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Enhanced High-Temperature Protection of Ultra-Light CF/SiC
Hybrid Composites

Su Bin Eo*, Sae Jung Yun*, Woo Sik Kim**, Sook Young Moon*"

ABSTRACT: This study presents the synthesis and high-temperature evaluation of ultra-light CF/SiC composite fibers
fabricated through a SiO-C reaction environment combined with a controlled Chemical Vapor Reaction (CVR)
process. Although CVR-based SiC deposition is widely used, the influence of carbon fiber crystallinity on SiC
nucleation and coating growth remains insufficiently clarified. To address this gap, SiC coatings were formed at
various reaction temperatures, and their microstructural evolution was analyzed to identify material-dependent
reaction pathways. FE-SEM, TEM/SAED, XRD, and XPS analyses revealed that higher reaction temperatures promoted
the transformation of amorphous Si-O-C intermediates into crystalline B-SiC, while the structural ordering of the
carbon fibers governed nucleation density and crystal orientation. At 1500°C, a dense and continuous B-SiC coating
approximately 1.3 um thick was achieved without interfacial defects, indicating coherent CF/SiC bonding.
Thermogravimetric analysis demonstrated the superior oxidation resistance of the coated fibers: pristine carbon fibers
were fully oxidized by 1400°C, whereas CF/SiC fibers exhibited only ~1% mass loss due to the protective SiC layer.
These results establish a clear relationship between carbon-fiber crystallinity, SiC growth behavior, and oxidation
protection. The findings provide practical guidelines for designing lightweight, thermally robust CF/SiC composites
suitable for aerospace and extreme-temperature applications.

o Lo A= SiO-C ¥HS- 3747 CVR FAS o]83to] CF/SIC BFHARE st saig 244
SIC 29 B0l DAL GE FHFET WS 2 Sobol et v Si-0-C Fol pSICR AHH 9
, 1500°Co| A oF 1.3 um £7]9] 2|93l SiC Zo0] FA Q). 1 Akt Bl A3, CF/SIC 234G oF 1%2
G AU Hol S50k A5 AL Yehith B ATL wadg T2} SIC AR 7he ATTAIE A4
Foa MfE B St AAE A 71 Al

_\_.loo_l_,

o ofN & O ph

Key Words: BF3}f 4 5 ¥ (SiC coating), B4~ -85+ A A (Carbon fiber composites), CVR, € H & A| A€ (Thermal
protection)

= IS5 RS Hho.s B4y BRA) Hol A o
NS 22 BT ek et Abd EA oA
AHGE B AR, B UE 9 AuAs, D8] & FAS A wAlste] e ey el AskE i

Received 7 October 2025, received in revised form 25 October 2025, accepted 27 November 2025

*Institute of Advanced Composite Materials, Korea Institute of Science and Technology, Wanju 55324, Korea
**Aerospace Convergence Materials Center, Korea Institute of Ceramic Engineering & Technology, Jinju 52851, Korea
Corresponding author (E-mail: moon.sookyoung@kist.re.kr)

DOL: http://dx.doi.org/10.7234/composres.2025.38.6.636



Enhanced High-Temperature Protection of Ultra-Light CF/SiC Hybrid Composites 637

A9l GAE AR 9Lov], ol Y3
27 2 gol FRe Ak 2 AERIcH1-4]

=z

o] = 7| A3}7] Y3l etAAS FHo SiC ZE-L A5}
& 7l&o] g A=A Sl SiCe 9408 I34 A
3, 3FehA b, & e 5O EAS AL 3l
I ARZE A2 w2 Ao, g o gFaL
AUt SiC F2 PSP Akl A& A FAE o+
?lt}. £3] CVR(Chemical Vapor Reaction) 342 34 %

H|7} T8 9hS L o] HE Zo] Yo, SiC A Y

HjAlt2 Aloje] golgk Aol At

7]& Aol A= CVR 22 (2 &, AlZE £917]) ol T
SiC A& 7%=, SiO/SiC/C HH-S A, 518 S/ 9l 24 ¥
a7} ol QIFE oM, ARIR SICHE Fo] WAL v
AEA 2 T VISt B 0] oA

LoSiC SAlA] W, AR ureRA, Aw Aet 22, 18
al 44%‘— A Aol AR A YRS vE 4 Sol=
B8kl 71 A 378 W A ol tiFEel sl

ojof] & Aol A= SiC &+ 7]’E SiO-C WHSAIE o]-&-
gt CVR 345 2A-8-5ko] g f-o A4/l SiC g4
A A4 A% 3" A= Aol v A= =7 R WAY
S& 8ot A} SFATE vk AA P 2ol FAE
CF/SiC -3} 41 8- 9] u| AL Z(SEM/TEM), 2 A L Z(XRD/
SAED), 3t 3FHA}E| (XPS), 12]a1 31-& AKs} 9P A (TGA)
= AAA &7 £A45E T o] & 53l CF/SIC E3h4d 79
A2 GRT AT S Qe nAl R A ATEAE
Fusta M1 4A AHS AASIA T
2.4 #

SiC 39 A4A= 7]& AtolA e WS v e
2 31451001 [9], o E-L, =, HCL, APTES @ TEOSE o]
g8 £5 Go1S Ax3 F 60°Co) 4] 20417 WAk}l %
o . PANA Bl S 5 o] 2
235191, Ar Q7|4 & £% 5°C/min 2o =2
1200°C(3042), ©]o] 4] 1500°C(5A1%F) EA 2l& =35kt

U]H]?Z:—‘: FE-SEM(Verios 460), TEM(Tecnai G2 F20)©.

2 B45}9]7, TEM AJH-E FIB(Helios 650} o]-8-3] A|<
o]—‘ﬂ\:]—. X-ray microscopy(XRM)E 53 7|35 2 U=E
015FH o, AAGLZF = XRD(SmartLab)E F3f £413}
otk 1 A A= XPS(Thermo Fisher)E ©]-83 H7}
3L, @4 QFHA-S TG-DSC(Labsys Evo)E ©]-8-3f] 37|
#9171, 10°C/min 271of|A &4 3}3dct.

3. A wE

CEEHo] SiC 32| FARAHL nsl7] s IA
2] 7t A o] & o) A SiC T E =2 n]

in 2 ;
& -— X

1 m—
E : — i "
| .4 e 2 P st -
2 Spu— - i

al ] 0 / P

: o s S 7

.. £ & ol B ~—
0y &
1200 1300 1400 1500 1200 1300 1400 1500

Temperature (*C) Temperature (°C)

Fig. 1. SEM images of CF/SiC composite fiber with different
reaction temperature; (a) 1200°C, (b) 1300°C, (c) 1400°C,
and (d) 1500°C, (e)Diameter and thickness of coating
layer, (f) EDS analysis
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Fig. 2. TEM images and SAED pattern of prepared CF/SiC com-
posite fiber

-
=
L=

Imtensity (a.u.)
-
Imtenshty (a.m) [
-

[LLIN]
(210

[E111]

200}

'..
=

- S - S ——ap= | P L A L, -

10 20 38 4 % e 0 m % 10 10 3 & % e 0 @ %
218 (Cu Ka) 28 (Cu Ka)

Fig. 3. XRD pattern of (a) carbon fiber and (b) CF/SiC composite
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Fig. 4. XPS spectroscopy of CF/SiC composite fiber: (a) C1s, (b)
O1s,and (c) Si 2p
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Fig. 5. TG of carbon fiber and CF/SiC composite fiber
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