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Flow and distribution of reinforced particulates in
A356/SiC, vertical upwards suction casting
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Abstract: An A356/10%SiC,(100 um) upward suction casting was conducted with stirring casting technique. The SiC,
contents of different sections in the casting were quantitatively measured with micro digital image analysis system. Based
on the Eulerian—Lagrangian method, a model for the particle reinforced-composite casting mold filling was presented. It
was applied to the composite liquid flow and SiC particulate distribution in the experimental casting. The simulation
results were compared and validated with the experimental ones. The results show that the SiC particulates are prone to
be aggregated near the mold wall at the casting filling beginning part; they move towards the centre as the filling distance
increases, resulting in slightly higher content of SiC particulate within the centre part in the casting front; the SiC

particulate contents decrease along the upward mold filling direction.
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Fig. 1 Experimental system for composite suction casting:
1—Crucible; 2—Molten composite; 3—Casting; 4—Holder;
5—Mold; 6—Furnace; 7—Air pump
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Fig. 2 Macro photographs of selected sections in casting:
(a) S1; (b) $2; (c) S3
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Fig. 3 3D super depth digital micro photographs of selected section rim parts in casting: (a) S1; (b) S3
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Fig. 4 Metallographs of locations in sections of R/2 in S1(a), R in S1 (b), R/2 in S3 (c) and R in S3 (d) in casting
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Table 1 Volume fractions of SiC particulates at different
locations along radius direction in sections

Volume fraction/%

Section

0 10 mm 19 mm
S1 3.9 6.7 11.7
S2 2.8 6.1 10.4
S3 4.4 2.2 2.7
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Fig. 5 Enmeshment of fluid and mold
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Fig. 6 Flow velocity distribution of casting at different filling
times: (a) 1.07 s; (b) 2.15s; (c) 4.30 s
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Fig. 7 SiC particulate distribution of casting at different
filling times: (a) 1.07 s; (b) 2.15 s; (¢) 4.30 s
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Fig. 8 Comparison of simulated and experimental results of
particulate distribution in different sections in casting: (a) S1;
(b) S2; (c) S3

XA AMIEE, R, AR A TS
3 3 P FORORE 5 A, B MR L GAL
gk o= o (ISP W S s Uit s At b R ST
BEARACOR . RO BT, W RURL ARG AE ], B ERT
Jri G AR R DRI 7(c))s e, 1E8%

Resident time/s
1.10
] 0.97
0.86
0.75
0.65
0.54
0.43
0.32

0.22
l 0.11
0.0005

.':.'.:,-:-
AN
PR Y

‘a lj
9 1.07 s I HELTHRUBELL NIRFRIORE 4 i B IS 1)
Fig. 9 Resident times of injected particulates from locations
near mold wall at 1.07 s
A Flow velocity/
\ x Air (mes™) v

1] Slurry Mo

10 1.07 s N 2% Y AR (K37 26
Fig. 10  Fluid path lines in cavity colored by velocity at 1.07 s

PERTSIAZRAL SIC BRI SIS, Wik 3()Fis. bl
HARMPIAT, X2 15806 sk e 3 E i X
R WIONCE =N e S P i T b AR e v) P
FRLERAE IR (LI 7(0)RI(C)), B8 T B R vhocs
HOAL ORI, AR PR AT IRSURL 2 A R R 1)
A1, OB RO A R (LR 1 RITEL 8(c))o

MAT Fl ALDASP*E Pb20%Sn Fl Zr,0; ki 5 45
MRHER BT, $8 H RRE i R A0 5 A 44
T A R, IS RS AR ST
S FARARL, ARG St ik i o oR F ARG A5 4 mT DAL KR
TER, RFIEREARR I, HLS0 AR i
HOBURL S AT HEAT M, AR RINISALL 3 AT ) 4 A R
. ZHANG UM ALSI/B,C &M E, K
LA G BoC & SR T O 1), g5 R A
S S3 45 HUARBL, 12 SCAE RS A S BB A F A 45 4 ]



F23 1

INAIR, 550 A356/SiCy, T H. ] IR 5 0K (K19 50 5 23 A 97

TE BRI it 4 s JOR 1] oA B B, S 80l AT
LI A= C (N (EREAZ L I PN ¥ S I TTRREZ S
kL oy At ol Rk, ABFTEY, il fe
=R p e sh i U Ay e B & S TS = P R e LS v
(2R T LA IURIORL & AR X, ST R A R 28
FEIX o MBI SCERIT 7T &5 SR a0, A PPRG
BN AT IR 7y BESRBURIAAE . Fe i
Bl AR R A R M B AT N SIS .

Kl 8(a)Fl(c) s LR, fE S1 F1 S35 1 A 5256 Al
BN W) 5 804T . AE S2 A AL (LI 8(b)), HEFIZ:
R IR SiC WKL AT ARSI AT, 1 S 45 S s s 7E
SEUT BRI SRR T IR Z MR . LB ST R0 S2 kit
(IR 23 A (LB 2 A 8)RT LRI, FEF5 (- Bk
ABTFIEM B, BUBERRT IR RO S )=, B 7
AN R A T T i = SRS R, HE S
SRS R, RS T W R . X AT RERE D
SIS L P R 28 i P RN LI R, SR TETAR A D'
R T2 5 A MRS 1 e w5, Bk
AR A TS, 15 WL &S R A AR
TRRE % ELAT SRR A sl BV 2, i 1 o 0
WOk RS S, HSER g RRE . ST 8 L
SER GG A R iR zE, R SR A T R
JTR(100 um) i SiC, 0k [A] R ME 2R 50K, H
SR AT W BRI . TS, Hir
JIT 3 N PRI AR 0 R % LU [ (R AH ELAEH

4 g

1) #1457 A356/10%SiCh(100 pum)TE E [7]_FIKH5
PE, SHEEIEANFERALIN SiC Bk & B8 T T e B
Mrs FETRRR—Hrk& B H 7, @A T S4 Mk e
AR AL, TR T SU0 R ST RS LN, F 5%
PLIGAIE o

2) fERBTFUETAL, HTE AN A SELAR
P etl, TREMT A AR RS SR RS, DML,
S LR AR AR P T A S 2R BE AL T R & A 2

3) TSR AR SZ 2 B ATE S VER, BT LA
FATT I, BESRAURL O BTG AR R,
A (101 D 5B ko I RPN 10 VA== P PRI PTAK= <a
DR ZTHS -

4) BUE BN o b 00 T bR ORL & AR )2 )
B, ARARAL T ix s RS m B, R v R & oK%
JE ST B RL I PR U TR BE () 3 A R R 2 T () AH L
YEH .

REFERENCES

[1] MIRACLE D B. Metal matrix composites—From science to
technological significance[J]. Compos Sci Technol, 2005, 65:
2526-2540.

[2] DHANDAPANI S P, JAYARAM V, SURAPPA M K. Growth
and microstructure of Al,O3-SiC-Si(Al) composites prepared by
reactive infiltration of silicon carbide preforms[J]. Acta Metall
Mater, 1994, 42(3): 649-656.

[3] PODDAR P, SRIVASTAVA V C, DE P K, SAHOO K L.
Processing and mechanical properties of SiC reinforced cast
magnesium matrix composites by stir casting process[J]. Mater
Sci Eng A, 2007, 460/461: 357-364.

[4] SIN S L,DUBE D, TREMBLAY R. Characterization of Al-Mn
particles in AZ91D investment castings[J]. Mater Charact, 2007,
58:989-996.

[S] YOUSSEF Y M, DASHWOOD R J, LEE P D. Effect of
clustering on particle pushing and solidification behavior in TiB,
reinforced aluminium PMMCs[J]. Compos: Part A, 2005, 36:
747-763.

[6] CETIN A, KALKANLI A. Effect of solidification rate on spatial
distribution of SiC particles in A356 alloy composites[J]. ] Mater
Process Technol, 2008, 205: 1-8.

[77 WATSON I G, FORSTER M F, LEE P D, DASHWOOD R J,
HAMILTON R W, CHIRAZI A. Investigation of the clustering
behavior of titanium diboride particles in aluminium([J]. Compos:
Part A, 2005, 36: 1177—-1187.

[8] HASHIM J, LOONEY L, HASHMI M S J. Particle distribution
in cast metal matrix composites: Part [[[J]. J] Mater Process
Technol, 2002, 123: 258—263.

[9] NAHER S, BRABAZON D, LOONEY L. Simulation of the stir
casting process[J]. J Mater Process Technol, 2003, 143/144:
567-571.

[10] NAHER S, BRABAZON D, LOONEY L. Computional and
experimental analysis of particulate distribution during Al-SiC
MMC fabrication[J]. Compos: Part A, 2007, 38: 719-729.

[11] ZHANG Z, CHEN X G, CHARETTE A. Particle distribution and
interfacial reactions of Al-7%Si-10%B4C die casting
composite[J]. J Mater Sci, 2007, 42: 7354—7362.

[12] HASHIM J, LOONEY L, HASHMI M S J. The wettability of
SiC particles by molten aluminium alloy[J]. J Mater Process
Technol, 2001, 119: 324-328.

[13] BINDUMADHAVAN P N, CHIA T K, CHANDRASEKARAN
M, WAH H K, LAM L N, PRABHAKAR O. Effect of
particle-porosity clusters on tribological behavior of cast
aluminum alloy A356-SiC, metal matrix composites[J]. Mater
Sci Eng A, 2001, 315: 217-226.

[14] PRABU S B, KARUNAMOORTHY L, KATHIRESAN S,



98

A G EE R

2013 41 H

[15]

[17]

(18]

[19]

MOHAN B. Influence of stirring speed and stirring time on
distribution of particles in cast metal matrix composite[J]. J
Mater Process Technol, 2006, 171: 268—-273.

BEAR, PRI, i 7 A R R A AU A S B W
[J]. #%5i%, 2011, 60(7): 641-647.

ZHAO Hai-dong, SUN Feng-zhen. Development in numerical
simulation and experimental research of casting mold filling
process[J]. Foundry, 2011, 60(7): 641—647.

ZHAO H D, WANG F, LI Y Y, XIA W. Experimetal and
numerical analysis of gas entrapment defects in plate ADC12 die
castings[J]. J Mater Process Technol, 2009, 209: 4537-4542.
AR, OHNAKA L 363 B4 7o B P S A AL I A (19 5k
{ERRI]. R A )E% 4, 2005, 15(8): 1200-1207.
ZHAO Hai-dong, OHNAKA I. Numerical simulation of oxide
entrapment and mold filling process of Al casting[J]. The
Chinese Journal of Nonferrous Metals, 2005, 15(8): 1200—-1207.
RPN, B IE. ] P ARAURE AR IUL e 4 e AU R K R
PRI, )i 244, 2009, 45(10): 1153—1158

LI Shuai-jun, XIONG Shou-mei. A two-phase flow model for
simulating air entrapment during mold filling of high pressure
die casting process[J]. Acta Metall Sin, 2009, 45(10): 1153—
1158.

SALEH J M. WiR¥zI T M]. MHE, . Jbat: HEA
e AL, 2004: 212-213

SALEH J M. Fluid flow handbook[M]. DENG Dun-xia, transl.

[20]

[21]

[22]

(23]

[25]

Beijing: China Petrochemical Press, 2004: 212-213.

B SO, BUEAAAEIMI. B 2 IR P PR A0l R R
#t, 2009:2-5.

TAO Wen-quan. Numerical heat transfer [M]. 2nd ed. Xi’an:
Xi’an Jiaotong University Press, 2009: 2—5.

CEBECI T, SHAO J P, KAFYEKE F, LAURENDEAU E. T.##
TR T2 M. A8, B db ot TR ORAE R, 2009:
32-36.

CEBECI T, SHAO J P, KAFYEKE F, LAURENDEAU E.
Computational fluid dynamics for engineers[M]. FU Song, transl.
Beijing: Tsinghua University Press, 2009: 32—36.

HAIDER A, LEVENSPIEL O. Drag coefficient and terminal
velocity of spherical and nonspherical particles[J]. Powder
Technol, 1989, 58: 63—70.

BRASZCZYNSKI J, ZYSKA A. Analysis of influence of
ceramic particles on the solidification process of matal matrix
composites[J]. Mater Sci Eng A, 2000, 278: 195-203.

MAT M D, ALDAS K. Experimental and numerical
investigation of effect of particle size on particle distribution in
particulate metal matrix composites[J]. Appl Math Comput, 2006,
177:300-307.

MIRBAGHERI S M H, SHRINPARVAR M, ASHORY H.
Simulation of surface roughness on the flow pattern in the

casting process[J]. Mater Des, 2004, 25: 655-661.

(%RiE FRITE)



