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Advanced in Preparation of Polymer Derived Al-Containing Silicon Carbide Ceramic
Fibers

LI Xiaohong, ZHANG Xiao, ZHANG Mengna, LU Junchong, LUO Xiaoyu, LI Jinxia, CHEN Jianjun
(School of Materials Science and Engineering, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: Polymer derived Al-containing silicon carbide (SiC) ceramic fibers as one of the ideal reinforcers for high-temperature
ceramic matrix compositeshavesuperiorproperties such as high tensile strength, high modulus, high temperature and oxidation
resistance. This review represented development on thepreparation of polymer derived Al-containing SiC ceramic fibers (i.e, synthesis
and mechanism of polyaluminocarsilane (PACS), curing method of PACS fibers and controlling defects of Si(Al)C fibers). The
advantages and disadvantages of existing PACS synthesis routes and curing processes of PACS fibers were discussed. In addition, this
review alsoprospected the future sustainable aspectsto develop new PACS synthesis route and efficient curing method for improving
the mechanical properties of Si(Al)C ceramic fibers.
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Table 1 SiC ceramic fibers**!

Young's modulus/  Density/ Diameter/ Strength retention

Generation Trade name w(Si)/% W(C)/% W(0)/% Tensile strength/GPa a (gem’) u temperature/C
First generation Nicalon 56.6 31.7 11.7 3 220 2.55 14 1 100
First generation KD-I 60 253 14.7 2.1 170 243 12 1100
Second generation Hi-Nicalon 62.4 37.1 0.5 2.8 270 2.74 14 1500
Second generation KD-II 63.8 36.3 0.9 3 300 2.76 11 1500
Third generation ~ Hi-Nicalon Type S 69 31 0.5 2.3 380 3.1 12 >1 600
Third generation KD-S 65.5 30.3 1.6 3 2.91 11 >1 600

*“_ __No data; wW—Mass fraction.
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Table 2 SiC ceramic fibers with heterogeneous elements

Heterogeneous elements Diameter/pm W(Si)% w(C)% w(0)% w(Heterogeneous elements)/%
Al 11 68 32 0.6 <2
Al 7.5 68 32 0.6 <2
Ti 8.7, 11 55 37.5,34 5.5,11 2
Ti 11 56 32 9 1
Zr 11.8 62 33.7 2.1 2.5
N 84,14 59 10 3 28
B,N 8-14 29 13 0.8-3.4 N(44), B(11)

Be 12-15

Nb, Re, Mo 11-12
Ta 20 48.8 28.08 15.06
Hf
Y 10-12 55.63 36.45 6.93 091
Y 8-10 63.17 33.31 1.77 1.04

R3 ESRETESIC EAHE MR

Table 3 Properties of SiC ceramic fibers with heterogeneous elements

Heterogeneous elements Tensile strength/GPa ~ Young’s Modulus/GPa  Density/(g-em®)  Strength retention temperature/°C Reference
Al 2.8 375 3.02 >1700 [26, 42]
Al 29 375 3.1 >1700 [26, 42]
Ti 3,33 170, 180 2.29,2.48 1100 [42]
Ti 3.4 195 248 1300 [42]
Zr 2.68 266 >1 700 [33]
N 2.8 180 2.4 NA [42]
B,N 2.0-4.0 180-350 1.8 1 400 [42]
Be 1.69-1.81 145-179 1100 [29]
Nb, Re, Mo 1.8-2.1 1200 [68]
Ta 1.9 1200 [66]
Hf 228 294 [64]
2.25 1300
Y [70]

1.61

1500
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Fig. 10 Process of Si—Al—C—O ceramic fibers converted into Si(Al)C ceramic fiber
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(a),(d) and (g) were Si—Al—C—O ceramic fibers with oxygen content of 9.8%, 15.2% and 24.7%, respecatively, (b) and (c), (e)and (f), (h) and (i) were SiC
ceramic fibers by (a), (d) and (g) sintering at 1 500 and 1 800 C.
Bl 11 S48 SiC MR eF4e ki SEM iy

Fig. 11  Cross section of Al-content SiC ceramic fibers®”!

Bl 12 A & Si—Al—C—O FELF 4 K ts 4t T b 22
Fig. 12 Schematic diagram of the formation process of skin-core structure in Al-content Si—Al—C—O ceramic fiber with high

oxygen content™”!
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