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ABSTRACT 

« 

Two techniques have been studied for the purpose of developing Im- 
proved stress corrosion tests for 5083 and 7039 alloys. These are: 
(1) chemical and electrochemical pretreatments of specimens using a , 
sodium chloride solution prior to alternate Immersion (AI); and (2) 
the use of a salt spray test as a more rapid stress corrosion test 
method, in addition, AI stress corrosion data have been obtained on 
5083-H115 forged material. 

The results of tests using the chemical and the electrochemical 
pretreatments Indicate that the time to failure of 5083 and 7039 alloys 
In AI are unaffected. Electrochemical pretreatments In nitric add 
solution appear to be nondlscriminatory In achieving significant re- 
ductions In failure times on 5083 alloy. 

The use of salt spray on 5083-H131 has no effect on reducing the 
median time to failure. However, significant reductions In failure 
time are achieved with the use of salt spray on 7039-T6 alloy when the 
results are compared with those obtained from AI. 

Forged 5083-H115 plate shows no susceptibility to stress corrosion 
after 12 to 15 months1 exposure to AI. The use of thermal stabiliza- 
tion treatments on this alloy significantly Increase susceptibility to 
stress corrosion. 
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INTRODUCTION 

• Although the Importance of stress corrosion has been recognized 
for many years, It Is only within the last few years the specifications 
for aluminum alloys have Included criteria pertinent to stress corros- 
ion performance. The recent emphasis on stress corrosion of aluminum 
alloys Is due, in part, to the stringent requirements placed on the 
alloy In critical applications such as the space program and Army 
materiel. 

• 

Aluminum alloys currently used In many military applications are 
susceptible to stress corrosion because of their high strength and 
highly alloyed composition. Service failures have been noted in am- 
munition components, armored vehicles, and helicopter landing gear. 
Such failures represent a most serious problem and point to the need 
for continued research In the stress corrosion field. 

Work Is also needed to improve techniques for evaluating stress 
corrosion susceptibility. Present tests are lengthy and, on many oc- 
casions, the results of these tests have been found to be unrelated to 
the performance of an alloy under service conditions. Thus, the need 
exists not only for shorter tests but, also, for more improved testing 
techniques. 

This task was directed toward these needs, with particular empha- 
sis on studies of aluminum alloys 5083 (Al-Mg) and 7039 (Al-Zn-Mg) . 
These alloys are used as armor material because they possess a favor- 
able combination of good ballistic characteristics and a high strength- 
to-weight ratio. However, it Is known that alloys of these compositions 
are susceptible to stress corrosion cracking, especially In the critical 
short transverse direction. 

The work described In this report consists essentially of two 
phases. The first phase was concerned with developing an Improved 
stress corrosion test for aluminum alloys 5083 and 7039;  the second 
consisted of experiments in which alternate immersion (AI) stress 
corrosion data were obtained on 5083-H115 aluminum forged material. 

In the studies directed toward developing an Improved stress 
corrosion test, experiments were conducted to measure the effects of 
chemical and electrochemical pretreatments on the AI failure times of 
the alloys. The purpose of such pretreatments, which were based on 
previous work performed by Romans,1 was to develop a more rapid and 
reliable stress corrosion test than is available at present. The first 
phase also included work in which the salt spray technique was evalu- 
ated as a more rapid stress corrosion test for alloys 5083 and 7039. 

Mi. B. Romans, "Stress Corrosion Test Environments and Test Durations," 
ASTM STP 425, p 182 (1967). 



The purpose of the second •-»hase of work was to generate stress 
corrosion data which could possibly be incorporated into specifications 
for forged aluminum alloys for present and future armor applications. 
Little information is currently available concerning stress corrosion 
of forged material; most of the stress corrosion data has been obtained 
from tests on rolled plate. 

EXPERIMENTAL PROCEDURE 

The alternate immersion technique used to measure stress corrosion 
performance in the present task has been described in detail in other 
publications.  Briefly, it consists of stressing C-ring specimens to 
75 percent of the longitudinal yield strength by constant strain in 
bending. The specimens, while under stress, are cyclically exposed 
to a 3-1/2% sodium chloride solution for a 10-minute period, followed 
by 50 minutes of air drying. The solution temperature is controlled 
at 73° ± 2° F. Ambient temperature and relative humidity are con- 
trolled at 80° ± 2° F and 457. ± 67., respectively. 

In the current study, 0.750 in. diameter C-ring specimens, ma- 
chined from 1 inch rolled plate, were used. Figure 1 shows a specimen 
under stress prior to alternate immersion. 

Figure 1. Stressed C-ring Specimen Prior to Testing 

Two methods were used for the pretreatment studies. One method 
consisted of immersing an unstressed specimen in the 3-1/27. NaCl solu- 
tion for either a continuous period of time or for a cyclic period of 
10 minutes' exposure and 50 minutes' air drying. The second method 

2B. W. Lifka, D. 0. Sprowls, and J. G. Kaufman, "Exfoliation and Stress 
Corrosion Characteristics of High Strength, Heat Treatable Aluminum 
Alloy Plate," Corrosion, p 335 (Nov 1967). 



consisted of electrolytlcally treating an unstressed specimen for a 
fixed time In NaCl or in HNO3. These pretreatments were performed on 
the specimens prior to alternate immersion. 

Specimens tested by the salt spray technique were similar in de- 
sign to those tested by alternate immersion. C-ring specimens were 
stressed to 75 percent of their yield strength and placed in chambers 
which were maintained at 93° ± 2° F and 1007. relative humidity. Tests 
were performed using 5% and 20% NaCl concentrations. 

RESULTS AND DISCUSSION 

The alternate immersion stress corrosion results on 7039-T6 alloy 
as affected by surface pretreatments are shown in Table I. 

TABLE I. 
Effect of Fretreatment on Alternate Immersion 

Stress Corrosion Results on 7039-T6 Alloy 

Avg Median 
Fretreatment on Failure Time 

Lot   Test Unstressed Specimen (days) 

None 11 
Continuous immersion in 3-1/2% NaCl, 48 hr      9 
Alternate immersion in 3-1/2% NaCl, 48 hr      12 

Electrolytic, 1 N NaCl, 40 ma/in.2, 2 hr      12 
None 15 

The results of these tests show that little or no reduction in 
failure time was achieved ay either chemical or electrolytic pretreat- 
ments. The differences in median failure tests for the 7039 alloy, 
shown in Table I, are well within the experimental scatter and, thus, 
cannot be considered significant. 

In the tests performed on 5083, the alloy was cold-worked and 
thermally treated to produce four different levels of stress corrosion 
susceptibility. The results are shown in Table II. 

In contrast to the results obtained on the 7039 alloy, the results 
on the 5083 showed that a large effect on failure time was induced by 
electrolytic pretreatment in HNO3. However, this pretreatment was non- 
discriminatory since failures in alternate immersion occurred after ap- 
proximately the same time for all four conditions. No effect on failure 
times was achieved by pretreating electrolytlcally with NaCl. 

2 18 
2 18 
2 18 

4 36 
4 36 



TABLE II. 
Effect of Pretreatment on Alternate Immersion 

Stress Corrosion Results on 5083 Alloy 

Condition 
Pretreatment on 

Unstressed Specimen 

None 
Electrolytic,  1 N NaCl, 40 ma/in.2, 
Electrolytic, 30% HNO3,    6   a/in.2, 

1 hr 
10 rain 

Avg Median 
Cold 

Work«d 
A^d 

11       HE 

250         4 
250         4 
250          4 

Failure Tine« 
(davs) 

MX 
20X 
201 

80 
b 
3 

301 
30X 
30t 

275 
275 
275 

4 
4 
4 

None 
Electrolytic,  1 N NaCl, 49 ma/in.2, 
Eluctrolytic, 30% HNO3,    6   a/in.2. 

1 hr 
10 nln 

3 
5 
1 

30X 
30X 

225 
225 

4 
4 

None 
Electrolytic, 30% HNO3,    6   a/in.2. 10 rain 

No failure, 122 days 
1 

401 
40% 

250 
250 

4 
4 

None 
Electrolytic, 30% HNO3,    6   a/in.2. 10 mln 

11 
1 

*Avg median failure time for one lot of five tests. 
fcOna specimen failed after 12 days; remainder still OK after 497 days. 

The results of the salt spray tests on 7039 and 5083 alloys are 
shown In Table III. Alternate immersion data are also shown for com- 
parison . 

TABLE III. 
Comparison of Salt Spray Test Results with 

Alternate Immersion (AI) Results 

Median Failure Time (days) 
Lot 
No.a 

Alternate 
Immersion 

Salt Snrav 
Alloy 5% NaCl 20% NaCl 

7039-T6 60 6 2 
28 6 1 
12 10 5 
31 12 8 
94 17 9 
76 19 5 
93 25 4 
22 31 7 

5081-H131 b Discontinued after Discontinued after 
365 days; no failure .    187 days; no failure. 

'Nine specimens per lot. 

"Five lots were tested. 



In each of the lots of 7039 alloy tested (9 specimens per lot), 
the salt spray tests (using NaCl concentrations of 5% and 207.) reduced 
median failure times considerably as compared with the alternate 1m- 

k merslon tests. The reduction In failure time Induced by the 20% con- 
centration was greater than that induced by the 57,  concentration. 

Although these results are encouraging, further tests would be 
necessary in order to establish the validity of this test method. 
Additional tests should be performed on specimens having various levels 
of susceptibility to stress corrosion as measured by alternate Immersion. 
In addition, alloy microstructure and processing variables should be 
examined more closely since scatter in stress corrosion test data can 
be, in part, attributed to variations in these parameters. 

The results of both the AI and the salt spray tests on 5083-H131 
alloy indicate that the alloy is immune to stress corrosion cracking. 
These results suggest that where alloys are normally resistant to 
stress corrosion, as indicated by AI tests, the use of a salt spray 
test as a substitute for the AI test offers no advantages. 

In the second phase of the work, which was concerned with tests 
on forged material, specimens of 5083 forged plate were tested by AI. 
Initial tests were performed on four lots of the 5083 in the H115 temper. 
The results are shown in Table IV. 

TABLE IV. 
Results of Tests by Alternate Immersion in 3-1/2% NaCl 

on Forged 5083 Alloy 

Lot                                       Median Failure Time 
No.       Temper        Test Direction       (days)  

02        H115        Longitudinal     No failure after 365 days 
02 H115        Short transverse  No failure after 365 days 

03 H115        Longitudinal     No failure after 365 days 
03 H115        Short transverse  No failure after 365 days 

75        H115        Longitudinal     No failure after 365 days 
75        H115        Short transverse  No failure after 365 days 

04 H115        Longitudinal     No failure after 405 days 
04        HI 15        Short transverse  No failure after 488 days 

04    6 hr at 275° F    Longitudinal     a 
04 6 hr at 275° F    Short transverse  10 

• 04   20 hr at 300J F   Longitudinal      2 
05 20 hr at 300° F    Short transverse   2 

* ^Two specimens failed after 10 days; tests on remainder still in progress, 



After exposure for periods from 12 to 15 months, no failures were 
observed on specimens stressed In either the longitudinal or short 
transverse direction.     Ten specimens per lot were tested In the H115 
temper.    They were stressed to 75 percent of their yield strength. 

Additional tests were made to determine the effect of thermal sta- 
bilization treatments on the stress corrosion resistance of the alloy. 
One  lot (04)   of material was tempered at two different temperatures 
and times and retested.    The results are also shown in Table IV.    Note 
that the stabilizing treatments produced a highly susceptible condition 
in the alloy. 

These data are comparable to what  is found from tests on thermally 
stabilized 5083 rolled plate, which also has poor resistance to stress 
corrosion cracking. 

SUMMARY 

The results of this work have shown that chemical and electro- 
chemical pretreatments using a sodium chloride solution on 7039-T6 alloy 
have no effect on accelerating failure in alternate immersion tests. It 
was shown also that no effect was achieved using an electrochemical pre- 
treatment with sodium chloride on alloy 5083. 

A large effect on reducing failure times was induced by the use of 
HNO3 in an electrochemical pretreatment on the 5083 alloy, as tested in 
four cold-worked and aged conditions. However, one disadvantage of this 
pretreatment Is that the times to failure for all four conditions were 
identical. 

The results of the salt spray tests on alloy 7039-T6 were found to 
be encouraging. Median failure times of the alloy were reduced by these 
tests from about 60% to 90% when compared to the results obtained from 
the standard AI tests. Additional work using salt spray tests on 7039 
material should be performed. The stress corrosion characteristics of 
the alloy heat-treated to provide various levels of susceptibility 
should be measured by the salt spray technique. On the other hand, 
additional salt spray tests on alloy 5083 should not be performed 
since this technique had no effect on reducing the time to failure. 

The results of the AI tests on 5083-H115 forged material showed 
that the alloy has excellent resistance to stress corrosion. No fail- 
ures were achieved after 12 to 15 months' exposure. Thermal stabili- 
zation treatments on the alloy, however, considerably lowered Its 
resistance to stress corrosion cracking. 
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12.   SPONSORING MILITARY   ACTIVITY 

Frankford Arsenal In-house Laboratory 
Independent Research Program 

Two techniques have been studied for the purpose of developing improved stress cor- 
rosion tests for 5083 and 7039 alloys. These are: (1) chemical and electrochemical 
pretreatments of specimens using a sodium chloride solution prior to alternate immer- 
sion (AI) ; and (2) the use of a salt spray test as a more rapid stress corrosion test 
method. In addition, AI stress corrosion data have been obtained on 5083-H115 forged 
material^) 

The results of tests using the chemical and the electrochemical pretreatments indi- 
cate that the time to failure of 5083 and 7039 alloys in AI are unaffected. Electro- 
chemical pretreatments in nitric acid solution appear to be nondiscriminatory in 
achieving significant reductions in failure times on 5083 alloy.""^ 

- The use of salt spray on 5083-H131 has no effect on reducing the median time to 
failure. However, significant reductions in failure time are achieved with the use 
of salt spray on 7039-T6 alloy when the results are compared with those obtained 
from AI. ""3 

Forged 5083-H115 plate shows no susceptibility to stress corrosion after 12 to 15 
months' exp|g(^ure to AI. The use of thermal stabilization treatments on this alloy 
significantly increases susceptibility to stress corrosion. 
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