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Study of Oxidation Characteristics of CVD-SiC for Anti-oxidation
Coating of C/C Composites *

Fumiei ONO * 1, Toshihito SAITO 1, Shuichi UEDA =1 and Yoshio WAKAMATSU *2

ABSTRACT

Silicon carbide made by the chemical vapor deposition method (CVD-SiC) was studied to determine
its potential as an anti-oxidation coating for carbon fibre-reinforced carbon (C/C) composites. Three
specimens were prepared for evaluation: CVD-SiC thin plates, two-dimensional C/C @2D-C/C) com-
posites with a CVD-SiC protective coating, and isotropic graphite with a CVD-SiC protective coating.
Tests were conducted in high-temperature still air. The temperature was varied from 1673 Kto 1873 K,
the heating period was varied from 1 minute to 285 hours, and ambient pressure was maintained at 1
atm.

Although the CVD-SiC thin plate was noticeably oxidized early in the heating period, the oxidation
rate of the CVD-SiC decreased rapidly as a silica layer grew over the surface of the CVD-SiC thin plate.
At 1873 K, the mean regression rate of the CVD-SiC surface was estimated to be about 0.6 um/hr at 20
minutes after commencement of heating, but the rate subsequently decreased to about 0.08 um/hr.
The oxidation rate of the CVD-SiC increased with increasing temperature. When the CVD-SiC speci-
men touched alumina at temperatures over 1923 K for over 1 hour, the oxidation rate increased owing
to melting and bubbling of the silica layer on the CVD-SiC surface.

Two-dimensional C/C composites with a CVD-SiC protective coating showed a high mass loss rate
early in the heating period, because the SiC layer crazed during the coating process due to the differ-
ence in thermal expansion coefficients between the CVD-SiC coating and the 2D-C/C substrate. In
these cases, the rate reached about 1.2 X 104(g-m2-hrl) at 1973 K. As the heating progressed, the rate
decreased to about 5X 102 (g-m2-hrl) due to crack-sealing action by the silica around the crackin the
CVD-SiC coating. After that, severe mass loss due to a chemical reaction accompanied by gasification
of the specimen occurred, because the silica came in contact with the C/C substrate through the cracks
of the CVD-SiC coating. Furthermore, the mass loss of the C/C substrate accelerated because the
silica layer partially disappeared due to the bubbling and gasification related to the above-mentioned
chemical reaction.

Isotropic graphite with a €VD-SiC protective coating showed almost no mass loss early in the heat-

ing period, because the SiC protective coating had no defects such as cracks. However, as the heating
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progressed, several pinholes appeared in the CVD-SIiC protective coating. Once the protective coating
was damaged, the mass loss of the specimen was remarkable, occurring by the same mechanism asin
the 2D-C/C composites. The free carbon generated in the CVD process or in the passive oxidation
process of the CVD-SiC was thought to be the cause of pinhole formation.

CVD-SiC showed good oxidation resistance up to 1973 K under atmospheric pressure. This anti-
oxidation characteristic resulted from the generation of 3 silica layer in the passive oxidation process
of the CVD-SiC. Contact of silica with distinct materials such as carbon or alumina brought about
noticeable exhaustion of the silica, and therefore the working temperature of the CVD-SiC was limited
to a maximum of about 1773 K in such cases. There are two important factors for maintaining the anti-
oxidation capability of a CVD-SiC coating on C/C composites. One is avoiding defects such as cracks
or pinholes in the CVD-SiC protective coating. The other is isolating the silica from distinct materials

such as carbon or alumina.

Keywords : technical ceramics, non-oxide ceramics, oxidation resistant layer, carbon/carbon compos-

ites
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2.1 CVD-SiC #x#4

CVD-SIiC Ml B N e & £ 1I1ZR T, CVD-SIC K
#MidE & L T Morton Advanced Materials ¢ CKIEl,
f£iX Rohm and Haas #t) ® (SiC4) ZH W=, 7=,
CVD-SIiC A—H—DiEWIC X B HEEHERET H=0IC,
ERH A (BITEIIMH G =) #® (S5iC-1) BXUE

M3 (SIC-2, SiC-3) ZHEME L THWE, /5B
DFFE S L UR R T EORE I X HBFEHTE (XRD), #
WAL JIS R6124 ICHEPLL 7= S Bk, A58 - ARSHEK
Wik, WAREIRIC X > Tk k. ThiSomitid
A—H—ILLBREMTHS.

Mk RICE NI, 2TORRR TC/Sikk (B
) BZE1TH Y, SiICOLFEGRELITHD TR ZE
AL TWS, EfECH X ERESIIZ0.5%LL F & Dna,
ERHIZCEDBSIABVEMIZH D, ETOREHTE
fidatE THRIBIOEIEI A (3C-SIC) THHA, SiC-1ad
BT OWTIRENTH 2555 (6H-SIC) H{FET

#1 CVD-SIC b ik B Do

Specimen No. SiC-1 SiC-2 SiC-3 SiC-4
Nippon Oil Asahi Glass Asahi Glass Morton Advanced
Maker g
Company Company Company Materials
Total Si (atomic %) 50.1 50.0 50.7 50.3
Total C (atomic %) 499 50.0 49.3 49.7
Free Si/Total Si 0.16 0.16 0.18 0.48
Free C/Total C (.01 0.07 0.07 0.03
Polycrystalline Polycrystalline Polycrystalline Polycrystalline
Cryplstruchure. | gosic @RS 3CSIC 3CSiC 3CSIC
; y Highly Weakly Weakly Low
i (LLD) 2,0,0) 20,0 orientation
Purity (%) N/A >09.999 >99.999 >99.999
Density (g/cm?) N/A 3.21 3.21 3.21
Porosity (%) N/A 0 0 N/A
Piisiian, G 28.60 X 9.60 20.25 x 20.05 20.05 % 20.15 19.80 X 19.75
t=0.186 t=0.514 1=0.694 t=1.017
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SAREEA R I N/, FEEEER A - =12k T
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(111) AmickmLTHY, SiC2H L UNSIC-3 B
(200) K~ OEINAE T8 <, SICAREF 3 A
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INS DB NS BEHEN (FLF—1h) 24
0, fmycsmEiz O THsZER L 2, [3~M6izi
SR OB CHME T E A R T, F RO (a) 12
DO, (b) IRAZEEL-DTHB. A—H—itk
o THIERIZEWIZH 248, 2idk & B ICHimHAk T sHE
HDHWITHEAR, BRI FIRERL THED, MnE
KRR DEND, T HME CVD-SICHM AR S Ji
IZEHR B D VFIHIRORIC > TRELEZENEA S,

2.2 CVDSiC#7%&C/CEaH

CVD-SiC #fl C/C #EMlBR T Ot &2 £ 2187,
B IIRONUEREMER L, Thbb, EMELT
ARE SO MERIE C/ CHEG M B L UK HE 7 > & L

(b) F @
BI6 CVD-SIC M OEIHMB T HD—f (T/P:SiC-4)

M C/CEBMEMY, FREMICFE (CC-1,CC3) BX
TRg (CC-2,CC4) OCVD-SICIEZ#HEBELEHDTH
%, HMiZE L, WERMEHES XU 70 2-Morl
HREEM S U0 L THER L. CVD-SICHEO#:E 2
W rickEL Tire> ., 2B, CVD-SICRBOM:E TR
%72 s, C/CEHGMEROAMPZERET DTN
0% > AL D@L ILEE %2175 7=,
CVD-SICHT#E T B O C/CHl & M &1 O Y81y
BTHEKT~8IZRT., WP, BIRIZE>TVA DN
=R METH S, CVDSICIETHEL =108
FONFHMBTEERI~10I2RT. Zh5OMD
S5 ML 12, CVD-SICEIC XM oMMy 5 v
DEELTWSONBIREINE. 2OV 5y 713C/C
et & CVD-SIC Mo B RFE O AIERL TH O,
B, 1300KEA EO@RTHHM 5 CVD-SICRE 7ot
AR TEOBEBRETRAET S, AURICHET 25H
FLOBNRREZ £ 3 IR, 1 —R 8 3 o fil
i EEDEML N TIZABEREMAE RS0,
C/CHEEM O ANERRENTHME ORI A M OB EE L=
<ZiF5. WmE, C/CEAMOSMEE M OAREREK
12 CVD-SIC MO O—FHRELBDT/hEI <RS0,
CVD-SICHRIC 7 o9 VMRETBENER> TS,

#£2 CVD-SICiifMEAListt C/C #EHEEBR O

Specimen Sititate CVD-SiC Mass fraction SiC coating Nominal
No. coating of SiC film (%) maker Dimensions (mm)
’ Non-woven Asahi Glass
CC1 9D laminated fiber C/C 50um X 2 layers 13.5 Company 30 x 30 X t3
CC-2 1 25um X 4 layers 135 1 1
CC3 Random oriented fiber C/C | 50um X 2 layers 6.6 1 30 % 30 X t8
CC4 1 25um X 4 layers 6.6 1 i
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Carbon filament 2
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(a) EFREE (b) BEEEER
M7 AR RRE C/CHAM (CC1&CC2 ML) EHOTMETILO - (CVD-SIC #eaii)

(a) EFRER (b) BEEEER
8 Mk > ¥ LREI C/CHEH (CC3&CC-4 HIEEH) Kl OFEMBTHD il (CVD-SIC i)

#3 BEMEORARIRERO L

{ [ WE AR [1/7C] i &

C/CHas (1) <1 % 10° RT ~ 1000C
[ C/CH#at (L) ™ T % 10% RT ~ 1000C
EEa 4.5 X 10° RT ~ 1000°C

SicC B8 -SiC (3C-SiC) 4.0 X 10° 25 ~ 1000°C
FWRSHZ A 4.8 X 107 0~ 1000T

PUPRA B 2.46 X 10° 25~3007C

Sio, ZUYABRNSA B 2.46 X 10° 25~300C
A (C iz ) 2.96 X 10° 0~ 573C

Kt (CHERIZET) 1.74 X 10° 0~573TC

*1) |l A T
*2) LidAkMEEnC EE
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£ cc4TP

¥ i CC-
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2.3 CVDSIC#EFHER0H
CVD-SiCHei S/t Rl O e & £ 4 1087
BT I3CVD-SICIR T ah iz /\Fli &, i & U
T, SICHEOMWROF HIEREM (GR9) ZMAL
DRt VR TH S, EMOFHERBHEZET, FiEk
MdEETHWONSSHMET L — RFOBOEHM L.
CVD-SICHO#E TRICEES, fidkdC/CHEMDE
B ERBRIINDS > H A& D EREOEMCLEZTT
7z. CVD-SiICIE g Ai & Ol By Zl O — 2P 11~13
29, CVD-SICIET#HHE L 2 /\FE OB oW om
5 (GR-1,GR2,GR-3,GR4) |3, CVD-SICEDEEA
B ORERHEIC S A DB EHRD DI L 7.

SiICHOES3%F 4, 25um, 50um, 100um, 200um T
b0, ETEH B TFICHEZEKELZ. RO OMEM
(GR-5,GR-6,GR-7,GR-8) 13, CVD-SICHDEEDE A
REBF OBLREIC G A 2 EBEWARDDITHA L.
Zh 6 OB OCVD-SICH O # 8 ISR T3 L U
SHREMICEREL T, BRATEEINEODDES
A —FETOMEL 2.

CVD-SIC i % 78 L 7= 5 At R s A T3 CVD-
SICBzZ 5w 7R D s>z, ZORHME, §hd
DE3ITHELIEL ST, CVD-SICH &FELERIHM D
IR R EANFIERI CHEER DO EEA LGNS,

%4 CVD-SIC i LI AT 5 5 0 R il Fr O&é o

Specimen CVD-SiC Mass fraction . : Nominal
No. kot coating of SIC film (g | SICcoating maker | pyenions (am)
3 : Asahi Glass

GR-1 Isotropic graphite | 12.5um X 2 layers 1.5 C it 30 30 X t8
GR-2 1 25um X 2 layers 33 T If

GR-3 1 50um X 2 layers 6.6 1 T

GR4 1 50um X 4 layers 132 ) T

GR-5 i 50um X 2 layers 6.6 T 1

GR-6 1 25um X 4 layers 6.6 i 1

Mitsui Engineering
GR-7 i) 50um X 2 layers 8.5 & Shipbuilding 30 X 30 X t5
Co.,Ltd
GR-8 1 50um X 4 layers 17.0 1 T
GR-9 1 No coating 0 - 30 %X 30 X t8

(a) EffRER

ey
it m, oh

(b) EEEER

11 SR RE QWM T HO—#l (T/P:GRI. CVD-SICHHEL)
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(@) 50 u mx 2[CVD-SIiCHE ({EE ) (b) 50 u mx 2fECVD-SiCEE (&f53E)

GR-6 T/P

(c) 25 mx 4fECVD-SICHE ({E5 %) (d) 25 4 m x 4/BCVD-SICIE (B{&®)

K12 SHVEREMEZHOEMEIT RO —# (T/P:GR5. GR6, CVD-SIC ## %)

7 TIP

e o

(@) 50 um x 2BCVD-SIClE ({EfZ =) D-SIiCIE (&fE

GR-8 T/P ¢

(c) 50 u mx 4fECVD-SICiE ({EfZ =) (d) 50 £ m x 4BCVD-SICIE (Ef&%)

BA13 SR M & ORIMEI T O 4] (T/P: GR7, GR-8, CVD-SIC ##i#)
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3. HBREBHLUAE
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AI973K DBEH IR ETHIET 20128 7R 2
T 5, B14 1RO NIREREO—#Z <3, INE
BRI EREE R M E L TERL, FERBXT
R iz Lz Z oh i,

ARER IR & OB A RN T D K DI
REUE, ZOR, REMEEOEMOEEERT S
HIZ CVDSICHMZEFERREL THWE, LaL, CVD-
SiC M idEF OBEICIZAN S5 0NN ELZD,

Temperature history in the furnace
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