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Fig. 1 IR sprectra of PCSs synthesized at various

temperatures from different raw materials
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Fig. 2 Influence of reaction temperature on Si—H bond

contents of PCSs from different raw materials

2.0
<o
L15F
T
1
w
< 1ok
o
jani
T
1 & PDMS
< 05 x LPS
A LPCS
0.0 1 1 1 1 1 1

360 380 400 420 440 460 480 500
Reaction temperature (°C)

Fig. 3 Influence of reaction temperature on the linearity

degree of PCSs from different raw materials

PCS
PDMS  LPS PCS
PCS
PCS
PCS
LPCS PCS
Si—H
Si—H
PDMS PCS
2.1.3 IR
PCS Si—H
PCS Si—H

LIPS  420°C 450°C 490°C
PCS '"H-NMR  #Si-NMR

4a & 4~5 Si—H



4 2007
44.8%. PCS
! IR
c—H PDMS LPS UV IR
q0c _STH NMR
e Si—Si Si—H
420°C ’
6 5 2 0 i) SiI—Si 1
s Si—C
5 2 3
PCS.
490°C CH; CH; CH;4 CH; CH,4 CH;
450°C —S|i—S:i—8:i— S —s;i—s:i‘ + H—S:i—
CH; CH; CH, CH; CH, CH,
420°C
) | Si—IO—SiISiC4 ISiC3HI | :
30 20 10 0 -10 =20 =30 40 CH;CH;H CH; 1
5 I NP 0
Fig. 4 NMR spectra of PCSs synthesized from LPS at 420°C (|3H31|i 1|i (|3H3
450°C. and 490°C. respectively
a 'H-NMR spectra b *Si-NMR spectra l? l-|i (|:H3lil T | IT | l?
Si—CH, Si—CH, Si—CH YT == R R
420C PCS  6=3 Si—OH o oG
S—H C—H
420 450 490°C PCS  Si—H 2
C—H 0.052 0.111 0.105. H H H CH, CH
4b & 075  SiC, Si —c::—s:l— " —(::— :i— 2 —:—S;l—c:—s:l—
s  -175 SiGGH  Si H CHs H H CH;H H
420°C PCS 5=10 Si—0—Si
Si . 4 b 450°C 3
490°C PCS  Si—Si ¥ BRI o O
.420°C PCS CH,
Si—Si Si—0—Si PCS
. 420°C PCS 4
SiG,H SiC,  SiC,Si, , x=2 3 HoH CHyH H
450°C  490°C PCS e e L
SiC,Si,_, =2 3 ILI (|31—l3 ILI | ILI CH31|1 H
SiGH  SiC, 420°C 450°C
490°C PCS  SiGH  SiC, 4
4.07 1.42 1.23 420°C PCS 2 ~ 4
SiGH SiC, SiC,Si, , x=2 3 PCS PCS
52.6% 12.9% 34.5% 450°C PCS
SiGH  SiC, 58.7% 41.3% 490C 5
PCS  SiGH  SiC, 55.2% >



1 5
b0°C
ﬁm 4Zo 260 480 500 L Wy "% 0 ;
Reaction temperature (C) 55 43 12 Ew 23 13
Fig. 5 Influence of reaction temperature on the weight
average molecular weight of PCS
PCS
PCS
PCS. LPCS
PCS 450°C
LPS PCS
450°C  PDMS PCS
LPCS PCS
PDMS
PCS LPCS
450°C PCS
PDMS
LPS .
6 a b 450°C PCS
Fig. 6 Molecular weight distributions of PCSs
Si—H a PDMS b LPS ¢ LPCS
PCS .
440°C PCS Si—Si 8
PCS
8 PCS Si—H
Si—Si PCS
Si—H
2.2 LPS  Si—Si
PCS Si—H
IR 7 Si—H
7 350°C IR Si—Si
IR
2100 em™" 1250 em™'  PCS Si—H H, CH, PCS
Agu/ ASifCILS Si—H Si—H
PCS  Si—H Si—H




2007

[ NV B SV I S

PCS

1.6
150°C
0 - L2F
175°C I
1
200°C < osh
\le .
25C 4
T 04t
250°C 0.0 I I I I I
100 150 200 250 300 350 400
275°C Temperature ('C)
300°C Fig. 8 Si—H bond contents of PCSs distilled at various
temperatures
325°C
.PCS Si—H
330C 450°C
‘Vf 450°C
s s ! ! ! PCS  Si—Si
4000 3000 2000 1000 400
Wavenumber (cm™") PCS 450°C .
Fig. 7 IR spectra of PCSs distilled at various . .
Si—Si
temperatures
Si—C
PCS
Si—Si PCS.
REFERENCES
Cheng Xiangzhen . Synthesis of Polycarbosilane under High Pressure and at High Temperature and the derived Silicon Carbide Fibers
. Doctoral Thesis National University of Defense Technology
2004

Yajima S Hasegawa Y Hayashi J.J Mater Sci 1978 13 2569 ~ 2576
Ly H Q Taylor R Day R J.J Mater Sci 2001 36 4037 ~ 4043

Cheng Xiangzhen Song Yongcai Xie Zhengfang . Acta Polymerica Sinica 2005 6 851~855
Song Yongcai Shang Yao Feng Chunxiang . Acta Polymerica Sinica 1995 6 753 ~757
Cao Feng .Study of Novel Precursors to Prepare Super-high Temperature Resistant SiC Fibers

. Doctoral Thesis National University of Defense Technology 2002

Ishikawa T Shibuya M Yamamura T.] Mater Sci 1990 25 6 2809 ~ 2814
Drohmann C Gorbatsevich O B Muzafarov A M Moller M. Polymer Preprints 2000 41 1 959 ~ 960
Hasegawa Y Okamura K.J Mater Sci 1986 21 321 ~ 328



SYNTHESIS MECHANISM OF POLYCARBOSILANE AT HIGH TEMPERATURE
UNDER HIGH PRESSURE

CHENG Xiangzhen XIE Zhengfang SONG Yongcai XIAO Jiayu
State Key Laboratory of Advanced Ceramic Fibers & Composites  National University of Defense Technology ~Changsha 410073

Abstract Polycarbosilanes PCSs were synthesized at high temperature under high pressure with polydimethyl-
silane  PDMS  liquid polysilane LPS and the soluble solid product from PDMS pyrolysis LPCS as raw
materials respectively. The PCSs synthesized at different temperatures from fifferent raw materials were characterized
by IR UV NMR and GPC respectively. The structure evolution from raw material to PCS was found. On the other
hand the crude PCS was synthesized at 450°C under high pressure with LPS. After dissolved and vacuum distilled at
different temperature fractions of PCSs with different molecular weights were obtained and characterized by IR . The
synthesis mechanism of the PCS at high temperature under high pressure was proposed. The results showed that
during the synthesis process of PCS Si—Si bonds were converted to Si—C bonds with the reaction temperature
increasing and the low molecular carbosilanes were therefore produced. The molecular weight of carbosilanes
increased by dehydrogenation and dehydrocarbonation condensation between small carbosilane molecules and then
PCS was obtained.

Key words Polycarbosilane Synthesis mechanism High pressure



