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SEEG, PrAHE A N 1 mm/min.

H A S ih 236 4E SBF Hhik4T, SBF 4" 8.0
g/L NaCl. 1.0 g/L i Zj¥¥ (glucose). 0.4 g/L KCIl. 0.35
g/L NaHCOs. 0.14 g/L CaCl,. 0.06 g/L KH,PO,. 0.1 g/L
MgCl,-6H,0. 0.06 g/L Na,HPO,12H,O F1 0.06 g/L
MgSO47H,0. 2 B il e R~ @18 mmx5 mm,
RAERMIA (cm®) 5 SBF A (mL) 41k 1:30,
BT A R IR S8 72 41 BE O J5 2R 4T, R R, SBF
USSR K 37 °C, FERE 8 h B — ) SBF. H 4% 1%
Ve (20%CrOs+1%AgNOs) & Bl FE 2 1 8 bl =),

£ 1 875 Mg-0.5Zr-1.8Zn-xGd & &ML Z B 5
Table 1 Chemical composition of as-cast Mg-0.5Zr-1.8Zn-xGd
(/%)

Actual composition

Nominal composition

Zn Zr Gd Mg

Mg-0.5Zr -1.8Zn 1.88 0.56 - Bal.
Mg-0.5Zr-1.8Zn-0.5Gd 1.86 0.54 0.51 Bal.
Mg-0.5Zr-1.8Zn-1.0Gd 1.85 0.54 1.02 Bal.

Mg-0.5Zr-1.8Zn-1.5Gd 1.84 0.53 1.51 Bal.
Mg-0.5Zr-1.8Zn-2.0Gd 1.83 0.52 2.02 Bal.
Mg-0.5Zr-1.8Zn-2.5Gd 1.83 0.52 2.53 Bal.
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HAAAE DB R SFZ00 3 um (VAR RRL, X & 2a
H A RUBUREIEAT BB AT, Wik 2 Brow, HEWTIZO\ i
AAIIORE R B 5T Ze JOORE, [A]INE, B REAZ 1L, 7E 780+5 C
ISR, Zr GeBgIg5 A & ek . &4



124 Wk MRS Mg-0.5Zr-1.8Zn-xGd B G A 2L 5 1k R © 4273 »
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Bl 1 454 Mg-0.5Zr-1.8Zn-xGd &4 1 5 ML 214 A0 I T
Fig.1 OM images of as-cast Mg-0.5Zr-1.8Zn-xGd alloys: (a) x=0, (b) x=0.5, (c) x=1.0, (d) x=1.5, (e) x=2.0, and (f) x=2.5

Zone 2

5 pum

Kl 2 #52A Mg-0.5Zr-1.8Zn-xGd 4 1) SEM [}
Fig.2 SEM images of as-cast Mg-0.5Zr-1.8Zn-xGd alloys: (a) x=0 and (b~d) x=1.5
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Table 2 EDS analyses of the second phases with different
morphologies marked in Fig.2 (w/%)

Position Mg Zn Zr Gd
A 11.1 0.0 88.9 0.0
B 40.1 5.9 0.0 54.0
C 69.2 11.6 0.6 18.6
D 55.6 1.9 2.1 40.4
E 61.0 15.0 0.5 23.5
F 71.2 12.0 0.6 16.2
G 62.0 3.4 0.0 34.6

AR EE ARG . KA [ TE S B A EAT g 1% 43
M, Wk 2 Prow, 5 AHFZELL Mg Zn A1 Gd 3 FliT
FUR, LDEE PR EEMER Zr UE, WHAE
Mg-Zn-Zr &4 I Gd 6% [ I B AIK Zn. Zr & Gd
JUERAE Mg TR, ARG 403 LU 4
(I oA T A ek rp 21,

3 & Mg-0.5Zr-1.8Zn-1.5Gd % 42 (1) TEM 14 2 H:
HoF I (R 36 XL AT (SAED) f6ff. B 3a = X
S BAT = AIBR G TEM AR, kX E 3a 1 A X 35
YEAT SAED B pibrsE, WK 3b Frox, Z=MIBIRE
M R T 0 L T 85K, SAED BE s T [R) B
0.3652.0.2579 F10.3652 nm 5 Mg;Gd #H(PDF65-0040,
a=0.7324 nm) {(020). (022)5(002)ifi d) P E AT 4
UFIIXT N DG 2R, 8 T [10015 A 5, ks 3 5 a=0.7301
nm, /NI MgsGd A FRAE A% £, R 2 WA,
A MAFRTES S A0 F 2l Mg, Zn F1 Gd 3 Ff
JCEA R, B, Af DAHENT % 58 —AH 2 (Mg, Zn);Gd
A, Zn BT Mg;Gd AHH ) Mg 3350 715 A0 g

Zone B

B HUN T Mgz Gd AR bR A% 5 32

3c A4 HA MRS R 8 A TEM 14,
ST 3¢ ) B X1 HEAT SAED ARiE, % AR
F IO T A5 Ky, H SAED B A i I 1) R 0.1668 -
0.1483 #1 0.4215 nm 5 Fr#fE Mg;Gd AH 1) (133).(224)
S (U188 TR PE A A R N oG &R, 8 T [312]4
Wil SRS H K 0=0.7279 nm, [[{El 3a A XK FR
SEAALL, FTRRE A (Mg, Zn);Gd #. B 3e £ &4 L
BIR B RIOREAR o3 A (585 —AH, XKl 3e € XARIEAT
SAED Bt sbRsE, 15 AHFAE R AT O AL T 451,
SAED B £ R (T A #E 0.4219. 0.2201 A1 0.2578 nm
EjbrifE MgsGd AP HI(1T1). (311)52(220) 4 1f I\) FE H.
AR NG FR, BT T12] A Rl 5k 4
a=0.7299 nm, [FIFEFRE A (Mg, Zn);Gd . ANFETER
(Mg, Zn);Gd 9 Mg. Zn & Gd & & &= INAH T2
T IR B RN R AE T AP,
2.2 HFMee

Kl 4 ) Mg-0.5Zr-1.8Zn-xGd £ 4= /0 % i bz A TF2
N Jg- AR 2, %R N Pih R (UTS) .
MRBEE (YS) KARKZE (EL) (i 3 P, EidK
4 F1F 3 BB L, 10 Mg-0.5Zr-1.8Zn Rt 4 i
AN 0.5%~2.5%Gd fe % AN [\ F5 B 14 5 6 4 10 ) 22k
Ae, JFH, B Gd Z=EMEIN, UTS. YS X EL i
KR ST m G R &S Gd R 1.5%0,
HERAREN N E R, UTS. YS K& EL {54 %A
22243 MPa. 168+3 MPa } 10.2%+0.3%.

G a1 F R AL RS SRR/ BT

(311) - QU

(220) .
(000)

K3 452 Mg-0.5Zr-1.8Zn-1.5Gd & 4x /¥ TEM % Je 5t X 58 A, B A1 C [t SAED & 4%
Fig.3 TEM bright-field images (a, c, ¢) and corresponding SAED patterns (b, d, f) of zone A, B, C of as-cast Mg-0.5Zr-1.8Zn-1.5Gd alloy
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K4 75 Mg-0.5Zr-1.8Zn-xGd & 4 i =i TFE N J) - A5 il £k
Fig.4 Engineering stress-strain curves of as-cast Mg-0.5Zr-

1.8Zn-xGd alloys at room temperature

£ 3 157 Mg-0.5Zr-1.8Zn-xGd 5 &R H F 1R
Table 3 Mechanical properties of as-cast Mg-0.5Zr-1.8Zn-xGd
alloys

X 0 0.5 1.0 1.5 2.0 2.5

UTS/MPa 191£3 209+3 215+2 22243  216+3 21143
YS/MPa  143+£3 156+3 16242 168+3 162+3 15543
EL/%  7.5+0.3 8.4+0.3 10.7+0.2 10.2+0.3 9.1+0.3 8.7+0.3

FETRAN 2 RILAAT K. mE 1 W5, Gd & &
NT15%, BEHE Gd F RSN, &R E
Wigd /N, ARAE Hall-Petch J7 BRI %01, oL i) 40 14 Bt
55 i G 4 10 1 S PERE - Gd N BB 4 LA T 25 T A

o-Mg [E¥%1E, Gd 5 Mg 785 142 L AL &t B
FSAENB A S FAR T Gd B2 1 [ o
WRRP ., AR A ST Gd &4 T Gd
R PR B o O, P ) R [ R AR R T
Kk, G4 12# e Gd o & IR 04 .
Gd & =#EACHT, A S B (Mg, Zn);Gd A1
b B RSN, BN RS (Mg, Zn),Gd #5434k
— R B A S BRI R OCR, SRR AL
F TR OC R A /N 365 AR 0RL 25 S 47 R AT FUAL 4, 38
PR IZ B R B 7, RS 1) B0 4 (9 2 AR A 2 R0, (Mg,
Zn);Gd AHFIRL I 0 2 B Gd 2 5 38 g 4 n, - B
(Mg, Zn);Gd AHFIURL T 2 21 (1 5 A0 80U 22 Bl Gd & =11
Bohnvfi s s, AEE AHSRACK UL, A ek Re

b4 4 Gd SR 4 & .

Gd F &AL 1.5%~2.5%, Bi#H Gd &= M3,
b S AR SR B = M AR I (Mg, Zn),Gd AHIZHTAE K, R
SHEK (Mg, Zn);Gd A5 564408 AT 3RS0 S ¢
R IO R SO RS A 43 ™ E I 95 (Mg, Zn);Gd
S AR R g5 A B, R R, Ok (Mg,
Zn);Gd Al DX 8 A D) ok R aU AR UR R ALY
i, Bk, BEE Gd =M, S&rEkgE
W A

&4 i AR D B3 5 PR . Gd RN
0%y, Wl 5a Fros, Wi I T SR 7 e B
M ST MR BRI, T 10 LA e 1 e W SR

£10 LLI'&]

5 & Mg-0.5Zr-1.8Zn-xGd & &) LBl 0 SEM JE 31

Fig.5 SEM fracture morphologies of as-cast Mg-0.5Zr-1.8Zn-xGd alloys at room temperature: (a) x=0, (b) x=0.5, (c¢) x=1.0,

(d) x=1.5, (e) x=2.0, and (f) x=2.5
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fiE, BRI, 12 < ik A REAR R IR Gd 2 &N 0.5%
1.0% % 1.5%I, 4n 5b~5d s, Wil 7 KE
7 10y AN T] PR A B, 820 BT ) DS I T D R N T
B, OIsRiiE Gd MR mimEE L, i
B RSTRE Gd & I Bk, B R B,
AR AE, Kk, S4&m 2Rk E Gd &
HIE I E T . Gd A 2.0%H1 2.5% 0, XV
(A T 1 B30 B Se 5E BT, IR 10 o ) i 3 i A
HoPEE, THARBE TG OR, O I EWE T2k, I
I G I J D] 32 82 SR AL 55 — AR RT3 K 9940 T
mIH AL S S TR BRI, B Gd SRS 4
712 Mk Re 12 W B AR
2.3 TS RERE

6 N Mg-0.5Zr-1.8Zn-xGd & 44 SBF FiziY 1
h Gt gk, 2 4 25K 6 Ll AR /R MRS
B AN, (Eww) > BEBAEREE o) X
HEER (P « WK 6 E 4 BEBEN, Gd o5&
TE 0%~2.5%If, BfiA Gd RN, Eon 8 IER G
T, Leon M1 P SGIR/NE IR, Gd &N 1.5%M,
G RABIEN Ecorr BN Lo B Py Ecorn Leon X
P73 %124 1.505+0.003 V vs. SCE. 5.803+0.003 pA/cm’
% 0.260+0.003 mm/a. [FFEME 5, WAT M
M BB Eeon 1REA SR A AN ORI A%, B

TRV AL, BRAR) Lo A1 Py UG B A 42 K 2E BT Tl 15
B 1SS, WA G 4 R A IR OE R R, A
Uk, Gd F 80 1.5%H, & 4 BAT BT (e 168 ik v g 7

7 HAIE Gd FE )&/t SBF 11t 120 h
JE P S IE R (v, WNEYPRERE S, Gd &
HAE 0~2.5%F, &40 v, SEEICE T, ANF Gd &%
A A TR B T A 10 A8 Ak 5 A A i 2R 1) 45 SR
B8, Y4 Gd & RN 1.5%0, &4 B A BACE i

-6 A 0Gd

lg(/A-cm™)

B

o
%

Y

) 18 -15 1.2
-1.8 -1.5 -1.2
Potential/V vs. SCE

—9} F:25Gd

6 54 Mg-0.5Zr-1.8Zn-xGd & 47 SBF 32l 1 h J5
Bl i 2
Fig.6 Polarization curves of as-cast Mg-0.5Zr-1.8Zn-xGd alloys
immersed in SBF for 1 h

%\% 4 %ﬁ?‘& Mg-O.SZr-l.SZn-de éﬁa"] Ecorr\ corr & Pi
Table 4  E oy, Icorr and P; of as-cast Mg-0.5Zr-1.8Zn-xGd alloys derived from the polarization curves

X 0 0.5 1.0 1.5 2.0 2.5
Econ/V vs. SCE 1.616+£0.003  1.544+0.003  1.536+0.003  1.505+0.003  1.528+0.003  1.532+0.004
Loorn/pA-cm™ 9.124+0.004  8.217+0.003  8.130+0.004  5.803+0.003  7.176+0.003  7.998+0.004
Py/mm-a’’ 0.408+0.004  0.368+0.003  0.356+0.004  0.260+0.003  0.323+0.003  0.345+0.005
HA, v,=0.801£0.04 mm/a, BLH% Gd FEK &R .
HEIFHT RS . P 8 WA Gd & & 4 = 12f 1
Vet s o ., 1.182]
SBF il 120 h Ji5, 2Bk 1) 1O T 5. Sl Y L
G 4y 0%IHF , -4 J 5 142 T 7 350 4 1 8a 4% gosf o M
R . . . 0.87
B A AT BL T RSP BRI B, & 4R T 1, % 06l owl| 8
MEE] 8a 05 B8 TR I 5 50 0 1, A 90 204
BRIL %, APAE AR E GIORL, R R A 42 S 0af
A B 2a Rde 2 DM, %GR Zn B Sool LI L T T T
v = 0 05 10 L5 20 25

Ki, Mg H1 Zr (R b5 HE F AR FRLAE 239 —2.37 F1-1.529 V,
RIFE s ot #E b, Ze AN, S InEIL R El a-Mg
SR, (R AR ki R AEPY, N, %A 4
HABKA SRR ST, KRITR SRR S G eE
2 Mg 5 MgO FHH AL, A8 5l ik R v i ok
Mg Kl MgO ZRZ, R HESEE K MgO 4b=
Mg(OH), JZ k%, [k MgO & Mg(OH), JZ2 Xt & 4=

Gd Content, x

K7 %7 Mg-0.5Zr-1.8Zn-xGd & 4:7E SBF Hi2if1 120 h (¥
B i
Fig.7 Static corrosion rate (vy) of as-cast Mg-0.5Zr-1.8Zn-xGd
alloys immersed in SBF for 120 h
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SRR, PECE 4 B BRI 8 kv e,
Gd 5E N 0.5%F1 1.0%I, & 8b Al 8¢ fis,
J3 ol 5 ) A R T AEAE D S B e 8 il AL B 5
AR SE A B HE R R 0 X B U I A AR N Y
T i RSB R IR 28 A A 5 ol ot 2 %) e 9 T 3
I 8b T R IO AR AL B8 I T A H, A 4R
AL B AR 5 A RORLAE AR, BFL B AEAE U
B Z A AL O X R A 1 28 A S LR E o-Mg 3
PR AT WAk, FE M BHAR I a-Mg JEPR iR 5 30
LI T& BT 8. A 0 IR I 4 K 4 28 — AR 5 3L R AR R
FHAR ) a-Mg FEARRFILLA /N, oA 22 JE ol 3y ) 2
CIFSIPREER G R igr e AN AR BT R R 2% Ay = o b AN T}
SURIENCY, Gk g AR 2 I R ] o-Mg FE A4
(v, DAL, FlUS I & S R AR — & B 9K
M. B EER Gd, BRBAES SR
TR — JZ R R ISR E, 42 w5 A 4 A T ol ek B Y
bEE Gd =M, WARGE&EETESTERE
3 It 42 A S AR M) Eeonr A/ G SR E S
AR A 2, BRARA S R AE WA S B B g o TR
T ST B Gd & = K IZEEwcN, B
mioRL 2 B AC S T AN IE S, AR Y ), 2T B AIG
a-Mg FEAR I MgO )= M Mg(OH), = I Mt n], 42
e A (R JE Tl Pk o A A iR ROST IR gk /st 2 (2
G e R MBI N, 76 A 43R 1 B AN [R] X 3E i —
AMIG R AL 2 HLE AR S k59 iR P9 308 5 S ) L A

rv' ¢

SREE, PEEA A T R v BT . BN 1 kL R
48 O R DX R B R DX PR B 8, 9IS A G 3R THT AN [) X35
TF) (1 6 b o R 2 e, A 4 S LM AR A A S el 1 o
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Fig.8 SEM images of as-cast Mg-0.5Zr-1.8Zn-xGd alloys immersed in SBF for 120 h after removing surface corrosion products: (a) x=0,

(b) x=0.5, (¢) x=1.0, (d) x=1.5, (e) x=2.0, and (f) x=2.5
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Microstructures and Properties of Mg-0.5Zr-1.8Zn-xGd Bio-magnesium Alloys

Yao Huai'?, Xiong Yi'?, Liu Ya!, Li Huan', Shi Huina'
(1. School of Materials Science and Engineering, Henan University of Science and Technology, Luoyang 471023, China)

(2. Collaborative Innovation Center of Nonferrous Metals of Henan Province, Luoyang 471023, China)

Abstract: The effects of Gd content on the microstructure, mechanical properties and corrosion resistance of as-cast Mg-0.5Zr-1.8Zn-xGd
bio-magnesium alloy were studied at high melting temperature (780£5 °C). The results show that the grain size of the alloy decreases with
the increase of Gd content within the range of 0%~2.5% (mass fraction). The alloy without Gd is mainly composed of a-Mg and a small
amount of dispersed micron Zr particles, while the alloy containing Gd is mainly composed of a-Mg and (Mg, Zn);Gd phase of different
morphologies. The mechanical properties of the alloy are improved at first and then reduced with the increase of Gd content. When the Gd
content is 1.5%, the alloy has better mechanical properties than others. Besides, the corrosion resistance is also improved at first and then
reduced with the increase of Gd content. The alloy with 1.5% Gd content possesses a better corrosion resistance than others because of the
uniformly distributed and fine reticulated second phase. In the immersion test of 120 h, the static corrosion rate of the alloy with 1.5% Gd
content is 0.801+£0.04 mm/a, and the corrosion morphology is relatively uniform.

Key words: magnesium alloys; microstructure; biocorrosion property; mechanical property
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