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Microstructure and Mechanical Properties of SiC,,/SiC Ceramics Prepared by Binder Jetting
Additive Manufacturing Combined with Liquid Silicon Infiltration

HU Shidong, FENG Kunhao, WANG Qihang, YUAN Jiaming, MAO Yiwei, CAl Daosheng, WEI Qingsong
(State Key Laboratory of Material Processing and Die & Mould Technology, School of Materials Science and Engineering,
Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: Silicon carbide (SiC) ceramic has a broad application prospect in aerospace and nuclear power industries due to its
advantages of high strength, high hardness and low density. However, the processing difficulty and low toughness of SiC hinder
its application. To solve the problems above, SiC,/SiC composites containing different silicon carbide whiskers (SiC,,) were
prepared via binder jetting additive manufacturing and liquid silicon infiltration. The experimental results show that the flexural
strength and fracture toughness of the composite can be 215.29 MPa and 3.25 MPa-m"? when SiC,, contentis 7.5% (in volume
fraction), and the hardness is 23.06 HV at 5% SiC,,. However, the residual silicon phase content within the composite elevates,
and the mechanical properties deteriorates when SiC,, content further increases. The two carbonization processes to the green parts
effectively reduce Si phase content and increase the flexural strength, fracture toughness, and hardness by 10.15%, 10.46%, and
10.58%, respectively. SiC,, is added as a reinforcing and toughening agent for the composite ceramic via deflection cracking,
pulling out and fracturing.
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(a) Composite powder preparation

(e) Liquid silicon infiltration

(d) Carbonization

ITENROY, Bt HER S R K R A5, BB RN
EETK BOIGRENT — 1. fTEIFMEHT, TAE
FLFFE 150 pm (2R, MG ETE, R
RIZIEE SR AR BB X I, WAL 2 2 X 35K
BEATWEHTED, TRMER, HETEER. THI%
JRJE R AR R [ AR — IR, TN 130 'CHY
B S RE A AIE AL 2h,  PAEBRBEE I 7K 73
RJEICEFEAR . 7k, S22 LI,

(b) Binder jetting

(¢) Phenolic resin infiltration
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Fig. 1 Sketch of the preparation process of SiC,,/SiC composite
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(a) SiC particles

(c) SiC whiskers
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(b) Size distribution of SiC particles

(d) Length distribution of SiC whiskers

K2 BACRERORL AN B AL S 20 SEM IR 7 B JERIAR A FE 20 A
Fig. 2 SEM images of SiC particles and SiC whiskers and their particle size/length distribution
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Fig. 4 SEM images of BJAM green parts
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(a) Variation of density and additional carbon density

of SiC,,/SiC composites

(b) Porosity rate of green parts and carbonized parts

Bl5  SiCy % SiCy/SiC A% 5 5 FLERH 1 52
Fig. 5 Effect of SiC,, on density and porosity of SiC,/SiC
materials
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Fig. 6 Effect of SiC, on the mechanical properties of
SiC,,/SiC composites
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Fig. 7 Polished surface OM images of composites at different SiC,, volume fractions
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Fig. 8 XRD spectra of SiC,/SiC composites with different
SiC,, addition
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Fig. 9 Crack extension at fracture surface
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(a) Whiskers fractured

(b) Whiskers pulled out

(c) Whiskers bridging

K10 AT SR RIHREAT J9 R SEM [
Fig. 10 SEM images of fractured , pulled out, and bridging
behaviors of whiskers
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Fig. 11
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(b) Flexural strength
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(c) Fracture toughness
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(d) Hardness
K11 2 IR AL B e S5 1 25 FE AN g 2 R

Density and mechanical properties of sintered parts
with two carbonization processes
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