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EXECUTIVE SUMMARY

CH2M HILL has completed a preliminary assessment for the electroplating facility
(Bay 243G) to determine potential waste minimization measures that may be
taken to reduce the amount of RCRA (Resource Conservation and Recovery Act)
related hazardous waste that is generated from that facility. The RCRA related
wastes are generated from the disposal of off-specification process solutions from
electroplating and surface finishing operations.

During a review of the waste generation records at the facility, it was determined
that the 10 largest waste-producing streams accounted for approximately
67 percent of the total volume of RCRA wastes disposed of in 1989. CH2M
HILL concentrated on these 10 streams to provide a range of waste minimization
alternatives. Various technologies for continuous purification, batch purification,
and batch treatment prior to disposal at Industrial Waste Treatment Plant (IWTP)
No. 2 are proposed for each stream. Section 3 of this report details each waste
stream studied, Section 4 discusses general and specific waste minimization strateg-
ies for each waste stream, and Section 5 summarizes those findings in a table,
with the preferred order of implementation.

The most promising way to minimize wastes generated in the electroplating facility
does not use high-technology equipment (although this report does detail equip-
ment that may be used to minimize wastes), but rather creates an organizational
structure that promotes and rewards efforts to minimize wastes. As a method to
achieve a higher awareness of the importance of waste minimization, CH2M HILL
recommends the formation of a Process Solution Maintenance Team whose
responsibilities will center around the preventative maintenance of process solu-
tions.

The Process Solution Maintenance Team should have an organized chain-of-com-
mand and specific functions for each member. It may be necessary to create
additional job openings in order for team members to devote the majority of their
time to this function. The specific duties of the Process Solution Maintenance
Team would be as follows:

. Perform filtration (particulate and activated carbon) of process solu-
tions on a regular schedule, rather than only when a bath is out of
specifications

. Make necessary chemical additions to baths under the guidance of

QA/QC officials and as directed in the Technical Orders

SAC/T148/012.50
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Perform bath "dummying" where required to remove tramp metals
contamination

Clean or replace cartridge filtration units as necessary
Remove dropped parts from solution baths

Maintain and repair process equipment and new technology inser-
tions for waste minimization

Batch treat off-specification process solutions (using technologies

discussed in this report) to render them suitable for disposal through
IWTP No. 2

An individual should be responsible for reviewing the decision to dispose of any
process solution. This person would have the end authority for the disposal of a
solution as a RCRA waste.

Specific technologies applicable to each of the 10 waste streams are detailed in
Section 4. In addition, some general facility-related actions should be considered.
These include:

SAC/T148/012.50

The high-capacity air handling system in G bay is contributing to
blowing particulates entering process baths and contributing to
degradation of the process solutions. Potential solutions would be
to install and maintain filters on the incoming air, install removable
fiberglass lids on the process tanks, or install cartridge filters on
process tanks.

Wide temperature fluctuations in G bay are causing some "ambient
temperature” baths to become non-functional. The temperature
fluctuations could be solved by upgrading HVAC controls in the
facility or installing temperature controls on the individual process
solution tanks. Tank covers may also be advisable.

The almost universal method for agitation of process tanks in G bay
is performed by air sparging. An air compressor is currently used to
supply pressurized air for this application. The compressor is known
to have an oil entrainment problem, and oil droplets are probably
combining with the compressed air and being transferred to the
process solutions. Electroplating and surface finishing solutions have
a low tolerance for oil and grease. Also, sparging air through some
alkaline solutions (especially those containing cyanide) creates a
carbonate sludge on the bottom of solution tanks, leading ultimately

vii



= Y TY T3P OTTYOTY ™M}, OTY O

D DD B |

B |

. |

¥ 7Y T%Y TY ™

to the disposal of the solution as a RCRA waste. CH2M HILL
recommends abandoning air sparging and, for most solutions, using
in-tank pumps with integral cartridge filter units to agitate and filter
the solutions simultaneously.

. IWTP No. 2 contains process equipment for chromic acid recovery.
The system currently cannot be used because of damage to a sulfur
removal tank. Repair of this tank would allow the recovery of
chromic acid back to the plating shop.

Pure metals can be recovered from many process solutions by electrowinning.
This process can be applied only to concentrated solutions on a batch basis; how-
ever, it is much more effective when combined with rinsewaters from the same
plating line and with other process solutions that may contain a high concentration
of the same metal. This is the case with nickel plating in the G bay electroplating
facility. Four concentrated nickel streams and one nickel rinse stream could be
combined with ion exchange and electrowinning to recover pure nickel metal and
avoid generation of much of the RCRA waste leaving the facility. Currently, Met-
calf & Eddy (M&E) is proposing a design for modifications to IWTP No. 2 to
incorporate a rinse recycle system using ion exchange. If electrowinning tech-
nology is installed on the nickel line, it would be beneficial to work concurrently
with M&E so that both systems are compatible.

CH2M HILL has attached vendor information on some commercially available
technologies to assist in waste minimization at the electroplating facility. This
information should not be considered as an endorsement for the particular vendor,
but rather an initial recommendation of the technology for further evaluation.
Other vendors may be available to supply similar equipment.

It should be noted that several recommendations in this report involve the mixing
of one or more waste streams. Because of possible danger of fire, explosion, or
toxic gas generation, CH2M HILL recommends careful consideration of mixing of
components because waste streams may vary in concentrations and composition
from one generation cycle to the next.

viii
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Section 1

INTRODUCTION

CH2M HILL is under contract with McClellan Air Force Base to perform various
environmental consulting engineering services under Contract No. F04699-90-D-
0035. The first task order delivered under this contract (Task Order No. 5000)
was to perform a preliminary analysis of the electroplating facility in Building
243G. The analysis was performed to identify potential waste minimization tech-
nologies that may be applicable to reduce the amount of hazardous wastes gener-
ated at the shop and disposed of by outside contractors. This project does not
address rinsewater treatment options, which are currently under study by another
firm. This report presents the methodology used in the investigation and a strat-
egy for waste minimization in the shop on both an immediate and long-term basis.

Most research done on waste minimization from electroplating facilities has been
directed toward rinsewater minimization, treatment, and recycling. Some of these
technologies are applicable to concentrated solution baths, but documented results
of technology application in this area are sparse. As a result, some of the recom-
mendations of this report must be qualified as potentially applicable, pending
further evaluation and perhaps demonstration at the facility.

1.1 McCLELLAN AFB WASTE MINIMIZATION PROGRAM

McClellan AFB has a historical interest in waste minimization and is one of the
leading Air Force Logistics Centers in this area. Recently, this interest has devel-
oped into a mandate to reduce basewide disposal of hazardous wastes by 50 per-
cent, especially in the Maintenance Directorate (MA). This effort has its support
from the highest levels in the Maintenance Directorate. To support the effort,
each division under the Maintenance Directorate is forming Waste Reduction
Assessment Teams (WRATS) to develop strategies and implement methodologies
for waste reduction. At the time of this assessment, a WRAT for the division
responsible for the electroplating facility was not yet formed, but it is hoped that
when the team is finalized, it will review this preliminary assessment and provide
comments.

1.2 METHODOLOGY OF THE PRELIMINARY ASSESSMENT

To prepare a preliminary assessment of waste reduction options for the electro-
plating facility, the project team performed the following tasks:

1-1
SAC/T148/013.50
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1. A facility walk-through to gain overall knowledge of the various plating
processes and equipment present at the electroplating facility.

2. A data collection effort to determine quantities of RCRA hazardous wastes
generated in the shop, process tank compositions, waste stream composi-
tions, and process tank maintenance procedures.

3. Interviews with various members of the electroplating facility and support
laboratories, wastewater treatment plant operators, and quality control
specialists to determine work flow requirements, quality control procedures,
and how/why wastes are generated. MA personnel interviewed are listed in

Table 1-1.
Table 1-1
MA PERSONNEL INTERVIEW ROSTER
Name Department Job _Description
Ray Esposito MANPET Plating Facility Supervisor
Clarence Svoboda MAQC QA/QC Supervisor
Seymour Daniel MAQC Process Chemist
Oscar Estela MAQV Waste Generation Data
Elwin Jang MANE Engineering
James Costa DEMS Wastewater Treatment #2
James W. Shart DRMO DRMO Supervisor
Brick Mesman DEMS CE Laboratory
S. Meyer MANE Engineering
Glenn Young MAQV Environmental
4. Contacts with outside chemical suppliers to determine maintenance and

treatment potential for several proprietary chemical bath compounds.

Data collected from the above tasks were used to rank the waste streams by
volume of generation. These waste streams were then assessed for the possible
range of minimization options. The minimization options were then evaluated
based on their effectiveness, technical feasibility, order-of-magnitude costs, main-
tenance requirements, and regulatory implications. Technologies and their
applicability to the 10 largest waste streams are summarized in this report.

1-2
SAC/T148/013.50
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1.3 GOALS OF THE STUDY

As mentioned previously, the ultimate goal of this study is to provide a prelimi-
nary assessment of the electroplating facility and to answer three basic questions:

. What are the major RCRA waste streams produced at the electro-
plating facility?

. What causes these waste streams to be produced (e.g. off-specifica-
tion plating baths, carbonate buildup in plating tanks, acid depletion
for pickling baths)?

. What methods are available for minimization or treatment of these
waste streams so that offsite disposal is not necessary (e.g., using
new technologies, existing plant treatment systems, proprietary chem-
ical additives, upgraded maintenance procedures, or a combination
of the above)?

It should be noted that electroplating will inevitably produce some RCRA related
wastes, and the 10 largest-volume waste-producing streams may not be eliminated
entirely. However, the quantity of these RCRA related waste streams should be
reduced considerably by implementation of some or all of the recommendations of
this report.

1-3
SAC/T148/013.50
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Section 2

ELECTROPLATING FACILITY OVERVIEW

The electroplating facility in 243G bay encompasses approximately 34,000 square
feet. The main mission of the facility is to refurbish high-performance aircraft
components as part of the maintenance services on the base. Operations other
than electroplating, including vapor degreasing and paint stripping, are also per-
formed in this bay. The electroplating lines include, but are not limited to, the
following processes:

. Precious metal plating (gold, silver, platinum)
. Conventional and electroless nickel plating

. Cadmium plating

. Hard chrome plating

. Chemical milling of aluminum

. Acid stripping and pickling

. Alkaline cleaning and stripping

. Copper plating

The facility uses approximately 190 process tanks for production. The electro-
plating facility, sized with the ability to perform at "maximum effort" during a war
situation, is somewhat out of proportion to the actual workload. The facility oper-
ates on a job-shop basis, and some plating lines may remain unused for extended
periods until parts requiring that process are received.

The electroplating bay is composed of two levels. The upper level contains the
process vessels and is the main working area. The lower level provides access to
process piping and contains waste sumps to which various rinse tanks and process
vessels drain.

The waste sumps receive rinsewaters and some process fluids from the electro-
plating operations. The tanks are segregated as to general waste classifications,
and the contents are emptied periodically to the Industrial Waste Treatment Plant
(IWTP) No. 2, where they are treated according to classification. Pretreated
water from IWTP No. 2 flows to the main treatment plant (IWTP No. 1) where
metals precipitation, flocculation, and sludge dewatering take place. The waste
tanks are segregated and treated as follows:

. Miscellaneous (T-3) - Receives rinsewaters from the anti-rust opera-
tions, alkaline cleaning, iriditing, nickel plating, acid copper,
ammonium nitrate, conversion coating, various dyes, chrome deoxi-
dizing, hard anodize, and nickel strip. Wastes from this tank are

SAC/T148/014.50
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directed to IWTP No. 2 where the wastes can be either directly
discharged to IWTP No. 1, or treated to reduce chrome prior to
discharge depending on chemical analysis.

. Cyanide (T-4) - Receives rinsewaters from processes containing cya-
nides. Effluent from this waste tank is treated by cyanide destruc-
tion using alkaline chlorination and is then discharged to IWTP
No. 1.

. Miscellaneous Base (T-5) - Receives rinsewaters from alkaline clean-
ing operations. Wastes from this tank are pumped to a central neu-
tralization tank where they are combined with the wastes from the
miscellaneous acid tank (T-6) for mutual neutralization. Depending
on analysis, the effluent from T-5 may go directly to chrome reduc-
tion.

. Miscellaneous Acid (T-6) - Receives rinsewaters from miscellaneous
acid processes. Effluent from this tank is treated similarly to the
procedure explained T-5.

. Chrome Rinse (T-7) - Receives rinsewaters from all chrome plating
operations. Wastes from this tank are directed to either chrome
reduction and discharged to IWTP No. 1, or a chromic acid recovery
system which contains ion exchange, concentrative evaporation, sulfur
removal, and returned to the plating processes as regenerated
chromic acid. Forward flow from the ion exchange units is returned
to the rinse tanks.

. Chromic Acid (T-8) - Receives spent chromic acid discharges from
chromic acid anodize, chromic acid deoxidizer, and the hard chrome
plating line. Wastes from this tank can be either sent to chrome
reduction and discharged to IWTP No. 1, or directed to the chrome
recovery system described earlier.

. Cadmium (T-20) - Receives rinsewaters from the cadmium plating
line. These rinsewaters are sent to a cadmium evaporative recovery
unit that has recently been installed in the G bay facility. The over-
head from the evaporator is reused as rinsewater, and the con-
centrated cadmium solution is returned to the plating process baths.

In addition to the above description of waste streams received by each tank, cer-
tain tanks receive concentrated streams (not rinsewaters) via floor drains from
individual process tanks of the same classification.

2-2
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It should be noted that the chromic acid recovery system is currently not opera-
tional because of a structural problem with the sulfide reduction tank. All spent

chromic acid and chrome rinsewaters are being treated by chrome reduction and
discharged to IWTP No. 1.

2-3
SAC/T148/014.50
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Section 3

WASTE GENERATION DATA AND DISCUSSION

Waste generation data for the electroplating facility were obtained from the Haz-
ardous Waste (HW) turn-in data base and the DRMO records. It should be
noted that the HW turn-in data base is a fairly new system, and it is possible that
earlier data (1986 through 1988) may not be as accurate or complete as the 1989
data. The HW turn-in system has sort features that identify waste streams by
quantity, generating division, or waste stream classification.

The information collected from the HW turn-in data base was correlated with
analytical information from the waste stream files available at MAQVE to provide
data on a particular process tank, the waste composition, and the approximate
annual volume generated.

The Technical Orders (TO) for the electroplating facility provided information on
the process tank compositions normally encountered during a plating run when
the process is within the TO specifications. The TO also gave information on the
analytical methods used for quality control and maintenance of process solutions.
The above parameters were combined to produce the information provided in
Table 3-1. Data in this table are given in order of decreasing waste volumes.

As shown in Table 3-1, the 10 largest waste streams constitute 67 percent of the
total waste volumes produced in 1989. Although other waste streams are con-
sidered in this report, these "top 10" waste streams were the primary focus of this
study, having the greatest waste minimization potential. These 10 waste streams
are as follows:

1. Chem-mill etching solutions from Tank 137. This solution is used in the
chemical milling of aluminum. The solution, a proprietary mixture manu-
factured by TURCO, Inc., consists of sodium hydroxide, a sulfide solution
to control the etch rate, and an aluminum catalyst. The bath operates
between 190° and 200° F.

Approximately 7,450 gallons of wastes from this tank were generated in
1989, which accounts for approximately 26 percent of the total waste
volume from the electroplating facility. The waste consists of the spent
etching bath and sludges that accumulate on the bottom of the tank. The
waste stream contains significant amounts of aluminum (up to 13 percent
by weight) and sulfides (0.4 percent by weight) in an alkaline solution.
Minor concentrations of tramp metals such as copper, zinc, and tin result
from the etching of aluminum alloys.

3-1
SAC/T148/015.50
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Electroless nickel plating solutions from Tanks 195 and 193. This plating
solution is a proprietary mixture termed NIKLAD manufactured by
Allied-Kelite, Inc. The plating bath is acidic and consists of nickel sulfate,
sodium hypophosphite, acetic acid, sodium hydroxide, and organic chelating
agents to prevent nickel precipitation in the bath. Plating in the bath is
activated at an elevated temperature. At ambient temperature, the bath
will not plate nickel, but at the operating temperature of 185° to 192° F the
bath will plate.

Wastes from the electroless nickel plating tanks amounted to approximately
2,200 gallons in 1989, or approximately 7.6 percent of the total wastes pro-
duced from the electroplating facility. The waste streams consisted of a
clear green solution with a pH of approximately 4.6. Nickel is the most
significant residual component in the waste stream (approximately 1 percent
by weight). Various chelating agents, as well as tramp metals such as lead,
chromium, zinc, copper, and cadmium, are also present in the waste
stream.

Electroless nickel stripping solutions from Tank 202. This process solution
is alkaline and is a mixture of proprietary ingredients manufactured by
ABCO™. The solution is a mixture of sodium carbonate and unspecified
organic components and is used to strip nickel from parts prior to plating.
The plating shop may also use an alternate stripping solution manufactured
by SHIPLEY, Inc. under the name of CUPOSIT™. This is a mixture of
nitrobenzene sulfonate, sodium hydroxide, and other organic compounds.
Both solutions are designed to operate between 120° and 130° F.

The waste stream from the electroless nickel stripping procedures
amounted to approximately 3,520 gallons in 1989. This constitutes ap-
proximately 12.2 percent of the total wastes generated in the electroplating
facility for 1989. The waste solution consists of a dark alkaline (pH 10.4)
liquid containing approximately 5 percent brown sludgy material. Major
hazardous constituents of this waste stream are nickel (8.9-9.7 percent by
weight), with lesser amounts of tramp metals such as zinc, cadmium, lead,
and copper.

Chrome stripping solution from Tank 158. This process tank contains an
alkaline sodium hydroxide solution (pH 13.5) and is used to strip chrome
off of parts prior to plating. The strip tank operates at ambient tempera-
ture.

The waste stream from this stripping solution amounted to approximately
1,595 gallons in 1989, or approximately 5.5 percent of the total volume of
wastes generated from the electroplating facility. The waste stream is an

SAC/T148/015.50



TN OTY OTTY ™y

—~ v~y

.

—

- -y —

Ty YT OTY O OTY O™V

N |

Y

alkaline sodium hydroxide solution containing significant amounts of
hexavalent chromium (2.2 percent by weight) and trace quantities of tramp
metals such as lead, copper zinc, and molybdenum.

Cadmium plating solutions from Tank 84. This cyanide-based plating solu-
tion is used for plating cadmium onto parts. The process solution operates
at ambient temperature and contains cadmium oxide, sodium cyanide, and
sodium hydroxide.

The waste stream from this process amounted to approximately 4,100 gal-
lons in 1989, or approximately 14 percent of the total hazardous waste
generation for the electroplating facility. The waste stream is alkaline (pH
13.8) and contains significant amounts of cyanide (3.8 percent by weight)
and cadmium (5.8 percent by weight). Lesser amounts of tramp metals
such as copper, zinc, silver, nickel, and lead are also present in the waste.

Silver stripping solution from Tank 3. This solution bath is used to strip
silver from parts prior to plating. The solution is an alkaline, cyanide-
based stripper containing sodium cyanide and sodium hydroxide. The solu-
tion bath operates at ambient temperature.

The waste stream produced from the silver stripping operation was ap-
proximately 840 gallons in 1989, or approximately 2.9 percent of the 1989
total waste volume from the electroplating facility. The waste stream is an
alkaline solution, pH 13.9, with significant amounts of cyanide (6.1 percent
by weight).  Silver is present in the waste at approximately 434
milligrams/liter (ppm), and copper is present at approximately 788 ppm.
Lesser amounts of tramp metals such as nickel, cadmium, zinc, and lead
are also present.

Acid pickling solution from Tank 90. This solution is used to acid etch
parts prior to plating. The bath contains a concentrated hydrochloric acid
solution and operates at ambient temperature.

The waste stream from the acid pickling operation amounted to
approximately 770 gallons in 1989, or approximately 2.7 percent of the total
waste volume for that year. The waste is acidic and contains hydrochloric
acid, approximately 822 ppm cadmium, 807 ppm zinc, and trace amounts of
tramp metals such as chromium, copper, lead, and nickel.

Nitric acid wastes from the cleaning of the electroless nickel plating tank.
This waste stream is produced when the electroless nickel tanks (Tanks 193
and 195) are cleaned. The nickel plating tanks tend to build up nickel
deposits on the tank interior, thus causing poor bath performance. When
this occurs, the plating bath is discarded and a concentrated nitric acid

3-4
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solution is pumped from a tank on the lower level of the plating room into
the plating tanks. The nickel deposits on the plating tank are dissolved,
and the nitric acid solution is then disposed of.

The waste solution from the nickel tank cleaning process amounted to 770
gallons in 1989, or approximately 2.7 percent of the total waste volume for
that year. The waste is acidic and contains nitric acid, nickel (1.4 percent
by weight), and trace amounts of chromium and cadmium.

9. Alkaline derust solution from Tank 73. This process tank is used to
remove rust deposits on parts prior to further surface finishing. The
process solution operates between 125° and 200° F. The tank contains an
alkaline derust agent composed essentially of sodium hydroxide.

The waste stream from this process contains both a free liquid and a
brown sludge and is about 12 percent solids by weight. The total volume
of waste generated from this process is approximately 715 gallons for 1989,
or approximately 2.5 percent of the total waste volume for that year. The
waste material is alkaline (pH 14.0) and contains sodium hydroxide, 867
ppm lead, 340 ppm zinc, 407 ppm chromium, and lesser amounts of
copper, cadmium, nickel, and manganese.

10.  Nickel stripping solution from Tank 5. This is an acid solution for stripping
nickel from parts prior to plating. The solution bath operates at ambient
temperature and contains a strong sulfuric acid solution.

The waste stream for this process amounted to approximately 660 gallons
in 1989, or approximately 2.3 percent of the total waste volume produced
in the electroplating facility for that year. The waste is acidic (pH <0.01)
and contains sulfuric acid, 0.6 percent nickel by weight, 0.3 percent copper
by weight, 22.1 percent sulfur by weight, 444 ppm zinc, and lesser amounts
of chromium, silver, and lead.

It should be noted that the waste stream for the cyanide nickel strip from Tank
171 shown in Table 3-1 is a major contributor to the waste streams from the plat-
ing shop (4,100 gallons in 1989, or 14.2 percent of the 1989 total); however, this
waste stream has not been mentioned for consideration in waste minimization
technologies. This is because the electroless nickel stripping solution mentioned in
the above waste stream explanations (ABCO™ or CUPOSIT™ solutions) has
replaced the cyanide nickel strip process, and the cyanide-bearing waste stream
has not been produced after 1989.

As mentioned previously, these 10 waste streams account for approximately 67
percent of the total waste volume produced by the electroplating facility in 1989.
Section 4 of this report reviews the basic process technologies that were con-
sidered to reduce or treat the waste from these 10 sources. In addition to the 10
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waste streams mentioned above, two additional generalized categories of wastes
were considered for treatment/reduction potential: alkaline cleaners and acid
stripping solutions. These categories were added because common technologies to
minimize or treat these waste streams may be available and, unlike plating baths,
these process solutions will continue to be a source of waste at the electroplating
facility because they tend to become depleted or build up with metal impurities
after heavy use.
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Section 4

WASTE MINIMIZATION TECHNOLOGY OPTIONS
FOR MAJOR WASTE STREAMS

Prior to detailing specific technology options for RCRA waste streams at the elec-
troplating facility, it is important to classify the basic hierarchy of waste reduction
technologies. This generalized hierarchy has been adopted by DOD to comply
with future regulations regarding waste minimization technologies. Although this
proposed hierarchy is not part of any regulatory compliance procedure as of the
date of this report, the general order of implementation has a sound technical
basis. Each component of the waste minimization hierarchy is summarized below.

PRIORITY 1: WASTE REDUCTION AT THE SOURCE
OF WASTE PRODUCTION

For process solution baths at the electroplating facility, this component involves
one of the following:

. Improving process solution maintenance procedures to extend the
life of process baths

. Improving housekeeping practice
. Changing processes to substitute non-toxic or less toxic materials
Of the above methodologies, only the first two were considered in the scope of

this report because of specific military specifications and processes required in the
production of high-performance aircraft parts.

PRIORITY 2: WASTE RECOVERY AND REUSE

For process solutions in the electroplating facility, this methodology includes:

. Removing valuable metals or pure metal salts from spent process
solution baths and returning these metals to the electroplating
process

. Purifying off-specification process solution baths and returning them

to the process from which they originated

4-1
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PRIORITY 3: RECYCLING

This methodology includes either onsite or offsite recycling of the component
baths, but not necessarily for the same use as the processes that generated the
waste. Because of the complex nature of onsite recycling for other uses (i.e.,
potential use for the product, QA/QC requirements for military specifications,
labor requirements, and plant facilities requirements) and because of the inherent
increased liability incurred in offsite recycling facilities, this recycling option was
not considered for the electroplating facility RCRA wastes except for the outside
sale of scrap metal or pure metal salts.

PRIORITY 4: WASTE TREATMENT

This methodology includes methods to destroy, detoxify, or neutralize waste
streams to make them less hazardous or potentially nonhazardous prior to their
disposal.

PRIORITY 5: DISPOSAL

If a waste must be generated and it cannot be effectively handled by one of the
above methods, methods must be invoked to reduce the amount of waste disposed
of. "Secure" disposal sites with controlled monitoring and leachate collection must
be used.

To simplify the above methodologies in order of priority, the goal is to find
methods to not generate a waste by keeping the process solutions up to the
QA/QC requirements. If a waste is generated, some method of purifying the
waste must be found to reuse it in the process. If the first two methods fail,
some method must be found to treat the waste to reduce its toxicity, volume, or
both.

This section of the report explains the technologies deemed most appropriate for
achieving the goals outlined above. The appropriate technologies will then be
applied to the 10 waste streams outlined in Section 3.

4-2
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4.1 SOURCE REDUCTION TECHNOLOGIES

The two methods of source reduction technologies mentioned earlier are to
upgrade bath maintenance procedures and improve housekeeping in the electro-
plating facility. The housekeeping aspect is really not at issue, as the electro-
plating facility appears to be one of the cleaner electroplating operations reviewed
by CH2M HILL. However, upgrading solution bath maintenance procedures (e.g.,
removing dropped parts) and improving environmental conditions in the facility
appear to offer the potential for substantial reduction in the volume of process
solutions that need to be disposed of by extending the life of process baths.

The general environmental and process factors in the electroplating facility that
likely contribute to process solution degradation are related to blowing particulate
matter, temperature extremes in the facility, and the use of air_sparging for tank
agitation. Each of these factors is briefly discussed in relation to their potential to
increase the frequency of bath disposal in the electroplating facility.

4.1.1 BLOWING PARTICULATES

The electroplating facility is equipped with a forced-air, positive pressure ventila-
tion system that allows for good air movement in the shop. Although this is
definitely preferred from an industrial hygiene perspective, the high air turnover in
the building tends to introduce dust and dirt into the facility and deposit this
material into process solutions. The dust/dirt eventually contributes to inferior
bath performance and buildup of sludges, and leads to the disposal of the solu-
tion. During the facility walk-through by CH2M HILL, a film of dust and small
debris could be seen on process solutions that were not being used.

Potential solutions to the particulate problems include the installation and main-
tenance of a dust filtration system on the air handling units, removable fiberglass
tank covers, and continuous filtration of the process solutions using dedicated
cartridge filter units for each tank.

Ray Esposito, Shop Foreman, has used small in-tank cartridge filters on selected
tanks. His analysis is that the filtration systems keep the solutions much cleaner.
Mr. Esposito wants to purchase more of these filtration units for other process
tanks. The issue of bath filtration will be discussed further under General Bath
Maintenance and Air Sparging.

As an aside to the small particulates problem, some process solutions contained
small crickets floating in them. Shop foremen stated that this was a common
problem. Although this is not related to the air handling system, the crickets
could be considered a form of particulate contamination and could contribute to
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poor bath_performance. Exterminating companies should be used to try to con-
trol the cricket problem in the vicinity of the electroplating facility. Tank covers
for process solutions could alleviate (but not eliminate) this problem.

4.1.2 TEMPERATURE CONTROLS

Because the electroplating facility is in a large bay with high ceilings and because
of the previously mentioned air handling system, temperatures fluctuate in the
building. In the winter months it becomes very cold in the facility (especially over
the weekends and holidays), and in the summer months it becomes very hot and
humid in the building (contributed to by the heated process tanks). These
extreme temperatures may not affect baths that are heated because temperature
controls keep the solutions well above the facility air temperature in both winter
and summer. However, solutions designed to operate at ambient temperature
show definite detrimental effects from the temperature extremes in the building.

Specifications for ambient temperature plating and process baths usually require
that the baths operate somewhere around 70° to 72° F. If the ambient air
temperature (and thus eventually the process bath temperature) varies significantly
from this range, some components can precipitate from the solution, or the bath
can be otherwise irretrievably damaged. Plant personnel mentioned that this was
a particular problem with cyanide plating baths and other baths containing a high
amount of dissolved solids. During cold weather, materials will precipitate out of
the baths causing bath disposal. During warm weather, the ambient temperature
baths exhibit reduced performance if their temperature exceeds the recommended
range and are again disposed of.

It should be noted that one method of bath purification used by other electroplat-
ing facilities is purposely reducing the temperature of baths to "freeze out" con-
taminating carbonates. However, this is normally done under controlled condi-
tions using portable chillers. The situation in the electroplating facility is one of
uncontrolled precipitation which leads to bath disposal.

The recommended solutions to the temperature control problems would be to
either more closely control the ambient air temperature in the facility or install
automated heating/cooling devices in the affected process tanks. The first option
may involve significant expenditures in HVAC controls because of the high air
flow rate and the large size of the facility. Heating the process solution tanks
could be more easily achieved using thermostatically controlled immersion heaters.
Many types of immersion heaters for process tanks are available in a variety of
construction materials (including Teflon). Appendix A provides vendor informa-
tion on the types of immersion heaters available. Other vendors are available to
provide similar equipment. Radiant heaters above the process tanks could also be
used if overhead clearance is sufficient.
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Cooling the tanks during warm weather could present more of a capital expendi-
ture problem as cooling coils and water/refrigerant would be needed; however,

portable chilling units could be provided to periodically induce precipitation of
carbonate material.

The final recommendation on how to more closely control the temperature of
ambient temperature process solutions will require further study of the above-
mentioned alternatives in terms of their cost-effectiveness and feasibility; however,
plant personnel believe that the lack of adequate temperature controls for the

ambient temperature baths may be a significant reason for process solution
turnover.

4.1.3 AIR SPARGING FOR SOLUTION AGITATION

Agitation is required for proper performance of many electroplating and metal
finishing operations. Almost without exception, the method of agitation employed
at the electroplating facility is air sparging. Compressed air supplied from a main
air compressor is sparged into the bottom of solution tanks through a perforated
diffuser pipe. The boiling motion of the air bubbles causes agitation in the tank.

In many cases, air sparging is an acceptable practice. However, it may be the
cause of process solution turnover because of the potential for carbonate buildup
in alkaline process solutions and because the air compressor has had severe oil
entrainment problems. Most electroplating operations use a low pressure blower
rather than a compressor to avoid oil entrainment.

In an alkaline solution, air sparging introduces carbon dioxide into the solution
which consumes caustic in the solutions and causes metals to precipitate as car-
bonates. Air sparging also contributes to the oxidation of cyanides into car-
bonates, thus depleting the cyanide content of the bath, increasing carbonate con-
tent, and causing solution turbidity and sludge buildup. Carbonate buildup is
normally checked under the analytical QA/QC program for alkaline plating tanks.
Under current operating practices, if the carbonate levels are exceeded, the bath
is "red-lined" and disposed of.

Based on interviews with shop personnel, carbonate sludge buildup in solution
tanks is a major problem. This problem is magnified in ambient temperature
baths during cold weather because of the temperature-related problems mentioned
earlier. When sludge buildup becomes excessive, or when carbonate levels in the
tanks cause the bath to be "red-lined,” both the sludge material and solution are
disposed of as a RCRA waste.

The oil entrainment problem with the air compressor represents another serious
deficiency in the air sparging system. Electroplating and other process solutions
are sensitive to oil and grease levels. These contaminants have a detrimental
effect on plating quality and cannot be tolerated except in very minute quantities.

4-5
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Apparently, the air compressor used to supply air to the sparging system has had
severe mechanical difficulties, causing the oil and grease content of the com-
pressed air to be very high. This oil and grease would be transferred directly to
solution tanks during the sparging operation. There is no individual oil filtration
units on the process tanks to remove this entrained oil.

The preferred method for solving the aforementioned problems would be to aban-
don the practice of air sparging solution tanks for agitation and use either
mechanical mixing or in-tank recirculating pumps. In-tank recirculating pumps
may be preferred because solution agitation can be accomplished simultaneously
with the filtration methods mentioned under the preceding sections. An in-tank
recirculating pump/filter system has been used on an experimental basis by the
plating shop and found to be effective in providing both the necessary agitation
and filtration. A manufacturer’s brochure for the Flo King pumps purchased by
the electroplating personnel is provided in Appendix B. Other manufacturers may
supply similar items. This method is an elegant solution to both the particulate
and agitation problems. It should be noted that some of the larger process tanks
may require more than one pump/filter system to supply adequate agitation.

After prolonged periods of filtration, suspended particles on the filter cartridges
may need to be periodically disposed of (the particular brand of pump/filter unit
currently being used contains a disposable filter cartridge). This would potentially
create a new waste stream for disposal at the electroplating facility. At the worst
case, on a weight basis, disposal of the filter cartridges would be less costly than
disposing of spent process solution baths, and methods could be used to compact
or crush the cartridges in drums for volume reduction. It may be possible to
clean and reuse the disposable cartridges by allowing them to air-dry and then
removing particulates by shaking or beating them over a drum. The drum of
particulates could later be disposed of.

An alternative to disposable cartridge filters would be to use "cleanable” filter
units. These units are layered, rolled, filter material which plant maintenance
personnel may unroll and clean regularly. The filters may be able to be cleaned
in rinse tanks at the facility. The various manufacturers of these filters were not
contacted as part of this report, and the compatibility of these cleanable filters
with the existing Flo King equipment is not known at this time. The addition of
hinged attachments to allow the pump/filter units to be raised out of the tanks
more easily would also be a recommended modification.

Other methods to alleviate the oil and grease problem would be to install in-line
air filters on the air lines to each tank or to the entire facility to trap oil and
grease in the compressed air, or to use continuous carbon filtration of all air-
sparged tanks to remove oils from the process solutions. Because of the con-
tinued use of air sparging, neither of these secondary options would alleviate the
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carbonate sludge buildup or the cyanide oxidation problems, and installing dedi-

cated carbon filtration units on all air-agitated solution tanks may not be cost-
effective.

4.1.4 PROCESS BATH QA/QC AND MAINTENANCE PROCEDURES

The previous source reduction methodologies of this section dealt with specific
facility changes that could extend the life (thereby decrease the waste) of electro-
plating process solutions. A general procedure would be to implement a rigorous
Process Solution Maintenance Program to ensure that process solutions are main-
tained and replenished on a regular schedule, and to be responsible for the up-
keep and maintenance of new equipment that is installed to minimize or treat
wastes from discarded process baths.

These two areas of responsibility are critical to the success of a waste minimiza-
tion program at the electroplating facility because the best way to minimize wastes
is to keep the baths in specification (i.e., maintain and replenish solutions before
they are "red-lined"). Also, if new equipment is installed to assist in this goal but
no maintenance is performed, the technologies will soon become useless or cum-
bersome, and operators will abandon their use.

Based on CH2M HILL interviews with various personnel involved with the elec-
troplating facility, preventative maintenance for process solutions is hampered by
the lack of adequate staff to perform preventative maintenance, and the somewhat
confused organizational responsibility of preventative maintenance and disposal
orders for off-specification solutions.

Solution baths are sometimes discarded based on their inability to perform even
when the chemical analysis shows that all measured parameters are within specifi-
cation. As one interviewee said "The bath is OK but the platers say it is not
working right, so the foreman gives orders to dump the bath and make up a new
one." In this scenario, the bath may actually only require purification or replen-
ishment to become useable, or the bath might not have become off-specification if
continuous maintenance was performed on the solution from the outset. Cur-
rently, the foremen responsible for issuing the orders to "dump the bath" have no
real incentive to do otherwise. From a production standpoint, re-making the bath
is the quick and easy alternative to spending the time and effort needed to bring
the bath back into specification.

Another contributing factor to the need for a comprehensive preventative main-
tenance program for process baths is the job-shop nature of the facility. A par-
ticular plating line may be active for a period of time due to a heavy workload
for the particular plating process. After the workload is completed, the line (or
certain tanks within the line) may remain idle for several weeks until it is re-
activated to handle a new workload. This sporadic use of the plating lines may
lead to an "out of sight, out of mind" mentality when the line is not in use. The
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process solutions may not be as rigorously maintained when they are dormant.
Many times a plater will re-activate a line that has been idle for some time only
to find that some of the process solutions are no longer within specification.

CH2M HILL recommends that a Process Solution Maintenance Team be formed
whose sole function is to maintain process solutions and equipment in the electro-
plating facility. The general functions of the maintenance team would be as
follows:

. Filtration (particulate and activated carbon) of process solution baths
on a regular schedule, regardless of whether the bath is within speci-
fications.

. Make necessary chemical additions to baths under the guidance of

senior QA/QC officials and the Technical Orders

. Perform bath "dummying" where required to remove tramp metals
contamination

. Clean or replace cartridge filtration units as necessary

. Remove dropped parts from solution baths

. Maintain and repair process equipment and new technology inser-

tions for waste minimization

. Batch treat waste process baths (using technologies to be discussed
later) to render them suitable for disposal through the existing IWTP
No. 2 or IWTP No. 1.

Some of these duties are currently performed by the chemical handlers in the
facility, and these current handlers could become members of the proposed team.
However, other team members will need to be added to meet the anticipated
increased workload.

Another suggestion that may be implemented by MA would be to assign respon-
sibility to an individual for reviewing the decision to dispose of any process solu-
tions. When a request is made to dump a solution bath, this individual would
review the analytical data and confer with QA/QC officials and the plating line
foreman. If it is determined that the solution bath can be purified using existing
technologies, the supervisory official would determine which method is most suit-
able and assign members of the Process Solution Maintenance Team to perform
the treatment.
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!f bath puﬁfication or replenishment is unsuccessful, or if it is determined that it
is not possible, the supervisory official would then determine a method to treat
the waste so that it may be disposed of at IWTP No. 2 or No. 1. If this is not

possible, then volume reduction measures should be investigated to reduce the
volume of disposed fluid to offsite contractors.

A Process Solution Maintenance Program Manual should be prepared as soon as
purification technologies and methods are chosen so that all operators are aware
of the capabilities of new equipment and techniques. This manual would be a
guide to the Process Solution Maintenance Team and the supervisory official to

determine what technologies are applicable to a certain process solution or waste
stream.

4.2 WASTE RECOVERY AND REUSE OPTIONS

In spite of preventative maintenance procedures, some process solution baths
eventually become non-functional and need to be batch treated outside the pro-
cess vessel. As mentioned in the introduction to this section, the baths can either
be batch-purified and returned to service, or have the metals removed for
recovery and the reduced-metal solutions sent to IWTP No. 2 for treatment.
General methodologies for each of these options will be explained in this section.

4.2.1 BATCH PURIFICATION

Methods used for batch purification include chemical additions to remove trace
contaminant metals, decanting of liquids and disposal of sludge from tanks and
returning the supernatant liquid to process vessels, cleanup with ion exchange
columns, and cleanup with electrodialytic membrane units. Batch treatment by
particulate filtration and carbon adsorption is also feasible, but it has been
assumed that this was performed under improved bath maintenance procedures
described earlier. The equipment necessary to implement each of the above tech-
nologies is specific to a given process solution and a given contaminant. Each
method is briefly described below.

4.2.1.1 Batch Purification by Chemical Addition

In general, this method involves the addition of a chemical agent to precipitate
tramp metal species, such as iron, or other inorganic species, such as carbonates.
A chemical (many times a proprietary agent manufactured by electroplating chem-
ical suppliers) is added to the process solution, and precipitated contaminants are
collected by decanting the supernatant liquids and filtration of the precipitated
material. The precipitates would normally be disposed of as RCRA wastes, but
would have a much reduced volume compared with the original solution bath.
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4.2.1.2 Batch Purification by Decanting and Sludge Removal

Many of the process solutions that are discarded in the electroplating facility have
a buildup of sludges on the bottom of the tank. The solution itself may be
retrievable; however, the current practice is to discard the process solution with
the sludge. Usually the solids content of the entire mixture is 5 to 10 percent
sludge so it is possible that 90 to 95 percent of the volume of baths currently
disposed of for this reason may be recoverable.

A simple process would be to acquire a portable tank for decanting process solu-
tions when sludge buildup becomes a problem. The tanks could be cleaned of
the sludge while the process solutions are batch treated for other contaminants in
the portable tank. After the tank is clean, the purified solution may be returned
to the process vessel and makeup solution added as required. The sludge would
normally be disposed of as a RCRA waste.

4.2.1.3 Purification by Ion Exchange

lon exchange systems are basically chemical filtration systems that remove either
positively charged ions (cation exchange) or negatively charged ions (anion
exchange) from a solution by using resin beads that exchange the appropriate ion
from the resin with one from the solution. The technology is usually only used
for dilute streams containing metals; however, studies have been performed for
more concentrated waste streams. lon exchange systems will concentrate dilute
streams and hold the contaminants on the resin beads. The resin is periodically
regenerated with a strong acid or base, producing a concentrated waste stream
that can be reused directly, or directed to other treatment methods.

As applied to solution purification (contaminant metals removal), the system could
be operated in two ways as shown in Figures 4-1 and 4-2. Figure 4-1 shows con-
taminant metals being removed from a plating bath by adsorbing onto the ion
exchange resin, with the bath returning to the process vessel and the regenerant
being directed to IWTP No. 2. Figure 4-2 shows the valuable plating metal being
adsorbed onto the resin and the effluent containing the contaminant metals being
directed to IWTP No. 2. The plating solution would then be recovered in the
regenerant.

The benefits and drawbacks of each method depend on the type of solution to be
ion exchanged. A study by Battelle, under contract to the US. Air Force
Engineering and Services Laboratory, was conducted to determine the feasibility
of using selective ion exchange to treat spent plating and process baths by
removal of contaminant metals (the Alternative 1 method in this report). The
results of the study showed that resin adsorption capabilities were highly variant
on the type of bath being treated and the types of contaminant metals present.
Backwash, regeneration, and rinse volumes for resin de-sorption were also sig-
nificant in comparison with the amount of waste being treated.
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4.2.1.4 Batch Purification by Electrodialysis

Electrodialysis systems remove metals by using induced current and semipermeable
membranes to effect separation of ions in a solution. As with ion exchange sys-
tems, most industrial applications in the electroplating industry have been for
dilute rinsewater streams, not direct treatment of process solutions.

4.2.1.5 Other Electrodialytic Processes

Figure 4-3 shows a process flow chart for an electrodyalitic process known as the
IONSEP™ system. This system operates on the principle of removing metal
cations from solution and precipitating them as a hydroxide sludge. The regen-
erated anion solution (in this case chromic acid) is returned to the bath. The
IONSEP™ system will be discussed in more detail later in the report.

4.2.2 METALS REMOVAL TECHNOLOGIES

According to base personnel, process solutions are disposed of as RCRA wastes
because the metals concentrations are usually too high for the IWTP No. 2 to
accept. IWTP No. 2 is only designed to treat dilute wastewater streams from
rinsing operations in the electroplating facility and contains no metals treatment
or recovery facilities except for chromic acid recovery and chromate reduction.
All metals are removed after the effluent from IWTP No. 2 has reached IWTP
No. 1, where pH adjustment, lime addition, and flocculation occur to co-precipi-
tate a variety of metals.

If metals could be removed directly from the waste streams, then a dual benefit
would be obtained. Valuable solid metal, or pure metal salts, could be returned
to the processes or sold as scrap, and the resultant low-metal process solutions
could be more easily accepted for cyanide destruction and pH neutralization at
IWTP No. 2 and for further metals treatment at IWTP No. 1. The two most
widely used methods for metals recovery are electrowinning and chemical precipi-
tation.

The problem with many of the process wastes involved in this study is that they
are mixed metal streams and vary widely in pH. For example, the wastes from
the electroless nickel stripping solution (Tank 202) contain a significant amount of
nickel, but also contain a lower concentration of copper, lead, zinc, and cadmium,
which have separate discharge limits from IWTP No. 1 in the NPDES permit.
For most processes such as ion exchange, metals recovery and reuse, and chemical
precipitation, only one metal or class of metals could be treated with a given pro-
cess, thus potentially requiring several parallel treatment systems before the waste
is acceptable to the IWTPs.

In the above example, it could safely be assumed that IWTP No. 2 could not
accept this waste stream because of the nickel content, but no specific standards
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could be found during CH2M HILL’s interview that would confirm exactly what
metals in what concentrations would be considered excessive by IWTP No. 1 or
IWTP No. 2. The decision process for accepting a concentrated waste stream at
the IWTPs needs clarification and documentation before more definitive tech-
nology insertion recommendations can be made.

For this report, it has been assumed that the most prevalent metal is the cause
of non-acceptance of the waste stream at the IWTPs, and that trace metal con-

centrations in any given process bath are of lower concern in relation to NPDES
discharge limits.

4.2.2.1 Metals Recovery by Chemical Precipitation

The generalized method of chemical precipitation was mentioned earlier in terms
of a bath purification process for contaminant metals. The same general principle
can be applied to the precipitation of a valuable metal for reuse within the shop.
The main problem with this method is that the metal rarely precipitates in a form
that is directly usable. For example, precipitation reactions that produce a metal
hydroxide sludge are not desirable because the sludge is difficult to manage and
not directly usable within the shop. It is not feasible to precipitate only one metal
from a mixed metal solution. Mixed metal sludges are not desirable if metals are
to be reclaimed. Thus, for metals recovery applications, the solid product pro-
duced by chemical precipitation usually has to be followed by some sort of conver-
sion step to a usable product, or the solution to be treated must contain a high
excess of a single metal.

The precipitation reactions can usually be carried out in a batch reactor with the
addition of chemicals specific to the waste stream being treated. The supernatant
liquid, now relatively free of the metal of concern, is directed to IWTP No. 1 for
further treatment. The solid product continues on to a conversion step, and the
end product is a usable metal-bearing product. A general process flow chart is
shown in Figure 4-4.

Due to the complexity of the secondary treatment of the solid to form a usable
product, the mixed-metal nature of the waste process solutions, and the potential
QA/QC problems inherent in returning the product to the electroplating systems,
CH2M HILL does not recommend that MA pursue metals recovery by chemical
precipitation at this time, except for a proprietary process to precipitate nickel
from electroless nickel baths (described later).

4.2.2.2 Metals Recovery by Electrowinning

Electrowinning is used to remove metals from wastewater by plating the target
metal onto cathodes immersed in the electrowinning tank. The cathode can be
physically stripped of the metal and reused, or disposable cathodes are .also avail-
able. The electrowinning system can be used either to remove contaminant
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metals from a process solution (a bath purification technique not mentioned
earlier), or to remove the metal being plated in the bath (e.g., remove nickel from

a nickel plating bath). After electrowinning, the resultant low-metal bath could be
discharged to IWTP No. 2.

Electrowinning technology lends itself to solution baths that are concentrated
because the rate of plate-out on the cathodes is directly proportional to the metal
concentration in the solution. For this reason, treating plating baths for trace
metal contaminants by using electrowinning only is not feasible. There are two
types of electrowinning technology: High Surface Area Electrowinning, and
Parallel Plate Electrowinning. The main difference between the two technologies
is the ability of High Surface Area Electrowinning to remove residual metals
concentrations down to more stringent effluent levels at a cost of additional
equipment.

In the case of alkaline cleaning or acid stripping solutions, which by design only
have trace metal concentrations, electrowinning may not be the preferred alterna-
tive, or the solutions may need to be concentrated before electrowinning is viable.
Also, electrowinning technology is ion-specific, and thus only one metal at a time

can be plated out in an electrowinning system to produce a salable scrap metal
product.

Although solution baths with high metals concentrations can be electrowinned
directly, an interesting and useful process can be used by combining rinsewaters
with plating bath discharges, and using ion exchange technology in combination
with electrowinning. Figures 4-5 and 4-6 show two such combinations.

In Figure 4-5, a process solution containing high metals concentrations is bled into
a receiving tank containing rinsewaters from the same plating line. The resulting
mixture, a fairly dilute solution, is passed through an ion exchange column where
the metal to be recovered is adsorbed onto the resin. The forward flow effluent
from the ion exchange unit is directed to IWTP No. 2 or recycled to the rinse
tank. The ion exchange resin is periodically regenerated, and the concentrated
stream is sent to an electrowinning system for metals recovery. The effluent from
the electrowinning system is recycled back to the dilute collection tank.

Figure 4-6 shows a similar process except that only the rinsewaters pass through
the ion exchange unit, with the regenerant being directed to a separate tank and
mixed with periodic bath dumps from the same plating process. This con-
centrated solution is then electrowinned to recover the target metal, with the
effluent from the electrowinning system being recycled back to the dilute holding
tank. The advantage of this system is that surface active agents or additives in
the plating baths would not affect resin performance. The disadvantage is that
better concentration prior to electrowinning and more homogenous quality feed
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to the electrowinning system are achieved when both the plating baths and the

rinsewater are sent through the ion exchange system, at the expense of shortened
ion exchange run time.

The above examples show that there are some advantages to combining spent
concentrated solution baths with rinsewater streams to produce a dilute solution
for ion exchange and subsequent metals recovery. This process has been used
successfully by electroplating facilities and seems to work fairly well. The future
expansion of IWTP No. 2 to become a closed-loop system, currently being studied
by Metcalf & Eddy, should further study the integration of batch treatment and
ion exchange for concentrated process solutions mixed with rinsewaters.

An alternative method for concentration of bath/rinsewater combinations prior to
electrowinning would be to perform evaporative recovery rather than ion
exchange. The overhead product from the evaporator may be useful as a recycle
stream for rinsewater makeup. The size of a system required to perform evapora-
tive recovery on bath/rinsewater combinations can be excessive in terms of capital
and operating costs.

4.3 WASTE TREATMENT/VOLUME
REDUCTION TECHNOLOGIES

This section discusses situations where process solutions are irretrievably depleted,
and recovery and reuse options are non-existent or not cost-effective. The goal of
waste treatment would be to convert the hazardous streams into nonhazardous
waste streams suitable for treatment at IWTP No. 2, or to convert a large volume
of waste into a small hazardous component and a larger nonhazardous component
suitable for treatment in IWTP No. 2. The technology options chosen for con-
sideration were chemical precipitation, evaporation, and bleeding concentrated
solutions into IWTP No. 2.

4.3.1 WASTE TREATMENT BY CHEMICAL PRECIPITATION

This technology option is again similar to the other chemical precipitation options
mentioned previously, except that the precipitated sludge would be hauled away as
a RCRA waste. To reduce the volume of material hauled as sludge, sludge
dewatering and drying could be instituted. After metal precipitation, the super-
natant liquid could be discharged to IWTP No. 2.

Waste acid solutions could be neutralized with waste alkaline solutions to mini-
mize chemical requirements. Separate holding tanks could be purchased to
accumulate these solutions prior to mixing.

4-20
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As with the previous chemical precipitation options, the precipitation method and
the volume of sludge produced will vary with the solution bath constituents.
Because of the varied precipitant materials and equipment necessary to make a
workable system, and because of the labor intensive nature of the technology, this
option should be considered as a "last resort" for treatment alternatives.

4.3.2 WASTE VOLUME REDUCTION BY EVAPORATION

Reducing the volume of waste process solutions via closed-loop evaporation is a
simple and effective technology which is already in use at the electroplating facil-
ity. A cadmium recovery unit is in place to concentrate rinsewater solutions con-
taining cadmium. In this existing system, the recovered cadmium is returned to
process plating baths.

If off-specification process solutions are concentrated by evaporation, it would not
be advisable to return the concentrated solutions to plating baths because con-
taminant metals and other undesirable impurities would also be concentrated and
returned with the valuable metal. Therefore, the concentrated waste solution
would be disposed of as a RCRA waste. The process solution could be continual-
ly recycled in the evaporation unit until maximum concentration was achieved.
Depending on the types of additives in the process solutions, the overhead distil-
late may be usable as recycle for rinsewater, or disposed of at IWTP No. 1. A
typical process diagram is shown in Figure 4-7.

Advantages of this method are that all process solutions are amenable to volume
reduction by evaporative concentration, and a single evaporation unit can handle
a variety of waste streams if construction materials are chosen properly.

433 TREATMENT BY BLEEDING INTO IWTP NO. 2

As mentioned previously, IWTP No. 2 has no capacity to treat metals except for
chromium. Metals currently discharged to IWTP No. 2 flow to IWTP No. 1
where they are treated by classical precipitation methods. Concentrated solutions
containing metals are not allowed to be discharged to IWTP No. 2 because of the
potential for a "slug" of concentrated metals solutions to be discharged to IWTP
No. 1, thus causing problems with the metals precipitation unit.

IWTP No. 1 has the capacity to co-precipitate metals of concern in the process
solution baths. An alternative would be to slowly bleed concentrated process
solutions into IWTP No. 2 for pH adjustment and/or cyanide destruction. The
equalization of relatively small volumes of process solutions with large flows of
rinsewaters could effectively even out the metals concentrations to IWTP No. 1
and eliminate potential upsets.
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The advantage of this alternative is that it could be implemented immediately with
little or no capital expenditures. According to Mr. Ron Eiler of the Sacramento
Regional Sewer District, this concept is acceptable to the district as long as the
discharge limits from IWTP No. 1 are not violated.

The disadvantage of bleeding concentrated solutions into IWTP No. 2 is that it
would be diluting a concentrated stream in IWTP No. 2 only to again concentrate
the metals in a sludge at IWTP No. 1 (not a preferred engineering solution). The
volume of sludge generated at IWTP No. 1 would increase due to the additional
metals loading from the concentrated solutions. The exact quantity increase in
sludge production cannot be quantified at this time and will depend on the fre-
quency and concentration of bath bleeds; however, the potential increase in sludge
at IWTP No. 1 (also a RCRA waste) could offset the potential benefit of avoiding
disposal of the concentrated solution bath as a RCRA waste.

Another potential disadvantage of bleeding concentrated solutions into the IWTP
is the possible regulatory perception by EPA and the Department of Health Ser-
vices that the base is trying to circumvent hazardous waste disposal regulations by
the process of dilution. This is not the case because IWTP No. 1 has a metals
precipitation unit to remove the metals of concern; however, the potential for
misconceptions still exists. Modifications to permits and close regulatory liaison
should be considered if this option is contemplated further. This option should be
considered only as an interim method for RCRA waste reduction until more effec-
tive waste minimization options can be implemented.

Another similar option that has been discussed with base personnel would be to
transport concentrated solution baths directly to IWTP No. 1 via drums or tanker
trucks, thus bypassing IWTP No. 2 and the industrial waste line. Methods to
bypass the industrial waste line are considered advantageous because of a current
consent agreement that requires the cessation of use of this line by 1992. In
studying this option, it would be difficult to treat the concentrated solutions direct-
ly at IWTP No. 1 without first going through treatment processes that would
normally be performed at IWTP No. 1 (cyanide destruction, pH adjustment).
Unless these unit processes are performed in a batch manner prior to transport to
IWTP No. 1, the option of direct discharge to IWTP No. 1 is not recommended.

4.4 APPLICATION OF WASTE MINIMIZATION
TECHNOLOGIES TO MAJOR WASTE STREAMS

This portion of the report applies the appropriate waste reduction technologies
explained above to each of the 10 major waste streams. Note that the formation
of a Process Solution Maintenance Team is a "technology" mentioned under
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Source Reduction. This recommendation applies to all process solutions, although

not mentioned specifically under the following discussions of individual waste
streams.

44.1 CHEM MILL ETCHING SOLUTION
4.4.1.1 Source Reduction Technologies

The electroplating facility should consider discontinuing air sparging in this tank
and providing recirculation pumps for agitation. Continuous filtration of this bath
is not recommended because of the high solids content of the bath and the poten-
tial for clogging of the filters. Carbonate sludge buildup, in combination with
hydrated aluminum scale deposits, is thought to cause poor etching performance,
and the above-mentioned measures should reduce sludge buildup in the tanks.
Martin Marietta, Inc. has switched from using a preblended etching solution to
mixing its solutions in-house. Depending on the usage rate of the etching solution
at G bay, this may be economical.

A specialized in-tank bath maintenance system developed by Eco-Tech of Canada
is specifically designed to continuously purify components in an aluminum chemi-
cal milling bath. The system is designed to continuously remove aluminum and
sulfides from the plating bath in the form of crystals (which may be re-sold) and
simultaneously regenerate sodium hydroxide. Literature on the Eco-Tech system
is provided in Appendix C. The main problem with this system is that it has to
operate continuously. If the milling bath is dormant for a period of time, the
system will stop functioning, and it can take a significant amount of time for the
system to be re-started and reach equilibrium. Solutions require long residence
times which makes equipment relatively large, floor space requirements high, and
capital/maintenance costs relatively large for this system. The Eco-Tech system is
not recommended for the chemical milling bath at the electroplating facility.

Another in-tank purification system involves the addition of sodium gluconate (a
chelating agent) to the etching solution to keep hydrated aluminum scale from
forming on tank walls. The sodium gluconate keeps the aluminum soluble and in
solution. These so called "extended life" etch baths require fairly high work
throughput rates to induce drag-out of the soluble aluminum. Fresh etching solu-
tion must also be periodically added to replace the drag-out losses. Information
on this purification method is also given in Appendix C. Another drawback of
this purification technology is that if the bath is ever deemed to be irretrievably
spent, the chelating agents in the bath may upset waste treatment processes at
IWTP No. 1 if that route of disposal is available. It is recommended that this
bath maintenance technology be deferred until the results of the replacement of
air sparging with pump mixing can be determined.
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44.1.2 Waste Recovery and Reuse Options

Batch purification by chemical addition is possible with the Chem-mill solution
tank. The excess aluminum can be precipitated by dilution and cooling of the
solution. The aluminum hydroxide precipitate can then be decanted from the
supernatant liquid. If the pH of aluminum hydroxide sludge and any precipitated
carbonates is less than 12.5, the solids may not be considered a hazardous waste
because aluminum is not toxic. The sludge may be disposed of as a non-regu-
lated waste material. The presence of sulfides in the sludge may cause it to be
regulated as a "reactive waste."

The supernatant liquid could be returned to the milling bath and replenished with
fresh chemicals.

4.4.1.3 Waste Treatment/Volume Reduction Technologies

Chemical precipitation of metals by either the method mentioned in the previous
section or sulfide oxidation and neutralization methods could be performed. After
chemical precipitation, the supernatant liquid could be discharged directly to
IWTP No. 2. However, an even more expedient alternative would be to bleed
waste solutions directly into IWTP No. 2 with no pretreatment. Aluminum is not
a toxic heavy metal, and the current waste discharge permit from IWTP No. 1
does not specify limits for aluminum. By bleeding the alkaline solution to the
sulfide oxidation tank at IWTP No. 2 (which needs to be fixed), followed by pH
adjustment, the effluent quality should be acceptable to IWTP No. 1. No RCRA
waste would be produced by this method, and aluminum should co-precipitate
with other metals at IWTP No. 1. It should be remembered that if any chelating
agents are added to the Chem-mill solution, as mentioned under Source Reduc-
tion Methods, then sludge flocculation processes at IWTP No. 1 may be adversely
affected. The chelates can be "broken" by the addition of proprietary chemical
additives.

Concentration methods using evaporation are doubtful. The volume of Chem-mill
etchant solution baths is rather large, and it may take significant amounts of time,
or large evaporator capacity to reduce the waste volume by this method. Also,
the solution contains a fairly high amount of dissolved solids which may hamper
evaporation equipment.

4.4.2 ELECTROLESS NICKEL PLATING SOLUTIONS
4.4.2.1 Source Reduction Technologies

A continuous bath maintenance procedure should allow extended service of the
nickel plating solutions. This method is a proprietary formulation manufactured

4-25
SAC/T148/016.50



- Y T T3 ™Y

by Witco Corporation to be used with the NIKLAD™ electroless nickel process.
Most references recommend continuous replenishment and bath maintenance on
electroless nickel baths because of their inherent instability.

The maintenance procedure, given in Appendix D, includes continuous filtration
with a 5-micron filter unit. This is particularly important because a spontaneous
decomposition reaction may be triggered by particulate matter from the atmos-
phere or from parts being plated. Because of this, CH2M HILL recommends
removable tank covers in addition to continuous filtration as an added protection
from particulate contamination. Because of the organic stabilizers in the bath,
activated carbon filtration is not recommended. The filtration schedule should
also help with a reported mold buildup problem in the plating tank due to the
organic stabilizers.

The data sheet by Witco also gives specific testing and replenishment methods for
keeping the solution within specified limits.

The bath maintenance procedure looks somewhat labor intensive; however, an
automated chemical addition system developed especially for electroless nickel
baths has been developed by Palmer Industries. Data on this system are also
given in Appendix D. Because of the sensitivity of electroless nickel plating solu-
tions to parameters such as pH, temperature, nickel concentrations, particulate
matter, and agitation, maintaining this solution will be a challenge.

A current problem with electroless nickel baths is the tendency of the bath to
plate nickel onto the sides of the tank walls. This may contribute to the bath
becoming unusable. A impressed-current system developed by Palmer Industries
(ENSTAT™) can be used to alleviate this problem. A data sheet on this
impressed-current system is given in Appendix D. This system may also eliminate
the nitric acid tank-stripping waste mentioned in Section 4.4.8; however, it would
be necessary to replace the existing plastic-lined tank with a stainless steel one.
This type of impressed-current system has been used by McClellan AFB in the
past.

4.4.2.2 Waste Recovery and Reuse Options

Because of the inherent instability of electroless nickel plating solutions and the
large amount of specialized reaction agents present in the bath, methods for waste
recovery and reuse using batch purification by chemical addition, ion exchange or
electrodialysis methods with subsequent return of the plating solution to the plat-
ing tank could not be found.

This is because as the nickel solution is used, a buildup of a variety of reaction
by-products such as orthophosphite, hypophosphite, and sulfate is formed. The
bath maintenance procedures mentioned earlier help to reduce the effect of these
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reaction by-products; however, removing them from solution using batch purifica-
tion processes would probably cause spontaneous decomposition of the bath.

Witco has developed a metals recovery system using proprietary chemical addi-
tives which break down the chelating agents and allow the nickel to plate out to
very low levels. This metal plate-out system is given on data sheets in
Appendix D.  This method is very similar to electrowinning, but no electric
current is used. Specialized chemicals are added, along with a high surface area
substrate such as steel wool, and the nickel plates onto the steel. The resulting
nickel plated wool may be sold as scrap or disposed of as a nonhazardous waste,
or nickel may be stripped from the wool in a separate tank and recovered in pure
metal form by ion exchange. This system claims to remove nickel concentrations
to the 5 to 10 ppm range. Supernatant liquid from the above process could be
bled to IWTP No. 2. No additional chelate destruction should be necessary on
the supernatant liquid, but this should be verified prior to implementation of this
technology. This metals recovery/treatment system looks very promising from
both a cost and operational standpoint.

Classical induced current electrowinning is an option for recovery of nickel from
plating baths; however, the chelating agents would need to be destroyed before
electrowinning to allow the nickel to plate out on the cathode. Lancy Inter-
national, Inc. supplies an electrowinning system especially designed for chelated
nickel plating solutions. A vendor brochure for this system is given in Appen-
dix D. Because of the potential advantages of the chemical plate-out method,
induced current electrowinning is not recommended for the electroless nickel bath
at this time unless this stream is combined with other nickel-bearing wastes.

4.4.23 Waste Treatment/Volume Reduction Techniques

Witco has developed a spent NIKLAD™ electroless nickel batch treatment to
remove nickel from the waste stream, with disposal of the precipitate as a RCRA
waste, directing the supernatant liquid to IWTP No. 2. Witco claims that this
process can reduce nickel content in the supernatant liquid to less than 1 ppm. A
process data sheet from Witco is supplied in Appendix D.

The waste treatment system is a two-step process involving precipitation of nickel,
followed by flocculation to produce a sludge. Different chemical additions are
required for each step, but only one tank (the original plating tank) is required.
Sludge produced from this process would be a RCRA waste, and sludge dewater-
ing and drying may be possible to reduce the amount of waste sent to RCRA
disposal sites.

Evaporation and concentration of spent nickel plating baths is a feasible alterna-

tive; however, this technology is not as promising as the Witco process mentioned
above.
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Bleeding the spent nickel baths into IWTP No. 2 could be performed as long as
the chelating agents were destroyed beforehand. The nickel bath could go
through pH adjustment, and the nickel metal would eventually be treated and co-
precipitated with other metals at IWTP No. 1. Bleed-in rates for the nickel solu-
tion were not determined in this report and would depend on the IWTP No. 2
plant flow rates at the time of mixing; however, a 500-gallon batch of spent nickel
bath should be able to be disposed of within a period of days.

443 ELECTROLESS NICKEL STRIPPING SOLUTIONS

NOTE: Technologies mentioned under this section are for the ABCO™
nickel strip solution. CUPOSIT™ solution is used as an alternate but
contains a different formulation. Some or all of the technologies
mentioned for the ABCO™ product cannot be applied to the
CUPOSIT™ material because of the differences in their formulation.

4.43.1 Source Reduction Technologies

The ABCO™ stripping product is an alkaline formulation containing sodium
hydroxide and a mixture of proprietary organic chemicals. Continuous filtration
and periodic alkaline addition are the only bath maintenance procedures recom-
mended by the manufacturer. This solution also contains organic stabilizers, and
activated carbon filtration is not recommended. It is recommended that air sparg-
ing be discontinued for agitation of this solution, and in-tank filtration/circulation
pumps be purchased to reduce sludge buildup in the tanks. A data sheet on the
ABCO™ product is given in Appendix E.

4.4.3.2 Waste Recovery and Reuse Options

Batch purification to remove contaminant metals or metals recovery options for
this waste stream were difficult to determine because of its severely alkaline
nature. Both ion exchange and electrowinning technologies are more applicable
to a slightly acidic waste stream; however, pH adjustment would not allow the
bath to be returned to the process. lon exchange also works well only on dilute
solutions. The nickel content of this waste is very high (8-10 percent).

One alternative for metals recovery would be to dilute the alkaline stripping solu-
tion with nickel rinsewaters and run the solution through a cation exchange resin.
The effluent, now stripped of metal cations, could be directed to IWTP No. 2 for
further treatment.

During acid regeneration of the resin with acid, the concentrated regenerant con-
taining the cations (nickel included) could be sent to an electrowinning system.
This stream may be too acidic to electrowinning directly, so pH adjustment to
approximately 6 may be necessary. The solution could be electrowinned of the
nickel, and the effluent either directly discharged to IWTP No. 2 or recycled back
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to the IX unit for another pass. This methodology is similar to the process flow
diagram given in Figure 4-5, except the electrowinning influent would need pH
adjustment prior to initiating electrowinning activities.

Another alternative would be to direct nickel rinsewaters only to an ion exchange
system, with the forward flow directed to IWTP No. 1. The acid regeneration
containing the metals would combine with the alkaline nickel strip waste in a
holding tank. The effluent from this tank should be much less basic than the
original alkaline stripper and could be electrowinned directly. This is a similar
process to that shown in Figure 4-6. Care would have to be taken not to precipi-
tate the nickel as a hydroxide sludge during the neutralization process.

The advantage to the latter methodology is that a secondary pH adjustment step
is eliminated. A potential disadvantage is the possible presence of chelating
agents in the stripping bath that would interfere with electrowinning operations.

4433 Waste Treatment/Volume Reduction Techniques

The data sheet given in Appendix E gives a batch treatment method for spent
nickel stripping solutions by pH adjustment and treatment with sodium hypo-
chlorite. This causes the nickel to precipitate as nickel oxide, a much more easily
handled solid material than a nickel hydroxide sludge. The data sheet states that
after treatment by this method, the resultant supernatant liquid is "completely bio-
degradable." The data sheet does not specify quantities of hypochlorite necessary
to precipitate the nickel, and manufacturers’ representatives were not helpful in
this regard.

Another batch treatment method given by ABCO™ is precipitation of nickel by
forming nickel hydroxide through dilution and pH adjustment. As mentioned
previously, metal hydroxide sludges are difficult to work with in the electroplating
facility, and this method of treatment is not recommended unless other alterna-
tives fail.

Volume reduction by evaporation is feasible for this waste stream; however, the
distillate may not be usable for recycle to the rinse water tanks because organic
agents may be carried over in the evaporation process.

Bleeding the solution to IWTP No. 2 is worth considering for this waste stream.
Before proceeding with this option, it should be determined if the "unspecified
organic constituents” contain any chelating agents that would cause problems at
IWTP No. 1.
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4.4.4 CHROME STRIPPING SOLUTION

4.44.1 Source Reduction Technologies

Replacement of air sparging with continuous filtration with in-tank pump/filter
units should be implemented for this process solution. Continuous or periodic
carbon filtration should also be considered. Because the solution operates at
ambient temperature, heating/cooling controls should be installed to regulate the
bath temperature. As mentioned in Section 4.1.2, an alternative to in-bath temp-
erature controls would be to devise a method to more accurately regulate air
temperature in the electroplating facility.

IONSEP™ manufactures a continuous unit to purify alkaline chrome stripping
baths. The unit is based on the principle of electrodialyses described earlier and
regenerates sodium hydroxide for return to the stripping bath. The chromium
contained in the bath is separated by the electrodyalitic cell and is converted to
chromic acid which can be used in the chromium plating tanks. Vendor literature
on the IONSEP™ system is given in Appendix F.

This IONSEP™ system has been installed in industrial shops, but its long-term
effectiveness is not known. Further vendor contacts should be made as to the
long-term feasibility of IONSEP™ to this application. If the bath maintenance
procedures outlined in Section 4.4.4.1 are not successful in reducing the volume
of wastes produced, this IONSEP™ system should be investigated more fully.

4.4.4.2 Waste Recovery and Reuse Options

Because of the alkaline nature of the waste and the high concentration of hexa-
valent chromium, no waste recovery and reuse options can be recommended for
this waste stream.

4.4.43 Waste Treatment/Volume Reduction Techniques

The hexavalent chromium can be reduced to the trivalent (insoluble) state by pH
adjustment and reduction with a strong reducing agent such as sulfur dioxide gas.
This process is used at IWTP No. 2 for chrome reduction, and it would not seem
cost-effective to construct a small batch unit to treat only this bath.

The most expedient solution to the disposal of this solution as a RCRA waste
would be to bleed the solution into the chrome reduction system at IWTP No. 2.
This could be accomplished by bleeding the alkaline solution into the Miscel-
laneous Base Sump (T-5) or the Miscellaneous Sump (T-3) and diverting the flow
from these sumps to the chrome reduction system. This system would convert the
chromium to the trivalent state and discharge it to IWTP No. 1 for precipitation.
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The spent bath could also be combined with the chrome recovery system by
bleeding the bath into the Chrome Rinse Sump (T-7) or the Chromic Acid Sump
(T-8); however, pH adjustment of the alkaline solution would probably be neces-
sary prior to discharge to either of these sumps. The benefit of this option is that

the chrome in the stripping solution would be recovered rather than discharged to
IWTP No. 1.

Volume reduction by evaporative concentration is viable for waste minimization
for this waste stream. Overhead streams may be suitable for rinsewater recycle
after demineralization, and the concentrate could be disposed of as a RCRA
waste.

44.5 CADMIUM PLATING SOLUTIONS

4.4.5.1 Source Reduction Technologies

Continuous particulate filtration with periodic carbon filtration is recommended
for this plating bath. The removal of air sparging and thermostatically controlled
temperature regulation are also recommended.

McClellan has recently purchased IVD aluminum equipment to substitute for a
portion of the cadmium plating in the facility. Although this will not eliminate
the production of cadmium-related plating wastes, it may significantly reduce the
volume generated.

4.4.5.2 Waste Recovery and Reuse Options

Lancy International, Inc. supplies an electrowinning system designed for cyanide-
bearing metal plating baths. This system, given in Appendix G, can recover
cadmium metal while simultaneously destroying cyanide complexes. The effluent
from this electrowinning system could be discharged to IWTP No. 2, or possibly
sent to the cadmium recovery system installed in the electroplating facility. It
should be noted however that the cadmium recovery unit would concentrate con-
taminants in the bath that were the cause of its original red-line condition.

4.4.53 Waste Treatment/Volume Reduction Technologies

The existing cadmium recovery system could be used to reduce the volume of
waste from this waste stream; however, it is not recommended that the con-
centrated cadmium solution be returned to process baths because this practice
would return other contaminants also.

Batch evaporation of cadmium with disposal of the concentrate is viable, especial-
ly because a cadmium evaporation system is already in place.
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Bleeding the waste to IWTP No. 2 is possible. However cadmium is a highly
toxic metal with low discharge requirements. This option should be closely stud-
ied before implementation.

4.4.6 SILVER STRIPPING SOLUTION
4.4.6.1 Source Reduction Technologies

Continuous particle filtration and periodic carbon filtration are recommended for
this process bath. Because the bath is alkaline and operates at ambient tempera-
ture, temperature control measures outlined earlier are recommended for the
bath.

4.4.6.2 Waste Recovery and Reuse Options

The Lancy Electrowinning system for cyanide baths mentioned for the cadmium
plating waste stream could be applicable; however, the stream contains mixed
metals and the potential success of electrowinning technologies to this waste is not
likely.

4.4.6.3 Waste Disposal/Volume Reduction Technologies

Bleeding this waste stream to IWTP No. 2 via the cyanide sump would seem to
hold the best potential for this low-volume waste stream. Evaporation could also
be considered as an option.

4.4.7 ACID PICKLING SOLUTION
4.4.7.1 Source Reduction Technologies

Continuous particulate filtration and periodic carbon filtration are recommended
for this process solution.

An acid purification unit manufactured by Eco-Tech, Inc. uses a reciprocating ion
exchange unit to continuously purify metal cations from acid pickling baths. This
system can be used continuously to treat the baths or can be used on a batch
basis.

The reciprocating ion exchange unit purifies the acid and returns it to the pickling
bath. Regenerants containing the metal cations could be directed to IWTP No. 2
for treatment, or sent to an electrowinning system. Appendix H gives vendor
information and typical process flowsheets for this technology. The APU/DCU
system looks very promising not only for this particular waste stream, but for
other acidic stripping or pickling waste streams.
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The IONSEP™ process could be applicable to this technology. This process would
remove contaminant metal cations as a hydroxide sludge and regenerate the acid.
This option would be preferred if effluent from an APU unit could not be
electrowinned or further processed into a useful product.

4.4.7.2 Waste Recovery/Reuse Options

Batch treatment using an APU/DCU system could be used after the bath has
become excessively contaminated. One or two APU/DCU systems in a portable
configuration could be used to batch treat this and other acidic stripping and
pickling baths.

Direct electrowinning or other metals recovery technologies for the spent bath are
not recommended for this waste stream because no one metal is predominant in
the spent solution. Also, the levels of contaminant metals present (approximately
800 ppm maximum) are not concentrated enough to allow electrowinning tech-
nologies to be effective.

It may be possible to use the concentrated regenerant produced from the
APU/DCU unit to recover metals by electrowinning; however, the mixed metal
content of this solution would make electrowinning of questionable feasibility.

The solution could be combined with other cadmium baths mentioned earlier,
except those containing cyanide that have not undergone cyanide destruction, and
sent to an ion exchange/electrowinning system. The effectiveness or advisability of
this alternative depends on the disposition of other cadmium-containing waste
streams.

4.4.73 Waste Treatment/Volume Reduction Technologies

Batch chemical precipitation was not deemed appropriate because of the large
volume of neutralization chemicals necessary for this highly acidic waste stream
and because of the relatively low metals concentration in the waste.

Bleeding the solution into the acid sump and allowing discharge to IWTP No. 2
is a viable option for this waste because the volume of spent solution would only
be approximately 300 gallons at a time and because the concentration of heavy
metals is fairly low and would require less flow dilution to avoid upsets at IWTP
No. 1.

It may also be feasible to mix this acidic waste with other alkaline wastes in a
batch mode for neutralization and precipitation of metals. However, as men-
tioned in Section 4.3.1, the hydroxide sludges generated would be difficult to
handle, making this method of treatment somewhat labor-intensive.
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44.8 NITRIC ACID WASTES FROM ELECTROLESS NICKEL PLATING
TANK CLEANING

4.4.8.1 Source Reduction Technologies

As mentioned in Section 4.4.2, the use of nitric acid to strip plated nickel off of
the plating tank may be discontinued by use of the Enstat technology developed
by Palmer Industries, Inc. Another method of source reduction that could be
easily implemented would be to recycle the nitric acid bath back to the storage
tank and use it several times before discarding.

An APU/DCU unit could be installed to remove nickel from the nitric acid solu-
tion on a continuous or batch basis. The waste regenerant from this process
could be combined with waste concentrates from the electroless nickel plating
tank and the electroless nickel stripper solutions to provide an excellent feedstock
to an electrowinning system.

An IONSEP™ system could also be used to remove metals as hydroxide sludges
while purifying the acid.

4.4.8.2 Waste Reuse/Recovery Options

Batch treatment with an APU/DCU unit is an option for regenerating a spent
bath from this waste stream. Regenerant could be sent to an electrowinning
system, bled to IWTP No. 2, or disposed of as a RCRA waste.

Electrowinning the bath directly could be performed; however, it may not be cost-
effective to do so. It would be more effective to concentrate the nickel in the
solution and combine it with other concentrated nicke! solutions prior to electro-
winning.

4.4.83 Waste Treatment/Volume Reduction Techniques

Batch precipitation is not recommended for this waste stream because of the high
acidity and low volume of the waste stream. Mixing the waste with other alkaline
wastes for neutralization and precipitation is possible, but not preferred because
of the reasons mentioned in Section 4.3.1.

Evaporative recovery is not recommended because of the high acidity of the
waste, requiring special materials of construction for the evaporator system.

Treatment by bleeding into IWTP No. 2 via the Miscellaneous Acid Sump (T-6)
could be easily accomplished.
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4.4.9 ALKALINE DERUST SOLUTION
4.4.9.1 Source Reduction Technologies

Particulate filtration and periodic carbon filtration are recommended for this bath
because of the reported buildup of sludgy solids in the alkaline derust tank. The
bath should also be decanted if sludge buildup becomes apparent.

An ultrafiltration system developed by Lancy Technologies that is especially devel-
oped for maintaining high-temperature alkaline baths may be useful in maintaining
the bath within specifications. Vendor literature on this system is given in Appen-
dix H. Although the ultrafiltration system will not remove metal cations, it can
help to keep entrained oil, grease, and particulates out of the bath.

4.4.9.2 Waste Reuse/Recovery Options

This waste stream is alkaline and contains relatively low concentrations of mixed
metals. As such, it is not amenable to batch precipitation, ion exchange, or
electrowinning.

4.4.93 Waste Treatment/Volume Reduction Techniques

Evaporation of the waste stream with off-site disposal of the concentrated solution
is a viable option for this waste stream; however, the "dirty" nature of the waste
may cause problems with evaporation equipment.

The best treatment option for the waste would be to bleed the solution to IWTP
No. 2 via the Miscellaneous Base Sump (T-5).

44.10 NICKEL STRIP SOLUTION
4.4.10.1 Source Reduction Technologies

Continuous particulate filtration and periodic carbon filtration of this solution are
recommended to maintain bath life. An APU/DCU unit could be used to remove
contamination metal cations (mainly nickel and copper), with the regenerated acid
returning to the process and the cations discharged to an electrowinning system or
to IWTP No. 2.

An IONSEP™ system could be used to remove metal cations as a hydroxide
sludge, and regenerate the stripping bath.
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4.4.10.2 Waste Recovery and Reuse Options

An APU/DCU unit could be used on a batch treatment basis to rejuvenate the
contaminated nickel stripping solution. Regenerant could be combined with other
concentrated nickel-bearing waste streams for electrowinning.

Direct electrowinning or direct ion exchange is not appropriate because of the
fairly low metals concentrations in the waste stream.

The waste stripping acid could be diluted with nickel-bearing rinsewaters and re-
concentrated in an ion exchange column. The regenerant from this column could
then be electrowinned with metals from the process bath and the nickel-bearing
rinsewaters recovered.

4.4.103 Waste Treatment/Volume Reduction Technologies

This waste solution could be bled to IWTP No. 2 via Sump T-6; however, nickel
is a regulated metal in the IWTP No. 1 discharge, and the bleed-in rates should
be carefully controlled. Nickel precipitation by metal hydroxide treatment is also
difficult.

Evaporative concentration of this solution is possible; however, the waste is
extremely acidic and special equipment would be necessary to account for the
highly corrosive nature of the waste.

44.11 MISCELLANEOUS ACID STRIPPERS
4.4.11.1 Source Reduction Technologies

Bath maintenance procedures should be instituted as described in previous sec-
tions.

A portable APU system could be purchased to purify acidic waste streams, with
the regenerant sent to IWTP No. 2, to an electrowinning system, or to disposal as
a RCRA waste. The regenerant streams from acid strippers will, in general, pro-
duce mixed-metal streams not suitable for electrowinning applications.

An IONSEP™ system may be the best choice for a portable unit to purify acid
baths because the metals are removed as a hydroxide sludge, not as a high-
volume regenerant. IONSEP™ units are produced as a portable system for such
applications.

4-36
SAC/T148016.50



o T T B

B |

B |

B I B |

o

B

B |

4.4.11.2 Waste Recovery/Reuse Options

The APU and IONSEP™ systems mentioned above, operated on a batch basis,
would qualify under such options.

Because the metals contained in acid stripping solutions are mixed, potential
recovery of salable metal products is not considered feasible at this time.

4.4.11.3 Waste Treatment/Volume Reduction Technologies

Bleeding waste acid stripping solutions into IWTP No. 2 via Sump T-6 is a
possible option. The mixed metal concentrations are usually relatively low in
these wastes, and IWTP No. 1 could possibly handle the increased metal loading
from periodic acid stripper bath discharges.

Evaporative concentration is not recommended for these types of wastes because
of their severely corrosive nature.

Batch precipitation of metals is not recommended for these waste streams
because of the high amount of caustic necessary to neutralize the waste, and the
equipment necessary for sludge precipitation and dewatering.

4.4.12 ALKALINE CLEANERS
4.4.12.1 Source Reduction Technologies

Alkaline cleaning solutions are difficult to deal with because the metals in these
solutions are not in the form in which recovery or continuous removal is viable.

Removal of air sparging equipment and replacing with pump mixing and con-
tinuous filtration are procedures that should be implemented for all alkaline baths.

The Lancy Ultrafiltration system given in Appendix I appears to be an acceptable
method of removing impurities (other than metal contaminants) from alkaline
cleaning baths, thus extending their life. The ultrafiltration system could be pur-
chased so that more than one alkaline bath could be treated in a batch mode.

Palm Instruments also manufactures an automatic alkaline cleaning bath control
system that automates the replenishment of chemicals to the solutions. The con-
troller can replenish more than one bath. Information on this controller is given
in Appendix J.
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4.4.12.2 Waste Recovery and Reuse Options

The batch treatment using ultrafiltration is one method to purify alkaline clearing
baths and return them to the process. As previously mentioned however, this
method will not remove contaminant metals.

Metals recovery is not generally applicable for alkaline cleaning baths unless they
could be combined with other waste streams and the combined stream sent to an
electrowinning system.

4.4.12.3 Waste Treatment/Volume Reduction Technologies

Concentrative evaporation is technically feasible, but not economically attractive
for waste volume reduction of alkaline cleaning solutions. The large energy input
to significantly reduce the waste volumes from these solutions would make this
option low in priority.

Bleeding waste alkaline solutions into Sump T-5 and allowing them to be treated
through IWTP No. 2 would be an attractive alternative. The metals concentra-
tions in these solutions are relatively low, and treatment in IWTP No. 1 should
not be affected if the dilution flows are properly calculated. This option could be
an interim waste minimization step until more rigorous methods are instituted in
the electroplating facility.
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Section §
SUMMARY OF WASTE MINIMIZATION STRATEGIES
AND PREFERRED ORDER OF IMPLEMENTATION

Table 5-1 summarizes all technologies mentioned for each major waste stream
considered in this report. The order of implementation of a technology for a
given waste stream is a combination of several factors:

. The hierarchy of the technology, e.g., source reduction would rank
higher than waste treatment options

. The capital cost outlay for a technology, e.g., bath maintenance tech-
niques would rank higher than buying equipment to reduce waste
volumes

. The ability of the technology to minimize or treat the waste stream,

e.g., IONSEP™ technology may be more effective for a given waste
stream than electrowinning, although both cost approximately the
same and are in the same hierarchy.

. The time it would take to implement the technology, e.g., bath main-
tenance techniques should be tried first; if this fails to minimize
waste volume, then specific technology insertions may be necessary
as a secondary measure

Table 5-1 shows that, in general, bath maintenance should be instituted for all
waste streams immediately. As stated previously, this is the best methodology to
minimize waste production in the shortest time and with the minimum capital
outlay. Some waste streams may require additional measures as the results of the
bath maintenance program on waste production become apparent.

The drawback to considering waste minimization technologies on a waste-by-waste
basis is that several waste streams can be combined for metals recovery and reuse
options. A good example is the nickel waste streams produced at the electroplat-
ing facility. Nickel strippers, electroless nickel plating baths, and other nickel-
bearing waste streams could be combined such that technologies not applicable to
the individual wastes are now applicable to the combination of the wastes.

Figure 5-1 shows a possible nickel recovery system for the combined nickel
rinsewater and process solutions. As mentioned previously, Metcalf & Eddy is
currently investigating ion exchange recovery of metals at IWTP No. 2. If this
process is included for nickel-bearing waste streams, then process solutions could
be introduced into the system, and metals recovery via electrowinning technology
could become a viable option.
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This is just one example of combining similar streams containing a valuable com-
modity and recovering that commodity. There may be other examples of combin-

ing waste streams at the electr
recovery processes.

SAC/T148/017.50

oplating facility that could result in similar metals
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APPENDIX A

GLO QUARTZ IMMERSON HEATERS VENDOR INFORMATION



GLO-QUARTZ ...

SPECIALIST IN ELECTRIC HEATING.
IMMERSION HEATERS

From heating a concentrated acid to S500°F to keeping
oil flowing at -30°F, Glo-Quartz provides the right
heaisr to meet your specific requirements. Both stand-
ard and custom designed units are available in a vanety
of sheath materials including copper. stainiess steel,
titanium, incoloy, quartz, tefion and various nickel
aloys. Heater mounting options include square, round

or rectangular flange mountings; 1” thru 3” NPT screw
piug sizes and bulkhead fittings.

%

TUBULAR ELEMENTS

The most versatile of all heaters, these quality units are
available in a variety of sheath matenials and diameters.
Tubular elements can be manufactured in lengths
excseding 20 feet and formed into a variety of standard
or custom shapes. Bulkhead fittings and a variety of
terminations are also avaiable.

RADIANT HEATERS

Glo-Quartz offers a wide variety of radiant heaters with
custom designed units available up to 12 feet in length.
Using either a quartz tube, quartz lamp or metal sheath
incoloy element as the heat source. A wide variety of
materials can be processed quickly and efficiently. We
can aiso manufacture replacement heating etements for
radiant panets or heating systems.

TEMPERATURE CONTROLS

" Ewery process heating application requires a suitable
- ymperature cortrol System. Glo-Quartz offers a wide
" yasely of tesperature controls, from a low cost elec-
- $wvemechanical thermostat to a solid state digital dis-
Lctmhdvmuwpmpertennerature




" GLO-QUARTZ:... SPECIALIST IN TEFLON IMMERSION HEATING.

- All Glo-Quartz Teflon* heaters consist o Shown below are some standard heater
a heavy wall Tefion tube extrudea over a configurations Special custom configurations

grounded stainless steei heating element. are available
“Regrsiered Dupont ragemark
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FLO KING PUMP VENDOR INFORMATION
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CUSTOM MASTERS, INC.
1320 Bennett Drive, Longwood. FL 3275a

(407) 331-4634

Forty yea’s o7 oetter, filtration system manufacturing has changed very little indeed.
Ne are still experiencing seal leaks, "O" ring leaks from top cover of filter chamber,
and at base of chamber due to faulty seal, or elsewhere, at joints and fittings.

Cavitation or sStan:ng of pump s also a concern, pressure drop across each filter car-
rridge n filter chamber, is also concern for sizing a filter system. You as the owner,
plater, or engineer must ignore the cost of the filtration system, and advised it takes
1 H.P. motor and pump to filter the plating solution at 3000 GPH, in which the flow

rate 1s sized for 1.0 Sp. Grv. WATER !!!

Why do you use this type of filter system? Because you are unaware that there is
THE NEW CONCEPT of filtration, and you are content to filter a plating bath the
same way, as was done forty years ago!!

THE NEW CONCEPT is FLO KING filter systems, which is 1/2 the cost of filtration
systems available today!

FLO KING filter systems are unique, in that the negative side or suction end holds
the filter cartridge. This puts a vacuum on the cartridge, eliminating channeling,
pressure drop across filter cartridges, and utilizes each fiber of the media to its full
potential. This results in cartridges holding 2 to 3 times more solids before plugging
up, making in-tank filtration possible due to a much smaller pump and filter housing,
eliminating all leaks and spills.

This unique method of filtration iead to the development of a NEW CONCEPT in filter
media, the "MAGNUM" filter cartridge. The "MAGNUM?" filter cartridge uses a special
blanket made of polypropelene fiber, designed for conditions found in the plating
industry. 1t has the ability to filter 100 micron down to 1 micron without plugging

up. The "MAGNUM?" can be cleaned and reused over 100 times without losing its
fritration capabilities.

A 10 micron 10 inch depth tube fiiter cartricge has 3.5 sq. ft. of sotids holding cap-
acity. The "MAGNUM" has 35 sq. ft., ten times the holding capacity of the standard
of the industry. The FLO KING mode! BX3000 filtration system has a 1/3 H.P,
motor, holds two 20 inch "MAGNUM?" cartridges and has a solids hoiding capacity of
140 sq. ft.

THE NEW CONCEPT is of course, the FLO KING filter system. Suctien through the
filter media and into the pump, which in turn discharges back into the vessel or plat-
rng tank giving the solution a counter-flow agitation, which in turn speeds up plating
deposition on part being plated.

FLO KING media is excellent for hard chrome plating at 165° + 5°, where polyprope-
tene wound cartridges do not hold up. They are excellent for removing sludge from
low temp. black oxide baths. With the high flow rate they are perfect for electroless
nickel baths at 195°. The electronic industry is regarding FLO KING filter systems a
must, for particulate removal in acid copper, copper pyro-phosphate, SolderOn, tin/lead
fluoborate, nickel, goid, rhodium etc..

THE NEW CONCEPT for organic removal, is the FLO KING refillable carbon pack,
and resin pack for gold recovery from rinse water following gold plate etc.

For more information about your operation please feel free to contact us and let
us help you with your purification and filtering requirements.

THE MOST VERSATILE FILTER SYSTEM AVAILABLE
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AR THE NEW cONCEPT ] e
FILTER SYSTEMS/, ~

FLO KING COUNTER-FLOW FILTER SYSTEM

usma[}iﬁl IN-TANK FILTER SYSTEM

solves many oil, contaminant, agitation, and carbon treating prob-
lems for the following operations.....

ELECTROLESS METAL)

PLATING SOLUTIONS APPLICATIONS CLEANING SOLUTIONS

Keeps solution filtered High agitation with D;:mbtesi and cTrIples life

while skimming action filtration. Increase life of solution. Cuts clean-

keeps solution surface of heaters and solution ing ca{clo as much as

free of oil, dust, etc. while producing quality ten times. Eliminates
plating. J Qoltation bar.

ACTIVATING TANKS ... ETCHING SOLUTIONS ... RINSE TANKS
PHOTO RESIST ... PHOSPHATE ... ELECTRO CLEANERS

‘L \2) © 4
PUMPS / FILTERS / AGITATES / TREATS
SMALL « INEXPENSIVE « DEPENDABLE  VERSATILE

Unique continual skimming action assures
trouble free results from oil, dust, and other
airborne contaminants.

ACCESSORY
Universal Bracket

eliminates ctamps
screws. boits, (- 2
etc.

High Ficw Elbow and

System for Tanks
Extension aillow for
more versatility of 400 to 1.000 Gallons

dispersion tube. B 7~ .-
. ’ Use top and bottom
contiguration for

ACCESSORY . : System tor Tanks 2000 & 3000 gallon
25 to 400 Gallons tanks.

Innovative ideas for Industry Since 1964
CUSTOM MASTERS, INC. ¢ 1320 BENNETT DR., LONGWOOD, FL 32750 U.S.A. ¢ 407/331-4634

J
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APPENDIX C

CHEM-MILL ETCHING VENDOR INFORMATION

ECO-TECH CRYSTALIZATION
ECO-TECH EXTENDED LIFE BATHS
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Recovery of

Aluminum Finishing Wastes

The recovery of aluminum firighing
wastes is particularly challenging
because the vaiue of many aluminum
finishing chemicais, such as caustic
and acid, is often quite low. The aque-
ous chemistry of aluminum giso pre-
SNt S0Me UNIQUE prodlems.

Yeot, despite these apparent draw-
backs, recovery of aluminum finishing
wastes in anodizing lines and other fin-
Ishing procssses is being done. Advan-
tages of recovery inciude recuced pro-
gestruct waste treatment requirements
and a cutback n waste trsatment
sludge formation.

On.atream recovery of gluminum fin.
Ishing waste is Deing done with the fol-
lowing processes.

O caustic stching

0 phosphonic acid bright dipping
T suifuric acid anogizing

QO phosphonc acid anodizing

O integral color anodizing

C nitric and hydrochionc acid eectro-
chemical atching

0 water recyciing

Cauastio etching

Before anodizing, aluminum is usu-
ally etched in solutions of caustic soda
10 varying degrees. depending on the
finish cesired. In Japan, whers a rela-
tivety shiny finish ia common, the metal
loss is in the order of 30 ¢/m’ (0.098 oz/
f#t'). In Europe and North America.
whare more of & matts finish is desired.
the metal ioss is typicatty 80 g/m’ (0.26
outth),

Etching produces sodium aluminate
4na hydrogen gas:

2A] + 2NaOH + 2H,0 —
2NaAIO, + 3N, !

A “‘conventional” caustic etch (with
RO asdaitives) has a typical working
COMPOMItion as in Table 1. These etch
solutions ars moderately viscous and
OXDANeNCe typical rates of 0.2
Um' (0.005 gavtY’) of work processed.
which is about twice that of water or
diute sutunc atxd.

If the alumnum concentration is

By Cm Brown
Vice-Presdent and Genera) Manager
Eco-Tec Limutad. Toronts, Ontano

sliowed to increase enough. the sodium
aluminate will hydroiy2e, liberating free
caustic soaa and hydrated slumina or

‘miumnum hydroxide precipitate:

NBAIQ, ~ 2H,0 — NaOH + AI(OH), *

Theorstically. the liberated free caus-
tic can ba used for more etching. Unfor-
tunately, under normal etch bath condi-
tions, the alumina precipitates &8 a
rock.ike hydrate on the tank walls and
heating cods.

To avond problems associated with
precipitation, chelating agents, such &s
sodium gluconats, are often adged to
tie up the aluminum and prevent precip-
itation. The aluminum builds up to the
point where the rate of dragout equals
the rate of etching. The Bath no longer
requires reQuiar gumping, and its Ite

Tabie 1. Cauntic Btch Fermulations

Conventonal  Extended

Etch Lite Eten

NaOM (free) 70¢/4 80 q/L

Al 50 ¢/L 130 ¢/L
Dragout 0.20/m g8L/m

can be significanty extenced. A typical
"axterdisd life’ or ‘never qump’ bath
analysis Is shown n Tabiei. The
viscosity of these solutions is much
higher than the ‘‘conventional” etch
soton, and, as & result. cragouts are
much h'ghor—typlww 0.6 Um' (0.02
galrtth). Caustic soda must De continu-
ally aoded to thess “extended (e
stches to allow etching to continue and
to raplace dragout losses. Consump-
tion of caustic 32048 I3 therefore not
effactively reduced by this method.

it 18 pOSBIDIe 10 induce the precipita-
tion of AOH), from conventional stch
soUtiong in a separate crystalizer. pre-
venting precipitation in the stch tank.
Crystalization depends on the variation
in sofubility of metal saits in a chemical
solution as a function of temperature
and solution composition.

Caustic soda is continually iiberated
for use in etching aluminum, and sdak-
tions of fresh caustic are theretore onty
required o repiace aragout losses. As
the bath is much more dilute than the
“extended life' etch, dragout l0eses
are lower. As a reault, caustic soda
purchases can be reduced Dy as much
as 80%.

The low aluminum concentration in
the stch when the reganaration process
is empioyed sfiows exceilent etching
performance. More importantly, bath
composition is constant. providing uni-

Pigure 1. Schemalic of the Fujiaash process lor recovering aluminum Irom etch bath.

STEAM WATER
v lof
—]
: 2
- .t ‘
Al(OM], i
JuLY
ETCH CRYSTALLIZER CENTRIFUGE
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The aluminum suifate waste of
by-product produced by the system can
be neutralized in the piant waste trea!-
mant system or concentrated by evap-
oration and soid as liquid alum. Table 3
shows projected COSts when this
approach is apphed to recovery of
dragout from a typical phosphong/nitric
bnght dip operation.

A DCU/APU smpioyed in conjunction
with 3 vacuum evaporator in a Japa-
ness ancdizing plant has been recover-
ing phosphoric/sulfuric acid bright gip
solution at over 98% afficiency since it
March 1980 startup. No phosphoric
acid purchases were needed during the
imtial 8ix months of operation.

The large recovery potential from
processet of this type makes |t
extremety attractive. When total oper-
ating costs of 15.8¢/kg (7.1¢/1D) are
subtracted from a vaiue of 80¢/kg (27¢/
1) tor 80% pnosphoric acid. an installa-
tion consuming 2.2 mibon kg (2430
tons) per year can save up to $170.000
per year Dased upon a recovery effi.
ciency of approximatety 90%.

Sulfuric acid anodizing

Most anodizing is done in suifuric
8CK Sioctrolytes: some of the aiuminum
oxide layer dissoives during anodizing.
it has Deen estimated that under
normal anodizing conditions 15 g/m’
(0.08 oz/ft) of aluminum are dissolved
per hour of anodizing time. Eventually
the alurminum reaches a levei where it
impairs the process and quaity of the
film. At this point ail or part of the bath
must be discarded and replaced with
frash solution.

In March 1877 the first APy was
started up to punty a suifuric acid ano-
dizing bath. Since then a large number
of sumiar units have been instailed
around the workd. Users of these units
have reported a number of benafits,
including iMmproved anodizing qulity,
better throwing power, raduced cooling
requiremants. lower voltage and
regucad |abor reQuiremaents.

A typical APU can remove approx-
mately 4 kg/hr (8.8 Ib/hr) of aluminum
from a suifunc ackd anodizing bath
while maintaining the bath aluminum
content at 10 g/L (1.3 oz/gal). Table 4
lists typicai fielc data.

Phosphoric acid anodizing

Significant interast has been shown
- phosphonc acd anodizng. Being
consierably weaker than suttunc acid,
phosphoric acid anodizing baths can be
punfiec by either an APU or DCU. The
APU can remove alumunum phosphate
impuribes as waste. Taking into consia-
oration the retatively Mgh value of phos-

Tabis 3. Fconomica of Phoaphoric/Nitric Bright Dip Reccvery

(per pound of 80% H.PO, recevered)

Amount (1b) Cost($)
887 8¢ sulfung 3618 0248 0.0088
Lime 0.26% 00033
Steam 8.450 0.0421
Siugge disposal 210 0.0058
Labor 0.0094
Total opsrating costs 0.0712

Table 4. Typias! APU Reswits for H, 30, Anodizing Recovery

Flow rate (L. hr) W50, (/L) ICAN
Feeg (DALN) 2548 1838 12.2
Proguct 296 178.0 4.2
Waste 175 13.0 12.0
Water 173 0 0

phoric acid and the role of the phos.
phate ion as a poiutant, the Ddest
approach appears 1o be a DCU/APU
systam. A DCU converts the aluminum
phasphate impunties to frae phosphoric
acid; an APU conserves sulfunc acd
regenerant.

Somse diiytion of the phosphonc acid
may occur during treatment. An atmos-
pheric evaporatcr that operatas directly
on the bath may be necessary to
remove this excess water.

integrai color anodizing

A vanety of weak organic ana inof-
ganic aciis are used in integral color
anodizing. incluging sultosalicylic, suifo.
phthailic and boric. These daths are
more sensitive {0 dissoived aluminum
impurity buildup than conventional sul-
furi¢ acid baths. The aluminum content
has to be maintained at & Mmuch lower
level and within cioser limits. The high
repiacement velue of these Dbaths
NeCessitates some means of impurity
removal.

Rates of aliuminum buildup in these
Datns nave been estimated at 27 g/m’
(0.088 oz/gal) of work per hour of ano-
dizing time at 2,58 A/am’ (23.9 A/tt)),

The low free acidity of these siectro-
lytes allows the use of decationizers for
aluminum removal., and conventional
cation exchange has already been usad
extensively for this appication. The
large amount of downums for frequent
regenerations and the high acid regen.
eration dGosages normally required
allow congideradie room for improve-
ment. An estimated 378 L (100 gai) of
10% sulfunc acit are required 10 regen-
orate 1 kg (2.2 ) of aluminum from
cation resins used in thig applicabon,
This represents 7.368 times the theoreti-
cal gosage. Use of a DCU/APU can
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reduce this to about 1.5 times theoret-
cal, a significant improvement. Several
systems Of this type have Deen recently
installed with good success. A DCU to
remove approximatety 2.5 kg/hr (5.5 1b/
hr) of aluminum from a Duranodic inte-
oral color anodizing bath is avaladie.
An APU is used t0 recover excess
regenerant from this umt. Tha fully
automated DCU typically operates on a
20-minute cycle tme: 10 minutes in
service and 10 minutes for regenera.
tion. 30 the bath can be consistentty
mantainea at a low jevel of aluminum
contamination,

Electrolytic coloring

Because of ity low electricai require-
ments, slectroiytic (two-step) coloring
nas found recent acceptance in the
North American archutectural anodizing
ndustry. Tha electrolytes empioyed are
based On nickel. copper. codbait or tin
saits. frequently in conjunction with a
weak organic acid. After coloring, the
aluminum must be rinsed waell prior to
sesiing. Loss of valuable metatic saits
cue to dragout is appreciable.

Recovery of metal saits from these
nnsewaters is advantageous for three
reasons;

O Salts of cobait, tin, mckei and (to a
less extent) copper represent signifi-
cant value.

0 While alurminum hydroxide sludge is
not congiCered & hazardous waste, tvae
classification could change if significant
quantities of these other, more toxic
metals are present in the siuage.

0 Compiexing agents added to the
slectroiytes frequently rendar conven-
tional chermcal precipitation techniques
inettactive.

Numerous reciprocating flow ion
OXChange Sysiems recovenng COpOer
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form atch rates and consistent product
Qquaity.

Caustic etcn regeneration systems of
this type have been used extensively in
Japan for & number of years with excel-
lent success. Fujisash ndustries of
Kawasaki City has commerciaiized the
Process ara deveioped a standara
sackage. Over 20 of these systems
nave been instalied to date. Aicoa has
more racently introduced a similar
system.

Figure 1 shows a schematic of the
Fujisash process. Etch soiution is con-
tinually pumped from the etch tank to
the crystaliizer. Hydrated alumna pre-
cipitates from the solution and setties
to the bottom of the crystallizer. Regen.
erated eich solution, with lower alumie
num and higner free caustic levels,
flows Dack to the etch bath directly
from the top of the crystatizer. Crystals
of hydrated alumina are periodically
withdrawn from the crystallizer bottom
ang dewatered with a cemrifuge.

The hydrated aiumina crystals pro-
duced by the systsm contain only 7 to
15% water and bear nc resembiance to
the watery aluminum hydroxide
“sludge’’ produced by conventiongl
waste trearment systoms. Tabie 2 lists
a typical assay of this material, which is
basically equivalent to commercial
“Bayer hydrate’' and can be soid to a
vanaty of end users. The amount of
sluoge gererated in the final waste
treatment system can be reduced by
typically 75% if this system s
empioyed.

Energy consumption for the system
s minimal:  electncity for agitators,
pume motors and the centrifuge and
small amounts of steam to compensate
for neat radiation losses from the
equipment,

Caustic sich regeneration systems of
this type offer a number of important
advantages.

C up to 80% reducton in caustic soda

purchases

0 100% elimination of purchases of

%luconltn and other proprietaries
dramatic size reduction in sludge

cewalenng equipment and resulting

siuage dispasai prodiems

Q conmstent bath composition and

ODeration with good product quality

C production of a salabie hydrated alu-

mina by-product

Phosphoric acid bright dipping
Concentrated phosphonc acid daths

Pigawre 2. Phospharic acid recovery system utilizes & decationizer unit (DCU) and an

WATER WATER
- -
V @ V p

Il
R2 R3 ﬂ A4 RS
i

acid puritication unit (ARU).
I - LAU ~ . -
PHOSPHORIC BATH lr'l a1
|

WASTE

(usually with acditians of nitric. sulfuric,
acetic and/or chromic acid) are used to
poksh aluminum. After brightsrung, the
adhering bright solution, contsminated
with gluminum, must de immaediatety
rinsed from the metal with water. Typi
catty 15 g/m' (0.08 oz/tt") of aluminum
are atched. Due to the nigh acid con-
centration (70 to 80% H,PO.) and high
viscosily, GraQout i0sses are Apprec-
adie, around 0.3 t0 0.4 L/m' {0.0073 to
0.0008 gautt"), compared 1o about 0.1
L/m' (0.002¢ gai/t) for a "waterdke"
process solution,

if the sluminum contgmnation is
removed, the rinsgwater can de recon-
centrated to bath strengtn by vacuum
avaporstion and recycied to the bath.
Most previous purification systems
based ypon cation exchange or acid
retardation have failed, mainty because
the cost of treating the Anal waste
stream and disposal of the resuftant
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Table 3. Aluminum Nydroxide
Ohemical Assey
Percent
Al,0, 84.88
Si0, 0.07
Fe,0, 0.04
Ci0 0.06
Mg0 0.15
Na,0 0.27
.0 0.02
Otner 0.122t6 0.834
Loss on igninion 34,38
pH (10.7)

sludge was excessive. The decation-
lzer unitacid punfication unit (DCU/
APU) approach has greatly reduced
these probliems.

The OCU/APU are ion-exchange sys-
temg that utilize reciprocating flow ion
eaxchange. which aliows siuting a puri-
fied acxd product from resin with only
water. in the APU "“up stroke.” acud
feed solution containing a metailic sait
impurity is metered into the bottom of
the resin bed. The free acxd is sorbed
by the resin, and the maetailic salt by-
product soiution Hows from the top of
the Ded. In the ''down stroke,” water
desorts the acid frorw the reain, pro-
ducing a purified acid product.

Figure 2 shows & typecal phosphoric
acid recovery system. Concentrated
finsewatsr fiows t0 the DCU where
cationic impunties exchange onto the
resn; the puriffied process solution,
with most of the aluminum removed,
flows 10 an evaporator for concantra.
tion 10 bath strength and recyciing. The
DCU is periodicafly regensrated with
ACY and washed with water. The dilute
washings flow to waste. and the con.
centrated portion of the spent regen.
erant fiows 10 the APU. The acid n the
spent régenearant solution is retaned by
the APU, ana the impurities are
rejected in the APU by-product stream.
Water slutes the acid from the APU,
which, after refortification with a small
amount of fresh acid, can be reused by
the OCU. The APU can remove 90% of
the metallic impurities and recover
about 30% of the free acd fed to it.



and nickel sufate from electropiating
rinrggwater have demonstrated that
cation-exchange systems can effec-
tively recover metailic saits from rinse-
water. Several simiar systams have
recently been installed (n two-step elec-
trolytic coloring operations with axcel-
lont sucoess.

Figure 3 shows & typical recovery
system layout for the AiCan Anoiok pro-
cess. Rinsewater flows from the first
rnse tank through a cecationizer
(DCU), which removes the maetals and
discharges the purtfled rinsewater 10
waste. Careful sulturic acid regeners.
tion of the DCU yleids a concentrated
maetaiic sulfate product solution at a pH
of 1 to 1.5. If necessary. the recovered
proguct can be trested with a modified
APU or deacidification unit (DAU) to
raisa the pH of the solution to bath
oparatng leveis. The final product is
collectsd and anatyzed prior to recy-
cling to the color bath.

Most color baths operate near room
temperature, s avaporaton 103ses are
negligble. Atmospheric  evaporators
Are SOMetimes necessary to remove
sufficient water from the bath to allow
recyciing the recoversd product. This is
not feasibie or necessary for most tin.
based electrolytas.

it is important to recover the metailic
saits in a purtfied form to avoid contam.
nation of the color bath. When recover.
ing tin suifate, for exampie, it became
NOCEEsary to utllize a CatONn resin with
1 high selectivity for tin to avoid recov-
ory ¢f aluminum contamination. Precipi.
tation Of S1ANNIC OxKie in these rinsewa-
tars aiso pressnts some challenging
filtration problems. A DCU and fliter are
being empioyec to recover tin sulfate
from Reynoids Trucoior.

Chromate processes

Chromate. either as chromic acd or
the potassium (of sodium) sait, is used
in geveral aiuminum finisting proc.
€3383, including chromic acid anodiz-
ing. conversion coating, desmutting,
gichromate sealing and hard chrome
plating. To avoid pollution hazards, s
recent ‘rend has drifted sway from
chrome-Dased processes. even though
these baths are often Detter under-
AtO0d. $884r 10 CONtrol, Supenor in per-
formancas and iess axpensive to oper-
ate than the chrome-fres baths. The
avalabeity of viabie chrome recovery
Systems suggests a reevaluation of any
moves in this direction. Recovery of
chromate from piant wastewater
reduces costs and wmpiifies waste
treatment. Thesa considerations may
Hp the scaie DALk in favor of chvomats.

Poliution resuits from chromate proc-

2 decationizer untt (DCU).

EXMAUST

ATMOSPHERIC
EVAPORATOR

Pgure 1. Electroiytic coior bath recovery incorporates a aeaciditication unit (DAU) and

DIWATER
| COLOR BATH R1 R2
WATER !
lG—— DAV |Gumed DCU |<==H,S0,
1 WASTE * WASTE

ninge tank, .

Figwre 4. Rinsewster recycling utliizes & wasta trearment unit (WTU) snd & water
recycie unit (WRU). A conductivity controiier (CC) reguiates additions of wates to each

WATER

AAAAAAAALA ALAELAAL‘AA

? r—-l
A A AAAAAAA,

I
PROCESS BATH r’ R R
§ !
WU p—ney  WRU
‘ WASTE NaOH H,50,

asses in two ways: dragout to rinsewa-
ter and process bath dumps due 0
contamination with aluminum and/or tri.
vaient chromium.

The use of ion exchange for recovery
of purified chromic acid from plating
rinsgwaters and purtfication of hard
chrome plating baths is well estab-
lished. This technoiogy has recently
been applied with excellent rasuits to
vanous chrome processes in finishing
aluminum.

Specialty etoching

Oilute nitric acid and hydrochioric
a0d soiutions, often with additions of
various organic acids and/or small
amounts of othar norganic acids, are
used for electrochemically etchung alu--
minum coils. These baths become con-
taminated with dissoived aluminum ang
must be dumped frequentty.

Secause these baths are often fairty
gilute, they lend themseives to purifica-
ton by caton exchange befter than
acid retardaton. t is usukily necessary
to utilize an APU in conjunction with the

C-5

decationizar to improve chemical
regeneration efficiency sufficiently to
make recovery truty viadie.

Several DCU/APU systems are being
used by manufacturers of iithographic
plates for removal of alumunum from
hydrochionic acid graining solutions.
Etchants of similar compomitions, used
for aluminum capacitor foils, can aiso
be punfied by this method.

Water recyeling

Large quantities of water are con-
sumed in ringing work after each pro-
cass Dath. Most of the water can be
eanily deicruzed Dby cation/anion
exchange and reused. [ndeed. as
delonized water is required for several
ringes and makeup Of many daths, the
Same unit can serve both purposes.

Recovery of rinsewaters simpifies
waste treatrment DOCaUSe it is much
aasier and chesper to treat a concen-
trated. IOw-volume stream than a
dilute, mgh-volume stream. Reaction
tanks. reagent pumps and clartfiers are
all reduced in size. Morecver, the char.
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acter of sludge precipitated from con.
centrated wastewater is generally
superior to that produced from dilute
solutions.

The nature of the rnaing process is
such that typically only 10% of the
water is used 10 rinse 90% of the chem.
icals from the work. Conversely, 0%
of the water is consumaed in actually
nnging onty 10% of the chemicals,
Operating costs in ion exchange are
mainly reiatad to chemical loadings and
only to hydrauiic flows to & very minor
degree. These two prinCipies can be
used to great advantage in designing a
viable nnsewater system.

Figure 4 illusirates this point.
although only one step is shown, sev-
oral processes would normally be ted
together in a similar manner. Conduc-
tivity controders (CC) mounted in rinsa
tanks R1 and R2 control additions of
water 10 the tanks. The first rinse, R1,
is maintainred 3t about one-tenth of
bath strength through additions of a
very small amount of water, equivaient
10 about 10 times the rate ot dragout.
Overfiow from R1 flows directly to the
waste freatment unit (WTU). Desired
finai rinsewater punty in R2 is main-

tained through additions of large
amounts of recovered water. The over-
flow from R2 flows to a dsionizer or
water recycie unit (WRU), consisting of
cation and anion exchangers, where it
i purified and recycied.

Automatic regeneration of the WRU
may occur once or twice each hour for
five minutes it raciprocating fiow tech-
niques are used, eliminating the need
for & qupiicate standby urit. Regeners-
tion yields a !ow-volume, concentrated
fiquid that flows to the WTU.

Genersi considerations

Particular attention should be paid to
the acid/atkali balance in the plant efflu-
ent when evaiuating the recovery of
acid Or caustic. It makes littie sense tO
install an APU on the anodizing bath if it
becomes necessary to purchase virgin
acid -to neutraize spent caustic etch
solution. Similarly, a conventiona)’’
decationizer may be adequate for an
integral color anodizing bath where
spent solution is availabie t0 neutralize
the large amount of excess acid in the
spent regenaerart. If one wishes to
nstali & caustic stch regeneration $ys-
tem, it normaily makes sense O CON-

currently install the more efficient DCU/
APU system in lieu of the conventional
decationizer.

Increasing attention i8 being paid to
reutral saits in industrial efMuents, such
s sodium suitate. Conventional waste
treatment utilzes chemical neutraliza-
tion, aggravating this poliution probigm.
Recovery techniques sffectivety reduce
neytral sait tscharges.

Technoiogy for recovery of chamicals
and water in finighing aluminum is avail
abis and finding wide acoeptance.
Recovery of even inexpensive process
solutions, such as sulturic acid anodiz.
Ing baths, can be shown to Dbe
worthwhile when side benefits such as
pollution control and process stabitza-

expensive and/or toxic ohermicals are
SveN MO PronoUNCced.

Any existing or proposed aluminum
finighing faciity shouid have chemical
and water recovery to abate poliution,
reduce O0$ts and improve Process Der-
formance. ]
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APPENDIX D

ELECTOLESS NICKEL PLATING VENDOR INFORMATION

BATH MAINTENANCE PROCEDURES (WITCO)

PALMER INDUSTRIES CHEMICAL FEED SYSTEM

PALMER INDUSTRIES ENSTAT SYSTEM

CHEMICAL PLATE-OUT METOD (WITCO)

LANCY ELECTROWIN SYTEM FOR ELECTROLESS NICKEL
WITCO CHEMICAL PRECIPITATION METHOD

D-1
D-5

D-11
D-15
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Niklad” 794

Electroless nickel-phosphorus process

Allied-Kelite Division, Witco Chemical Corporation

2701 Lake Street, Melrose Park, 1L 60160, (312) 344-4300

Supersedes 021583

052083

Introduction.

The Niklad 794 electroless nickel process is
designed to deposit a uniform. bright nickel-
phosphorus alloy onto properly prepared metal
surfaces such as stainless steel, alloy steels, cast
iron, copper and its alloys, titanium, beryllium and
nickel allovs. magnesium, and onto various non-
conductive materiais. It is particularly suited for
electroless nickel plating of aluminum alloys due to
its high tolerance to metallic impurities. (Your
Allied-Kelite representative can recommend pre-
treatinent cycles (or these substrates.)

Niklad 794 is supplied as three liquid con-
centrates — Niklad 794A. Niklad 794B. and
Niklad 794HZ. These concentrates provide all the
necessary purified chemical formulations for make.
up and replenishment of the Niklad 794 plating
solution. Replenishment additions can be made to
the solution at operating temperatures.

Users of the Niklad 794 process have the option
of adjusting bath pH with either ammonia-free
Niklad 794pH or ammonijum hydroxide. Niklad 794pH
is a liquid additive that does not produce objec-
tionable ammonia fumes and has the added bencfit
of improving bath hife.

-

Advantages.
¢ Exceptionally bright deposits
¢ Tolerant to metallic impurities
e Economical to operate

¢ Consistent high rate of deposition with maxi-
mum stability

¢ Replenishment made at operating temperature
¢ All-liquid system
o Allows for barrel plating of parts

¢ Meets specifications MIL-C-26074B, AMS 2404A
and AMS 2408

Equipment.

The following equipment is suggested for opti-
mum Niklad 794 operation.

Tank and heating..

Tanks fabricated from high-density polypropyl-
ene are suggested. An excellent plating arrangement
is & twin-tank setup, with one tank held in reserve
If the nickel begins to deposit on the production
tank. the solution can immediately be filtered into
the standby tank, chemically adjusted and operated.
Therefore, the twin-tank arrangement ¢can eliminate
costly downtime. The plated tank is then stripped
and cleaned 1o serve as the standby tank.

Derated electric immersion heaters fabricated
from 304 or 316 stainless steel, titanium or ano-
dized titanium; or steam TEFLON® Supercoil are
satisfactory for heating the solution.
® DuPont trademark

Agitation.

Clean, mild air agitation or mechanical work rod
agitation is satisfactory. The rate of agitation can
affect the deposition rate.

Filtration.

Coatinuous filtration, though not necessary, is
suggested for optimum results. A S-micron bag-
type filter provides adequate filtration for most
installations. Use periodic tiltration if continuous
filtration is not feasible.

Solution makeup
and operating conditions.

Solution makeup.

Material 100 Gallons 100 Litres
Niklad 794A g8 gallons 8 litres
(Ni source/replenisher) ’
Niklad 7948 IS gallons 1§ litres
(complexor/buffer)
Water (distilled or Balance Balance

deionized)

Witco

D-1
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Nikiad 794

CAUTION: Beforc making up thc working solu-
tion. reter 1o Safcty And Handling scction on last
page Lo be certain you are aware ot the protective
car you must wear. and the {irst-aid procedures to
ollow in the event of accidental exposure to the
liquid concentrates or solutions.

. Fill plating tank !4 full with deionized or
distilled water.

2 Add 8% Niklad 794A by volume (of final
volume). mix well.

3. Add 15% Nikiad 794B by volume (of final
volume), mix well

4. Adjust to operating volume with deionized or
distilled water and mix thoroughly.

S. If nécessary. adjust pH to operating range using
Niklad 794pH (or |:1 ammonium hydroxide) to
raise pH. or 25% sulfuric acid to lower pH.
CAUTION: Nikiad 794pH (or 1:1 ammonium
hydroxide) can cause a violent reaction and
spurting if improperly added to the bath. With
vigorous agitation. add small. frequent amounts
of Niklad 794pH (or 1:1 ammonium hydroxide)
over the entire surface area of the bath rather
than large. infrequent amounts to a concen-
trated area.

6. Heat 10 operating temperature. Solution is now
ready for operation.

Operating conditions.

Range Typical
Solution temp. 160-212F [95F
(71-100C) 91C)
Solution pH* 4.5-5.2 4.8
Bath loading 0.25-1.0f12/gal  0.6ft3/gal
(0.6-2.5dmi/L) (1.5dmi/L)

®if pH 15 perautied to drop out of operating range. ine
buffering cupapility of the solution is reduced. This may
require large additions of Niklad 794pH (ar ammonium
hydroxide) to restore pH value to normal limits.

- Bath loading.

Optimum bath loading (ratio of plating surface
arca o0 solution volume) 15 determined by bath
operating temperaturc, deposition rate desired and
frequency of maintcnance additions. As shown in
Figure 1. a bath loading of 0.25 ft?/gal (0.6 dm?/L) at
an operating temperature of 195F (91C) provides a
good deposition rate with a practical replenishment
schedule. Of course. greater loading conditions and
inereased overall duposition rates are obtained by
decreasing the time interval between bath replen-
ishments,

Deposition rate.

Deposition ratc largely depends on operating
temperature of the electroless nickel bath. [he
plating solution can be varied over a wide
temperature range and maintained for long periods
at maximum lemperatures without causing any
spontaneous decomposition. Plating rates at various
temperatures over the life of the Niklad 794
solution are approximately as indicated in Figure 1.

D-2
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Figure |. Niklad 794 plating rate vs. operating
temperature at various surface area loading
conditions.

Solution maintenance.

CALUTION:; Before replenishing the working solu-
tion, refer to Safety And Handling section on last
page Lo be certain you are aware of the protective
gear you must wear, and the tirst-aid procedures to
follow in the event of accidental ¢xposure to the
liquid concentrates or solutions.
Additives.

Additives used for solution maintenance are:
Niklad 794 A (nickel source/replenisher)
Niklad 794HZ (reducer/stabilizer)
Niklad 7948* (complexor/buffer)
Niklad 794pH (An optional additive used instead
of ammonium hydroxide to adjust pH)

® Niklad 793R should b added at a rate ! 1yt 100 gal,
regenerntion (0.251./100 L/regenceraiion) Where nign grag-
out losses are encountered. such as barrel operations, large’
adds of “Niklad 794B may be reguired

Nikiad 794A/Niklad 794HZ replenishment.
Repicnishment additions of Niklad 794A and
Niklad 794HZ are based on the percent nickel
metal activity of the plating solution. An Allied-
Kelite Niklad Test Kit can be used for a quick,
simple determination of the percent nickel metal
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activity, or a more precise burette titration analysis
can he employed (both methods arc described in
the Percent Nickel Metal Activity Determination
scction.) After determining the percent nickel metai
activity of the Niklad 794 plating solution, use
Tabic | to obtain required amounts of Niklad 794 A
and Niklad 794HZ.

Table 1. Conversion of percent nickel
metal activity to required replenishment
additions of Niklad 794A and Niklad 794HZ.

% NickekMetal Nikind 794A Niklad 79411Z
Activity Required Required

By Analysis Nozjgel mL/L 0loz/gal mL/L
100 None None None None

90 ] 8 | 8

80 2 16 2 16

70 3 24 3 24

60 4 32 4 32

50 S 40 5 40

To calculate required additions for nicke! metal

activity not given in the table. use the following
formulas:

I. 1 oz'gal Niklad 794 A
required = (100 - % nickel metal activity) X 0.1

mL/L Niklad 794 A
requircd = (100 - % nicke! metal activity) X 0.8

.1 oz/gal Niklad 794HZ
required = (100 - % nickel metal activity) X 0.1

mL/L Niklad 794HZ
required = (100 - % nickel metal activity) X 0.8

Replenishment procedure is as foilows:

[. Stowly add required amount of Niklad 794A to
plating solution, with agitation.

2. Slowly add required amount of Niklad 794HZ
to plating solution. with agitation.

3. Adjust solution pH to operating range using
Niklad 794pH (or I:1 ammonium hydroxide) to
raise pH. or 25% sulfuric acid to lower pH.
CAUTION: Niklad 794pH (or |:{ ammonium
hydroxide) can cause a violent reaction and
spurting «f improperly added to the bath. With
vigorous agitation. add small. frequent amounts
of Niklad 794pH (or '] ammonium hydroxide)
over the entire surface area of the bath rather
than lurge, inffequent amounts to a concentrated
arga.

NOTE: Matenals can be added to the plating

solution uat opcrating temperature il caution is

used. Vigorous agitation and mixing arc necessary.

Do not add materials directly over parts being

plated.

~J

General guide to bath operation.

. If nickel mctal activity percentage drops below
50¢. do not makc additions until bath has
cooled to room temperature.

2. A complete solution replenishment of the plating
solution’s nicke! content occurs when 101 0z/gal
(ROmL/L) Niklad 794A have been added.

3. A Niklad 794 deposit of | mil square fool
requires 7.8 1oz of Niklad 794A und 7.8 o7 of
Niklad 794HZ. (A Niklad 794 deposit of
10 um/jdm? requires 10 mL of Niklad 794A and
10 mnL of Niklad 794HZ.)

4. For repetitive work. additions can be made on a
predctermined or continuous schedule based on
occasional checks of bath concentrations.

5. Proper chemical cleaning of parts to be plated
with electroless nickel is most important to
insure maximum performance. Pretreatment
procedures for both rack and barrel plating of
various base materials are available from your
Allied-Kclite representative,

6. Though the Niklad 794 system is tolerant to
impurities, the system can be affected by the
drag-in of specific impurities such as palladium,
cadmium, certain wetting agents, and sulfur
containing compounds. Good rinsing is impera-
tive prior to the Niklad 794 bath. Filter out solid
particles as they appear.

7. pH papers in the appropriate range are suitablc
for pH control.

8. Deposition rate decreases as plating bath pH
decreases. Maintain pH in proper operating
range using Niklad 794pH (or 1:] ammonium
hydroxide) to raise pH. or 25% sulfuric acid to
lower pH.

9. Bulk parts are best plated in slowly rotating

barrels with good solution recirculating char-

acteristics.

Percent nickel metal
activity determination.

Niklad Test Kit analysis.
Kit Content: | —4-02 glass sample bottle

1 —16-07 bottle of titrating solution
(0.0575M EDTA)

! —2-02 dropper bottle of am-
monium hydroxide

| — -0z bottle of indicator powder
{murexide mix)

| —~Dropper marked at SmL
| —Dropper calibrated from 0-SmL
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Procedure:

I. Fill 4-0z glass sample bottle about 4 full with
walter.

2. Using marked dropper, add SmL cooled sample
of Niklad 794 plating bath to the 4-072 bottle and
mix,

3. Add ammonium hydroxide untl sampic solu-
tion turns deep blue in color.

4. Add a small amount of indicator powder to
sample solution and mix. The sample solution
should be straw colored.

§. Fill calibrated dropper to the zero mark with
titrating solution and add this to the sample
solution. Shake. If the solution does not turn
violet, continue with steps 6 and 7. If solution
color is violet, STOP. This means the plating
bath is at or below 50% activity. If this occurs,
cool bath to room temperature and add Sfloz/gui
(4dmL/L) each of Niklad 794A and Niklad 794HZ.
Reheat bath to operating teniperature and re-
determine nickel metal activity percentage
starting with swep 1.

6. Refill calibrated dropper to the zero mark again
with titrating solution. With mixing. add a few
drops at a tme to the sample solution until its
color changes to violet.

7. Record total number of millilitres required to
obtain color change.

Calculation:

% nickel metal acuvity
= total mL ttration X 11.2

Burette titration analysis,

Reagents: Concentratcd ammonium hydroxide
(NH,OH)

Murexide indicator mix (I gram of
murexide mixed with 100 grams C.P.
sodium chloride)

EDTA (disodium dihydrate salt),
0.0575M, 21.4101 g/L

-

Procedure:
[. Pipette 10mL cooled sample of Niklad 794
plating solution into 250 mL Erlenmever flask.
2. Add about 100 mL of distilled water.
3. Add I5mL of concentrated ammonium hy-
droxide
. Add about 0.2 gram murexide indicator mix.
. Titrate immediately with standard EDTA solu-
tion to endpoint color ¢change of light brown to
violet.
Calculation:
% nickel metal activity = mL EDTA X §.62

w b

D-

Safety and handling.

Store Niklad 794A, Niklad 7948, Niklad 794HZ.
and Niklad 794pH in tightly closed containers.
Avoid contact with eyes, skin and clothing. Wear
chemical-resistant gloves and chemical safety gog-
gles when handling liquid concentrates and solu-
tions. Wash thoroughly after handling.

[n case of skin or eyc contact, immediately flush
with large amounts of water {or at least 15 minutes
and call a physician. If swallowed, call a physician
immediately.

[n case of spill or leak. absorb with an inert
ingredient such as sand. carth or vermicuhie.
Dispose of residue consistent with federal. state
and local regulations.

Niklad 794A, Niklad 794B, Niklad 794HZ and
Niklad 794pH arc for industrial use only. Read
pertinent Material Safety Data Sheet and product
label before using. Also. carefully read and follow
product data information and lahel instructions
associated with all chemicals and solutions men-
tioned in this technical bulletin.

Standard packages.

Niklad 794A — 5 gallons; 55 gallons
Niklad 794B - S gallons; 55 gallons
Niklad 794HZ — S gallons: 55 gallons
Niklad 794pH - 5 gallons; 55 gallons

NOTE: Additives of the Nikiad 794 system are not
damaged by [reezing. If frozen, thaw to room
temperature and mix well before using.

Warranty.

We warrant our goods to conform to our standard
specifications. This Warranty Is in lieu of any and all
other warranties or gusrantees and our obligation
hereunder for breach of such warranty is limited to
either refund of the purchase price or replacement of
said goods as we may clect. We make no other
warranties, express or implied, including those of
MERCHANTABILITY and FITNESS FOR A PAR-
TICULAR PURPOSE.

We belleve that the statements, technical information
and recommendations ¢contalned herein are rellable, but
are given without warranty or guarantee of any kind
except as specified above. Beyond thst specified above,
we assume no responsibility for any loss, damage or
expense, direct ur comequential, arlsing out of the use
of, or Inability to use, our gouods. Their quality and
suitability for any particular purpose or use should be
confirmed by the user’s own tests.

NOTE: All gallon measurements are U.S. Gallons

Witco



AUTOMATIC ANALYZER
MODEL 850CL

* Closed loop controller for electroless Ni and
Cu

*  Completely self contained analysis and
replenishment system

*  Measures pH. concentration, bath and
sample temperature

* Nema 4X enclosures for harsh environments

* Printer records results in real time

* Intelligent operating system

PROGRAMMABLE CHEMICAL
ADDITION SYSTEM
MODEL 225-ASA

CAPABILITIES:

* Nema 4X enclosures for solid state relays
* Dead man timer - stops pump in event of
system failure
Real time clock
* Up to three components per bath
* Up to seven bath addition and chemical
tracking
Baths need not be the same composition
* Simple data entry
* Liquid crystal data display

OPTIONS:

* Bath temperature measurement
* Printer for hard copy of transactions

D-5



PALM INSTRUMENTS
introduces a new generation
of Plating Bath Controllers
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Closed Loop Controller and SPC System Model 1100 SL

Analyzer and replenishment system for electroless Ni and Cu

* Measures pH. concentration. and temperature

» Interface up to twenty-four controllers for data collection

e PC type processor collects data and generates SPC charts

o Controllers are microprocessor operated and may be used as
stand alone units

« Communicates with central processor via RS-232 data
transfer

» Controllers are equipped with LCD readouts and keypads for
ease of use

¢ Advanced record keeping
ability and statistical analysis .
of data is featured 4

General Information:

« Palm Instruments manufactures a broad line of pH. specific ion. ORP and conductivity monitors/controllers
o All equipment utilizes state-of-the-art dedicated mlcroprocessor operating systems
« Palm offers custom system development for customer's specific application. Contact us for details.

PALM INSTRUMENTS, INC.
431 HARDING INDUSTRIAL DRIVE ¢ NASHVILLE, TN 37211
(615) 331-1810 « FAX: (615) 333-3232
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ENSTAT COMMODITIES
INTERNATIONAL, INC.

PASSIVATION SYSTEM FOR
STAINLESS STEEIL PLATING TANKS

ENstat is an electrochemical system for continuously passivating
the stainless steel components used in electroless plating baths
to prevent plate-out, while also avoiding the need to strip and
condition the tank with nitric acid on a daily basis. The use of
this system also minimizes disposal of spent nitric acid
solutions and the cost of their waste treatment.

The ENstat is based upon

the electrochemical I + ENstat
technique of anodic [r— -
protection, which has been

used for many years to + -

prevent corrosion of —, —

equipment in the chemical
process industries, and
more recently to avoid
deposition on equipment

used in electroless
plating solutions. In
simple terms, anodic

protection is a method of
producing a passive film
upon the surface of stainless steel by means of a small impressed
current at a predetermined and carefully controlled potential.
This film (which is very similar in composition to that produced
by nitric acid passivation) prevents deposition of electroless
nickel or electroless copper, while also avoiding corrosion of
stainless steel components.

The difference between this technique and the "reverse current
passivation® method used by some platers in the past, is that
with "deplating” the potential of the stainless steel is not
controlled. Instead a relatively large current (typically 10 to
40 ma/ft?) is discharged from the metal to keep it from plating.
This discharge, however, also causes the stainless steel to
corrode and become etched, especially at the welds. With ENstat
a very small current (typically 1 to 2 ma/ft?) is used to
maintain the potential of the metal within a desired range and
little, if any, corrosion occurs.

POST OFFICE BOX 17264 // NASHVILLE. TENNESSEE 37217 // 615-333-2700 4/ FAX 615-333-3232
D-8
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Not only will the ENstat system protect the plating tank, but the
instrument will also passivate and prevent plate-out on any
stainless steel component electrically connected to it, including
pumps, heat exchangers, filters, and their associated piping.
Because protection is not dependent upon current flow, the
passivating potential does not change significantly with distance
from the cathode. 1In one installation, passivation was found to
extend more than 60 feet inside a 1 inch diameter pipe and its
potential varied by only 0.3 mv.

Hundreds of anodic protection systems have been installed on
electroless plating tanks in Europe, some for more than twenty
years. These installations have been very successful and have
typically allowed the plating solutions to remain in the same
tank for as long as two months without transfer and without
nitric acid passivation.

INSTRUMENT

The ENstat is a precision potentiostat, specifically designed to
protect stainless steel equipment in electroless plating
solutions. It utilizes a state-of-the-art microelectronic design
to assure stable and trouble free operation. A backup battery is

also provided to continue the tank’s protection during a power
failure.

The unit is capable of providing a sustained output of 10
amperes, and thus is adequate for even the largest electroless
plating tanks. A overload protection circuit is also provided,
which will shut down the unit and sound an alarm in the event of
a short circuit. The ENstat also includes digital meters to
display both the actual and set potential and the current being
discharged from the tank, as well as LED indicators for power,

battery supply, short circuit, overload and open circuit
conditions.

The unit is supplied in a dust and water tight, NEMA 12 aluminum
enclosure suitable for plating environments, and is complete with

two 25 feet long, neoprene insulated cables for the anode and
cathode connections.

SPECIFICATIONS

Input 110 VAC, 60 Hz at 3 amperes
Reference 0 - 1200 millivolts
Output 0 - 10 amperes at 0 - 1.2 volts
Battery 1.3 amp-hour lead acid to supply

up to 0.5 amperes for 1 hour
Size S H x 174" W x 10%" D

D-9
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PALM INSTRUMENTS, INC.

PRICE LIST: Prices effective AUGUST 30, 1989
DESCRIPTION PRICE
N1 wWatchdog model PC-670ENC Basic unit
Inciuding: Zara printer and pH measurement 3 3860.00
Cpticons:
Bath temperature measurement optlion each (! to 3) 8 250.00
Automatlic solution replenishment option S 675.00
Jouble bellows netering pump each 8 520.00
Printer paper 200 ft roll S 10.50
Disposable cuvettes case = 140 ea 8 24.00
Model 225-ASA Programmable solution addition unit with printer $ 1950.00
rRemote pump control each bath (ain three) $ 225.00
Double beliows metering pump each S 520.00
Solution temperature option (ea bath) ] 150.00
Model 850-CL Closed Loop Ni Controller including:
CRT screen, full keyboard, and data printer
N1 metal and pH measurement
Sample and bath temperature measurement
Sanple pump and Ni replenishment pump (two component)
Automatic solution replenishment 810600.00
pH adjustment pump S 410.00
Model B-2020 bench top analyzer
Ni concentration and pH with ATC 8 2250.00
Model 1100-SL Closed Loop Ni_controller including:
N1 metal pH measurenent
Sanmple and bath temperature measurenent
Automatic solution replenishment
Sample pump and Ni replenishment punp (two component)
3 8200.00
Options:
pH adjustment pump 3 410.00
Remote printer 8 350.00
SPC System for the above controllers New Units 3 2000.00
For up-to 8 units Upgrade S 2400.00
Recondition Flat Rate $ 500.00
AFTER SHIPMENT OPTIONS CONTACT FACTORY FOR PRICING

431 HARDING INDUSTRIAL DRIVE ® NASHVILLE, TN 37211 ¢ 615-331-1810 FAX 615-333-3232

D-10
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PALM INSTRUMENTS, INC.

NEW PRODUCT ANOUNCEMENT

DESCRIPTION

Yode] MP2COOCC SCLUTICN CONDUCTIVITY CONTROLLER including:

Measures soiution concentration

Measures sclution temperature

High-low audible alarms

Closed loop - microprocessor controlled systenm
Automatlic solution replenishment

In tank electrodeless sensor - no contacts to foul
NEMA enclosure for operating systenm

replenisher addition volume tracking for cost analysis
Four solution analysis capability from one controller

System with one sensor and pump outlet

Options:

Replenishment pump - single component
Repienishment pump - double component
Additional solution sensor

Remote data output port (For SPC system)
kemote data printer

SPC System for the above controller
for up-to 8 units

Price effective AUGUST 30, 1989

PRICE

$ 2850.00
$ 410.00
$ 520.00
8 950.00
$ 450.00
$ 350.00
8 2000.00

431 HARDING INDUSTRIAL DRIVE ¢ NASHVILLE, TN 37211 * 615-331-1810 FAX 615-333-3232
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Niklad™ WT 110

Plate-out system for electroless nickel plating solutions

Allied-Kelite Division, Witco Corporation

2701 Lake Street, Melrose Park. [L 60160. (312) 450-7435

040187

Introduction.

The Nikiad WT 110 process is designed to remove
nickel from spent electroless nickel plating solutions
without generating sludge that can require further
costly processing. The plate-out process works on
most electroless nickel (EN) bath formulations pro-
vided that the nickel is not overly complexed with
certain very stable complexors or overstabtlized to the
point where no plating is obtained. The single Nikiad
WT 110 additive significantly weakens the com-
plexing ability of various chemicals. and allows the
nickel to be plated to very low concentrations in
certain electroless nickel baths. Niklad 794, Niklad
795, and Nikiad 796 baths respond well with this
plate-out process.*

In a typical spent Niklad 794 bath, a total addition
of approximately 3% by volume of Niklad WT 110
over 6 hours can reduce the nickel metal content to
5-10 ppm. Results will vary depending upon type of
bath. contaminants, and treatment cycle parameters.

This process is easy to use, utilizes standard EN
tanks, and can reduce or eliminate further waste
treatment requirements, providing a simple and cost-
effective method of treatment.

* Other Niklad baths can be treated. but may require a modified
process cycle. Refer to your Allied-Kelite representative for
further information.

Advantages.
® No high-nickel-content
sludge generated

® No special
equipment required

No sludge

disposal

uses standard EN tanks;
no complicated set-

ups, treatment, or
filters needed

® Nickel is plated Possible scrap

out as nickel- value
phosphorus alloy

¢ Simple process - Doesnt require
supplied as a- highly skilled
single liquid additive operators

itco
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Equipment.

In general, equipment that is used for Niklad
plating baths is suitable for the WT [10 process.
Heating.

The bath must be heated to about 190F (88C)
during treatment. Stainless steel, Teflon*, or Teflon-
coated stainless steel heaters may be used. Derated
electrical heaters as used in EN plating tanks are
suggested if electrical heaters are used.

*Du Pont trademark

Tanks.

Tanks fabricated from polypropylene, poiyethyl-
ene, or stainless steel are suggested. While the plating
tank can be used as the plate-out tank, using a
separate plate-out tank will avoid interruptions in
production due to lengthy stripping times.

Agitation.

Agitation is required to mix the process chemicals
into the solution. Mechanical or clean air agitation
is satisfactory.

Treatment cycle.

CAUTION: Before handling or using the Niklad

WT 110 process, refer to the Safety and handling

section on page 3 to be certain you are aware of the

protective gear you must wear, and the first-aid
procedures to follow in the event of accidental
exposure to liquid concentrate or solutions.

I. Refer to all applicable federal, state, and local
regulations, and determine the limit of nickel
that is allowed in the waste effluent. This limit
should include the dilution from non-nickel-
bearing waste water from rinsing and other
water sources in the plant that will be in the
waste stream. Analyze a cooled sample of the
bath to be treated for nickel metal concentration
(refer to Analytical control section).
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. If a separate plate-out tank is used as recom-
mended. pump spent plating solution tnto plate-
outtank and heatto 185-190F (85-88C). Maintain
this temperature throughout the process.

Stowly. with agitation. adjust the solution pH to
5.0 - 5.2 using dilute caustic soda (25% or less)
solution.

. Begin plating onto a large workload (1.5 ft?/gal
[3.7 dm® Litre] or more) of clean scrap material
with agitation. Large work loads speed the pro-
cess. Steel or aluminum is satisfactory. Good
agitation is essential.

. Initially, add 1% (one gallon per 100 gallons {1
Litre per 100 Litres] of solution being treated)
Niklad WT 1101to the plating bath with agitation.
As the bath plates out, the pH tends to drop and
Niklad WT 110 is consumed, slowing the plating
rate (measured by the rate of decrease in nickel
content by analysis). Maintain the pH at 5.0-5.2,
and make additions of 1% Niklad WT 110 to the
plating bath hourly or as required. With exper-
ience, the rate of plate-out can often be estimated
by the amount of gassing produced by the plate-
out reaction. As the bath depletes, smaller incre-
ments (0.5%) of Niklad WT 110 can be used.

6. Analyze and record the nickel content hourly

during the plating process. When the nickel
concentration reaches 0.08 oz/gal (0.6 g/L) or
less, raise the pH to 5.5-6.0 with dilute (25% or
less) caustic soda solution, and continue the
plate-out procedure.

. Continue the plate-out procedure, maintaining
the proper pH, temperature, and Niklad WT 110
additions until the desired nickel content is
obtained. If within all applicable regulations,
discharge the effluent to the sewer.

D-13

Operating notes.

. When adjusting pH with 25% caustic soda solu-

tions. add very slowly with good agitation 1o
minimize the formation of excess nickel hydrox-
ide precipitates. On concentrated EN solutions.
more dilute caustic solutions or ammonia addi-
tions may be helpful until some of the nickel has
plated out. Excess precipitate can initiate plating
or seeding on itself.

. When treating spent solutions such as Niklad 794

or Niklad 796, the procedure typically requires
4-7 hours. and consumes a volume of Niklad WT
[ 10 that is approximately equal to 3% of the bath,
1o reach a nickel concentration of 5-10 ppm.

. The plate-out rate increases directly with higher

surface area of workload. higher pH. higher
temperature, higher agitation, and frequency of
additions (assuming adequate additions of Niklad
WT 110).

. More stably-complexed EN solutions and those

formulated with slower plating rates require
longer treatment times.

. As the plate-out reaction proceeds. the pH tends

to lower and Niklad WT 110 is consumed. These
factors are not critical. but will slow the reaction
if not properly maintained.

. If a production EN plating bath has stopped

plating due to ‘poisonous’ contaminants or over-
stabilization and is to be treated and dumped,
additional pre-treatments are necessary to get the
plate-out reaction started. Often the contam-
inants responsible for the overstabilization can be
sufficiently reduced by clectrolyzing at low
current densities using DC current with an insol-
uble anode. Using carbon anodes at 2-5 amp/{t?
(21.6-54 amp/ meter?) with good agitation for an
hour may be sufficient. Lowering the temper-
ature to about 140F (60C)during the electrolytic
dummying will be less corrosive on the carbon
anode. Remove the anode when not in use.
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Analytical control.

Nickel metal determination using EDTA.
Reagents: Conc. ammonium hydroxide (NH;OH)
Murexide indicator mix

EDTA (disodium dihvdrate salt)
0.0575 Molar. 21.41g/L)

Procedure:

{. Pipette 20 mL cooled sample of nickel bath into
250 mL Erlenmeyer flask.

2. Add about 100 mL of distilled water.

3. Add 10 mL of concentrated ammonium
hydroxide.

4. Add about 0.2 gram of murexide indicator mix,
or one tablet.

S. Titrate immediatelv with standard 0.0575M
EDTA solution to an endpoint color change of
light brown to violet. This can change abruptly.

Calculation:
oz nickel metal/gal = mL EDTA x 0.0225
g nickel metal/L = mL EDTA = 0.1688 —

NOTE: This EDTA method is accurate down to
about 500 ppm nickel content. Use appropriate
analytical methods, such as colorimeter, atomic
absorption, or polarograph analysis for accurate
results at lower concentrations. Consult your
Allied-Kelite representative for specific instrument
and method recommendations.

Warranty.

We warrant our goods to conform to our standard
specifications. This Warranty is in lieu of any and all
other warranties or guarantees and our obligation here-
under for breach of such warranty is limited to either
refund of the purchase price or replacement of said goods
as we may elect. We make no other warranties, express or
implied, including those of MERCHANTABILITY and
FITNESS FOR A PARTICULAR PURPOSE.

We believe that the statements, technical infor-
mation and recommendations contained herein are reli-
able, but are given without warranty or guarantee of any
kind except as specified above. Beyond that specified
above, we assume no responsibility for any loss, damage
or expense, direct or consequential, arising out of the use
of. or inability to use, our goods. Their quality and
suitability for any particular purpose or use should be
confirmed by the user’s own tests.

Safety and handling.

CAUTION: Niklad WT 110 is a liquid reducer
and contains a large concentration of sodium
hypophosphite. Avoid contact with skin, eyes. and
clothing. Use with adequate ventilation. Do not
swallow. Can be strong irritant to eves and skin.
Can be harmful if swallowed. Store in tightly closed
containers away from direct heat, alkalies. and
oxidizers.

PROTECTIVE EQUIPMENT: When handling
Niklad WT 110 liquid concentrate and solutions.
wear rubber gloves, chemical safety goggles, and
chemical-resistant clothing. Wash thoroughly after
handling.

FIRST AID: In case of skin or eye contact,
immediately flush with large amounts of water for at
least 15 minutes. Foreye contact, immediately call a
physician. If swallowed, immediately call a physi-
cian. If inhaled, remove victim to fresh air and call a
physician.

SPILL OR LEAK: Wear protective equipment
during cleanup of a spill or leak. Absorb spill or leak
with an inert material such as sand, earth or
vermiculite. Dispose of residue consistent with
federal, state and local regulations.

REQUIRED READING: Niklad WT 110 is for
industrial use only. Read Material Safety Data
Sheet and product label before using. Also, follow
supplier’s safety recommendations for all other
chemicals mentioned in this technical bulletin.

Standard packages.

Niklad WT 110 — 5 gallons. 55 gallons

NOTE: Niklad WT 110 is not damaged by freezing.
However, it may freeze or separate due to cold. If
frozen, thaw to room temperature and mix well
before using.

NOTE: All gallon measurements are U.S. Gallons.
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File Under ELECTROLESS NICKEL SPECIALTY PRODUCTS

ALLIED-KELITE

Your single source for
tried and proven, brand-name
metal treating and finishing products,
industrial cleaning products,
and support material and equipment.

Surface Preparation Products

Isoprep® Cleaners...and etchants. derusters, deoxidizers, desmutters, descalers,
paint strippers and rust-preventive oils

Alprep™ Cleaners.. cleaners and activators expressly formulated to prepare
aluminum surfaces for Niklad™ electroless nickel plating

Ferroprep™ Cleaners...soak cleaners and electrocleaners expressly formulated to
prepare ferrous alloy surfaces for Niklad electroless nickel plating

Multiprep™ Cleaners. .. picklers, descalers, desmutters and activators expressly

formulated for a wide variety of basis metals that are to be plated with Niklad
electroless nickel

Plating Products

Niklad™ Electroless Nickel Systems . .. nickel-phosphorus, nickel-boron, and polyalloy

processes and companion products for engineering, electronic and printed circuit
board applications

Barrett SN® Suifamate Nickel System. .. high-purity, low-stress nickel plating for
electroforming and plating applications

Isobrite® Brighteners...additives and systems for bright nickel, chromium, zinc,
cadmium and copper electroplating

ARP® Specialty Chemicals. .. includes metal strippers, wetting agents, bath contam-
ination control additives, mist suppressants, foam control additives, chromate coating
tester. blackening salts, and immersion tin and zincate processes

Protective/Pre-Paint Coating Products

Iridite® Chromate (Or Chromate-Free) Conversion Coating Systems
Keykote® Zinc, Iron And Manganese Phosphatizing Systems
Irilac® Clear Protective Treatments

Iridize™ Zinc Anodize Coatings

Industrial Cleaning Products

Chemicals for cleaning and maintaining machinery, paint lines, refinery and
petrochemical equipment, vehicles and aircraft

Support Material And Equipment

Everyvthing that's needed to support your operation including basic chemicals,
anodes. polishing equipment, tanks. rectifiers, automatic feed systems, heaters, test
apparatus and kits.

Witco
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LANCY INTERNATIONAL, INC.

TECHNICAL BULLETIN

NUMBER 3203

LANCY ELECTROLESS
BATH TREATMENT CELL

The Lancy E.B T Cell uses metallic electrodes which
enhance the deposition of the recovered metal. The
cell design permits recovery from low concentration
rinsewaters and process baths without usual cathode
polanzation problems.

FEATURES

»~ Simple operation
~ Removes metal as a non hazardous slab

~ Versatile application -
copper - nickel - cobalt - palladium

Inexpensive metallic electrodes

+~ Low energy requirements

The Lancy Electroiess Bath Treatment Cell (EB T )
provides a recovery technique that will handle most
spent electroless dumps and rinses without sludge
generation.

An E.B.T. Cell will collect metals as a non hazardous
slab. The metals are easily stripped from reusable
cathodes following recovery from these nnses or baths

* Spent electroless copper
¢ Spent electroless nickel
* Spent electroless cobalt

¢ Drag out rinses from electroless process solu-
tions

BENEFITS

~ Eliminates strong reducing agents

No sludge by-product

A\

~ Addresses difficult waste treatment problems of
chelated electroless dumps and rinses

v+ Low operating cost

~ Operates at 250% or higher efficiency



SPECIFICATIONS

Materials of Construction
|

|  Typical Operating Parameters S Tank Polypropylene
Frame FRP coated tubular steei
Temperature: 140°F (60°C) Electrodes Stainless steel. lead alloy.
aluminum. Karbate 22,
pHrange 83-838 mild steel
Metal recovery rate: 0 1 Ibsihr/it? Agitator Shaft Stainless steel
o Alioy 20

Tank Dimensions

L =

.44‘—-( 3 -

Dimensions Cathoae Cell Weights

' J Overall Area Capacity | Shipping  Operating
Series A. Length ) B. Width | C. Height ' (sq. ft.) ' (gatlons) (pounds) \ {pounds)

: ; \ 1 —

3221 8 18 22 1 13 436 ! 340
3222 65" 23" 56 ° 4 ) 60 1.234 1.224
3223 80" 31" 74" 10 1 220 i 2499 3.678
3224 96 - 31 75" 20 260 3.044 4 488
3225 115 3 5 0 | 330 3542 | 5440
3226 119 31 ‘ 88" ‘ 50 440 4587 7.344
3227 145" ; 31 88" I 80 560 5379 | 8.976
3228 171" 3 | e | 100 670 5.824 10.170

TYPICAL ELECTROLESS TREATMENT PROCESSES

Dumped Bath Combined Treatment For
Treatment Baths and Rinses (Sludgeless)
BATH PLATING COUNTER.
oume BATH a2
v cLUANT ]
eat T 3aTH s SRR
TOWASTE TREATMEN OUMP
_" _ —ocoTTLSEPARATOR
I l ouMP
A \J 1
METAL . SuT
SLAS a7 Fac.
!
METAL
BLLETN YT SLAB

LANCY

INTERNATIONAL, INC.

525 West New Castle Street, P O Box 490, Zelienople. PA 16063 » Phone (412) 452-3360

TELEX 86-6259

D-17



SPENT NIKIAD EN BATH TREATMENT

Transfer solution to a treatment tank
Heat solution to 150°F
With agitation adjust pH to 6.0-7.0 with 25% sodium hydroxide

d’xepk and maintain sodium hypophosphite level at 26.0-30.0 g/1 (3.5-4.0 ozs/qgal) .
Adjust hypo level by using Niklad 790.

Slowly add with agitation Niklad Wr Additive. Initial add of 0.2% by volume is
required. Keep temperature at this step not higher than 150°F. Higher temperature
will cause violent reaction.

Spent EN solution will start to decampose at this stage.

Continue treatment maintaining the proper pH, temperaturgjgodium hypophosphite and
W Additive additions until desired nickel content is obtained.

8). Allow nickel powder sludge to settle to the bottam of the tank. The effluent can
now be polished through ion exchange to reduce nickel level below 2pom.
- With this treatment nickel level in the effluent is reduced to about 5.0 pmm
- Witco
|
Witco Corporation Anil Lashkari
1250 North Main Street Electronics
r NR/df Los Angeles, CA 90012 Service Supervisor
TeL 213-222-0201 Allied-Kelite
in CA 800-223-4520

- Y

I |
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SODIUM HYDROXIDE

SODIUM HYPOPHOSPHITE
($1.40/1b

WI' ADDITIVE
(8110.61/gal)

CGHEMICAL COSTS TO TREAT 1 GAL NIKLAD 1000

AMOUNT REQUIRED

10% by vol.
of 25% NaoH
solution

25% by volume
of 600 g/1 hypo

0.3% by volume

TOTAL

0.08¢

$1.75

0.33¢

$2.16

About 20% less for Niklad 794, 795, 719 type baths as nickel concentration
is 6.0 g/1 while it is 7.5 g/1 in Niklad 1000.
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WITCO CHEMICAL CORPORATION
Allied-Kelite Division
1250 North Main Street

Los Angeles, CA 90012

Attn: ANil Lashkari
PURCHASE ORDER NO.

(213) 838-5939 (213) 870-3749

Pacific Spectrochemical Laboratory, Inc.
Chemical and Spectrographic Analysis
2558 Overland Avenue
Los Angeles, California 90064

April 20, 1989

SEMIQUANTITATIVE ANALYSIS

£z

. 2
Nickel Pdvder /:;ohjdé- .>

N1 94.0% é)/%/ M)
P 2.82 , éﬁ
Na 2.00

K 0.68

Al 0.030

Si 0.017

Mg 0.0041

Cr 0.0071

Ca 0.0078

Cu 0.0015

Fe 0.013

Other elements nil

. s IC ANMD THMIg LASORATORY
THIS ACPORT I8 SUBMITTED TO THE ACOREISLO CLICNT FOR IS EXCLLBIVE USE AS 4 SROTECTION O "Mt CLIENT THE 2usL

/"
ﬁ/‘;j/&i—/a,
/15 70 2 /”V"—

Respectfully submitted,

PACIFIC SPECTROCHEMICAL LABORATCRY, INC

D-20
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CHMHILL TELEPHONE CONVERSATION RECORD

CALLTO Q// fro- . PHONE NO. 2/3,4—793 ~020/
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Niklad™ Waste Treatment Process

For electroless nickel and cobalt plating solutions

Allied-Kelite Divisiom, Witco Corporation

2701 Lake Street, Melrose Park. IL 60160, (312) 450-7435

Supersedes 050885

071387

Introduction.

The Niklad Waste Treatment Process is designed to
remove nickel and cobalt metals from spent electroiess
plating solutions and ninses. The 2-component process
(Niklad Precipitant and Niklad Flocculant) chemi-
cally reduces the solution nickel content to less than
| ppm. without requiring the purchase of costly
treatment equipment. The process produces an
effluent suitable for discharge into sanitary sewers,
and a metal sludge suitable for landfill disposal in
approved sites or resale for electrolytic metal recovery,
which can make your waste treatment process help
pay for itself.

Advantages.
o Components are in Easy to measure
liquid form —— and use
Niklad Precipitant
and Niklad Floc-
culant

® Chemically reduces

metal content

Produces effluent suit-
able for sewer discharge
and metal sludge suit-
able for landfill or
resaie

No costly treatment
equipment required

Treated wastes can
easily be disposed
of; sludge can be
resold for metal
content

Equipment.

[n general. equipment that is used for Niklad
plating baths is suitable for the Waste Treatment
Process.

Tanks.
Tanks fabricated from polypropylene, polyethyl-
ene, or stainless steel are suggested.

Agitation.

Agitation is required to mix the process chemicals
into the solution. Mechanical or clean air agitation
ts satisfactory.

Filtration.

Continuous filtration is not required. The settled
metal compound precipitate can be run through a
filter press to increase its solid content.

Treatment cycle.

CAUTION: Before handling or using the Niklad

Waste Treatment Process, refer to the Safety and

handling section on page 2 to be certain you are

aware of the protective gear you must wear, and

the first-aid procedures to follow in the event of

accidental exposure to liquid concentrates or

solutions.

1. Allow the spent Niklad plating bath to cool to
room temperature before treatment.

2. Dilute the bath so that the nickel content is
between 500 and 2500 ppm.

3. Determine the amount of Niklad Precipitant
required using the following procedure:

A.Pour 1000 mL of the diluted bath into a 1500
mL beaker.

B. Adjust the pH of the sample to 8-9 (electro-
metric) by slowly adding 50% caustic soda
solution to the beaker with agitation.

C.Pipette 1.0 mL of Niklad Precipitant into the
beaker. If a precipitate forms, stir the solution
and let it settle.

D.Repeat step C until no new precipitate 1s
formed with the addition of Niklad Precipitant.

Witco
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tile Under ELECTROLESS NICKEL SPECIALTY PRODUCTS

Niklad Waste Treatment Process

E. The last addition of Niklad Precipttant that

produced a precipitate determines the amount
necessary to treat your effluent. For every 1.0
mL added that produced a precipitate, |
gallon of Niklad Precipitant must be added
per 1000 gallons of effluent (1 Litre per 1000
Litres).
Example: If no precipitate formed from the
fifth 1.0 mL addition. then four gallons of
Niklad Precipitant are required per 1000
gallons of effluent for treatment.

4. Raise the pH of the bath to 7-8 by slowly adding
509 caustic soda solution to the beaker with
agitation.

5. Add the required amount of Niklad Precipitant
with continuous agitation.

6. Add | pint per 1000 gallons (0.125 Litres per
1000 Litres) of Niklad Flocculant with agitation
to accelerate the rate of settling.

7. Mix well for 15 minutes, then allow to settle for
one hour.

8. Check metal content of effluent. If within EPA
and other applicable regulatory guidelines, filter
through a filter press to separate and compact
the metal sludge. The effluent can now be
discharged into the sanitary sewer, and the
sludge properly disposed of or sold to nickel
reclaimers.

Warranty.

We warrant our goods to conform to our standard
specifications. This Warranty is in lieu of any and all
other warranties or guarantees and our obligation here-
under for breach of such warranty is limited to either
refund of the purchase price or replacement of said
goods as we may elect. We make no other warranties,
express or implied. including those of MERCHANT-
ABILITY and FITNESS FOR A PARTICULAR
PURPOSE.

We believe that the statements, technical infor-
mation and recommendations contained herein are
reliable, but are given without warranty or guarantee of
any kind except as specified above. Beyond that
specified above, we assume no responsibility for any
loss, damage or expense, direct or consequential, arising
out of the use of. or inability to use, our goods. Their
quality and suitability for any particular purpose or use
should be confirmed by the user’s own tests.

Safety and handling.

CAUTION: Niklad Precipitant and Niklad Floc-
culant are harmful if swallowed. Do not swallow.
Avoid contact with skin. eyes. and clothing. Store
in tightly closed containers at room temperature
and away from strong acids.

PROTECTIVE EQUIPMENT: When handling
Niklad Precipitant and Nikiad Flocculant liquid
concentrates and solutions. wear rubber gloves,
safety goggles. face shield and chemical-resistant
clothing. Wash thoroughly after handling. The
area immediately around the plating tank should
be ventilated.

FIRST AID: In case of skin or eye contact,
immediately flush with large amounts of water for
at least 15 minutes. For eye contact. immediately
call a physician. If swallowed, immediately call a
physician. If inhaled, remove victim to fresh air
and call a physician.

SPILL OR LEAK: Wear protective equipment
during cleanup of a spill or leak. Absorb spill or
leak with an inert material such as sand, earth or
vermiculite. Dispose of residue consistent with
federal, state and local regulations.

REQUIRED READING: Niklad Precipitant
and Niklad Flocculant are for industnal use only.
Read Material Safety Data Sheets and product
labels before using. Also, follow supplier’s safety
recommendations for all other chemicals mentioned
in this technical bulletin.

Standard packages.

Niklad Precipitant —
Niklad Flocculant -

5 gallons, 55 gallons
5 gallons, 55 galions

NOTE: Keep Niklad Precipitant and Niklad Floc-
culant from freezing. If {rozen. thaw to room
temperature and mix well before using.

NOTE: All gallon measurements are U.S. Gallons.

Witco
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APPENDIX E

ELECTROLESS NICKEL STRIPPING VENDOR INFORMATION

ABXO DATA SHEET
ABCO PRECIPITATION METHOD

E-1
E-3
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U.S. DEPARTMENT OF LABOR U sarm asoroves

QME No. ‘A—? 1387

~ Occupational Safety: and Health Administration )

MATERIAL SAFETY DATA SHEET

Required under USDL Safety and Healdr Regdztiodx far Ship Repairing,
Shipouilding, ana Shipbreaking {29 CFR 1915, 1916, 1817)

SECTION I

TR ARSI R & R NeE JUPP T Ters name. EMERGENCY TELEPHONG NO.
ABCO PRODUCTS OF SACRAMENTO (9]6) 447-9931
AOORESS‘VMMP Sereer, City, Staze, and 2IP Code)
2.0. 20x GA13, Sarramantn, CA GER2]
CHEMICAIL NAME AND SYNONYMS T‘ ACE NAME AND SYNCNYMS
/A : fickel Striprer 39

EMICAL FAMILY FORAMUWLA
‘r Cranriatary

SECTION Il - HAZASDQUS INGREDIENTS

PAINTS, PRESERVATIVES, & SOLVENTS | % (J:':” ALLOYS ANO METALLIC COATINGS T A
MOMENTS SASE MET AL,
CATALYST ALLOYS
VEMICLE METALLIC COQATINGS.
SOLVENTS :Lt?:c.:ﬂ:;oa CORE FLUX
ACOITIVES [ OTHERS. ‘
QTHERS
HAZAACOUS MIXTURES QF QTHGR LIQUIOS, SSi.dS, OF GASES | % (J.‘L.\;)
Sodium Carbonate CAS No. 139-02-6 250l Hor adtablisrec
Organic Compound flon-hazardous according to the criteria nf Lagl » n
paragraph (d) of the OSHA Hazard Communication Standard. All per- |
e fre— el o n— concer Urrlg e prpl‘.‘YTTES, “Y: S nanadring, and
health effects of the chemical(s).is disclosad of thic- MSNS ; -
SECTION il - PHYSICAL DATA
301LING POINT (P, none SRESIFIC GRAVITY (H33%1) 8.3 Ibs/dal
VAPOR PAESSURE (MM k. N/A ARyl H/A
VAPOR QENSITY (AlAS]) N/A cva Tion AT N/A
SQALUBILITY IN WATER romplete
AspEaRANCE ANG 000R WAite to yellow granules
SECTION IV - FIRE AND EXPLOSION HAZARD DATA
FLASH POINT (MetNod used) FLAMMAGLE LIMITS ] [ | et
N/A VR , —
EXTINGUISHING MEQIA
water spray
SPECIAL FIRE FIGHTING PROCEDURES .
Avoid eye 3nd skin coatact
WNUIUAL FIRE AND EXPLOSION MAZARDS None
PAGE 1) {Continued an reverss s} ’ Form QSHA-20
Aev. May 12
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tof{ fresh zir Ca'] nhvejcian INSESTION:  Naver ajve flujds or 1rvmr° yomitipn <
patlent e yncaneslois Ar b:nnn ~apyulsinne Get medical attsrv--r

SECTION V - HEALTH HAZARD DATA

TRHAESHOLD LIMIT vALWE >

EFFECTS OF OVEREXPOSURE R
Eye 8 Skin Contact: may cause minor irritation.

Inhalation: DuSt may cause jrritation to the respiratory tract.

f Enczn?v AND FIRST AID PROCEDURES K . . :
Y€ n case of contact, immediately flush eyes with flowina water for at leas

o minutes. GLet medical attertion. SKIN: Wash with mild soap and water. 1T

T et TOTTUEVETOPS,; gt MEUTTE T at et o HmtAt R TSR Move e TR T TV IO ==Y

SECTION VI - PEACTIVITY DATA

STABILITY UNSTABLE CONDITIONS TO AVOID

2

STABLE X

avoid temperature over 500 F

INCOMPATAB LITY (Marernals 10 evoud)
oxidizing agents

HAZARPOUS CECOMPOSITION PROOUCTS

tents

none ancwn
CONDITIONS TO AVOID
MAZARDOUS MAY OCCUR
POLYMERIZATION
Wikl NOT OCCUR X temperature exceedinn 800 F. oxidizirnt a
| SECTION VII - SPILL OR LEAK PROCEDURES

PS TQO 8E T EN CASE MATERJAL LS RELEASEDL OR SPILLED B
818607 26abTE" Targe ‘Guantities may pose ah aquatic hazard. Carefully sweep uo

materia| and transfer 1o a suiltable container (steel drum) for msposal Avaia.

ol o1 fl_r‘" IR VIS Js ot aial Il F=\ ) > o Ao £ PN

ok " b | =
“vaj oo FPprTET Y LA I A MA S S SRR B ) L] ludll L” LA~ "ll\.'\p J}Iri l*v‘.\.urﬁrtu “-&Il

water. Dilute water residue mixture may be flushed to sewer with large amts. oT wa|

) QS ETROPD
Assﬁésa'slp # materta) as solid waste. Small guantities may be flyshed 1o sewer with

large amounts of water. D1scharge to a pubhc sewerage authority shOuld comcwe

Ler

ses

-\rb PR RV RIS lacasl o o
e apErreooTTe IU‘WTI Il"I \-J"Urm HULITTT,ULIUIT I‘C\‘UIIUIICHLD I_UIIU" Clll WAIL
DoHutmn control requlations. :
il SECTION VIil - SPECIAL PROTECTION INFORMATION
PIR av PROTECTION . . . . .
155' ﬁfﬁ proved[ m?’myg‘sfk if ventilation is inadequate.
venmiaTion | PERre Koo ded
I:r:nAchL. {Generel) OTHER
s required.
PROTECTIVE GLOVES EYE PR_OTEC‘T‘ON
teneral purpose gloves chemical workers glassec, do not wa==
OTMER PROTECTIVE EQUIPMENT
SECTION iIX - SPECIAL PRECAUTIONS
) ANOC ST T
"BrETau ?Sﬁgr‘y‘ Abe) 'Y nfoRmaTion: ERU’ﬁON' May cause irritation, Avoid cont=c‘ :
with eyes, skin, and clothing. Wash thoroughly after handling.
OTRER PRECAUTIONS : - N -
hormal warehouse storgqe,
PAGE (2} Form OSA-20

GPrO 138 Rev, May 72

j22]
}
~J



B |

B

CLTLRGLATS

AUST REMOVERS

a ht PRODUCTS CO. of SACRAMENTO

PAINT STRIPPLARS

SOLVENTS & ANTI.CORROIION Olud
PHOSPHATE & CONVERSION COATiNGS + Other Producti, Procesa and Equipmunt for Indusiry

P. 0. Box 9613 / Sascramento, California 95823 / Taiephone (316) 447.-9931
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ABCO NICKEL STRIP 99

For Stripping Nickel From Steel

' ADVANTAGES

1) No corrosive liquids involved.
2) Easy to dispose of when exhausted.
3) Contains no cyanide./
4) Fast stripping rate.
EQUIPMENT NEEDED
1)
to withstand the required temperature.
2) Agitation is needed. (Clean mild air,
3)

Tank can be mild steel, polypropylene, or lined with liner

Heaters large enough to maintain 120° to 150°F:

Bath Make~up

1)

2)

Fill the tank half full with water.
2.5 lbs. of ABCO NICKEL STRIP 99 for each gal. of working

solution.

Fill the tank to working capacity. Stir bath to dissolve
powder. Heat to 120° to 150°F. Adjust pH to 8.5 to 10.5.
If below 8.5, add Soda Ash to bring into range.

CAUTION

eyes and clothing. Avoid breathing dust.
ventilation. In case of contact,
plenty of water, for eyes, get medical attention.

May cause skin or eye irritation. Avoid contact with skin,

or mechanical.)

to 150°F. Add

Use with adequate
flush skin.or eyes with

fada¥e il a

IMPORTANT NOTICE REGARDING THIS INFORMATION

The statements, technical information and recommendatlons contained in this document

are based on tests that are believed to be reliable. However, this document is not
contractual, and NOTHING IN IT CONSTITUTES A WARRANTY THAT THE GOODS

DESCRIBED ARE FIT FOR A PARTICULAR PURPOSE OF CUSTOMER or that their use

does not conflict with any existing patent rights. The exclusive source of any warranty
and of any other customer rights whatsoever is Lthe written acknowlecdgment of a

customer's order.

E-3
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a ht PRODUCTS CO. of SACRAMENTO

OCTERQLANTS PAINT STRIPPEARS

RUST REMOVERS SOLYENTS & ANTILCORAOSIGN CILS
PHOSPNATC & CONVERSION COATINGS + QOrber Products, Prcesa and Equipmeni for Induiiry

P. O. Box 9813 / Sacramento, Caiifornia 95823 / Telaphons (916) 447.9931

ABCO NICKEL STRIP 99
For Stripping Niokel Foom Steel"

s,

Bost Cleaning e

1) Parts should be clean before entering the stripping bath.

The normal method of cleaning steel should be adequate.
2) Rinse parts well before stripping. ,
3) Immerse parts in stripping solution, being careful not to
touch sides of the tank, or the heating coils. Parts should
be _spaced, to avoid laying flat together. For maximum

performance, fill tank with as many parts as possible.

Stripping Rate

A new bath, when used at optimum conditions, should strip
nickel at a rate of 1 to 2 mils per hour. Time for stripping
Electroless Nickel is dependent on the phosphorous content.

ANALYTICAL PROCEDURES

1) Pipet a 1 ml. sample into a 250 ml. Erlenmeyer flask.

2) With a graduate, add 50 ml. of distilled water, 10 ml.
of ammonia buffer (1 molar ammonium chloride and ammonium
hydroxide) and one tablet of murexide indicator (0.4 mg.
tableted with potassium chloride). Swirl to dissolve.

3) Fiili a 50 ml. buret with 0.1lm disodzum EDTA and titrate the
solution until the color changes from yellowish~-green to
deep purple.

4) Read the buret. The ml. of EDTA used, multiplied by 0.78,
gives the ounces of nickel metal per gallon of plating

solution.

IMPORTANT NOTICE REGARDING THIS INFORMATION

The statements, technleal Infarmation and rec%rlnm’gndatlonslﬁloncl’aolgeﬁ er‘w ttt?zl‘sncécfcument
are based on lests that are believed to be reliable. However, this u

contractual, and NOTHING IN IT CONSTITUTES A WARRANTY THAT THE GOODS
DESCRIBED ARE FIT FOR A PARTICULAR PURPOSE OF CUSTOMER or that their use
does not conflict with any existing patent rights. The exclusive source of any warranty
and of any other customer rights whatsoever is the written acknowledgment of a
customer's order.

E-4
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a ht@ PRODUCTS CO. of SACRAMENTO

OLTUAGENTS PAINT STRIFPLAS

AUST ALMOVERS SOLYENTI & ANTILCORACSIION OiLs
PROSAHATE & CONVERSION COATINGS + Otoer Pradusis, Procuia and Egm}umuﬁr Indwitry

P. 0. Box §813 / Sacramonto, Callfornls 95823 / Telophons (916) 447-9931

ABCO NICKEL STRIP 995
For 8tripping Nickel Prom 8teel

.

s .

Disposal

One of the better advantages of ABCO NICKEL STRIP 99 is
the disposal. It contains no chemicals that would be

considered hazardous or unacceptable in a public treatment

center. It is completely bio-degradable after removal of nickel.

The following are two methods of nickel removal.
1) Nickel hydroxide precipitation through pH adjustment.

2) Nickel oxide precipitation through treatment with sodium
hypochlorite.

Method #1 can be better accomplished if the spent bath is

diluted as much as possible after adjusting the pH to
11.5-12.5.

Method #2 gives much less precipitate, however, the solution
must stay in the alkaline pH range and should be filtered

as soon as possible to prevent rehydration of the oxide
to nickel hydroxide.

NOTE: "Material Safety Data Sheet! available on request.

- ——

oonr o

IMPORTANT NOTICE REGARDING THIS INFORMATION

The statements, technical information and recommendatlons contained in this document
are based-on tests that are believed to be reliable. Howeaver, this document is not
contractual, and NOTHING IN IT CONSTITUTES A WARRANTY THAT THE GOODS
OESCRIBED ARE FIT FOR A PARTICULAR PURPQSE OF CUSTOMER or that their use
does nol conllict with any existing patent rights. The exclusive source of any warranty

and of any other customer rights whatsoever is the written acknowiedgment of a
customer’'s order. E-5



APPENDIX F

CHROME STRIPPING SOLUTION VENDOR INFORMATION

IONSEP RECOVERY SYSTEM
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IONSEP.

ELECTRODIALYTIC PROCESSES

—

FOR:

MORE EFFICIENT USE OF CHEMICALS

MORE RELIABLE PROCESSING

CLOSED LOOP PROCESSING

Each year thousands of tons of heavy metal waste are made in
chemical processing that must be securely landfilled. This waste
(inefficient use of process chemicals) increases cost of manufacture
and resultsin a high and increasing cost of waste disposal. lonsep’s
new technology provides for more efficient use of chemicals, more
reliable processing and closed loop processing.
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IONSEP PROVIDING NEW TECHNOLOGY

I |

Acids are reacted with bases and metals everyday to make salts. If it was possible to convert

"™ saltsin an aqueous solution back to separate acids and bases, acids and bases could be used
| again and again. lonsep has developed and is now making available commercially a simple
process for converting any saltin an aqueous solution into the separate acid and base of the
o salt using electricity in a membrane electrodialytic process. This simple -apability of con-
‘ verting asalttoan acid and a base makes ONSEP Electrodialytic Processes proadly useful in
chemical processing.
-
i
[
r CONVERSION OF SALTS
F
!
P ANODE MEMBRANE CATHODE
N )
i
| SALTS
o
. ANIONS CATIONS
!. Cu(OH)
coy cu™ cd™ 2
i \'/ \\ 7/ Cd(OH),
= PO, | N s0,” AT N e P=  Fe(OH),
1 +
l_ NOy Nit* Al(OH);
: . _ Ni(OH)Z
v G*) ACIDS
N N BasEs ()
: e
|

PROCESS LIQUOR IONSEPw Catholyte

~ L e

"



THE IONSEP

A SIMPLE PROCESS

The IONSEP process comprises a membrane electrochemical cell. designed for immersion
in a process liquor. a rectitfier, a process liquor containing metal salts. an IONSEP catholvte
solution and a pump to flow the catholyte solution through the cell. The membrane
separates the process liquor from the catholyte solution and acts-as an “'Electrochemica!
Traffic Controller’ thatlets metal cations go from the process liquor through the membrane
(electrofilters the metals) into the catholyte solution and keeps anions in the process liquos
The metal cations are continuously converted to hydroxides in the catholyte solution und
the anions are continuously converted to acids in the process liquor. The hydroxides of
multivalent metals (cadmium, zinc. iron, copper, aluminum, calcium, etc.) are substanually
insoluble in the catholyte and can be removed for use. The IONSEP processis unique in that
salts of multivalent metal cations can be converted. There is essentially no electrodeposition
of metals. The IONSEP process can be operated at reproducible capacities for months. The
capacity of the IONSEP process is varied by voltage.

Anoge +

~

[l

A G

L3
-y rpa g’

Catholyte
Solution

N Y

-‘:&3

&5 Metal
Hydroxides

Catholyte
Tank

N—

Process Tank

IONSEP ELECTROCHEMICAL CELL manutactured under U.S. Patent No. 4,654,137
F-3
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A BROADLY USEFUL PROCESS

CHROMIC ACID PLATING LIQUORS

e All metal impurities removed and maintained at low level
® Permits recycle of rinse or rinse concentrate to plating

® Provides reliable plating with less power and higher rates
® Provides closed loop processing for chromic acid plating

CHROMATING LIQUORS

e Metals removed and acids reformed continuously

e Liquors maintained at composition for best chromating

e Disposal of chromating liquor essentially eliminated

e Provides for more reliable chromating, lower use of chemicals
and potentially closed loop processing.

ACIDS—ETCHING, ANODIZING, PICKLING ETC.

® Acids reformed continuously and metals removed

e Composition of liquors maintained essentially constant

® Provides more reliable processing and more efficient use of chemicals
e Potential for closed loop processing

CAUSTIC ELECTROSTRIP—SODIUM CHROMATE SOLUTION®

® Converts sodium chromate to sodium hydroxide for reuse
and chromic acid for another use with removal of
multivalent metal impurities.

ORGANIC DYES FOR METALS

® Dyes restored-metal impurities removed from dyebath
® Provides more reliable dyeing and lower dye usage
® Potential for closed loop processing.

F-4
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CLOSED LOOP PROCESSING

A process with no loss of chemicals to the environment (closed loop) may not be possible.
But, it is desirable to lower cost of manufacture by operating more reliable and efficient
processes while reducing waste. IONSEP electrodialytic processes provide two important
steps towards closed loop processing: (1) purification and restoration of acidic and alkaline
process liquors: and. (2) reforming and separating chemicals used to regenerate ion filters.

IONSEP’S CLOSED LOOP SYSTEM
Y e
)
o CATION ANION
CHROMIC ACID VAPOR b
2 FILTER ™= FILTER
. o 2
-4
O
("2}
«
<
b 2 e w
CHROMIC 2| < 3|8 2| <
iy 21 2
ACID RINSE =y gl<
PLATING st2 > 8 8
non 3l £
L 5
RINSE WATER IJ ~
IONSEP. t IONSEP.
METAL HYDROXIDES T |
|
TO PLATING TANK CHROMIC ACID ;
Sl CHROMIC ACID
Ml T L TeRTNATE
B RINSE WATER LOOP

SODIUM

HYDRHOXIDE S




IONSEP.

ELECTRODIALYTIC PROCESSES

lonsep Corporation provides:

*aquipment
*installation
*maintenance
*chemicals
*technical service

For IONSEP Electrodialytic Processes.

License required to operate IONSEP Electrodialytic Processes.

U.S. Patent Nos. 4,325,792 and 4,439,293 and 4,636,288
4,652,351 and 4,684,453 and patents pending.

~ Publication Date: May 16, 1988
Printer: Sprint Quality Printing, Inc.

IONSEP CORPORATION INC.
P.O. Box 258 Rockland, DE 19732

302-764-7849  302-798-7402 302-475-2198

F-6



APPENDIX G

CADMIUM CYANIDE VENDOR INFORMATION

LANCY ELECTROWIN



P Series 3220

‘ This sertes of Electroless Bath Treatment Cells is used
for the batch treatment of spent electroless bath dumps and
rinsewaters Lancy EBT cells recover elecroiess copper.
nickel. cobalt and palladium in non - :zardous slabs After
recovery. the metais can be easiy sinpped from reusabie
m catnodes Th:s series s available in 2:ght standard models

ranging .n size up 1 b7 gailons capacny

= SERIES 3220

DIMENSIONS
~ATHODE e T
WOCEL W4T PLATE AREA  TAPAT v ENGT - ST —EGRT
- 33 = o _ _ _
= 322 s 7 6" 24 35
3222 8 14 36" 24" 35"
- 3223 12 21 48" 36" 35"
3224 '8 28 48 36 35
- 2228 20 260 96 31 75
! - e A S A
' 1226 50 440 119 <X 88
3227 80 560 45 3 88
- B S R S
3228 106 670 171 31 88
—
-_
]

Series 3240

This seres of Electrolutic Celis i3 designed specificaily for the
= batch Zesiruction of cranice plating baths Series 3240 cells

reduces operatung costs of siandard chemical treatment

sustems by eleciroivnie destructon of the cvanides Series
- 3240 Eleciroivtic Cells are cusiom designed by Lancy for

2acn spec:ic appicaton

Series 3230

For small capactties. the ECONO-CELL .ersicn of
Series 3200 can be used Like the heauvy duty Series 3200
ECONO-CELLS reduce siudge generaton and ei:m:nate
the reintroduction of impunities into the process stream The
Sertes 3230 is available :n six standard sizes ranging from 7
10 42 gallons capacity

Note: Dimensions on a series may vary 2ecending 21 apli2a
uon,

3231 ECONO CELL

LANCY

INTERNATIONAL, INC.

525 West New Castle Street. P O Box 490, Zelienople, PA 16063 « Phone (412) 452-9360

TELEX 86-6259
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APPENDIX H

ACID PICKLING SOLUTION VENDOR INFORMATION

APU SYSTEM
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APU: Practical separation of acids from metal salts

Liquid mixtures consisting of inorganic
acids (sulfuric. hydrochlonc. phasphoric,
nitric) and dissolved metals (iron. nickel,
copper. aluminum, etc ) are often
discarded by industry. In the steel industry
for exampie. sulfunc or hydrochioric
pickling acids are considered spent and
are discarded once the dissoived ron
concentration bulids up. In the mining
ingustry, on the other hand. hydrometallur-
gical leach circuits containing dissolved
metal salls may require purging due to a
buiid-up of acid. While the cost of replacing
these acid or sait sotutions is significant,
the high cost of waste treatment is often a
more important consideration.

Separation of the acid and dissolved
metal has generally been considered
impractical—untii now

The Eco-Tec Acid Purification Unit. or
APU . is a unique system developed for the
separation of dissolved metallic salts. The
separated acid or metal may be recycied
for reuse. The system uses only water in its
process. No other chemicals and virtually
no energy are required.

The outstanding capabilities and
features of this field-proven system have
Justified acid-metal separation in a large
number of appiications that were not previ-
ously even considered:

® Steel and gaivanized steel pickiing,
using sulfunc or hydrochloric acid

® Copper and brass pickling, etching and
bnghtening. using sulfuric or mtric acid

® Ajuminum anodizing. using sulfuric acid

® Hyarometallurgical ore ieach circuits

® Stainless steel and titanium pickling,
using nitnc ang hydrofluoric acids

® Electroplating rack or rework stripping,
using nitnc acid

® Aluminum bnight dipping or electropol-
1Ishing. using phosphoric and nitric
acids or phosphoric and sulfuric acids

® Stainless steel electropolishing, using
phosphonc and/or sulfuric acids

® Spent regenerants from acid cycie
cation exchangers.

SOMONBc AYMeWl san strearm ]

Benefits and features

Reduced acid consumption: Much of

the acid (40 !0 70 percent) used in metal-
finishing operations such as pickling,
anodizing or etching, 1s lost when a spent
bath is discarded. An APU processes this
acid for reuse. It reduces acid consumption
essentially 1o the amount required to
dissolve the metal and make up for dragout
losses.

Reduced waste treatment: Since acid is
purified and reused. alkali requirements for
neutralization are reguced. in some cases.
such as with lime neutralization of suituric
acid, less sludge is generated, resulting in
lower disposal charges.

Reduced iabor costs: Continuous purifica-
tion ot acid process baths eliminates the
need for decanting or discarding and
repienishing. Because these operations
cannot be carned out during regular work-
ing hc -s, eliminating them often resuits in
a saving of premium labor charges.
Reductions in acid handling aiso reduce
the possibility of personal-injury accidents.

Reduced production downtime: Acid
process baths can be decanted and
repienished only when production is
stopped. in many plants. this resuits in
costly downtime and lost production.
Continuous purification using an APU can
extend the life of an acid processing bath
indefinitely.

Uniform production quality: The composi-
tion of an acid processing bath changes as
it is operated. The dissolved metal concen-
tration increases, while the free acid
concentration decreases. Consequently,
immaersion times in the process bath must
be varied. With too short a time in the bath.
the surface finish may not be acceptabie.
With too long atime. acid is used up
needlessly. Only an experienced. consci-
entious operator can ensure that optimum
immersion times are maintained.

With an APU, however, a constant bath
composition is maintained. resulting in a
consistent surface finish at a constant
immersion time The acid processing
operation then lends itseif to automation.

Metai electrowinning faciitated: The
presence of acid often interferes with the
efficient operation of electrowinning
processes. The APU can be used econom-
ically to continuously remove acid from
electrowinning solutions.

‘Thmumuuwncmmasmoom
saits

Increased energy efficiency Some ac.a
processing baths must be operateq at
eievated temperatures in order 10 extenc
their lite once they become contamina:es
By maintaining a bath with a constant. iow
contaminant level. lower temperatyres ~a.
be used and energy savings gained
Similarly, electrolytic ac:d processes

~ such as aluminum anodizing. require

higher voltages as contaminant levets :se
1n the process solution. By maintaining :ne
bath at a low contarminant level. lower
voltages may be used. And since the
process is more energy efficient. less
cooling is required to dissipate the waste
heat generated at higher voitages

Low operating costs' The process uses
only water The only energy CONsumec s
that used 10 pump acid and water thro 3"
the unit. The process 1s so simpie that
requires a minimum of supervision anc
maintenance.

Low capital cost: Individual units star: as
low as $12.000. depending on the
apphcation

Low instaliation costs The APU cocmes
pre-assembled and skid-mounted 10 <eed
shipping angd instailation cos's 'z a
minimum.

Compact size: APUs vary in size.
depending on capacity However a smal!
unit requires oniy about 6 ft: (0.6 m?) of
ptant space. while a large unit requires
only about 25 ft (2.3 m*). For greater
capacities, muitiple units are used

Full automation: The APU needs oniy <
be switched on and oft. No speciai
backwashing. regeneration or other
manual operations are normally requirec

High reliability: Improvements made

dunng years of operating experience ar?
use of quality components. have resultec
in equipment which is simple ana rehaoie

Corrosion-resistant components NOn-
metallic wetted surfaces throughc .- 37C 2
two-part epoxy-coated frame ensc = Ong
equipment hife. even in the mos: corros.»e
environments

H-2
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P™Operating principle

Typical applications

“he APU empioys Eco-Tec s patented
Recoflo® techmique for etficient operation
P The heart of the APU 1s a pec of spec:al
Orplion resin This resin nas (ne .nigue

" apility to sorb strong mineral ac:ds yet
excluge me'al salts. This s not an 1on
xchange process since only water s used
! 2 desorp the acid from the resin.

2o seoNeC SN SR
lepiec X' 30

ACQ ANC ISSOMEC SAl TIC LR

Jur ng ine sorpron step ‘e acid ana metal sait mixture
'eQ i 'mrTLGh The resn Deg ACS §soDec "o e
r-s‘"' wPig e "gmain g 3,850 8 Metal 5al1s are
I iecied 35 ™ @iy 3¢ JiC S0ILlON i@aving ‘rom the 1op of
e pea Seperang 3” ‘he Metal sait ‘his salLtion may
ze wasie-'realed Ir Qe ten 10 an Aect-owinning cen ‘or

rec:.er. 3t ine metar
i

"
|
!
B

Jeceerec I 2isSONMEC salts)

Ouring (ne 1esorouon step water 'lows 3own througn
the 'esin peC ACQ s Jesorbed o™ the esi~ ang
P splaced "*om the donltom of the pea City water s
picaly acequate ‘or this step
Due 10 tre system s design. Jilytion of the acia s «ept
10 an apsoiute Mimmum In some cases this purified
3c:d § TOre concentratec than (ne sontaminated acid
rea' The ‘esin is stable under NormMat operanng conai-
1 INS 'Cr Mary sears winout tne neea for reguiar
:placament or any speciai treatment

[

Standard APU models of varying .. apacity 7 1

I
are used in a variety of configurations for ' ' '
3
oaths '
'
1 ' I

aifferent applications Following are some
lypical exampies:
| *noeuing aCC
AT ISSONSC diLMrLr |

Aluminum anodizing
A singie APU is typicaily used to maintain a

number of aluminum anodizing baths at a |

constant dissolved alumirum concentra- ‘ ‘ Tomes Nl
. Vater Jecetac Lt

tion. Bath dumps are virtuaily eliminated. e

consistent anodic thicknesses are | ¢

achieved at constant voltages, and acid
consumption i1s reguced. !

Svprocuct
Amir_m suttate SOLTION

Sulturic acid steel pickling |

Pickling solution s first passed through a | P
depth media filter to remove scale and |
other undissolved solids. then through the AT sSCARS 1Y
APU to remove dissolved tron. Acid and A
alkali (used for neutralization) consumption i l .
s reduced. waste siudge volume 1S [ Aot *J 4
reduced (if ime is used for neutralization), 2t raey )
and composition of the pickling bath ‘ Rt d
Svoroduct
o0 3utate soiunont

Fevong Ao

&Haer

remains constant for a consistent surface
finish.

Acid removal from metal sait
solutions

Electroplating or electrowinning metais out
of metal sait solutions often generates acid
that must be removed from the system. An
APU is used to remove excess acid from
the metal salit solution. No chemicals are
required for this process $o no additional
materiais are introduced into the metai salt
solution.

Az wen stream
Jepetoc of Meta) sans,

Zoncentrated
AC TAKL

Recyoea durfec acc
1CADONS JeOwetec)

water
riase stearm
SOy acC

SR SOoLTor

An APU 1s used to recover excess acid
from acid cycle cation exchange spent
regenerant solutions. The recovered acid
15 forufied with concentrated acid and ‘
reused as fresh regenerant. When used Soent
with Eco-Tec cation exchangers. it can ’ 00 egererari—
reduce acid consumption to a level

approaching the theoretical requirement. !

|
!
Cation exchange regenerant recycle \

e ———————§}&

!



Eco-Tec: Acid Purification Unit (APU)

Equipment description

Equipment selection

Technical service

Standara moageis of varying capacity are
avaiabie for a variety of applications
Where the requirements cannot be met by
a single APU . multipie units may be used
A stangarg APU cons:ists of a cariridge

‘ilter, a vessel containing the sorption resin,

plastics piping. valving and a control
system. all mounted on a ruggec. epoxy-
coated steel frame. Small APU models use
nyaro-pneumatic tanks to meter the flow of
aci@ and water througn the resin bed
Larger units use a microprocessor-
controiled flow sensor

Options incluge agaitional pre-fiiters
pumps. and high-temperature-resistant
construction Eco-Tec can also supply alt
necessary tanks pumps. valves controls,
etc 10 compiete the system

Seilection of the appropriate model s done
by Eco-Tec process engineers. based on
information coilected from the client using
an apphications survey form. For example.
an APU for a pickling or anodizing process
IS selected on the basis of acid concentra-
tion. desired dissolved metal concentra-
tion. ana the metal buiid-up rate in the
process path The APU is selected to
remove metal at a rate equivalent to the
build-up rate. Thus. a constant dissolved
metal concentralion in the process bath
can be maintained

In the event that the acid and metal
mixture 1s somewhat unusual, Eco-Tec can
perform treatability studies on bench scale
or piiot plant equipment at its own labora-
tory. Only about 25 gallons (100 litres) of
the chhent s acid 1s required to generate
sufficient piiot piant data to properly select
the correct APU model

A small pilot APU s aiso avallable on a
rental basis for the client t0 evaluate the

Each APU assembled at Eco-Tec s
manufacturing facility 1s testeg pr or °g
shipment. Installation of the pre-asse™z.e2
units IS SIMpie and can be accomplisrec
by the chent's own personne!

Eco-Tec field engineers provige on-s 1@
start-up assistance. operatorira~ -3 a~2
continue to be avanablie for consul’a: cn 3°
any time

Allslatemenis m'0 T 0" anI reII T T
Ioriaineg nerein are TS Tl «nCa 2138
acc.rate However ~¢ juaraniee -r w~a“r
grp @SSeC 20 ™MT &7 NCrsta 3T, slate
mat-on gr recommeraaticr 2 St tule 3
L71eSS sl tortr ~ AT agraemen 3 3reI T,
L mieg

process in tus own plant

- Typical results

- ¥ - o = A ) 5 ,
Suitunc acic 190 182 13
Argming™ 10 55 6 | A pre-assembdiec Skig-mounted APL z-:. .l "e a3

—_—— . — 1 space and s readity nstaiiec

- Sutturc ace '27 18 1 ]
irzn 36 103 21 |
N1C acg 54 381 10 ‘
Nickel & copper 99 475 708

- ‘Sulfuﬁc acsc" 128 113 18 } ._,.
Hydrogen peroxide 3 35 7 gl:
Copper 133 59 82 | Y
=y 3-OChIonNe ac's 146 146 10 ! '&!

[ ) 1" 4 15 .

. B on _ o 3 25 ‘ .;
Norate '50 139 45 ‘ badd
Hyarotluorc ac:c 36 288 72 ‘ ™
ety 29 87 203

- Nicre 702 21 49 | ’ -
chreme 733 22 S ’-'"-
Sulfurc ac 613 549 588

Sogum™ 78 08 556 |




v~ ™ ™™g T3y T T ™M Ty ¥ Y

~N Y MY Y Y Y MY Y Y

APPENDIX 1

ALKALINE DERUST

LANCY ULTRAFILTRATION
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NUMBER 3401

LANCY ULTRAFILTER

The Lancy Ulrafilter provides metal working facilities, metal
fishers platers ‘cod processors. and chemical processors with a
rugged Sitraton umit for hot or corrosive iiguids and contarminated
waste waters

The Lancy, Ulra’itranon Un:t
*  Separates stabiized 0i 'waier emuisions
¢ Remoses oiis and greases from hot. dirty alkaline baths:
*  Separates pamnts and coatings from rinse waters:
¢ Separates “hard-to-handle” materials

FEATURES

The ket feature of :he Lancy Ultrafilter :s the unique inorganic
membr ancg ngid norganic membrane support Compared to
‘he arze  : mempranes and wuppons of conventonal UF units the
refractzry raswure Y the Lancy memorane system makes :t imper-
Lious to cnemical armack (n virtually every industrial wastewater ap-
plicaton even at process temperatures of 200° F and above

The rmorganic membrane wili reject all paruculate marter. ol
grease peivmers. anc emulsion micelles above a molecular weight
of approx 20000 whie water. solvent. ions and smaller
moiecu.es will pass through

BENEFITS
Versatility

The mechanicai and chemical stability of the Lancy Ulrrafilter
permus use ouver & hroad range of pH. temperature. and corrosive.
anrasiue and soc.atng chemical environments at temperatures up
19 ana above 200° F Pre and post chemical treatment re-
gutrements are murimal Suystems are available for both batch and
CONMNUOUS nperauons

Low Maintenance

The :norganic tubes and membranes provide extended
moduie hfe at high performance levels Th:s decreases down ume
and maintenance costs. resulting in increased productivity

Compact

With the high permeation rates attainable. processing s max-
:mized :n 2 minimum amount of floor space. A typical 6.000 gailon
per day oil water system occuples a 2° x 412’ skid
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Low Energy Requirements
The h:igh ratio of surface to volume allows minimal feed
volume per unit area. Pumping costs are thus minimized

Because the tubes and supports wili not crush or compac: 2
high temperatures. no precooling is required and the fitrate s
returned ciose to operaung iemperature Cooling and reheatng
costs are therefore iess than those for organic membrane sysiems




OPERATION

Figure 1.
Continuous Cleaning of Typical Hot Alkaline Cleaner
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Figure i shows a wpicai arrangement for continuous removal of solids. free oils and emuisified oiis to extend the .fe »i an a.xan e
clearing hain
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rununusly pumped nto the filtration loop A second pump circulates the feed through the tuzes = =2 ¢ ver
mozae Naer . s ard dissolved 'ons are forced at rignt zngles 10 the bulk :quid flow through *he membrare 'a.er anc wa < °f
me porioLsiune tI oroduce a ciear nurate This tltrate ipermeater ts rer'urned to the cleaning tank at a concentration angd lemperaiure .ose ‘o
nat oone aperarnd nath

Ho: priocess feed i3 ¢
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Within the nraton (oop  the rerect concentrate containing the dirt. metal particles. ails. etc
mare L2 A lractor 3 thus arcslatng concentrate is continuousiv purged to mamntain the flu:d concentration :n the .00p at a spec:h:
This rerect efiie~r man ce Gischarged or used elsewhere

For appiications where the goal is to recover and concentrate the oils or solids rejected by the membranes. or to reduce disposa. costs
the same nasic equ:pment would be piped in a batch arrangement so the filtrate ipermeate) 1s discharged and the concentrate s recirculated 10
+he feed tank For a nigh-fiow . conunuous systern. the concentrate can be directed to additional membrane modules connected in senes

Operating Parameters

Temperature 201)= F 193° C) or higher pH Range 1t0 14
“eed Pressure 20 :c 200 psi {138 to 1379 kPa) Permeate Recovery 90 to 9% +

Not affected by most solvents

LANCY

INTERNATIONAL, INC.
525 West New Castie Street, P O Box 490. Zelienople. PA 16063 « Phone (412) 452-9360

TELEX 86-6259
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APPENDIX J

ALKALINE BATH CONTROLLER (PALM INDUSTRIES)




PALM INSTRUMENTS, INC.

PALM MODEL MP2000CC

SOLUTION CONDUCTIVITY CONTROLLER

Closed Loop Controller and SPC System for Alkaline Cleaners
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Analyser and replenishment system for alkaline cleaners
Measures solution conductivity and concentration

Microprocessor operating system for maximum flexibility,
advanced record keeping, and statistical data handling

In-tank, maintenance free sensor
Automatically adds liquid replenishers

Records replenisher useage to allow tracking for cost
analysis

Controllers are equipped with LCD readouts and keypads for
-asy use

NEMA enclosure for harsh environments

Four different baths can be controlled by one stand alone
unit

Communicates with central processor via RS-232 data transfer
Data can be analysed by PC based SPC software

Up to eight controllers can be interfaced for data
collection

Hard copies of the data can be printed

431 HARDING INDUSTRIAL DRIVE * N,  J-1 N 37211 » 615-331-1810 FAX 615-333-3232




