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ABSTRACT:

The proper cleaning of components in the metal finishing industry is
the key to quality in the process. Almost every plating operation
commences with a cleaning process. In painting operations, cleaning of the
components is essential to the proper adhesion of the paint. For years,
chlorinated solvents have offered a robust solution to the problem of
removing oils and greases from the product. Alkaline cleaners have been
used to remove dirt and prepare the surface of the product for plating.
The basic cleaning operation has been reliable and relatively inexpensive.

As a result of the Montreal protocol, chlorinated solvents are now
being phased out in favor of the protection of the ozone layer. The

relative ease of cleaning is now being replaced with complex cleaning
operations; complex cleaning operations using soap and water. As a result,
usage of alkaline cleaners has increased. Newer aqueous and semi-aqueous
cleaners are being introduced as the replacement to solvent cleaning.
Complete redesigns of components, cutting oils replacements and
manufacturing process changes are now being accomplished in an effort to
replace solvents.

Aqueous and alkaline cleaners, both the concentrated solution and the
rinse water, pose many handling problems not previously encountered withsolvent cleaners.

Aqueous cleaners require component rinsing followingthe clean cycle. Companies are finding that the new cleaning processes
actually remove dirt and solid material, which the solvents never touched.
The cleaners are relatively expensive. And, the aqueous cleaners cause
severe upsets when introduced into many waste treatment operations.

An alternative to the discharge of the cleaners now exists. Most

cleaners may be selectively filtered to produce a cleaner which is free of
oil, grease, and other contaminants while allowing the wetting agents,
additives, dispersant and cleaner components to pass through the membrane.
This regeneration of the cleaner maintains a fresh cleaner, increases the
operational life of the cleaner, reduces the amount of cleaner used in the
operation and ensures continuous quality cleaning of the components.

Definitions:

(1) Microfiltration:
Filtration techniques with a membrane whose poresize is greater than .2 microns.

(2) Ultrafiltration:
Filtration techniques with a membrane whose poresize is between .001 and .1 microns.

(31 Reverse Osmosis:
Filtration techniques with a membrane whose poresize is less than .001 microns.
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CLEANING PROCESS

The cleaning process is simple. Components must be placed in a
position so that the maximum amount of cleaner contacts the components and
removes the maximum amount of dirt, oil and grease. Depending upon the
type of components, there are three effective means to accomplish the
cleaning task. Rack mountable components are dipped in a tank, large items
are typically sprayed, and small components are loaded into a barrel for
the washing operation. Ultrasonics or other means may be used to agitate
the cleaner solution to ensure that all the cracks and crevices of the
component are properly cleaned. Depending upon the cleaner, the entire
operation may be conducted at elevated temperatures.

Following the cleaning operation, the components must be thoroughly
rinsed prior to further operations. Rinsing can be as complicated as the
cleaning step. If all the cleaner is not removed, the product may spot.
Some processes require dry parts. As with plating operations, the rinsing
of the product following cleaning uses large amounts of water. In some

companies, the wastewater treatment system is operating at maximum
capacity. Increased water usage only aggravates compliance issues.

Consider the Cleaning Tank in Figure 1. The process typically
starts with a fresh batch of cleaner and water. As the process continues
during the course of the day, new cleaner is added to the tank to maintain
the strength of the cleaner. Oil, grease, contaminants and other
components are removed from the work by the cleaner. Water is added to
maintain the level in the cleaning tank. Dragout is comprised of oil,
grease, cleaner, water and other items to the rinse stream. Experience
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Figure 1: Cleaning Tank Mass Balance

dictates that components are cleaned more reliably and with a higher degree
of quality if the cleaner is clean. If fact, the rinsing operation
performs better with clean cleaner. As the cleaner continues to operate,
the cleaner gets dirty. Floating oils start to appear as the solubility
limit of the cleaner is exceeded. Solids buildup in the cleaner tank and
settle to the bottom. Clean parts are pulled out of the cleaner tank
through a veil of oil. As the cleaner degenerates, the quality of the
dragout worsens. The rinse water turns cloudy. In barrel operations, the
rinse water may start to look like the cleaner bath.

This operation is not cleaning. This operation is wasting capital
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funds, operator time and product, which will be rejected by quality control
functions. As stated previously, this operation will result in wastewater
treatment operations which cannot provide compliant discharges. However,

these problems describe many cleaning operations. Complicating the issue
is the treatment of the concentrated cleaners. When the cleaning tanks are
spent, the cleaner is dumped to the waste treatment area. The cleaner

tanks are thoroughly cleaned and rinsed prior to generating a new cleaner
bath. All the wash and rinse water used is sent to the waste treatment
area. Depending upon the treatment method, the cleaners are either slowly
bled into the treatment process or the cleaners are hauled to a disposal
site.

SOLUTION

Microfiltration membranes can selectively remove the contaminants of
a cleaner bath while allowing the cleaner components and the water to pass
through the membrane. Microfiltration membranes clean the cleaner. As the

MF system operates, the contaminants, which have a larger size than the
Fore size of the MF membrane, are concentrated. The components of the
cleaner pass through the membrane and are returned to the cleaner tank with
the filtered water.

As shown in Figure 2, Cleaning the Cleaner, the system operation is
rather simple. A small slip-stream of cleaner is directed to a
Concentration Tank. The cleaner is then pumped through the MF membrane at
the required flowrate and pressure. The cross-flow filtration rejects the
contaminants, while allowing the permeate to pass through the membrane,
where it is returned to the cleaner tank.
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Figure 2: Cleaning the Cleaner
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As the contaminants in the concentration tank build in concentration,
the ability of the cleaner to hold the oils and solids in solution is
exceeded. This results in the cracking of the emulsified oils and the
settling of the solids. This separation is further enhanced by decreasing
the solubility of the fluid by lowering the temperature. As a result, free

oils are removed by an oil removal device and solids are removed by a
filter press or bag filter. The net result is that the cleaning tank stays
clean, the process quality stays constant and the waste treatment issues
are avoided.

Operationally, there are many factors which affect the operation of
the cleaner regeneration system. Operating temperature, the size of the
cleaner tank, the operational life of the cleaner itself, and the method
employed to ensure that the contaminants are removed from the cleaner tank.
In addition, cleaner recycle units should not cross-contaminate other types
of cleaners. It is important that cleaners stay segregated, as different
cleaners are required for different operations.

Figure 3, Recycled Cleaning Tank Mass Balance, illustrates the mass
balance of a cleaner tank which is maintained in a clean condition. Many
process operations are simplified. The cleaner solution maintains a higher
cleaning potential. Rinse water flowrates are not as critical. Downstream

tanks are not contaminated with oils and other contaminants. The cleaner
operational life is extended.
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Figure 3: Recvcled Cleanina Tank Mass Balance

The recycling of the cleaner bath does not greatly reduce the cleaner
addition requirements. The majority of the cleaner is lost due to dragout.
When contaminants are removed, the cleaner components which dispersed the
solids and emulsified the oils stay with the contaminants. However, the
cleaner operates more efficiently when it is clean. When the bath is

maintained, cleaner additions are conducted when the alkalinity drops below
an acceptable level.

As indicated in Figure 3, salt buildup will occur in the cleaner
tank. Consideration should be given to providing Ro or DI water when
making up fresh cleaner baths or when increasing the operational level of
the cleaner tank. When the cleaner is regenerated, salt may prove to be
the limiting factor in the operational life of the cleaner.
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Table 1, Aqueous Cleaner Recycle Results, shows results compiled for
companies testing and implementing aqueous cleaner recycle methods using
membranes.

Application Contaminants
Concentration(ppm)

Before After Disposition

Metal Finish * Molly Lube -2200 0&G -26 0&G Reuse

-TSS Heavy -TSS Clear

Hardware Mfg * Stamping -200 0&G -40 0&G Reuse

oils -TSS Heavy -TSS Clear

Jet Engines * Cutting -1600 0&G -308 0&G Reuse

Oils -TSS 176 -TSS 52

Table 1: Aqueous Cleaner Recycle Results

When the cleaner tank is maintained in a clean condition, the cleanup
of the rinse water may be addressed. In a similar fashion as the cleaner
bath, membranes may be utilized to clean the rinse water. Ultrafiltration

or Reverse Osmosis offer the pore sizes necessary to selectively remove the
cleaner and cleaner additives from the rinsewater itself. As the cleaner

is concentrated in the concentration tank, it is possible to return the
cleaner to the cleaner bath. DI treatment of the rinse water is possible
after the cleaner ingredients are removed.

Turpines and other semi-aqueous cleaners may be addressed by the use
of membranes. In this case, the rinse water from the operation is filtered
using a microfiltration membrane. This membrane rejects the semi-aqueous
cleaner while allowing the water to pass through. The concentrated cleaner
bath is typically operated until it is exhausted. Membranes are not

selective enough to remove the contaminants of the turpines without
removing the actual turpine components.

IMPLEMENTATION

The implementation of the recycling of cleaners is a difficult
decision and requires planning. Table 2, Questions To Consider, lists
various items which should be addressed prior to the purchasing of any
equipment.

The discussion generated by Table 2 highlights many of the concerns
when it has been decided to regenerate cleaners. Different cleaners

require different systems, as cross contamination of cleaners can adversely
affect the process. Multiple cleaners may require multiple systems,
however, cost becomes an issue. If the rinse water is not going to be
recycled, batch treatment of spent cleaners offers a less expensive
alternative to multiple systems. The operating temperature of the process
determines which membrane should be used in the process. Ceramic membranes
are available, but they are more expensive than polymeric membranes.
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Table 2: Questions To Consider

1. How many cleaner lines are there in the facility?

2. What are the sizes of the cleaner tanks?

3. How often are the cleaners dumped?

4. What is the cost of the chemicals to replenish the cleaner?

5. What is the method of disposal?

6. What is the cost of the disposal?

7. How much labor is required to change the cleaner tank?

8. How many different types of cleaners are used?

9. Is it necessary to use different cleaners?

10. Why are the cleaners dumped?

Sizing of the equipment is important. The flowrate required to
maintain the cleaner bath is a function of the dragin, the membrane
configuration and the nominal operational life of the cleaner bath without
cleaning. If a bath is to be processed on-line, it is important to
turnover the bath 3 to 5 times during the nominal operational life of the
cleaner. This processing will extend the bath life over 10 fold. If the

cleaner is to be proceesed in the batch mode, the sizing of the system
depends solely upon the quantity of the cleaner and the amount of time the
system can operate to process the cleaner.

OPERATIONAL RESULTS

Case study 1: An alkaline cleaner of 900 gallons was dumped once
every week. The operating temperature of the process was 1600F. The

solution was hauled to a disposal site as treatment with a conventional 150
GPM system resulted in non-compliance. A My system was placed on unit.
The solution was maintained for a period of 16 weeks without dumping. The

alkaline solution was adjusted periodically to replenish cleaner that was
removed from the tank due to dragout or removal with the oil and solids.
The company has purchased a unit for the process.

Case Studv 2: A company had 12,000 gallons of Soak Cleaner and
10,000 gallons of electrocleaner which was dumped every 4 weeks. The

solution was hauled as conventional treatment resulted in non-compliance
n 4 different lines.

of the solution.

a holding tank where
spent cleaner is

condary tank. When

completion of the
void cross-

with regard to COD/BOD. The nine cleaner tanks were i

The company purchased a single MF system for treatment
When the cleaner gets dirty, the cleaner is pumped to
it is allowed to cool. When the solution is cool, the

process through the membrane system and stored in a se
required, this tank replenishes spent cleaners. Upon

regeneration, the MF system is flushed with water to a
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contamination. It is estimated that yearly hauling volumes will be reduced
to less than 4,000 gallons.

Case Study 3: A company had a 500 gallon cyanide based cleaner tank
which was required to remove heavy stains of the product prior to final
assembly. The process parts were cleaned with barrels. Dragout from the
components was excessive at best. It was assumed that the dragout of the
cleaner accounted for the unexplained waste treatment problems. A
regeneration system was placed on the cleaner tank. Within one day of
operations at .5 GPM, the rinse water tank returned to a clear color. Over

a period of six weeks, the waste treatment system operation improved, with
no compliance issues. Upon removal of the recycling unit, all the previous
waste treatment issues returned. The company has authorized funds to
purchase a recycling unit.

CONCLUSION

Although the change from solvent cleaning to aqueous cleaning is
difficult, the change will result in cleaner components. In addition, the
change is mandated in an effort to protect the ozone layer. Proper

planning and testing are required so that the proper cleaning procedure is
placed in operation; a procedure which meets the quality and manufacturing
needs of the company. Membrane filtration provides the necessary methods
to deal with spent cleaners and rinse water. By implementing membranes,
cleaner life is extended. The cleaner bath maintains a high cleaning
potential. Recovery of the rinse water becomes a reality. And the

wastewater treatment issues are simplified. Aqueous cleaner recycle units
provide a cost effective means to save chemicals, decrease operator
attention and avoid waste treatment incidents. The change in cleaning
procedures is worth the investment.
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were found to be of significant interest were zinc, zinc-nickel, nickel-cobalt, nickel-tin, tin-
zinc (1% zinc), tin over tin-zinc (30% zinc), tin, and various organic finishes. Each of the

finishes noted above, were tested with many types of post-plating operations such as

lacquers, urethanes, chromates, teflon, and highly alkaline post finishes.

The salt spray comparisons for most the finishes referenced above can be seen in Figure

1. It can be seen from Figure 1 that tin-zinc was identified as an excellent possibility for

cadmium replacement.

THE APPROACH

The companies decided that the most expeditious approach, considering the relatively
short time frame to make significant material changes in their respective products, was
to work together via a mutual confidentiality agreement. Both companies had been

viewing the developments of tin-zinc alloy plating as promoted by the Tin Research

Institute as a more universal alternative to replace cadmium plating. Tin-zinc plating was
early on identified by Brenner (ref.2) as a versatile coating, but the electrolyte of that

period was an energy intensive alkaline cyanide solution which did not merit consideration

in today's environmental climate.

In the beginning of the project the vendors of the proprietary processes listed above were

asked to prepare the sample parts for evaluation. Eventually this procedure was found

to be unsatisfactory because the vendors processed the materials differently than

specified. In addition, the vendors rarely revealed all the information needed to

completely evaluate the "total process". To overcome these obstacles a dedicated pilot

line was constructed at Master Lock and Eaton Corporation. Experimental baths, post

finishes, drying techniques, etc were subjected to actual production conditions in the
shop. As a result the total process was evaluated and documented for scaling up to large
operations.

The testing method used at the beginning of the research for Master Lock was the 5%

neutral pH salt spray. This method yielded much different results from the observations

in the field tests (ie.natural environment). A new test method ASTM 11.2.2.1, hereafter

referred to as the cycling test,was used. The samples were subjected to a cycle of
environmental conditions rather than a single environment. This method exposed the

samples to 96 hours of 5% neutral pH salt spray, 16 hours of a 100% humidity
environment with ultraviolet light exposure, and 16 hours of drying (6doF) with ultraviolet
light exposure. This method yielded results that were comparable to the results that
natural exposure delivered to the product.

These test results and experimental procedures led Master Lock to find a process that

delivered a higher quality finish than that of cadmium, a tin-zinc alloy. Two tin-zinc alloys
were studied under different production conditions. The three tin.zinc processes studied
can be seen in Table 1.
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The tin-zinc bath that produced the 30% alloy was found to produce a color and luster

that was not to Master Lock's standards. However, the salt spray results revealed the
finish delivered excellent protection of the steel. It was decided to plate over the finish

to give it the appropriate color.

A test was designed to plate pure bright tin as well as the 1 % tin-zinc alloy over the 30%
tin-zinc finish. There was zinc migration through the pure tin deposit and it discolored the

finish, although, the salt spray results were still much better than for cadmium. The 1%

tin-zinc alloy plated over the 30% tin-zinc alloy delivered a stable color but the salt spray

performance was slightly less than that of the 1 % tin-zinc alloy alone. Therefore, the 30%
alloy was eliminated from further consideration.

DEPOSITION MECHANISM

There is a very small amount of zinc in the deposit. It was hypothesized that the zinc
distorts the cell lattice of the deposit and prevents migration of the base metal. This
stabilizes the color and allows the main constituent tin, (Sn),to perform the bulk of the
corrosion protection.

Through numerous tests it was determined that the zinc found in the 1 % alloy was
deposited through a mechanism of inclusion. In other words, the zinc was pulled along
with the tin as the process of deposition occurred at the surface of the substrate. As an
analogy, the same type of mechanism is employed when an electroless nickel bath
needed teflon, or diamond impregnation. The zinc (teflon or diamond) acts like a major
impurity in the bath was pulled along with the main constituent and co-deposited.

CORROSION RESISTANCE OF THE TIN ZINC ALLOY

The two vendors, 1 A and 1 B,were evaluated on several different products at different
thicknesses. See Figure 2. There were four thicknesses studied 0.30,0.55,0.70, and
0.85 mils. The important fact gained from these tests was that a minimum thickness, 0.55,
was needed. The finishes plated at higher thicknesses only slightly improved
performance to red rust on the product. There were other factors that contributed to red
rust that limits the overall performance. At the minimum thickness of 0.55 mils vendor
1 A performed better than 1 B. It should be noted that there are significant differences in
costs between the two tin-zinc processes for the 1 % alloy and that costs must be factored
into any final decision.

A determination of the relative corrosion resistance of each coating compared to cadmium
plating and zinc plating was made. In addition to using salt spray testing to verify a
degree of equivalency by this much abused quality control test (ASTM B-117), A
Electrochemical Impedance Spectroscopy (EIS) test was performed, with the results
summarized with respect to time and corrosion rate in Figure 3. The significant finding
with respect to either of the tin-zinc deposits was that the corrosion resistance, expressed
as a corrosion rate of mils/year, versus hours of exposure to a 5% salt solution, was
approximately an order of magnitude better than chromated cadmium or zinc plated

5



articles. There was also a more than discernable level of improved corrosion resistance
to be gained from the low zinc (1 percent) tin alloy over the nominal 30% zinc-tin alloy.

PASSIVATION OF THE TIN-ZINC ALLOY

One of the potential concerns one might have for a tin-zinc alloy, particularly the 1
percent alloy, might be the corrosion products of more or less pure tin, which tend to be
white salt formations similar to cadmium. Considering the 1 percent coating to be a pure
tin coating, it is known that tin can be chromated, forming stable and unstable oxides
which are protective in nature. These oxide films are colorless and quite thin, so there
is no yellow color developed as a result of "chromating" in a dilute chromic acid/sulfuric
acid mixture (some superficial staining may occur). It is well known from experience with
acid thin deposits that the coating can be passivated by strongly alkaline solutions, which
in comparison to a chromate solution, would be preferable to use from a total
environmental point of view.

EIS was once again employed to study the relative degree of passivation of chromated
versus alkaline rinsed tin-1 % zinc alloy coatings. The results are presented in Figure 4,
which shows there is no substantial difference in the degree of passivity achieved, making
the alkaline dip an environmentally sound solution and well as a reliable one.

CONCLUSION

The tin-zinc finish on steel also gave the additional benefit of being specifically excluded
from the EPA's F-006 listed waste category. If properly segregated from other plating
wastes, this would lead to significantly reduced disposal costs.

The cycling tests performed at Master Lock revealed that the alloy with 1% zinc
outperformed the alloy at 30% zinc. These results can be seen in Figure 1. It showed
that significant red rust developed on the 30% tin-zinc alloy at 288 hours compared to the
1% alloy at 576 hours. The 1 % tin-zinc alloy produced a stable brilliant silver metal
deposit that met all functional, decorative, and regulatory goals established for the project.

The tin-zinc alloy would be used for different properties and purposes at Master Lock and
Eaton Corporation. Through independent research, both companies arrived at the same
conclusion that a 1% tin-zinc alloy delivered the best overall performance as a direct
cadmium substitute.
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