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Preparation of semi-solid A356 Al alloy slurry by
repeated heating-cooling method with elliptical-twisted tubes

LIU Wen" 2 XIE Shui-sheng?, JIA Zhi-xin', LI Ji-qiang', WU Hong-bing'

(1. Ningbo Institute of Technology, Zhejiang University, Ningbo 315100, China;
2. Beijing General Research Institute for Nonferrous Metals, Beijing 100088, China)

Abstract: The semi-solid slurry of A356 aluminum alloy was prepared by the repeated heating-cooling method with the
elliptical-twisted tubes. The results indicate that by the repeated heating-cooling method with elliptical-twisted tubes the
microstructures of primary grains are transformed from dendritic or rosette-shaped to fine net-globular under the action of
grains detachment due to the forced convection, shear caused by self-stirring and heterogeneous nucleation because of
repeated heating/cooling. The axial ratio, twisting strength and heating-cooling frequency have significant influences on
the microstructure of the semi-solid slurry. With the increase of axial ratio, twisting strength and heating-cooling
frequency, the grain refinement and sphericity of particles have remarkable improvement. However, at the twisting
strength over 13.5 (°)/em and heating-cooling frequency over 40 um ', the grain refinement does not have a much
improvement and the sphericity decreases on the contrary. At the axial ratio of 1.8:1, twisting strength of 13.5 (°)/cm and
heating-cooling frequency of 40 um ', the favorable microstructure of semi-solid A356 aluminum alloy can be generated
by the repeated heating-cooling method with the elliptical-twisted tubes.

Key words: A356 Al alloy; elliptical-twisted tube; repeated heating-cooling method; semi-solid; microstructure

PRS2 MR R 5 T RE A D A 7 ETE R Op s A i e o TR E R AR R TRP2 TIPS
SR RO TAR AT I Z Bl . MMM LTE AR ARAER A0 AN (A A RS o S AR A KR

EEWA: Tl ARBFIES I H (2011A610165); 1 1 J5 3L B0 % Bh 1w H
WimEEA: 2011-04-08; fEITHER: 2011-07-22
BIEEE: x| 3, it A% 0574-88130078; E-mail: davynjtu@126.com



122 A G EE R

20124FE 1 H

s A A L AR G, AERE R R R R
U0 M A0 TR R P AN 3R, il
T8 VUGS AR 75 3 S O ZR IR it AT T
RN Z BT LEER, AENUBER: . it
U AR e 5 B B Al _E SOt 22 e il 271
KL, WEARMRES 2P BB Rl
VEDL B v MAENEE L BORTB BRI R £ 25 i
AT DAl A A356 B Spilt. xu
TR SR AT EININ 13 n] DR RORL A T
e PSR DS < 1 B Sl LD a7 E I
JEA o ARG RN FE A BB RIS VEM LE, B
WIS IR RE . RiE, BAMRKKIRER .

AR SCA R MR <0 e I 1) S B, BT )
Ao I e S SR s S R i # 2h . A P BE AR
oo WORLAEAM [ REHL A Hh U Bl I TR PR A T i
EPRERJEB, R RERL LIS AR BEA T IR AL, RS
Sy R SO (R 25 ) AAEAG I E oo iREAE 25 1A (K 7E
KO EHA B, PRI RN, ARG A A
AT R IR AAAEBT Y, RA, REBUEIEH, et
TEAZAN RN, a6 10 [ SRR A A R
T AR I L o T R DA R S A
#RIE A356 ekl WRUKIEATLL. el
JEERBE AR X 2 [ A5 K HA P I o kLR 52
Wiy, PRIFZ T EAAE NI ok U ER AL .

1 LG

1.1 ##
SEIGAPRER A356 BRA4, &6, Ak
LR IR 1.

F1 ORI A356 A BRIy
Table 1 Chemical composition of experimental A356 Al alloy
(mass fraction, %)

Si Fe Mg Cu Ni Mn Sr Al

7.12 013 031 0.09 0.16 0.08 0.005 Bal

1.2 RW7%
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Fig. 1 Schematic diagram of preparing semi-solid A356 Al
alloy slurry by repeated heating-cooling method with elliptic

twisted tube
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Table 2 Process parameters of preparing semi-solid A356 Al alloy slurry and microstructure characteristics of slurries

Test Process parameter Microstructure characteristic
No. Axial ratio Twisting strgngth/ Heating-coolinﬁgl frequency/ Grain diameter, Shape factor,
((°)yem ) um D/pm F

1 1:1 4.5 0 49.5 0.65
2 1:1 9.0 2 45.1 0.71
3 1:1 13.5 40 41.6 0.76
4 1:1 18.0 60 432 0.74
5 1.4:1 4.5 20 48.3 0.69
6 1.4:1 9.0 0 46.1 0.71
7 1.4:1 13.5 60 46.9 0.75
8 1.4:1 18.0 40 45.1 0.76
9 1.8:1 4.5 40 39.5 0.84
10 1.8:1 9.0 60 42.8 0.78
11 1.8:1 13.5 0 49.5 0.62
12 1.8:1 18.0 20 46.5 0.72
13 2:1 4.5 60 53.5 0.68
14 2:1 9.0 40 52.3 0.63
15 2:1 13.5 20 53.6 0.61
16 2:1 18.0 0 55.4 0.57

B2 eI 18.0 (°Yem. FEEA N 40 pm ' BN BEH KA LN SRAF 102 [ AT
Fig. 2 Semi-solid microstructures obtained at twisting strength of 18.0 (°)/cm, heating-cooling frequency of 40 pm ' and different
axial ratios: (a) 1:1; (b) 1.4:1; (c) 1.8:1; (d) 2:1
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Fig. 3 Semi-solid microstructures obtained at axial ratio of 1.8:1, heating-cooling frequency of 40 um ' and different twisting
strengths: (a) 4.5 (°)/cm; (b) 9.0 (°)/em; (¢) 13.5 (°)/em; (d) 18.0 (°)/cm
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Fig. 4 Semi-solid microstructures obtained at axial ratio of 1.8:1, twisting strength of 18.0 (°)/cm and different heating-cooling
frequencies: (a) 0 pm ™ "; (b) 20 pm ' (c) 40 pm™"; (d) 60 pm ™
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Fig. 5 Schematic diagram of ionization of particles in elliptic-
twisted tubes
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Fig. 6 Influence of twisting strength on microstructural

characteristics of semi-solid slurry
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Fig. 7 Influence of twisting strength on shear stress of semi-

solid slurry
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Fig. 8 Influence of axial ratio on microstructural characteristics

of semi-solid slurry
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Fig. 9 Influence of heating-cooling frequency on micro-

structural characteristics of semi-solid slurry

AE 1 5 AR b L AT e L 88 5 A AH R R 1 20 1
A IR/ TR B W] RE A AR IR 1L v,
VIR AR e A, SRR, B e ) (R BE
ReFE IF I LA R, DI, 5 RS, 3R
TR AR B gD, BN TEA Rl . AEAIE
IR A oRERL BT, (A= b dh



F22 % 1 X1

3L, A MR S SRR R % H 00 2 A356 A ekl 127

BT, AREH I 2, SRR, AR RE
ReBER ML FEA AT KRB . Wk E, AT
BEAAZ L, R r BLAm ] ORI S %A =K
Bod 2R G RIE, ls SR IR H I 2,
NSRS S NP SN 90 R Y 948 T SUDNE NI I
AR HVCRANIE AR BE A b R 1T 1)

R RERA TR

4 4

b=}

-~
o>

1) KA et 8 I A2 Bkl 462 2 A356
BAEKRE . URERKE ) 181, eI N
13.5 (°Yem. EEESE N 40 um ' I, AT ISR AR
/N AR ) o [ SRR

2) A1 i R A S B2 B R FLAT e L R DA IR
PRBEIAE AR S ARSI A BT D) R S
T IVER, PIEHIE o ShA%E A Ry BRIE BT Bk
AT

3) WEIE LG | e B DL R By e o) )
A& A356 FG GBI 23V W25 . B
KREHNLE . HEHL SR BE RN B IR (RO, ok 4n A0 A
OR35S L K, 25 5 b FE I s
Y EHUER R 13.5 (O)om I, kg Ak 0 ] 4
BT S SBESSR 40 pm T, ok
AAE AT, (R S B

REFERENCES

[1] KURZ W, TRIV EDI R. Overview, solidification microstructures:

Recent developments, future directions[J]. Acta Metall Mater,
1990, 38(1): 1-17.

[2] DAVIS S H. Theory of solidification[M]. London: Cambridge
University Press, 2001: 20—36.

[3] LUKASSON M, APELIAN D, DASGUPTA R. Alloy
characterization for the new UBE rheocasting process[J]. AFS
Transactions, 2002, 110: 271-284.

[4] CARDOSO L E, ATKINSON H V, JONES H. Cooling slope
casting to obtain thixotropic feedstock: I. Observation with a
transparent analogue [J]. Journal of Materials Science, 2008,
43(16): 5448—5455.

[5]1 iR, BEH, TN R METU)RAR S B0 6 &
AlSigMg & &L Mg ], T E AT G454, 2009, 19(4):
607-612.
TAN Jian-bo, LI Zhi-yong, WANG Zhi-jie. Effect of parameters
of incline cooling and shearing on microstructure of semi-solid
AlSioMg alloy [J]. The Chinese Journal of Nonferrous Metals,
2009, 19(4): 607—612.

[6] YANG Xiao-rong, MAO Wei-min, PEI Sheng. Preparation of

[11]

[12]

[14]

[15]

[16]

[17]

(18]

semi-solid A356 alloy feedstock cast through vertical pipe [J].
Material Science and Technology, 2007, 23(9): 1049-1053.
GUO H M, YANG X J. Rheocasting of aluminum alloy A356 by
low superheat pouring with a shear field [J]. Acta Metallurgica
Sinica, 2006, 19(5): 328—344.

XIE S S, HUANG G J, ZHANG X L. Study on numerical
simulation and experiment of fabrication magnesium semi-solid
slurry by damper cooling tube method [J]. AIP Conference
Proceedings, 2007, 908(1): 557-562.

JRANSL, KA, ZEEERS. BBV LR A356 it
[ 2 R AT ). WA G R A RS TR, 2007, 36(5):
915-919.

ZHANG Xiao-li, XIE Shui-sheng, LI Ting-ju. A356 aluminum
alloy semi-solid slurry prepared by damper cooling tube process
[J]. Rare Metal Materials and Engineering, 2007, 36(5):
915-919.

A, P, BALET . BORAL R R R S R R S A
ZUA TG SALEL[T]. MRMIFFL A4, 2008, 22(4): 363368
GUAN Ren-guo, LI Jian-ping, CHEN Li-qing. Mechanism of
alloy microstructure formation during vibrating wavelike sloping
plate process [J]. Chinese Journal of Materials Research, 2008,
22(4): 363-368.

WRIER, B IR, R, 2500 AT 5 il & 4 10 &
A3S6 R G AIRHT]. HEA a8 AR, 2011, 21(1): 95-101.
CHEN Zheng-zhou, MAO Wei-min,
Semi-solid A356 Al-alloy slurry prepared by serpentine pipe

WU Zong-chuang.
with multiple curves casting [J]. The Chinese Journal of
Nonferrous Metals, 2011, 21(1): 95-101.

W, I, 200, R A356 & B4 SR IEXT
FARREI AN, P EA L8R ), 2006, 16(4): 612-617.
TAN Jian-bo, XING Shu-ming, LI Li-xin. The influences of
semi-solid A356 alloy microstructure characteristic on the filling
ability [J]. The Chinese Journal of Nonferrous Metals, 2006,
16(4): 612-617.

LIU Y Q, FAN Z. Magnesium alloy selection for semi-solid
metal processing [C]// Proceedings of the 7th Inter Conf Semi-
solid Processing of Alloys and Composites. Tsukuba: National
Institute of Advanced Industrial Science and Technology, Japan
Society for Technology of Plasticity, 2002: 587-592.

DAS A, FAN Z. Morphological development of solidification
structures under forced fluid flow: A Monte-Carlo simulation [J].
Acta Mater, 2002, 50: 4571-4585.

VOGEL A, CANTOR B. Stability of a spherical particle growing
from a stirred melt [J]. Journal of Crystal Growth, 1977, 37:
309-316.

DOHERTY R D, HOZIN L, FEEST E A. Microstructure of stir-
cast metals [J]. Materials Science and Engineering A, 1984, 65:
181-189.

NAFISI S, GHOMASHCHI R. The
characterization of semi solid slurries [J]. JOM, 2006, 58: 24-30.
MARTINEZ R A, FLEMINGS M C. Evolution of particle

microstructural

morphology in semi-solid processing [J].
Materials Transactions A, 2005, 36: 2205-2210.

(%RiE  FRITE)

Metallurgical and



