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PREFACE

The purpose of this document is to inform regional, State, and local
air pollution control agencies of the different techniques available for
reducing organic emissions from solvent metal cleaning (degreasing). Solvent
metal cleaning includes the use of equipment from any of three broad categories:
cold cleaners, open top vapor degreasers, and conveyorized degreasers. All
of these employ organic solvents to remove soluble impurities from metal
surfaces.

The diversity in designs and applications of degreasers make an emission
limit approach inappropriate; rather, regulations based on equipment specifications
and operating requirements are recommended. Reasonably available control
technology (RACT) for these sources entails implementation of operating
procedures which minimize solvent loss and retrofit of applicable control devices.
Required control equipment can be as simple as a manual cover or as complex
as a carbon adsorption system, depending on the size and design of the
degreaser. Required operating procedures include covering degreasing
equipment whenever possible, properly using solvent sprays, reducing the amount
of solvent carried out of the unit on cleaned work by various means, promptly
repatring leaking equipment, and most importantly properly disposing of wastes
containing volatile organics. Not all controls and procedures will be applicable
to all degreasers, although in general specific operating requirements and
control devices will be applicable to the majority of designs within each
category of degreasers. Control of open top and conveyorized vapor
degreasing is the most cost effective, followed by waste solvent disposal
for all degreasing operations, manufacturing cold cleaning and maintenance

cold cleaning.



switches are:

1. Vapor level control thermostat,

2. Condenser water flow switch and thermostat,

3. Sump thermostat,

4. Solvent level control,

5. Spray safety switch.

The first four safety switches listed above turn off the sump heat while the
fifth turns off the spray. |

The most important safety switch is the vapor level control thermostat.
This device is activated when solvent vapor zone rises above the designed
operating level. This can occur if the coolant flow is interrupted, for
example. When the hot vapors are sensed, the sump heater is turned off thus
minimizing vapor escape. This thermostat should be a manual reset type for
manually operated degreasers. For conveyorized degreasers, the vapor level
control thermostat should activate an alarm system. These controls should
be checked frequently.

The condenser water flow switch and thermostat turn off the sump heat
when either the condenser water stops circulating or the condenser water becomes
warmer than specified. If the condenser water flow switch and thermostat is
properiy adjusted, then it will serve as a back-up for the safety vapor
thermostat and also assure efficient operation of the condenser coils.

In summer months, the cooling water for condensing coils often becomes too

warm. In this case, the thermostats in a condenser water flow switch can

signal a need for improvement, such as increasing the water'flow rate. This
problem occurred during a test performed for EPA.]6

As 0ils, greases and other contaminants build up in the solvent, the

boiling point of the mixture increases. Both the sump thermostat and solvent
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TABLE 1. CONTROL SYSTEMS FOR COLD CLEANING

Control System A

Control Equipment:

1. Cover

2. Facility for draining cleaned parts

3. Permanent, conspicuous label, summarizing the operating requirements
Operating Requirements:

1. Do not dispose of waste solvent or transfer it to another party,
such that greater thgn 20 percent of the waste (by weight) can evaporate
into the atmosphere.  Store waste solvent only in covered containers.

2. Close degreaser cover whenever not handling parts in the cleaner.

3. Drain cleaned parts for at least 15 seconds or until dripping ceases.

Control System B
Control Equipment:

1. Cover: Same as fn System A, except if (a) solvent volatility is
reater than 2 kPa (15 mm Hg or 0.3 psi) measured at 38°C (100°F),**
?b) solvent is agitated, or {c) solvent is heated, then the cover must
be designed so that it can be easily operated with one hand. (Covers for
larger deqreasers may require mechanical assistance, by spring ioading,
counterweighting or powered systems.)

2. Drainage facility: Same as in System A, except that if solvent
volatility is greater than about 4.3 kPa (32 mm Hg or 0.6 psi) reasured at
38°C (100°F), then the drainage facility must be internal, so that parts are
enclosed under the cover while draining. The drainage facility may be
external for applications where an internal type cannot fit into the cleaning
system,

3. Llabel: Same as in System A

4. If used, the solvent spray must be a solid, fluid stream (not a
fine, atomized or shower type spray) and at a pressure which does not cause
excessive splashing.

5. Major control device for highly volatile solvents: If the solvent
volatility is > 4.3 kPa {33 mm Hg or 0.6 psi) measured at 38°C (100°F), or
if solvent is heated above 50°C (120°F], then one of the following control
devices must be used:

a. freehoard that gives a freeboard ratio*** > 0.7
b. Water cover (solvent must be insoluble in and heayier than water)

c. Other systems of equivalent control, such as a refrigerated chiller
or carbon adsorption.

Operating Requirements:

Same as in System A

¥yater and sol.d waste regulations must also be complied with,

**Generally solvents consisting primarily of mineral spirits {Z:oddard) have
volatilities < 2 kPa.

***freeboard ratio is defined as the freebcard heignt divided by the

width of the degreaser.



Two levels of control for each type of degreaser have been identified
here as examples of reasonably available control technology (RACT). In general,
control level A shows proper operating practice and simple, inexpensive
control equipment. Control level B consists of level A plus additional
requirements to improve the effectiveness of control. The degree of
emission reduction for both individual items and control levels are
discussed in the text. Specific requirements can be modified to achieve
whatever level of control is necéssary. Control systems for cold cleaners
are shown in Table 1, those for open top vapor degreasers in Table 2, and
those for conveyorized degreasers in Table 3.

Two exemptions are recommended. First, conveyorized degreasers smaller
than 2.0 m2 of air/vapor interface should be exempt from a requirement for
a major control device. This would not be cost effective and would tend to
move the small conveyorized degreaser users to open top vapor degreasers
which emit more solvent per unit work load. Second, open top vapor degreasers
smaller than 1 mz of open area should be exempt from the application of
refrigerated chillers or carbon adsorbers. Again, requirement for these

would not be cost effective.
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TABLE 3. CONTROL SYSTEMS FOR CONVEYORIZED DEGREASERS

Control System A

Control Equipment: None
Operating Requirements:

1. Exhaust ventilation should not exceed 20 m3/min per m2 (65 cfm per ftz)
of degreaser opening, unless necessary to meet OSHA requirements. Work place
fans should not be used near the degreaser opening.

2. Minimize carry-gut emissions by:

a. Racking parts for best drainage.
b. Maintaining verticle conveyor speed at < 3.3 m/min (11 ft/min}.

3. Do not dispose of waste solvent or transfer it to another party such
that greater than 20 percent of the waste {by weight) can evaporate
into the atmosphere. Store waste solvent only in covered containers.

4, Repair solvent leaks immediately, or shutdown the degreaser.

5. Water should not be visibly detectable in the solvent exiting the
water separator,

Control System B

Contral Equipment:
1. Major control devices; the degreaser must be controlled by either:

a. Refrigerated chiller, 2 2

b. Carbon adsorption system, with ventilation > 15 me/min per m® (50 cfm/ftc)
of air/vapor area (when down-time covers are open), and exhausting <25 ppm of
solvent by volume averaged over a complete adsorption cycle, or

c. System demonstrated to have control efficiency 2quivalent to or better
than either of the above.

2, Either a drying tunnel, or another means such as rotating (tumbling)
basket, sufficient to prevent cleaned parts from carrying out solvent liquid
or vapor.

3. Safety switches

a. Condenser flow switch and thermostat - (shuts off sump heat if
coolant is either not circulating or too warm).

b. Spray safety switch - (shuts off spray pump or conveyor if the vapor
level drops excessively, e.g. > 10 cm (4 in.}).

¢. Vapor level control thermostat - (shuts off sump heat when vapor
level rises too high).

4, Minimized openings: Entrances and exits should silhouette work
loads so that the average clearance (between parts and the edge of the

degreaser opening) is either <10 cm (4 in.) or <10 percent of the width
of the opening.

5. Down-time covers: Covers should be provided for closing off the
entrance and exit during shutdown hours.

Operating Requirements:
1. to 5. Same as for System A
6. Down-time cover must be placed over entrances and exits of conveyorized

degreasers immediately after the conveyor and exhaust are shutdown
and removed just before they are started up.
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TABLE 2. COMPLETE CONTROL SYSTEMS FOR OPEN TOP VAPOR DEGREASERS

Control System A
Contrel Equipment:

1. Cover that can be opened and closed easily without disturbing the
vapar zone.

Operating Reguirements:

1. Keep cover closed at all times except when processing work loads
through the degreaser.

2. Minimize solvent carry-out by the following measures:

a. Rack parts to allow full drainage.

b. Move parts in and out of the degreaser at less than 3.3 m/sec (11 ft/min).

¢. Degrease the work load in the vapor zone at least 30 seéc. or until
condensation ceases.

d. Tip out any pools of solvent on the cleaned parts before removal.

e, Allow parts to dry within the degreaser for at least 15 sec. or until
visually dry.

3. Do not degrease porous or absorbent materials, such as cloth, leather,
wood or rope.

4. Work loads should not occupy more than half of the degreaser's open
top area.

5. The vapor level should not drop more than 10 cm (4 in) when the
work load enters the vapor zone.

6. Never spray above the vapor level.
7. Repair solvent leaks immediately, or shutdown the degreaser.

8. Do not dispose of waste solvent or transfer {t to another party
such that greater than 20 percent of the waste (by weight) will
evaporate into the atmosphere. Store waste solvent only in closed containers.

9. Exhaust ventilation should not exceed 20 m3/min per m? (65 cfm per ftz)
of degreaser open area, unless necessary to meet OSHA requirements. Ventilation
fans should not be used near the degreaser opening.

10. Water should not be visually detectable in solvent exiting the water
separator.

Control System B
Control Equipment:

1. Cover (same as in system A}.

2. Safety switches

a. Condenser flow switch and thermostat - (snuts off sump neat if condenser
coolant is either nat circulating or too warm).

b. Spray safety switch - (shuts off spray pump if the vapor level drops
excessively, about 10 cm (4 in).

3. Major Control Device:

Either: a. Freeboarg ratio greater than or equal to 0.75, and if the
degreaser opening is > 1 m“ {10 ft¢), the cover must be powered,

b. Refrigerated chiller,

¢. Enclosed design (cover or door opens only when the dry part
is actually entering or exiting the degreaser.), 3 2

2 d. Carbon adsorption system, with ventilation > 15 m°/min per m

(50 cfm/ft°) of air/vapor area (when cover is open), and exhausting <25 ppm
solvent averaged over one complete adsorption cycle, or

e, Control system. demonstrated to have control efficiency,
equivalent to or better than any of the above.

4. Permanent, conspicuous label, summarizing operating procedures #1 to #6.
Operating Requirements:

Same as in System A
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1.0 INTRODUCTION AND SUMMARY

The purpose of EPA's series of control technique guide]fhe documents
is to provide guidance on emission reduction techniques which can be applied
to existing sources in specific industries. The documents are to be used to
assist States in revising their implementation plans (SIP's) to attain and
maintain National Ambient Air Quality Standards (NAAQS). This document discusses
volatile organic compound (VOC) emissions and applicable control techniques

for organic solvent metal cleaning operations (degreasing with solvents).

1.1 NEED TO REGULATE SOLVENT METAL CLEANING

Solvent metal cleaning is a significant source of volatile organic
compounds (VOC) and tends to be concentrated in urban areas where the
oxidant NAAQS is likely to be exceeded. In 1975 solvent metal cleaning
emitted about 725 thousand metric tons of organics. This represents
about four percent of the national organic emissions from stationary
sources. Presently, solvent metal cleaning is the fifth largest stationary
source of organic emissions. Although emissions from solvent degreasing
(i.e., metal cleaning) represent about four percent of nationwide VOC
sources, the proportion is significantly higher in most urban areas,

because of their high concentration of metalworking industfies. For example,
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to upper atmospheric ozone depletion. These reasons and others support the
decision to concentrate on positive reduction rather than substitution.
Positive emission reduction from solvent metal cleaning should be
attained tﬁbugh use of proper operating practices and retrofit control
equipment. Proper operating practices are those which minimize solvent
loss to the atmosphere. These include covering degreasing equipment
whenever possible, proper use of solvent sprays, various means of reducing
the amount of solvent carried out of the degreaser on cleaned work, prompt
repair of leaking equipment, and most importantly, proper disposal of wastes
containing volatile organic solvents. In addition to proper operating
practices there are many control devices which can be retrofit to degreasers;
however, because of the diversity in their designs, not all degreasers
require all control devices. Small degreasers using room temperature solvent
may require only a cover, whereas a large degreaser using boiling solvent
may require a refrigerated freeboard chiller or a carbon adsorption system.
Two types of control equipment which will be applicable to many degreaser
designs are drainage facilities for cleaned parts and safety switches and
thermostats which prevent large emissions due to equipment malfunction. The
many degreaser designs along with the emissions characteristic of those
designs and the factors affecting those emissions are described in Chapter 2.
Control devices for each type of emission and control systems for each

degreaser design are described in Chapter 3.
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the Southern California Air Quality Management District estimates that 14.8
percent of the stationary organic emissions in Los Angeles Co&nty are
attributable to solvent degreasing.

Control technology is available to reduce hydrocarbon emissions from
existing solvent metal cleaning operations. However, this technology has
not been broadly applied largely because of unawareness of economic
incentives and the absence of regulatory requirements. In 1974, for example,
16 states covered degreasing operations with solvent regulations identical
or similar to Rule 66 of the Los Angeles County Air Pollution Control District.
Since then, additional state and local agencies have adopted the same types of
statutes. Generally, up to 3,000 pounds of VOC emissions per day are allowed
from sources using solvents considered non-photochemically reactive under
Rule 66 criteria. Since solvent metal cleaning operations rarely release
more than that amount, they have usually complied with Rule 66 regulations
merely by substitution. Regulatory incentive to institute control technology

rather than substitution is necessary to achieve positive emission reduction.

1.2 REGULATORY APPROACH

Photochemical oxidant control strategies in the past have relied heavily
on the substitution of solvents of relatively low photochemical reactivity to reduce
emissions of higher reactivity VOC. Thus, total emissions did not necessarily
decrease, on1y the make-up of those emissions changed. One problem with this
approach was that many solvents classed as low reactivity materials have since
been found to be moderately and in some cases highly reactive. EPA's current
direction and the direction of this document is toward positive reductions of
all VOC emissions. This is not only more rational from a standpoint of

conservation but some low reactivity solvents are now suspected of contributing
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2.0 SOURCES AND TYPES OF EMISSIONS

2.7 INDUSTRY DESCRIPTION

Solvent metal cleaning describes those processes using non-aqueous
solvents to clean and remove soils from metal surfaces. These solvents,
which are principally derived from petroleum, include petroleum distillates,
chlorinated hydrocarbons, ketones, and alcohols. Organic solvents such as
these can be used alone or in blends to remove water insoluble soi]§ for
cleaning purposes and to prepare parts for painting, plating, repair,
inspection, assembly, heat treatment or machining.

Solvent metal cleaning is usually chosen after experience has indicated
that satisfactory cleaning is not obtained with water or detergent solutions.
Availability, Tow cost and fami’iarity combine to make water the first
consideration for cleaning; however, water has several limitations as a
cleaning agent. For example, it exhibits low solubility for many organic
soils, a slow drying rate, electrical conductivity, a high surface tension
and a propensity for rusting ferrous metals and staining non-ferrous metals.
A1l of these Timitations can be overcome with the use of organic solvents.

A typical industrial degreasing solvent would be expected to dissolve
oils, greases, waxes, tars, and in some cases water. Insoluble matter such

as sand, metal chips, buffing abrasives or fibers, held by the soils, are

flushed away.

2-1



Table 2-1
COMMON METAL CLEANING SOLVENTS****

Solvency for Water
Type of Solvent/ Metal Working Toxicity Flash Evaporation Solubility Boiling Point Pounds Price
Solvent Soils (ppm) Point Rate*® (¢ wt.) . (Range) Per Gal. Per Gal,
Alcohols
Ethanol (95%) poor 1000* 60°F 24.7 © 165-176°F 6.76 $ 1.59
Isopropanol poor 400* 55°F 19 o 179-181°F 6.55 $ 1.26
Methanol poor 200* 58°F 45 = 147-149°P 6.60 $ 1.11
Aliphatic Hydrocarbons
Heptane good 500* <20°F 26 <0.1 201~-207°F 5.79 $ 0.86
Kerosene good 500 149°F 0.63 <0.1 354-525°F 6.74 $ 0.66
Stoddard good 200 105°F 2,2 <0.1 313-380°F 6.38 $ 0.62
Mineral Spirits 66 good 200 107°F 1.5 <0.1 318-382°F 6.40 $ 0.62
Aromatic Hydrocarbons
Benzene*** good 10* 10°F 132 <0.1 176-177°F 7.36 -
SC 150 good 200 151°F 0.48 <0.1 370-410°F 7.42 $ 1.06
n Toluene good 200* 45°F 17 <0.1 230-232°F 7.26 $ 0.90
w Turpentine good lo0* 91°F 2.9 <0.1 314-327°F 7.17 $ 2.40
Xylene good 100* 81°F 4.7 0.1 281-284°F 7.23 $ 0.96
Chlorinated Solvents
Carbon Tetrachloride#** excellent 10* none 111 <0.1 170-172°F 13.22 $ 3.70
Methylene Chloride excellent 500* none 363 0.2 104-105.5°F 10.98 $ 2.83
Perchloroethylene excellent 100* none l6 <0.1 250-254°F 13.47 $ 3.33
1,1,1-Trichloroethane excellent 350* none 103 <0.1 165-194°F 10.97 $ 2,78
Trichloroethylene excellent loo0* none 62.4 <0.1 188-190°F 12.14 $ 3.13
Fluorinated Solvents
Trichlorotrifluoro-
ethane (PC-113) good 1000* none 439 <0.1 117°P 13.16 $ 7.84
Ketones
Acetone good 1000% <0°F 122 © 132~134°P 6.59 $ 1.45
Methyl ethyl ketone good 200* 28°F 45 27 174-176°F 6.71 $ 1.74

*Federal Register, June 27, 1974, Vol. 39, No. 125,
**Evaporation Rate determined by weight loss of 50 mls in a 125 ml beaker on an analytical balance (Dow Chemical Co. method).
*#*Not recommended or gold for metal cleaning (formerly standards in industry).
*t+*pPrimary source from The Solvents and Chemicals Companies "Physical Properties of Common Organic Solvents" and Price List

{(July 1, 1975).



A broad spectrum of organic solvents is available. Choices among the
solvents are based on the solubility of the soil, toxicity, flammability,
evaporation rate, effect on non-metallic portions of the part cleaned and
numerous other properties. The most important properties of solvents
commonly used in metal cleaning are summarized in Table 2-1.

As would be expected, the metal working industry is the major user of
solvent metal cleaning. Eight SIC codes (Numbers 25 and 33 to 39) cover
these industry categories. Examples of industries within these classifications
are automotive, electronics, appliances, furniture, jewelry, plumbing,
aircraft, refrigeration, business machinery and fasteners. All are frequent
users of organic solvents for metal cleaning. However, the use of solvents
for metal cleaning is not limited to these industries; solvent metal cleaning
is also used in non-metal working industries such as printing, chemicals,
plastics, rubber, textiles, glass, paper and electric power. O0ften, the
function of the organic solvents in these industries is to provide“maintenance
cleaning of electric motors, fork 1ift trucks, printing presses, etc. Even in
non-manufacturing industries, solvent metal cleaning is commonplace. Most
automotive, railroad, bus, aircraft, truck and electric tool repair stations
use these solvents. In short, most businesses perform solvent metal cleaning,
at least part time, if not regularly. The number of companies routinely using
solvent metal cleaning operations probably exceeds one million. Furthermore,
large scale users may often have over 100 separate degreasing operations at
one plant location.

Sotvent metal cleaning is broken into three major categories: cold
cleaning, open top vapor degreasing and conveyorized degreasing. In cold
cleaning operations, all types of solvents are used depending on the type

of parts to be cleaned. Vapor degreasing uses halogenated solvents because
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Table 2-2
National Degreasing Solvent Consumption* (1974)

selvent Consumption (10” metric tons)

Solvent Type Cold cTeaning Vapor degreasing All degreasing
Halogenated:
Trichloroethylene 25 128 153
1,1,1 Trichloroethane 82 80 162
Perchloroethylene 13 41 54
Methylene Chloride 23 7 30
Trichlorotrifluoroethane 10 20 30
153 276 429
Aliphatics 222 222
Aromatics:
Benzene 7
Toluene 14
Xylene 12
Cyclohexane 1
Heavy Aromatics 12
LT3 0 46
Oxygenated:
Ketones:
Acetone 10
Methyl Ethyl Ketone 8
Alcohels:
Butyl 5
Ethers 6
29 0 29
£ 2.3 * %%k
Total Solvents: 450 276 726
Range of Accuracy: (+125) (+25) (+145)

*See Appendix B.1 for background on the above estimates.

Inc]udes 25,000 metric tone-from non boiling convevorized degreasers.
Inc1udes 75,000 metric tons from conveyorized vapor degreasers.
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they are not flammable and their vapors are much heavier than air.

The most recent estimates are that there are 1,300,000 cold
cleaning units in the United States, with about 70 percent of these
devoted to maintenance or servicing operations and the remainder used
for manufacturing operations. There are also an estimated 22,000 open
top vapor degreasers and 4,000 conveyorized degreasers. Of the estimated
726 ,000 metric tons per year of solvent used for degreasing, roughly 60
percent is for cold cleaning, 25 percent for open top vapor degreasing
and 15 percent for conveyorized degreasing. Tables 2-2 and 2-3 summarize
the above information. Emissions are discussed in detail in the next

chapter.

2.2 TYPES OF DEGREASERS AND THEIR EMISSIONS

There are three basic types of organic solvent degreasers: cold
cleaners, open top vapor degreasers, and conveyorized degreasers. Cold
cleaners are usually the simplest and least expensive. Their solvent is
usually near room temperature, but is sometimes heated. The temperature,
however, always remains below the solvent's boiling point. A cold cleaner
is a tank of solvent usually including a cover for nonuse periods. Inside
is a work surface or basket suspended over the solvent. An open top vapor
degreaser resembles a large cold cleaner; however, the solvent is heated to
its boiling point. This creates a zone of solvent vapor that is contained by
a set of cooling coils. Both the cold cleaner and the open top vapor degreaser
clean individual batches of parts; thus, they are termed "batch Toaded". A
conveyorized degreaser is loaded continuously by means of various types of conveyor

systems, and may either operate as a vapor degreaser as a cold cleaner.
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2.2.1 Cold Cleaners

Cold cleaner operations include spraying, brushing, flushing and
immersion. The solvent occasionally is heated in cold cleaners but always
remains well below its boiling point.

Cold cleaners are defined here not to include nonboiling conveyorized
degreasers which are covered in Section 2.3. Wipe cleaning is also not
included.

Cold cleaners are estimated to result in the largest total emission
of the three categories of degreasers. This is primarily because of the
extremely large number of these units (over 1 million nationally) and because
much of the disposed of waste solvent is allowed to evaporate. It is
estimated that cold cleaners emit 380 thousand metric tons of organics per
year, this being about 55 percent of the national degreasing emissions
(see Appendix B.1). Cold cleaning solvents nationally account for almost
all of the aliphatic, aromatic, and oxygenated degreasing solvents and
about one-third of halogenated degreasing solvents.

Despite the large aggregate emission, the average cold cleaning unit
generally emits only about one-third ton per year of organics, with about
one-half to three-fourths of that emission resulting from evaporation of
the waste solvent at a disposal site.

2.2.1.1 Design and Operatjon -




Table 2-3
Emissions from Solvent Degreasers (1974)

Estimated National Approximate Averaged Emission
Emission No. of Units Rate per Unit
Type Degreaser (103Mt/yr) Nationally (Mt/yr)
Cold Cleaners 380" 1,220,000 0.3
Open Top Vapor 200 21,000 10
Degreasers
Conveyorized 100 3,700 27
Degreasers

*380 emission

450 consumption (from Table 2-2) minus 25 for wiping losses,

25 for conveyorized cold cleaning and 20 for non-evaporative waste solvent
disposal (incineration and non-evaporating landfill encapsulation).
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PREFACE

The purpose of this document is to inform regional, State, and local
air pollution control agencies of the different techniques available for
reducing organic emissions from solvent metal cleaning (degreasing). Solvent
metal cleaning includes the use of equipment from any of three broad categories:
cold cleaners, open top vapor degreasers, and conveyorized degreasers. All
of these employ organic solvents to remove soluble impurities from metal
surfaces.

The diversity in designs and applications of degreasers make an emission
1imit approach inappropriate; rather, regulations based on equipment specifications
and operating requirements are recommended. Reasonably available control
technology (RACT) for these sources entails implementation of operating
procedures which minimize solvent Toss and retrofit of applicable control devices.
Required control equipment can be as simple as a manual cover or as complex
as a carbon adsorption system, depending on the size and design of the
degreaser. Required operating procedures include covering degreasing
equipment whenever possible, properly using solvent sprays, reducing the amount
of solvent carried out of the unit on cleaned work by various means, promptly
repatring leaking equipment, and most importantly properly disposing of wastes
containing volatile organics. Not all controls and procedures will be applicable
to all degreasers, although in general specific operating requirements and
control devices will be applicable to the majority of designs within each
category of degreasers. Control of open top and conveyorized vapor
degreasing is the most cost effective, followed by waste solvent disposal
for all degreasing operations, manufacturing coid cleaning and maintenance

cold cleaning.
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Two levels of control for each type of degreaser have been identified
here as examples of reasonably available control technology (RACT). In general,
control level A shows proper operating practice and simple, inexpensive
control equipment. Control level B consists of level A plus additional
requirements to improve the effectiveness of control. The degree of
emission reduction for both individual items and control levels are
discussed in the text. Specific requirements can be modified to achieve
whatever level of control is necéssary. Control systems for cold cleaners
are shown in Table 1, those for open top vapor degreasers in Table 2, and
those for conveyorized degreasers in Table 3.

Two exemptions are recommended. First, conveyorized degreasers smaller
than 2.0 m2 of air/vapor interface should be exempt from a requirement for
a major control device. This would not be cost effective and would tend to
move the small conveyorized degreaser users to open top vapor degreasers
which emit more solvent per unit work load. Second, open top vapor degreasers
smaller than 1 m2 of open area should be exempt from the application of
refrigerated chillers or carbon adsorbers. Again, requirement for these

would not be cost effective.
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TABLE 1. CONTROL SYSTEMS FOR COLD CLEANING

Control System A
Control Equipment:

1. Cover

2. Facility for draining cleaned parts

3. Permanent, conspicuous label, summarizing the operating requirements
Operating Requirements:

1. Do not dispose of waste solvent or transfer it to another party,
such that greater than 20 percent of the waste (by weight) can evaporate
into the atmosphere. Store waste solvent only in covered containers.

2. Close degreaser cover whenever not handling parts in the cleaner

3. Drain cleaned parts for at least 15 seconds or until dripping ceases.

Control System B
Control Equipment:

1. Cover: Same as in System A, except if (a) solvent volatility is
reater than 2 kPa (15 mm Hg or 0.3 psi) measured at 38°C (100°F),**
b) solvent is agitated, or {c) solvent is heated, then the cover must
be designed so that it can be easily operated with one hand. (Covers for
larger deqreasers may require mechanical assistance, by spring loading,
counterweighting or powered systems.)

2. Drainage facility: Same as in System A, except that if solvent
volatility is greater than about 4.3 kPa (32 mm Hg or 0.6 psi) reasured at
38°C {100°F), then the drainage facility must be internal, so that varts are
enclosed under the cover while draining. The drainage facility may be
external for applications where an internal type cannot fit into the cleaning
system.

3. Label: Same as in System A

4, If used, the salvent spray must be a soli¢, fluid stream (not a
fine, atomized or shower type spray) and at a pressure which does not cause
excessive splashing.

5. Major control device for highly volatile solvents: If the solvent
volatility is > 4.3 kPa (33 mm Hg or 0.6 psi) measured at 38°C (100°F), or
if solvent is heated above 50°C {120°F), then one of the following control
deyices must be used:

a. Freehoard that gives a freeboard ratio*** > 0.7
b. Water cover (solvent must be inscluble in and heavier than water)

c. Other systems of equivalent control, such as a refrigerated chiller
or carbon adsorption.

Operating Requirsments:

Same as in System A

Fgater and sol.d waste regulations must also be comolied with,

**Generally solvents consisting primarily of mineral spirits {ltoddard) have
wolatilities < Z kPa.

w**fraphoard ratio is defined as the freapoard heignt divided by the

width of the degreaser.



TABLE 2. COMPLETE CONTROL SYSTEMS FOR OPEN TOP VAPOR DEGREASERS

Control System A
Contrel Equipment:

1. Cover that can be opened and closed easily without disturbing the
vapor zone.

Operating Requirements:

1. Keep cover closed at all times except when processing work loads
through the degreaser.

2. Minimize solvent carry-out by the following measures:

a. Rack parts to allow full drainage.

h. Move parts in and out of the degreaser at less than 3.3 m/sec (11 ft/min).

c. Degrease the work load in the vapor zone at least 30 sec. or until
condensation ceases.

d. Tip out any pools of solvent on the cleaned parts before removal.

e, Allow parts to dry within the degreaser for at least 15 sec. or until
visually dry.

3. Do not degrease porous or absorbent materials, such as cloth, leather,
wood or rope.

4. Work loads should not occupy more than half of the degreaser's open
top area.

5. The vapor Tevel should not drop more than 10 cm (4 in) when the
work load enters the vapor zone.

6. Never spray above the vapor level.
7. Repair solyent leaks immediately, or shutdown the degreaser.

8. Do not dispose of waste solvent or transfer it to another party
such that greater than 20 percent of the waste (by weight) will
evaporate into the atmosphere. Store waste solvent only in closed containers.

8, Exhaust ventilation should not exceed 20 m3/min per m2 (65 cfm per ftz)
of degreaser open area, unless necessary to meet OSHA requirements. Ventilation
fans should not be used near the degreaser opening.

10. Water should not be visually detectable in solvent exiting the water
separator.

Control System B
Control Equipment:

1. Cover (same as in system A},

2. Safety switches

a. Condenser flow switch and thermostat - (snuts off sump neat if condenser
coolant is either not circulating or too warm).

b. Spray safety switch - (shuts off spray pump if the vapor level drops
excessively, about 10 cm (4 in).

3. Major Control Device:

Either: a. Freeboarg ratio greater than or equal to 0.75, and if the

degreaser opening is > 1 m” (10 ft¢}, the cover must be powered,
Refrigerated chiller,
c. Enclosed design {cover or door opens only when the dry part
is actually entering or exiting the degreaser.), 3 2
2 d. Carbon adsorption system, with ventilation > 15 m”/min per m

(50 cfm/ft°) of air/vapor area (when cover is open), and exhausting <25 ppm
solvent averaged over one complete adsorption cycle, or

e. Control svstem., demonstrated to have control efficiency,
equivalent to or better than any of the above.

4. Permanent, conspicuous label, summarizing operating procedures #1 to #6.
Operating Requirements:

Same as in System A
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TABLE 3. CONTROL SYSTEMS FOR CONVEYORIZED DEGREASERS

Control System A

Control Equipment: None
Operating Requirements:
. 2
1. Exhaust ventilation should not exceed 20 m3/m1n per m2 (65 cfm per ft°)
of degreaser apening, unless necessary to meet OSHA requirements. Work place
fans should not be used near the degreaser opening.

2. Minimize carry-out emissions by:

a. Racking parts for best drainage.
b, Maintaining verticle conveyor speed at < 3.3 m/min (11 ft/min)}.

3. Do not dispose of waste solvent or transfer it to another party such
that greater than 20 percent of the waste (by weight) can evaporate
into the atmosphere. Staore waste solvent only in covered containers.

4. Repair solvent leaks immediately, or shutdown the degreaser.

5. Water should not be visibly detectable in the solvent exiting the
water separator.

Control System B

Control Equipment:
1. Major control devices; the degreaser must be controlled by either:

a. Refrigerated chiller, 2 2

b. Carbon adsorption system, with ventilation > 15 mé/min per m° (50 cfm/ft“)
of air/vapor area (when down-time covers are open), and exhausting <25 ppm of
solvent by volume averaged over a complete adsorption ¢ycle, or

¢. System demonstrated to have control efficiency 2quivalent to or better
than either of the above.

2. Either a drying tunnel, or another means such as rotating (tumbling)
basket, sufficient to prevent cleaned parts from carrying out solvent liquid
or vapor,

3. Safety switches

a. Condenser flow switch and thermostat - (shuts off sump heat if
coolant is either not circulating or too warm).

b. Spray safety switch ~ (shuts off spray pump or conveyor if the vapor
level drops excessively, e.g. > 10 cm (4 in.)).

¢. Vapor level control thermostat - (shuts off sump heat when vapor
level rises too high}.

4, Minimized openings: Entrances and exits should silhouette work

loads so that the average clearance (between parts and the edge of the
degreaser opening) is either <10 cm (4 in.) or <10 percent of the width
of the opening.

5. Down-time covers: Covers should be provided for closing off the
entrance and exit during shutdown hours,

Operating Reguirements:
1. to 5. Same as for System A
6. Down-time cover must be placed over entrances and exits of conveyorized

degreasers immediately after the conveyor and exhaust are shutdown
and removed just before they are started up.
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1.0 INTRODUCTION AND SUMMARY

The purpose of EPA's series of control technique guideTThe documents
is to provide guidance on emission reduction techniques which can be applied
to existing sources in specific industries. The documents are to be used to
assist States in revising their implementation plans (SIP's) to attain and
maintain National Ambient Air Quality Standards (NAAQS). This document discusses
volatile organic compound (VOC) emissions and applicable control techniques

for organic solvent metal cleaning operations (degreasing with solvents).

1.1 NEED TO REGULATE SOLVENT METAL CLEANING

Solvent metal cleaning is a significant source of volatile organic
compounds (VOC) and tends to be concentrated in urban areas where the
oxidant NAAQS is likely to be exceeded. In 1975 solvent metal cleaning
emitted about 725 thousand metric tons of organics. This represents
about four percent of the national organic emissions from stationary
sources. Presently, solvent metal cleaning is the fifth largest stationary
source of organic emissions. Although emissions from solvent degreasing
(i.e., metal cleaning) represent about four percent of nationwide VOC
sources, the proportion is significantly higher in most urban areas,

because of their high concentration of metalworking indust}ies. For example,
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the Southern California Air Quality Management District estimates that 14.8
percent of the stationary organic emissions in Los Angeles County are
attributable to solvent degreasing.

Control technology is available to reduce hydrocarbon emissions from
existing solvent metal cleaning operations. However, this technology has
not been broadly applied largely because of unawareness of economic
incentives and the absence of regulatory requirements. In 1974, for example,
16 states covered degreasing operations with solvent regulations identical
or similar to Rule 66 of the Los Angeles County Air Pollution Control District.
Since then, additional state and local agencies have adopted the same types of
statutes. Generally, up to 3,000 pounds of VOC emissions per day are allowed
from sources using solvents considered non-photochemically reactive under
Rule 66 criteria. Since solvent metal cleaning operations rarely release
more than that amount, they have usually complied with Rule 66 regulations
merely by substitution. Regulatory incentive to institute control technology

rather than substitution is necessary to achieve positive emission reduction.

1.2 REGULATGRY APPROACH

Photochemical oxidant control strategies in the past have relied heavily
on the substitution of solvents of relatively low photochemical reactivity to reduce
emissions of higher reactivity VOC. Thus, total emissions did not necessarily
decrease, only the make-up of those emissions changed. One problem with this
approach was that many solvents classed as low reactivity materials have since
been found to be moderately and in some cases highly reactive. EPA's current
direction and the direction of this document is toward positive reductions of
all VOC emissions. This is not only more rational from a standpoint of

conservation but some low reactivity solvents are now suspected of contributing
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to upper atmospheric ozone depletion. These reasons and others support the
decision to concentrate on positive reduction rather than substitution.
Positive emission reduction from solvent metal cleaning should be
attained tﬁbugh use of proper operating practices and retrofit control
equipment. Proper operating practices are those which minimize solvent
loss to the atmosphere. These include covering degreasing equipment
whenever possible, proper use of solvent sprays, various means of reducing
the amount of solvent carried out of the degreaser on cleaned work, prompt
repair of leaking equipment, and most importantly, proper disposal of wastes
containing volatile organic solvents. In addition to proper operating
practices there are many control devices which can be retrofit to degreasers;
however, because of the diversity in their designs, not all degreasers
require all control devices. Small degreasers using room temperature solvent
may require only a cover, whereas a large degreaser using boiling solvent
may require a refrigerated freeboard chiller or a carbon adsorption system.
Two types of control equipment which will be applicable to many degreaser
designs are drainage facilities for cleaned parts and safety switches and
thermostats which prevent large emissions due to equipment malfunction. The
many degreaser designs along with the emissions characteristic of those
designs and the factors affecting those emissions are described in Chapter 2.
Control devices for each type of emission and control systems for each

degreaser design are described in Chapter 3.
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2.0 SOURCES AND TYPES OF EMISSIONS

2.1 INDUSTRY DESCRIPTION

Solvent metal cleaning describes those processes using non-agueous
solvents to clean and remove soils from metal surfaces. Thesevsolvents,
which are principally derived from petroleum, include petroleum distillates,
chlorinated hydrocarbons, ketones, and alcohols. Organic solvents such as
these can be used alone or in blends to remove water insoluble soi]g for
cleaning purposes and to prepare parts for painting, plating, repair,
inspection, assembly, heat treatment or machining.

Solvent metal cleaning is usually chosen after experience has indicated
that satisfactory cleaning is not obtained with water or detergent solutions.
Availability, low cost and fami.iarily combine to make water the first
consideration for cleaning; however, water has several limitations as a
cleaning agent. For example, it exhibits low solubility for many organic
soils, a slow drying rate, electrical conductivity, a high surface tension
and a propensity for rusting ferrous metals and staining non-ferrous metals.
A1l of these limitations can be overcome with the use of organic solvents.

A typical industrial degreasing solvent would be expected to dissolve
oils, greases, waxes, tars, and in some cases water. Insoluble matter such
as sand, metal chips, buffing abrasives or fibers, held by the soils, are

flushed away.
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A broad spectrum of organic solvents is available. Choices among the
solvents are based on the solubility of the soil, toxicity, flammability,
evaporation rate, effect on non-metallic portions of the part cleaned and
numerous other properties. The most important properties of solvents
commonly used in metal cleaning are summarized in Table 2-1.

As would be expected, the metal working industry is the major user of
solvent metal cleaning. Eight SIC codes (Numbers 25 and 33 to 39) cover
these industry categories. Examples of industries within these classifications
are automotive, electronics, appliances, furniture, jewelry, plumbing,
aircraft, refrigeration, business machinery and fasteners. All are frequent
users of organic solvents for metal cleaning. However, the use of solvents
for metal cleaning is not limited to these industries; solvent metal cleaning
is also used in non-metal working industries such as printing, chemicals,
plastics, rubber, textiles, glass, paper and electric power. Often, the
function of the organic solvents in these industries is to provideAmaintenance
cleaning of electric motors, fork 1ift trucks, printing presses, etc. Even in
non-manufacturing industries, solvent metal cleaning is commonplace. Most
automotive, railroad, bus, aircraft, truck and electric tool repair stations
use these solvents. In short, most businesses perform solvent metal cleaning,
at least part time, if not regularly. The number of companies routinely using
solvent metal cleaning operations probably exceeds one million. Furthermore,
large scale users may often have over 100 separate degreasing operations at
one plant location.

Solvent metal cleaning is broken into three major categories: cold
cleaning, open top vapor degreasing and conveyorized degreasing. In cold
cleaning operations, all types of solvents are used depending on the type

of parts to be cleaned. Vapor degreasing uses halogenated solvents because
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Table 2-1
COMMON METAL CLEANING SOLVENTS****

Solvency for Water
Type of Solvent/ Matal Working Toxicity Flash Evaporation Solubility Boiling Point Pounds Price
Solvent Soils {ppm) Point Rate** {% wt.) (Range) Per Gal, Per Gal.
Alcohols
Ethanol (95%) poor 1000* 60°F 24.7 o 165-176°F 6.76 $ 1.59
Isopropanol poor 400¢* 55°F 19 o 179-181°F 6.55 $ 1.26
Methanol poor 200* 58°F 45 o 147-149°F 6.60 $1.11
Aliphatic Hydrocarbons
Heptane good 500% <20°F 26 <0.1 201-207°F 5.79 $ 0.86
Kerosene good 500 149°F 0.63 <0.1 354~-525°F 6.74 $ 0.66
Stoddard good 200 105°F 2.2 <0.1 313-380°F 6.38 $ 0.62
Mineral Spirits 66 good 200 107°F 1.5 <0.1 318-382°F 6.40 $ 0.62
Aromatic Hydrocarbons
Benzenet** good 10+ 10°F 132 <0.1 176~177°F 7.36 -—
SC 150 good 200 151°F 0.48 <0.1 370~410°F 7.42 $ 1.06
no Toluene good 200* 45°F 17 <0.1 230~232°F 7.26 $ 0.90
w Turpentine good 100* 91°F 2.9 <0.1 314~-327°F 7.17 $ 2.40
Xylene good 100* 81°F 4.7 0.1 281-284°F 7.23 $ 0.96
Chlorinated Solvents
Carbon Tetrachloride#*##* excellent lo* none 111 <0.1 170-172°F 13.22 $ 3.70
Methylene Chloride excellent 500* none 363 0.2 104-105.5°P 10.98 $ 2.83
Perchlorcethylene excellent 100* none 16 <0.1 250-254°F 13.47 $ 3.33
1,1,1-Trichlorcethanes excellent 350* none 103 <0.1 165-194°F 10.97 $ 2,78
Trichloroethylene excellent 100* none 62.4 <0.1 188-190°F 12.14 $ 3.13
Fluorinated Solvents
Trichlorotrifluoro-
ethane (PC-113) good 1000* none 439 <0.1 117°F 13.16 $ 7.84
Ketones
Acetone good 1000* <0°F 122 L 132-134°F 6.59 $ 1.45
Methyl ethyl ketone good 200¢ 28°F 45 27 174-176°F 6.71 $ 1.74

*Federal Register, June 27, 1974, Vol. 39, No. 125.
**Evaporation Rate determined by weight loss of 50 mls in a 125 ml beaker on an analytical balance (Dow Chemical Co. method).
***Not recommended or sold for metal cleaning (formerly standards in industry).
*e**primary source from The Solvents and Chemicals Companies “Physical Properties of Common Organic Solvents" and Price List
{(July 1, 1975).



they are not flammable and their vapors are much heavier than air.

The most recent estimates are that there are 1,300,000 cold
cleaning units in the United States, with about 70 percent of these
devoted to maintenance or servicing operations and the remainder used
for manufacturing operations. There are also an estimated 22,000 open
top vapor degreasers and 4,000 conveyorized degreasers. Of the estimated
726,000 metric tons per year of solvent used for degreasing, roughly 60
percent is for cold cleaning, 25 percent for open top vapor degreasing
and 15 percent for conveyorized degreasing. Tables 2-2 and 2-3 summarize
the above information. Emissions are discussed in detail in the next

chapter.

2.2 TYPES OF DEGREASERS AND THEIR EMISSIONS

There are three basic types of organic solvent degreasers: cold
cleaners, open top vapor degreasers, and conveyorized degreasers. Cold
cleaners are usually the simplest and least expensive. Their solvent is
usually near room temperature, but is sometimes heated. The temperature,
however, always remains below the solvent's boiling point. A cold cleaner
is a tank of solvent usually including a cover for nonuse periods. Inside
is a work surface or basket suspended over the solvent. An open top vapor
degreaser resembles a large cold cleaner; however, the solvent is heated to
its boiling point. This creates a zone of solvent vapor that is contained by
a set of cooling coils. Both the cold cleaner and the open top vapor degreaser
clean individual batches of parts; thus, they are termed "batch loaded". A
conveyorized degreaser is loaded continuously by means of various types of conveyor

systems, and may either operate as a vapor degreaser as a cold cleaner.
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Solvent Type

Table 2-2
National Degreasing Solvent Consumption* (1974)

selvent Consumption (107 metric tons)

Cold cTeaning

Vapor degreasing

KT degreasing

Halogenated:
Trichloroethylene 25 128 153
1,1,1 Trichloroethane 82 80 162
Perchloroethylene 13 a1 54
Methylene Chloride 23 7 30
Trichlorotrifluoroethane 10 20 30
153 276 429
Aliphatics 222 222
Aromatics:
Benzene 7
Toluene 14
Xylene 12
Cyclohexane 1
Heavy Aromatics 12
i6 0 46
Oxygenated:
Ketones:
Acetone 10
Methyl Ethyl Ketone 8
Alcohels:
Butyl 5
Ethers 6
29 0 29
*K **k
Total Solvents: 450 276 726
Range of Accuracy: (+125) (+25) (+145)

*See Appendix B.1 for background on the above estimates.

*%
Includes 25,000 metric tons<from non boiling convevorized degreasers.

**k %k
Includes 75,000 metric tons from conveyorized vapor degreasers.



Table 2-3
Emissions from Solvent Degreasers (1974)

Estimated National Approximate Averaged Emission
Emission No. of Units Rate per Unit

Type Degreaser (1O3Mt/yr) Nationally (Mt/yr)

Cold Cleaners 380~ 1,220,000 0.3
Open Top Vapor 200 21,000 10
Degreasers
Conveyorized 100 3,700 27
Degreasers

*380 emission

450 consumption (from Table 2-2} minus 25 for wiping losses,

25 for conveyorized cold cleaning and 20 for non-evaporative waste solvent
disposal (incineration and non-evaporating landfill encapsulation).
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2.2.1 Cold Cleaners

Cold cleaner operations include spraying, brushing, flushing and
immersion. The solvent occasionally is heated in cold cleaners but always
remains well below its boiling point.

Cold cleaners are defined here not to include nonboiling conveyorized
degreasers which are covered in Section 2.3. Wipe cleaning is also not
included.

Cold cleaners are estimated to result in the largest total emission
of the three categories of degreasers. This is primarily because of the
extremely large number of these units (over 1 million nationally) and because
much of the disposed of waste solvent is allowed to evaporate. It is
estimated that cold cleaners emit 380 thousand metric tons of organics per
year, this being about 55 percent of the national degreasing emissions
(see Appendix B.1). Cold cleaning solvents nationally account for almost
all of the aliphatic, aromatic, and oxygenated degreasing solvents and
about one-third of halogenated degreasing solvents.

Despite the large aggregate emission, the average cold cleaning unit
generally emits only about one-third ton per year of organics, with about
one-half to three-fourths of that emission resulting from evaporation of
the waste solvent at a disposal site.

2.2.1.1 Design and Operation -
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Typical Model ~ A typical cold cleaner is shown in Figure 2-2. The

dirty parts are cleaned manually by spraying and by soaking in the dip tank.
The solvent in the dip tank is often agitated to enhance the cleaning action.
After cleaning, the basket of cleaned parts may be suspended over the solvent
to allow the parts to drain, or the cleaned parts may be drained on an
external drainage rack (not shown) which routes the drained solvent back into
the cleaner. The cover is intended to be closed whenever parts are not being
handled in the cleaner. The cold cleaner described and shown in Figure 2-1
is most often used for maintenance cleaning of metal parts. A typical size
of such a maintenance cold cleaner is about 0.4 m2 (4 ftz) of opening and

3
about 0.1 m (30 gallon) capacity.

Applications - The two basic types of cold cleaners are maintenance

cleaners and manufacturing cleaners. The maintenance cold cleaners are usually
simpler, less expensive, and smaller. They are designed principally for
automotive and general plant maintenance cleaning.

Manufacturing cold cleaners usually perform a higher quality of cleaning
than do maintenance cleaners and are thus riore specialized. Manufacturing
cold cleaning is generally an integral stage in metalworking production.
Manufacturing cold cleaners are fewer in number than maintenance cleaners
but tend to emit more solvent per unit because of the larger size and work
load. Manufacturing cleaners use a wide variety of solvents, whereas
maintenance cleaners use mainly petroleum solvents such as mineral spirits
(petroleum distillates, and Stoddard solvents). Some cold cleaners can
serve both maintenance and manufacturing purposes and thus are difficult
to classify.

The type of cold cleaner to be used for a particular application depends

on two main factors: (1) the work load and (2) the required cleaning
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Figure 2-1
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effectiveness. Work Toad is a function of tank size, frequency of cleaning,
and type of parts. Naturally, the larger work loads require larger degreasers.
The more frequently the cold cleaner is used, the greater the need to automate
and speed up the cleaning process; more efficient materials handling systems
help automate, while agitation speeds cleaning. Finally, the type of parts
to be cleaned is important because more thorough cleaning and draining
techniques are necessitated for more complexly shaped parts.

The required cleaning effectiveness establishes the choice of solvent
and the degree of agitation. For greater cleaning effectiveness, more
powerful solvents and more vigorous agitation are used. Generally, emissions
will increase with agitation and with higher solvency.

Equipment Design - Although classifying cold cleaners according to

maintenance or manufacturing application is a convenient initial approach,
manufacturing cold cleaners vary so widely in design that no one typical
design can adequately describe them. Thus, a more specific classification of
manufacturing cold cleaners must also consider the equipment design. The
most important design factors are tank design, agitation technique, and the
material handling of parts to be cleaned.

The two basic tank designs are the simple spray sink and the drip tank.
The simplie spray sink is usually less expensive. It is more appropriate for
cleaning applications that are not difficult and require only a relatively
Tow degree of cleanliness. The dip tank provides more thorough cleaning
through soaking of dirty parts. Dip tanks also can employ agitation, which
improves cleaning efficiency.

Agitation is generally accomplished through use of pumping, compressed
air, vertical motion or ultrasonics. In the pump agitated cold cleaner,

the solvent is rapidly circulated in the soaking tank. Air agitation involves
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dispersing compressed air from the bottom of the soaking tank; the air bubbles
providing a scrubbing action. In the vertically agitated cold cleaner, dirty

parts move up and down while submerged in order to enhance the cleaning process.
Finally, in the ultrasonically agitated tank, the solvent is vibrated by high
frequency sound waves. Ultrasonically agitated liquids often need to be heated

to specific temperatures to achieve optimum cavitation. Cavitation is the
implosion of microscopic vapor cavities within the liquid solvent. The implosions,
which are caused by pressure 