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Table 1 Chemical compositions of aluminium alloys (mass%)

alloys Cu Mg Mn Cr Al Fe Si Zn Ni Ti Fe+Ni  others
2A12 3.8~48 1.2~1.8 0.3~09 - bal. =050 <050 =030 =010 <015 <050 <=0.10
7A04 14~20 18~28 02~0.6 0.10~025 bal. =050 <050 5.0-7.0 - - - <0.10
2D12 441 1.48 0.52 - bal. 0.15 0.7 - - <0.05 - -
7B04  1.68 251 0.26 0.15 bal. 020 0.06 5.75 - - - -
Table 2 Mechanical properties of aluminium alloys

alloys identity tensile strength / MPa  yield strength / MPa  elastic modulus / GPa elongation / %

2A12 @30 mm bar, T4 549 416 72 155

7A04 @40 mm bar, T6 587 587 68 13.2

2D12 30 mm plate, T4 69.4 458 312 18.4

7B04 40 mm plate, T741 - 507 437 -

Table 3 Environmental parameters of different atmospheric stations in 2003

T/C relative humidity / % rainfall  days of rain  sunny time wind speed
average max.  min. average min, /mm /d /h /m-s™
Beijing 96 315 -170 71.0 53.0 387 57 1854 24
Qingdao 126 300 -82 77.0 304 717 86 - 5.0
Hainan* 253 311 19.1 85.0 65.0 1452 105 2646 1.4

* Data measured at marine platform in Wanning

Table 4 Concentration of different atmospheric corrosion pollutant in 2003

continuous method / mg+dm-d"!

rain analysis / mg-m™ natural dust / g+cm™-month™

NO, H.S rate of sulphate ammonia sea salt pH SO~ Cl- water soluble water insoluble
Beijing  0.0471 00671  0.5040 0.0415 0.0047  6.60 13456 2608 3.0356 7.1100
Qingdao  0.1142 00725  0.0417 00189 12182 6.80 70800 19998 37020 2.1962
Hainan* 00125 00372 00718 00146 33128 494 8073 9282 676.74 18.514

* Data measured at marine platform in Wanning
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Table 5 The SCC results of C-ring specimens exposed to different environments

allovs applied stress according to Beijing Qingdao Wanning
percentage of yield strength / % FINt  time/d F I N* time / d F/N* time/d

60 0/5 - 3/6 21,7,51 4/5 3,3,7,7

9A12 70 0/5 - 7/8 14,21,31,7,18,18,23 3/5 3,7,3
80 0/5 - 8/8 14,14,31,7,7,18,51,7 4/5 3,7,7,7
90 0/5 - 6/8 14,31,14,7,18,7 55 3,7,7.7,7
60 0/5 - 2/5 320,42 /5 372

704 70 05 - 517 103,159,18,42,18 3/5 143,372,372
80 2/5 474,486 517 103,272,298,51,51 2/5 372,282
90 2/5 474,248 3/7 51,10,51 1/5 282

* F-number of the fracture sample; N-number of the total sample

Fig.1 The fracture microstructure of 2A12 alloys exposed in Tuandao island station applied stress according to per—

centage of yield strength (a) 60%, (b) 70%, (c) 80%, (d) 90%
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Fig.2 The fracture microstructure of 7A04 alloys exposed in Tuandao island slation applied stress according to per—

centage of yield strength (a) 70%, (b) 90%
y i

Fig.4 The fracture microstructure of 7A04 alloys exposed in Wanning siation applied stress according to percentage

of yield strength (a) 70%, (b) 80%
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Table 6 The SCC results of direct tension specimens ex—

posed to different environment

Table 7 The SCC results of pre—cracked specimens ex—

posed to different atmospheric environments

applied stress according average lime to failure / d

alloys to percentage of S
yield strength / % Beijing™*  Qingdao** Wanning**
60 .
no cracking
70
2A12 no cracking no cracking
80 1017(3/5%)
90 1166(4/5%)
60 .
no cracking
70
7A04 no cracking no cracking
80
90 814 (4/5%)

*F-number of the fracture sample ; N-number of the total sam-
ple. ** Specimens with 60% gy, and 80% oy, weré exposed on
June 1st,2001,and with 70% oy, and 90% 0,, were exposed
on Nov.20,2002 in Qingdao and Beijing respectively.Speci-
mens with different stresses were exposed in Wanning on Nov.

8,2002
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Fig.5 The curves of crack propagation rate vs. stress intensity factor (a) 7B04 in Tuandao, (b) 7B04 in Wan-

ning, (¢) 2D12 in Tuandao, (d) 2D12 in Wanning
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Table 8 The SCC result of C-ring specimens alternative
immersed in 3.5% NaCl

applied stress according

alloys to percentage of yield  F/ N time / d
strength / %
60 1/10 3.8
70 4/10 3.8,38,3.8,54
2A12
80 3/10 3.8,3.8,43
90 3/10 3.8,3.8,3.8
60 5/10  8,41,41,51,51
70 4/10 51,51,51,<90
7TA04
80 4/10 4,8,8,35
90 5/10  50,50,50,43,<90

Fig.6 The fracture microstructure of alumium alloys exposed in Tuandao and Wanning (a)
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Fig.7 The fracture microstructure of 2A12 alloys alternately immersed in 3.5% NaCl applied stress according to

percentage of yield strength (a) 70%, (b) 90%
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Fig.8 The fracture microstructure of 7A04 alloys alternately immersed in 3.5% NaCl applied stress according to

percentage of yield strength (a) 60%, (b) 80%
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Fig.9 The curves of crack propagation rate vs. stress intensity factor in 3.5% NaCl, (a) 7B04, (b) 2D12

Table 9

The SCC result of direct tension specimens soak

immersion in 3% NaCl+0.5% H,0,

applied siress according to average time to

alloys percentage of yield strength / % failure / d
60 12.1
70 11.0
2A12
80 7.17
90 5.19
60 >90
70 >90
TA04
80 313
90 5.28
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Table 10 The SCC results of pre-cracked specirhens of

aluminium alloys soak immersion in 3.5% NaCl

solution
alloys direction of applied Kisee (da/dt) 1l
Y stress and cracking ~ / MPa-m™* / m-s™
S-L 29.0 4.5x101
7B04
S-T 224 4,1x107
S-L 226 9.8x107
2D12
S-T 27.1 1.5x10%¢
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Fig.10 The fracture microstructure of aluminum alloys soak immersion in 3.5% NaCl, (a) 7B04, (b) 2D12
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INFLUENCE OF DIFFERENT ENVIRONMENTS ON STRESS CORROSION
CRACKING OF HIGH STRENGTH ALUMINUM ALLOYS

ZHANG Xiaoyun, SUN Zhihua, LIU Minghui, TANG Zhihui, LI Bin
(Beijing Institute of Aeronautical Materials, Beijing 100095)

Abstract: An investigation of the stress corrosion cracking resistance of high strength aluminum alloys 2A12 and
7A04 in different atmospheric environments were presented, results were compared with those obtained in labo-
ratory accelerated tests. C-ring and direct tension stress corrosion specimens were taken from the short transverse
grain and the longitudinal direction of aluminum alloy stick respectively, applied stress levels were 60, 70, 80
and 90 percent of the gy,. The atmospheric stress corrosion tests were exposed to three different atmospheric test
stations in China, one in Beijing, typical semi—rural atmosphere, others in coastal city, Qingdao (East of Chi-
na) and Wanning (South of China). In the meantime, alternate immersion and direct tension stress corrosion im-
mersion in salt solution were conducted in laboratory condition. The results showed that SCC performance of alu-
minum alloys could be evaluated within one year in marine atmospheric environment, otherwise, only exfoliation
corrosion or pitting was observed. The alternate corrosion results showed that SCC of aluminum alloy was consis-
tent with outdoor exposed samples in the marine atmospheric environment.

Key words: marine environments, atmospheric corrosion, accelerated tests, SCC



