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Effects of Cu and Ni Elements on the Microstructure and Degradation Properties

of Mg-47Zn Alloy
Wang Xiaogang, Liu Tao, Li Weili, Yu Chenkai, Cui Kai
(Technology Center of Shanxi Wenxi Yinguang Huasheng Magnesium Co., Ltd.)

Abstract: The effects of Cu and Ni elements on the microstructure and degradation properties of Mg-4Zn alloys
were investigated by OM, SEM, immersion, electrochemical and other experiments. The results reveal that with
the increase of Cu content, the grain size change in the alloy can be neglected, while the number of second phases
is increased which is mainly distributed along the grain boundaries in form of a discontinuous network and bone-
like distribution.The grain size in the alloys with Cu and Ni compound addition is significantly refined, and the
second phase is mainly distributed along the continuous network and small particles in the grain, so the degrada-
tion rate is significantly increased.The distribution and type of the second phase are the main factors affecting the
degradation rate of Mg-4Zn-x alloy, which is attributed to the microgalvanic corrosion formed by the second
phase as the cathode phase and the magnesium matrix to accelerate the degradation of the alloy.Moreover,the al-
loy with 1% Cu and 1% Ni has the highest degradation rate, and the degradation rate is as high as 896 mm/a in
1% KCI solution at 25 C, which is expected to be a candidate for oil extraction fracturing materials.
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Tab.1 The chemical composition of the Mg-4Zn alloys %
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Fig.2 SEM micrographs and EDS analysis of the Mg-4Zn alloys with different Cu and Ni content
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Tab.2 EDS analysis results
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Fig.3 SEM and face scanning of Mg-4Zn alloy with different Cu and Ni content
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Tab.3 Fitting results of the polarization curves for

the Mg-4Zn alloys
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Vv 1] O] (pAeem Qe cem?) (mmeal)
ZC41 —1.60  34.32 241.5 52.9 56.41 0.62
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ZCN411 —1.57  65.16 59.76 398.1 25.77 90.59
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Fig.5 Impedance curve and equivalent circuit of the Mg-4Zn alloys immersed in 1.0% KCI solution for 1 800 s
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Tab.4 Fitting results of the electrochemical impedance

for the Mg-4Zn alloy

oo R./ ) CPE17/ ) R/ R¢/ L/

QO (10 %esteQ tecem ?) (Qecm?) (Q+cm?) H

7C41 22.5 10.9 18.9 123.7 77.5

7C42 22.6 12.0 12.9 75.0 82.3

ZCN411 22.9 142.0 3.3 5.4 80.1
T ok e A 2%

ik — L BT Mg-4Zn & 4 18 AT O of HAE
25 C,1.0% 1y KCL W iR i 24 h, i 47 o 2 0 2%
R IS . B 6 Oy 3 FhEES 4R 24 h
ZIER B ERE R, ATLLE 1, 40 KA B R
J&.ZCN411

B4 0 T R 3K 896.6 mm/a . A

(a) ZCAL  f& 4% (b) ZCA1, ZH45 (c) ZCA2 4% A%

540

fige R d P X B I S AR AT O B — B AR
ANTA] Cu M N 5 5 19 88 4 4 15 06 )8 1h e A DL 11 7 A 1]

896.6
810
800 |
o600
E 400 |
200 145.5
66.29
o L1
741 zc42 ZCN411
%

H6 MgdZn &b ERESHKA 1% KCLER T
R 24 h B Rk E
Fig.6 The weight loss rate of Mg-4Zn alloys after
immersing in 1% KCI solution for 24 h

() ZCN411, &4

(e) ZCN411, &4
B7 AR Cufe NieE MgdZn4b2E 1.0% 4 KClLiEk FiRe 24 h e X% {4k = 497 09 SEM i
Fig.7 The SEM morphology of the Mg-4Zn immersing in 1.0% KCI solution for 24 h before removing the corrosion products
with different Cu and Ni content

(d) ZCa2, &4



Cu Ni JLE X Mg-4Zn &4 WAL LM ERER g /R %%

8. MIE 7 v LLFE M, &t K i i) . 2C41 & 4
T T — BN BUR M kR, 2CA2 e
ZONALL B4 4 J8 ol 7= 49y JE AR %) A /b HL 3ok v % 1 AT
DL Y ZCNATT 845 45 T8 ol = ) JE 22 (] TR oK 6 14 i
T B2 33K Ay otk R v SR T A% 8 B N A R B 1 S
TR AR ML TR E . & KRB S . L E
8,ZCA1 . ZCA2 B4 4 I b 2 87 A T S Bl T A
ZCONALL B4 A, B & S B 3 & A )™ 5 8 1l Sk 5 db o8
EB IR A 0 /N ) kLR X 5 L B A VA R K

£ T

«
Ny / s v A

(a) ZCAL, Mk 4% (b) ZC41, & 1% (c) ZCA2 A& AE

— 7T ZCNATT B3 G RhRL N SR B A i SR O X, HE s ZCA LB 5 G RAFAE W1 S b L T ZC42

TRH S AT B RS SO T < T R R )
— 7 THT » it R ROt 2 B2 ) A A 3 R 00 DR R R
ST /)N o ity B 2 | 5 e S P2 L PR g ZCN4T 1
% 4 G o R A

itk — B 4E 8 Mg-AZn 47 448 KCLI I B I it
11018 9 = N AE 1.0% 1Y KCLYE I b &5 K [ i
[ Mg-4Zn & &M EMIES . T W4 & &4 T
KCL W I J b e A T B IR S 50 M 2 ). 7E3R
LRI R T O S A A O A AR R B IO

(d) ZC42, 54 (e) ZCN411,f&4% () ZCN411, & 4%

B8 ARFE Cufe Ni4 & Mg4Zn b4 1.0% KCLigik PiE 24 h B Xk B4k = %) 6 SEM #
Fig.8 The SEM morphology of the Mg-4Zn immersing in 1.0% KCI solution for 24 h after removing the corrosion products

with different Cu and Ni content
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Fig.9 The SEM morphology of the Mg-4Zn immersing in 1.0% KCI solution for different time after removing the corrosion products
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