,
gold, silver, platinum metals, as well as 1ions that occur from
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¢8

PARAMETER

Silver

Gold

Cadmium

Cyanide
Amenable to
Chlorination

Total Cyanide

ON-SITE

TABLE 5-1

ANALYSIS METHODS

LOCAL LAB

CENTRAL LAB

SAMPLING AND ANALYSIS METHOD

EPA 146*, SM 301*. Atomic ab-
sorption. Sample collected in
polyethylene or glass bottles
and preserved with HNO3 to pH 2
maximum. Maximum holding per-
iod: 6 months. Minimum detec-
table limit: 0.001 mg/l.

Atomic Absorption. Sample col-
lected in glass bottle and pre-
served with HNO3 to pH 2 maxi-
mum. Maximum holding time: 6
months. Minimum detectable
limit: 0.001 mg/1l.

EPA 101, SM 301. Atomic absorp-
tion. Sample collected in poly-
ethylene or Pyrex bottles and pre-
served with HNO3 to pH 2 maximum.
Maximum holding period: 6 months.
Minimum detectable limit: 0.001 mg/l

EPA 49, SM 376. Colorimetric.
Sample collected in polyethylene
bottles and preserved with suffi-
cient NaOH to maintain pH of 12
minimum. Sample refrigerated to
4 degrees C. Maximum holding
time: 24 hours. Minimum detec-
table limit: 0.001 mg/1.

EPA 40, SM 361. Distillation,
silver nitrate titration or
pyridine - pyrazolone colori-
metric. Sample collected and
preserved as in cyanide amenable
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PARAMETER

Hexavalent
Chromium

Fluorides

Nickel

Phosphorus

Tin

ON-SITE

TABLE 5-1 (Continued)

LOCAL LAB

CENTRAL LAB

SAMPLING AND ANALYSIS METHOD

to chlorination described above.
Maximum holding time: 24 hours.
Minimum detectable limit: 0.001
mg/1.

SM 307B. Colorimetric. Diphenyl-
carbazide. Sample collected in
polyethylene or pyrex bottles and
preserved with HNO3 to pH2 maximum.
Bolding period: 6 months. Mini-
mum detectable limit: 0.005 mg/1.

EPA 59, SM 414. Distillation.
SPADNS. Sample collected ‘in
polyethylene or glass bottle, and
refrigerated to 4 degrees C. Maxi-
mum holding time: 7 days. Mini-
mum detectable limit: 0.1 mg/l.

EPA 141, SM 301. Atomic absorp-~
tion. ' Sample collected in poly-
ethylene or glass bottles and pre-
served with HNO3 to pH 2 maximum.
Maximum holding period: 6 months.
Minimum detectable limit: 0.001 mg/l.

EPA 249, SM 425, Persulfate diges-
tion vanadomolybdo phosphoric colori-
metric. Plastic or glass container.
Sample refrigerated to 4 degrees C.
Max holding time: 24 hours. Mini-
mum detectable limit: 0.0l mg/l.

EPA 150, SM 301. Atomic absorption.
Sample collected in glass bottle

and preserved with HNO3 to pH 2
maximum. Max holding time: 6 months.
Minimum detectable limit: 0.001

mg/1.
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TABLE 5-1 (Continued)

PARAMETER ON-SITE LOCAL LAB CENTRAL LAB
Zinc X

Flow x

Lead X
Palladium x
Phodium x
Total

Chromium X
Copper x

Iron b4

SAMPLING AND ANALYSIS METHOD

EPA 155, SM 301. Atomic absorp-
tion. Sample collected in poly-
ethylene or glass bottles and pre-
served with HNO3 to pH 2 maximum.
Maximum holding period: 6 months.
Minimum detectable limit: 0.01 mg/l.

Measured with a flowmeter, measurable
restriction, elapsed time meter or
container and stopwatch, as appli-
cable. Expressed in gallons per hour.

EPA 112, SM 301. Atomic absorption.
Sample handling and detection limits
same as cadmium.

Atomic absorption. Sample collected
in glass bottle and preserved with
HNO3 to pH 2 maximum. Maximum
holding time: 6 months. Minimum
detectable limit: 0.001 mg/l.

Atomic absorption. Sample collected
in alass bottles and preserved with
HNO3 to pH 2 maximum. Maximum
holding time: 6 months. Minimum
detectable limit: 0.001 mg/l.

EPA 105, SM 301. Atomic absorption.
Sample handling and detection limits:
same as cadmium.

EPA 108, SM 301. Atomic absorption.
Sample handling and detection limits:
same as cadmium.

EPA 110, SM 301. Atomic absorption.

Sample handling and detection limits:
same as cadmium.
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PARAMETER

pH

Total
Dissolved
Solids

Total
Suspended
Solids

Temperature

0il and
Grease

*References

ON-SITE

X

SM (Standard Methods)
"Standard Methods for the Examination of Water and Wastewater"™, 14th Ed. 1975.

American Public Health Association.

TABLE 5-1 (Continued)

LOCAL LAB

CENTRAL LAB

SAMPLING AND ANALYSIS METHOD

EPA 239, SM 424, Measured with a
portable pH meter. Expressed in
pH units.

EPA 266, SM 208. Filtration, evapor-
ation. Sample collected in poly-
ethylene and pyrex bottles and refri-
gerated to 4 degrees C., Maximum
holding time: 7 days. Minimum det-
ectable limit: 0.1 mg/l.

EPA 268, SM 208. Filtration. Sample
collected in polyethylene or Pyrex
bottles and refrigerated to 4 degrees
C. Maximum holding time: 7 days.
Minimum detectable limit: 0.1 mg/l.

EPA 286, SM 212. Measured with a
thermometer or thermistor. Expressed
in centigrade degrees.

EPA 226, SM 502. Organic solvent ex-
traction. Sample collected in glass
and preserved with H2S04 to pH 2 max.
Sample refrigerated to 4 degrees C.
Maximum holding period: 24 hours.
Minimum detectable limit: 0.1 mg/l.

EPA
"Methods for Chemical Analysis of Water and Wastes", EPA-625/6-74-
003. U. S. Environmental Protection Agency, Washington, D. C., 1974.
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CHELATING AGENT
EDTA

(Ethylenediamine-
tetraacetic Acid)

Citric Acid

NTA

Tartrates
Tartaric Acid

Potassium Sodium
Tartrate

Thiourea

Gluconic Acid

Blycolic Acid

TABLE 5-2

CHELATE ANALYSIS METHODS

CENTRAL LAB ANALYSIS METHOD

Preliminary screening by solubilizing copper with EDTA at

pH 10, followed by filtration and atomic absorption analysis
of soluble copper in the filtrate. Analysis of EDTA per-
formed by gas chromatographic analysis, flame ionization
detection. Minimum detectable limit: 0.5 mg/l.

Gas chromatographic analysis, flame ionization detection.
Minimum detectable limit: 0.1 mg/l.

Same as Citric Acid.

Screened by gqualitative analysis, spot test using 1% resor-
cinol and H2S04. Analysis performed by acid-base titration
as follows: Sample treated with potassium chloride and
acetic acid, then refrigerated to settle out potassium
bitartrate KHC4H40. Titrate with sodium hydroxide to
Phenolphthalein end point. Minimum detectable limit:

0.1 mg/1.

Colorimetric analysis procedure. Pentaammonium
Ferricyanide salts, 1% in water reagent. Minimum detectable
limit: 1.0 mg/l.

Gas chromatographic analysis, flame ionization detection.
Results inconclusive due to possible interference of other
wastewater constituents. Screening for gluconic acid using
excess copper and then analyzing the filtrate for copper
also was not conclusive for the same reason.

Gas chromatographic analysis, flame ionization detection.
Minimum detectable limit: 0.1 mg/1l.



cleaning, surface preparation, or processing baths such as phosphates,
chlorides, and various metal complexing agents. These constituents
are common to both direct and indirect discharge electroplating
facilities since they are dependent on the production processes
performed.

Water Usage

Water is used for rinsing work pieces, washing away spills, air
scrubbing, rinsing after auxiliary operations, preparing solutions,
and washing equipment. Descriptions of these uses follow.

Rinsing - A large proportion (approximately 90 percent) of the water
usage 1in plating is for rinsing. The water is used to remove the
process solution film from the surface of the work pieces. As a
result of this rinsing, the water becomes contaminated with the
constituents of the process solutions and is not directly reusable.
Dilute rinse water solutions of various process chemicals result from
each operation. Figure 5-1 illustrates rinse water flow in a typical
electroplating facility. Rinse water use for typical electroless
plating lines is diagrammed in Figure 5-2.

Spills and Air Scrubbing -~ The water from washing away and from
scrubbing ventilation exhaust air is normally added to the acid alkali
waste stream and then treated. This wastewater generally is

contaminated with constituents of the operating solutions.

Process Solution Preparation - As process baths become exhausted or
spent, new solutions have to be made up, with water a major
constituent of these baths. When a high temperature bath is being
used, water has to be added periodically to make up for evaporative
losses. Exhausted or spent process solutions to be dumped are often
slowly metered into rinse water following the operation and prior to
treatment. Alternatively, these solutions, which are much more
concentrated than the rinse water, may be processed batchwise in a
special treatment facility.

Rinsing after Auxiliary Operations - Water is used for rinsing after
auxiliary operations such as rack stripping in order to remove process
solution from the surface of the part, Jjust as in rinsing after
plating operations.

Washing Equipment ~ Water used for washing filters, pumps, and tanks
picks up residues of concentrated solutions or salts and should be
routed to the appropriate rinse water stream for chemical treatment.
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Sources of Waste

The following process solutions are the major waste sources during
normal plating operations.

Alkaline Cleaners - Cleaning solutions usually contain one or more of
the following chemicals: sodium hydroxide, sodium carbonate, sodium
metasilicate, sodium phosphate (di- or trisodium), sodium silicate,
sodium tetra phosphate, and a wetting agent. The specific content of
cleaners varies with the type of soil being removed. For example,
compositions for cleaning steel are more alkaline and active than
those for <cleaning brass, zinc die castings, and aluminum. Waste
waters from cleaning operations contain not only the chemicals found
in the alkaline cleaners. but also soaps from the saponification of
greases left on the surface by polishing and buffing operations. Some
oils and greases are not saponified but are, nevertheless, emulsified.
The raw wastes from cleaning process solutions and dissolution of
basis metals show up in the rinse waters, spills, dumps of
concentrated solutions, wash waters from air-exhaust ducts, and
leaking heating or cooling coils and heat exchangers. The
concentrations of dissolved basis metal in rinses following alkaline
cleaning are usually small relative to acid dip rinses.

Acid Cleaners =~ Solutions for pickling or acid cleaning usually
contain one or more of the following: hydrochloric acid (most
common), sulfuric acid, nitric acid, chromic acid, fluoboric acid, and
phosphoric acid. The solution compositions vary according to the

nature of the basis metals and the type of tarnish or scale to be
removed. These acid solutions accumulate appreciable amounts of metal
as a result of dissolution of metal from work pieces or uncoated areas
of plating racks that are recycled repeatedly through cleaning, acid
treating, and electroplating baths. As a result, the baths usually
have a relatively short life, and when they are dumped and replaced,
large amounts of <chemicals must be treated or reclaimed. These
chemicals also enter the waste stream by way of dragout from the acid
solutions into rinse waters.

The amount of waste contributed by acid cleaners and alkaline cleaners
varies appreciably from one facility to another depending on the
substrate material, the formulation of the solution used for cleaning
or activating the material, the solution temperature, the cycle time,

and other factors. The initial condition of the substrate material
affects the amount of waste generated during treatment prior to
finishing. A dense, scalefree copper alloy part can be easily

prepared for finishing by using a mild hydrochloric acid solution that
dissolves little or no copper, whereas products with a heavy scale
require stronger and hotter solutions and longer treating periods for
ensuring the complete removal of any oxide prior to finishing.
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Catalyst Application and Acceleration - 1In electroless plating on
plastics, a catalyst must be applied to the plastic to initiate the
plating process. The catalyst consists of tin and palladium, and 1in
the acceleration process the tin is removed. A chromic acid surface
preparation of the plastic usually precedes the catalyst application.

Plating Operations and Post-treatment - Plating and post-treatment
baths contain metal salts, acids, alkalies, and various compounds used
for bath control. Common plating metals include copper, nickel,
chromium, zinc, cadmium, lead, iron, and tin. Precious plating metals
include silver, gold, palladium, platinum, and rhodium. In addition
to these metals ammonia, sodium and potassium are common cationic
constituents of plating baths. Anions most likely to be present in
plating and post-treatment baths are borate, cyanide, carbonate,
fluoride, fluoborate, phosphates, chloride, nitrate, sulfate, sulfide,
sulfamate, and tartrate.

Many plating solutions contain metallic, metallo-organic, and organic
additives to induce grain refining, leveling of the plating surface,
and deposit brightening. Arsenic, cobalt, molybdenum, and selenium
are used 1in this way, as are saccharin and various aldehydes. These
additives are generally present in a bath at concentrations of less
than one percent by volume or weight.

Complexing and chelating agents are important constituents of some

plating baths, especially -electroless plating solutions. Most
electroless plating baths in commercial use are proprietary and
identification of complexing agents present 1is difficult. From a

wastewater standpoint, the prime importance of the agents lies in the
difficulties they present for effective metal removal since they
hinder precipitation of metal ions.

Chromium, aluminum, and manganese are the metal constituents most
common in anodizing baths; while ammonia, sulfate, fluoride,
phosphate, and various bases are the most important non-metal
constituents. Basis metal, usually aluminum, will also be present in
the bath. Posttreatment for anodized surfaces often consists only of
hot water rinsing. Occasionally, anodized parts are sealed with a
chromium salt solution or colored with organic or inorganic dyes.

Chromating baths are nearly all proprietary and little information
about their formulation 1is available. However, all baths have
chromate and a suitable activator (an organic or inorganic radical)
usually in an acid solution. Chromate conversions can be produced on
zinc, cadmium, aluminum, magnesium, copper and brass, and these metals
will dissolve 1into the chromating baths. Posttreatment of chromate
conversion coatings may include dipping in organic dips or sealing in
a hot water rinse.
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The phosphates of =zinc, iron, manganese, and calcium are most often
used for phosphate coatings. Strontium and cadmium phosphates are
used in some baths, and the elements aluminum, chromium, fluorine,
boron, and silicon are also common bath constituents. Phosphoric acid
is used as the solvent in phosphating solutions. Phosphated parts may
be colored in a posttreatment step, or conditioned in very dilute
chromic or phosphoric acid.

Solutions for chemical milling, etching, and associated operations
contain dissolved or particulate basis metals and either chemical
agents for metal oxidation or electrolytes for electrical metal
removal (as in electrochemical machining). Bath constituents for
chemical removal of basis metals include mineral acids, acid
chlorides, alkaline ammonium solutions, nitroorganic compounds, and
such compounds as ammonium peroxysulfate. Common electrolytes are
sodium and ammonium chloride, sodium and ammonium nitrate, sodium
cyanide. Posttreatment baths for chemical milling or etching would
not contain significantly different constituents than those listed
above.

Immersion plating baths usually are simple formulations of metal
salts, alkalies, and complexing agents. The complexing agents are
typically cyanide or ammonia and are used to raise the deposition
potential of the plating metal. Parts plated by immersion are seldom
post-treated except in the case of zinc immersion plating of aluminum.
This process 1is used to form a base for subsequent electroplating,
usually copper.

Auxiliary Operations - Auxiliary operations such as rack stripping,
although essential to plant operation, are often neglected in
considering overall pollutant reduction. Stripping solutions using a
cyanide base can form compounds which are difficult to treat. One
such compound is nickel cyanide, in which the cyanide is not readily
amenable to chlorination. Frequent cleaning of stripping baths and
use of alternative chemicals can significantly reduce the pollutants
evolving from this type of source.

Waste Constituents And Quantities

The results of analysis of the specific constituents of raw waste
streams from the plating establishments in the data base are presented
in Tables 5-3 to 5-10. The following subcategories are represented:

Table 5-3 Common Metals Plating

Table 5-4 Precious Metals Plating
Table 5-5 Anodizing

Table 5-6 Coatings

Table 5-7 Chemical Milling and Etching
Table 5-8 Electroless Plating
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Table 5-10 Printed Circuit Boards

Data on the <chelating agents used in the electroless plating
subcategory are presented in Table 5-9.

The values given for cyanide, hexavalent chromium, and total suspended
solids do not reflect actual raw waste concentrations. 1In a majority
of plants raw waste was sampled after cyanide oxidation, chrome
reduction, and pH adjustment, at a point just prior to clarification.
This was done since segregated waste streams were often very difficult
to sample, and, in the case of cyanide, potentially hazardous.

The numbers presented in Tables 5-3 through 5-10 are the range of
concentration values for each constituent. These values were deter-
mined by a statistical analysis of the raw waste streams for 82
visited plants 1in the data base. This analysis involved allocating
total pollutant raw waste masses to appropriate subcategories. No
allowance was made for alkaline or acid cleaning. Total raw waste
allocations for electroless plating were made to Subparts A and B.
Measured concentrations could not be used since nearly all plants
visited had wastes applicable to more than one subcategory. It should
also be noted that only plants which used a particular metal in their
process were used in averaging values for that metal.

Table 5-3 presents the range of pollutants found to a significant
degree in the common metals plating subcategory. The main
constituents of the waste streams are those parameters which are
ingredients of process solutions which have been dragged out into the
rinse waters. 1Included are cyanide and metals such as copper, nickel,
chromium, and zinc from plating solutions, fluorides from plating
solutions and acid cleaners, and phosphorus from cleaners.

The major constituents of wastewaters produced in the precious metals
subcategory are listed in Table 5-4. Just as with common metals
plating, the pollutants are a result of process solution dragout:
cyanide, silver, gold, palladium, platinum, rhodium and phosphorus.

Table 5-5 presents the pollutants found in the anodizing subcategory.
The high chromium levels are a result of chromic acid anodizing. The
phosphorous 1is contributed by cleaners and phosphoric acid and the
suspended solids are caused by the removal of soils and basis
material.

The concentration levels in Table 5-6 describe the raw wastes found in
the coating subcategory. The pollutants in these wastewaters are a
product of process solution dragout or basis material removal.
Chromium results from chromating and iron, zinc and phosphorous are
added by phosphating. Tin is contributed by immersion plating.
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Table 5-7 shows the composition of raw waste streams from the chemical
milling and etching subcategory. These pollutants originate 1in the
acid process solutions (chromium, fluoride and phosphorus from chromic
acid, hydrofluoric acid and phosphoric acid, respectively) or by basis
material removal (copper, zinc, iron, tin).

Tables 5-8 and 5-9 present the range of concentrations of pollutants
found in the electroless plating subcategory. As a rule, the metals
concentrations are lower than those found in common metals plating
streams due to more dilute plating solutions. Table 5-9 describes the
chelating agents which were present in those plants reporting their
use.

The results of an analysis of the constituents of raw waste streams
sampled from printed board manufacturers are shown in Table 5-10.
These figures are based on two or three day composite sampling visits
at ten printed board installations and represent the range of
concentrations from the visited printed board plants. Included in the
table are the results of an analysis for chelating agents, which are
particularly significant wastes from the printed board industry
because of their interference with effective waste treatment. The
information on chelates includes:

1. The number of plants out of the ten printed board instal-
lations sampled for chelating agents which reported use of a
specific agent.

2. The number of plants where that chelating agent was detected
above a minimum detectable limit.

3. The average concentrations of particular chelating agents
found.

The principal constituents of the waste streams from the printed board
industry are suspended solids, copper, fluorides, phosphorus, tin,
palladium and chelating agents. Low pH values are characteristic of
the wastes because of the acid cleaning and surface preparation
necessary. The suspended solids are comprised primarily of metals
from plating and etching operations and dirt which is removed during
the cleaning processes prior to plating. The large amount of copper
present in the waste stream comes from the electroless copper plating
as well as copper electroplating and etching operations. Fluorides
are primarily the result of cleaning and surface treatment processes
utilizing hydrofluoric and fluoboric acids. Phosphorus results from
the 1large amount of <cleaning that is performed on the boards. Tin
results from operations involving catalyst application and solder
electroplating, and palladium 1is a waste constituent from catalyst
application. The chelating agents present are primarily £from the
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electroless plating operations, although others may have been added by
the cleaning, immersion plating, and gold plating operations.

In order to figure the ranges of pollutant concentrations used above
to characterize the raw wastes of the different subcategories, all 82
sampled plants were used as a data base. However, not all of these
raw wastes were used in calculating effluent limitations. Plants were
selectively deleted from the data base used for analysis. Several
plants were screened out as having treatment systems which were
considered to be unrepresentative of the model pretreatment
technology. In addition to this, plants which had specific design or
operational problems as reported by sampling personnel were screened.
A- detailed description of effluent limitation derivation is presented
in Section XII.
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TABLE 5-3

COMPOSITION OF RAW WASTE STREAMS
FROM COMMON METALS PLATING

(mg/1)

Copper 0.032-272.5
Nickel 0.019-2954

Chromium, Total 0.088~525.9
Chromium, Hexavalent 0.005-334.5
Zinc 0.112-252.0
Cyanide, Total 0.005-150.0
Cyanide, Amenable to Chlorination 0.003-130.0
Fluoride 0.022-141.7
Cadmium 0.007-21.60
Lead 0.663-25.39
Iron 0.410-1482

Tin 0.060-103.4
Phosphorus 0.020-144.0
Total Suspended Solids 0.100-9970
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TABLE 5-4

COMPOSITION OF RAW WASTE STREAMS
FROM PRECIOUS METALS PLATING

(mg/1)

Silver 0.050-176.4
Gold 0.013-24.89
Cyanide, Total 0.005-9.970
Cyanide, Amenable to Chlorination 0.003-8.420
Palladium 0.038-2.207
Platinum 0.112-6.457
Rhodium 0.034%
Phosphorus 0.020~-144.0
Total Suspended Solids 0.100-9970

*Only 1 plant had a measurable level
of this pollutant.

TABLE 5-5
COMPOSITION OF RAW WASTE STREAMS
FROM ANODIZING
(mg/1)

Chromium, Total 0.268 - 79.20
Chromium, Hexavalent 0.005 - 5.000
Cyanide, Total 0.005 - 178.00
Cyanide, Amenable to Chlorination 0.004 - 67.56
Phosphorus 0.176 -~ 33.00
Total Suspended Solids 36.09 =~ 924.0
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TABLE 5-6

COMPOSITION OF RAW WASTE STREAMS
FROM COATINGS

(mg/1)

Chromium, Total 0.190 - 79.20
Chromium, Hexavalent 0.005 - 5.000
Zinc 0.138 - 200.0
Cyanide, Total 0.005 - 126.0
Cyanide, Amenable to Chlorination 0.004 ~ 67.56
Iron 0.410 - 168.0
Tin 0.102 -~ 6.569
Phosphorus 0.060 ~ 53.30
Total Suspended Solids 19.12 - 5275
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TABLE 5-7

COMPOSITION OF RAW WASTE STREAMS
FROM CHEMICAL MILLING AND ETCHING

(mg/1)
Copper 0.206 272,
Chromium, Total 0.088 525.
Chromium, Hexavalent 0.005 334,
Zinc 0.112 200.
Cyanide, Total 0.005 126.
Cyanide, Amenable to Chlorination 0.005 101.
Fluoride 0.022 141.
Iron 0.075 263.
Tin 0.068 103.
Phosphorus 0.060 144.
Total Suspended Solids 0.100 4340
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TABLE 5-8

COMPOSITION OF RAW WASTE STREAMS
FROM ELECTROLESS PLATING

(mg/1)
Copper 0.002-47.90
Nickel 0.028-46.80
Cyanide, Total 0.005-12.00
Cyanide, Amenable to Chlorination 0.005-1.00
Fluoride 0.110-18.00
Phosphorus 0.030-109.0
Total Suspended Solids 0.100-39.00
TABLE 5-9

CHELATING AGENTS
IN
ELECTROLESS PLATING

No. of Plants

Chelating No. of Plants Where Found

Agents Reporting Use by-Analysis (range) {mean)
EDTA 1 0 - -
NTA 3 3 .1-89.9 9.5
Citric Acid 4 4 .1-1213 7.5
Glutaric

Acid 4 3 .1-17.3 10.3
Lactic Acid 1 0

Tartrates 3 2 .1-7.66 0.1
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TABLE 5-10

CHARACTERISTICS OF RAW WASTE STREAMS
IN THE PRINTED BOARD INDUSTRY

Constituent Range (mg/1l)
Total Suspended Solids 0.998 - 408.7
Cyanide, Total 0.002 - 5.333
Cyanide, Amenable to Chlorination 0.005 - 4.645
Copper 1.582 - 535.7
Nickel 0.027 - 8.440
Lead 0.044 - 9.701
Chromium, Hexavalent 0.004 - 3.543
Chromium, Total 0.005 - 38.52
Fluorides 0.648 - 680.0
Phosphorus 0.075 - 33,80
Silver 0.036 - 0.202
Palladium 0.008 -~ 0.097
Gold 0.007 - 0.190
CHELATING AGENTS
No. of Plants
Reporting Use No. of Plants

Chelating of Particular Where Agent Was Range
Agent Chelating Agent Found by Analysis (mg/1)
EDTA 6 2 15.8 - 35.8
Citrate 5 4 0.9 - 1342
Tartrate 5 4 1.3 - 1108
Thiourea 3 0 -
NTA 2 2 47.6 - 810
Gluconic

Acid 1 0 -
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SECTION VI

SELECTION OF POLLUTANT PARAMETERS
INTRODUCTION

The Electroplating Point Source Category wastewater constituents that
are significant pollutants are listed in Table 6-1. These parameters
are listed along with the range of raw waste concentrations in the
data base for each subcategory. These paramaters were selected from a
broad 1list of wastewater parameters using the following criteria for
selection:

1. The characteristics of the pollutant require control in
effluent discharges.

2. The pollutant is commonly present in significant amounts in
the processing solutions used in the electroplating industry.

3. The pollutant can be controlled by practical technology that
is currently available for wastewater treatment.

Wastewater from this industry comes from pretreatment and post
treatment operations as well as the actual metal finishing and
electroplating steps. The known significant pollutants and pollutant
properties from these operations include pH, total suspended solids,
cyanide, chromium, copper, nickel, zinc, cadmium, lead, aluminum, and
various precious metals and organic compounds. Many of these
pollutants may occur together with their individual concentrations
exceeding 100 mg/1.

Many of the pollutants which are generated are toxic pollutants which
have potential for environmental or POTW damage. Since none of the
metals are destroyed when introduced into a POTW, they either pass
through to the POTW effluent or concentrate in the POTW sludge.
Cyanide also can pass through a POTW, and both cyanide and the metals
can interfere with the POTW treatment processes.

All of the metals and cyanide are known to inhibit the operations of a
POTW at sufficiently high concentrations. Threshold process influent
concentrations for inhibition of activated sludge processes as given
in the Federal Guidelines for State and Local Pretreatment Programs
(EPA-430/9~76~017) are as follows:

Pollutant Conc. (mg/1) Pollutant Conc. (mg/l)
cd 10-100 Ag 5

CN,T 0.1-5 Pb 0.1

Cr,VI 1-10 Ni 1-2.5
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TABLE 6-1
POLLUTANT PARAMETER OCCURENCE

v01

SUBPART

Precious Chemical Printed
Pollutant Cotmon Metals Metals .Electroless Anodizing Coatings Milling & Circuit
Parameter Plating Plating Plating Etching Boards
Copper 0.032-272.5 0.002-47.90 0.206-272.5 0.203-535.7
Nickel 0.019-2954 0.028-46.80 0.027-13.30
Chromiym, T 0.088-525.9 0.268-79.20 0.190-79.20 0.088-525.9 0.005-47.8
Chromium, VI 0.005-334.5 0.005-5.000 0.005-5.000 0.005-334.5 0.005-4.4
Zinc 0.112-252.0 0.138-200.0 0.112-200.0
Cyanide, T 0.005-150.0 0.005-9.970 0.005-12.00 0.005-78.00 0.005-126.0 0.005-126.0 0.005-10.80
Cyanide, A 0.003-130.0 0.003-8.420 0.005-1.00 0.004-67.56 0.004-57.56 0.005-101.3 0.005-9.38
Fluoride 0.022-141.7 0.110-18.00 0.022-141.7 0.280-680.0
Cadmium 0.007-21.60
Lead 0.663-25.39 0.010-10.2
Iron 0.252-1482 0.410-168.0 0.075-263.0
Tin 0.060-103.4 0.060-90.0 0.102-6.569 0.338-6.569 0.060-54.0
Phosphorus 0.020-144.0 0.020-144.0 0.030-109.0 0.176-33.00 0.060-53.30 0.060-144.0 0.051-53.6
TSS .1-9970 .1-9970 .1-39.00 36.1-924.0 19.1-5275 .1-4340 1.0-611.0
Silver 0.050-176.4 0.001-0.478
Gold 0.013-24,89 0.006-0.107
Palladium 0.027-0.625 0.005-0.234
Platinum 0.112-6.457
Rhodium* 0.034

*Only 1 plant had a measurable level of this pollutant.



Cr,I11 50 Zn 0.08-10
Cu 1

For anaerobic digestion and nitrification processes, the threshold
inhibition concentrations differ. In the case of nitrification
processes especially, the threshold numbers are usually lower.

Since the metals are not destroyed, that fraction which does not pass
through the POTW 1is incorporated into sludge. Depending on sludge
disposal methods, these metals could contaminate and air, the water,
or in some cases enter the human food chain. In addition, sewage
sludge is a valuable soil conditioner with about 30 percent currently
being applied to 1land (about half of this amount to agricultural
cropland, the remainder to golf courses, nurseries, home 1lawns and
gardens, etc.). Land application is, in general, the least expensive
and most environmentally beneficial use of sludges. Metal
contamination of sludge can have various effects which limit the
amount of sludge which can be applied to cropland. These effects are
described below. Concentrations in sludge were taken from Appendix
Vi1, page 7, of "Municipal Sludge Management: Environmental Factors"”
(EPA 430/9-77-004). Food and Drug Administration (FDA)
recommendations for cadmium and lead are summarized in Appendix IX of
the same reference. Unless noted otherwise, data on soil levels of
these metals and discussion of adverse effects on crops are based on
information contained in "Considerations Relating to Toxic Substances
in the Application of Municipal Sludge to Cropland and Pastureland"
(EPA 560/8-76-004) and "Application of Sewage Sludge to Cropland:
Appraisal of Potential Hazards of the Heavy Metals to Plants and
Animals" (EPA 430/9-76-013).

None of the pollutants are completely removed from wastewater by
average POTWs; part of the pollutant load passes through to the POTW
effluent and subsequently contaminates the receiving water. Pass
through data and some of the effects on receiving water are summarized
below. Data on pass through were calculated (as 100 percent minus
percent removal) from the removability data given on page 6-45 of
"Federal Guidelines: State and Local Pretreatment Programs" (EPA
430/9-76~-017b). POTW effluent data were taken from pages 6-39 to 6-41
of the same reference. "

EXAMPLES OF EFFECTS OF PRETREATMENT ON SLUDGE QUALITY.

Pretreatment programs have been effective in reducing metals
concentrations in sludge. Three examples are cited below.

Buffalo, New York:

Sludge concentration (mg/kg-dry basis)
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Pollutant Before Pretreatment After Pretreatment

(actual) (projected)
Cd 100 50
Cr 2540 1040
Cu 1570 330
Pb 1800 605
Ni 315 115
in 2275 364

Grand Rapids Michigan:

Sludge concentration (mg/kg-dry basis)

Pollutant Before Pretreatment After Pretreatment
(actual) (actual)

Cr 11000 2700

Cu 3000 2500

Ni 3000 1700

Zn 7000 5700

Muncie, Indiana:

Sludge concentration (mg/kg-dry basis)

Pollutant Before Pretreatment After Pretreatment
(actual) (actual)
(1972) (1978)

cd 23 9.5

Cr 2000 675

Ni 8500 150

Zn 5800 2700

Pb 8500 1000

Cu 1750 700

POLLUTANT PARAMETERS

Copper (Cu)

Copper is an elemental metal that is sometimes found free 1in nature
and is found 1in many minerals such as cuprite, malachite, asurite,
chalcopyrite, and bornite. Copper is obtained from these ores by
smelting, leaching, and electrolysis. Significant industrial uses are
in the plating, electrical, plumbing, and heating equipment
industries. Copper is also commonly used with other minerals as an
insecticide and fungicide.
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In data from 156 POTWs, the median pass through was over 80 percent
for primary plants and about 40-50 percent for trickling filter and
activated sludge treatment plants. POTW effluent concentrations
(based on data from 192 plants) ranged from 0.003 to 1.8 mg/l (mean =
0.126, standard deviation = 0.242).

The copper which passes through the POTW to the effluent is discharged
to ambient surface water. Copper is toxic to aguatic organisms at
levels typically observed in POTW effluents, for example:

o 48~hour LC50 for Daphnia Magna in soft water is 0.02 mg/1 (J.
Fish Res. Board Can., 29: 1972).

o] 96-hour LC50 for the chinook salmon is 0.017 mg/l1 (Chapman,
G.A., 1975. Toxicity of Copper, Cadmium, and Zinc¢ to Pacific
Northwest Salmonids. US EPA, Corvallis, OR).

o) 96-hour TL50 for the fathead minnow 1is 0.023 mg/1 (Water
Pollut. Int. J. 10:453, 1966).

A study of 205 sewage sludges showed copper levels of 84 to 10,400
mg/kg, with 1210 mg/kg as the mean value and 850 as the median value.
These concentrations are significantly greater than those normally
found in soil, which usually range from 18-80 mg/kg. Copper toxicity
may develop 1in plants from application of sewage sludge contaminated
with copper. Livestock have been poisoned by eating plants
contaminated with copper.

Because of 1its toxicity, its tendency to pass through a POTW and its
wide use in the electroplating industry, copper has been eelected as a
pollutant parameter.

Nickel (Ni)

The uses of nickel are many and varied. It is machined and formed for
various products as both nickel and as an alloy with other metals.
Nickel 1is also wused extensively as a plating metal primarily for a
protective coating for steel.

Data from 109 POTWs show that nickel pass through was greater than 90
percent for 82 percent of the primary treatment plants. Median pass
through for trickling filter and activated sludge plants was greater
than 80 percent. Data from 149 POTWs show POTW effluent
concentrations ranging from 0.003 to 40 mg/l (mean = 0.411, standard
deviation = 3.279).

The nickel which passes through the POTW is discharged to ambient

surface water. Nickel 1is toxic to aquatic organisms at levels
typically observed in POTW effluents, for example:
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o 50 percent reproductive impairment of Daphnia magna at 0.095
mg/1 (J. Fish Res. Board Can., 29:1691, 1972). '

o] morphological abnormalities in developing eggs of Limnaea
palustris at 0.230 mg/1 (Bio. Bulletin 125:508, 1963).

o] 50 percent growth inhibition of aquatic bacteria at 0.020
mg/1l (Curr. Sci. 45: 578-580, 1976).

Since surface water is often used as a drinking water source, nickel
passed through a POTW becomes a possible drinking water contaminant.

A study of 165 sludges showed nickel concentrations ranging from 2 to
3520 mg/kg (dry basis), with a mean of 320 mg/kg and a median of 82
mg/kg. Nickel toxicity may develop in plants from application of
sewage sludge on acid soils. Nickel reduces yields for a variety of
crops including oats, mustard, turnips, and cabbage.

Nickel is one of the most commonly used metals in the electroplating
industry. Due to 1its wide use and the deleterious effects outlined
above, nickel has been selected as a pollutant parameter.

Chromium (Cr)

Chromium is an elemental metal usually found naturally as a chromite
(FeCr,0,). The metal is normally processed by reducing the oxide with
aluminum.

Chromium and its compounds are used extensively throughout industry.
It is used to harden steel and as an ingredient in other useful
alloys. Chromium 1is also widely used in the electroplating industry
as an ornamental and corrosion resistant plating on steel, as a
conversion coating on a variety of metals, and can be used in pigments
and as a pickling acid (chromic acid).

The two most prevalent forms of chromium found in industry waste
waters are hexavalent and trivalent. Chromic acid used in industry is
a hexavalent chromium compound which is partially reduced to the
trivalent form during use. Chromium can exist as either trivalent or
hexavalent compounds 1in raw waste streams. Hexavalent chromium
treatment involves reduction to the trivalent form prior to removal of
chromium from the waste stream as a hydroxide precipitate.

The amount of chromium which passes through to the POTW effluent
depends on the type of treatment processes used by the POTW. Data
from 138 POTWs show that 56 percent of the primary plants allowed more
than 80 percent pass through to POTW effluent. More advanced
treatment reduces pass through, with median pass through values for
trickling filter and activated sludge treatments being about 60
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percent. Data from 179 POTWs show POTW effluent concentrations
ranging from 0.003 to 3.2 mg/l total chromium (mean = 0.197, standard
deviation = 0.48), and from 0.002 to 0.1 mg/1 hexavalent chromium
(mean = 0.017, standard deviation = 0.020).

The chromium which passes through the POTW is discharged to ambient
surface water. Chromium is toxic to aquatic organisms at 1levels
observed in POTW effluents.

o trivalent chromium significantly impaired the reproduction of
Daphnia magna at levels of 0.3 to 0.5 mg/1l (J. Fish Res.
Board Can., 29: 1691, 1972).

o hexavalent chromium retards growth of <chinook salmon at
0.0002 mg/1 (Hanford Bio. Am. Rep., 1957)

Hexavalent chromium 1is also corrosive, and a potent human skin
sensitizer.

Besides providing an environment for aquatic organisms, surface water
is often used as a source of drinking water. Because hexavalent
chromium can be reduced to trivalent chromium in the environment, and
trivalent chromium can possibly be oxidized to hexavalent chromium by
chlorine or other agents, the National Interim Primary Drinking Water
Standards are based on total chromium, the limit being 0.05 mg/l.

A study of 180 sewage sludges showed that sewage sludge contains 10 to
99,000 mg/kg (dry basis) of chromium (mean = 2620 mg/kg; median = 890
mg/kg). Most crops absorb relatively little chromium even when it is
present in high levels in soils, but chromium in sludge has been shown
to reduce crop yields in concentrations as low as 200 mg/kg.

Although chromium does not pass through the POTW to the same extent as
other metals, its relative abundance in electroplating wastewaters and

its toxicity to aquatic organisms justify its selection as a pollutant
parameter.

Zinc (Zn)

Occurring in rocks and ores, zinc is readily refined into a stable
pure metal and is used extensively as a metal, an alloy, and a plating
material. In addition, zinc salts are also used in paint pigments,
dyes, and insecticides. Many of these salts (for example, zinc
chloride and zinc sulfate) are highly soluble in water; hence, it is
expected that zinc might occur in many industrial wastes. On the
other hand, some zinc salts (e.g.zinc carbonate, =zinc oxide, zinc
sulfide) are insoluble in water and, consequently, it is expected that
some zinc will precipitate and be removed readily in many natural
waters.
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Data from 148 POTWs show the median pass through values to be 70-80
percent for primary plants, 50-60 percent for trickling filter plants,
and 30-40 percent for activated sludge process plants. POTW effluent
concentrations of zinc (based on data from 198 POTWs) ranged from
0.009 to 3.6 mg/l (mean = 0.330, standard deviation = 0.464).

The zinc which passes through the POTW to the effluent is discharged
to ambient surface water. Zinc 1is toxic to aquatic organisms in
concentrations typically observed in POTW effluents, for example:

o) 96-hour LC50 for the cutthroat trout 1is 0.090 mg/l1 (Sport
Fishing Abstract 13665, 1971).

(o} 96-hour LC50 for the chinook salmon is 0.103 mg/1 (Chapman,
G.A., 1975. Toxicity of Copper, Cadmium and Zinc to Pacific
Northwest Salmonids. USEPA, Corvallis, Or).

o) 48-hour LC50 for Daphnia magna is 0.100 mg/l (J. Fish Res.
Board Can. 29:1691, 1972).

Data from 208 sludges show a zinc range of 101 to 27,800 mg/kg (dry
basis), with a mean of 2790 mg/kg and a median of 1740 mg/kg.

These concentrations are significantly dgreater than those normally
found 1in soil, with observed values of 10 to 300 mg/kg, with 50 mg/kg
being the mean. Therefore, application of sewage sludge to soil will
generally increase the concentration of zinc in the soil. Zinc can be
toxic to plants, depending upon soil pH. Lettuce, tomatoes, turnips,
mustard, kale, and beets are especially sensitive to zinc
contamination.

Zinc has been selected as a pollutant parameter as a result of its
toxicity levels and its ability to pass through the POTW.

Cyanide

Cyanide is a compound that is widely used in industry primarily as
sodium cyanide (NaCN), potassium cyanide (KCN) or hydrocyanic acid
(HCN). The major use of cyanides is in the electroplating industry
where cyanide baths are used to hold ions such as zinc and cadmium in
solution and to accelerate the plating process. Cyanides 1in various
compounds are also used in steel plants, chemical plants, photographic
processing, textile dying, and ore processing.

Of all the cyanides, hydrogen cyanide (HCN) is probably the most
acutely lethal compound. HCN dissociates in water to hydrogen ions
and cyanide ions in a pH dependent reaction. The cyanide ion is less
acutely lethal than HCN. The relationship of pH to HCN shows that as
the pH 1is lowered to below 7 there is less than 1 percent of the
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cyanide molecules in the form of the CN ion and the rest is present as
HCN. When the pH is increased to 8, 9, and 10, the percentage of
cyanide present as CN ion is 6.7, 42, and 87 percent, respectively.
The toxicity of cyanides is also increased by increases in temperature
and reductions 1in ozxygen tensions. A temperature rise of 100C
produces a two- to threefold increase in the rate of the lethal action
of cyanide.

Cyanide may theoretically be destroyed in a POTW, but data indicate
that much of it passes through to the POTW effluent. One primary
plant showed 100 percent c¢.anide pass through, and the mean pass
through for 14 biological plants was 71 percent. Data from 41 POTWs
indicate the effluent concentrations range from 0.002 to 100 mg/1
(mean = 2.518, standard deviation = 15.6). (If the plant with an
effluent of 100 mg/l is removed from the data base as an outlier, the
mean becomes 0.081 mg/1 for 40 POTWs).

The cyanide which passes through to the POTW effluent 1is discharged
into ambient surface water. There 1is considerable evidence
documenting cyanide toxicity to aquatic organisms at levels at or
below those typically observed in POTW effluents.

Cyanides are more toxic to fish than to lower aquatic organisms such
as midge larve, crustaceans, and mussels. Toxicity to fish is a
function of chemical form and concentration, and is influenced by the
rate of metabolism (temperature), the level of dissolved oxygen, and
pH. In 1laboratory studies free cyanide concentrations ranging from
0.05 to 0.15 mg/1 have been proven fatal to sensitive fish species
including trout, bluegills, and fathead minnows (EPA 600/3-76-038).
Long term sublethal concentrations of cyanide as low as 0.01 mg/1 have
been shown to affect the ability of fish to function normally, e.gq.
reproduce, grow, and move freely (G. Leduc, 1966, Ph.D Thesis, Oregon
State Univ., Corvallis).

Cyanide forms complexes with metal ions present 1in wastewater. All
these complexes exist 1in equilibrium with HCN. Therefore, the
concentration of free cyanide present is dependent on.the pH of the
water and the relative strength of the metal-cyanide complex. The
cyanide complexes of zinc, cadmium and copper may dissociate to
release free cyanide. Also, where these complexes occur together,
synergistic effects have been demonstrated. 1Zinc, copper, and cadmium
cyanide are more toxic than an equal concentration of sodium cyanide.

Another problem associated with c¢yanide pass through 1is possible
chlorination of cyanide to highly toxic cyanogen chloride, which is
subsequently released to the environment. This chlorination reaction
may occur as part of the POTW treatment, or subsequently as part of

the disinfection treatment for surface drinking water preparation.
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Data for Grand Rapids, Michigan, show a significant decline in cyanide
concentrations downstream from the POTW after pretreatment regulations
were enacted. Concentrations fell from 0.06 mg/l before to 0.01 mg/1
after pretreatment was required.

As shown above, cyanide has a tendency to pass through the POTW. It
has been selected as a pollutant parameter because of its extensive
use and its high toxicity in a number of different forms.

Cadmium (Cd)

Cadmium is used primarily as a metal plating material and can be found
as an impurity 1in the secondary refining of zinc¢, lead, and copper.
Cadmium is also used in the manufacture of primary cells of batteries
and as a neutron adsorber in nuclear reactors. Other uses of cadmium
are in the production of pigments, phosphors, semi-conductors,
electrical contactors, and special purpose low temperature alloys.

Cadmium is an extremely dangerous cumulative toxicant, causing
insidious progressive chronic poisoning in mammals, fish and probably
other animals because the metal is not excreted. Cadmium could form
organic compounds which might 1lead to mutagenic or teratogenic
effects. Cadmium is known to have marked acute and chronic effects on
aquatic organisms also.

Data from 110 POTWs show that 75 percent of the primary plants, 57
percent of the trickling filter plants and 66 percent of the activated
sludge plants allowed over 90 percent of the influent cadmium to pass
through to the POTW effluent. Only 2 of the 110 POTWs allowed less
than 20 percent pass through, and none allowed less than 10 percent
pass through. Data from 145 POTWs show POTW effluent concentrations
ranged from 0.001 to 1.97 mg/1 (mean 0.028 mg/l, standard deviation
0.167).

The cadmium which passes through the POTW to the effluent is
discharged to ambient surface water. Cadmium 1is toxic to aquatic
organisms at levels typically observed in POTW effluents. For
example, the Cadmium Ambient Water Quality Criteria Document
(PB-292-423) cites:

(o} 96 hr LC50 for chinook salmon is reported as 0.0018 mg/1,

o} 96 hr LCS50 for rainbow trout is reported as 0.0013 mg/1, and

o 48 hr. LC50 for the invertebrate cladoceran 1is reported as
0.007 mg/1.

Besides providing an,environment for aquatic organisms, surface water
is often used as a source of drinking water or irrigation water. For
states with drinking water or irrigation water standards, the most
common cadmium standard is 0.01 mg/l. Chronic ingestion of cadmium
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via drinking water and from use of contaminated irrigation water has
been documented as the cause of itai-itai disease in humans.

Cadmium has no known biological benefits for humans and is capable of
causing kidney damage when present in significant amounts; there is
suggestive evidence that cadmium may be a carcinogen. For these
reasons, it is prudent to restrict environmental sources of cadmium as
much as possible.

A study of 189 sewage sludges showed that sewage sludge contains 3 to
3410 mg/kg (dry basis) of cadmium (mean = 110 mg/kg; median = 16
mg/kg) . These concentrations, are significantly greater than those
normally found in soil (0.01 to 7 mg/kg, with 0.06 mg/kg being the
mean) . Data show that cadmium can be incorporated into crops,
including vegetables and grains, from contaminated soils. Although
the crops themselves show no adverse effects from soils with levels up
to 100 mg/kg cadmium, these contaminated c¢rops could have a
significant impact on human health.

Three federal agencies have already recognized the potential adverse
human health effects posed by the use of sludge on cropland. The FDA
recommends that sludges containing cadmium concentrations over 20
mg/kg should not be used on agricultural land. The Department of
Agriculture (USDA) also recommends limitations on the total cadmium
from sludge that may be applied to 1land. Under Section 4004 of
Resource Conservation and Recovery Act (RCRA), the EPA will shortly
promulgate limits on the amount of sludge that can be landspread,

based on annual and cumulative cadmium application rates. Under
Section 405 of the Clean Water Act, additional restrictions will be
placed on sludge for home use, based on cadmium content. All these

federal restrictions are designed to prevent excessive cadmium
additions to the human diet.

Cadmium has been selected as a pollutant parameter due to its
extremely high toxicity to humans and aquatic organisms.

Lead (Pb)

Lead 1is wused in various solid forms both as a pure metal and in
several compounds. Lead appears in some natural waters, especially in
those areas where mountain limestone and galena are found. Lead can

also be introduced into water from lead pipes by the action of the
water on the lead.

Lead is a toxic material that is foreign to humans and animals. The
most common form of lead poisoning is called plumbism. Lead can be
introduced into the body from an atmosphere containing 1lead or £from
food and water. Lead cannot be easily excreted and is cumulative in
the body over long periods of time, eventually causing lead poisoning
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with the ingestion of an excess of 0.6 mg per day over a period of
years.

Data from 124 POTWs show median pass through values to be over 80
percent for primary plants. About half of the trickling filter and
activated sludge plants allow over 60 percent pass through. Lead
concentrations in POTW effluents (based on data from 157 POTWs) ranged
from 0.003 to 1.8 mg/]l (mean = 0.106, standard deviation = 0.222).

The 1lead which passes through the POTW to the effluent is discharged
to ambient surface water. Lead 1is toxic to aquatic organisms at
levels typically observed in POTW effluents, for example:

o) 48-hour LC50 for Daphnia magna is 0.45 mg/1 (J. Fish Res.
Board Can., 29:1691).

o) 48-~hour LC50 for rainbow trout 1is 0.9 mg/l1 (Water Res.
2:723, 1968).

Besides providing an environment for aquatic organisms, surface water
is often used as a source of drinking water. The National Interim
Primary Drinking Water Regulation limit lead in drinking water to 0.05
mg/1.

The major risk of lead in drinking water is to small children, where
the water is one of several sources which result in a well documented,
serious problem of excess lead levels in the body. As a result of the
narrow range between the lead exposure of the average American in
everyday 1life and exposure which is considered excessive, (especially
in children) it is imperative that lead in water be maintained within

strict limits. Potential sources of exposure are diet, water, dust,
air, etc. Levels of 1lead in many urban children indicate
overexposure. High body 1levels of 1lead can result 1in serious

consequences (chronic brain or kidney damage, or acute brain damage);
therefore, lead 1in water should be limited to the lowest practicable
level.

A study of 189 sludges showed lead levels ranging from 13 to 19,700
mg/kg (dry basis) (mean = 1360 mg/kg; median = 500 mg/kg). Since the
normal range of 1lead content in so0il is from 2 to 200 mg/kg,
application of contaminated sewage sludge to the soil will generally
increase the soil's lead content.

Data indicate that the application to cropland of sludge containing
excessive lead levels may increase the lead concentration in crops
grown on acid soils. Generally, roots accumulate more 1lead than do
plant tops. For above ground crops, significant impacts can occur
when sludge is applied as a surface dressing while crops are growing.
In light of the potential human health effects, the FDA has
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recommended that sludge containing more than 1000 mg/kg of lead should
not be used on agricultural land for crops used directly in the food
chain.

Lead has been found in electroplating wastes in amounts great enough
(as high as 25 mg/l) to warrant concern in 1light of 1its very high
degree of human toxicity. For this reason, lead has been chosen as a
pollutant parameter.

Silver (Ag)

Silver is a soft lustrous white metal that is insoluble in water and
alkali. It is readily ionized by electrolysis and has a particular
affinity for sulfur and halogen elements. In nature, silver is found
in the elemental state and combined in ores such as argentite (Ag,S),
horn silver (AgCl), proustite (Ag;AsS;), and pyrargyrite (Ag;SbS;).

Silver is used extensively in electroplating, photographic processing,
electrical equipment manufacture, soldering and brazing and battery
manufacture. Of these, the two major sources of soluble silver wastes
are the photographic and electroplating industries with about 30
percent of U. S. industrial consumption of silver going into the
photographic industry. Silver is also used in its basic metal state
for such items as jewelry and electrical contacts.

Data from a recent EPA study of several POTWs show that silver
treatability 1is quite variable, but that a significant portion of the
influent silver (25 percent to 75 percent) is likely to pass through
to the POTW effluent.

The Silver Ambient Water Quality Criteria Document (PB-292-441)
provides the following information: The toxicity of silver to aquatic
organisms has long been recognized. Dosages of 0.000001 to 0.5 mg/1
of silver have been reported as sufficient to sterilize water.
Various toxic effects on aquatic 1life have been reported. For
example:

(o} 96-hr LC50 for rainbow trout has been reported as 6.5 ug/1 to 28.8
ug/1.

(o} 96 hr LC50 for the water flea (Daphnia Magna) has been reported as
1.5 ug/1.

° Bioconcentration of silver up to 368 times has been reported.

Silver has been selected as a pollutant parameter because of the acute
sensitivity of aquatic systems to its presence.

-
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POLLUTANT PARAMETERS NOT SELECTED

The following pollutants were not selected for regulation:
Fluoride

Fluoride was not chosen for regulation as it would require platers to
install additional technology.

Iron

Iron 1is another pollutant which 1is removed from wastewater by the
POTW. The effects of iron pollution are generally more aesthetically
displeasing than they are toxic. Iron is sometimes added to
wastewater as a treatment chemical.

Tin

Tin is not generally present in electroplating wastewaters at high
concentration levels. In addition, tin has not been found to be
harmful to man when present in domestic water supplies. Tin is
ingested by humans on an almost daily basis (from canned foods) and
appears to have no detrimental health effects.

Phosphorus

Phosphorus (in the form of phosphates) generated by electroplating
operations does not comprise a large portion of the total phosphorus
received by the POTW. Phosphates are not particularly harmful to
humans although they do create nuisance conditions in aquatic systems.

Gold, Palladium, Platinum, Rhodium

These metals are not found in electroplating effluents at high
concentrations. Most platers make extensive efforts to recover them
prior to discharge because of economic considerations.
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SECTION VII

CONTROL AND TREATMENT TECHNOLOGY

INTRODUCTION

This section describes the treatment techniques currently used or
available to remove or recover wastewater pollutants normally
generated by plating, metal finishing and printed board manufacturing
processes. Following a discussion of in-plant technologies and then
invidividual treatment technologies for the overall electroplating
industry, this section presents system level descriptions of
conventional end-of-pipe treatment and advanced treatment. Advanced
treatment systems have greater pollutant reduction than conventional
treatment and/or stress conservation of raw materials by recycle and
reuse. The individual treatment technologies presented are applicable
to the entire electroplating industry for both direct and indirect
dischargers and reflect the entire electroplating data base. End-of-
Pipe and advanced systems are presented first for plating and metal
finishing (combined) and then for printed board manufacture.

To minimize the total mass of pollutants discharged in electroplating,
a reduction in either concentration or flow or both is required.
Several techniques are being employed to effect a significant
reduction in total pollution. These techniques can be readily adapted
to other existing facilities and include:

1. Avoidance of unnecessary dilution. Diluting waste streams
with unpolluted water makes treatment more expensive (since
most equipment costs are directly related to volume of waste-
water flow) and more difficult (since concentrations may be
too low to treat effectively). Precipitated material may
also be redissolved by unpolluted water.

2. Reduction of flow to contaminating processes. Use of
countercurrent, spray, and fog rinses greatly reduces the
volume of water requiring treatment. After proper treatment,
the amount of a pollutant (based on maximum removal
efficiencies and the solubility of the pollutant) that
remains in the solution is a function of the volume of water.
Hence, less water, less pollutant discharged.

3. Treatment under proper conditions. The use of the proper pH
can greatly enhance pollutant precipitation. Since metallic
ions precipitate best at various pH levels, waste segregation
and proper treatment at the optimum pH will produce improved
results. The prior removal of compounds which increase the
solubility of waste materials will allow significanly more
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efficient treatment of the remaining material. An example is
the segregation of chelated wastes from wastewater containing
non-chelated metals. This will improve water discharge
quality since chelates form a highly soluble complex with
most metals.

Timely and proper disposal of wastes. Removal of sludges
from the treatment system as soon as possible 1in the
treatment process minimizes returning pollutants to the waste
stream through re-solubilization. One plant visited during
this program (ID#23061) wutilized a settling tank in their
treatment system that required periodic cleaning. Such
cleaning had not been done for some time, and our analysis of
both their raw and treated wastes showed little difference.
Subsequent pumping out of this settling tank resulted 1in an
improved effluent (reference Table 7-1).

Once removed from the primary effluent stream, waste sludges
must be disposed of properly. If landfills are used for
sludge disposal, the 1landfill must be designed to prevent
material from leaching back into the water supply. Mixing of
waste sludges which might form soluble compounds should be
prevented. If sludge 1is disposed of by incinerating, the
burning must be carefully controlled to prevent air
pollution. A licensed scavenger may be substituted for plant
personnel to oversee disposal of the removed sludge.
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TABLE 7-1

COMPARISON OF WASTEWATER AT PLANT ID 23061
BEFORE AND AFTER PUMPING OF SETTLING TANK

Concentration (mg/1) Concentration (mg/1)
Parameter Before Sludge Removal After Sludge Removal
Total Raw Treated Total Raw Treated
Waste Effluent Waste Effluent
Cyanide 0.007 0.001 0.005 0.005
Cyanide, Total 0.025 0.035 0.005 0.005
Phosphorus 2.413 2.675 14.32 13.89
Silver 0.001 0.001 0.002 0.003
Gold 0.007 0.010 0.005 0.005
Cadmium 0.001 0.006 0.005 0.002
Chromium, 0.005 0.105 0.005 0.005
Chromium 0.023 0.394 0.010 0.006
Copper 0.028 0.500 0.127 0.034
Iron 0.885 3.667 2.883 1.718
Fluoride 0.16 0.62 0.94 0.520
Nicke