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Study on surface modification and properties of AZ91 magnesium alloy
for automotive applications
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Abstract: In order to improve the surface wear resistance and corrosion resistance of AZ91 magnesium
alloy for automobiles, Al+x wt.% (Zr+B,C) cladding layers (x=8, 16, and 24) were prepared on the
surface of AZ91 magnesium alloy substrate using laser cladding. The effects of (Zr+B,C) content on the
phase composition, microstructure, hardness, wear resistance, and corrosion resistance of the cladding
layer were studied. The results show that the Al+8 wt.% (Zr+B,C) cladding layer consists of Al,,Mg,,,
AlLMg,, Al,Zr,,,, ZrC, and AlB,, when the (Zr+B,C) content is increased to 16% and 24%, Al Zr
phase is also formed in the cladding layer, and the higher the (Zr+B,C) content, the higher the ZrC
phase content in the cladding layer. The hardness of the three laser cladding layers and transition zones
is higher than that of the AZ91 magnesium alloy matrix. At the same distance from the surface of the
cladding layer, the hardness of Al+16 wt.% (Zr+B,C) cladding layer is higher than that of Al+8 wt.%

(Zr+B,C) cladding layer. The maximum and average friction coefficients of the three laser cladding lay-
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ers are lower than those of the AZ91 magnesium alloy matrix, and the wear rate is smaller than that of

the AZ91 magnesium alloy matrix. The corrosion resistance of the three types of cladding layers are bet-
ter than that of the AZ91 magnesium alloy matrix, when the content of (Zr+B4C) is 16% and 24%, the
corrosion resistance of the cladding layer is equivalent, and better than that of the cladding layer with a
content of (Zr+B,C) of 8%. The appropriate content of (Zr+B,C) in the Al+x wt.% (Zr+B,C) cladding

layer is 16%, when the cladding layer has high hardness, wear resistance, and corrosion resistance.

Keywords: AZ91 magnesium alloy; laser cladding; Zr+B,C content; microscopic morphology; prop-
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Fig.2 Gibbs free energy change curves of chemical

reaction of cladding layer
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Fig.3 Surface morphology of the top and bottom of AZ91 magnesium alloy surface cladding layer
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& 50 AZ91 £ 4 R OIS 4 2 B
S o XF LGS BT AT AT, 3 A 7 ) A IR S 0 B
AR ZHEZSEZ AZI B4 43Rk, BAE
HHEAMER T, TR SR A S G 05
B2 S5 HER AT EH. H(ZeB,C) T &N
8% 1 16% i} , 157 )2 i i A & <AL, 1 Y (Zr+
B,C) & f 3G N 2 24% i), 4 78 2 i AFL B I S
2 X FEIE R HOCHE E  FE v R R A SR
K3 L e 2 S ) 20 O i A b 2 TE 1S
W R T A H R A, R A R B HE L T
1 58 [ o BRI UL, B Y (ZeeB,C) B 2 38
i, Al B,C AW 7 A 1) C 5 O JE MUY CO Fil
CO, MM 2 | R S i i th i AR 1 20 IRt
SEH)Z TR ALECR A B (Ze+B,C) & 1 38 i
SEAIO <R



2023 4E 12 H

BESHIM

A4S EE 2WORE 360 8) - 5.

100 jm

(a)Al+ 8 wt.% (Zr+B,C)

(b) Al+ 16 wt.% (Zr+B,C)

(c)Al+ 24 wt.% (Zr+B,C)

5 A HEEERAANBEBRHBEMIR

Fig.5 Cross section morphology of laser cladding layer on AZ91 magnesium alloy surface
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K70 AZ91 B ARG B2 R AL 2k
RIIN T AZ91 BEG G SE ARG B )2 09 165 ok i
S et PR O B AR A FRL LI 2 2R . TR T R 3
AU AR T AZOV BRI O B2 1 5
LR A T IE [l RS Sl it FRL O 2 PR el s R A



e 6 - Dec. 2023

Plating and Finishing

Vol. 45 No. 12 Serial No. 369

BHAE I o B il H (5 J2 B0 ) 22 208, FLBUE B E ) 3R
71 JE P [ /) 5 T8 o P 9 %88 R B ) 2 S, YA
7R T 2R 735 o 48 PR 5 0 A R BELAE Ry 58 1
HL A 2 P i 1) o 2 0, H A 7 A ) 8 o sk xf:
A0 R IGAT D, 3 ol 7 2 A e P R AL
T AZI1 A 45K, H (Zr+B,C) & i 5 )6 inh Hy
VR T | ok PR AR /N T ol R X R
{HJE Al + 16 wt.% (Zr+B,C) J& 5 /2 Fl Al + 24 wt.%
(Zre+B,C) J5 78 J22 14 J55 it R {57 105 okt riL 35 2 3 AR
K PR 7 )22 5AT AR AL T JE ol X R
Jg— 7 A2 ALH B AIXT AZOV BG4
T ELA G (R TR e e AT AT BB R A 0 R
1) 308 ALO, AL s 5 — J7 T, 45 78 )= vh ZeC
Al Zr AIB, Z 5 AL AH AT A X AZO1 85 & 4 LA T i
) it 8 b B, EL Hh T (Zr+B,C) 5 s DU s 7
J2 R AL AR B B RO A X R £ BUR R R

I, Al + 16 wt.% (Zr+B,C) ¥4 % )2 Fl Al + 24 wt.%
(Zr+B,C) K78 )2 B i 5 P e AH 24

0.5F
‘? 1.0
45 d-
1= C
-15p
1= AF91
20k b— Al + § wt. %(Zr+BsC)
§— Al+ 16 WL3ZrBdC)
d A+ 24w %ZrBC)
25 f z 1 1 L i 1 A

7 ¥ 5 4 3 2 A
log[i/(A-cm™)]
E7 AZI1 A EEMEMBEEREMRML L
Fig.7 Polarization curve of AZ91 magnesium alloy
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Tab.3 Polarization curve fitting results of AZ91 magnesium alloy matrix and cladding layer
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