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Growth behavior of primary silicon in
hypereutectic AFSi alloy

ZHANG Rong', HUANG Tarwen®, LIU Lin®
(1. Department of Applied Physics, Northwestern Polytechnical University, Xi an 710072, China;
2. State Key Laboratory of Solidification Processing,
Northwestern Polytechnical University, Xi an 710072, China)

Abstract: The process and mechanism of primary silicon growth in the AFSi hypereutectic melt were studied by quench
interrupting. The results show that the undissolved silicon particles in the melt become the cores of primary silicon precipi-
tated in solidification and there is a close relationship betw een the shape of primary silicon and undissolved silicon particles.
The growth of silicon follows not only the twin plane re-entrant edge( TPRE) mechanism, but also layer mechanism as
well. Meanwhile, the shape of primary silicon also relies on kinetic surroundings, such as the transmitting of solute. At
higher overheating temperature, the shape of primary silicon becomes the star-shape and tree shape.
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Fig.1 Undissolved silicon particle in

quenched sample after holding
for 10 min at 622 C
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Fig.2 Primary silicon and undissolved

silicon in quenched sample after holding
at different temperatures
(a) —700 °C for 20 min;
(b) —1 100 C for 10 min
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Fig. 3 Schematic TPRE growth

of primary silicon
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Fig. 4 Layer growth of polygonal silicon

(a) —Polygonal primary silicon;
chematic growth of primary silicon
b) —Sch ic g h of primary sili
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Fig. 5 Morphologies of primary silicon at

different overheating temperatures
(a) —Holding at 800 C for 20 min;
(b) —Holding at 1 100 C for 10 min

3 i
1) e v 1 i s 1 %ﬁf%F%%ﬂ*
AR AV AERZL, BREAERN THRESS

*%ﬁﬁiﬁﬁﬁ%ﬁ%ﬁ@%%c

2) WIERAERETRERKRSRES, ZUEH
R AERKEM 2 MR, BHFZR & TPRE
HLAH .

3) ik PR AR, Aﬁ@%ﬁﬁﬁﬁ@

RS AEZ . RS RRET, WL
EIE%QWH%O

REFERENCES

[1] ZER, &M S5 EEESSNIRMRE
J]. BiEHCR, 2000(6): 32~ 34.

[2]

[3]

[6]

[7]

[8]

[9]

PENG Jirmin, QIAN Han-cheng. Current application
situation and development of ascast AFSi alloys[ J].
Foundry Technology, 2000(6): 32~ 34.

BER, BER, WM, & AWEEXEIL A
TeE <ok [ 2 SURN TR B PR RERO S M )], PR &
JB 23R, 2001, 11(5): 827~ 832.

ZHAO Armin, MAO Wermin, ZHEN Zrsheng, et al.
Effects of cooling rate on solidification microstructures and
wear resistance of hypereutectic AFSi alloy[ J]. The Chi
nese Journal of Nonferrous Metals, 2001, 11(5): 827 ~
832.

EBER, #HE, BER, 5. HWHEBHHEXT AF24% Si
aaRtE AL MEm ). HEA SRR, 2001,
11(5): 819~ 823.

MAO Wermin, LI Shusu, ZHAO Armin, et al. Mi-
crostructures of hypereutectic AF24% Si alloy stirred by

The Chinese Journal of Nonfer-

819 ~ 823.

electromagnetic field[ J] .

rous Metals, 2001, 11(5):

e, VFEE, wE MR 882 RO 3L &
SHLFIER M W], T EA G ¥IR, 2002,
12(S1): 107~ 109.

ZHANG Jirrshan, XU Churrxiang, HAN Fugen. Ef-
fect of composite modifier on structures and properties of
hypereutectic AFSi alloy [ J]. The Chinese Journal of
Nonferrous Metals, 2002, 12(S1): 107 ~ 109.

TRARN. Xt fig P wh 3 V8 R ) ARSI & & M FE T
B, 2000, 49(2): 115 119.

XU Zhenhu. A study on solidified structures of AFSi al-
loys under rotary magnetic field condition[ J]. Foundry,
2000, 49(2): 115~ 1109.

Kok, ReMTE, F R, 5. WU EUE B & P RE
BAEMET]. P TREM R, 2001, 25(4): 22 -
25.

ZHANG Yongan, XIONG Barqing, WEI Qiang, et al.
Aluminum alloys with high properties produced by spray
forming process[ J]. Materials for Mechanical Engineer-
ing, 2001, 25(4): 22~25.

B R MR BOARHE ARSi I3k A 4 [ 4121
L BEPERI RS W[ D] . V% PHAE TR, 2000.
ZHANG Rong. Effect of Melt Overheating T reatment on
the Microstructure and Wear Resistance of Hypereutectic
Alloys[ D].
ty, 2000.

Xi an: Northwestern Polytechnical Universi-

Singh M, Kumar R. Structure of liquid aluminium-silicon

alloys[ J]. J Mat Sci, 1973, 8: 317~ 323.
BE . 3L AR23% Si & & P REAHAE KR

J]. BiEHIR, 1996(6): 43~ 46.
ZHAO Yutao. Research on the growth mechanism of sil-

icon phases in hypereutectic AF23% Si alloy[ J]. Foundry



* 266

b E A 8RR

2004 FE 2 H

[10]

[ 11]

[12]

Technology, 1996(6): 43 ~ 46.

ik OB, BT, x MK ARSI RS E SR WIAE
RERRES) 21 ). P EE AL E %W, 2000, 10
(1): 91-93.

ZHANG Rong, CAO Qiurfang, LIU Lin. Dissolution

kinetics of primary silicon for hypereutectic AFSi alloy

[JI. The Chinese Journal of Nonferrous Metals, 2000,

10(1): 91~ 93.

iR, BOXE, ENE, FOARSITERS
T A PR B SEIR AT I 0] . AL R 3R,

15: 39~ 43.

ZHANG Rong, GENG Xing-guo, WANG Liurding, et

al. An experimental study on the dissolution of primary

&Y
1995,

silicon in AFSi hypereutectic alloy[ J]. Journal of Aero-
1995, 15: 39 ~43.
. PNEHE. BRRE A SR AR X )

. RERpEE RE B A4, 2001(6): 1

nautical M aterials,
o H, B
PERERI B[ )

3.

SUN Yu, CHEN Jin, SUN Guoxiong. Evolution of Si

[13]

[ 14]

[15]

phases in AFSi alloy and its effect on mechanical proper-
ties[ J] .

(6): 1~
Weiss J C. Primary silicon in hypereutectic aluminum

AFS Trans, 1987, 32: 51 ~

Special Casting and Nonferrous Alloys, 2001

silicon casting alloys[ J] .
62.

Kobayashi K, Hogan L M. The crystal growth of silicon
in AFSi alloys[ J]. J Mater Sci, 1985, 20: 1961 ~
1975.

Kobayashi K, Hogan L. M. Fivefold twinned silicon
crystal in an AF16% Si melt[ J]. Phil Mag, 1979, 40:
399 ~ 407.

BB . TR A A e TE R HL I
1996, 32(11): 1177 ~ 1183.

GUI Marr chang.

J. &E¥W,

Nucleation mechanism of fivepetal
star-shaped primary silicon|[ J]. Acta Metallurgica Sini-
ca, 1996, 32(11): 1177~ 1183.

(g FEIEAD)



