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Interface between Multi-layered CVD SiC Coating and Its Graphite Substrate
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ABSTRACT: Objective To successfully fabricate the multi-layered SiC coating, which was chemical vapor deposited (CVD)
on the graphite paper, and characterize its interface structure and element distribution. M ethods The flexible graphite paper was
selected as the substrate. With methyltrichlorosilane (MTS) as the silicone source, H, as the carrier gas and the reductant, and Ar
as the diluent gas, the CVD process was conducted under a temperature range of 1030-1070 C to make multi-layer SiC depos-
ited on the graphite substrate by 5 individual cycles in a high-temperature vacuum induction furnace. The coating was charac-
terized and analyzed with SEM and EDS separately, which included the outer surface and the cross section of the coating mor-
phology, and the element distribution at the interface between the coating and the substrate. Results CVD process could effi-
ciently manufacture the multi-layered SiC coating and the SiC grains had two hierarchy structures. Beside this, it was also iden-
tified by the EDS that there were different atom ratios of C and Si at different coating layers. Conclusion It was again approved
that the deposited SiC and the graphite substrate have favorable chemical compatibility. The SiC coating has dense appearance
by naked eyes and at nano-scale, but has lots of voids at micro-scale. A loose SiC boundary with 1-3 pm in width is formed be-
tween two CVD layers. The element distribution of Si and C at the coating side within 10pm range shows that its stoichiometric

ratio is approaching to 1:1, which could be concluded as the transition layer of the SiC coating.

S EHHE: 2019-05-30; f&iTHHA: 2019-06-14

HEWMB: B AaMAARE (JCKY2017203C042 ); B FA#H )44 R R A ( 18H86303ZT00501601 ); /% ALK A4 H B B LA L F B
(79999900049902 )

EEREN: KA (1987—), B, BEA, HEHRLE, ERARFT AL ZHEBLSMAH.

EIHEE: B4 (1968—), %, BRBA, W&, AR, TBHRT 6 H BRI LM,



£ 60 - e S

T & 2019 4 10 H

KEY WORDS: multi-layered SiC coating; interface; chemical vapor deposition; graphite paper

C/IC EAFRHE—FhEAE A S AT R, B A
BRI, AWK RET . 2000 C LA R 50 B 7
Frm SR, AP RS b B kB R
FAM. FH A A K55 &2 sh LR D B i Az 1) ¢/C &2
GRS % e o IR AL B B S Y, (B
T A Ak X — [a] URR ) 1R A R R R, 4% ERMIEA
BT ILIE & T 45 FGE T A 8RN C/IC B A MR
PR Z0C), SiC 2 — R sk B P AL R B
W, TS RS 2] Z it B2
¥ SiC wEMEN AT A8, C/C EEME. MRLF
4k C/SiC B A MBHEGIRT, FERIAEE T, SiC
ALY R EUE 1Y Si0, I, B 1k A AL SR Y Bt
AT, GRS S R AR, Sic BIZ AT
DI 2 SAHDTAR( VD )M Je R A #E Ak ( Precursor
pyrolysis ) ') 488 FW{}% ( Plasma spraying ) [*
A, Hod A2 AR TR R A R IR 2 A
e, HEA RS, DUF 3 = 56k
( CH;SiCly, MTS ) M#ElR, Ze0d CVD Jrik il % SiC
U 2 R U 2 o B T kM e, Ssic
W2 BB B AT IR AR 2 A 2, T A ik &=
WA/, [ SIC W2 AT LI Rk 3% A S 4k
R TR S R S AP o RO AR R i Ak eF
TreE b . MR . R ARSI AESK
O FAA ORI TF Y5 N

X2 g4 NV RFE &2 B, 7E 1000~1300 CH,
SiC Ak ARYUR IS R A2 sl Jy 2 il R T
B, OB, RV IEIRRE N 114 kI/mol. 55
P sz oz T B 25 3 SiC 4 ) 5E 3%, A TE 1150 C
ZEATIE, LR SiC 45 My AT %% R ARAR B A i
Re A8 BB Y SIC, FF H a2 5 3 ik )
Mz ARETE U, XIZREMITINA, i CVD 1E
AR T 4 SiC A3 DU I8 - OB AR Ay SR 3
KRR 8L A SRR W B B R AR B R AR
A BRI R, AR SIR AN L, A
H, W S5 s B R AR, 24 Hy WSS e, A AT
Si A AL, XFER S FERRRLK . K2, SERA
WEUE LS, H AR /N,

HAT, #X%F CVD SiC %20 s W ALEE . #ABh 47
N AR i %, AU SiC Tk )2 5 3R A s
P, JUHE BT R BR IR S VR 2 B S W R
U SIC U2 MBS U 2 TE A o B P AN T s A
AT RGN SO s U M A SR AR Ry SRR
RE, SR MTS FFRGRZ R mSLs, S0l T4,
Al MR, XTIV SiCREATRSE L,

1 X

11 S

2 mm JEZPEAT SR ARAE O 9256 1O BRIE R B
B, AR A BRI =99.9%. Fetk A B4R DL
W, BRASRIERE, AR SEM WA 1 Fir.
A DL ST B R 4 SR A SR R R AR, LT R
4, TR RS e B SR R Y

Bl 1 A4 SEM

B R T AR LAY A 7 S e~ 4l MTS
fER CVD i 2R Si i, H Hy MR, ArfENFB
AR, PR E IR P AT ROV o RO IR A AR
1030~1070 CZ 0], CVD B HRrLei A as , =i %
o7 DX B 25 B 34 3] —-0.096 MPa,, 4 T2 16 B fa s 5 I
HHER, TERRBEE IR, gREss . PR
R ZESIRACT 70 Cla, A 99.9%H) N,, FTIF
WA, Wb, fEIx s, Bk CVD JEIh 50
h,H, 5 Ar it 3 0 10, MTS WHAER 2K 80 g/h,
\REUE T EEAILDIR 5 K.

KA MTS 7 n;, EEEMMAHEAS C5 Si
AL e 1 1, AR BCEAT A A AL 2
LY SiC 2. MTS S b sl R fE 3], HZHIX
[E K, T SiC BEIE R,

1.2 CVDi&#%

FR 4 Kbk gl 2 s, Hy, &8 E
ZAFH MTS (IGERE, 35 MTS Z8VR A, A kL
St —#ENRAER, 5 Ar BOWmBRS, B
IR S o TRA MR o T IS e AN s 4 7
KR, RSB 5 KR ISR RN RS 405 £ TR i L oS
A . ARG SRR U E CVD i
B BIR X, LABAAR IR A 10 S5 A0 R S S R S
PRIGE . ARl ], ORI T2 ER
P, MTS A9/ i i B FR S e 5% .



Flet H10M

RFHAE . Z)ZUUR SIC IR 2517 S50k i AT 2R 1E - 61 -

‘HI!L:://,—\\\
VA

Valve Induction
furnace
C/C composites/
Graphite paper ﬂ

| Balance |

B2 st s B MRt s &

Xl A 1 B fT B, 8T/ N R S B B A
AR o B T 2R LS R — MY LA R
AR B, DA A PR R AR ARG JE i HC
A, IR ELAS BT A o

1.3 FHKRIE

{8 1] ISM-6460LV HI 4 B 7 . i 8% ( SEM ) M
ZARFEMORZS A RIE S, RIS LARERE (EDS) Z0#T
IRFEAR RO R FEARIE ML . % H] SiC RAEA &L
SHL, S5 SEM BRIt 7E B4R iR
BERAEFT, XA R RIS 758 4 Ab 3

2 #R5HE

21 RMNHE

PR T MTS 23, Hy 7R 245 U6,
IR S SRR o A A B R B AR

CH,SiCl; <> CH; - +SiCl, (1)
CH,-+H, <> CH, )
CH;- <> (C)+H, 3)
SiCl; - +H, «> SiCl, + HCI (4)
SiCl+H, <> (Si)+HCI (5)
(C)+(Si)y «>SiC (6)
(Si) &> Si (7)
(C)eC ®)

M5 T AR (2), (4), (5)
AL, Hy B5TZ2H RN, SV ERE T YA
SiC, WA AIREFEAE Si B C Wi, M= (1) Figk
1 af UL, HEAT RN Y B MTS 43 F HEERE R /NP
Si—C #EMWrd, Rz T Sic MPTRLE RIT, 4

AN EERE M (4). (5) AL, 3 H, AEI T2
NEEAT AT, BMESE Si BYA R, BOE S AP L
B, Hy/CH;SiCls #2250 3 BpRAE),
T34h, MTS S 4 S P i 40k -
3
K = [HCl] — P}?;CI (9)
[CH351C13 ] PCH3SiC13

Ao PR R K IR R e KAH—ERT,
Ul /IMAR FR SR, SONE [ A7 HEAT , PREE 7 XL SR
AR L, SR R AR A N U, S
HEBR B 3k A8 b AR B HCL AU, BRI MR B

F1 MISS5RMEHEXHEARE

Bond Si—C O—H Si—Cl Si—O0 H—O
Bong energy/
(kl-mol ) 314 337 466 452 458.8

2.2 FEHmOH

CVD SiC {31 SEM JES A 3 fr, HoE
3a TS, E 3b, c. d HFEME B X178 %
TR AOWIEST . MK 3a FRAT UL, TURRAY SiC TR
T —FPABUR YIRS R, R &Ik ELA B i 2
g, (HRIERTAAERE, R B KM THRE
1000 1% ( WLIE 3b ), & B2 B A2 2R 55 i X
BN SIS E I B 25 52 0 IRJZRANZ R M) SicC
WORLAL AR IR 10~15 um, T PNFES SiC KR Z R A
B 1/5, 3% S i TUUR T MTS 28750 Hy WK,
ARFHAK Si B, HILTRZERmE SRR, 3
U Ak BEHUA] 3b H Y C XK 2= 3000 £i5( WL
Kl 3c), RMBOKHK SiC Fkiif HA2 15 um, Foki
(454 2% Rl %2 B0 SiC ks 32 WUKLRS | I >4 2 i
YK G R A B . i — BB IX I DK
(W 3d), AIWLREKY SiC iR 2 i A7 76 K&
200~400 nm f¥) SiC Pk, X LG KL SiC ik HE L
TE R T oK SiC kL, 1T oK S Uk A AT
TE R TH 3% 1 SiC IR JE o XA & B A AR 45 1
SELE AL, T VLML SiC BUkigs Y, TSI &5
PR, Z S IG5 30 SiC 94 K WUk A2 85 Sk
gk SiC Rk K .

CVD SiC (Y1 SEM TS WK 4 i, 72K 4a
FEFE B, C. D =AM TR0 M E b e,
do ME da Hrm] DL B 2 B 3 ST R Z5 4 1 SiC
DUBUZ R 2R RLHES (0 7 B8 3k, &) 4b 2K 4a
B XIEUTER SiC AN REHUIESL, 7T UL 3c
TR SiC UKL U T 2 M EROE o 72 TR 25 #1174
I UTRZ (B2 B BH 2 1 8 29 1~3 um A TEIBRL (DL
Kl 4a  C XIR, & 4c), MTEFZUIR SiC PRI
B XRE R A5 X — 5 1B R T A NP 5T 45 2R
AN, AR S 53R ) B AR T2, K8
SCRRBAYRDUARI [RIAY 6 h, TAS SZS B YR PUFR B A ik



.62 -

2019 4£ 10 A

x3,000 5pum

x10,000 1pm

i,

x1,000 IOWm‘

o

B 4 DIZRMA BN IEAKNZ)Z CVD SiC Y1 SEM 41

50 h (&t S UG, W2 BB 120 pm ), 3¢
Bk AR R SiC REPR, AL IR Z SiC 2Rk
TE SiC VU2 54 A SR R AL , A7 7E— A X BH 52
FIXIR (K 4a D X3, & 4d). %X IG5 5 W
Ml CVD SiC Filfy s& LR AF e B 22 57

2.3 TLESH

MBI E CVD SiC — MR R L 6 4 i,
it EDS XU SiC 1 )2 S HA7 S8 AR A [R5 47

PEAFIRER AT, SLER LR 5 iR . ME Sa Al I,
Sr AU VAR Y SF. - £ 2 NG LI R (VAR B SF. - 7 S L NS TTITIY A
SiC FLimial, 3 YU SiC X AE UL f7 e FE AR AL
A E A UURUR IR AR TE K3, 55 AR 2 AN
TR A X, A5 6 2 T 2 TR IR 2 ol
X3, K EDS 43 #r e & T L2 il &l Sb, ml I
M1 B 6, CInREM & ILEED, SiJtEkdilk
BETHAR, R A SBIRN Sic DI, ¢ 5
Si R TS b fba it 1 1, S 1T A



Flet H10M

RFHAE . Z)ZUUR SIC IR 2517 S50k i AT 2R 1E <63+

BILIR L) 30 pm Ak, EDS W RE7E/D i Si L&,
X Si & AE CVD T2 5 B e A B R fY, {5HH
Si JGETE T 2l FE hmT DUtk A A7 88 N o 3 F 5 T Y
B2 (HEBIAN) FE 3 (B2 SICIREN), CHY
FTEART Si. A% 2.2 WHTHE , HIW A 7E DR Sic
5B AEAR R R T — A0 X TR 2 DR
SiC B A1 BB AR BUR L5 . IREEH TN SiC TR )2
IR, XS EEE ARSI, &0
FA AT B S A 88, I H AU SEM &K
AAETEA IR . X EDS JTE 50T & BUAE AR o I
2, Hid¥EZMAEREA S kS cVvD Sic Hf
RIFRIbF s i 2. I SEM B a il iy, 78
SiC IR )2 — M FE B A SR LR B ET 10 pm DL E#B4r, Si
1 CEAGKE 12 1 kAT b, o] L 8 A
JERE AR Ik —H M

Element atom%

Position

K5 Z%J2 CVD SiC Y1 EDS JTE 47

3 #it

1) ffif] MTS MEEVE, DL Hy MES AN,
Ar NFRBR, SRR 3 05, £E 1030~1070 C
LS PRI 0 BN = dR 0 9 T LA SR B SiC TR )E

2)LLZ T 24530/ CVD SiC 18 J2 25 W45 #3085
SiC ki 2 A 9K SR PS5

3) LA T2 JEMH & 22 SiC IRE B0
ANFEAY, HAEJRE 1~3 pm B SiC Ja]B

4) WA BRI R SiC IRZ—M SiJuE R b
Fra%, SiLRLE T Lo gt A7 8854k Py,

TR AT SRR R 10 um AT T 1 1 /9 SiC fh2
T H o ik — i e B AE M SR UL A S Sic )2
e — TR b )2

SE -

(1]  Araekl, sk, ZE80%. dikeih o/c &M RgT i
JE[I). #iHRATEL 2015(2): 97-105.

2]  ZER, #4, W8, HARASESPLHEH cc 8
BRI, TR T2, 2013, 43(2): 13-17.

[3]1  EEAAK, XEA, #hEWE, % ZiB,-SiCAC/IOR AIRZE
BB SO 25 5 0 S R AR PE[J/OL). ARl
#2: 1-6 [2019-05-29]. https: //doi. org/10. 13801/j. cnki.
fhelxb. 20190402. 001.

[4] &R, BHAL MIETE, 45 APPS fil4 SiC Migik)Z
HLVRAE BBt RE D] A & B MRS TR,
2019, 48(1): 329-334.

[51  Hh#E, RS2 5, /SR8, % Zr-Mo-Si-C WL A EEN
FALRRMPEREISE[T]. RIEHR, 2018, 47(5): 130-136.

[6] MEEds, AR, Rk, c/Cc BEMEELEREDT
SR B K HT AR, 2017, 40(6): 758-764.

[7] 4R, X6, ABEW, % C/C Bab kiRt
JRRIRFFEHERE[T]. ST 5 Blidr, 2017, 38(3): 163-167.

[8] WO, F=WE, REEH, & m/RESMEEEITA
FIRZ T IE R[], BT A KL, 2005(4): 373-379.

[91  5KMS, 5%, 55, . A KPU SR AR
TRFTIERIT]. #PBHTHR, 2014, 28(11): 27-31.

[10] EXF, 7K¥, FEFIHE, 45 CVD-SIiC IRZH C/C-SiC
HEMEBURYERE[T]. FAUAM B L2, 2013Q2):
78-82.

(1] skkEs, X%, Wisw®. JURUREXT CVD SiCIR)Z R
TSR RZmI[T]. TCHLREREHR, 2007(1): 153-158.

[12] Z=E4E, Enlk, 280K, & BikeEb eIk iR ik
fil 7% SiC WEWR[J]. MAEFE %5 T2, 2005(2):
222224,

[13] FAE3C, XM, BEH, & FFFBIRH&
ZrB_2-SiC B AR 2 K AL ERR]. &R T
2, 2016, 13(3): 43-47.

[14] BREAFS, DRIEEMS, Hafd, 45 SiCIFPRZh& T 20
F). WiasHIER AR, 2014(15): 90-92.

[15]  BWs, BRI, A, % A 8Bs5HE CVD SiC R2M
SREEFATTFE[I]. MWiZs ARk 2EHE, 2008, 28(2): 50-54.

[16] XIZRZE, sk, B, & URAFSHETTR Sic
W ZUURRALIR S O ZS F [J]. MRLRL 22 5 TR 224k,
2004, 22(1): 15-19.

[17] HABE, /e, BREEl, %5 C/C ZE Ak SiCIRER
SO R i EE s 0], B A &8, 2012, 36(3):
423-427.

[18] XIZRZE, J#isr, ki, S5 CVD kil SiC Joithy
BB HERE[T]. MOEHT AR, 2002(7): 46-48.

[19] 448, AT, 258, CVD Bk 40 T Hil4 Sic e
R[], FERET AL, 2000(12): 12-14.

[20] XUBERH, skKim, FHFs. CVD SiC BZ2HEE T L
BFE00). H AR T.25, 2002(12): 38-40.

[211  JESR, skEAE, B8, DU CVD 2 SiC k2
TSRS R, A, 2010, 29(5): 1-4.

[22] E&EY, REM, EMS, 4. C/SiC BAMRIEmIL2A <A
DURRE SiC WRERHPUEERED]. rERRELFR,
2008, 36(8): 1098-1108.



