=5 M0t = 1k

Acta Materiae Compositae Sinica

BRALEEHL IR M e /408 XU S A A B AL R AE R S SR A LR

G ams R ER KR R EhR

Structural feature and reinforcement mechanism of silicon carbide foam ceramics aluminum matrix
co-continuous phase composites

CAO Xiaoming, JIN Peng, XU Yichen, LIU Qiang, ZHANG Jinsong

TELR %15 View online: https://doi.org/10.13801/j.cnki.fhelxb.20210531.002

AT ARG A SCEE

Articles you may be interested in

Z AT YRS 1 B R AR A2 B b b B I & PR i IR 4 P BE i L]
High temperature compressive property and damage mechanism of low density multiphase fiber reinforced phenolic resin
ablative thermal protective composite

BAEMEFAR. 2019, 36(1): 133-138  https:/doi.org/10.13801/j.cnki.fhelxbh.20180726.004
SHEMIRBHLLUR RS G PR N R 2245 0 5 LR

Mechanical behavior and failure mechanism of the 3D angle interlocking woven reinforced aluminum matrix composites
under in—plane tensile loading

AR, 2021, 38(9): 2997-3007  https://doi.org/10.13801/.cnki.fhelxb.20201116.007
P e~ 4 JB WGEZEAN A A MBI & BB 5 Aok

Development status and future of ceramic—metal co—continuous composite material

E AR, 2021, 38(2): 315-338  https://doi.org/10.13801/j.cnki.thelxb.20200909.002

606 151 IURLIZ 4 38 707 SER S S AP RH oW A4 S B fig
Microstructure and damping capacity of 7075 aluminum matrix composite enhanced by 6061 aluminum particles layer

A MR, 2021, 38(12): 4220-4227  https://doi.org/10.13801/j.cnki.fhelxh.20210309.004
LN R AR T LIRS i AR TEHL R

Deformation mechanism of closed—cell aluminum foam under uniaxial compression

A MR, 2017, 34(8): 1810-1816  https://doi.org/10.13801/j.cnki.fhelxb.20161116.002
SICHURIE SRS ILE A LI Sl v 8] 2 RAH D IR

Liquid phase diffusion bonding for SiC particles reinforced aluminum matrix composites using pure copper inter—layer

A MR, 2021, 38(2): 572-582  https://doi.org/10.13801/j.cnki.fhelxb.20200703.001



§é$j*4$*ﬁ F390HE 4 O 4H 20224

Acta Materiae Compositae Sinica Vol.39  No.4  Apr 2022

DOI: 10. 13801/ j. cnki. fhelxb. 20210531. 002

iR iE IR BE /BN EEEESHH
LR IE B 3B SR AL

S, A, LR, DR HHR

(PEPEBEEEUTRAT YR E SRR R RO O YRR RS LM ST, YR FH 110016)

W OE . N TR AL IR % (SICy) AEAREEE & R TR AR SR AL, R & o F AR S G RN RS 1Y
il B =2 P 45 S AR IR Y SICy, I FH 5 He 5 3 00 O K A R AR B B R BV IR B 2 AL, 3R
187 SICY/FRNELAME A MBI R T 26 Mk = R Bk 250 (CTE) R4 ERe st . SSgms LR . Sic
I = 4 375 3 P 24 S5 R R SRR AR A 4 LA SR AR SR L, B T Rt BB R A R A SR AR s X L
WAL Bk Pl e UKL (SiC,) BSR4 4 AT LB . SiCy AAL b i) Sic,, B Im) £ FHI AT LA SRR A2 45 4 ek 11 A
Tk #2450, #REESMENERYUERE . 4 500°C B, fmbi Bl Lk $] 313.61 MPa. #UE Ik ZECH
7.653x107°°C,

KB AR BEE AR mREAVERE; R AEsRBLE; 2L

FE 425 TB331 XERFRRRD: A XEHS:  1000-3851(2022)04-1771-07

Structural feature and reinforcement mechanism of silicon carbide foam ceramics

aluminum matrix co-continuous phase composites

CAO Xiaoming’, JIN Peng, XU Yichen , LIU Qiang , ZHANG Jinsong
(Bio-based Materials and Biomimetic Architecting, Shenyang National Laboratory for Materials Science,

Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)

Abstract: In order to study the structural feature and reinforcement mechanism of the silicon carbide foam ceram-
ics (SiCy) in the aluminum matrix composites, the SiC; with 3D network structure characteristics were prepared by
use of polymer pyrolysis and reaction sintering methods. The SiC;/aluminum matrix co-continuous phase compos-
ite materials were prepared by using the method of squeeze casting which the molten aluminum alloy was injected
into the foam ceramic meshes and the coefficient of thermal expansion (CTE) and compression performance of the
composites were experimented. The experimental results show that the SiC; has an overall reinforcement mechan-
ism for the matrix aluminum alloy by using the 3D network structure, and it also keeps good reinforcement effect
with the temperature increasing. It has confinement mechanism to silicon carbide ceramic particles (SiCp) and alu-
minum alloy in the meshes. The synergistic effects of the SiC; and SiC,, in the meshes can effectively reduce the CTE
and enhance the high temperature compression strength of the composites. The maximum compressive strength
can reach 313.61 MPa and the CTE is 7.653x107°°C " at 500°C.

Keywords: SiC foam ceramics; aluminum matrix composite; high temperature compression properties; overall

reinforcement mechanism; confinement mechanism
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SiC LK P & (SICy) il &« R H i 43+ #A i 12:
45 G B HR 45 H R A5 Y =4 3 S ) 28 45
SiC®, RGBT K43 B 35v0l% Fil 50vol%
SiCro SiCy il #5 T2 Wi 2 ALHE LI 2 4L4% 2 mm
MR B IR A BN, #REE 7 pm. 1.5 pm Y
SiC fioky . T I AR G 45 T o P i kb3, a2
o BN T . W BE S IR AR SiCy, Hr 700°C
Ar R4 SE Th, 1700°C FH25 i BR%5 1h, FIH
Br R85 1% T 053815 SiCy/Al RUEZE M S M RE,
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FERE A FER A 4 e AU UK B ' L 4R A5 2 B
BE(E 1), HP A4k A ZLI01 844, KRS
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1—Upper pressure head; 2—Molten aluminum alloy; 3—SiC ceramic
particles; 4—SiCy; 5—Steel sheath; 6—Pad plate; 7—Mould coat;
8—Ejector rod

B BRALEREIRFERE (SiCo/Al BUELEMZ SR RS R R IE
Fig.1 Schematic diagram of squeeze casting mould of silicon carbide

foam ceramics (SiC;)/Al co-continuous phase composites

RO A UL 2R 1, Horh A i 35vol%SiCr-
26vol%SiC,/Al #ll 50vol%SiCy-18vol%SiC,/Al J2 &
BLBE A= 3h 19 J7 B8 KL B2 O 7 pm 1Y SiC 0k 7B A
SiC fu K i % AL v, it HCAE RO AL b 2 50 43 A
B e 75 1 3 R v U B0 ) B VRN 2 B K B 2 TR
) SiC Uk m AR /N, P, SiC P& WURLAE SR &
S,

F1 SiC/Al WELBESHMBBIMS

Table1 Composition of SiCi/Al co-continuous phase composites

Composition/vol%
Name - .

SiCy SiC, Ceramics ZL101
Al — — — 100
35vol%SiCy/Al 35 — 35 65
35vo0l%SiCy- 26V01%SiCp/Al 35 26 61 39
50vol%SiCy/Al 50 — 50 50
50vol%SiCs- 18V01%SiCp/Al 50 18 68 32

Note: SiC,—Silicon carbide ceramic particles.
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(b) 50vol%SiC,

\9 3 ok '. - 00 pm ‘
(¢) Microphology of 35vol%SiC,
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Fig.2 SEM images of the 3D morphology of SiC¢
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Fig.3 Phase composition of 35vol%SiC/Al
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(a) 35vol%SiC;-26vol%SiC /Al

(b) SiC,/Al

€4 35v0l%SiCr-26vol%SiC,/Al Wik SAHE A 4 EUE 5

Fig.4 Morphology of 35vol%SiC-26vol%SiC,,/Al composites
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Fig.5 Coefficient of thermal expansion (CTE) with temperature curves

of SiC¢/Al co-continuous phase composites
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Fig.6 Compression strength changing with temperature curves of ZL101

and SiC; /Al co-continuous phase composites
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Fig. 7 Stress-strain curves of SiC; /Al co-continuous

phase composites atroom temperature
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Fig.8 SEM images of the damage macro-morphology of 50vol%SiC-

18vol%SiC,/Al composites at different temperatures
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Fig.9 SEM images of compression fracture of 50vol%SiC-18vol%SiC,,/Al composites at 500°C
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