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1E AZ91 Be& &b o ml i I & 53 80N 0.3%.
0.9%[F# Y F1 0.4%- 1.0%M1(La, Ce)iR &1,
B Mg-20%Y M Mg-20%(La, Ce)H 8 &45 AZ91
HEESET 72G-001 B KNG @ N
AT, A 730 CHETHCRE, ARER 30 min
Ja BARAET. R 1 B8N BB S B TR (ICP)
HRENATIM S SR EEE IR E &,

x1 HEeehIESETRENSE
Table 1 Chemical composition of Mg alloy

1.2 LWHE

K AR E A (SEM,  S—3400N) M &2 In# +
WG AZ91 BEEr 4 MO 2H 27 J L Jg e 5 g A
o KHEE Zahner A 5N Zennium HL L%
T AR BEAT AL B R IR . FEAL 2R AL GE 1
ZHRAR R, R PONEB R, BEAEESIRFEN
T AR, MR KB (SCEYAS L. BhH
PR A i A3 1 B VS R —2.0~—1.0 V, $33HE
FERN 1 mV/s. HTESL0%sE 2 i =0 e E QS
mL) I RR o BB A A b [ B FE IR A AR
RGN, BFEEAA 1 em®s Hikh 2t
AT E SR = IR T T, AT 3.5%(5
&7 H0)NaCl ¥ . K 815 5 D/MAX-2500/PC 1]
XRD F1%-5 N Kratos Amicus [ XPS X854 I8
TP EEAT . N T BRI LT R T S
AZ91 BB it A 5 B A 2 (R R AR G R 34 22,
KRS MultiMode8 FY IR ET S i 10434
TFOR SCHRAL 11 B4 8E (SKPEM) R B xof &5 4 147
X EL AR, AT H A S R R ) FEL A o A T S
AL IR AT /T -

2 FERE5H

2.1 X AZ91 HEE SHELNEMRIFNT

B 1 s A INAS[EIRG 005 AZ91 B4 41
SRS 1) W, AZ91 B4 & EEH a-Mg
TR GG S0 A 1B IR ES A B-MgrAl BAK
/NP AIMn FHZH R X EE B 1(b)F(c) rT %,
WML Y 5 AZ91 BE& e Il 7 R/NA— TR
RAH, 00 0.9%Y 1) AZ91 B4 4 R RDIRAH I B
ARE L, BN R B, X EeRDIRAR 2 BN
ALY #, DECH AL MY Fi A WI0F L Y &
251 AZ91 BEA & p-Mg Al FURAEREAL, H

Mass fraction/%

Alloy
Al Zn Mn Fe Y La Ce
AZ91 9.44 0.78 <0.1 0.015 - - -
AZ91+0.3%Y 9.22 0.83 <0.05 0.003 0.21 - -
AZ91+0.9%Y 8.97 0.79 <0.05 0.004 0.65 - -
AZ91+0.4%(La, Ce) 9.18 0.74 <0.05 0.004 - 0.16 0.30
AZ91+1.0%(La, Ce) 9.69 0.78 <<0.05 0.007 - 0.40 0.75
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Fig. 1 Microstructures of Mg alloy before
and after adding different rare earth: (a) AZ91;
(b) AZ91+0.3%Y; (c) AY91+0.9%Y; (d) AZ91+
0.4%(La, Ce); (¢) AZ91+1.0%(La, Ce)
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T, REE R AT AZ91 BEA SR b



FE3BE T

AErT, 55 AR X AZ91 BEG S E AT A KRR 1801

1y

iy y,/':///f/
W S

222 MitXt AZ91 A R AN 715 AT RIS
Bl 3() s NI IS FEIRG L1 AZ91 Ba S AL
3.5%NaCl R IR A 28 . P 3()mT L, A
ISINHE L Y 18 2 (La, Ce)iR &M L HRRESE AZ91 BE &
SR R AE R, WAk iR BB 7 S (138
FEIRRPRAZRE, RFBAMNT SR EAH TR, BT
N 1.0%(La, Ce)iR&Hi 111 AZ91 B4 & FH 7
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WAL BRI A S R R 2. R 2 AT, &t
AZ91 BEA S 1B T L IR B P (o) FRAIR T 1 N
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MESEET 3.5%NaCl BT, AR
N7 1Y BA A AT & B T = A R AR 11 2 /D
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Fig. 2 Corrosion morphologies of Mg alloy

before and after adding different rare earth
after immersion in 3.5% NaCl solution for
48 h: (a) AZ91; (b) AZ91+0.3%Y; (c) AY91+
0.9%Y; (d) AZ91+0.4%(La, Ce); (e) AZ91+
1.0%(La, Ce)

YONTT DL S & & 1B i peig >, |/ 3(b)pion
AT A & 2N B G SR T 3.5%NaCl iE
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Fig. 3 Corrosion kinetics of Mg alloy before and after
adding different rare earth in 3.5% NaCl solution:

(a) Polarization curves; (b) Hydrogen evolution

2 EIFLAR AZO1 BA S AL IR A 5
Table 2  Fitting results of polarization curves of AZ91 Mg
alloy before and after adding rare earth

Alloy Peor! V Jeon! (uA-cmfz)
AZ91 —1.396 254
AZ91+0.3Y —1.413 26.7
AZ91+0.9Y —1.446 20.1
AZ91+0.4(La, Ce) —1.429 49.5
AZ91+1.0(La, Ce) —1.415 54.8
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Fig. 4 XRD patterns of corrosion products on surface of
Mg alloy: (a) AZ91 alloy; (b) AZ91 alloy adding Y;
(c) AZ91 alloy adding (La, Ce)



31 BHTH

AErT, 55 AR X AZ91 BEG S E AT A KRR 1803

Mg(OH), AT, i B B ATT 2 1T AE A (1) 85 ik =4 =
BN Mg(OH),. Bb4h, 7E AZ91 B4 & rhiai 2|
ALO;(WLHE 4(a)), TEF Y BEE 4 1 G b= oS U
BT EHRAR B A A MgAL Oy Mg ;Al, BLA ALY (WL
4(b)) o JE TR IE] Mg ,AL, LA ALY A8,
FIHIE T B-Mg Al ST HARE) “IiE” L. 758
Y BEAE&ME Yy RARNBEAER LY 254
B JE P 1. s In(La, Ce)iRB&H LIS &1
JEM R IR TS La A EUE SO0
4(c)), XERMM L La FEEMEREF S E5ER TR
LY/

N7 L Y RESS5ERE MR, R
XPS XN 0.9%Y ) AZ91 85 &4 R 1 (1 & h = )
AT T8t B 5 B Risin 0.9%Y 1) AZ91 85
& 7E 3.5%NaCl ¥ IR 96 h J5 3R TH & th =71

(@) Survey

Mg 1s
Ols &

96h, 200

1s

ML=
\
0
Mg
96h s

800 1000 1200 1400

0 200 400 600

Binding energy/eV
() Y 3d
96h,200s
96 h
150 155 160 165 170
Binding energy/eV

Bl5 AZ91+0.9% Y H&AE 3.5%NaCl ¥l HZE 96 h
JE R TR XPS

Fig. 5 XPS spectra of surface film of AZ91+0.9% Y alloy
immersed in 3.5%NaCl solution for 96 h: (a) Surface full
spectra; (b) XPS spectrum of Y 3d
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Fig. 6 Local height diagram, potential diagram and potential variation curve of AZ91 Mg alloy before and after adding rare
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ZEZ1N 350~400 mV, WAN(La, Ce)lRAH# )5,
Aly(La, Ce)HH 53 A 2 1] (1) K 6T HEL 34 22 B AR ik
390~440 mV, 1H Aly(La, Ce)fH 1 FIRAE A .
BIR ALY TENBIMRARIRIE T a-Mg I A3 Tk,
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Bt Y BEEHIIN AZ91 BEG Bk IH IR A B4 It

&b
He s

Al .

fE15A S i e GE G BTt
3) RAMTEER AZ91 B4R E AR
N 0.9%Y BEE 4 tLiRn 0.3%Y &4 E

TR AL, WML, X2 AN 0.3%Y BE
Ha&T p-Mgp Al BEZ, 1 HH TR EE S
3B MRS, RN 0.4%(La, Ce)ll& M 185
A4 5UIN 1.0%(La, Ce)lRA#iLBEA &Mt ihit
FERMAKR, 32 T P B TIOM S 4 B 3R T I 2H 1
WHRZEERFERE.
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Effects of rare earths on corrosion behavior of AZ91 Mg alloy

FU Xiao-yul, JIA Rui-lingl‘ 2 ZHANG Gui-longl, LI Dan', MA Wen"2, GUO Fengl‘ 2

(1. School of Materials Science and Engineering, Inner Mongolia University of Technology,
Hohhot 010050, China;
2. Key Laboratory for Thin Film and Coatings of Inner Mongolia Autonomous Region, Hohhot 010050, China)

Abstract: 0.3%, 0.9% (mass fraction) rare earth Y and 0.4%, 1.0% (La, Ce) mixed rare earth were added to the
AZ91 Mg alloy, respectively. Scanning electron microscopy (SEM), scanning Kelvin probe force microscopy
(SKPFM) and electrochemical testing techniques were used to study the corrosion behavior of Mg alloy. X-ray
diffraction (XRD) and photoelectron spectroscope (XPS) were used to determine the composition and structure of
the corrosion product film. It was clarified that the influence of different types and contents of rare earth on the
corrosion behavior of AZ91 Mg alloy. The results show that both rare earth elements can reduce the corrosion rate
and improve the corrosion resistance of AZ91 Mg alloy. The effect of different types of rare earth on corrosion
behavior of AZ91 Mg alloy depends not only on the potential difference between the precipitated phase and the
matrix, but also on the influence mechanism of rare earth on the microstructure and surface film of Mg alloy. Rare
earth La participates in the formation of corrosion products during the corrosion process, which increases the
integrity of the surface film, but the passivation ability of the surface film is not as good as the passivation effect
produced by the Y-containing Mg alloy. Rare earth Y reduces the mass fraction of f-Mg;;Al;, phase in the alloy
and weakens its micro-galvanic corrosion effect. The role of rare earth Y in improving the corrosion resistance is
more obvious than that of (La, Ce) mixed rare earth. The corrosion rate of AZ91 Mg alloy with 0.9%Y addition is
lower than that of Mg alloy containing 0.3%Y. The corrosion resistance of Mg alloy with 0.4% (La, Ce) mixed rare
earth is similar to that of Mg alloy with 1.0% (La, Ce).
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