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Enhancing Mechanical Property of SC Fiber by Decreasing Fiber
Diameter through a M odified M elt-spinning Process
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(Science and Technology on Advanced Ceramic Fibers and Composites Laboratory, National University of Defense Technology,
Changsha 410073, China)

Abstract: Strength, modulus and flexibility as three important mechanical properties for silicon carbide (SiC) fibers
can be affected by diameter of SiC fiber, which is controled by specific melt-spinning process. In this study, effects of
spinning temperature (7)), spinning pressure (P) and winding speed (V) on diameter of polycarbosilane (PCS) fiber
were studied. Mechanisms for the fiber breakage during spinning process was explored, and relationship between di-
ameter and mechanical properties of SiC fiber was also analyzed. The results show that diameter of the PCS fiber is
significantly reduced either by decreasing spinning temperature, or decreasing spinning pressure or increasing winding
speed. The finest diameter of PCS fiber is 13.5 pm with the optimized spinning parameter 7=337°C, P=0.2 MPa and
V=240 m/min. After high-temperature pyrolysism, diameter of the obtained PCS fiber can be reduced from 13.8 pm to
9.5 um. Meanwhile, tensile strength of SiC fibers increases from 1.7 GPa to 2.9 GPa, and Young’s modulus increases
from 181 GPa to 233 Gpa, respectively, with less dispersed strength distnbution and enhanced flexibility.
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Fig. 1 GPC and FT-IR spectrum of PCS-1
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Fig. 3 Influence of temperature on diameter of PCS fiber
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Fig. 4 Influence of spinning pressure on diameter of PCS
fiber

HH R R ARG, AT U/ AR 4 B4R, B R A
SRR LK, i AR E, WK
Wk o

PRI 22 5 119 0.2 MPa, 1EA[A) 45 2216, % i
GO T T2, WE A g ER S G E
KR, SR NE S FiR. EANFYLIRET, Bk
FAAGGE LMK, iR RN, ey
2 XA S fin. YiEESE L RTE T 1%
E B MRS, W RFEEAZIIGI T, $EmEse
WP, W RA4EZ MR, W44 5t
PN GILLIRTE N 33T°CHE, ER Y%A, s
i 160 m/min $2 55 % 240 m/min I, £ 4E E AR
18.6 um J&/NF] 13.5 umo,

M RS RT DL Y, JE e 4 22 B A
it R g it R )] BEE A LR A4 E AR
XA PCS-1, 1&E 197 2218 8 336~338°C, 4j
JEJI4 0.15~0.25 MPa, 544 5N 213~267 m/min,
TELRUERRSE 97 22 I HT 32 T 9/ PCS £F4E AR, 5%
XX = AN SHOHAT R A S H A .

IR SLEG I8 N AE [ E — AN B AN S EU G LT
HEAT, 13 H BT PCS Brfeik 2 1 5 40 PCS 4 4E B
12, XATRER B A BRI S B A T 91 425056,
ZERINFE 1 fian. R PCSy1. PCS~6. PCSy7.
PCS-9 [1)3& 52477 22 1f (8] 32 KF 30 min, PCS TGk
—WMEYi5e, R PCS FEZA&M T EAREYILIN
BE 71, HA iR PCSr6 LF4EE AN 13.5 um. £
FH R T BRA Y BRI — DN, AR/
2 11.8 pm, {H 0 N AR H G MR R, &
shoj e A ek, U BRI SCS HIMARE 4T 2 X TA)
DELAE, MAETE 4 6. LRSI R, Eha
SEIELLY 22 R, AMUE PCS HIE BT A 45
¥y, By Ak, PCS AF4ERF I EA

A i, PCS JEMRLEA M IO/ T BARIE D, JF
FOSEAE 4.6 um, FEEL— BRI JE R AW Wik
AfEHARE/NTIERG 2N 4 a1, LI E
A, JF HIBr R A AE WSRO T . AR S R IE 1A
TR R A 10, o RS 7 TR ARG P B v I E b
THER T RAEMRAGE 8 frosmifi. KT
H LA S B W b 5 SO SR e I 2, (ELEL
T g P08 FR) G P I 1, T A 2 S e 1P Dbl 2 6F I 14
TEWrsk. SiaLbry2idis, Bk PCS Wi

20 Pressure: 0.2 MPa

Stably spinning

Diameter / pm

—
N

—_
(=
T

160 200 240 280
Winding speed / (m-min™)

K5 BORHEEXT PCS £F 4k FLAR M0

Fig. 5 Influence of winding speed on diameter of PCS fiber
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Tablel Meélting spinning conditions and result of spinning

Spinning Winding Pres- Continue

Samples tempera- speed sure  spinning Diz/nlmeter
ture/C  /(mmin™') /MPa time/min Hm
PCS¢1 336 240 0.25 35.0 14.7
PCSs2 336 240 0.20 10.0 12.5
PCSs3 336 213 0.20 27.0 13.0
PCS4 337 267 0.25 14.0 14.5
PCS¢5 337 267 0.20 3.0 11.8
PCS6 337 240 0.20 32.0 13.5
PCSy7 337 240 0.30 35.0 17.4
PCS¢8 337 240 0.15 0.5 12.4
PCS9 338 267 0.20 34.0 13.9
PCS¢10 338 240 0.15 16.0 12.7
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Fig. 8 Schematic diagram of breaking pattern
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R2 ARERSCFEMDFERE
Table2 Mechanical propertiesof SiC fibers
with different diameters

%3 AFREIEZ SIC 74 Weibull 3
Table3 Weibull parametersof SiC fibers
with different diameters

Samples PCS fiber .SiC fiber Strength Modulus Samples .SiC fiber ~ Weibull  Scale para- Rela.ted cog-
diameter/um  diameter/pm /GPa /GPa diameter/um modulus meter, 0i/GPa fficient, R
SiC-1 13.5 9.5 2.9 233 SiC-1 9.5 0.26 0.011 0.95
SiC-2 16.0 10.7 2.4 210 SiC-2 10.7 0.25 0.019 0.97
SiC-3 17.4 12.1 1.8 191 SiC-3 12.1 0.22 0.034 0.95
SiC-4 18.3 13.8 1.7 181 SiC-4 13.8 0.16 0.017 0.97

Kl 9 SiC-1 ) SEM A
Fig. 9 SEM image of SiC-1
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Fig. 10 Weibull statistics of tensile strength of SiC fibers with
different diameters
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