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Table 1 Operating properties of pulling ingot

Alloy Outlet temperature/ ‘C  Pulling speed/ (mm® min~ 3]

Cooling distance/ mm  Pulling speed/ (mm®*min™ ')

Cooling distance/ mm

ZA5 385~ 395 13722.5
ZA8 410~ 420 15727
ZA12 435~ 445 15727
ZA22 485~ 495 18732
ZA27 495~ 505 22732

20~ 25 > 18 20~ 30
20~ 25 > 18 20~ 30
20~ 25 > 22:5 20~ 30
20~ 25 > 22.5 20~ 30
20~ 25 > 27 20~ 30

. . - . .
The flow of cooling water is 14L/h and “ 7 means “ increasing” .
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Fig. 2 Forming of hot tear
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Fig. 3 Forming of mush outlet
(a) —Good operation; (b) —Primary crystal appearing;

(¢), (d) —Semrsolid structure; (e) —Forming mush outlet
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Fig. 4 Microstructure of rough surface of

ZA27 alloy

3.2 #H

B I fh A B IR S 5 I S T N TR A
IR SRS Y . Y PN S I 1) 5 B R Ty K, A
WIS im e R TR TT, ARE N WA RIEA, Bt
TE AL . B S BT ZAS & &R X1
AL, AT LA 3R TH AL B 1k T AR 6 ok
— A,

PG IR A A 4, R ARR AT %
DX B4 B SR THT 2 2B 1 T 2 o, B 28 P B ) P A1
FA S WBAHLRIRTE . 850 3 1112 10 S5 5l & =i e
a5 559, RBEIRAK, 5% AU BRI 25 2 VR oL
T, BN KA . RO PO iR E
i, AR ) I Ak 1E, R AR AR AR A, R
JER R, NS B R R T
T ZEr, T AN I I A A B B A T Ak B T

E5 ZAS AR EMHMALN
Fig. 5 Microstructure of hot tear zone of

ZAS alloy

3.3 TH

PrEE L FE TR AN SRR S s AR A TR e K
BEEEER A M, X RS S B g EKTT
), AR AERE 5 G T 7 PAT, (HRE i Ab R AR
ARKPZEAL, AREAH TSR FE, RAEMEN
s ih( K 6) . Snbas b, HEE G & IR R
B, FEMR AR AR PR S 1 3 SO Bl ) P AT AR K 4L
40

=N\ o

B6 ZA12 HHe7s i i 41 40
Fig. 6 Microstructure of winding
ZA 12 ingot

[ REFERENCES]

[1] Ohno A. Continuous casting of single crystal ingots by
the OCC process [ J]. Journal of Metals, 1986(38): 14
- 16.



o011 B 2 g

R, A5 PABERS PR A BB S LA + 53 .

[2]

Ohno A, Motoyasu G. Solidification process [ A]. Proc
of Third Int Conf [C].
als, 1988. 416.

Soda H, Motoyasu G, Mclean A, et al. Alloy casting by

London: The Institute of Met-

the horizontal Ohno continuous casting system [ J]. Cast
Metals, 1993(2): 76— 86.

Ohno A. Development of advanced materials by the OCC
process [ J]. Light Metal, 1989, 39
(11): 735- 740.

MA Ying(% #), HAO Yuan(#f 3iZ), YAN Feng
yun( [0 ), et al. HAVEHFE S SK L E 07
[J]. The Chinese Journal of Nonferrous M etals( T EH
04 B2 AR) , 2001, 5(Suppl. 1): 56— 62.

HU Xiwrlian( #]753%), LI Shrchun(ZE{t#F). ZAS &
SIS )], Materials Engineering ( #4 ¥} L.
&), 1997(11): 20- 22.

XU Zherrming ( ¥F¥& ), Li Jinrshan ( 2% 4> 1l1), LI
Jiarr guo( A M), et al. EHH B T2 S H UL
B FC R s e 2 T RE RN ZL 2K 5% WA J] . The Chinese
Journal of Nonferrous Metals ( i H 104 8 # ;}E() 5
1999, 9(Suppl. 1): 221- 228.

(in Japanese),

[ 8]

[9]

[ 10]

[ 11]

[ 12]

Soda H, Motoyasu G, Mclean A, et al. Effect of process
variables on alloy rod produced by the horizontal Ohno
continuous casting (OCC) process [ J]. Canadian Metall
Q, 1994(2): 89- 98.

M C Flemings. Behavior of metal alloys in the semisolid
state [ J]. Metall Trans, 1991(22B): 269- 293.

Ohno A. Review of development of OCC process [ J].
Trans Japan Institute Metals, (in Japanese), 1991, 30
(5): 448- 449.

Ohno A, Soda H, Mclean A, et al. The OCC process:
a new method for near net and net shape casting [ J].
Advanced M aterials, 1990, 28(3): 161- 168.

MA Ying(Z H), HAO Yuan(## &), YAN Feng
yun( [l Z3) , et al. FAHYIE 55 B 40 5 < € ] B ] 2%
AL AT ]].
Metals( ' [ A {4 & @ % 4)) , 2001, 11(2):
226.

MA Ying( % #), HAO Yuan(#f 3Z), YAN Feng
yun( e Z) , et al. Zom Al & 4 $OR & 45 52 1)t [ 1)
EEARZE K HLFE[J]. Acta Metall Sinica ( 45 )8 %),
2001, 37(2): 202- 206.

The Chinese Journal of Nonferrous

221 -

Defect formation and mechanism of ZA alloy made in

continuous casting by heated mold

MA Ying', HAO Yuan', YAN Fengyun', LIU Hong jun’
(1. School of M aterials Science and Engineering, Gansu University of Technology,
Lanzhou 730050, P. R. China;

2. School of Materials Science and Engineering, Huazhong U niversity of Sci and Tech,

Wuhan 430074, P.R. China)

[ Abstract] The continuous directional solidification technique of five kinds of special ZA alloys with eutectic, peritectic and eutec

toid transformation under the condition of continuous casting by heated mold was studies. The mechanism of surface defects appearing

in ZA alloy line was discussed and the structure of some defects were analyzed by SEM. T he results show that only when the fitting

of various technique factors, pressure head, outlet temperature, pulling speed and cooling condition is reasonable under a certain

range, can the ZA alloy smooth line be continuously pulled out. Unreasonable technique will result in hot tear, rough surface, mush

outlet, leaking and other defects. The shape and location of solid-liquid zone have the importance influence on the forming of above

defects. When the solid-liquid zone is located in the mould outlet or inner mould, the surface of solidification will protrude into the in-

ner mould. If the left liquid can not counteract the solidification contract, the rough surface will appear. If the solidification surface

further into the mould, the ingot in mould will have a big friction force when pulling and form hot tear. When the solid liquid zone is

moved out of mould, the solidification surface will turn into a plane, which made it easy to form leaking. The vibration or unstable

operation will make the ingot winding during pulling.

[ Key words] continuous casting; directional solidification; heated mold; zincaluminum alloy; defects
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