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INTRODUCTION

Federal Test Method Standard No. 791C, Method 5331.1 “Corrosion Protection of Steel
Against Sulfurous Acid-Salt Spray by Solid Film Lubricants” is a test method requirement in solid
film lubricant specifications MIL-L-8937 and M!L L-23398. Solid film lubricant-coated steel disks
are exposed to a sulfurous acid-salt spray in a cyclic fashion, one cycle consisting of two hours ex-
posure to the salt spray and a minimum two hour drying period. In a normal work day, two test
cycles can be completed. The coated disks must withstand four cycles of exposure with no evidence
of visible corrosion, pitting, or staining, in order to meet specification requirements.

A deficiency in this method was uncovered in that the potency of the sulfurous acid-salt spray
solution rapidly diminished after the initial test cycle. This report describes modifications to the
test method designed to provide a more consistent and meaningful procedure. This work was perfor-
med under AIRTASK NO. A530-5204/001-2/3201-000-001 ‘‘Production Engineering Support for
Aircraft Materials/Processes’’,

BACKGROUND

It is common knowledge in the chemical community that sulfurous acid, which is prepared by
solvating sulfur dioxide in water, is a relatively unstable material. This is substantiated by the data
presented in Table 1. One hundred mL of sulfurous acid was placed in a 400 mL beaker in a labor-
atory environment. The concentration of sulfur dioxide was determined at various time intervals by
titrating 2 mL samples with standardized sodium hydroxide. The results in Table 1 show that for
the first three hours of exposure only about 10% of the original SO2 concentration is lost; however,
after 24 hours approximately 85% is dissipated.

PROCEDURE

In this test procedure, the sulfurous acid-salt spray solution is atomized to create a mist which
condenses on the test disk. This procedure could accelerate the rate of sulfurous acid decomposi-
tion. Because of the low concentration of sulfurous acid present in the salt solution (2 mL of sul-
furous acid per 900 mL of synthetic sea water containing 41.95 g of synthetic sea salt per liter of
distilled water), detection by normal titration techniques would be impossible. An alternate ap-
proach centered on determining the potency of the sulfurous acid-salt spray bath, qualitatively,
using uncoated AISI-1010 steel disks. Figure 1 shows the results of the study. Four series of tests
were performed under the following spray conditions:

1. Distilled water only.
2. 2 mL of sulfurous acid per 900 mL of distilled water.
3. Salt solution only (41.95 g synthetic sea salt per liter of distilled water).

4. 2 mL sutfurous acid per 900 mL of synthetic sea water containing 41.95 g synthetic sea
salt per liter of distilled water,

Differences in the corrosion tendency of each of the four spray mediums are readily apparent
in Figure 1. With only distilled water, a few isolated corrosion spots can be observed even after
three cycles of exposure. Adding sulfurous acid severely corrodes the disk after only one cycle. Re-
placing this disk with a fresh one for the second cycle on the bath shows that the potency of the
spray is significantly reduced. For the third and fourth cycles which were performed on the follow-
ing day, the fresh disks exhibited only a few isolated corrosion spots.
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With only salt solution, corrosion is observed after the first cycle although it is not as severe as
that with sulfurous acid in distilled water. The corrosion can be observed to progress with the in-
crease in number of exposure cycles.

The final series of tests used sulfurous acid in combination with salt solution which represents
the currently used spray medium. As the test progresses, the corrosion potency of the bath de-
creases as shown by inserting fresh disks after each cycle.

These test results clearly show that dissipation of sulfurous acid occurs in the first test cycle
and that continuation of the test to the four cycle specification requirement is meaningless.

The need for a more consistent test method is therefore readily apparent. This report sum-
marizes the modifications introduced in order to satisfy this need.

APPROACH AND RESULTS

" he approach taken toward modifying the sulfurous acid-salt spray test, in order to provide a
consistent test method, included the following:

Modification Rationale

Redefine test cycle as 2 hours exposure to Provide same time interval between successive
sulfurous acid-salt spray and a 22 hour drying cycles

period

Use freshly prepared sulfurous acid-salt spray ~ To maintain potency of solution throughout
solution after each cycle test sequence

Solid film lubricants listed on the Qualified Products List (QPL) MIL-L-8937 and QPL, MIL-
L-23398 were evaluated using the procedure found in Appendix A. All of the products tested met
the requirement of four cycles exposure with no visible signs of corrosion, pitting, or staining.

RECOMMENDATION

It is recommended that Federal Test Method No. 791C Method 5331.1 ‘“Corrosion Protection
of Steel Against Sulfurous Acid-Salt Spray by Solid Film Lubricants’’ be revised in accordance with
the proposed test method found in Appendix A.
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TABLE 1

STABILITY OF SULFUROUS ACID

Sample Size: 100 mL
Beaker Size: 400 mL
Temperature: 25 + 30C
Relative Humidity: 50 + 5%

Initial SO2 Concentration: 6.07 wt %

Open Beaker

Exposure Time SO2 Concentration
(brs) (wt %)
0.0 6.07
0.25 6.07
0.50 6.06
1.0 5.96
2.0 5.75
3.0 551
5.0 3.86
24.0 0.97
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APPENDIX A
PROPOSED TEST METHOD
CORROSION PROTECTION OF STEEL AGAINST SULFUROUS ACID-
SALT SPRAY BY SOLID FILM LUBRICANTS
1. SCOPE

1.1 This method is used to evaluate the corrosion preventive properties of dry, solid film lubricant
under the combined conditions of salt, sulfurous acid and humidity environment.

2. SUMMARY

2.1 A steel disk having solid film lubricant deposited on one surface is subjected to the cycling
effect of salt spray and drying. After each cycle of salt spray and drying, the disks are examined for
evidence of corrosion.

3. SAMPLE SIZE

3.1 180 mL of solid-film lubricant of a sprayable consistency.

4. REFERENCES, STANDARDS AND APPARATUS

4.1 Air Supply — filtered, 70 to 100 kPa.

4.2 Air flow regulating — capable of regulation air flow at 472 cm3/s,

4.3 Spray Nozzle (Figure A-2}-corrosion resistant with a 2.7 cm diameter acrylic baffle which pre-
vents direct impingement of the spray, but allows a fine mist full contact with the disks.

4.4 Turntable Assembly which consists of:

a. Turntable — corrosion resistant, 26.7 cm diameter with holes for mounting test holders and
specimens,

b. Driving Mechanism — capable of mechanically rotating turntable at 1/3 RPM by an electric
motor (slc .v speed), encased within a protective acrylic box and mounted above jar on an arrange-
ment of flexaframe support rods.

45 Specimen Holders — holder cap (Figure A-3) and ice jacket (aluminum) that is so placed as to
be in direct contact with back of test specimen,

4.6 Jar — 30.5 cm I.D, and 30.5 cm high.
4.7 Support Rods — flexaframe or equivalent.

FED. TEST METHOD STD. NO. 791C

A-1
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METHOD 5331.1
4.8 Flexible Tygon Tubing — 0.96 cm 1.D.
5. MATERIALS

5.1 Steel Specimen — disk with 5.4 cm diameter and thickness of 0.16 cm, made of carbon steel
conforming to FS 1010 with a 0.08 cm hole for handling disk with wire.

5.2 Synthetic Sea Water-Sulfurous Acid Test Solution — Synthetic sea water (Formula ASTM
D1141 — 41.95 grams/liter, 900 mL with 2 mL sulfurous acid (not less than 6.0% assay as SO2).

5.3 Aluminum Oxide Cloth — 240 grit.
5.4 1,1, 1-Trichloroethane (MIL-T-81533).
5.5 Distilled Water (ASTM D1193 — Type 111).
6. PROCEDURES
6.1 Prepare test specimen as follows:
a. Degrease test specimens in 1, 1, 1-trichloroethane (MIL-T—81533).

b. Hand polish surface to be tested with 240 grit aluminum oxide cloth to a surface finish
of (0.25 to 0.50 um).

c. Repeat Step a.
d. Allow specimens to dry and store in a dust-free container.

e. Apply solid-film lubricant to surface of steel specimen by spraying to produce a film thick-
ness between 0.0005 cm — 0.0013 cm and cure film in accordance with specification requirements.

f. Handle the specimen at all times with a hook.
6.2 Prepare the apparatus (Figure A-1) as follows:

a. Full bottom 5cm of jar with the synthetic sea water-sulfurous acid solution and then iower
the turntable assembly into jar.

b. Place disk in specimen holder (Figure A-3} with ice jacket on top.

c. Mount the complete specimen assembly in one of the holes of the turntable and start the
turntable.

d. Turn on the air and regulate rate of flow to 472 cm3/s.

e. Two minutes after the spray has started, place ice in ice jackets in order to cause a fine
condensate to form on the surface of disks.

A-2
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6.3 Perform test as follows:

a. Continue spraying for two hours with a rate of flow of approximately 0.4 mL/s.

b. Discontinue the spray at the end of two hours; remove the ice jacke*s; and raise the turn-
table above the jar to allow specimens to dry for twenty-two hours at room temperature. The two-

hour spray and twenty-two-hour drying period shall constitute one cycle.

c. Rinse the test specimens after each full cycle, while still retained in the ho'!der, with dis-
tilled water (ASTM D1193 — Type |i1) and dry with a stream of air.

d. After each cycle examine test specimen for evidence of visible corrosion, pitting or strain-
ing and replace synthetic sea water-sulfurous acid solution with a fresh batch.

e. Repeat the test cycle until failure occurs. Failure is defined as the first visible sign of cor-
rosion, pitting or staining.

7. REPORTING

Report the number of test cycles completed prior to failure.
8. PRECISION

No prec'sion data has been established for this method.

Method prepared by:
Navy-NADC-1984

A-3
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