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Development of Pilot-Scale Manufacturing Process of SiC Fiber from
Polycarbosilane Precursor with Excellent Mechanical Property at Highly
Oxidation Condition and High Temperature

B.l. Yoon**', W.C. Choi*, J.l. Kim*, J.S. Kim*, H.G. Kang**, M.J. Kim*

ABSTRACT: The purpose of this study is to develop silicon carbide fiber showing an excellent mechanical properties
under highly oxidative conditions at high temperature. Polycarbosilane(PCS) as a preceramic precursor was used for
making the SiC fiber. PCS fiber was taken by melt spinning method followed by melting the PCS at 300~350°C in N2
gas. The Curing of PCS fiber was carried out in air oxygen chamber, prior to high temperature pyrolysis. Degree of
cure was calculated by characteristic peaks ratio of Si-H to Si-CH, in FT-IR spectra before and after curing of PCS
fiber. The properties of SiC fiber was affected greatly by the degree of cure. The SiC fiber produced by controlling
fiber tension during heat treatment showed good properties. The SiC fiber exposed to 1000°C at air from 1 min. up
to maximum 50 hrs showed around 60% reduction in tensile strength. We found that large amount of carbon content
on the fiber surface after long-term exposure has resulted in lower tensile strength.

£ OB:E AT BAL 0L A E9)7I5kolA 7 AR A 0] 948 SHabitA 4 fL(SIC Eiben) S T %
Rao A A2THE 7H%?3P—t— ofch. el glete) AP A Fel 7 ARPCS)S AH-ohel St aH g
2 Azt A490] PCS A9 300~350°Co| 4 PCSE 883k Fofl S-gMAL e Asic). A Aol 4
9] H5HE Siotol 371 wA/IStel A Askaisicy. 43k A, £ SAT TR Sosel sz 2o 43
=g ALG . Bl a g g Bae Astnl ol 24 Qb2 werth B Aol AXe 3 Hfel 3
o 2T 940 BAS 2E BEFANGE Aotk Belt A G0 st /| AAEA L Ao RY
A o412 ke sk w 4;1 02 F71E7I5} 1000°CNA] 122 S0XIZ7HA] Tt &
o) AAAEE Sl L A AR of 609717 {45 301 79Ik A Al B A S 2%
AEGE el Hat SeHYE BAA 49 U g eaFe Bty ot

Key Words: Etslf 4241 -7-(SiC fiber), Z 2|71 AZHPCS), 8-8-HAHMelt spinning), & 7]AF8HAir oxidation), 73 $}=
(Degree of cure), @*] 2] (Heat treatment), 11-2-21%}A| & (High temperature tensile testing)

Received 22 February 2017, received in revised form 11 April 2017, accepted 20 April 2017

*DACC Carbob Co., Ltd.
*'DACC Carbob Co.,, Ltd., Corresponding author (E-mail: ybiadd@hanmail.net)
**KCF Co., Ltd.



Development of Pilot-Scale Manufacturing Process of SiC Fiber from Polycarbosilane Precursor... 117

1. M 2

L5 gyt S22 REOFR Y AFSke, =4,
$ERT, AF LT AAAEA A FREE Tl
SETARE AL 27 20471 0] QojA A B
Al Q= A A 9 shuoltt. 53] &37] wokoll A
HJALQ] 787Dreamliner= ZAB| £ 50%7} E¢AQ 5= +

AE]o] Qit}. o]} Zo| Bl AL v 7t E, v 734, Y 1)
240] Saat B4 2T k. el sk f A
371 1718 o A Lo leEA o= ofF WE SR
Atep7h sk ATt G48HA azste] o]ef e
Aol = AHg-ol E7Fssttt. whebA] g f-o EA1%
sfdst7] 91t Weto 2 Alek A frof Alzte] wjEE A
A& B = (CMC)7F ik = Az Qlar, 4= o] 1]
B3} Ho] AMEE AL Sl A A2 F71E FolA &
of 5 7HER 29| ThAE wjEste] 295 Y
+ Gas turbine engine Z+2 Air breathing engines5-2 ¢
Aol i B719} st EaElo] ALEHT oS Fule)
Hl EYlols WeFe s YR o5 XA 1o =
S5 Q= FEFES 2ol Ni gl 292 sk
2} A28 S Zrzo] ALgEFT gick. et Al AlKE A
So qlnle] BES Fol7] AL dadle] LES o
o] 1, 7|20 RESS e 242 A S vhen
olet. ole] g oA 2012w o] ]| GEAR} kel
SAFRANA}:= BFSFf 4~ A 9-(Silicon Carbide Fiber: SiC
Fiber)E AJAFSIAL QJ+= UE 9] Nippon CarbonAle} 35S
2 NGS Advances FibersAlS A=3}9cH1]. &FsltA S

5 AHESE SIC/SIC B3RS Algtste] Beat oo A
FE7lol A2 LEAPQNZI o] 282 AlZbelaitt(2]. o]}
&2 Azt 5EAE A8Alele FAE 13448kl AL
L2 2 1500°CE 22|31, AFEGHLS 107kR| 7 oAt 2
F7he ], YA A" A7 daglon, A a4hslE vy
EZ7FAE20% Eo), 28| AR G2 15% 714 7]
= ANE VM eE AoR dHA QU

Seta e e5Y gio] AANES =5kl 9l
ou, o]oj A vl=, Fro] Ak shar ik 1Ejal 4,
Bk, Ql=7) e o] o). St AaA 8= 1975 E o
A& FEU S Yajima w=of oA A Z o ® A &
}(3]. I Z7IRATHPCS: Polycarbosilane) J_—.—X} 3
2l Mlehe] LA S] B 0 2 Bt ad g8 425
Stk o] & nEA AFAS 2L BAR ol 34 ¥
@ ololo] ml3) Qe BAH GO HALSE o] B
A2 3lo] 7] Oﬂ 3}8}5 715 ZHCVD: Chemical Vapour
Deposition) 7| &2 ALgste] Btsbtad-GE A5}
S 240 AZFHAN DL BokFEAfel Y 2
Aol FA1e] A9 4ol 270l 100 umzA] $31
ol 5% sto] HAHel B4l 30| Preform) A 2Ho]

a b _°,£ _OL mb i o ok

|

d

|

K

\‘0

O

7he et S ZEal It ¥hHO| A= 8~15 ume] 27
& 230 9lo] A EFoIU} et FAe] melE A2} 7}
Bk A0l $R BHE 2 ki

e 2 4 oo
A7ke] 7] AL R 3F

Qlou, 9 7|2l Nippon Carbon
¢} UBE AFe] AAIE Al 2542 370=A] @i Qlet. o]&
TaT 2 RA AT

2 % 4 Ut WHES 2a grka 1) gRolth

2 ATE SR me) eeltad s AT S )
WheA Qe Aute] Qitolch B AdolA A3 3
© Yajima 3ol 7|9& £ glow], utebd 2 wah
AR .08 T8 2T BRA T 4 310k oA

]—/\]-—1—7(4’ /\4 (sle} _4 2§
3= %’4?‘?} g}t 34, :Lalﬂ *Jé?li A g N

AFoNM = 24 SH A ANA 3t a AR
71AA = é°ﬂ Y= ﬂle%% g AA7F F-Slow, Aup
U F&= vAI=Alol Hske] Au Rt 53] PCS AR
O] QH 3} Tof A3k o] FF, 1% A Ao e 9]
FEFS AT R B3 A2 E Aol Bt *7%14
713} 1000°Cof| A 2|t 504]7k i%fz ol IFAE=S
gaherk. okt fol Ewo)A o sz}a v 245 51
AN, 18)31 AAALS XPS, ONH, EPMA, S

¢

Agato] KAlS sl
2. A ¥

2.1 PCS M g

Aol Al ARE-EF PCS AA= &) KCEALOA] FH/ %t
Zﬂg&iﬁ, 0]+= DMDCS(Dimethyldichlorosilane) & 2 5-¥|
PDMS(Polydimethylsilane)-2 ¥+ 5} 11, Z18] 37 PDMSZ F
B XF PCSE sttt £AE 4 EAFREEIEE=
GPC(Gas Chromatography)2 £33t 9342 Mettler
Toledo Model 902 Al&-3}o] =434 c)

2.2 SBYA 2%
WAL R sk 2% Zaket A A
258 Z71shEA PCSY we Hu 7%%% =4 5to] 2

¢

ARt 7]. o5 Z27E E|&2 WA Mono spinnerets Zt
& AR S A1 5to] PCS 48 AlZeto] 2% WAt
210& Q 15} tH8]. o] Axp=F8 Multi-Hole ARS &}
S{TF. PCS 71901 & £ AW o] $.1 22 2917]5fol A

255 320°C7HA] &2 883 & wytetHA 71ZE A|A
o].o:h;]. 7]@444&7].53].04 Q_OQ PCSE /\gug
E (Spinning block) ]2 dA3}A HuUjo] 88 PCS7| WAL
T2 o] EZAES sttt 8T w50 4L



118 B.l. Yoon, W.C. Choi, J.I. Kim, J.S. Kim, H.G. Kang, M.J. Kim

e

Fig. 1. PCS green fiber
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Fig. 3. High temperature test facility for single SiC fiber
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Table 1. Effect of oxygen content on the mechanical properties

of SiC fibers
Tensile strength Tensile modulus
0,
Oxygen (wt%) (MPa) (GPa)
13 1523 148
17 2230 155
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Fig. 10. SiC fiber bobbin produced in this experiment

Table 2. Mechanical properties of SiC fiber at RT

STD cv
Property Avg. | Max. | Min. Dev. (%)
Tensile strength
2330 | 3270 | 1780 410 18.4
(MPa)
Tensile modulus
160 185 144 14.2 9.1
(GPa)

Table 3. Chemical composition analysis of SiC fiber by EPMA

Cross-Section (wt%)
Surface N Between
t
(wt%) earto surface to Center
surface
center

Si 52 44 49 49
C 35 40 36 36
(@] 14 16 15 15

Qam ] 98 & 4 g, ol AET Hat
Si-C-O & Al g|&Z2 A|7H}o] =(Silicon Oxycarbide) -5
27 982 vehthe Aol

3.5.2 XPS 4]
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Fig. 11. XPS survey of SiC fiber
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Table 4. XPS analysis results of SiC fiber at different fiber feeding
speed during heat treatment

Feeding speed Chemical compositions (at%)
(m/min) C 0 Si C/si
PCS Green fiber 45.3 114 43.3 1.05
0.3 m/min 443 23.13 32.5 1.36
0.9 m/min 40.0 28.12 31.8 1.26
S}t Qlek. ol = B3] Akaako] S7k517] wj o]t of
Ml E3 X 2] 4] A5 o fgme] mehiE FFe
W S-S & 5 ek B3] A% Boolt Hhel E
ol Al Shagpol F7bska Aragpe st HUS o
EF ith o] = A&o A s AL Ao Wo] =EHER
M GES = HASE CO &2 Si0 7147 BafElo] A6 &
W) Z2hElo] Branke S8l a ol Akbi Aashe

Aoz HrH15].

3.5.3 XRD EA
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60.88°(220), d = 1.524 nm, 12| 3! 260 = 71.8°(311), d = 1.316 nm
of B-SIC WS ¥ 4 Lo} Zo| |& A ol 2
Reko A3 BAgo] Wl A Holzi 9} o] T
714kste] oJRt 3 0= St ol Ataxwko] gol &
Ast7] tZoz Ert16]. AP 2&=7} 1250°C o|ske] &
A 2] Al of = 1300°C] o‘l“g]"f_‘ el SRR 9 =27 vE
LHA] @FaL glew, 53] 1000°CollA] B F3istet. 26 = 22°
SIAE S0, T=7} Lhele 2 4 ek,

3.54 et a2 F71E91718) %
Fig. 132 1000°C 27| 5-9]7]5}0 A 12

o1 ZFA| S
HHE 5047k B2k

Fig. 12. X-ray diffraction patterns for SiC fibers after different
heat treatment temperatures (a) 1300°C, (b) 1250°C, (c)
1200°C, (d) 1000°C
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Fig. 13. Tensile strength (a) and modulus (b) of SiC fiber
exposed to air atmosphere for 1 min up to 50 hrs at
1000°C
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Fig. 14. Fracture surface of SiC fiber exposed to air at 1000°C for
different period of time : 5 min (a) and 60 min (b)

Table 5. EDAX analysis of cross-section of SiC fiber exposed to air
atmosphere for 5 min and 60 min

High Strength Retention | Low Strength Retetention
(5 min) (60 min)
Outside Inside Outside Inside
At% At% At% At%
C 56.6 414 74.1 61.9
(@) 38.3 20.9 13.7 20.3
Si 15.1 37.8 12.2 17.8
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