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TABLE 1 Oil Film Contamination Level Specifications”

Concentration,

mg/m? (mg/ft2) Source
0.14 (0.013) 1967 Navy Standard per Presti and DeSimone (1)
10.8 (1) NASA KSC 123 per Report MTB 306-71 (2)
16.1 (1.5) Recommended by Presti and DeSimone (1)
43.1 (4) Air Force 1950s value per LeSuer (3)
75.3 (7) Recommended by Walde (4)
108 (10 mg/ft? or per item) Union Carbide Guideline (5,6)
50 to 100 (4.6 to 9.3) Compressed Gas Association Pamphlet G-4.8 (7)
500 (47.5) Compressed Gas Association Pamphlet G-4.1 (8)

A The boldface numbers in parentheses refer to the list of references at the end of
this standard.
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7 For a more detailed discussion of abrasive blast cleaning, see Metals Handbook Desk Edition, 2nd Edition, Joseph R. Davis, Editor, American Society for Metals, Metals
Park, OH, 1999.
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TABLE 2 Common Alkaline Salts (see 8.3.4.1 and 9.4)

IUPAC Name” Formula Common Name
Sodium hydroxide NaOH Caustic soda
Lye
Sodium metasilicate Na,SiO, Sodium silicate
Water glass
Sodium carbonate Na,CO4 Soda ash
Sodium tetraborate decahydrate Na,B,0,-10H,O Borax
Sodium orthophosphate Na,PO,-12H,0 Trisodium phosphate (TSP)
Sodium phosphate tribasic
Sodium pyrophosphate Na,P,0,-10H,O  Tetrasodium pyrophosphate

Sodium polyphosphate

A According to the International Union of Pure and Applied Chemistry.
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TABLE 3 Alkaline Chemical Cleaning Materials (see 8.3.4.3)

Metal Reason for Cleaning Cleaning Chemicals” Other Treatment?¢

Carbon and low alloy steels  Removal of heavy soil, grease, and oil Mixtures of sodium hydroxide, Solutions should not be allowed to dry on
carbonates, phosphates and silicates,  the part and must be thoroughly rinsed
and synthetic wetting agents

Austenitic stainless steel Removal of heavy soil, grease, light oils, Mixtures of sodium hydroxide,

and cutting fluid carbonates, phosphates and silicates,

and synthetic wetting agents

Copper and alloys Removal of grease, lubricating oil, Mixtures of sodium hydroxide, Usually bright dipped in dichromate acid

drawing compound, oxide, metallic polyphosphates, silicates, carbonates,  solution

particles, or other contaminants and wetting agents

Removal of brazing flux Hot water

Aluminum and alloys Removal of grease, oil, and oxide Sodium hydroxide, sodium phosphate,  Dilute nitric acid dip to remove smut

and sodium carbonate for etching
Sodium carbonate, sodium silicate,

sodium pyrophosphate, and sodium

metasilicate for nonetching

A The manufacturer’s specification for application of the cleaning agent shall be strictly enforced.
B postchemical Cleaning Treatment—After cleaning using alkaline chemicals, all components shall be thoroughly rinsed, preferably using hot flowing water to aid drying,
unless otherwise specified by the cleaning material supplier. Some components require treatment by using neutralizing solutions after certain cleaning treatments.

€ Thorough rinsing is necessary to avoid stress corrosion risk.
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TABLE 4 Acid Chemical Cleaning Materials (see 8.3.6.5)

Metal

Reason for Cleaning

Cleaning Chemicals”

Other Treatment?®

Carbon and low alloy steels

Cast iron
Austenitic stainless steels

Copper and alloys

Aluminum and alloys

Removal of scale and oxide films
(pickling)

Removal of light rust

Removal of grease, oil, or drawing
compound

Removal of oxide

Removal of oxide, tarnish and scale and
metallic deposits/contaminants

Removal of scale and oxide (pickling)

Brightening

Removal of oxide (etch cleaning)

Hydrochloric or sulfuric acid and wetting
agents

Citric, sulfuric, and phosphoric acids

Phosphoric acid and synthetic detergents
mixture

Chromic and sulfuric acid

Chromic, sulfuric, and hydrofluoric acid, or
nitric, hydrofluoric, and phosphoric acids

Hydrochloric or sulfuric acid

Sulfuric, nitric, and hydrochloric acids

Nitric acid solution used to brighten

Dilute alkali dip to neutralize acid
or treatment with inhibitor
Light scrubbing action helpful

Nitric acid solution used to
brighten

Hydroxide solutions

A The manufacturer’s specification for application of the cleaning agent should be strictly observed or the properties of the metals can be impaired. Time, temperature, and

concentrations are very important.
B Postchemical Cleaning Treatment—After acid cleaning, all components should be thoroughly rinsed, preferably using flowing hot water to aid drying, unless otherwise

specified by the cleaning material supplier. Some components require treatment with neutralizing solutions after certain cleaning treatments.
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TABLE 5 Common Solvents (see 8.3.7)

Chemical Class Common Examples

Hydrochlorofluorocarbons Asahiklin AK 225

Hydrofluorocarbon DuPont Vertrel XF
DuPont Vertrel MCA

Hydrofluoroether 3M HFE 7100
3M HFE 71DE
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8 The boldface numbers in parentheses refer to the list of references at the end of this standard.
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TABLE 6 Surface Cleanliness Tests

Name of Test

Test Method

Characteristics or Limitations

Visual

Tissue paper or
white cloth
Water break

Gravimetric

Ferrocyanide paper

Copper dip

Solvent ring

Solvent

Atomizer

Contact angle

Ring test

Examination with the unaided eye or with a microscope.

Surface is rubbed with a piece of white tissue paper or a white cloth.
Grease or soot is observable.

Normally applied after last clean water rinse. Any break in continuity
or receding water film is observed as water drains off the part.

A test piece is weighed before and after cleaning, or the soil
remaining from the evaporated cleaning solvent is weighed.

Subjective but widely used; most effective with particulate matter,
least effective with invisible films; use of a highly trained
microscopist increases the validity of test results.

Limited to visible soils, insensitive qualitative test.

A qualitative test for hydrophobic soils; contaminants in the water
lessen sensitivity; use of deionized water and a trained inspector
may increase sensitivity to one-molecular thickness of
contaminant.

Results show good sensitivity (5 x 10 gm/cm?), but are more
indicative of cleaning method effectiveness than surface
cleanliness.

Paper is immersed in a solution of NaCl, KsFe(CN)g and K,Fe(CN)g in Limited to ferrous metals and laboratory tests.

water and dried. Paper is moistened and placed on metal surface,
then removed and rinsed in clear water. Clear areas on the paper
are caused by soil on the metal.

Cleaned metal panels are dipped in an acid copper sulfate (copper
flash) solution.

A drop of solvent is repeatedly deposited and picked up from the test
surface. It is finally deposited on a quartz or glass slide and dried. If
contamination is present, a ring will be formed on the slide.

After each cleaning step, used solvent is filtered through membrane
filters and examined for levels of particulate contamination. NVR is
also monitored. Deionized water rinses are monitored for resistivity
if ionic cleaners are used.

Surface is cleaned and dried. Water is applied as a spray with an
atomizer. The droplet pattern with the advancing contact angle is
observed to determine surface cleanliness.

A light beam is directed into a water droplet on the test surface. The
angle of the reflected beam indicates the contact angle or angle of
incidence. Greater contact angles indicate larger amounts of
contamination.

A droplet of water on a surface tension ring tester is repeatedly
lowered to contact the test surface. The number of contacts, or
B-number, indicates surface cleanliness.

Continuous and adherent copper flash indicates surface was clean;
areas with no or poor copper flash indicate surface
contamination. Limited to ferrous metals; requires an experienced
operator.

Enables subsequent identification of soil by infrared
spectrophotometry, assumes use of a high purity solvent.

Commonly used indirect method that assumes acceptable
cleanliness if the solvent no longer removes contamination.

Sensitive but only for hydrophobic soils; results affected by spray
time, nozzle-to-part distance, atomizer air pressure and ambient
temperature; applicable to small cross-sectional areas with
stainless steel or gold. Surface must be smooth and free of
wettable detergent films.

Effective only on nonwetting hydrophobic contaminants.

Must be performed by a trained operator to be repeatable; a
measure of surface wettability.
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