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Microstructure and property of zinc-yttrium coating on pure
magnesium by vacuum solid diffusion
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Abstract: Surface modification treatment on pure magnesium was conducted at 400 ‘C by vacuum solid zinc-yttrium
co-diffusing. The microstructure, microhardness and corrosion resistance of the zinc-yttrium co-diffusing layer were
investigated by OM, SEM, EDS, XRD, microhardness test and electrochemical corrosion polarization curves test. The
results show that the zinc-yttrium co-diffusing layer with an thickness of 2.7 mm forms on the surface of pure magnesium
after surface modification treatment. The dense layer is composed of intermetallic compounds Mg;Zn;, a-Mg saturate
solution, a-Mg and I-phase (Mg4oZnssYs or MgzgZngY o) lamellar eutectic phases. The microhardness of the surface
diffusion alloying layer increases significantly and its corrosion resistance in 5% NacCl solution also improves obviously.

Key words: pure magnesium; zinc-yttrium co-diffusing layer; microhardness; corrosion resistance

AR, B NIRRT R A e S ATREINMR SOOI RO PR S Lo T U R I S (U A DR A L
SORM Haddem, Bea DI EMEOONMNEL 1/4, IR BT R AR TP, A Fey AL LUK
B 2/3). Wom . SR REENE. WM. BB, IR TGS RO TR AN A5 B s 2

EEWE: \LTaE REAECH AN & WA B0 H (07010727);  1LITHA HAERHEIE ARG 28 B0 H (2008021033); L1744 I 6 B8 25 A 4 e B 3ot H
(2007-25)

Yg¥5 B HA: 2008-06-10; &iT HEA: 2008-09-10

WITESE: B fh, #P%; HEik: 0351-601839; E-mail: liangwei@tyut.edu.cn



440 rp AT 4 2R

2009 4E 3 H

JRU R BB S AR AR A T8 P R B Lt — 28
Z NI i, RS E IR T V2 AR £
AbFRTZ, AR B 4 (i JES b e AR 8 v e,
Uik A AR ] RITBH AR AL AR 3]  SAH TR AR R
FAWE AL SO A AR D755 R Iy VLA [ 7R
JEHIAFAE— 2SRRI AR . TR
By BTG, B, %H KBS Hus ok
MY BT T E SRS, fEaisk,
AZ91. ZMS A ERIRAG T34, BE RN,
MR T T A4k 2 T PO 8 e R B v, L L e 2
K, BB, RS RAEEIRE B ESY
BITSAR AR MR R M RERLIR B8 )2, FHF
PERLIR B2 I N . Sl Al FEE R 5 Ak v

W Tk g B 2k D) &) e R~ 28 10 mmX 10mm
X 10mm A, SBJ5 R 6007, 8007, 10007 SiC 1>
AT, LA B 7S UG 10 min,  2eBRAl
BRSPS A& BRI 75 um, 40555
BIRT 99.5% BRI FIAEEE KT 99.8%IKIEL Ky 4 B /K
LG 6:1 WA, K a5 1 IRl R AC T B ok 0 1 Tk e
IR, PR EREEE TSR T 0.1 Pa (IR
PN, AT EERC B AR B . FHESEFEZ A 16 °C/min,
T°(400+1) CLRIUR 90 min, Pl 25 A f5 AL RE A A 42
=i

RPEL RSB0 )5, R MBA2100 #!
e 2E A B A TEL6700—F B33t e B EA TR IR

Layer 2

B 1 ZAPCRmY BUstE. fRSMHE T

BB H R ARG S k353 Hrs AR KY—-2000 2 X
SR BT SR ASORS AN R R B2 TR BGRB8 2 1EAT WD AH 43
Brs R PS—168A B HAL MR #R7E 5%NaCl %
HORRREHEAT S Pk eIt ] HX 1 28 5 et i
TEXHRE . IRAS 2 AT WA MR (BT 0.49 N,
IREZINtA] 10 8).

2 #REE

21 EERMEMELERS D

K1 s AESHA 400 CE4AF R4 90 min 3
BEL BL(Zn, Y)RCPEJSE R XSk A R AR
M 1@)AT WL, RFEZ 400 °C, 90 min FLAY IB5E.
FORFE AR TR 2.7 mm &2, BEHEG
PR AR N A4 2 AR, BEiigz R
A1, HEAR T RRNA SIS A i S %M &
Nt 4 AT B 2 AR SR 2 L, HJZ AR
IR, wAMNE N AES BRAYRAZ, KA
TR AG IRt A 1) 3 AR K0 28 VAR TR IR otk LAl
G, CAZR P R W 1(b) s, K AR A
5 FBAR I R AR SR A B b i A PR 21
SR EEAL, TR A A R AR EOIR 2,
AR WME 1(o)fir, KEHE L, b5
SRR 1) 2 A 8] 2 2 R0 R B T 5 P 11 22 e btk
MR Kb EHURA LR,

Kl 2 Fros by B R K SEM (5. K 2
TR AR H A VB 2 DR A o A B W R A TRy
fE, BUYBJEXIR A A ANEA), AR K. h

Fig.1 Optical microscope photographs(OMP) of zinc-yttrium coating on pure magnesium: (a) Cross-section of zinc-yttrium coating;

(b) Side of Layer 1; (c) Side of Layer 2
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Fig.2 Cross-sectional SEM image of zinc-yttrium coating on

pure magnesium
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Fig.3 Line scanning spectra corresponding to Fig.2: (a) Y;

(b) Zn; (c) Mg

Table 1 EDS analysis results of representative zones shown in Fig.2

Position No. Analysis zone x(Mg)/% x(Zn)/% x(Y)/%
1 Mg matrix 99.69 0 0
2 Transition layer 93.80 6.13 0.07
3 White lamellar dendritic in reactive alloy layer 39.59 55.28 5.13
4 Black block in reactive alloy layer 94.08 5.74 0.17
5 Light gray zone in reactive alloy layer 69.94 30.06 0
6 Light gray zone in reactive alloy layer 68.91 31.09 0
7 White lamellar dendritic in reactive alloy layer 31.81 58.62 9.57
8 Black lamellar dendritic in reactive alloy layer 96.20 3.80 0
9 Light gray zone in outer layer 29.87 58.97 11.16
10 Dark gray zone in outer layer 63.80 35.51 0.69
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Fig.4  XRD patterns of zinc-yttrium coating on pure

magnesium
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Table 2 Microhardness values of specimen by vacuum solid
zinc-yttrium co-diffusing for 90 min on pure magnesium at

400 'C

. Microhardness value,
Test location

HV
Gray zone 244
Reactive all
CATIVEATOY Black block 286
layer III
White dendritic 210
Black transition layer Il 127.2
Mg matrix [ 41.8-45.6
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Fig.5 Electrochemical corrosion polarization curves before

and after vacuum solid zinc-yttrium co-diffusing on pure

magnesium
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