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Laser Alloying of Magnesium Alloy AZ91D with Al-Si Powder and
Its Corrosion Performance

Li Da Qian Ming Jin Chang Li Hui

(Institute of Laser Engineering , Beijing University of Technology, Beijing 100022, China)

Abstract Laser alloying of magnesium alloy AZ91D with direct Al-Si power feeding for improvement of corrosion
resistance was investigated. The relationship between laser alloying parameters and dimensions of alloyed layers was
studied. The microstructural features of the alloyed layer were characterized by using scanning electronic microscope
(SEM), energy disperse spectroscopy (EDS) and X-ray diffraction (XRD). Anodic polarization test was applied to
evaluate the corrosion performance of AZ91D alloyed layer, which yielded enhanced corrosion resistance. The

contribution of the intermetallic compounds (IMCs) of Mg,Si, Al,Mg;, Al;Mg, in alloyed layers to corrosion
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resistance was studied.

Key words laser technique; alloying; magnesium alloys; intermetallic compound; corrosion

1 5 5
EAeREENAORSEAME, BAT
LU DI BE e o sl B 2 FL 4 5 o RN B R G RE D 5 L 5 D
HI T G e 55 — R A0 A T 3z A 28 i
KGR S TR R BE R A
il JB5 kPR RE AN 2 BE A A N AR B . BE RS
% AL 2 Rl AR R ORGSR T S
fil 200 ZE IR A A NaCl BREE o oy e g2
T R FH 28 T et PR B AR 38 v B 6 4 m T g ok 1k e A
WEEIEE S, AR, R TS & HOGR MmN
PRI ST L EH S, BOGR TR HOCEE )

s B #:2007-04-10; Y 2If& 2 B 8 :2008-01-25

JERR A A AR O Ty 12 BT UG 0 T B B A it
P RE R B T P BE S SOt A SR
FINKERWE LT mZ—.

PO R G 4 R R LR B 9 O R R R R
SRl Z 0 Ak 2 B s TR BEE [ N 748 35 25 5 4 1k oo
EPQUEE Yy E R E ARSI K B S R U
LK TR w3 B L T A G TR RE . AR
1= SR a4 A . SEOR B R Z A1
THOLE S LE R M 5 5 S PR B 5
JOC o T 9 ' 22 ) L R R 5 ) A A R
TEBE A S WOE R M EBCE L AR T 25000

HEHEWMB At i A Z A HE F 5 H (KM200510005007) 7% By #48 ,
EEBAN 2 BA981—), B idb AL BF 58 A8 32BN EF KT S0k I 1R F 7 RS AR ST .

E-mail: soslida@ emails. bjut. edu. cn

SIMEA 4 MA957—) . B, EEMNFEOEH RN LEF A FIE . E-mail:qian. 18@osu. edu GAIG/EE)



1396 i

i it 35 &

TR S . FIESE G &R mAEIT I AL
Cu,Ni #1 Si 77 LB e e mBea &%
JZHEUE Mg, Al 6 s 846 & 92 35 59 it )5
PRPES . BEA B ROCHE Me-Zr fl Mg-Al & &8
AR KA e Tl S il PE RS LS A SCR A T
HF R AE T4 82 P E Mg, AL 25 & 8 [ fL 5 9
fl. Yue S7HE ZK60/SIC B A HES S RMIELT T
Je IR ALSI I 5 4 TS R EE R R Lo
ey Mgy, AL, Fl Mg, St 4 J& 8] 4k 5 9 /1 A A T
TR JE b P RE A £ 5 . X BB BIE ST R T AR B A 4 R T
TE G 25 19 55 5 18] 16 A WA G 5 < e — Fh 4 i
B b P RE A4 A5 KT 3k

HT T B A B R AT OB A BT SR SR
Tt LA R IE Uik sORS 42 B B bF 25 T 17 S PO C 1 4
(077 36 SE B NI i 1 T2 A9 52 2 P A A
MEZ T R 2 AL EREOEE & EA Y
WRIPCEE . SR, R =2 SR A RO E

AR IRE . R A ALS 3L S R A S b R T

B GO A S5 I vk BE B BT S IR 2E— 2P 1Y
W . ASCR A Nd* YAG 3O Fi 5§ ok 19 AL-Si
G SRS SR G &1k, DOR MG 86
£ A AT PR TR FEE P L TR BT O S 2 A DR IO
I ES BN & AR 0T B PEA S 414
(1 ¥ S JB8 e P i

2 MRS ik

IS AR Tl I % 18 86 5 4 AZ91D, JL
fe2f oy ik 1 . i@ K& AL T A
AZ91D W) ¥ %e  JF % K5 mm, ¥ B 1306 & & et
BB AR M ALL12% St 46 5 A 4 HoB AR N
80~180 pum. ¥t A 4 LR FH2500 W Nd: YAG
38 % %5 (ROFIN-SINAR) ., it & 6 4F § 5t & 4t
Motorman FHBE BN MUK T 4T . T FH 2R £ 08 BE 1Y
A -H200 mm,

F 1 BEAS AZIID £ AL Ay (B 4350, 0D

Table 1 Nominal chemical compositions of magnesium alloy AZ91D (mass fraction, %)

Alloy elements Al Zn Mn

Si Fe Cu Ni Mg

8. 84 0. 82 0.12

0.02 0.0004 0.002

0. 0006 Balance
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Fig.1 Morphology and microstructure of laser-alloyed

AZ91D  and

substrate. ( a ) transaction

morphology; (b) fusion zone and HAZ; (¢) a-Mg
solid solution matrix and y-Al;Mg;; IMC
segregated along grain boundaries in AZ91D; (d)
dendrites of the microstructure and angular IMC
phases in fusion zone
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Fig. 2 Effects of laser power and translation speed on

dimension of Al-Si alloyed layers. (a) welding
width; (b) welding height and depth
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Fig. 3 Hardness distribution of laser-alloyed
AZ91D layer with Al-Si powder
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Fig. 7 Corroded features of Al-Si alloyed AZ91D layer in
3.5% NaCl solution. (a) general view; (b)
morphology of central area of (a); (c¢) details of
A-1 showing preferential attack at matrix of o
Mg and Al solid solution; (d) details at A-]l
showing early interfacial attack at the interface of

IMCs (arrow pointed)
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Fig. 8 Preferential corrosion in the Al-Si alloyed AZ91D
microstructure. (a) corroded microgrooves in
substructures of matrix; (b) IMC phases hanging

over the corroded concave matrix
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