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CHAPTER 2.9

CHEMICAL CLEANING

by

Melvin H. Sandler and Samuel Spring

The importance of surface preparation to the durabil-
ity of any coating system has been emphasized throughout
this manual. Without proper surface preparation the finest
coating applied with the greatest of skill will fall short of
its maximum performance or may even fail miserably. A
coating can perform its function only so long as it remains
intact and firmly bonded to the substrate.

An adequately prepared surface not only provides a
good anchor for the coating, but also ensures a surface
free of corrosion products and contaminants that might
shorten the life of the film by spreading along the coating
substrate interface and destroying adhesion, or by actually
breaking through the coating.

Thus, the initial step in any finishing operation is
cleaning the surface. This chapter describes chemical
cleaning materials and methods. Other chapters of this
manual cover mechanical surface cleaning.

I. GENERAL CONSIDERATIONS

While a perfect level of cleanliness may not always be
possible to attain, especially under field conditions, every
effort should be made to reach the maximum level of
cleanliness under the specific operating conditions.

During manufacture, fabrication, and service, surfaces
become soiled. They pick up some foreign matter as cor-
rosion products that must be removed before final finishes
or refinishes can be applied. The removal of these con-
taminating substances is covered under the term ‘‘clean-
ing”.

There are countless contaminants (soils) to be re-
moved, but in general they may be categorized as:

1. Oily Soils
Examples: hydraulic oil, lubricating oil, light oil,
oil-based rust preventatives, etc. When present as
thin films or small residues, and when very
viscous in nature, these soils may be removed by
alkaline cleaners. On more stubborn areas solvent
cleaners may be needed because the longer a soil
ages the more difficult it is to remove.
. Semi-Solid Soils

Examples: viscous oils, greases, heayy rust
preventatives, etc. These soils are usually re-
moved with heavy duty alkaline cleaners or a com-
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bination of solvent followed by the alkaline
cleaner.
. Soils Containing Solids

Examples: mud, carbonized oils, corrosion prod-
ucts. These soils are usually the most difficult to
remove and may require a combination of solvent,
alkaline pressure spray and scrubbing, and in the
case of corrosion products, acid pickling.

Aged or impacted soils are generally the most dif-
ficult. In the cleaning process both the soil and the
residues of cleaners, which may subsequently contribute
to further corrosion or adversely affect coating perform-
ance, must be removed.

Il. TYPES OF CHEMICAL CLEANERS

A. SOLVENTS

Petroleum solvents such as kerosene, VM & P
naphtha, mineral spirits, or chlorinated solvents such as tri-
clorethylene or 1,1,1- trichloroethene are used to dissolve
and remove soil. Petroleum solvents may be used in hand,
soak, or spray cleaning and are efficient in removing oils
and greases. Chlorinated solvents are generally used in
vapor degreasing units but may also be used at ambient
temperatures by immersion or spray. They are effective in
removing heavy oils, greases, and waxes. Chlorinated
solvents should be inhibited against hydrolysis to prevent
the formation of hydrochloric acid that may occur in the
presence of water. This acidity can etch the metal. The sol-
vent cleaners offer the advantage of leaving the part dry
after cleaning and eliminating the need for additional
rinsing.

Regulations restricting the use of organic solvents
havesbecome so stringent in recent years as to discourage
their use. Thus, for other than small area cleaning the most
commonly used cleaners are water-based, either alkaline
or acidic.

B. ALKALI

Alkaline cleaners are composed of highly alkaline
salts such as sodium hydroxide, silicates, and carbonates
along with surfactants, sequestering agents, inhibitors,
wetting agents and/or soaps. They function by wetting,
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FIGURE 1

Steam cleaning of large or assembled structures. The steam
cleaner may be directly fired or use plant steam as in the above
photograph. When the distance from the gun is small, the
temperatures are close to 200°F so high melting soils can be
removed more readily. At more normally used distances of the
gun from the surface, the temperature may be 160° to 180°F but a
larger area is covered. The cleaning operation is under considera-
ble control by the operator in terms of the time of exposure of the
soil to the detergent spray and the distance from the gun.

emulsifying, dispersing and solubilizing the soils. They are
generally used at elevated temperatures.

C. ACIDS

Acid cleaners are usually composed of fairly strong
acids with small quantities of surfactants, water miscible
solvents and organic wetting and emulsifying agents. Acid
cleaners remove a soil by chemical attack and by dissolv-
ing the reaction products. They are used primarily to
remove corrosion products.

D. DETERGENTS

Detergent cleaners are composed of buffering salts,
sequestering agents, dispersants, inhibitors, wetting
agents and/or soaps. They function by wetting, emulsify-
ing, dispersing and solubilizing the soil. They are generally
used at temperature ranging from 150 °F (66 °C) to boiling.

lll. CLEANING

WARNING — In the use of any cleaning method, ap-
propriate safety precautions must be taken to protect per-
sonnel from materials and conditions which may present
fire hazards, cause skin irritation, or have toxic effect when
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breathed in high vapor concentrations.

There is no single method of cieaning that will proper-
ly condition all surfaces prior to preservation. The choice
of cleaning method will depend upon the type of structure
as well as other factors. Parts cleaned after assembly or in
the field can require quite different methods from parts
processed in a factory. If parts being reconditioned are to
be cleaned prior to repainting, paint and rust must be
removed in addition to other soils. Moreover, large parts
may require procedures that differ from small parts.
However, the principles governing cleaning are similar. In
general, cleaners are more effective at higher temperatures
and at higher concentrations. It is desirable to have ap-
plication under conditions of high turbulence or force to
dislodge the soil loosened by the action of the chemicals.
This is true both of organic- and water-based systems,
but temperature is less important for organic solvents.
However, temperatures and turbulence may be prohibited
for organic solvents since this would generate toxic
fumes.

When cleaning with the alkaline or acidic materials,
regardless of the cleaning method used, every effort
should be made to thoroughly rinse the surfaces, not only
to minimize the amount of soil remaining, but also to
remove residues of the cleaning materials that may
adversely affect subsequent coating performance by pro-
viding electrolyte for the action of galvanic cells when
moisture penetrates the paint film.

Another consideration is the ionic content of the rinse
water. In addition to the calcium, magnesium, iron, etc.
associated with hard water, water in some parts of the
country also contains salts such as sodium chloride and
sodium sulfate that are potent electrolytes in the corrosion
process.

Cleaning procedures can be divided into those used in
the manufacturing process (factories), and those used in
the field for cleaning large, assembled units. This discus-
sion will be limited to on-site cleaning of assembled or
large structures. Table | lists U.S. government chemical
cleaning specifications.

A. SOLVENT WIPE

Wiping with solvent followed by a second wipe with
clear solvent or by removal of excess solvent with a clean
cloth can be effective depending on the soil. Mineral spirits
and stoddard solvent are relatively convenient and inex-
pensive to use. The quality of cleaning obtained depends
largely upon the severity of the soiling and the expertise
of the operator. Good, well supervised workers using
clear solvent and clean wiping rags can do a reasonably
good job. Some soils may require more effective solvents
such as xylene or chlorinated solvents other than those
mentioned above. Solvent cleaning is most effective for
removal of oils and greases from limited areas of struc-
tures and for occasional cleaning prior to painting. Where
the complete structure is to be cleaned, other methods are
more practical.
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TABLE 1

Some U.S. Government Specifications for Chemical Cleaning*

Specification No. Title Material Application Purpose
P-C-111 Carbon Removing Monoethanolamine Soak For use in softening
Compound and removing carbon gum
& other contaminants.
MIL-STD 338 Cleaning and Alkaline base Immersion Cleaning aluminum prior to
Treatment of painting.
Aluminum Parts
P-C-436 Cleaning Compound, Hot alkaline immersion Hot soak tank cleaning
Alkali phosphate solutions of ferrous & non-ferrous
materiais.
P-C-437 Cleaning Compound, Alkaline phosphate Spray For use in steam cleaning
High Pressure & non-phosphate machines for cleaning
(Steam) Cleaner various ferrous & non-
ferrous surfaces.
TT-C-490 Cleaning & Pre- Solvent, Alkaline, Immersion, Cleaning methods are
treatment of emulsion & spray or intended for cleaning,
Ferrous Surfaces phosphoric acid brush rust removing, descaling
for Organic or surface etching
Coatings
MIL-C-10578 Corrosion Removing Phosphoric-acid base; Immersion, Rust remover.
and Metal 6 types spray or
Conditioning brush
Compound
MIL-C-11090 Cleaning Compound, Esters and Soak, brush For use in removing oils,
Degreasing & organic salts or spray greases, asphalt, tars
Depreserving & rusi preventive com-
Solvent pounds from metallic &
painted surfaces.
MIL-H-13528 Acid, Hydrochloric, Hydrochloric Soak For use in removing
Inhibited, Rust- acid heavy rust deposits from
Removing steel surfaces.
MIL-C-14460 Corrosion Removing Sodium hydroxide Electrolytic Rust removal from bare and
Compound base or immersion painted iron and steel.
MIL-C-22542 Cleaning Compound, Optional High pressure Painted and unpainted
High Pressure steam cleaning aircraft surfaces.
Cleaner, Liquid machines, coil
type
MIL-C-38334 Corrosion Removing Phosphoric acid Spray or For removing corrosion
Compound, Prepaint, wash from aircraft aluminum
for Aircraft- surfaces.
Aluminum Surfaces
MIL-C-43616 Cleaning Optional Spray, brush Intended for cleaning
Compounds, Aircraft or foam painted and unpainted
Surfaces aircraft surface.
MIL-C-46156 Corrosion Removing Sodium hydroxide Immersion At elevated temperatures,
Compound base will remove rust, paint,
scale, grease, dirt,
asphall & carbon.
MIL-C-81302 Cileaning Compound, Trichloro- Spraying, For use in cleaning
Solvent trifluorethane flushing, space vehicle components,
vapor precision assemblies,
degreasing, oxygen assemblies &
ultrasonics electronic equipment.
MIL-C-87936 Cleaning Optional; water Spray Painted aircraft surfaces.

Compounds, Aircraft
Surfaces

dilutable

*The following specifications have been removed from this table to reflect current practice: MIL-C-25769,
MIL-C-27251, MIL-C-81533, MIL-S-10561, MIL-T-7003
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