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ABSTRACT

Polycarbosilane was synthesized by the Kumada rearrangement of polydimethylsilane in the presence of zeolite (ZSM-5) as a
catalyst at 350°C. The prepared polycarbosilane had very low molecular weight (M,,=500), so that it was not suitable to fabricate SiC
fiber by melt spinning. Further polymerization of PCS was conducted around 400°C to obtain spinnable polycarbosilane. After
polymerization, the polycarbosilanes were isolated by distillation according to the molecular weight distributions. The PCS with a
controlled molecular weight distribution was spun into continuous polycarbosilane green fibers. The PCS green fiber was successfully
transformed into silicon oxycarbide fiber. The room temperature strength of the SiC fiber was around 1.5 — 1.8 GPa. The oxidation
behavior and the tensile strength after oxidation were also evaluated.
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Fig. 1. Schematic diagram of 2 step process for polycarbosilane
synthesis.

Table 1. Experimental Conditions for PCS Synthesis
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A Z¥ PCSE FTIR(FI/IR-460 Plus, JASCO Co., Japan)
2 GPC(Waters 2414, Treland)S ©]8-81¢] PCSES A
AT-S BAstgct. ob&#] Melting Point F787A|(BI9100,
Bamstead/Elecrothermal, UK)®} TGA(TGA/SDTA 851°,
Mettler, USA)E ©]-&38] #A|zd PCSY =3 &)
A5 2 Ay £& 5 E43ATh

o]} 7ol PCS FAHZARANE XE, 2, B4 2 A
23 AR L B M (FTEAZH)o] 1000 ©l3f, 1000~
3000, 2] 10000 ©)F & T3 EAFE ZEE PCS
2 AYTK(Table 1). o1FA Foizx A ] 1000~3000
2 PCSE Zo] Il FAZIE &8Il AUE
3 WS SRS AR E(260°CYIA] F-23t 34
7+ 44 3 8guAl ST At dAE A7 05m
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o SiC A4 9E F AF2dA 3Faidnh £, Az
H SiC A8 Y4REE 1200°C th7]| 2o AksiA e
Z oA FZ @ AAEE 2435 SEMISM-6700F,
JEOL Co., Japan), XRD(D/MAX-2500/PC, Rigaku, Japan),
TGA(TGA/SDTA 851°, Mettler, USA) 522 SiC A9
248 Hrtaianh w5 AP 7I(INSTRON 4024, Instron,
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3.1. PDMSEE| PCSe| §43H

Fig. 2 7+ &wj34<¢] 452N PDMSS 2979
AR AZueFA F A5 FTIR &2 EY WHils &
A3t Aot} Fig. 2y SLEY PDMSEEtte|HWE
Aghe] 28 EHoth 736cm™F 828cm ™'Y FAE Si-
CH; bending, 1242 cm™'e#1%& Si-CH; stretching®ll 2]

Sample Reaction condition Mw Yield (%)
KICET-PCS(A) 350°C, 20 h 427 85
KICET-PCS(B) 350°C, 20 h + 400°C, 10 h 973 60
KICET-PCS(Bs) Fraction of KICET-PCS(B) 1489 3700((1513353)
KICET-PCS(C5) 400°C, 5 h(additional polymerization) 4605 -
KICET-PCS(C10) 400°C, 10 h(additional polymerization) 24935, 3207 -
KICET-PCS(C15) 400°C, 15 h(additional polymerization) 29090, 4460 -
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Fig. 2. Infrared spectra of (a) polydimethylsilane, (b) polysila-
carbosilane(PSCS) (reacted at 350°C for 2h), (c)
polycarbosilane oligomer reacted at 350°C for 15 h),
and (d) polycarbosilane (reacted at 350°C for 20 h and
400°C for 10 h).
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Table 2. Degree of Conversion of Si-Si to Si-C Skeleton
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Sample Mw Mp PDI
1 (a) 405 41 4.946
(b) 427 880  2.567
160 4 (¢} 973 5.83
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Fig. 3. GPC chromatograms of (a) polysilacarbosilane(PSCS)

(reacted at 350°C for 2 h), (b) polycarbosilane oligomer

(reacted at 350°C for 15h), and (c) polycarbosilane
(reacted at 350°C for 20 h and 400°C for 10 h).
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Sample Reaction condition Ratio (1355 cm™ /1405 cm™) Yield (%)
Polydimethylsilane - -
Polysilacarbosilane 350°C, 2 h 032 25.8
Polycarbosilane oligomer 350°C, 15 h 0.43 34.9
Polycarbosilane 350°C, 20 h + 400°C, 10 h 0.98 79.1
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Fig. 4. GPC chromatograms of KICET-PCS distilled at 250°C
for 1 h under vacuum.
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Fig. 5. GPC chromatograms of KICET-PCS distilled at 250°C
for 1 h under vacuum after reaction at 350°C for 20 h
and 400°C for 10 h (a), (b) polymerized further at 400°C
for 5 h, (c) 10 h, and (d) 15 h.
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Fig. 6. TG analysis of KICET-PCS obtained by (a) reaction at
350°C for 20 h and 400°C for 10 h, (b) distilled at 250°C
for 1 h under vacuum after reaction at 350°C for 20 h
and 400°C for 10 h, (c) polymerized further at 400°C for
5h,(d) 10 h, and (e) 15 h,
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Fig. 8. XRD pattern of SiC fiber pyrolyzed at 1200°C in Ar.
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Fig. 9. TG analysis of SiC fiber at 1200°C (elevated at 10°C/
min) for 12 h in air.
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Fig. 11. Cross section of SiC fiber (a) before oxidation and (b)
after oxidation at 1200°C for 1 h in air: oxidation layer
with about 350 nm was formed.

A 427 Al 8 F(2005)



598 A - 728 - A
25
20
© o]
& o
g 1.5+ ° ) g
3 ]
Q
% 1.0
=
[«F}
[
054 %
0.0 T % f

(a) before oxidation (b) after oxidation

Fig. 12. Tensile strength of SiC fiber (a) before oxidation and
(b} after oxidation at 1200°C for 1h under an air

atmosphere.
2 e EA @3 AFE-EA & 2o YU

£ AHAY Aol
1.5 GPaZ =9 As7)t A9 IATtHFig. 12). Shlmooﬂ-
Okamura 2 t}oFst 25 /A17HE9)7] 27904 Nicalon
Aol sk 12 AsAE S d+8 =4, Nicalon 4
FE 1200°C o)/dellA] AFskME] sHAl =R #ER) Si0,
Zo] FAYT FAE Si0, 3 ol ARl A
Fho] AAFHAY, B-SiC 9] ZWs 2 SioC H1R
A 717G B3R Ao 7iFel 345 ARAG=I)
AstEtii BstAch £ @A s Sic A7 4kt
2 oste] YAH scaled] dAo] o}F nano meter &A
ZA A8 g¥o Fdo) FAHMNY Aol AAEZA
oz FEAde dojuA] ZFhew, 1200°C Rk
o 3eolMe) AtsAE B Gl FA sk Ade
gtom g Aol

)

AR AT ARFES
]ETH Ea 7}1

E}"kfﬂ‘} %Z}au EPA?}E@
T ARAF %PJ?}E@%,% A ATL 2

PCS—J Balgks AA F/2 5 3

gt rx}%‘% Zte & Zew H&S &é‘}ﬁeﬁl o]

g dolA §ic ARE F70] 152 ]

£ 1.5~1.8 GPa°l At} 1200°Co A 1A]L

Fe ¥l oF 350nm Fx=9 &?4_6}51 ALk Aksh

o] '537\354 01,} 7}-1:x{ol.oﬂ‘« 0161:0

o my 1o o 2 ol .EL

@A o)

- 438

S
Qo o]Foiz o

H]

—_—

10.

11.

12.

13.

. Y. C. Song, C.-X. Feng,

- wkga] - 1ol
ZAtel 2

AR A A LN LA e AT
olo] ZAtE YT

REFERENCES

. S. Yajima, Y. Hasegawa, K. Okamura, and T. Matsuzawa,

“Development of High Tensile Strength Silicon Carbide
Fibre Using an Organosilicon Polymer Precursor,” Nature,
273 525-27 (1978).

. L. Ly, Y. C. Song, and C. X. Feng, “The Catalytic Synthesis

of Polycarbosilane in the Presence of Boron Tributoxide,” J.
Mater. Sci. Lett., 14 [23] 1674-76 (1995).

. S. Yajima, K. Okamura, and Y. Hasegawa, “Polycarbosi-

lane, Process for Its Production, and Its Use as Material for
Producing SiC Fiber,” US Patent No. 4,220,600 (1980).

. T Iwai, T. Kawahito, and M. Tokuse, “Method of Preparing

Polycarbosilanes,” US Patent No. 4,377,677 (1983).

. Y. Hasegawa, T. Kobori, and K. Hukuda, “Organosilicon

Polymer and Process for Production Thereot,” US Patent
No. 4,590,253 (1986).

. T. Ishikawa M. Shibuya, and T. Yamamura, “The Con-

version Process from Polydimethylsilane to Polycarbosilane
in the Presence of Polyborodiphenylsiloxane,” J. Mater. Sci.,
25 [6] 2809-14 (1990).

. T. Ohnaka, “Industrial Scale Fabrication and Application of

Polysilane,” in Development of Organosilicon Polymers,
Ed. by H. Sakurai, CMC, Tokyo, pp. 99-114 (1999).
Y.-L. Liu, Y. Lu, and Z.-L.. Tan,
“Synthesis of Polytitanocarbosilane Without Using Poly-
borodiphenylsiloxane,” J. Mater. Sci. Lett., 11 [13] 899-902
(1992).

. Y. Hasegawa and K. Okamura, “Synthesis of Continuous Sil-

icon Carbide Fibre : Part 4. The Structure of Polycarbosilane
as the Prescursor,” J. Mater Sci., 21 [1] 321-28 (1986).
H. Ichikawa, F. Machino, S. Mitsuno, T. Ishikawa, K. Oka-
mura, and Y. Hasegawa, “Synthesis of Continuous Silicon
carbide Fibre : Part 5. Factors Affecting Stability of Poly-
carbosilane to Oxidation,” J. Mater. Sci., 21 [12] 4352-58
(1986).

Y. D. Wang, Y. Chen, and M. Zhu, “Melt Spun of Con-
tinuous Polycarbosilane Fibers,” Sci. Eng. Comp. Mater., 9
159-62 (2000).

E. Bouitlon, F. Langlais, R. Pailler, R. Naslain, F. Curege, P.
V. Huong, J. C. Sarthou, A. Delpuech, C. Laffon P. Lagarde,
M. Monthioux, and A. Oberlin, “Conversion Mechanism of
a Polycarbosilane Precursor into an SiC Based Ceramic
Material,” J. Mater. Sci., 26 [5] 1333-45 (1991).

T. Shimoo, K. Okamura, and H. Takeuchi, “Effect of
Reduced Pressure on Oxidation and Thermal Stability of
Polycarbosilane-Derived SiC Fibers,” J. Mater. Sci., 38 [24]
4973-79 (2003).



