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FOREW;ORD

This report was prepared by the Cornell Aeronautical Laboratory,
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and was admiristered under the direction of the Materials Laboratory,
Directorate of Research, Wright Air Development Center, with Mr. J. C.

McGee acting as project engineer,
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ABSTUCT

The program for the study of the effects of hard oxide coatings
(produced by the M4HC Process) on the properties of aluminum and its
alloys was extended in order to provide additional data. The cor-
rosion resistance in three environments was evaluated up to Ul months.
The abrasion resistance showed another small decrease with the five-
month additional exposure to atmospheric and high humidity conditions.
Two treatments that were given the coatings on 61S and 75S alloys
appear to alleviate the drastic reduction in fatigue strength brought
about by the coatings. Attempts at retaining the abrasion resistance
in a humid atmosphere were only moderately successful. Oil was found
to have a detrimental effect on the resistance to an erosion type of
wear.

PUBLICATION REVIEW

This report has been reviewed and is approved.

FOR THE COI.1,,IDER:

Colonel, USAF
Chief, Materials Laboratory
Directorate of Research
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INTRODUCTION

The effects of hard oxide coatings (produced by the MHC Process)
on the properties of aluminum and its alloys have been investigated in
detail. The results of this investigation were summarized in 7ADC
Technical Report 53-151.

In order to provide additional corrosion data for periods up to
one year, the project contract date was extended from December 31, 1952
to May 31, 1953. During this period additional data were accrued for
other properties of the coating and its effects on the base metal
properties. The objectives of the latter test work were twofold: First,
to improve the two objectionable features of the coating: its deleterious
effect upon fatigue life and the loss of abrasion resistance with exnosure
to humidity, second, to provide additional data on fatigue life and high
temperature properties.

The test program for this work has been outlined1 in previous reports.
The results and data are presented in this report in the following
sections.

WADC TR 53-151 Suppl 1 1
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TEST PROCEDURES AND RESULTS

Corrosion Resistance

Test specimens were exposed to three sets of conditions which are
liable to lead to metallic corrosion:

I. Atmospheric exposure on an outdoor exposure rack on the roof
on the Cornell Aeronautical Laboratory, Inc. This rack is
shown in Figure 24 of WADC Technical Report 53-151.

2. High relative humidity at 8O-9 0 0F. These specimens were
placed in desiccators containing distilled water and maintained
at 80-900 F.

3. Expogure in a salt spray cabinet in accordance with A.S.T.M.
Designation Bll7-h49.

The atmospheric exposure tests and the high humidity expoaure
tests showed no additional failures at the end of the 11-month period
to those reported in WADO Technical Report 53-151 for the 7-month
period. A few of the 24S bare alloy coatings failed in the atmospheric
exposure tests. All specimens of this alloy failed at the end of 180
days in the humidity test. Some 24S Alclad and XA7SS specimens also
failed in this environment.

Additional failures were noted in the salt spray test. These
failures are shown tabulated together with the previous results in
Table I. With the exception of the 2LS bare and Alclad wrought alloys,
the coatings show excellent resistance to salt spray. The 220 cast
alloy is not as good as the 356. However, when compared with regular
anodized coatings and electroplated coatings, the hard oxide coatings
are in general quite superior in the salt spray environment.

Abrasion Resistance

As explained in previous reports, the primary objective of the
abrasion tests that were conducted was to determine the effect of
exposure to atmospheric conditions and high humidity on the abrasion
resistance of the nard oxide coatings. The results after exposures
of 30, 60, and 90 days, and 6 months were reported in WADC Technical
Report 53-151. The specimens were tested again at the end of the 11-
month period and the results are given in Table II for the atmospheric
exposure and Table III for the humidity exposure. If these values are
plotted on Figures 15 through 21 of WADC Technical Report 53-151, they
can be readily compared with all of the previous data. It can then be seen
that, in both cases there was an additional decrease in abrasion resist-
ance in the interval from 6 to 11 months. The decrease is not propor-
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tional to the time and, in general, the values are only slightly below

those for 6 months exposure.

Pull-Pull Fatigue Tests

The fatigue tests that were made during the main body of the
evaluation program wore all of the flexure type. It was felt that a
comparison should be made between these data and some pull-pull tensile
fatigue data. The possibility existed that due to the coating being
at the point of highest stress in the flexure fatigue tests its effect
might be overemphasized. The data plotted in Figure 1 show that this
is not the case. The percentage reduction in fatigue strength when the
coated and uncoated specimens are compared appears to be even greater
in the case of the pull-pull fatigue tests.

Stre ss-hupture Tests

During the course of the flame tests which were described in the
Technical Report 53-151, it was noted that the oxide coating remained
intact while the core metal became molten. It was stated that the coat-
ing would probably be of little value if heated under stress. Stress-
rupture tests were run at 450OF on the 61S and 75S alloys to provide
data on this point. The stresses were calculated on the basis of parent
metal area remaining after coating. The data are given in Table IV. A
peculiarity that was noted was that in the case of the coated specimens
the reduction of area at the fracture was very limited while it was
considerable in the uncoated specimens. This is undoubtedly due to the
high compression strength of the coating at the temperature of the tests.
The percent elongation was not affected noticeably.

Effect of Various Coating Treatments on the Abrasion Resistance of the
Hard Coating s

A number of different treatments were applied to the coatings
produced on 61S-T6 and 75S-T6 alloys in an attempt to prevent the loss
of abrasion resistance of the hard coatings when exposed to a humid
atmosphere.

These treatments were as follows:

1. Wax emulsion sealing - This treatment is a proprietary method
of the Aluminum Company of America and consists essentially
of impregnating the oxide film with wax in a colloidal solution.

2. Wax paste - The specimens were coated with Simoniz wax paste
and the excess polished off. They were allowed to stand 48
hours before placing them in the humidity cabinet.

WADC TR 55-151 Suppl 1 3



3. Zinc chromate - The specimens were sprayed with a film of
zinc chromate primer just sufficient to form a continuous
film over the surface.

b0 Clear lacquer - This coating was applied in the same manner
as the zinc chromate primer.

5. Lanolin base slushing oil - The specimens were dipped in a
20% solution of lanolin in a mineral solvent.

6. Hot oil - SoA.E. #30 oil was heated to 225°F and the specimens
immersed for five minutes0

7. Chromate sealing - This treatment involved a 15-minute immersion
in a 5% solution of potassium dichromatue at 2120 F.

8 & 9. The coated specimens were rinsed and transferred to 1.5 solutions
of BaC12 and NHhO and made the cathode at sufficient voltage
to just start tNe evolution of hydrogen - 10-12 volts0

The abrasion resistance of all coatings was measured at least 48
hours after they were applied0 The specimens were then suspended in a
humidity cabinet maintained at 190 0 F for a period of 20 days, The high
temperature was used to accelerate the test, if possible, because of
the relatively short time remaining before the end of the contract.
The abrasion resistances were again measured upon removal from the
humidity cabinet. These data are given in Tal le V.

Analysis of the data shows that all of the treatmcnts cause a de-
crease in the abrasion resistance of the coatings before humidity ext(osure.
The decrease was least in the case of those treatments not involvin" ±Lncr-
sion in a hot water or oil solution. These treatments: wax paste, zinc
chromate, and clear lacquer also resulted in the best abrasion resistance
after exposure in the humidity cabinet.

It is interesting to note that both treatments involving the use
of oils resulted in a very serious decrease in the abrasion resistance0
Time did not pennit further study of this point but it should be thoroughly
investigated by those contemplating use of these coatings for increased
abrasion resistance where they are liable to encounter similar conditions,
such as, in hydraulic systems, gears, cams, etc.

The electrolysis treatments were aimed at reducing the concentration
of sulphuric acid in the pores of the coating on the prcmise that it
might be this residual acid that was contributing in a great measure to
the reduction of abrasion resistance upon aging. It was thoaght that by
making the coated specimen the cathode in a suitable electrolyte it might
be possible to flush out the coating pores by evolving hydrogen and also
neutralize the acid by precipitation of a weak basic or neutral compound,

WADC TP •-151 Suppli
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This did not prove to be feasible as the hydrogen evolution took place
preferentially at the microcracks in the coating. The abrasion resist-
ance of specimens so treated fell off considerably after exposure in
the humidity cabinet.

Effect of Treatments on Bending Fatigue

The problem of decreasing the serious loss of fatigue strength
resulting from the coatings was attacked on the premises that softer
coatings would be less likely to cause crack initiation in the parent
metal and that numerous microcracks in the coating might result in
more uniform work hardening of the surface rather than localized sites
of low ductility.

In order to accomplish these results simultaneously, tMO methods
were tr-Led:

1. Treatment of the 61S and 75S alloys in hot 5% dichromate
sealing solution which should also improve the corrosion
resistance.

2. For the 61S alloy, coating the specimens in the solution
treated condition and then aging them at 350°F for 10 hours.

The test results are shown plotted in Figures 2, 3, and 4 along
with the results for coated and uncoated specimens that were determined
previously. The chromate sealing treatment resulted in a definite
increase in the fatigue strength at 10 x 106 cycles for both the alloys.
The increase is not as great for the higher stresses in the case of the
61S alloy and it appears that the shape of the S-N curve has been altered.
An increase in the 75S fatigue life is shown for all stress levels.

The aging treatment applied to the 61S coatings appears to have
brought the endurance strength back to the level of the uncoated speci-
mens. Unfortunately, time did not permit a redetermination of the S-N
curve for uncoated reheat-treated specimens. The curve shown for the
'ucoated specimens is fL the as-received material. It is possible that
the reheat-treatment improved the base metal properties proportionately.

Although the treatments used above were aimed at producing a softer
coating, they did not result in too great a loss in abrasion resistance
as shown in Trble VI.
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CONCLUSIONS

The conclusions that are evident from the additional experimental
work that was performed are as follows:

1. The coatings provide increased corrosion resistance for all
of the aluminum alloys tested.

2. The alloy 24S does not appear to be suited to the hard coating
process usod.

3. The abrasion resistance continues to drop off after 11 months
exposure to atmospheric and high humidity conditions.

4. The hard coatings do not affect the stress rupture strength
of the 61S and 75S alloys at 450°F.

5. Suitable treatments for maintaining the abrasion resistance
depend upon the exclusion of moisture.

6. The abrasion resistance of the coatings is reduced by the
absorption of oil.

7. It is possible to alleviate the drastic effect that the
coating has on the fatigue strength.

WADC TR 53-lql Suppl 1
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TABLE VI

ABRASION RESISTANCE OF SPECIMENS TREATED FOR INCREASED FATIGUE STRENGTH

Coating Abrasion Resistance*
Thickness Before After

Alloay Inches Treatment Treatment Treatment

61S-T6 0.001 Chromate Seal 194 135

" 0.003 " " 546 478

75S-T6 0.001 " H 119 116

"I 0.003 " " 443 405

61S-T6 0.001 Aged 350°F - 10 hours 194 185

" 0.003 Aged 350°F - 10 hours 546 542

*Measured in grams of 180 mesh SiC necessary to wear through coating in
an Arlt Abrasiometer operated at 20 mm. air pressure.
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