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Initial laws of atmospheric galvanic corrosion for magnesium alloys

TONG Zhensong, ZHANG Wei, LI Jirqing, CHENG Fei
( Corrosion and Protection Center, School of M aterials Science and Engineering,

U niversity of Science and Technology Beijing, Beijing 100083, China)

Abstract: The galvanic corrosion behaviour and laws of AZ91D, AM50 and AM60 cast magnesium alloys coupled with
A3 steel, 316L stainless steel, H62 brass, LY 12 aluminum alloy undergone atmospheric exposure in Qingdao and Wuhan
for three and six months were investigated, respectively. The results show that the magnesium alloys act as anode and
their corrosion rates increase when they are coupled with mentioned four metals. The atmospheric galvanic effect of mag-
nesium alloys coupled with A3 steel is the largest, while that of the magnesium alloys/ LY 12 aluminum alloy couple is the
smallest. And there is a relationship between the atmospheric galvanic effects of different magnesium alloys: Yazgip>

Yams0> Yameo- T he results also show that, for the same galvanic couple which is exposed for three months, the atmo-
spheric galvanic effect in Qingdao is obviously higher than that in Wuhan. But the atmospheric galvanic effect reduces in

Qingdao and increases in Wuhan with increasing exposure time.
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Table 1 Compositions of test materials

M aterial Composition( mass fraction, %)
Al8.5~ 9.5, Mn 0. 17~ 0.4, Zn 0.45~ 0.9,
AZ91D  Si< 0.05, Cu< 0.25, Ni< 0.001, Fe< 0.004,
Mg Bal.
AMS0 Al4.4~ 5.4, Mn 0.26~ 0.6, Zn < 0.22, Si0. 10,
Cu 0.10, Ni0.002, Fe 0.004, Mg Bal.
AM60 Al5.5~ 6.5, Mn 0.24~ 0.6, Zn < 0.22, Si 0. 10,
Cu 0.10, Ni0.002, Fe 0.005, Mg Bal.
H62 Cu 60.5, Pb0.08, Fe0.15, Sb0.005, Bi0.002, P
0.01, Zn Bal.
316L.S. S N.l 12.45, Cr 17.61, Mo 2.29, C 0.021, Mn 1. 05,
Si0.69, P 0.031, S 0.002, Fe Bal.
C0.1, Si0.2, Mn 0.37, P 0.019, S 0.012,
A3
Fe Bal.
LY12 Cu3.8~ 4.9, Mg 1.2~ 1.8, Mn 0.3~ 0.9,

Fe 0.5, Si 0.5, Impurities< 1.5, Al Bal.
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Fig. 1 Fixing order of atmosphere
galvanic corrosion samples

Kb BT 242 4 10~ 32 B, K4 40 mm; 12
B 10~ 32 BB EE L, JrH BB NN 4.9
mm, ZMEA 15.9 mm; HEBE ALK 4.9 mm;
BT Eum R B N 4205 8.3 mm, AMEAN 19 mm,
JERE 3.2 mm; T i SR E A28 4 8.3 mm,
AMEH 35.6 mm, JEFEHN 3.2 mm . FTH B REEE
W#EKN 5.2 mm, M8 7.9 mm, K 11. 1 mm. F
Ik fr(Metal A, /D) N4204 8.3 mm, FME
H25.4 mm; FuREEA SR (KA WEIR A 8.3
mm, MR 33.5 mm, WEHEEEHNH 1.6 mm. I
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Fig.2 Assembled sample for

atmosphere galvanic corrosion
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Table 2 Weather data during testing period in Qingdao

Month t/ C H/ % PA/cm PT/h  WV/(mes"') ST/h Rain/ d Fog/d Snow/d Wind/ d
June 20.7 81 58 45.3 4.5 172.7 17 9 - 3
July 25.3 82 115.5 78.3 3.7 164. 8 18 8 - 1
Aug. 25:2 80 29.2 25.4 3.8 177.3 9 1 - -
Sep. 22.5 66 35.5 39.2 3.7 234.3 6 - - -
Oct. 15 64 18. 1 33 4.7 192. 4 5 - - 3
Nov. 7.5 59 6.8 16.3 4.6 193.6 5 - 1 5
Dec. 1.9 67 10.9 23.4 5.0 122.2 8 2 5 4

Average 16.9 71 39.1 37.3 4.3 179.6 - - — ~

H —Humidity; PA —Precipitation amount; PT —Precipitation time; WV —Wind velocity; ST —Sunshine time

® 3 OSKIRIYIE T BB A S
Table 3 Environment data during testing period in Qingdao

IM/(10*mgem™?) CM/(10* mgeem™ 2od™ ! RA/(mg*m™?)
Month S0, HCl NO, HaS 505 NH; Seasalt pH S0t cr
particle
June = 3338 527 629 1369 280 4 485 6.28 12 000 25 225
July - 307 330 267 2114 177 6 303 5.32 18 000 9 800
Aug. - 230 645 398 801 578 7503 4.55 8 500 7 350
Sep. - 1241 882 655 2309 531 6 540 4.67 2433 35 400
Oct. - 36 701 319 2 096 409 7793 5.18 75 000 5 600
Nov. - 0 1349 867 5066 216 3420 - - -
Dec. - - 1537 1935 11 499 178 8 031 5.17 73 000 27 700
Average - 859 853 724 3 608 338 6 293 5.20 31489 11 450

IM —Instantaneous method; CM —Continual method; RA —Rainwater analysis
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Table 4 Weather data during testing period in Wuhan

Month t/C H/ % PA/cem PT/h AP/ kPa WV/(mes™ ") ST/h
June 27.9 73 155.3 26.3 101. 32 1.7 105.6
July 29.2 71 133.8 62.2 102. 12 1.5 144.2
Aug. 27.8 72 147.3 66. 5 102. 39 1.7 169. 6
Sep. 23.9 66 33.7 19.5 103. 19 1.5 175.1
Oct. 19. 8 62 58.6 23.5 103. 59 1.5 161.7
Nov. 12.6 66 66. 8 50.5 104. 12 1.2 108.2
Dec. 5.4 73 94.2 64.2 104. 52 1.2 67.5

Average 20.9 69 98.5 44.7 103. 06 1.5 133.1

H —Humidity; PA —Precipitation amount; PT —Precipitation time; AP —Atmospheric pressure; WV —Wind velocity; ST —sunshine time

5 SEU A ECB T I IR B B
Table 5 Environment data during testing period in Wuhan

IM/(10*mgem™?)

CM/ (10’ mgeem™ 2+d™ 1)

RA/(mg*m™?)

Month

S0, HCI NO, H,S SO, NH; Resalt pH sot cr
particle

June 147 112 4027 2424 1574 1597 250 6.53 26500 600
July 406 324 182 917 8222 1376 298 6.68 19600 1300
Aug. 242 49 483 3211 5937 957 186 6.54 40300 250
Sep. 330 209 616 917 6997 837 306 7. %1 13400 700

Oct. 240 110 542 2490 2949 881 186 6.72 30400 0
Nov. 518 313 458 2228 6091 837 154 6.90 18100 2300
Dec. 631 183 227 2293 8338 544 129 7.04 29000 1886
Average 359 186 934 2069 5729 1004 216 6. 80 25329 1005

IM —Instantaneous method; CM —Continual method; RA —Rainwater analysis
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Fig. 3 Corrosion morphologies of galvanic couples
(a) —AZ91D/ A3 steel couple exposed in Qingdao for 3 months;
(b) —AZ91D/ A3 steel couple exposed in Qingdao for 6 months;
(¢) —AZ91D/ A3 steel couple exposed in Wuhan for 3 months;
(d) —AZ91D/ A3 steel couple exposed in Wuhan for 6 months
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Fig. 4 XRD spectrum of corrosion product of

magnesium alloys exposed in Qingdao
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Fig. 5 Galvanic corrosion effect of magnesium alloys

coupled with other materials

(a) —Qingdao, 3 months, small samples; (b) —Qingdao, 3 months, big samples;

(¢) —Qingdao, 6 months, small samples; (d) —Qingdao, 6 months, big samples;

(e) —Wuhan, 3 months, small samples; (f) —Wuhan, 3 months, big samples;
(g) —Wuhan, 6 months, small samples; (h) —Wuhan, 6 months, big samples
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