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Boron-carbon doped Silicon Carbide Fibers: Preparation and Property

YU Han-Qing'?, DONG Zhi-Jun'?, YUAN Guan-Ming"?, CONG Ye'?, LI Xuan-Ke’, LUO Yong-Ming"

(1. The State Key Laboratory of Refractories and Metallurgy, Wuhan University of Science and Technology, Wuhan 430081,
China; 2. The Hubei Province Key Laboratory of Coal Conversion & New Carbon Materials, Wuhan University of Science and
Technology, Wuhan 430081, China; 3. Hunan Province Key Laboratory for Advanced Carbon Materials and Applied Technology,
Hunan University, Changsha 410082, China; 4. Institute of Chemistry, Chinese Academy of Sciences, Beijing 100190, China)

Abstract: The B-C doped SiC precursor was obtained by blending of polycarbosilane, polyborosilicate and xylene
soluble pitch at low temperature. The resulted precursor was melt-spun into precursor fibers. The B-C doped silicon
carbide fibers were finally obtained by pre-oxidation and high temperature heat-treatment of the precursor fibers suc-
cessively. The composition and microstructure of B-C doped SiC precursor and its fibers were characterized by IR,
XRD and SEM. Effect of the heat-treatment temperature on the composition, structure, mechanic property and oxida-
tion resistance was studied. The results show that the introduction of boron in SiC fibers restrains the growth of SiC
grains at high temperature treatment effectively, and simaltaneously improves the thermal stability of the C-doped SiC
fibers. B-C doped silicon carbide fibers obtained by heating the pre-oxidized fibers at 1600 ‘C were mainly composed
of -SiC and a small amount of O, B and N. B-C doped SiC fibers ownse better oxidation resistance than the C-doped
SiC fibers, which can be attributed to the formation of borosilicate film during the high-temperature oxidation of
the B-C doped SiC fibers. This film plays a role effectively in preventing the pith carbon in the doped fibers from oxi-

dation.
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Fig. 3 SEM images and EDS patterns of C doped SiC fibers after heat treatment at (a, b) 1300,
(c) 1400, (d) 1500, and (e) 1600 C
(b) is line scanning for sample in (a), and insets in (c, d) are the corresponding EDS patterns
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Fig. 4 SEM image s(a, c—f), EDS patterns (b) and EDS mapping (g-k) of B-C doped SiC fibers after heat-treatment at different temperatures
(a, b) 1300 °C; (c) 1400 °C; (d) 1500 °C; (e-k) 1600 °C
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Table 1 Chemical composition of C doped SiC fibers after
heat-treatment at different temperatures

Composition/wt% 900°C ~ 1300°C  1400°C 1500 C
Si 42.68 51.82 54.98 64.54
C 36.46 31.76 30.87 25.75
(0] 20.68 16.42 14.15 9.71

*2 TREIREHAIZSEH B-C B2 SIC FYERIARM
Table 2 Chemical composition of B-C doped SiC fibers
after heat-treatment at different temperatures

Composition/wt% 900 C 1300 C 1400 C 1500 C
Si 47.94 58.73 61.90 71.43
C 34.75 30.32 28.36 23.48
o 16.95 12.58 9.34 4.80
B 0.21 0.22 0.22 0.23
N 0.15 0.15 0.16 0.16
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Fig. 6 XRD patterns of C doped (a) and B-C doped (b) SiC
fibers after isothermal oxidation at 1000, 1200 and 1400 C in
air for 1 h
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Fig. 7 SEM images, EDS patterns of C doped SiC fibers after isothermal oxidation at 1000 ‘C (a), 1200 ‘C (b), and 1400 C (c) in air for 1 h
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Fig. 8 SEM images of B-C doped SiC fibers after isothermal
oxidation at 1000 (a), 1200 (b), 1400 'C (c, d) in air for 1 h
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b R AR S N BN, 194 eV AbHIRFHEIERT S, B,Os,
117 196 eV Ak AR5 AE I DU 5k AR £ (B, 05-xSi0,)! ),
XPS 43 Hr# B, B-C 524 SiC £F4E4E 1200 ‘CHEALIE
% T B,03. SiO, F1 B,03-xSi05. B,0; HI BN & k7=
4, HTRe AR R A (2)M(3). Si0, | SiC,0,
A Si;Ng FAGTE AL, FHATRe AR A N (1) (4)
FI(5). B203-xSi0, M H B,Os A1 Si0, S BB, Hinl
BB LR 11 2 8 L 3(6)12% . B,Os 7E 600~1100 °C LLIEAH
TERAETE, TBNTHERAT, X4 432 A= A Y o) 2
SURALIAEA B & ER, AR 7Ry §H 7,
BRAR T 4R 4k 584 R . R, B-C $54% SiC £F4E7E
1000 CERILH T REFHIpsafbE. £ 1100~1500 C
Z I8, B,Os & KB K, 524 B,0; Al SiO, 17T,



ERR

ST, & B-C B4 SiC 44 £ K Bk Rea 7% 501

CANTRAE I T Ra e AR L S BB I . 23
HA B A AR I S AR B B 1 e 3 2,
n] LS AT 4R R T A B iR S AU A R,
G 7 I A AR T

2BN(s)+3/20,(g) = B,05 ()N, (g) (2)
4BN(5)+50,(g) — 2B,0;(1)+4NO(g) 3)
SizN4(s)t30,(g) — 3810, (s)+2N, (g) “4)
Si,N, (s)+50,(g) — 3510, (s)+4NO(g) %)

Si0, (s)+xB,0, (1) = B,0, - xSi0, (1) (6)

3 ik

1) @it PCS. PSNB 5 DSP FMKiRILIEG S| T
B-C #¢ SiC Fiikfk, RioRkALIsms . mEk
KR A 5 #1743 7 B-C $2% SiC 474k, B T &
A C JCRAELFYER TR IR A NI 5

2) C 441 B-C 4% SiC 21 4k () i 1 i i [t #4
Aab PG FE v B ISR K RN R, 1300 °C #A
W FRAR B BB A A dE R 8 B i K. B-C 5% SiC
R4 B 5| AN B T SIC kA K B B B
AmaIVE , % T BT SIiC kAL S 80 £F 4
PR IR B

3) B-C 7% SiC A4t futtme BT C
% SiC £14E. B-C 7% SiC £ 4EAE A A i #E v ]
AR BoOs 1 Si0, BEGAH, BATRE M A B AR
FMEERR B IR 2, e T 54 SiC A4l
wRIEAN .

&% CRk:

(1] #iZE, BB, vtint, 5. DhREALBRALELT 4EnT st e, N LRk
4R, 2016, 45(5): 1397-1403.

[2] BEEZR, XUmiiE, 3R, &5 B AR AL TR IR B RH B 7T
HEE. MK, 2016, 45(6): 140-146.

[3] FkA, £, MEH. o PDMS 5 PVC JLH# RBREEL b %
SiC-C £F4E. FPEMIT T 23R, 2004, 18(3): 295-300.

[4] ZUO X, DONG Z, L1 W, et al. Oxidation behavior of carbon-silicon
and carbon-boron-silicon alloys derived from solvent-soluble sili-
con and boron-silicon-doped coal-tar pitches. Materials and Tech-
nology, 2014, 48(1): 59-66.

[S] BERNARD S, MAJOULET O, SANDRAF, et al. Direct synthesis
of periodic mesoporous silicoboron carbonitride frameworks via
the nanocasting from ordered mesoporous silica with boron-modified

(6]

[7]

[8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

polycarbosilazane. Advanced Engineering Materials, 2013, 15(3):
134-140.

HANG S X, HAO S C, ZHU Y. Preparation and properties of
pinacolborane modified polycarbosilane as SiC fiber precursor.
Journal of Inorganic & Organometallic Polymers & Materials,
2015, 25(6): 1-5.

XU X H, MAO Y, CHEN F, et al. Effects of oxidation
cross-linking and sintering additives (TiN, B) on the formation and
heat-resistant performance of polymer-derived SiC (Ti, B) films.
Ceramics International, 2016, 42(7): 8636—-8644.

LEE J, BUTT D P, BANEY R H, et al. Synthesis and pyrolysis of
novel polysilazane to SIBCN ceramic. Journal of Non-Crystalline
Solids, 2005, 351(37): 2995-3005.

GUO A, ROSO M, MODESTI M, et al. Characterization of poros-
ity, structure, and mechanical properties of electrospun SiOC fiber
mats. Journal of Materials Science, 2015, 50(12): 4221-4231.
TANG Y, WANG J, LI X D, et al. Preceramic polymer for SiBNC
fiber via one-step condensation of silane, BCls, and silazane. Journal
of Applied Polymer Science, 2010, 110(2): 921-928.

FU Q, LI H, S HI X, et al. Microstructure and growth mechanism
of SiC,, hiskers on carbon/carbon composites prepared by CVD.
Materials Letters, 2005, 59(19/20): 2593-2597.

HEMIDA A T, TENAILLEAU H, BARDEAU L, et al. A quasi- stoic
hiometric SiC-based experimental fibre obtained from a boron-
doped polycarbosilane precursor. Journal of Materials Science,
1997, 32(21): 5791-5796.

CAOF, LI X D, KIM D P. Efficient curing of polymet hylsilane by
borazine and reaction mechanism study. Journal of Organometallic
Chemistry, 2003, 688(1): 125-131.

YUAN QIN, SONG YONG-CAL Effect of SiC,O, decompositim
on densification of SiCO(Al) fibers during sintering process.
Journal of Inorganic Materials, 2016, 31(12): 1320-1326.
CHOLLON G, CZERNIAK M, PAILLER R, et al. A model SiC-
based fibre with a low oxygen content prepared from a polycar-
bosilane precursor. Journal of Materials Science, 1997, 32(4): 893-911.
CINIBULK M K, PART HASARAT HY T A. Characterization of
oxidized polymer-derived SiBCN fibers. Journal of the American
Ceramic Society, 2001, 84(10): 2197-2202.

MULLER A, ZERN A, GERSTEL P, ef al. Boron-modified poly
(propenylsilazane)-derived Si-B-C-N ceramics: preparation and
high temperature properties. Journal of the European Ceramic
Society, 2002, 22(9/10): 1631-1643.

LIPOWITZ J. Structure and properties of ceramic fibers prepared
from organosilicon polymers. Journal of Inorganic & Organometallic
Polymers, 1991, 1(3): 277-297.

KOBAYAS HI K, MAEDA K, SANO H, et al. Formation and
oxidation resistance of the coating formed on carbon material
composed of B,C-SiC powders. Carbon, 1995, 33(4): 397-403.
WU H, ZHANG W. Fabrication and properties of ZrB,-SiC-BN
machinable ceramics. Journal of the European Ceramic Society,
2010, 30(4): 1035-1042.



