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Structures and properties of aluminum matrix composite reinforced by
primary Si and Si/Mg,Si particles fabricated by centrifugal casting
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Abstract: The Al-18Si and Al-18Si-5Mg aluminum matrix composite pistons reinforced by primary Si and primary
Si/Mg2Si particles were fabricated by centrifugal casting, respectively. The influences of various ingate sizes, pouring
temperatures, mold temperatures and rotational speed of the mold on the structures of Al-18Si-5Mg pistons were studied.
The hardness and wear resistance of the two centrifugal casting of pistons were measured, and a comparison of properties
was made between the centrifugal casting of Al-18Si-5Mg piston and the gravity casting of Al-18Si piston. The results
show that the appropriate technological parameters are 770 ‘C for the pouring temperature, 400 C for the preheating
temperature of the mold, 800 r/min for the rotational speed of the mold and 8 mm for the ingate thickness. And plenty
resistance property of primary Si and primary Si/Mg2Si were segregated in the top and the ring groove of the Al-18Si and
Al-18Si-5Mg pistons, respectively, but no particle is observed in the piston skirt. The hardness at the top and the ring
groove of the centrifugal casting of Al-18Si-5Mg piston is increased by 10% over that of the centrifugal casting of
Al-18Si piston, and the wear resistance property of the former is slightly better than the latter. The hardness at the top and
the ring groove of the centrifugal casting of Al-18Si-5Mg piston is improved by 10%—20% over that of the gravity
casting of Al-18Si piston, and the wear loss of the former is about 60%—68% as that of the latter.
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Fig. 1 Centrifugal casting of piston blank (a) and gravity

casting of piston component (b)

F1 HLOWIE A-18SI-SMg EEMERE ZER L T Z 25
Table 1 Processing parameters of centrifugal casting of

Al-18Si-5Mg composite pistons

Rotational Ingate

Processing ~ Pouring Mould )
. . speed/ size/
No.  temperature/'C temperature/ 'C

(rmin™)  mm

1 770 400 800 6
2 770 400 800 8
3 770 400 800 12
4 770 400 400 8
5 820 400 800 8
6 770 500 800 8
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Fig. 2 Positions for structures observation and properties

testing of piston
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Fig. 3 Macrostructures of Al-18Si-5Mg alloy (a)—(f) and Al-18Si alloy (g) pistons fabricated by centrifugal casting with different

processing parameters
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Fig. 4 Microstructures of Al-18Si-5Mg alloy piston fabricated with processing 2: (a) Piston top; (b) Piston ring groove; (c) Piston
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Fig. 6 Microstructures of Al-18Si-5Mg alloy piston fabricated with processing 5: (a) Piston top; (b) Piston ring groove; (c) Piston
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Fig. 7 Microstructures at piston top of Al-18Si-5Mg alloy

piston fabricated with processing 6
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Fig. 8 Microstructures of Al-18Si alloy piston fabricated with

processing 2: (a) Piston top; (b) Piston ring groove; (c) Piston
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Fig. 9 Volume fraction of primary particles at different
positions of Al-18Si and Al-18Si-5Mg pistons fabricated by

centrifugal casting
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Fig. 10 Comparisons of hardness at different positions of
centrifugal casting of Al-18Si-5Mg and Al-18Si alloy pistons
and gravity casting of Al-18Si alloy piston under as-cast and

ageing conditions, respectively
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Fig. 11 Comparisons of wear resistance at different positions
of centrifugal casting of Al-18Si-5Mg and Al-18Si alloy pistons
and gravity casting of Al-18Si alloy piston: (a) As-cast;
(b) Ageing

2.5 BLOSEVIADR SEREE Al-18Si-5SMg 2 &7
BHEZE R BN
EELIT, Al-18Si-5Mg & &k K4 2L 5
BLEEZ B0 T Fou WORS Fe XK BE )
F (W 3LFE FH (R AN o XHURLEAT 52 3143407
USRS

d’x 4 (DsY
msdzt=Fc—Ff—Fv=37{2j P~ P

Gg -3nnD, dx
dr

(1)



233

LA, A5 BLOHRENIA Si K Si/Mg,Si BRI S B EE S A AR 4120 1 g 701

s mg R, DOARRI R, pe pm 2350
BoRL. AR, G A EHNRE(G=0'RIg, R NE
DR, n ISR EE, ¢ T I, dx/de, dx/de
G A RORE B0 7 1) BRI R . 4 &x/dP=0,
B o=2nN(N N EOFGE, /sy (D), Sk
(138 2y 14 -

_ 2n2|10s _pm|
Vo =—
9

HIZQ) AL 2 p>po N TRTREATES L 7375 7]
188 M pe<pwm I, WKL 0 )7 ) (0 55 )38
Bl. ARG, YILE SiFl Mg,Si 3% 8 3 /N T34
W, WHER L, KR AZERT AR ST A
Mg,Si BURDRE AT B0 ) Sy 1], B g3 2 Sk Ak is 2,
NI T FSGAT] A 38 e AU Jo S i 2 S i A A PR
FEAPEREZE . 30y rT LAHES: P AR TR B0
Wy s sh AR

N*RD? )

2
VMg,si _ (Pal ~ Pmg,si) Divig,si

3 ~1.6 3)
Vsi (pa1 = Psi) Ds;
ﬁ':':‘: DMgzsi:25 um, Dg=70 pm. T, ;H\:nl:n%)ji
Mg,Si B ATH RIS L, 58O B T4Ez)
WIHE SiRSURE 7] 35 28 Sk S 2 5 A7l T JE 1 Sk 38 A BA
R SR A S AR S B G oORORE o A7) A2 ROk e 2R
I FEIFW IR, LR A AN B RORL IR B A4

3 Zig

1) KA B OIS T 264 TR SiMg,Si
WURL VR A 150 AL-18Si-5Mg R ARG 28, 2418
TR LA 770 °C, BREHIRIE A 400 C, B0HE R 800
r/min, WEEIEJEE RS R 8 mm B, OGRS
TERR A H G B i) AI-18Si Al AL-18Si-5Mg 45
IS ZE, AN ZE R TIHS S ARE O3 ) SR AT K& W) A
WURL Si FIl Si/Mg,Si, TG ZEMR TN AR 21

2) A GERE . AL R A B O R
B AL-18Si-5Mg £ 4 v JE I TS 4 A R A4
RGN WS4 N OB AL-18Si-5Mg 4
LT FE TV AR BAG L AL-18Si 75 4G JEAEAH ]
7 SRR RURL AR AR 53 2

3) FEMRIIE R, BOMFFIE Al-18Si-5Mg G 4aih
TEMIEFE R BEVE S T B 0518 AL-18Si 45433
FEARSE AR IR, 3 RO 8 R B PR

4) BOFEIETS T BAEYIA SUMg, ST BRI &

JrIEBIG 5 Al-18Si-5Mg &G A RN ZE A1 TE ZE T e A
DX (s 52 R i S A e 34 S 25 A T 3 45 AL-18Si
B A NE2E, FhuE T TS S AR i R 4 T
10%~20%, 25 /0o 55 12 7% FE IR ~T-35) BE i ANy T ) 5 it
THZEI) 60%~68% /- A7

REFERENCES

[1] HAQUE M M, SHARIF A. Study on wear properties of
aluminium-silicon piston alloy[J]. Journal of Materials
Processing Technology, 2001, 118(1/3): 69-73.

[2] ARG, BOEIEINE ALST A E RS S AR L
BHLJEPERE[T]. o A a6 i 241, 2002, 12(2): 353-357.

TAN Yin-yuan. In situ gradient composite of hypertutectic Al-Si
alloy by centrifugal casting and its damping property[J]. The
Chinese Journal of Nonferrous Metals, 2002, 12(2): 353-357.

31 I, AREN, (e, XK R, B mil, RERERES T

T SRR S B AR ) AR TR AT A ). Th A
SJEZR, 2007, 17(2): 313-319.
JIN Fang-wei, REN Zhong-ming, REN Wei-li, DENG Kang,
ZHONG Yun-bo, YU Jian-bo. Migratory behaviors of primary
crystal silicon in hypereutectic Al-Si alloy under high magnetic
field[J]. The Chinese Journal of Nonferrous Metals, 2007, 17(2):
313-319.

[4] ELMADAGLIAM, PERRYB T, ALPAS AT. A parametric study
of the relationship between microstructure and wear resistance of
Al-Si alloys[J]. Wear, 2007, 262(1/2): 79-92.

[S] KIEBACK B, NEUBR A, RIEDEL H. Processing techniques for
functionally graded materials[J]. Materials Science and
Engineering A, 2003, 362(1/2): 81-106.

[6] DUQUE N B, MELGAREJO Z H, SUAREZ O M. Functionally
graded aluminium matrix composites produced by centrifugal
casting[J]. Materials Characterization, 2005, 55(2): 167—171.

[77 ZHANG Jian, FAN Zhong-yun, WANG Yu-qing, ZHOU
Ben-lian. Hypereutectic aluminium alloy tubes with graded
distribution of Mg,Si particles prepared by centrifugal casting[J].
Materials & Design, 2000, 21(3): 149—-153.

[8] WATANABE Y, ERYU H, MATSUURA K. Evaluation of
three-dimensional orientation of ALTi platelet in Al-based
functionally graded materials fabricated by a centrifugal casting
technique[J]. Acta Materialia, 2001, 49(5): 775-783.

[9] WATANABE Y, NAKAMURA T. Microstructures and wear
resistances of hybrid Al-(AL;Ti+Al;Ni) FGMs fabricated by a
centrifugal method[J]. Intermetallics, 2001, 9(1): 33—43.

[10] RAJAN T P D, PILLAI R M, PAI B C. Functionally graded
Al-ALNi in situ intermetallic composites: Fabrication and
microstructural characterization[J]. Journal of Alloys and
Compounds, 2008, 453(1/2): L4-L7.

[11] MELGAREJO Z H, SUAREZ O M, SRIDHARAN K.



702 A G EE R 2013 4F 3 1
Microstructure and properties of functionally graded Al-Mg-B Al-xSi-yMg functionally gradient composites reinforced with in
composites fabricated by centrifugal casting[J]. Composites Part situ primary Si and Mg,Si particles by centrifugal casting[J].
A-Applied Science and Manufacturing 2008, 39(7): 1150—1158. Journal of Materials Science, 2011, 46(4): 1058-1075.

[12] EL-HADAD S, SATO H, WATANABE Y. Wear of Al/AI3Zr [15] HAO Xu-hong, LIU Chang-ming, PAN Deng-liang.
functionally graded materials fabricated by centrifugal Microstructure and mechanical behavior of in situ primary
solid-particle method[J]. Journal of Materials Processing Si/Mg,Si locally reinforced aluminum matrix composites piston
Technology, 2010, 210(15): 2245-2251. by centrifugal casting[J]. Chinese Journal of Mechanical

[13] ZHAI Yan-bo, LIU Chang-ming, WANG Kai, ZHOU Mao-hua, Engineering, 2011, 22(5): 1-5.

XIE Yong. Characteristics of two Al based functionally gradient [16] OGAWA T, WATANABE Y, SATO H, KIM I S, FUKUI Y.
composites reinforced by primary Si particles and Si/in situ Theoretical study on fabrication of functionally graded material
Mg,Si particles in centrifugal casting[J].Transactions of with density gradient by a centrifugal solid-particle method[J].
Nonferrous Metals Society of China, 2010, 20(3): 361-370. Composites Part A, 2006, 37(12): 2194-2200.

[14] LIN Xue-dong, LIU Chang-ming, ZHAI Yan-bo, WANG Kai. (miE ¥

Influences of Si and Mg contents on microstructures of



