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Table 1 Chemical composition of the prepared alloys (/%)

Gd/Zn
No. Alloy code Gd Zn Mg ) )
atomic ratio
1 GZ111(Mg-11Gd-1zn) 11 1 Bal. 4.57
2  GZ111.5(Mg-11Gd-1.5Zn) 11 1.5 Bal. 3.05
3 GZ112(Mg-11Gd-2zn) 11 2 Bal. 2.29
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Table 2 Heat treatment parameters of the alloys
Alloy T4 T6 T5
GZ111 500 ‘C,8h 500 ‘C,8h+225 ‘C,14h 225 C,14h
GZ111.5 500 ‘C,8h 500 ‘C,8h+200 ‘C,36h 200 C,32h
GZ112 500 C,8h 500 ‘C,8h+200 C,26h 200 C,34h
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Fig.1 XRD patterns of as-cast alloys

! I3
(Mg, Zn):Gd p:
4 ~ o # KX

2 BEHERHAN
Fig.2 Microstructures of as-cast alloys: (a) GZ111, (b) GZ111.5,
(c) GZ112, (d) amplification image of A zone in Fig.2a, and
(e) TEM image and corresponding SAED (B//[1120] «)

pattern of A zone in Fig.2a
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Fig.3  Microstructures of the alloys as-extruded: (a) GZ111,
(b) GZ111.5, and (c) GZ112
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Fig.4 Microstructures of the alloys after T4 treatment:
(a) GZ111, (b) GZ111.5, and (c) GZ112
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Fig.5 Microstructures of the alloys after T6 treatment: (a) SEM
image of GZ111, (b) TEM image of GZ111, (¢) SEM
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image of GZ111.5, and (d) TEM image of GZ111.5
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Fig.6 Microstructures of the alloys after T5 treatment: (a) SEM
image of GZ111; (b) TEM image of GZ111; (c) SEM
image of GZ111.5; (d) TEM image of GZ111.5
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Table 3 Mechanical properties of the alloys after different

heat treatment

GZ111 GZ111.5 GZ112
oo/MPa /% o/MPa__ 6/%  o/MPa__ /%
Extruded 335 9.00 327 7.52 295 1520
T4 299 5.30 265 6.40 275 14.16

T6 416 7.12 276 4.00 264  12.96
T5 384 5.60 312 6.00 321 9.20
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Fig.7 Creep properties of as-extruded alloys under conditions of
200 °C/80 MPa: (a) creep curves and (b) minimum creep

rates and elongation
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Table 4 Creep properties of as-extruded alloys

Alloy  Condition  &/X10°s™  Gi000/% te/h
Gz111 3.39 0.15 >100
GZ1115 200 C 3.65 0.19 >100
GZ112 80 MPa 5.27 0.28 >100
WE54 6.58 0.32 >100

Note: e-minimum creep rate; o100 n: Creep elongation (100 h);

ti:-creep life

"L, GZ111 &4 BB R/ SIGAH AR, 157 3.39
X107 s, 100 h M IEMZ A 0.15%. 3 Fha 4
PG R T WESS &4

3 S5 ITe

1A Nk, HRAE G TS AR 5 s B e S
BRHRIE, MQ-RE-Zn & & EER B T 40 am it
YOVE SR A AN J AR 5 AL o 383 R4, #6485 T Mg-RE-Zn
TR EL, EER M TS TH
KU Z Fral. AT, LS R



%10 ¥

W B Zn R Mg-Gd-Zn & & RIS J1 AR B

* 2433 -

G, BTFRATIHEHLER, 548MRERRKIER.
T B SGEAT AT R, Te AbER S GZ111 A
T K (I Bb), B RIS A, BRRE T
BEMBRE. R, A4 GZ111.5 Ml GZ112 (1) T6 ik ke
HFLTEA M. XRERT GZ111 A4 %4IE KA T4 kb
RIS, TERGCT W o FEAR i (1 VT [ A . B 2K
R SCOR EUTIER, NI 7853 K AE T I AR R
M, J1E R R E e . B Zn SEREM, &
& (Mg, Zn)Gd FaE R R (B 3. KBl 4), [HE
NEEFEARI Gd JR 7 KRRk . SCHR[15]146 1, LPSO A
o Zn A RE J5F 2 (B 2 A 3 AR FARFH o Bl Zn & 238 n,
M1 ) LPSO AHAARAR 73 HOR B3 i, 38508 ALK Gd
T . Zn G E#E, FEd Gd SR, A,
PR 5 (B BOSFE A, A AR AR 43 B5OR B DR R ks>
ML A 5a. 5¢ A1 6a. 6¢ KHL, BE Zn & &N,
B GRRST IREER. — ORI, 28 ZAH AT H AT R
ARAETILE A, FLORB A T LU A PELAS f  sh el
AT, HATREC A BRI GZ111 S S B2, dikE
AN . [, B8 Zn 9362, ok 9 BT H ) LPSO
FZ Rk, JZ R, DR s Ak R A 1 5

GZ111 5424 T6 MGG 1 i m Pl L,
{2 TS WbEE, BIRORMEBERIEAHE, XBERER K
T5 WS A A% AT (B 5by 6b). Bk, Xf
T Gz111 &4, T6 AHAH K RM T T5. T6 1 T5
WEE T 2N Z AE 2T E A T4 A 5T, a4
W B FH B R A IR AT I 2. =il N T4 AREEAS
AL 2 SR RLIRAL, Dk T6 AbEER T AL
FHF kA g R <554k SLRER MR, mT
T5 AR BT AL (T4), DRI Ab B 5] i &
B KR O RS KT T6 4P . GZ111 &4 T6 &
SR ST TS A&, EULH T I RGRA I O K T kR
Xt 772 1t RE A IR S TR AN . % T GZ111.5 F GZ112
G, T4 KB G R RO I JiR - P 2 4% v ()l v A ]
Wk, JRERMUTE A RORA R, AR UIH T4 &
PR o SRR AL A R SIS, BTEL T6 A5 EE
BEMRT T5 &

Mg-Gd-Zn RE &SI REKY], GZ111 &4
HA RN EIERDUGEMRE. B Zn SEMN, 5410
FSIE A RAL, 100 h MG MK E BN, fiiF
BIERERE K. Mg-RE REEHIIAME Zn, A&HE
B LPSO #H, AT RAK K e Homni A PERg . 2R, Zn
TCFR 2 M0 <5 PR AR 1) R BB AS , AT ASE A )
i PR AN RS A PESE N, R PR A MR AR 2 . BT I,
Zn E R A S PG AL TR R A B . AT
il Zn & & LASRAS IR AF I 25 A M R

4 5 i

1) Mg-11Gd-xZn (x=1, 1.5, 2)& &K% & B A
H a-Mg & (Mg,Zn);Gd F1ZE FR 1) 14H B 7 AR
(14H-LPSO)AH .. b Zn & &EXEIN, A4+ (Mg,Zn) ;Gd
AH AR 3 B8 K .

2) £ Mg-11Gd-xZn (x=1,1.5,2) & 4= i) Bl 2,
HAH IR EERE Zn RIS . Y& &1E
PEFEDL T4 /)5, & Zn B8 /0 1 Mg-11Gd-1Zn &
S K ER Ay AN a-Mg JEAA, T8 Zn EHX 4
f£) Mg-11Gd-1.5Zn 1 Mg-11Gd-2Zn & 4 Pk B K& 48
M.

3) Mg-11Gd-xZn (x=1,1.5,2) & &£ A FF R i FE b &
A7 LPSO MIPTEE (BT, H LPSO AR 7> $i bt
Zn B 3G I A K

4) % Zn FEMN, Mg-11Gd-xZn (x=1, 1.5, 2)
G CHFEH RS A 7EF T BIH0H o
Fk. & Zn 5D Mg-11Gd-1Zn & &7 T6 AbH 5
SO (S R R AP S, T N AL
E

5) Mg-11Gd-1Zn 44 28 H A RPuG 2 g,
b Zn SEMEM, AEPUGEMER T .

SE K

[1] Luo A, Pekguleryuz M O. Journal of Materials Science[J],
1994, 29(20): 5259

[2] Luo A. International Materials Reviews[J], 2004, 49(1): 13

[3] Yan Yunqi(i= %5 31), Zhang Tingjie(3k $£75), Deng Ju(*8 %)
et al. Rare Metal Materials and Engineering(%i &5 4 )& # kBl 5
T#)[J], 2004, 33(6): 561

[4] Ma Minglong( 1 &), Zhang Kui(3k Z), Li Xinggang (%= %
M) et al. Rare Metal Materials and Engineering (#i & 4 J& #4
K5 THE)[I], 2011, 40(4): 635

[5] Garcés G, O~ norbe E, Dobes F. Materials Science and
Engineering[J], 2012, 01(23): 1

[6] Abe E, Kawamura Y, Hayashi K. Acta Materialia[J], 2002, 50:
3845

[7] Han X Z, Xu W C, Shan D B. Journal of Alloys and
Compounds[J], 2011, 509(35): 8625

References

[8] Kawamura Y, Hayashi K, Inoue A et al. Materials
Transactions[J], 2001, 42(7): 1172

[9] Lee J Y, Kim D H, Lim H K et al. Mater Letters[J], 2005,
59(29-30): 3801

[10] Kawamura Y, Kasahara T, Izumi S et al. Scripta Materials[J],

2006, 55(5): 453



< 2434 - WA SRR TR B 44 3

[11] Shao G, Varsani V, Fan Z. Calphad[J], 2006, 30(3): 286 Liming(#237.#]) et al. Materials China (A [E 44} J@)[J],
[12] Zhen R, Sun Y, Xue F et al. Journal of Alloys and 2011, 30(2): 1
Compounds|[J], 2013, 550: 273 [15] Egusa D, Abe E. Acta Material[J], 2012, 60: 166
[13] Liu K, Zhang J, Su G et al. Journal of Alloys and [16] Song Bo(:k %), Long Xinren(z¢1Z), Liu Qing(Xl JX).
Compounds[J], 2009, 481(1-2): 811 Rare Metal Materials and Engineering (%4 4@ ¥l 5 L
[14] Wu Yujuan( % K 45), Ding Wenjiang( " 3 7I.), Peng #£)[J], 2011, 21(11): 2719

Effects of Zn Addition on the Microstructure and Mechanical Properties of Mg-Gd-Zn
Alloys

Meng Jiao, Xue Feng, Sun Jingjing, Bai Jing
(Southeast University, Nanjing 211189, China)

Abstract: The effect of Zn additions on the microstructure and mechanical properties of Mg-11Gd-(1, 1.5, 2)Zn alloys was investigated by
OM, SEM, TEM and electronic universal testing machine. The results show that the microstructure of as-cast Mg-11Gd-(1, 1.5, 2)Zn
alloys are composed of a-Mg matrix, (Mg, Zn)sGd eutectic phase and lamellar 14H-LPSO structure. With the increase of Zn additions,
both the volume fractions of (Mg, Zn);Gd eutectic phase and LPSO phase increase, and the thermal stability of the (Mg, Zn)s;Gd phase is
improved as well. Tensile tests at room temperature indicate that the strength of as-extruded Mg-11Gd-(1, 1.5, 2)Zn alloys decreases with
the increasing Zn content. The Mg-11Gd-1Zn alloy, which contains the lowest Zn among all the alloys studied, exhibits the highest tensile
strength with good ductility after T6 treatment. However, the tensile strengths of the Mg-11Gd-1.5Zn and Mg-11Gd-2Zn alloys after T6
treatment are lower than that after T5 treatment. The creep tests at 200 <C/80 MPa reveal that all of the alloys studied have higher creep
resistance than the WE54 alloy, and the creep resistance of the alloys decreases gradually with the increase of Zn addition.

Key words: Zn; Mg-Gd-Zn alloys; LPSO
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