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AZ80 AZ80
QBel.7 (ICP-AES,
( ) AZ80 QBel.7
2013) R R 1 50mmx
AZ80 /QBel.7 50mmx3mm, 56cm’
> 11
( , 2005; P=5mm, : P=10mm
2006; ,2013) P=20mm 7mm, 12mm;
, AZ80 QBel.7 Y=5mm R
s AZ80 B
¢ b, 1 2
1 30
( ) 6
AZ80 S R s
> , +0.0001g
> 2 3
£1 558 AZ80 A5 £ QBel.7 A EMIRTERS
Tab.l The actrual compositions of high-strength AZ80 Mg and QBel.7 beryllium bronze alloys
(wt, %)
AZ80 8.87 0.62 0.15 0.0034 0.02
(wt, %)
QBel.7 1.65 0.30 0.10 0.15 0.05
cwt
a b AZ80
3L (W=0.5cm) WEE (Y=1cm) ( 2000, 2012)
(120°18'32"E, 36°18'38"N),
5 cm
(Friedrich
AZBOEEH EBfR14A
— et al, 2006) 45°
¢ HES (W=2cm) 4 930 ﬂ‘ (Jiang et al, 2013, 2015)( 2),
R0s, & 2015 4 1 ( )—2016 3 31
'ul o o
AZ80
EB{B24H e
1 AZ80 ’ X
Fig.1 Schematic diagram of high-strength AZ80 Mg alloy

(XRD)
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F2 BATASRBHRKNSE AZS HESHRVAES(RA: g)

Tab.2 Initial weight of AZ80 galvanic couples exposed in typical marine environment (unit: g)

AZ80 1 3 6 9 12
1 11.9757 11.8283 12.4395 12.0073 12.3033
2 12.2663 12.5941 12.0994 12.2963 12.0552
) 1 12.1847 11.9117 12.0718 12.1267 12.3075
2 12.2460 12.4928 12.6218 12.7958 11.9466
5 1 12.2975 12.2856 12.5449 12.6128 12.5617
2 12.3068 11.9019 12.5603 11.9205 11.7387

*3 BATASEFEXRNGEE AZ80 EFE5eHRTEHVBERE (B AL: mm)

Tab.3 Initial thickness of AZ80 galvanic couples exposed in typical marine environment (unit: mm)

AZ80 1 3 6 9 12
1 2.83 2.85 2.92 2.91 2.76
2 2.96 2.73 2.83 3.06 2.85
| 1 2.82 2.82 2.91 3.00 2.78
2 2.77 2.82 2.98 3.27 3.04
5 1 2.83 2.97 3.00 3.04 3.09
2 2.88 2.97 2.98 3.22 2.88
2 AZ80
Fig.2 Photographs of high-strength AZ80 magnesium alloy exposed in the Qingdao site
’ 2
GB11112-89,
, 200g/L CrO, 3 AZ80
10g/L AgNO; R R 1—12

, (Jonsson et al, 2008) 1 )
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Fig.3 The situ corrosion morphologies of AZ80 Mg alloy galvanic couples (1, 3, 6, 9 months)
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12 ,
, (Yang et al, 2010) .
, , AZ80 12
, , 108.1071 133.8929
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#*4 TS558 AZ80Mg/QBel.7 Cu RIBEMET BBFASRBMTHBMKE (B¢
Tab.4 The weight loss of high-strength AZ80Mg/QBel.7 Cu galvanic couples after exposure in typical marine environment of
Qingdao (unit: g)
AZ80 1 3 6 9 12
1/ M, 0.1330 0.1691 0.3230 0.4521 0.5998
2/ M, 0.1355 0.1721 0.3624 0.4369 0.6110
! My 0.1343 0.1706 0.3427 0.4445 0.6054
1/ M, 0.1550 0.1964 0.4677 0.5638 0.7258
1 2/ M, 0.1634 0.3874 0.4177 0.5678 0.7738
/M, 0.1592 0.2919 0.4427 0.5658 0.7498
1/ M, 0.3103 0.4731 0.5582 0.6379 0.9517
2 2/ M, 0.3846 0.4426 0.5527 0.9514 0.9929
!/ M, 0.3475 0.4578 0.5555 0.7947 0.9723
M, M 1 2 : AM, , AM,
180
I 12 , AZ80
— 450l T EEXIR
w —e— {8124 6
£ —a— {824 1 2 0.175
< 120} :
{\»@J 0.330 0.315mm/a, 1 2
)90
L | >
K
= 60 AZ380 >
e
by b .
& a0l (Cui et al, 2013)
- CcI Cr
0 5% 25 K= 2=
N N N N N B >
AR o o &>
Q N N
v v R P R > > >
PRESINE]
4 AZ80 , AZS0
_ _ _ _ (Jiang et al, 2016),
Fig.4 The average weight loss in corrosion rate of AZ80
magnesium alloy samples after exposed in marine atmospheric
environment XRD
, AM, , AM, AZ80 12
ASTM C 3 , Mg(OH),
G149-97 : AZ80 MgSO, MgCl, 12,
y 5 y MgCl, ,
R , AZ80 MgCl, )
b C17 b
®5 =32 AZ80Mg/QBel.7 Cu A € BEM K SEMMERL()itHE
Tab.5 The calculation on accelerated effect (y) of high-strength AZ80Mg/QBel.7 Cu galvanic couples
AZ80Mg/QBel.7 Cu 1 6 9 12
1 0.1854 0.7110 0.2918 0.2728 0.2385
2 1.5875 1.6835 0.6209 0.6878 0.6060
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%6 AZS0 FALRENASRERBFOTHFMRREBA: mm/a)
Tab.6 The average corrosion depth of AZ80 magnesium alloy after exposure test (unit: mm/a)
AZ80 1 3 6 9 12
1 0.040 0.070 0.070 0.140 0.170
2 0.010 0.030 0.090 0.110 0.180
0.025 0.050 0.080 0.125 0.175
1 0.020 0.040 0.130 0.260 0.350
1 2 0.050 0.020 0.110 0.240 0.310
0.035 0.080 0.120 0.250 0.330
1 0.030 0.110 0.180 0.280 0.300
2 2 0.050 0.090 0.170 0.270 0.330
0.040 0.100 0.175 0.275 0.315
a a-—--Mg SO, cr ( o)
d b--—-Mg(OH), s e
G-r—-MgSO, so; ¢l s
d-—--MgCl, , ,
—~ a
;', alf a
b
% @Eﬂﬁ LQA_M a a aa x , AZ80 Mg(OH),
& » Mg(OH),
2 lemig || \ N
Z= B3 — -
=T d s : sor cl cl
25 30 35 40 45 50 55 60 65 70 75 Mg(OH),
{75988 (°) R s >
- 2—
5 AZ80 HO0 OH 0 ’

Fig.5 Analysis of corrosion products of AZ80 magnesium alloy
after typical marine atmospheric exposure test

. MgCIZ .
AZ80 ,
(Zhou et al, 2008)
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H O
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Mg+20H —Mg(OH),
SOZa 5 5
SO, Mg(OH),
MgSO3 MgSO4 SOQ
PH , Mg ,

Mgst4
AZ80 ,

(Arrabal et al, 2011)

MgO/Mg(OH), ®

gt

2CI+MgO—MgCl,+0*; 2CI+Mg(OH),—~MgCl,+20H"
SOF +MgO—MgSO,+0>; SO +Mg(OH),—~MgSO,+20H"

6 AZ80

Fig.6  Corrosion schematic diagram of AZ80 magnesium alloy
in typical marine environment
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FT ERAZSHEESEBEHMEAHNNS BiEFASIKIIERERE

Tab.7 Environmental factors of Qingdao atmospheric corrosion site during the corrosion of high strength AZ80 magnesium alloy

SO,

(mg/m®) (mg/100cm? ) (mg/m®) (g/cm? )
pH
1 0.0000 0.1017 0.0512 0.0568 0.0524  0.0098  0.1444 4.55 5200 6400 1.2185 6.1175
2 0.0006  0.0554 0.0366 0.0066 0.0746  0.0198  0.1270 6.55 1700 1600 0.3631 2.8747
3 0.0021 0.1174 0.0310 0.0066  0.0485  0.0200 0.1534 5.33 1100 3900 2.4669 1.5766
4 0.0012  0.0350 0.0217 0.0149 0.0505 0.0198 0.2086 6.21 5400 19100 1.6562 0.4874
5 0.0006  0.5046 0.0644 0.0101 0.0357 0.0200 0.0770 5.83 3100 8800 1.4871 0.4576
6 0.0000 0.0767 0.0388 0.0328 0.0524  0.0082  0.3048 4.29 3700 6500 1.2931 0.4725
7 0.0031  0.0716 0.0541 0.0074 0.0466  0.0109  0.1345 4.12 9500 5100 1.4871 1.1290
8 0.0040  0.1623 0.0587 0.0227 0.1466  0.0066  0.3189 5.01 8900 10400 1.1125 2.0233
9 0.0039  0.0692 0.1277 0.0498 0.1627 0.0109 0.1641 4.01 9600 12100 0.6068 2.0292
10 0.0011  0.0278 0.0671 0.0350 0.1767  0.0056  0.0470 4.52 8600 8400 0.3332 2.0591
11 0.0000  0.0473 0.0494 0.0131 0.1074  0.0113 0.0857 5.41 8100 9100 0.6068 2.0292
12 0.0038  0.0538 0.0325 0.0210 0.0932 0.0133 0.1076 5.66 6200 8100 0.9748 2.4271
*8 H#EFFASHERRRBEETFT
Tab.8 Subseries of original data on typical marine atmospheric environmental factors
pH
0 0.1017 0.0512 0.0568 0.0524 0.0098 0.1444 4.55 5200 6400 1.2185 6.1175
3 0.0027 02745 0.1188  0.0700  0.1755  0.0496  0.4248  16.43 8000 11900  4.0485  10.5688
6 0.0045 0.8908 0.2437 0.1278 0.3141 0.0976 1.0152 32.76 20200 46300 8.4849  11.9863
9 0.0155 1.1939  0.4842 02077 0.6700  0.1260  1.6327  45.90 48200 73900 11.6913 17.1678
12 0.0204 1.3228 0.6332 0.2768 1.0473 0.1562 1.8730 61.49 71100 99500 13.6061 23.6832
0.0431 3.7837  1.5311  0.7391 22593  0.4392  5.0901 161.13 152700 238000 39.0493 69.5236
0.0086 0.7567 0.3062 0.1478 0.4518 0.0878 1.0180 32.226 30540 47600 7.8098  13.9047
x99 THEHERRMFHRERBRESF
Tab.9 The master sequences of original data of the average corrosion rate and corrosion depth
1 0.1343 0.025 0.1592 0.035 0.3475 0.040
3 0.1706 0.050 0.2919 0.080 0.4578 0.100
6 0.3427 0.080 0.4427 0.120 0.5555 0.175
9 0.4445 0.125 0.5658 0.250 0.7947 0.275
12 0.6054 0.175 0.7498 0.330 0.9723 0.315
1.6975 0.455 2.2094 0.815 3.1278 0.905
0.3395 0.091 0.4419 0.163 0.6256 0.181
4) (5) , s02- :
10 10 1
AZ80 Soz NO2;
2

NH;
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Tab.10 Correlation degree and order of typical marine atmospheric environmental factors for AZ80 Mg galvanic couples

1 (&=lcm) 2 (®=2cm)
SO, (mg/m3) 0.6966 5 0.8221 2 0.8596 1 0.8577 2 0.8399 3 0.8285 1
HCI1 (mg/m3) 0.6057 11 0.8443 1 0.6095 7 0.7139 9 0.7855 5 0.6038 12
NO, (mg/lOOcmz‘d) 0.7273 4 0.7888 5 0.8504 2 0.8761 1 0.6379 10 0.7439 4
H,S (mg/lOOcmz-d) 0.6455 8 0.6829 8 0.5806 9 0.5577 12 0.5988 12 0.8199 2
0.7388 3 0.8074 3 0.8372 3 0.7790 4 0.7922 4 0.7001 6
(mg/lOOcmz-d) 0.6437 10 0.6184 11 0.8211 4 0.7755 5 0.8609 2 0.6314 10
0.6453 9 0.8053 4 0.5474 11 0.8235 3 0.6685 9 0.6763 7
pH 0.6876 6 0.6587 9 0.5466 12 0.6764 10 0.7701 8 0.7860 3
SO%‘(mg/m") 0.8602 1 0.7232 7 0.7674 5 0.7625 6 0.7844 6 0.7065 5
Cl’(mg/m") 0.5640 12 0.7777 6 0.5614 10 0.6433 11 0.6124 11 0.6567 8
0.6703 7 0.6212 10 0.6748 6 0.7305 7 0.8935 1 0.6488 9
0.7512 2 0.5507 12 0.5969 8 0.7253 8 0.7735 7 0.6311 11
R AZ80
AZ80 : SO?{
2 I, : 1 : SO,
> NOz, 2
5 . SOz NH3 2
1
4 B >
(1) ,
QBel.7 ,
AZ80 ,
AZ80 , , , 2013. AZ80
, 33(11):
12 ’ 9991002
1 2 108.1071 . . , 2002.
133.8929 173.6250g/(m*a) :
, 2012.
: Mg(OH), MgS0, MgCl, (5): 257263
1 2 : , 2006. .
0.170 0.200 0.285mm/a; ; ; » 2000.
. . , 28(5): 454—460
:0.175 0.330 0.315mm/a , . 2004
, ,28(1): 101—103
5 , , , , 2009.
(2 13 . ,
, 29(5): 388—393
, AZ80 , , , 2013. AZ31
C=KT" . ,37(1): 21—26
, , , 2005. AM60
K n . , 15(12):
n 1.1337 1.1378 1.0895, 1938—1944
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THE GALVANIC CORROSION OF HIGH-STRENGTH AZ80 Mg ALLOYS
IN TYPICAL MARINE ENVIRONMENT

JIANG Quan-Tong"*? ~ YANG Li-Hui"*? LU Dong-Zhu"?*? ~ZHANG Jie"*°?,

DUAN Ji-Zhou" 2’3, HOU Bao-Rong”‘ 3

(1. CAS Key Laboratory of Marine Environmental Corrosion and Bio-fouling, Institute of Oceanology, Chinese Academy of Sciences,
Qingdao 266071, China; 2. Open Studio for Marine Corrosion and Protection, Pilot National Laboratory for Marine Science and
Technology (Qingdao), Qingdao 266237, China; 3. Center for Ocean Mega-Science, Chinese Academy of Sciences, Qingdao 266071, China)

Abstract

specific stiffness, good creep resistance, excellent damping performance, and high heat-conductivity. Due to the requirement of

Magnesium alloys are the lightest metallic materials, featuring excellent properties, such as high specific strength, high

lightweight, magnesium alloys have been widely used in the transportation, weapon manufacture, and aerospace fields. With the rapid
development of ocean exploration in the world, magnesium structural materials are gradually served in typical marine environments.
To extend the life of Mg alloy, the galvanic corrosion property of high-strength AZ80 alloys were studied. Results show that the
weight loss rate of the AZ80 galvanic couple (diameter=2cm) was the highest, while that of the blank control sample was the lowest.
With the prolonging of exposure periods, the weight loss rate increased. However, the galvanic acceleration effect firstly increased,
and then decreased. The corrosion behavior of AZ80Mg/QBel.7 Cu alloy galvanic couples in typical marine environment was
investigated. The high strength AZ80 magnesium alloy blank sample, diameter=1cm, diameter=2cm galvanic couple corroded in the
atmospheric environment after 12 months, the average corrosion rate is 108.1071, 133.8929, and 173.6250g/(m2-a), respectively. The
corrosion products were consisted of mainly Mg(OH),, MgSQO,, and MgCl,. The depth of blank sample, diameter=1cm, diameter=2cm
galvanic couples was 0.175, 0.330, and 0.315mm/a, respectively. The corrosion depths in the center were larger than the edge. This
was because that beryllium copper bar was near the center of AZ80 Mg alloy, which accelerated the corrosion process. Galvanic
current range was limited, so the corrosion degree of edge was mainly caused by self-corrosion of Mg alloy. The corrosion kinetic
parameter of different samples was 1.1337, 1.1378, and 1.0895, respectively. With the prolonging of exposure periods, the corrosion
rate increased, the corrosion products did not protect the Mg alloy. The correlation between the atmospheric pollutants and corrosion
depth (weight loss rate) was calculated by grey correlation analysis method. The correlation order between atmospheric pollutants and

weight loss rate of the blank control sample was: g2~ >water-insoluble> sulfate conversion rate. The correlation order between

atmospheric pollutants and weight loss rate of the sample (diameter=1cm) was: sulfate conversion>SO,>NO,; that of the sample
(diameter=2cm) was: water-soluble dust>NH;>SO,. The only difference between the galvanic couples was the contact area. However,
the atmospheric composition that determines the corrosion rate of magnesium alloy was completely different. Therefore, the relevant
mechanism will be studied in detail in our future work.

Key words typical marrine environment; high-strength AZ80 magnesium alloy; galvanic corrosion



