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Abstract

The utilization of chlorinated solvents, specifically Class I Ozone Depleting Compounds
(ODCs), has been continually scrutinized by the U.S. Environmental Protection Agency (EPA)
and the Occupational Safety and Health Administration (OSHA). This is a direct result of the
United States entering into an agreement with several other nations throughout the world to limit
the production of these materials (Montreal Protocol 1987). In fact, the EPA has placed very
heavy restrictions on the production of 1,1,1 trichloroethane, one of the most commonly known
and utilized chlorinated solvents, as of January 1996. This announcement prompted the Aviation
and Troop Command (ATCOM) to fund a program designed to identify, test and evaluate
commercially available cleaners to replace 1,1,1 trichloroethane during the processing of aviation
components. ATCOM requested the Army Research Laboratory - Materials Directorate to
develop and execute this test program. Two critical cleaning applications were identified based
upon a thorough review of all cleaning processes utilized during part manufacture, and repair at
Army depots: cleaning prior to non-destructive inspection (NDI) and cleaning prior to adhesive
bonding. This report discusses the rational behind identifying alternative cleaners for these
applications, the test and evaluation plan, and the results of the test program.
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Section 1:

Overview -







R

1.1 Objectives. The objectives of this work were as follows:

(1) To provide two alternative ozone depleting compound (ODC) compliant cleaners for use
prior to adhesive bonding and prior to non-destructive inspection (NDI).

(2) To change the depot maintenance work requirements (DMWRs) and other maintenance
manuals where 1,1,1 trichloroethane is called out, and substitute an appropriate alternative cleaner.

1.2 Introduction. Trichloroethane has been proven reliable as a cleaner prior to adhesive
bonding and NDI. Any replacement must meet the same degree of reliability, while still maintaining
material compatibility. Adhesive bonding and fluorescent penetrant inspection (FPI), which is one
specific NDI test method, require a high degree of cleanliness; therefore, any replacement that meets
the requirements of these applications should also meet the requirements of other NDI and joining
disciplines that are not quite as sensitive to cleanliness. A single replacement for 1,1,1
trichloroethane will be difficult in that its utilization is so widespread. It has characteristics that are
extremely advantageous from a procedural point of view. The low boiling point, low toxicity level,
and proficient solubilizing potential make 1,1,1 ideal for manufacturing operations from degreasing
to precision cleaning to nondestructive evaluation. Deviations from these effective characteristics
will increase the procedural time, sometimes drastically, and may even increase cost due to hardware
and/or machinery alterations that might be required. Regardless, the restriction on the use of 1,1,1
trichloroethane is imminent, and an environmentally acceptable replacement must be found. The
focus of this program was to provide test data on prospective alternate cleaners prior to (1) adhesive
bonding and (2) NDI in order that potential users can make more educated decisions on which
products would best fit their needs.

1.3 Section 2: Identification of Commercially Available Products To Replace 1,1,1
Trichloroethane. The aircraft industry, chemical corporations, DOD agencies (Army, Navy, and
Air Force), and the EPA were contacted in an attempt to develop a comprehensive listing of the most
prospective candidate cleaners. The U.S. Army Research Laboratory Materials Directorate (ARL-
MD) initially expanded upon the database of possible chemical cleaning replacements created and
investigated by the Corpus Christi Army Depot (CCAD), Corpus Christi, TX. CCAD had performed
total immersion corrosion and cleaning efficiency tests on a large number of alternative aqueous
cleaners and their respective 10% dilutions. In addition, ARL-MD contracted the Texas Research
Institute Austin, Inc. to perform a detailed search of related work on the subject of 1,1,1 replacement.
This work has been included in section 2 of the report. The comprehensive listing formed was very
dependent on the specific process being utilized. Therefore, two separate lists were generated, one
for adhesive bonding and one for NDL The industrial chemical companies are continually investing
large amounts of money into developing replacements for 1,1,1 trichloroethane. Various private
aviation corporations (i.e., McDonnell Douglas, Sikorsky, Boeing, Lockheed, and Northrop) have
also contributed significantly to the replacement effort. However, it must be understood that these
alternatives are continually changing, specifically the chemical compositions change as restrictions
become tighter and cleaners that were acceptable gradually become obsolete. Many alternatives
received from the aircraft industry were found to be out of date. The major chemical companies
attempted to stay ahead of the new laws and regulations by developing improved formulations. In
fact, some of the cleaners identified as viable replacements for 1,1,1 already have new formulations.
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In addition, many of the private aviation corporations performed the bulk of their research as much
as 5-10 years ago due to the restrictions and penalties placed on the use of these chlorinated solvents.
Until recently, the government has traditionally been given exceptions to these restrictions and
penalties.

1.4 Section 3: Downsizing of Alternatives Through Initial Testing. The comprehensive
listing of candidate cleaners for adhesive bonding and NDI revealed more cleaners than could
possibly be tested within the time constraints of this program. Therefore, both lists were shortened
based upon a variety of performance and environmental factors. ARL-MD contracted Rensselaer
Polytechnic Institute (RPI) to perform most of the initial qualification testing. The University of
Connecticut was also contracted to perform auger and x-ray photoelectron spectroscopy (XPS) of
the cleaners. The results of these works are found in section 3.

1.5 Section 4: Materials Compatibility Investigation. The top six candidates for cleaning
prior to adhesive bonding were subjected to materials compatibility testing. The cleaners were
Callosolve 120, Aerosolve 2000, Parts Prep, Shop Master, Solvall 5234, and ALK-660 acquired
from the listing and analysis detailed in the previous section. The top 11 candidates for cleaning
prior to NDI were also subjected to materials compatibility testing. They included isopropyl alcohol,
P-D-680, Citrex, Spotcheck SKC-HF, Desoclean 45, Teksol EP, Bioact 113, Axarel 56, TPC
Solvent, Dynasolv 108, and Electron NDE. Although it was not expected that these compliant
solvent cleaners would be extremely corrosive or embrittling, the testing was carried out on the side
of caution. The testing performed included total immersion corrosion, effects on unpainted surfaces,
sandwich corrosion, stress corrosion cracking, and hydrogen embrittlement testing.

1.6 Section S: Alternative Cleaners Effects on Adhesive Bonding. The actual number of
alternate cleaners that could be utilized for adhesive bonding tests was decreased based upon the
extensive amount of specimen preparation, testing, and the combination of materials that were to be
tested. Therefore, the top cleaners from the downsized comprehensive list were chosen for testing.
Since the top two cleaners were of the same general chemical make-up, it was thought that choosing
two from the top five would provide a better guideline. In addition to the control, trichloroethane
and isopropyl alcohol were utilized along with two prospective aqueous cleaners. The objective was
to demonstrate that a replacement for 1,1,1 in the adhesive bonding process was feasible in both a
manufacturing and a repair environment. The approach was to compare the effectiveness of the
potential replacement on various metal substrates utilizing 1,1,1 trichloroethane as a baseline control
group. ARL-MD contracted the U.S. Army Armament Research, Development, and Engineering
Center (ARDEC), Picatinny Arsenal, NJ, to perform the adhesive bonding testing.

1.7 Section 6: Alternative Cleaner Effects on Non-Destructive Inspection. The main focus
of this portion of the program was to find a cleaner that could be utilized as a replacement for 1,1,1
on the Depot Maintenance Work Requirements (DMWRs). It has been determined that, of all the
NDI techniques, the FPI method—specifically, the solvent removable and post-emulsifiable
methods—has utilized 1,1,1 trichloroethane to the greatest extent (according to MIL-STD-6866).
Additionally, since those FPI methods require the highest level of cleanliness, if a replacement
cleaner works well with these processes, it will work for all other NDI procedures as long as material
compatibility is maintained.
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1.8 Conclusion. The results obtained from this program indicate that Desoclean 45 and
Dynasolv 108 (DS 108) would be viable alternatives to 1,1,1 with respect to cleaning prior to NDI
and Parts Prep is recommended for use prior to adhesive bonding. The U.S. Army Aviation and
Troop Command (ATCOM) is presently updating the DMWROs and maintenance manuals to reflect
these findings. The results and conclusions drawn from this program are encouraging with respect
to the ongoing effort of trichloroethane replacement. The results have shown that minimal material
compatibility problems exist with the strongest of the alternative cleaners. It must be emphasized
that even 1,1,1 trichloroethane has a dissociation problem when it becomes hydrolyzed. The diluted
semi-aqueous replacements that contain a certain amount of blended solvents were not expected to
have superior performance concerning hydrogen embrittlement. The program has identified two
feasible candidates for adhesive bonding of the materials specified and several acceptable candidates
for FPI processing. .
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The aircraft industry, chemical corporations, Department of Defense (DOD) agencies (Army,
Navy, and Air Force), and the Environmental Protection Agency (EPA) were contacted in an attempt
to develop a comprehensive listing of the most prospective candidate cleaners. ARL-MD initially
expanded upon the database of possible chemical cleaning replacements created and investigated by
the Corpus Christi Army Depot (CCAD), Corpus Christi, TX. CCAD had performed total immersion
corrosion and cleaning efficiency tests on a large number of alternative aqueous cleaners and their
respective 10% dilutions. In addition, ARL-MD contracted the Texas Research Institute Austin, Inc.,
to perform a detailed search of related work on the subject of 1,1,1 replacement. This report is
included in this section. The comprehensive listing formed was very dependent on the specific
process being utilized. Therefore, two separate lists were generated, one for adhesive bonding and
one for NDI. The industrial chemical companies are continually investing large amounts of money
into developing replacements for 1,1,1 trichloroethane. Various private aviation corporations (i.e.,
McDonnell Douglas, Sikorsky, Boeing, Lockheed, and Northrop) have also contributed significantly
to the replacement effort. However, it must be understood that these alternatives are continually
changing—specifically, the chemical compositions change as restrictions become tighter and
cleaners that were acceptable gradually become obsolete. Many alternatives received from the
aircraft industry were found to be out of date. The major chemical companies attempted to stay
ahead of the new laws and regulations by developing improved formulations. In fact, some of the
cleaners identified as viable replacements for 1,1,1 already have new formulations. In addition,
many of the private aviation corporations performed the bulk of their research as much as 5-10 years
ago due to the restrictions and penalties placed on the use of these chlorinated solvents. The
Government has traditionally been given exceptions to these restrictions and penalties, until recently.

Identification of Alternatives

It was determined that due to the intricacy of the NDI process, alternatives would be limited to
solvent-based-compliant (with present Federal regulations) cleaners, even though some chemical
companies refer to their cleaners as “aqueous based” as they are not traditional solvents. The
adhesive bonding segment of this work is relatively more forgiving and less stringent in regard to
the chemical composition and characteristics of the alternative cleaners. Therefore, aqueous-based
and citrus-based cleaners were investigated for replacing 1,1,1 trichloroethane prior to adhesive
bonding. The classifications were clarified based upon ARL-MD discussions with the respective
manufacturers.
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Listing:

I. Alternatives for cleaning prior to adhesive bonding:

NAME

1. Callosolve 120

2. Aerosolve 2000

3. Parts Prep

4. Shop Master

5. Solvall 5234

6. Alk - 660

7. Quaker 624 GD

8. Quaker 697 UT

9. Power Cleaner 310 L
10. Cee-Bee Cleaner A 7x7
11. Penair HD-1

12. Turco 4215-NCLT
13. Jettacin

14. Alu-Kleen

15. Brulin 815 GD

16. DOT 111/113

17. Bioact 40

18. Metal Aid DR

19. Aeroclean DN 30
20. Blend 300

21. Natural Blue

22. ReBound 7

23. ReBound 4

24. Soluclean 5131

25. Turco Spray Ease
26. UniKleen # 129-3
27. UniKleen # 14-B
28. Bioact 50

29. Magnaflux 1-2-3
30. Super Bee Cleaner 212
31. Penair HD-4

32. Daraclean 282

33. Nectraclean

Manufacturer

Zip Chem Products
Aerocote
Ecolink
Buckeye Int.
Working Solutions
Eldorado Chem.
Quaker

Quaker

West Pentone
McGean-Rohco
West Pentone
Turco Products
Dubois Mfg.
Heat Bath
Brulin

Delta Omega
Petroferm

PCT Tech.
Aerocote
Ecolink

Loctite

XXCEL Tech.
XXCEL Tech.
Working Solutions
Turco Prod.
Heat Bath

Heat Bath
Petroferm
Magnaflux
McGean-Rohco
West Pentone
W.R. Grace
CRC Industrial



II. Alternatives for cleaning prior to Non-Destructive Inspection:

NAME

Manufacturer

1. Reagent Grade Isopropyl Alcohol

2. P-D-680

3. Citrex

4. Spotcheck SKC-HF
5. Desoclean 45

6. Teksol EP

7. Axarel 56

8. Bioact 113

9. Dynasolv-108

10. Electron NDE

11. D-Greeze 500

12. EP 921

13. Kustom

14. PF 01

15. PF 145 HP

16. Pre-Solv

17. Electro 140

18. Super 140

19. Super Chem Trust
20. Vortex

21. X-Caliber

22. Loctite 70/70

23. Spotcheck-SKC-S
24. Pensolv L805

25. Pensolv L.945

26. Desoclean 110

27. NMP

“28. Kustom HFP

29. HF-165
30. TPC Solvent

Inland Tech.
Magnaflux
Courtnald Aero.
Inland Tech.
Petroferm
Petroferm
Dynamold
Ecolink

Solvent Kleen Inc.
Inland Tech.
Certified Labs.
P-T Tech.

P-T Tech.

LPS

LPS

LPS

Madison Bionics
Ecolink

Inland Tech.
Loctite
Magnaflux

West Pentone
West Pentone
Courtnauld Aero.
BASF

Certified Labs.
Amax Industrial
West Pentone
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1,1, 1-TRICHLOROETHANE ALTERNATIVE CLEANERS
FOR NDI AND ADHESIVE BONDING APPLICATIONS

1.0 Background

Many of the organic solvents that have historically found utility as cleaning

solvents for metals and plastics are being replaced. Much of the impetus for this
replacement is coming from government legislation and agencies. The chemical industry
is undergoing dramatic changes due to the United States participation in cooperative
-international agreements such as the Montreal Protocol. This was a conference convened
in 1987 as an international effort in response to the ozone depletion problem. The
Protocol seeks to abolish the use of ozone depleting compounds such as
chlorofluorocarbons (CFC’s) and hydrogenated chlorofluorocarbons ( HCFC’s). The
only commonly used solvent that was regulated by the Montreal Protocol is 1,1,1 -
trichloroethane, which is to be phased out by 2002. In response to this meeting, the EPA
has passed the Clean Air Act which mandates a 50 % reduction in the use of TCA by 1
January 94, and complete abolition of production by 1 January 96. In addition to the
above incentives, a 1989 tax levied on CFC’s has further limited their use. The phase out
date for all HCFC’s will be scheduled in 2030. When searching for an alternative solvent
for TCA, one must be certain that the replacement compound is not a volatile organic
compound, cancer causing agent or other environmentally regulated chemical.

TCA is an excellent solvent with a unique combination of characteristics that will

make the development of an identical drop-in replacement difficult. However depending
on the application, there are a number of chemicals that might function as an acceptable
substitute. Among the advantageous characteristics of TCA is its high Hansen solubility,
non-flammability, and evaporative properties. The Hansen solubility is a measure of
solvating characteristics. TCA is excellent at solvating organics, greases, waxes, and
polar contaminants, making it the compound of choice in the metal surface cleaning
industry. TCA, like other chlorinated solvents, evaporates quickly and leaves behind
very little residue. It is highly volatile, but is considered VOC exempt because of its
inactivity as a smog precursor. This permits its widespread usage in adhesives and
coatings.

Three companies control the vast majority of the world’s TCA production: DOW,

PPG, and Vulcan. Production of TCA last year was 600 million pounds with a value of
$280 M (C&E News, 1994). The financial impact of this ban has solvent manufacturers
actively investigating and recommending alternative solvents. Dow has developed a
computer program (Chemkop) which uses evaporation profiles and solubility parameters
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to select a combination of solvents (typically glycol ethers) that will provide performance
similar to that of TCA. All of the alternatives have benefits and limitations, and
customers are being forced to decide which replacement will best suit their needs.

TCA has been employed extensively in non-destructive analysis, primarily liquid
penetrant testing. The Army Research Laboratory has been tasked to identify, test, and
evaluate alternative cleaners to replace 1,1,1 - trichloroethane for use in non-destructive
evaluation. The ideal substitute solvent should be environmentally safe, and should not
be controlled as a volatile organic compound, ozone depleting, or a hazardous material.
Because of TCA’s excellent solvating properties, it is used in three steps of penetrant
testing:

1. Precleaning. TCA was used to clean surfaces of grease, oil, films, dirt, and other
contaminants before application of the penetrant. This ensures complete penetrant access
to flaws, and surface wetting. For most simple cleaning, TCA precludes the use of a
separate precleaning agent, and its drying time is very short.

2. Excess penetrant removal. After a suitable dwell, TCA can be used to remove
penetrant from the surface, leaving only the penetrant that had infiltrated surface defects.
Once again, the short drying time increases inspection efficiency by allowing near
immediate application of developer.

3. Post Cleaning. After inspection for flaws, TCA can be used to remove developer and
completely remove all penetrant from flaws.

TCA is commonly used as-a solvent vehicle for the penetrant. TCA has been
widely used in the cleaning of surfaces before adhesive bonding. TCA is the most widely
used solvent in the vapor degreasing of large parts and the solvent wiping of small parts.
Any alternative must be considered in light of toxicity, flammability, solubility
characteristics, cost, and availability. Newly selected substitutes for TCA should not
negatively affect NDI results, and should optimally provide the multiple cleaning
capabilities exhibited by TCA so that multiple cleaners are not needed for each step of the
penetrant testing process.

When class 2 solvent removers are used, proper procedures and strict adherence
becomes paramount. Typically, these materials exhibit high boiling points (low
evaporation rates) and high flammability (low flash points). When using these organic
Class 2 materials it is imperative not to use too much cleaner in the solvent wiping
process to prevent the penetrant from being displaced from the flaw. - Surfaces must also
be given adequate time to dry between cleaning and application of adhesive bonding
material. Many of the Class 2 solvents have decreased solubility parameters reducing
penetrant removal but some of the Class 2 aqueous emulsified detergent solvents have
proven effective. Because it is an aqueous solvent, copious amounts can be applied to
surfaces without risking penetrant removal from flaws. However, because of the
solvent’s slow evaporation rate, heat or long times must be employed before developer
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application. In lieu of evaporating solvents from the surface, isopropanol and methanol
have been used as solvent removers, but they are flammable. A number of new Class 2
materials are available, as are a number of HCFC’s with Class 1 status, including 141 B,
which will be available for some time.
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2.0 Alternatives to 1,1,1 - Trichloroethane

2.1 Solvent Type Alternatives to 1,1,1 - TCA

Alternatives to TCA include the petroleum distillates of the following organic
compounds: n-paraffins, alcohols, ketones, naphtha, and n - methyl - pyrrolidone. These
solvents are acceptable in many instances where flammability is not an issue. Many
chlorinated compounds can function as substitutes for TCA, however many have toxicity
problems associated with their open use.

Ashland Chemical now markets seven alternative solvents for TCA. These
solvents are composed of primarily hydrocarbon solvents with glycol ether additives.
Ashland is also working with Shell to market its diacetone alcohol cleaner. The solvent
is said to be safer than acetone (less volatile and a lower flash point) and exhibits
excellent solvating properties.

Dupont’s attempt to resolve the TCA issue include marketing HCFC’s that are
possible interim TCA replacements (untii HCFC banning in 2020); selling
perfluorocarbon solvents to a restricted clientele and researching a number of dibasic
ester products (DBE). DBE is a refined mixture of dibasic esters typically including 17
% dimethyl adipate, 66 % dimethyl glurate and 17 % dimethyl succinate. DBE has
exhibited no reproductive or developmental toxicity ( Gallagher, 1990). DBE is
suggested as an alternate to methylene chloride as well as TCA.

Dow Chemical, the largest manufacturer of TCA, is restructuring its chlorinated
solvent business ( C&E News 1994). It has been suggesting customers replace TCA with
glycol ether combinations or trichloroethylene. Dow is also suggesting replacement of
TCA with perchloroethylene in operations where toxicity problems are not a major
concern.

Exxon produces a number of alternatives as TCA replacements and they include
iso-paraffins, normal paraffins, and heavy aromatics. These solvents are not intended as
drop in replacements because of differences in solubility and evaporation profiles.
Hoechst Celanese produces a methylene dimethyl ether solvent, Methyal. The product
possesses excellent potential for replacing many chlorinated solvents including TCA and
methylene chloride.

Terpene type compounds are being touted as viable replacements for TCA and
methylene chloride. A number of companies produce and market these terpenes that are
isolated from natural sources such as orange peels or cantaloupes. The compounds are
typically mixed with an organic solvent such as a hydrocarbon, a non-ionic type’
surfactant, and antioxidants.
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Another alternative solvent for TCA is produced and marketed by GAF under the
name Foamflush. These materials are believed to be an ester of organic acid and
additives. Foamflush is a polar aprotic solvent with outstanding solvating characteristics.
waste material is classified as non-hazardous, reducing disposal costs when compared
with methylene chloride. Foamflush has a very slow evaporation rate that may present
problems for some applications.

Below is a table that summarizes some of the information above regarding organic
solvents , semi-aqueous, and aqueous alternatives to TCA:

RGANIC SOLVENTS Producer Advantages Disadvantages
Dibasic Ether Dupont Solubility , Flammability
HCFC’s Dupont Solubility & Flammability 2020Controlled
Trichloroethylene Dow Chemical Solubility & Flammability Toxicity
Paraffins / Aromatics Exxon Solubility Flammability -
Methylene Ether Hoechst Solubility Flammability
Perchloroethylene Dow Chemical Solubility Toxicity
Glycol Ethers Dow Chemical Solubility Flammability
Ester Alcohols Eastman Solubility Flammability
Hydrocarbon & Glycol Ethers Ashland Solubility Flammability
Terpene & Hydrocarbon Based Brinmont Solubility Toxicity
Diacetone Alcohol Shell Solubility Flammability
Foam Flush GAF Solubility Flammability
Aqueous & Semi-Aqueous & Solvent Ecolink Aqueous Solubility
Terpene Pride Solubility Toxicity
Terpene & Semi Aqueous Macdermaid Solubility Toxicity
Aqueous Kleer-Flo Solubility Toxicity

2.2 Solvent Based, Aqueous Emulsion Cleaners, & Semi Aqueous Cleaners

Solvent based and emulsion cleaners have been used for years to clean metal
parts. Solvent based cleaning systems contain an organic solvent that is in combination
with nonyl phenol ethoxylate surfactant and cosolvent. These cleaning systems are
available from a variety of commercial sources.

Terpenes are a class of naturally occurring chemicals isolated from the essential
oils of various fruits, spices, and vegetables. Brinmont Corporation markets a
biodegradable cleaner based on D- limonene called Brinsolv DL. Brinsolv DL is a water
dispersible and rinsable cleaning solvent. A number of other terpene cleaners can be
formulated using Beta-pinene, Alpha-terpene, and Dipenetene (Robinson, 1991).

Water soaking for a specified time in a terpene solution is a good option to
cleaning with TCA. A closed loop cleaning system should be used because of waste
disposal considerations. D-limonene is a relatively safe and highly effective organic
solvent that is replacing chlorinated solvents to find increasing usage in household and
industrial cleaning. D-limonene has been described as a skin sensitizer although there has
not been any scientific literature to confirm this assertion. The limonene based cleaners
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are high water type emulsion cleaners. The organic component of the emulsion
solubilizes the organic contaminant and the water serves as a rinsing vehicle. The
advantages of this type of cleaning system include a high flash point, low volatility, little
residual material after cleaning, and they are not CFC’s. The primary disadvantage of
this type of cleaner is slightly different solubility parameters from TCA. This requires
modification of degreasing equipment, making them more energy dependent. Another
disadvantage is that the run off must be treated as waste chemical (Robinson, 1991).

Semi-aqueous cleaners, such as DuPont’s Axarel, are another class of chemicals
that could be effective replacements for TCA. Semi-aqueous cleaners are ideal for
solvating heavy greases, oils and tars, but are typically flammable. Closed equipment is
needed for any large scale processing using these solvents.

2.3 Aqueous Cleaners

Most aqueous cleaners consist primarily of an alkaline salt and they have been
widely used in the adhesive area for years as metal pre-treatments. Detergents, soaps, and
caustic soda are inexpensive, non-toxic, and the easiest cleaning agents to handle. They
can be applied by spray, immersion or scrubbing, and can remove many types of dirt,
oils, and grease. Aqueous cleaners typically contain organic surfactants that assist in
emulsification of the organic contaminant. They also contain pH buffers, deflocculents,
corrosion inhibitors, and other additives (Robinson, 1991).

The primary advantages of using aqueous cleaners are that they have no volatile
organic compounds (VOC) or flash point problems. Switching to water based cleaners
insures a long term solution and investment. Among the disadvantages are the time and
energy associated with cleaning parts, lower solvating ability, modification of equipment,
and in many instances, purchase of new equipment.

A great deal of variability has been noted in the cleaning of metal surfaces with
aqueous cleaners. It is felt that much of this variability results from the cleaning
technique. The most important factors in the aqueous alkaline cleaning of surfaces are:
(1) the alkaline cleaning solution should be newly prepared and free of contaminants (2)
the proper pH should be maintained for the cleaning solution (3) the temperature of the
aqueous solution should be as high as convenient to achieve good cleaning in a minimum
amount of time and (4) agitation of the cleaning solution will assist the dissolution of
contaminants. '

Steam cleaning with detergents is another well-developed water based method of
cleaning surfaces. Steam can provide the mechanical agitation of the surface contaminant
while the detergent emulsifies the contaminant. Filtration of the waste water can be
accomplished and the water reused. Because of the cleanliness of the parts and the lack
or residual contaminant, steam cleaning is an alternative to TCA cleaning of surfaces.
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Surfactants can be combined with glycol coupling agents and water to form good
water based cleaners. The surfactants typically used in these types of cleaners are
primarily non-ionic, with a lesser amount being cationic, or anionic. Surfactants typically
exhibit high surface tension as well as various degrees of detergency, foaming, solubility,
and emulsification of contaminants.

2.4 Problems with Semi-Aqueous and Aqueous TCA Replacements

The two primary problems with aqueous or semi-aqueous replacements for TCA
are waste disposal and solubility extent. The waste from the cleaning process will
contain cleaners as well as a combination of greases, oils, and other contaminants. The
- regulations of the controlling municipality may consider these products to be hazardous
waste. Consequently, specific water treatment methods may be required to make waste
water acceptable for drain disposal.
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3.0 Industrial Contacts and Information Concerning Trichloroethane Substitutes

The chart below summarizes TRI/Austin’s contacts with industrial producers of
TCA substitutes. Section 5.0 contains technical information on the products. The
alternatives to TCA include solvents, semi-aqueous, and aqueous materials.

Contact Telephone Product/Company Comments

Sally McCoach 1-800-231-0988 DiBasic Ester/Dupont ~ Seven DBE Replacements
Alice Brown 1-800-234-5115 ArcoSolv Solvents TCA Replacement, Flammable
Anthony Durante  1-201-628-3913 Foam Flush MeCI2/TCA Replacements
Scott Lange 1-919-292-0566 Brinsolv DL MeCI2 Replaces, Toxicity

Bill Green 1-404-621-8240 Ecolink Inc. 20 Alternatives, Excellent

Jeff Berlin 1-516-752-7848 Pride Inc. Citrosolv Plus

Kevin Raberge 1-612-934-3909 Kleer Flo Greasoff*2

Bob Griffiths 1-203-575-5700 MacDermaid Multiple Products, Good

ATT is evaluating n-butyl butyrate isolated from cantaloupes for chip cleaning.
Hewlett Packard is replacing CFC’s with n-methyl pyrrolidone for cleaning processes.
Ashai has been active in the development of TCA alternatives and has developed a series
of semi-aqueous and aqueous alternatives. Oxychem has developed some chlorinated and
fluorinated toluene derivatives.
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4.0 Contact With Other Government Agencies Concerning TCA Alternatives

At the suggestion of ARL-MD several other government sectors that are also looking
for TCA alternative solvents were contacted in the execution of this study. The most useful
information was obtained from the Wright Patterson Air Force Base, which has been actively
involved in seeking TCA, ozone depleting compounds, and hazardous solvent replacements for
several years. The investigations for the alternative solvents involve NDI as well as other
specific applications. The literature obtained provides an excellent starting point in the
identification of TCA alternatives, including many points of contact. Mr. Chuck Pallerin was
extremely useful in identifying the key personnel involved with the identification of ozone
depleting or hazardous materials options. The two individuals most intimately involved in this
effort are Carroll Herring and Jim Folck. A booklet has been published entitled “ASC
Alternative Materials Guide” identifying Air Force and private industry efforts in alternative
solvents throughout the world. A new list of alternative materials and points of contact is
under development for a new edition. The updated spreadsheet portion is included in this
section. This includes the most updated information available from the Air Force on ozone
depleting and hazardous materials alternatives. This should provide an excellent starting point
for the Army effort. The information includes substance, specific process, alternative process /
product being proposed or under investigation, status of implementation, information source,
advantages, and points of contact. Two compounds that were mentioned in conversations of
the penetrant process as TCA replacements were Electron (manufactured by Ecolink) and EPA
2000 (manufactured by Western Chemical International). There is a general agreement that
there is no plug in alternative for TCA in all applications. The material or process chosen as
TCA substitutes will depend on the complete service profile for the application. Steve
Spatafora at the Naval Air Warfare Center was also contacted, and while NAWC is extremely
concerned about the problem and investigating alternatives, their studies are not presently as
developed as the Air Force at Wright Patterson.

INDIVIDUAL TELEPHONE #
CHARLES PALLERIN - 1-513-255-3929
JIM FOLCK 1-513-255-3059
CARROLL HERRING 1-513-257-5567
STEVE SPATAFORA 1-215-441-2704

Also included is Section 6.0, a copy of the “ASC Hazardous Material Alternatives Guide” that
was compiled by the USAF. The document includes on hazardous materials and provides a
listing of viable options for specific applications. The documents also includes general
applications such as cleaning of surfaces as well as surface preparation before adhesive
bonding. The appendix at the end of the ASC document concerning hazardous materials
alternatives listing has been recently updated and is included.

Los Alamos National Laboratory (LANL) has also conducted a study to investigate
identification of appropriate solvent substitutes (refer to the Pollution Advisor article). The
study involved identifying, testing, and gathering information on alternative solvents and
methods.
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4.1 Government Information on TCA Substitutes

This section contains a number of tables and information concerning the studies and
testing for TCA substitutes. It contains a great deal of relevant material concerning the
products available, application, and points of contact. I would like to acknowledge the people
previously mentioned at Wright Patterson for their assistance in obtaining this pertinent
information.
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