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Microstructure and properties of lower-temperature diffusion
aluminizing coating on surface of AZ91D Mg alloy
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Abstract: The aluminizing of AZ91D Mg alloy by AICl;-NaCl molten salts at a lower temperature of 380 ‘C were
investigated, and a diffusion alloyed layer was prepared. The microstructure and composition of the diffusion alloyed
layer were studied by optical microscopy, scanning electron microscopy, energy dispersive spectrum and X-ray
diffractometry. The nano-hardness of the alloyed layer was studied by nanoindentation. The corrosion resistance of the
treated AZ91D Mg alloy was evaluated in 3.5% (mass fraction) NaCl solution by electrochemical impedance
spectroscopy and potentiodynamic polarization. The results show that a continuous and dense alloyed layer can be
formed on the surface of the AZ91D Mg alloy by aluminizing in molten salts at low temperature. The
aluminum-alloyed layer consists mainly of Mg,Al; and Mg;Al;, intermetallic layers. The formation of the Mg-Al
alloyed layer is associated with a displacement reaction mechanism and diffusion process that takes place during the
molten salt treatment. The alloyed layer substantially improves the hardness as well as the corrosion resistance of the
AZ91D Mg alloy, which is attributed to the high volume fraction of intermetallic compounds in the surface alloyed layer.
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Fig.l1  Optical photographs of cross-section of diffusion
Al-alloyed layer on surface of AZ91D Mg alloy: (a) Al-alloyed
coating; (b) Grain-boundary diffusion; (c) Al-alloyed coating
after etching with 0.5% HF solution



o 20 55 12 ) B, S AZ9ID BEG SRIGEY S HHE A S TR 2271

K 2(a)Fr7 b Zaf T HUE S FEah 1A SEM
B R DR & eRRA 02041 . K 2(b)
()BT 7= 70 930 0 4 2 A J2 DX sl B o = DX ) g
JEOKIE o H1EL 2(0)F(c) AT 5, B JRANZ A RRDIR T3
111 AL JZ U IR G548 o AR G HICAE B P 3R A5 10
N A< )2 S A 5 AL G () el AL B B & <) 2 A
FE4EW A . Bltn, SHIGEMATSU %55 zZHU
%[3]%%U%’E@/§Ej§%jﬂ—$Eﬁ Mg17A112 =, HR
AR . XL 2a) B S B HEAT BE 2>
B, LGN 1 Pra). BEAERRRSRE G R R
I, ALMREEAWTIRAN, 1 Mg RIS 2 W8 .
B2 N2 IR ALIRPE T Mg WP, T 2 X3
ALIRFENINT Mg W fE. I6Ah, iEn]LAOERR] Zn JT
RAERMEE, XWARE TG B AR AR BB
Bl ISR T Mg 5 ALIEEREE, g5iadidn
TOARBE®), W LAHERE AN A T MgAly, WJEHK
Mg ;Al ;.

2 AZ91D BESh & HRS R AT SEM {2
Fig.2 Cross-sectional SEM images of diffusion Al-alloyed
layer on surface of AZ91D Mg alloy: (a), (b) Magnification of

outer layer of coating; (c) Inner layer of coating
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Table 1 EDX results of alloyed layer and substrate

corresponding to marked positions shown in Fig.2(a)

Position % il

Mg Al Zn Mg Al Zn
1 3450 51.34 14.16 40.10 53.78 6.12
2 36.52 49.72 1376 4225 51.83 592
3 39.53 4840 12.07 45.11 49.77 5.12
4 41.72 46.12 12,16 4752 4733 515
5 50.58 3823 11.20 56.87 38.73 4.68
6 56.01 3331 10.68 62.06 33.26 4.40
7 89.77 742 281 92.07 686 1.07
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Fig.3 XRD pattern of diffusion Al-alloyed layer on AZ91D
Mg alloy
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Fig.4 Typical load—depth (a) and hardness—distance (b)

curves for AZ91D Mg alloy after diffusion Al-alloyed

treatment
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Fig.5 Nyquist diagrams of AZ91D Mg alloy before and after
diffusion Al-alloyed treatment in 3.5% NaCl solution

Kl 6 Fr NI & BUb BT J5 AZ91D i
7t 3.5 % NaCl il it ith 2. 296 a9 kB
J5i, AZ9ID BRG<BAF d IR) EJE A5 MAA Ab LT (1)
—-1.52 V K EFFE-132 V, XEH TSRS
AW A B TR A 0 S ke A
I A TR Sl PR b b ) A BT RGN R
5 AIE 2 Ak B S RE IR A R IR R R D TR G
AZO1D BEA AL 1 o ZRIM A GAURT: fit (14J68 bt H gt 2%



9520 FH 12 0] Bpoowg, S

AZ91D BEA SRR Y HUBHE E 41215 M fE

2273

JERAABFRRE SRR T 1 AR -, L 4.0X107
Alem® [FAKE 2.5X107° Alem®s SONG 25U HHIF 57 45
BRI, L) Mg-Al £ A4k A1 ml ke 21 6 ik P 44
JEIIVER S W S5 T & A O e P R

Diffusion Al-alloyed
AZ91D

Potential/V
]
L
T

Bare AZ91D

107 1 CI'"‘ 1 UI'5 1 6'4 1 6'3 1072
Current density/(A*cm™)

6 AZ9ID PG ey BB ALY 5 KA AL £k

Fig.6 Polarization curves of AZ91D Mg alloy before and

after diffusion Al-alloyed treatment in 3.5% NaCl solution
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