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Fig. 1 Microstructures of as-cast ZC61-0.3Cr alloy: (a) Optical
micrograph; (b) SEM image
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Fig.2 XRD pattern of as-cast ZC61-0.3Cr alloy
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R E 1)+ % R EDS T4 R
Table 1 EDS analysis results of points in Fig. 1(b)

Mole fraction/%

Position
Mg Zn Cu Cr Total
A 99.1 0.9 - - 100
B 74.5 18.1 7.4 - 100
C 85.6 10.9 3.5 - 100
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Fig. 3 Microstructures of ZC61-xCr
alloy at 585 ‘C for 30 min: (a) x=0;
(b) x=0.3; (c) x=0.5
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Fig.5 Grain size, solid fraction and shape factor of
ZC61-0.3Cr alloy after holding at different temperatures for

30 min
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Fig. 4

ZC61-0.3Cr alloy heated at different

Microstructural evolution of

temperatures for 30 min: (a) 565 C;
(b) 575 C; (¢) 585 C; (d) 595 C;
(e) 605 C
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Fig. 6 Microstructural evolutions of ZC61-0.3Cr alloy after isothermal heat-treatment at 585 ‘C for different time: (a) 3 min;
(b) 10 min; (¢) 20 min; (d) 30 min; (¢) 50 min; (f) 60 min
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ZC61-0.3Cr alloy holding at 585 “C for different time

Grain size, solid fraction and shape factor of
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GE R A DR AR UKL P9 350 T RO B () /N, R ik
SBAHEIE I, W e(e)im. B 6D, E PRI
B CIA T h, FORIASAFHIR, PRSI E] 69.65
pm; 3 EE TR CRIR B TR B LT, XTI
Az [ AR RURL R R RS S AR S R I B A BT TR R S
TORL RS R . A B ORI S TR (13— P 14K
ORCR AL A RS A, DRI AR RO e R A
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R R AR S RORL KR, 7E TSIt 1
T, HHAEARPN

d} —dy =kt “)
X d N ¢ 2R FEARBRF 3 R do 9 EAH R
FLERACIS (R RSE s kg NAEKER ¢ ATTE. 1(4)
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B, MFECRREETR, A E R R G O AR
SRR R s A SRR R, AN R IR B [
SXof [ AR O R T S M 0K, SCHR[24] 4 8 A i e
il AR AT AR, IR BEAR [ S AR
HHTZHN: 585 CAHRUE 30 min, 1% & AT 8] A LA
VR [ 2 AR e (1 B AR 1 20564
224 AEF ALY SEMHEDS 43 #t

Rit—H i ZC61-0.3Cr & & ARB AL Hy
HE R %4y, #4777 SEM Al EDS Z3#r. I 8 fin A
ZC61-0.3Cr & 4253 # b3 30 min 51 SEM 1%, #*
2 Fro Rl 8(a)H & s EDS A4 .

8 L, ARSI E A, B A
FLAE TSR b BOIRBURER R, [ B A7 72— S A B
MR, LA BB A S EIR, B8R/
AR AL 2 AL, KV G O 3=

8 ZC61-0.3Cr &4 585 ‘CLRifi 30 min fJ SEM 14
Fig. 8 SEM images of ZC61-0.3Cr alloy after holding at
585 C for 30 min: (a) High magnification; (b) Low

magnification
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F2 K 8y ALY EDS /- HT 4 5
Table 2 EDS analysis result of microstructure in Fig. 8(a)

Mole fraction/%
Position

Mg Zn Cu Cr Total
A 99.1 0.9 - - 100
B 93.0 5.6 1.3 0.1 100
C 75.7 19.5 4.8 - 100
D 69.9 21.5 55 0.1 100
E 81.0 15.1 3.9 - 100
F 63.7 29.3 6.9 0.1 100

BEEH = L, i) [ O ) R it etk
FRIVRIBE L /IR [ A 2 8] AR A PR VB R [ AF F0RE P
BRR /B (LB 8(b)FEl 7). AR ARG,
WIEEAN a-Mg. ZIREEEAEN a-Mg, 53 30 T
Bl 8(a)F AL Ay s Bo XJEH TR AR A
AR, AR S R A TS s EE AR Zny Cu
BRGER BRI, U BOREME, HEIRS
Y HG R EAGEICRSEAES T RN, AF
TIRF b NER: iz FEAZIR . B RS R
i), REedAT 21— 2 AR, BRI o-Mg BRI Zn.,
Cu JRFZT a-Mg Fki( 2, 55 B ) Zn. Cu EE/R4)
B =T R A ). 455 B 8(a)Fl(b), 1] LLE H ap-Mg
FHE B B WA, B A AEVIAE a-Mg HHZ
6] s [ AR T AR, i 7 2A4RVPIREVNRPR,
XEH T EET R A PR, AN
I R A, JRTFAES A S AR S, NfE
RN AR BRI ST R, AT HH I RS0 .
Aah, MHET A C. Dy F, S EA Zn. Cu & &5
fiX, "WRERHTASRMEESES, & ¢ D F
SININEERZAP e ¢ - il NI S P W O (PSS E - e WAE 5%
w1, W Cus Zn JR T4 BUEIEAR BT S

3 FREISFEALETIEFHLE
Lo

ZC61-0.3Cr B & A0 AR P F AN, [
EHIR LA ] ARk, JER SR SUEAR S ) T HIUE R
fh. HHEAES . BRAGAN B S (kAL 4 NI ER .

3.1 SmBLAnNETAREHAK

AZ61 BEE SR EASR AT,
FELE AN B B2 e A Sz 78 o [A] 25 45 R A A 3 1 A2
o, WA R AR AR R TR R CRIEAN [R] I
8] ) A ORT . W AP BL 55— 2 ARBUH

B9 ZC61-0.3Cr ¥z 585 “CHRIM LR 241
Fig. 9 Microstructures of ZC61-0.3Cr alloy at 585 C for

short times: (a) 3 min; (b) 6 min

BB, BRI a-Mg 2 0 HA DB RSk,
K 9(a)M(b)H Hi kP

WA a-Mg FIRAGHLEE KHOR I ai-Mg —70H
A 2 R, R ANRLIR WA oy -Mg 2 [ G
G, RERIDAERERARMNIER . FEm
WO B, BRI IAE ay-Mg 22 8] WO . 58 4 74,
JRUE 2 B AR ] R A KRR e R A, (HiZ%
R A NEURL R T AR, TSR TT LA . K
Bt FEAE S, K R BOR A [0 5 ) ] A Bk, ]
10 Fi7R e HI T B2 S -4 sk il (LA L A AT 88

B 10 ZC61-0.3Cr &4z 585 “CARR 45 min ¥R HZL 2
Fig. 10 Microstructure of ZC61-0.3Cr alloy at 585 ‘C for

45 min
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WA, & SR PN ZC61-0.3Cr B 42 [ 25 4 4L AR I S 1969

FAAE, BE— A ORARIN (8], AL P SR £ 32 I 48
58, DRI 23 51 INBTRIA)AE aq-Mg AN W R
R a-Mg FIAWTHK, RUIRM Ostwald #Lfil, JF
BEEHAIEN . B2, EiRPLH#ESE RS E AL
THRAME, BRFEIRE.

32 BBELHS SRR

2 Sh AL ZH 50 B8 FRBR A 2 A A iy 4 47 25 (1) 7 2
FE, 1A B R A AR RTORL R T AS DA SBR[
KN e PR S ORI P (1 B K AR LN [R], )
GERELAR KL PR PRI, 256 ST Hl SR R S T B 2
Al 56 /AP, B

20 1,0
cr LR

Wb Tp 242 R AT AL M4 5 R 2T/
I 2R A T A2 [ AR DN P I S s o
Fe [ AR ST AL I R T RS o ZTEAHEERIER: L2
I AR I I BE IR I AR o iZARW], RN, T 2B
IR, XL TR AR RURLIZ BT 7 12 9/ N PR [ AR
FokL, P 11 B ETR

(&)

11 ZC61-0.3Cr A4 585 ‘CARih 12 min (] 22
Fig. 11 Microstructure of ZC61-0.3Cr alloy at 585 ‘C for

12 min

BRI FE RIS BB I . T R AIDTIE .
FEREASHA T, 51 TRRMER — kB, HHEH
TR e, R, AR R R i S i T,
RS A HEWR, FEE SR T, 2
BB AR N ERR A [ AR /NRTRL . - [ 25 2 23 i Bk AL B AN
W AHRURL A 3 5%, Ba(S) AT, F i R 5
ZIAGE R R A . Rk, i ER AR ) A UL
AMAL, METHAE, EERAEE R A
G, T 5| S A ARTORE A BR AL, 03k [ AH R0RE BR
PIIRERE, A5 KBUIR RS ARBIURE 1 R AL RCRAR X

4 ZEip

1) ZC61-0.3Cr HEEMIHESHLAFEEHN o-Mg.
MgZn, fl CuMgZn FHZL %, (EEESHLF, FEHE
B oq-Mg AHAT Z JREEE TE ) ap-Mg FHALRG: WAH
F BRI UKL AR AT /N R

2) ZC61-0.3Cr B4 3R15 B AR 1 [ A5 JE R,
TN 585 CHRIE 30 min, FLEAMER. Ty
WAL RS AT AR 720 50108 51% 43 um 1 1.4,

3) TR SR AR, ZC61-0.3Cr B4
SMALREEAL FEA T T YR HLrE ., BRIk
FR G R 4 AN B TSRS AL B, deoe
FIRLIITESRAN RN, 50 6] A 23 208 A0 6 AL
#II A0 Ostwald FALALHIIHAE .
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Effects of isothermal heat treatment on
microstructural evolution ZC61-0.3Cr magnesium alloy

HUANG Xiao-feng' %, MA Ya-jie', ZHANG Yu', ZHANG Qiao-giao', GUO Feng', YANG Jian-chang'

(1. State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals,
Lanzhou University of Technology, Lanzhou 730050, China;

2. Key Laboratory of Non-ferrous Metal Alloys and Processing, Ministry of Education,
Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: The effects of the isothermal heat-treatment temperature and holding time on semi-solid microstructural
evolution of ZC61-0.3Cr magnesium alloy were investigated. The results indicate that the original dendritic
microstructure in ZC61-0.3Cr alloy can be transformed into semi-solid non-dendritic microstructure and can obtain
uniform and round spherical particles during the isothermal heat-treatment. With the increase of holding time, the eutectic
microstructure (a-Mg+MgZn,+CuMgZn) at the grain boundaries is melted preferentially, the original dendritic
microstructure in the alloy is turned into semi-solid non-dendritic microstructure by initial coarsening, microstructure
separation and spheroidizing. As the holding time increases, the microstructure of alloy gradually changes from large
block to spherality. However, the coarsening and growth of spherical particles would cause, when the holding temperature
is too high or the holding time is too long. In the process of coarsening and growth, the mechanism of combining growth
and Ostwald ripening coexist and together affect morphology and size of the solid phase particles. The optimum process
condition for semi-solid forming of ZC61-0.3Cr magnesium alloy is (585 °C, 30 min). Under this condition, the average
particle size, shape factor and solid fraction are 43 um, 1.4 and 51%, respectively.

Key words: ZC61-0.3Cr magnesium alloy; semi-solid isothermal heat treatment; non-dendritic microstructure;

microstructural evolution
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