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Abstract: Continuous fiber-reinforced ceramic matrix composites have been widely used in aerospace,
defense industry, emerging civilian, and other fields due to their excellent properties such as low density,
high strength and high temperature resistance. However, most of the preparation processes of continuous
fiber-reinforced ceramic matrix composites have problems such as high cost and long cycles, which limit
the application and promotion of ceramic matrix composites. The development of a low-cost preparation
process is the key to promoting the wide application of continuous fiber-reinforced ceramic matrix
composites. In this paper, the preparation process of continuous fiber-reinforced ceramic matrix composites
is briefly introduced, and the research status of low-cost processes such as reactive melt infiltration, nano
infiltration and transient eutectoid, and slurry infiltration and hot pressing is summarized. The optimization
of preparation process, microstructure and properties of composites is reviewed, and the future research
direction of the low-cost preparation process is proposed, such as the preparation of ultra-high temperature

ceramic interface by molten salt method and the preparation of porous matrix with uniform pore structure by
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reaction-induced phase separation, which can significantly improve the comprehensive properties of

continuous fiber-reinforced ceramic matrix composites.

Key words: continuous fiber-reinforced ceramic matrix composites; preparation process; low-cost; reactive

melt infiltration ; nano infiltration and transient eutectoid
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Table 1 Comparison of advantages and disadvantages of typical ceramic matrix composites preparation process

Preparation process Advantage

Disadvantage

Gas phase

conversion infiltration

method complex components
Liquid phase Polymer

conversion infiltration and preparation of large and complex components
method pyrolysis
Sol-gel
of composites
Lanxide

preparation cost and high efficiency
Solid phase
sintering method and transient preparation cycle

eutectoid

Slurry Short preparation cycle and low cost, higher

infiltration and densities of composites
hot pressing

In-situ reaction

cycle and low cost

Liquid-solid or ~ Reactive melt

gas-solid infiltration densities of composites

reaction method

Nano infiltration Higher densities of composites, short

Chemical vapor Low process temperature, less damage to the Complex equipment and high preparation costs, long process

fiber, near-net shape, preparation of large and cycles,poor densities of composites

Low pyrolysis temperature, near-net shape, Higher porosity, long process cycles, higher prices for polymer

precursors

Low process temperature, higher homogeneity Long process cycles,higher shrinkage and porosity

High volume stability, simple process, low Presence of unoxidized metals affects the high temperature

properties of the material

High-temperature and high-pressure sintering, damaging fibers
and affecting material properties, difficulty in preparing large and
complex components

High-temperature and high-pressure sintering, damaging fibers
and affecting material properties, difficulty in preparing large

and complex components

Low process temperature, short preparation Damage to the fiber

Short preparation cycle and low cost, higher High-temperature melt erodes fibers, residual metal within the

matrix, affecting the high temperature performance of the

material
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Fig. 1 Schematic diagram of fabrication method of NITE process
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BRARE S BRI T 40 %6, 13URE B0% 8 FIPL S 0 1A K
MR E . Wang 2L Zr,Cu BB H), R RMI T. 2
il 5 C/ZrC G RORL W FE K A B I [ BRI (1 h)
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Fig. 2 SEM images of 2D C/SiC-Si(a),(b), needled area (¢) and non-woven cloth(d) for 3DN C/SiC-Si*"/
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YK SIC ¥y R R AEA AT 30% A (2) J5 ZEF 58 A 5
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M 452 /0N, DR e AT DA fRp Ak i F , BV PIP T2, B £ 4
FAEBE L5 B A4 ok SiC 9 20RE P IR 5 T8 )5 HE B
PEAT IR BE L, , K 4 J6 T 25 R . (3) 2R HI NITE
T2 % 1 SIC/SIC & A M RHA R be 45 T B2 7E 1700~
1800 °C, X SiC £F 4 it M ZE sk e vy, B =R SIC £F
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FHMEREZESR , vT 38 i IR 45 T2 S HO 5 45 Bl 0 b Skt
82 A MORHIEA TR DA A AN [R) 9 0 3 5%

4 HEMAEIZ

4.1 SI-HPI %

SI-HP T. AT — WK B Fse 45 5t v] LI B 41 2
B 2 F AR 25 5 i 45 1 &2 6 b RE, (H s UL 5 TR be 4 it
T v 2 X6F Bk £F 2 3 B 4 , 52 e A2 A MR ) 2 MR
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FINGH K £ i 41 25 58 45 16 Pk L R W MR b 45 R R, SE
IR AR Be 2, DT s /0 £F 2 3045 . e L e 4 TR
FH 40K ZeB, #5 AR 76 1450 CI% 15 34K B8 25 1 4% ZrB,-
SIC-Cy & A MR, A T 1% Gt $UH e 45 il £ 19 ZrB, 3t
S A MRHR T FEAR T 29 400 °Co %M RE B HE s 1 e
SR L L T s 3k 321 T/ m?, B AR S A B B
AR W PTG o 3 A IR IR AR Be 2wl LU R
il 2F HE 4547, H G A o TR 25 ik 741 °CL P 2
T8 A ZrB, 3 HE I P B B o Liu 7SR A OK
55 IR R ARG A, 76 35 SRk 241 4 /P SR R Y
B i A8 F VB RN B Sk AT 4RO IR A B bE R
P AR L A T ke it e L R [ L A Y C/ZeB,-SIC &
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BEAb 78 5RORIR 3 R by AR ORE 2 b 2 1] 4
AR E W FLBR  AF 58 N 5 S R sl R B A T 2L e T
FLBR B ZE )8, Hu 557758 5 4k 2h %l Bl S oRHR A
IR (1450 “C) R A , Bl & T 5 B4 5150 A i
C/ZrB,-SiC & A K, B £F 2 Fn B 28 56 R 0 1 345 ohr
JC W 52N, ik 27 Ak 0 405 15 BT A B A e
FE R W 24 ) BE 4y B R (204418) MPa (5. 34+
0.13) MPa-m"?, &A% Gt 3 OBHE 5t #4125 1) 45 &2 6 b
RHHIRE , BRI R A f P st i /A .

FEI BE g b B b B v i be 2 T B S T | ke AT 4k
) 8 R B RN, A3 405 £ A L7 A 4 ik 1) L T 45
A @ = Do T I N = S R R O B
Y3 L ER . BT ST N B 51 A K A I
KR Il R I sh Bl B IR I AR T S T IR R AR
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BHE, TR R R TR AT 4 S R SR A N S
BT 2w B (B 3(a)), A=A B g A,
SRR £F 4 B R (B 3(b)) , B & O RHAY G
P W7 24 (I 2499 B ol (4. 50+0. 13) MPa+m"?) . i 78
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P 3 R[4 R e 48 36 BE ) 4 ZeB,-SiC-C & A B EHI SEM fOE 51117
(a),(b)1700 C;(c),(d)1450 C

Fig. 3 SEM morphologies of ZrB,-SiC-C; composite by HP at different temperatures
(a),(b)1700 °C;(c),(d)1450 °C

1450 “CH T e 45 i), 2F 4k R it i1 (K 3(d)) , #1
RHTE U 24 3 R o R B W A A B (B 3(e)) , &
PR A T AL B ((5.86+0.17) MPa-m"?)'™,

SI-HP T2l & B % 3 52 6 bR B AT AR A
W RS R H BT T AT B = 2 b 7 = i
1o P A 05 27 4 In) L ) A B B AR S R R
IR, I TF & B A T2, ke 38 A 1
BoR 5 B % i & T2 M2 G, S0 2 45 44 1) B % 5k
SRR RHMIC AR 3 &
4.2 Lanxide TZE

1985 4F , 2% [E Lanxide 2 A & M| T Lanxide T
ZB T LB T A AR ROR R A
Lanxide 22 & i) il 5 © 7 12 W F TR 4 il AR
T H ST B P 45 Lanxide 3K R B &/ 4
J&E A RRE, I ALO,/AL AIN/AL ZrO,/Zr %5, i
ALO./ALSEE G # R, Aghajanian 55/ i
Lanxide T. 2l % (9 ALO./ AL A #4852 bR % B nl ik
P 2B B 96 %6, A 5 I RN TR A A BRI 40 ok
350 MPa il 150 MPa, Wi 24§ & ik 10 MPa-m'*, N
TR ARG A TR R 23 VR INEE R RE FE BRI, FE N
Pt SR BESIREM . A, &R AT R
Al 5 2 S0, P I & R AT ok b Bk B D B A R S
F R MR . H AT, FEARE BN R B ALOS/ ALY R #

<[79]

Si;N./Si, ZrB,/Zr, TiB,/Ti & £ Jt & & & M Kl ZrB./
7rC/7Zr % . Aghajanian %% ] Al-Si-Sr-Ni & 4 7
1000 CH AT il % 17 3R & & bk, 43 2 TE
35 AIN/AL S A B ORE, AIN UKL 3 58 52 & B kL
AIN,/AL, TiB, v 34 5 & & # B TiB,/AIN, H £ fig
3 288

F2 AINESESMEIERE

Table 2 Properties of AIN matrix composites

Fracture
) Young’s Bending
Material toughness/ Ref.
modulus/GPa  strength/MPa LY

(MPa-m"?%)

AIN 300 238 3.4 [83]

AIN/Al 280 398 9.5

AINP/AI 247 291 6.3

TiB,/AIN 302 512 10.6

SiC/ALO, 489 27.8 [84]

4.3 HAETZ

IR Al TR D SRR L B — T AR X
R A TR o PR, 2 A T2 N A 3 S A Y by
SRM R E A MR R RERZ — RIYA T Z
] 5 i S 2 4 1Y 5 B R R A G R RE R UM LR A
W6l R 5 7 3% v A T ol e LB R AT A, IR R
— Tk, P05 4L 04 25 4 A0 BE |, 46 L )
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