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FOREWORD

The U.S. Environmental Protection Agency is charged by Congress with protecting the
Nation’s land, air, and water resources. Under a mandate of national environmental laws, the Agency
strives to formulate and implement actions leading to a compatible balance between human activities
and the ability of natural systems to support and nurture life. To meet this mandate, EPA’s research
program is providing data and technical support for solving environmental problems today and
building a science knowledge base necessary to manage our ecological resources wisely, understand
how pollutants affect our health, and prevent or reduce environmental risks in the future.

The National Risk Management Research Laboratory is the Agency’s center for investigation
of technological and management approaches for reducing risks from threats to human health and the
environment. The focus of the Laboratory’s research program is on methods for the prevention and
control of pollution to air, land, water and subsurface resources; protection of water quality in public
water systems ; remediation of contaminated sites and ground water; and prevention and control of
indoor air pollution. The goal of this research effort is to catalyze development and implementation
of innovative, cost-effective environmental technologies; develop scientific and engineering
information needed by EPA to support regulatory and policy decisions; and provide technical support
and information transfer to ensure effective implementation of environmental regulations and
strategies.

This publication has been produced as part of the Laboratory’s strategic long-term research
plan. It is published and made available by EPA’s Office of Research and Development to assist the
user community and to link researchers with their clients.

E. Timothy Oppelt, Director
National Risk Management Research Laboratory
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ABSTRACT

Widespread use of toxic chemicals in all segments of industry and commerce has
created the need to deal with burgeoning waste streams containing toxic chemicals emitted
into the air and water and buried in the soil. Two decades of pollution control regulations
have not been completely effective in reducing environmental releases of toxic chemicals, nor
in mitigating the human health effects from toxic chemical use. The United States
Environmental Protection Agency's 33/50 Program is one example of a new generation of
voluntary programs that focus directly on pollution prevention to reduce toxic chemical
releases. The 33/50 Program encourages industry to enter agreements to reduce emissions of
17 toxic chemicals.

This report represents the first demonstration of cleaner technologies to support the
goals of the 33/50 Program under the EPA Cooperative Agreement No. CR821848. It
focuses on substitutes for solvent degreasing processes that eliminate the use of chlorinated
organic chemicals in the automotive parts sector. The substitute technologies demonstrated
were: 1) an aqueous wash system, 2) a no-clean technology, and 3) a hot water wash system.
Technical, environmental, and economic evaluations were performed to determine the merits
of the substitutes as they were implemented by the project's industry partner, Calsonic
Manufacturing Corporation. A national environmental impact evaluation was also performed
to estimate the potential impacts on the nation's environment if entire industrial sectors were
to implement the substitutes.

The evaluations were supportive of the implementation of the alternative technologies.
The aqueous wash system reduced cycle time by 50 percent and part reject rates by nearly 77
percent with improved cleaning characteristics as compared to the 1,1, 1-trichloroethane
(TCA) solvent degreasing system. The no-clean alternative had no effect on either cycle time
or part reject rates. The environmental evaluation identified a shift in waste stream releases
and transfers. The traditional processes released TCA to the air, as well as generating a TCA
hazardous waste stream,; the substitutes generates either a significant wastewater discharge
(aqueous and hot water wash systems), or a volatile organic compound air emission (no-clean
technology). The wastewater and VOC releases created by the alternatives, however, do not
contain 33/50 chemicals or chemicals that can cause ozone depletion, and are relatively less
toxic than the chlorinated solvents. Each alternative offered significant financial advantages
when economically evaluated using activity-based cost accounting and compared to the
traditional solvent degreasing systems.

The national environmental impact evaluation compared the life-cycle environmental
merits of traditional solvent systems and the alternatives. Chlorinated solvents, produced
from petroleum feedstocks, result in significant emissions during the manufacturing and use of
the products. The aqueous wash systems utilize detergents which include surfactants,
builders, and chelating agents, all of which are produced from various raw materials and
generate waste streams which must be compared to traditional attributes. The nation's
infrastructure for wastewater treatment was then evaluated, and the potential impact
estimated.
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CHAPTER 1
INTRODUCTION

The hazardous waste problem and many of the persistent air and water pollution
problems are primarily toxic chemical problems. Widespread use of toxic chemicals in all
segments of industry and commerce has created the need to deal with burgeoning waste
streams containing toxic chemicals emitted into the air and water and buried in the soil. Two
decades of pollution control regulations have not been completely effective in reducing
environmental releases of toxic chemicals. Nor have regulations always protected workers
from the effects of toxic chemicals used in the workplace or consumers from the effects of
toxic chemicals found in consumer products. However, a new generation of programs and
policies are emerging which have a greater potential to reduce toxic chemical releases. The
United States Environmental Protection Agency's (EPA) 33/50 Program is one such new
generation program.

33/50 PROGRAM

The 33/50 Program is a voluntary pollution prevention initiative to reduce national
releases and off-site transfers to the environment of 17 toxic chemicals. The Program asks
industry to voluntarily develop their own reduction goals that contribute toward national
reduction goals of 33 percent by the end of 1992 and 50 percent by the end of 1995.
Reductions are measured against a 1989 baseline of information reported to EPA under the
Toxic Release Inventory (TRI). The 17 chemicals or chemical groups included in the 33/50
Program are as follows:

Benzene Methyl Ethyl Ketone (MEK)
Cadmium and Cadmium Compounds Methyl Isobutyl Ketone (MIBK)
Carbon Tetrachloride (CTC) Nickel and Nickel Compounds
Chromium and Chromium Compounds Tetrachloroethylene (PCE)
Chloroform (CFM) Toluene

Cyanide and Cyanide Compounds 1,1,1-Trichloroethane (TCA)
Lead and Lead Compounds Trichloroethylene (TCE)
Mercury and Mercury Compounds Xylenes

Methylene Chloride (DCM)

EPA selected these compounds for the voluntary pollution prevention initiative based
on a number of factors including their high production volume, high releases and off-site
transfers relative to their production, opportunities for pollution prevention, and their
potential for causing health and environmental effects.’

EPA's National Risk Management Research Laboratory (NRMRL, formerly Risk
Reduction Engineering Laboratory) has funded research in support of the 33/50 Program.
The goal of the NRMRL-funded research is to evaluate the performance and cost of pollution
prevention options and to disseminate that information through reports, technical meetings,
seminars, and other media. While this research was originally funded by NRMRL to support
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TABLE 1. PRIORITY USES OF THE 33/50 CHEMICALS

Priority Use 33/50 Chemicals Function
batteries Cd, Hg, Ni, Pb electrode
Hg additive
metal finishing Cd, Cr, Ni metal plate
cyanides plating bath

plastics and resins

benzene, toluene, cyanides
Cd, Cr

chemical intermediate
stabilizer

paints and coatings

xylene, toluene, MEK, MIBK,
Cd, Cr, Pb
benzene, toluene, cyanides

solvent
pigment
intermediates of paint resins

degreasing TCE, TCA, PCE (CFCs), DCM | solvent
dry cleaning PCE, TCA solvent
paint stripping DCM solvent

Key: DCM - methylene chloride MK - methyl ethvl ketone
PCE - perchlorocthylene MIBK - methyl isobutyl ketone
TCI - trichloroethylene TCA - 1,1,1-trichloroethane
Cd - cadmium CFC - chlorofluorocarbon
Ni - nickel Hg - mercury
Cr - chromium Pb - lead
Source: "The Product Side of Pollution Prevention: Evaluating the Potential for Safe Substitutes," EPA, 1994.

Priority uses are defined as those products and/or processes that consume a significant
portion (weight fraction) of the 33/50 chemicals. "The Product Side of Pollution Prevention:
Evaluating the Potential for Safe Substitutes," used chemical use trees as the analytical tool to
evaluate the priority uses of the four classes of 33/50 chemicals. The process of metals and
parts degreasing uses four of the six chlorinated organic chemicals (DCM, PCE, TCA, TCE),
and was selected as a priority use of these chemicals as illustrated by the Chlorinated Organic
Chemicals chemical use tree, Figure 1.’

In this study the Center worked directly with an industry partner to demonstrate
substitute feasibility and to gain actual industrial information for the technical, environmental,
and economic evaluations. Calsonic Manufacturing Corporation (hereafter referred to as
CMC) is aggressively pursuing less polluting alternatives to solvent degreasing and agreed to
participate as the Center's industrial partner to demonstrate solvent degreasing alternatives.
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METHODOLOGY

The goals of this research were to technically, environmentally, and economically
evaluate the changes in materials and parts degreasing which CMC has employed. If entire
industrial sectors were to implement similar changes, the national environmental impacts of
these changes were estimated from the knowledge of CMC's process changes, and other
literature sources.

Data required to perform the technical, environmental, and economic evaluations were
collected through data request tables, site visits, and interviews with CMC employees. Data
request tables, completed by CMC and during site visits, collected process information
including capital costs, operating and maintenance costs, utilities consumption, and production
data. Similar data were requested for both the solvent degreasing systems (historic data) and
alternative systems (current data). Questions concerning generation rates and disposal costs
of waste (hazardous and non-hazardous) and wastewater accompanied the data request tables,
as well as questions concerning permitting requirements and costs. These questions were also
directed at operations both before and after the process changes. Appendix A presents the
completed data request tables and questions for the radiator and condenser lines.

Site visits and interviews served two purposes for the project's evaluations. First, they
allowed Center staff to become familiar with the operations of CMC, ask specific questions to
complete and clarify the data request tables, and maintain a working contact with CMC. An
extended site visit near the completion of this project was conducted to observe the day-to-
day operations of the process lines under investigation. These observations were used to
extend a traditional economic evaluation by using activity-based cost accounting.

The national impact evaluation utilized the knowledge of CMC's process changes to
identify and evaluate potential changes on a national scale if entire industrial sectors were to
implement solvent degreasing alternatives similar to CMC's. TRI data and information from
various literature sources were used to develop a life-cycle perspective for chlorinated solvent
degreasing and its alternatives.

Chapter 2 discusses materials and parts cleaning processes. Chapter 3 introduces
CMC, the industry partner for the project, and their solvent substitution program. Chapters 4,
5, and 6 present the technical, environmental, and economic evaluations of this research,
respectively, and Chapter 7 presents the national impact evaluation.
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Vapor Degreasing

The vapor degreasing process uses the vapor of the cleaning solvent to remove
contaminants from materials or parts. The vapors, generated by boiling the solvent, condense
on the relatively cold parts, dissolving and displacing the contaminants and soils, thus cleaning
the surface. Cleaning ceases when the parts and vapor temperatures are at equilibrium.

The open-top vapor degreaser is a large tank with three distinct zones: the solvent
reservoir, vapor zone, and freeboard. The solvent reservoir, which contains the cleaning
solvent, is equipped with electric or steam heater coils to create the vapor zone by boiling the
solvent. The vapor zone, directly above the solvent reservoir, is the zone into which the
relatively cold parts are lowered causing vapor condensation and thus parts cleaning. The
vapor zone height is controlled by cooling coils located near the top and on the inside
perimeter of the tank. The coils condense the solvent vapors and return them as liquid to the
reservoir.®® The density of the solvent vapors also assists in maintaining a vapor zone and
containing the vapors within the tank. The freeboard is the vacant space above the vapor
zone which minimizes solvent drag-out when the parts are removed from the vapor zone after
cleaning. The freeboard space allows condensed solvent vapors to drip from the cleaned
parts, as well as offering drying time for the parts. Much of the solvent vapors and liquid in
this zone fall back to the vapor zone and reservoir.'* "'

Vapor degreasing is frequently more advantageous than cold cleaning because the cold
solvent bath becomes increasingly more contaminated during the cleaning process. As the
cold bath becomes more and more contaminated, the relative cleanliness of the parts may
decrease because the parts are in direct contact with the contaminated liquid solvent. In vapor
degreasing, although the boiling liquid solvent in the reservoir contains the contaminants from
previously cleaned parts, the solvent usually boils at lower temperatures than the
contaminants, resulting in the formation of essentially pure solvent vapors. In addition, the
high temperature of vapor cleaning aids in wax and heavy grease removal and significantly
reduces the time it takes for cleaned parts to dry.

Conveyorized Degreasing

Conveyorized, or in-line, degreasers have automated, enclosed conveying systems for
continuous cleaning of parts. Conveyorized degreasers clean by either the cold solvent
process or the vaporized solvent process. While these units tend to be the largest degreasers,
they actually produce less emissions per part cleaned than other types of degreasers. This is
due primarily to the enclosed design of the conveyor systems.

Hybrid Degreasing Systems

Combinations of immersion and vapor degreasing systems can be employed to aid in
the cleaning of problematic soils (e.g., waxes), or highly soiled parts. These hybrid units can
utilize agitated solvent baths, spray units and/or ultrasonics in conjunction with vapor
degreasing processes. Ultrasonics apply energy to a cleaning solution to induce cavitation, or
the collapse of millions of tiny bubbles produced in the solution by the applied energy. It is
the collapse of these bubbles that create a scrubbing effect to clean the immersed parts."?



ACRONYMS

J Joules

ABC activity-based costing

ABS alkylbenzene sulfonate

ASTM American Society of Testing and Materials
atm atmosphere

BOA bill of activities

BOD biological oxygen demand

BTU British thermal unit

Cd cadmium

CFC chlorofluorocarbon

CFM chloroform

CMC Calsonic Manufacturing Corporation
CNS central nervous system

Cr chromium

CTC carbon tetrachloride

DCM methylene chloride or dichloromethane
DOE Department of Energy

EDTA ethylenediaminetetraacetic acid

FOG fats, oils, and greases

g grams

g/L grams per liter

gpd gallons/day

Hg mercury

HSDB Hazardous Substances Data Bank
K,HPO, dipotassium hydrogen phosphate

L liter

LAB linear alkylbenzene

LAS linear alkylbenzene sulfonate

m meter

MACT maximum achievable control technology
MEK methyl ethyl ketone

mgd million gallons per day

MIBK methyl isobutyl ketone

MSDS Material Safety Data Sheet

NESHAP National Emissions Standards for Hazardous Air Pollutants
Ni nickel

NPDES National Pollutant Discharge Elimination System
NPV net present value

NRMRL National Risk Management Research Laboratory
NTA nitrilotriacetic acid

ORNL Oak Ridge National Laboratory

P poise

Pa pascal

xii continued



TABLE 2. SELECTED PROPERTIES OF THE CHLORINATED DEGREASING

SOLVENTS
Property DCM PCE TCA TCE

Chemical Formula CH,Cl, C,Cl, C,H,Cl, C,HCl,
CAS No. 75-09-2 127-18-4 71-55-6 79-01-6
Molecular Weight 84.92 165.83 133.05 131.39
Boiling Point, at 101.3 kPa, °C 39.8 121.20 74.00 86.7
Freezing Point, °C -96.7 -22.7 -33.00 -87.1
Specific Gravity, at 20°C 1.320 1.62260 1.325 1.465
Density, at 20°C, kg/m’ 1,315.7 1,622.4 1,324.9 1,460.0
Viscosity, at 20°C, cP 0.43 0.870 0.858 0.58
Heat of Vaporization, at 20°C, 32923 209.2° 248.11 240°
kl/kg
Heat Capacity, at 25°C, kJ/’kg K 0.6369 0.85 1.004 0.94
Heat of Combustion, MJ/kg 1.1175 5.051598" 6.69 7.325
Vapor Pressure, at 25°C, kPa 53.3¢ 2.5 16.5 7.7¢
Solubility in Water, at 20°C, g/kg 13.2 1.40 0.95 1.07
Flash Point (ASTM), °C none none none none
Critical Temperature, °C 245.0 347.1 311.5 271.0
Critical Pressure, °C 6.171 9.74 4.48 5.02
Critical Density, kg/m’ 472 - - -
log K ., no data 3.40 2.49 2.29

a latent heat of vaporization at the boiling point

b heat of combustion, liquid at constant volume, 18.7°C

c vapor pressure at 24.1°C

d vapor pressure at 20°C

Sources: Kirk-Othmer Encyclopedia of Chemical Technology, 1978

Hazardous Chemical Desk Reterence, 1987

Hazardous Substance Data Bank
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Types of Aqueous Wash Systems. Aqueous cleaning systems can include alkaline solutions
and detergents to enhance their soil removal capabilities, or consist of solely hot water
washes. These systems are often used with pressurized sprays, agitation, ultrasonics,
filtration, heat, or some other physical process to further provide effective cleaning in many
industrial cleaning applications. Water-based cleaners have little or no volatile components,
which means that cleaning cannot take place in the vapor phase. Therefore, immersion tanks
are most commonly used for these applications in conjunction with heat and agitation.
Agitation can be accomplished with ultrasonics or by mechanically rotating the parts and/or
circulating the solution.

Because they apply immersion rather than a vapor phase process for cleaning, aqueous
cleaning systems are not usually drop-in replacements for chlorinated degreasing solvents.
However, some vapor degreasers and other solvent cleaning processes can be modified to
accommodate water-based cleaners. Large vapor degreasing units can be converted to
multiple tanks, and modified to incorporate spray rinsing, immersion, ultrasonics, mechanical
agitation, filtration, or other methods. Immersion tanks that have a means for adequate
skimming of floating oils are the most useful aqueous method of cleaning blind holes and
complex geometries. Aqueous cleaning alternatives usually require the addition of rinsing and
drying steps after cleaning to accomplish comparable solvent degreasing results.

Aqueous Cleaning Ingredients. Some additives of aqueous cleaning systems include
synthetic detergents and organic surfactants, saponifiers, acids and alkalies, and corrosion
inhibitors. The combination of additives selected alter the foaming, wetting, and soil removal
properties of the solution."” Detergents and surfactants are surface-active agents that emulsify
insoluble solids into solution. Saponifiers change water-insoluble fats and fatty acids into
water-soluble soaps. Oxidants may be added to loosen rust and stains for easy removal. Other
additives are used to penetrate the soils and wet the surface of the materials to be cleaned, to
precipitate or float the soils, and to neutralize the material. Depending on the requirements of
subsequent operations, rinsing may be required to remove residual films left by these additives
in the cleaning process.'® Large suppliers will typically formulate cleaners designed for the
particular soils to be cleaned and the subsequent production process.

Aqueous cleaners must be carefully evaluated for their compatibility with the materials
being cleaned and the cleaning equipment. Acid and alkaline cleaners may attack some metal
substrates. Caustics or strong alkalies will aggressively attack aluminum and zinc. Strong
acids will attack steel. Strong oxidizing acids like nitric acid and chromic acid will attack
copper. The application of ultrasonics in an aqueous system can also increase the
corrosiveness of the solution.' In addition, alkaline cleaning systems sometimes have
problems with surface oil recontamination of the parts, rapid fluid depletion, long cleaning
time, and high maintenance.

An alternative approach to aqueous cleaning is the elimination of the detergent
additives and the application of only hot water to clean the soiled parts. Cutting oils, cooling
fluids, and other soils can be effectively removed by a hot water spray, and the issue of
additive compatibility is eliminated. Ease of operation can also be an added benefit of a hot
water spray system; the oils and greases separate more quickly from the water phase (float to
the water's surface) than would be observed with detergents that emulsify the oils. This
allows for skimming of the oils and grease and easy water recirculation minimizing or
eliminating the need for pretreatment. Eliminating the need for monitoring and adjusting the
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the 33/50 Program, the technologies that will be evaluated have a broad range of applications
within industry. This should offer pollution prevention benefits beyond the reduction of
national pollution releases and off-site transfers of the 33/50 chemicals.

OBJECTIVES OF THIS RESEARCH

The "Cleaner Technology Demonstrations for the 33/50 Chemicals" project is a
cooperative agreement between EPA and the Center for Clean Products and Clean
Technologies funded by NRMRL in support of the 33/50 Program. The overall objective of
this project is to demonstrate substitutes for the 33/50 chemicals in order to encourage
reductions in their use and release. For the substitutes that will be evaluated, this study has
objectives in the areas of technical, environmental, economic and national impact evaluations.
The following are the specific objectives in each area:

1. technical evaluation
o evaluate the effect ot a substitute on process and product performance
as compared to the 33/50 chemicals
2. environmental evaluation
o evaluate the potential for reduction in releases and off-site transfers of

the 33/50 chemicals in the production process or product stage in
which the 33/50 chemicals are used and released

o compare the overall life-cycle environmental attributes of the 33/50
chemicals and the substitute for the same use
3. economic evaluation
o evaluate the total cost of the substitute as compared to the 33/50
chemicals
4 national environmental impact evaluation
o evaluate the environmental impact of replacing the 33/50 chemicals

with the substitute on a national scale

This report represents the first such demonstration project to be completed under the
EPA NRMRL project. It focuses on substitutes for solvent degreasing processes that
eliminate the use of chlorinated organic chemicals. This subject was selected from seven
priority uses of the 33/50 chemicals identified in "The Product Side of Pollution Prevention:
Evaluating the Potential for Safe Substitutes," a report by the Center for Clean Products and
Clean Technologies (hereafter referred to as Center).”> These seven priority uses are shown in
Table 1.



cases, cleaning may not be required at all. Furthermore, the manufacturing processes can
sometimes be rearranged to require fewer cleaning s