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Results show that the interface between the W coating and the SiC transition layer, and the interface between the transition layer

and the substrate is a mosaic structure. The tungsten coating, SiC transition layer and the C/C substrate had a good adhesive

interface. The SiC transition layer prevented the mutual migration and reaction of W and C elements from generating brittle

WC. Under the ablation conditions of stagnation point pressure of 4.5 MPa, the temperature of about 5000 K, and heat flux of

36 MW/m®, when the ablation time is less than 10 s, the coating has a good protective effect on the C/C material. W Oxidative

ablation occurred in the coating, the ablation was not found in the substrate, and the average linear ablation rate was

0.0523 mm/s. When the ablation is longer than 15 s, the protective effect of the coating fails, and the substrate C/C material is

ablated. It is concluded that C/C composites protected by tungsten coating and SiC transition layer are suitable for short time

ultra-high temperature ablation environment, such as solid rocket motors, etc. The combined effect of melt heat absorption of

tungsten coating, oxidation oxygen depletion, oxidation melting of SiC transition layer to relieve the thermal stress of the

coating and oxygen diffusion hindrance improves the ablation resistance of C/C materials.

KEY WORDS: tungsten coating; silicon carbide transition layer; carbon/carbon composites; plasma spring; ablation property;

plasma flame
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Fig.2 Cross-sectional SEM of the W coating: a) low fold; b) high power
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Fig.3 Material composition of W-SiC-C/C (a) surface W coating and (b) cross-section EDS

2.2 W-SIiC-C/C k&% aE 4 #r
2.2.1 KRpE

W-SiC-C/C. C/C MBIAFRIFE N B Ry RIXTEE
WK 4 s, I 4 ATH, W-SiC-C/C. C/C #EHT
e R A4 B 25 Bt ) (1 SiE K T4 K, {H W-SiC-C/C 4%
phZR I WAL T C/C BB, W-SiC-C/C. C/C %&ht 10 s
BF, R AF514 0.026. 0.0854 mm/s. W-SiC-C/C 4G i}

B A B R R A K, R TR
A R el Il B R T A A, A S S A T B
Yy “mk” BiAkeegm, AR Bk . ke
TR ()38 0 2 15 s B, P AR Tl R AR LR P K, Be
TR 22 BRI . et s [N 2 20 s B, P R e
PR R, R MHIN 0.0835, 0.1207 mm/s, R,
I 0.1402., 0.1626 gfs, 2ZFEHE—L4i/N, 455
FW Bt R TSt ] B 38 0, W 2 T e i T A



Bs51E w2

FEMRE . W-SIC-C/C & A bR 4 B 4588 T heih kB - 253 -

M Al < 10 s B, W IR 2 B35 T C/C IR E
Brpeimpl; YERphETE =15 s B, peih 2 g K,
WIZPUR B R R M E 20 s, W-SiC-C/C.,
C/C MR B IR T2

W-SiC-C/C ikFEbeltfs, Rl W IRZMNEZFR

0.18
0.16 F
T014f
2 012}
El
S 010
§
2 008}
=
< 0.06 |
é 0.04 -
002 L = W-SiC-C/C
: —e—C/C
0 L L L L L L L L L L
0 2 4 6 8 10 12 14 16 18 20 22
Ablation time/s
a R,
012}
W 0.10f
é 0.08 |
2
<
2 006
S
= 004}
<
§ 002t
£ = W-SiC-C/C
ok —e—C/C

0 2 4 6 8 10 12 1
Ablation time/s
b R

K4 W-SiC-C/C. C/C BB A
Fig.4 Ablation rate of W-SiC-C/C and C/C

16 18 20 22

g 10 mm i “10 mm
a BEhhET b 2s

J# g

Ve

g

P =g 08
SRR
Y

3 £

AOmm
e15s f20s

MR 5 FioR . )2 58 R LIRS 534k C/C
HA — 85550 B TR Z T o A ke 26 1w 1 AR
HoaHrE . mE S mIA, Bebh 2 s J5, W IRETE
C/C FHMEZF N 100%; Mpehh 10 s 5, REHE
R TR 55%, WRIZPEEARMIT B IR , Beih i
W IR)Z1] C/C HEAREJE; il 15 sJa, ARERZR
B RAUR 24% , W IR 2= IPTEErh B 47 4 B AR AL

100 -

80

60

40}

Coating covering rate/%

0 2 4 6 8 10 12 14 16 18 20 22
Ablation time/s

K5 W-SiC-C/C b Mk = 198 i R
Fig.5 Coating coverage rate of W-SiC-C/C after ablation

222 IRMEHEIRIR

W-SiC-C/C M RHRE liT J5 B Z WIE SR WKL 6 B
~o [ 6a Sk W-SiC-C/C #RMpehlipt p R mIE 5, ol
DLREFR R, B &L, R P,
WA MBS, MBTAEEFE . I 6b AT, Befl 2s
G, WERERRTR, B hEa, WA W80k
MURSE, WIRZEEE TR . HE 6c AIAL, ke
s s Ja, BRESRTH IR EARY ¢12 mm BYAS R e
T, By WoRkEd, EAATEE RS s
IERIES, C/C IR mEH #E. HE 6d

. - t~ ‘\_:‘. et
\ - ',l Late
. o H‘ o &
) u\l" ..M.-
./‘" " N l" - ”\‘ \
- L -'“', ‘_;’ - /
10 mm vv’. ,/'/IOmm
c5s d 10s

10 mm 10 mm

g TBEC/CRMI0 s

K6 W-SiC-C/C Bl J& % MIEH
Fig.6 Macroscopic morphology of W-SiC-C/C before and after ablation:
a) before; b) 2s;¢) 5s;d) 10s; e) 15 s; f) 20 s; g) uncoated C/C after ablation 10 s



254 - * wm #H R 202242 A
AL, ek 10 s 5, RO IX H BE B B B i T e E iR, ¢C REkEHETE, BEITE

UL X W R AR, JE S WO H G X 1) J& R 3
REFIER KR RGEEEH, POoXADRBE
) C/C FEIRF MR . & 6e N0, Bk 15s )5,
UL X C/C HREm RS, IRZ2Ak™H, 2
B R ARV, KRR 2R, IR 6f AT,
Bl 20 s i, RFE B SN AN W2 e 0 B ASIR R
R ZEAY), BN SEY 2~3 mm, EEFO B
EARZ) $10 mm., FJF 1.67 mm BT, BeiEsn
HIW%IZE C/C iR 10 s (VLK 6g) FMEEHHE
I, (HEE T HA/ N TRRZE C/C i
W-SiC-C/C # B3 Fheih 5 R iy XRD &l i
WE 7, HE 7R, B, AR EZH WO,
M C OLEAM., behid AT RS ES, W IER
BERT 900 K B4R 4k, E R WO, C IERMIRZE

* WO,
o =C 2s

Ss
.AM/LA« ,IJ\A\AA,,AWJ"uf‘JL,M\‘,_,A,Awwwwww.

| |
10s

15s

Intensity (a. u.)

20/(°)

7 W-SiC-C/C FHRHAF B T heflm i) XRD K
Fig.7 XRD patterns of W-SiC-C/C composite after ablation

KL, XRD WK KB SiC K HA =Y Sio, 1Y
Vg, ESEREMON SiC i IEZIER W (20 pm), HAb
T WBRZEM R, B2, 5sf, FRFERmH Wo,
i, HWEHm T Sio, 78 /iR T A R L P Ik
(18.82 kJ/mol )P MR S N o e Sk iE &
R F R
2.2.3 IRMEHRIF R

W-SiC-C/C B bl i I 53 43 BT 4K 31 b 1oh 4
fE, Wk m R X SEX, B%X,
Kl 8 iR o MRS ERFFAAE, NI a] 15k
TSR BT I RARAE . I, LA 10 s Bk al ) i
RUE AT 5397 o

i ”
Togine

»
Py ]
I

K8 b X ] 4y
Fig.8 Division diagram of ablation zone of sample
W-SiC-C/C FHRMpg it L DX B TOWLTE S5 5] 9 Fie
Ro HIE 9a AT, HL DR E, W IRIEPRE

Ko Bl K ROUIE SR EDS 3%

1500Fg W

1000

cps

500

2 4 6 8 10
Energy/keV

Fig.9 (a), (b), (c) SEM and (d) EDS of central region



Bs51E w2

FEMRE . W-SiC-C/C & AbHBHh 5 Je &5 - he ik B - 255 -

PRI — B S5k S5k BRI 2 A A K
B TOK LA [ B AR R T8 224 10 wm AT 54
gr, RLPME IR BANES R . IXEE RN W
KA SR A, AT RIR T Z AL,
ek, B2 81 m BT VI e, RAHUMR . H
T W HRR S BT AEAL . b i, Wk Wik
JETE A PORLR X g ek L Ak, TR LI . Bk
R, SiC W EEE Si0,, RIESRMEL,
SR AN T At WOs 2, SEUMRLE A
AN, C/C IAREE R T, RonE L LRk, A
CO. CO, Ak, mahid . vk, taimiRZe
YIS . LI X A TE SR Tk, 3200 8y b
Tt Bl e S WAL, T R S A S AR R T S B O AR
#o L, bebhdo X gar, LR FEZ W iRk)2
Pk F b . UAR ik AR e 3 R R R R AR
& od Myt ot IX I $1 48 EDS 35, v 0L E5 o8 W

W-SiC-C/C RFEHE I 2 X () SOUIE Sl 11
Fime HE 1AL, %X W IRZRFEEE, R
AR “TRlR” S, FaREER SR TFRE
B, R REWOKRE ML “FWAR” 5
SRS W FESATE ST MRE I s X A i 3
Zed A AR R, R RS WO R
2GR B 1a AT, BN CRNIRT BN
2GR, AR AR T —— e, 3R
67 REEFTANIE 11e Fras, i ASKLI SRR $) 50k 2
sCOERU AL . AT, SRR A1 W IR E TR
EER SN I U ey A A L A B e Y=k s L [ R S R N
AL A8, IR K, TR JETE LA Al R 0 i A

O. C =FhIt&E, X MPIETH WO; Fil C/C JE4A
W-SiC-C/C R FEpe i I X A ORI S an & 10
Jin o BB 10 v, o P X SRR AR, A7 <2
R PFEEFRAMIES . TR AR, W
FRMAAFERE Y o 13 I KR EL T X, Hopg i
JERTHL X, i XEMEN W IRE, 5T
SEHE AR R RS AR S W IR EERLS
A A, RARMk, —830 W kA TG
BVAHD, BT KR WOs, BT WO, IR 51
KRR, TR T AESSHIES, AEN
AT WAL | LS, RIS ECHEHIE BRI S
PR L 22 T K A RN ) B 2 M ik 2R BSOS DL i i, B
1 3000 K VA F iR BOES I = E R, RZENANE
T 7= A W RS, T e, K Bl 25 VA 2 4t
SR A F B Tkt Y XA T EDS P R AT
FEILE R W MR O, BIRIE W 5549 WOs,

2 6

Energy/keV

K10 et P X A OWE 3R AN EDS 1813
Fig.10 (a), (b), (c) SEM and (d) EDS of transition region

PEZ N FI R, A SUR TR, RS iR AU
KRR, AR 2O R, B TR0k
SER TR A Al A I A B AR
ARSI 11d FiR, RN —SR) K
R ORGELHERLE R, FR EHAN 1~2 um, KEY
3~5 umo iZEEF R IR 2 TP B AR T A AR A R d
LGP R, AR R & A A A s L, e H)
R TR IR R, e AR TR R T oK
KR, TR 2 BRI s e NN 25 BR8N =
K e Rbeihil & X () E 4 EDS 66, FELE
W R bR O, ML IEX, O fFiEmidt—4 Tk,
KNN G X EAMRERTISEX,



- 256+ * wm #H R

2022 42 A

4 6
Energy/keV

K11 beihih Z X MOWIE S EDS &%
Fig.11 SEM (a), (b), (¢), (d) and EDS (e) of edge region

W-SiC-C/C ARt 20 s Bt , il FE R 4R 2
JLTP-afbeih, Ao IX H B0 W 0 8 i e i e, A 4h
NGAFAER RSB ZED R (WE 6f ), BESE
7R 3~5 mm, HAOUIE S A& 12a Frs . B 55 C/C
FARZE S A FIHORIE SN 12b, ¢ B, 7EE 12b
o, R BURRR B S Y, I EDS B (K 12d)
SRR SIiC i I Z A ALTE Y Si0,. MRl Si0, 7F
A AR iR TR K AR, TE T BRI
o FEE 12¢ R B Z AR R, I EDS K
(B 12e) HEDA RALEEHTE ST WO;, J25% B 1)

b B

i WOBE AR FIRE, SZEMAOR AR R CO.
CO, AR BRI, TERLT “WEARIR” FRokESHY . &
WO, 2, " ULIER C/C AR A ATE B M 3T

2.3 JRiHKYIE

W-SiC-C/C M B K D) 5 45 55 b b 28 R L P
wE 13 FiR. HIE 13a 0T, WSS ka i
s, Al KR B BRI T, AR RIS S, 2
O TR R, RS W ZEEl . =R A
A BB UIVER, muERs, DEEAs W R

a BEACRGEYI B
Si w
3000 -
3000 -
g 2000F 8§ 2000
1000 L
1000 W
L il 1 .
0 1 1 L L " 0 L L
0 2 4 6 8 10 0 2 4 6 8 10
Energy/keV Energy/keV
d BHASEDS e MG4PIREDS

Bl 12 W-SiC-C/C eit 20 s J5 iR I OIE 3 K H EDS &35
Fig.12 Surface morphology and EDS spectra of W-SiC-C/C after 20 s ablation: a) spotted coating material;
b) glassy substance; c) spongy substance; d) EDS of glassy substance; ¢) EDS of spongy substance



Hs514 H2M ERERE: W-SiC-C/C B & MBI 4 I 55 i F baih M g - 257 -
Plasma Plasma
flame Plasma flame xidation of C/C

Vs -Oxidation of SiC
/_-Oxidation of W coating O,
0, /.~ _Floating of liquid W

Melting of W coating flame
0,
Floating of liquid W

Oxidation of SiC
Oxidatio n of W coating

Si0,

T
~ -~ substrate” _ -

b W2, SiCid i Epsnh

¢ W, SiC. C/CIrlRf¥&ht

K13 W-SiC-C/C BéphbLEE
Fig.13 Ablation schematic of W-SiC-C/C: a) ablation of W; b) ablation of W, SiC; c) ablation of W, SiC, C/C

AT IR AT, I O A R A LR
W IRIEIEAL . A (ILK(3)), Wl T 3R E T TR
KA, BRART C/C HERMIREE , AR T &
TR PR, R, s W S8R5, K&
PLA R WOs, KA R, W@4). (5). Wik
JERSEAL, AR T AT REHE AR YA, I8 T AR

2) L 200 kW HRIREE Tl . =gk
W, AT Pl W-SIC-C/C B &k R Be i
fE. AR, DL SiC A EZE, 300 pm W IRZTE
Beii<10 s B, Xf C/C FEMGE R TR MR EH ;
Mpeim=15s B, Py ERIEAKRL

3) W IR JZ I Al SRR T SRR, Ak hE

C/C FEMRRY AL et . I, W IR JZ AR R I AR | THAE T HEAMRE BRSBTS R i B~ b
SEALFESEINZE | C/C HEM AL SN p BE R, T b 1982 SiC 8k, T T IRLES Si0,, 2 Tk
TR TR JEBIPRIN Ty, ELBE P 4w BE R AR

E 13b s, A R R T, 53 1073 K A,
EEGE S, FLIR e AT R, R B
G, A Si0,, FHEEAIEmA, WaX(6). (7). Kt
AW FAAL T B 1E A FEEREE b i S SRS HE, i E
G T C/C IR W IR ZZ R LRI IK 2R ECAS DL L
7 HE AN B AR v 2k A ] REFR AR IO L AT . 241
) 1873 K, ARLAS Si0, S Ak &, W (8).

mE 13¢ iR, BhnX W iREl TFiRsh. &
fEHEIS , SiC i )ZhE > M Ak, JHELIHEE,
W BEAFAEM 1 SiC 2 I 2 A ( iR 24
3000 K ), W3X(9). 2 J5 1) Si AT 530k ¢ RAE N,
Si 5 W LA i W B R W-Si 2Rk, 2 5305 2 ik
PR, REEBE R R 3E N, U2 A TEAE R L X
MBS R . X C/C IR H IR S, SLik
AP C/C #fb e si=, =4 KE 1) CO,.
CO SR, Mk 7T P X . M KIRZENBIR, &
JZHURE R B AR PP R AL

W-SiC-C/C #4BF45 B T Hé i ol A4 ] BB A7 78 fb 2%
B WL (3)—(9)-

S 3k :

[1] BUCKLEY J D. Carbon-Carbon, an Overview[J]. Ceramic
Bulletin, 1988, 67: 364-368.

[2] BERDOYES M. Snecma Propulsion Solide Advanced
Technology SRM Nozzles. History and Future[C]//42nd
AIAA/ASME/SAE/ASEE Joint Propulsion Conference &
Exhibit. Sacramento, California. Reston, Virginia: AIAA,
2006: 4596.

31 JHEW], A, BT, 55 BUEHRIREEXSRREEA R
WP B RN BRLRBIRL 2018, 33(5): 442-448.
SU Jun-ming, ZHOU Shao-jian, XUE Ning-juan, et al.
Effect of Nozzle Thermal Environment on the Ablation
Rate of the Throat Inserts of Solid Rocket Motors[J]. New
Carbon Materials, 2018, 33(5): 442-448.

[4]  Eri, B4V, iz, 55 WACKHET & ShpLBeE ik
PP T RR[T]. AR E R, 2019, 42(2): 135-
142, 148.

WANG Li-wu, TIAN Wei-ping, GUO Yun-qiang, et al.

W(s)=W(l,g) (3) Progress on Nozzle Throat Erosion in Solid Rocket Motor
W(s)+3/20,(g)=WOs(s) (4) [J]. Journal of Solid Rocket Technology, 2019, 42(2):
W(1)+3/20,(g)=WOs(s) (%) 135-142, 148.
SiC(s)*+20,(g)=SiOx(1)+CO(g) (6) [51 HE Qin-chuan, LI He-jun, LU Jin-hua, et al. Oxidation
SiC(s)+3/20,(g)=S10,()+CO(g) (7) Behavior of Co-Deposited ZrC Modified C/C Composites
Si02(1)=Si04(g) (3) Prepared by Chemical Liquid-Vapor Infiltration Process
SiC(s)=Si(g)+C(g) ©) [J]. Vacuum, 2017, 142: 154-163.
. [6] WANG Ya-lei, XIONG Xiang, LI Guo-dong, et al. Ablation
3 z:é.:'[,/[z: Behavior of HfC Protective Coatings for Carbon/Carbon

1) %M IPS T.2., LI CVD SiC AR, 7F
C/C MBI FEEH G T RELSES RN W BRE, B2
F TN ARFIR A

Composites in an Oxyacetylene Combustion Flame[J].
Corrosion Science, 2012, 65: 549-555.

[71  LIU Yue, FU Qian-gang, ZHANG lJia-ping, et al. Erosion
Resistance of C/C-SiC-ZrB, Composites Exposed to



+ 258 -

EN TR NN

2022 42 A

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Oxyacetylene Torch[J]. Journal of the European Ceramic
Society, 2016, 36(15): 3815-3821.

ki, LT, ARBH, 4. ZrB,-SiC EAMIFIE IR X
FRYr C/C-SIC A MRHERELT]. KA RRER, 2018,
35(3): 640-646.

ZHANG Qiang, CUI Hong, ZHU Yang, et al. Preparation
and Properties of ZrB,-SiC Compound Ceramic Coating
for C/C-SiC Composites[J]. Acta Materiae Compositae
Sinica, 2018, 35(3): 640-646.

RO, A, Bk, 4. C/C-Cu EA MR RIS T
BUREIRZED] MARIG SRR S TR, 2010, 15(2):
136-140.

GE Yi-cheng, PENG Ke, YANG Lin, et al. Coating
Tungsten on C/C-Cu Composites Surface by Plasma
Spraying[J]. Materials Science and Engineering of Powder
Metallurgy, 2010, 15(2): 136-140.

YANG Yang, ZHAO Chun, GONG Qiao-juan, et al. Abla-
tion Resistance under Different Heat Fluxes of HFC-ZrC-
SiC Multiphase Coating Prepared by Supersonic Atmo-
spheric Plasma Spraying for C/C Composites[J]. Journal
of the Korean Ceramic Society, 2020, 57(2): 152-160.
BHE, TN, R, 45 EN C/C EAPEIFSE
BR[N], hER EAIER, 2019, 29(9): 2142-2154.

LI He-jun, SHI Xiao-hong, SHEN Qing-liang, et al.
Research and Development of C/C Composites in China
[J]. The Chinese Journal of Nonferrous Metals, 2019,
29(9): 2142-2154.

SAHIN Y. Recent Progress in Processing of Tungsten
Heavy Alloys[J]. Journal of Powder Technology, 2014,
2014: 764306.

KIRAN U R, PANCHAL A, SANKARANARAYANA M,
et al. Effect of Alloying Addition and Microstructural
Parameters on Mechanical Properties of 93% Tungsten
Heavy Alloys[J]. Materials Science and Engineering: A,
2015, 640: 82-90.

SERE. THEAFETA WO P Tk S L]
[J]. &J82#4R, 2019, 55(2): 171-180.

WU Yu-cheng. The Routes and Mechanism of Plasma
Facing Tungsten Materials to Improve Ductility[J]. Acta
Metallurgica Sinica, 2019, 55(2): 171-180.

FiET), BRI, TARSC, 55 BBEMIR A B AR R ]
FHERELT]. MRl S TRE2EHR, 2019, 37(6): 986-990.
CHONG Fa-li, CHEN Yong, YU Fu-wen, et al. Fabrica-
tion of Tungsten as Plasma Facing Material[J]. Journal of
Materials Science and Engineering, 2019, 37(6): 986-990.
GUO Ling-jun, PENG Jian, GUO Chen, et al. Ablation
Performance of Supersonic Atmosphere Plasma Sprayed
Tungsten Coating under Oxyacetylene Torch and Plasma
Torch[J]. Vacuum, 2017, 143: 262-270.

WANG Fan, LUO Guang-nan, HUANG Jian-jun. Pro-
perties of Active Water Cooling Atmospheric Plasma
Spraying Tungsten Coating[J]. Journal of Fusion Energy,
2018, 37(4): 187-192.

LIU Xiang, ZHANG Fu, TAO Shun-yan, et al. Research

[22]

[25]

[28]

and Development of Plasma Sprayed Tungsten Coating
on Graphite and Copper Substrates[J]. Journal of Nuclear
Materials, 2007, 363-365: 1299-1303.

MAIER H, LUTHIN J, BALDEN M, et al. Development
of Tungsten Coated First Wall and High Heat Flux Com-
ponents for Application in ASDEX Upgrade[J]. Journal of
Nuclear Materials, 2002, 307-311: 116-120.

SRR, TE, R, . s SRR R 2
FEUR ST, FliHAR, 2020, 49(9): 141-148.
ZHANG Fu-lin, WANG Xuan, SONG Kai-giang, et al.
Research Status and Development of Chemical Vapor De-
position Tungsten Coating[J]. Surface Technology, 2020,
49(9): 141-148.

RUSET C, GRIGORE E, MUNTEANU 1, et al. Industrial
Scale 10 pm W Coating of CFC Tiles for ITER-like Wall
Project at JET[J]. Fusion Engineering and Design, 2009,
84(7-11): 1662-1665.

ZHOU Zhe, WANG Yuan, GONG Jie-ming, et al.
Ablation Resistance of C/C Composites with Atmospheric
Plasma-Sprayed W Coating[J]. Journal of Thermal Spray
Technology, 2016, 25(8): 1657-1665.

VPRI, @AM, FOLIE, 55 ZmmEU 2 ab
Beih /R R ERT T[], [ AR FFHOR, 2011, 34(6):
772-776.

XU Cheng-hai, MENG Song-he, BAI Guang-hui, et al.
Investigation on Ablation/Erosion of 5D Carbon/Carbon
Composites[J]. Journal of Solid Rocket Technology, 2011,
34(6): 772-776.

FHESC, A, AR, S5 -5 A PRI R A
o ORI BE kR I S [T]. TS 2R, 2013(1):
132-134.

WANG De-wen, YANG Yue-cheng, ZHA Bo-lin, et al.
The Study on Antiablative Property of C/C Compo-
sites[J]. Journal of Projectiles, Rockets, Missiles and
Guidance, 2013(1): 132-134.

CHEN Bo, ZHANG Li-tong, CHENG Lai-fei, et al.
Ablation of Pierced C/C Composite Nozzles in an
Oxygen/Ethanol Combustion Gas Generator[J]. Carbon,
2009, 47(3): 545-550.

HAN Wei, LIU Min, DENG Chun-ming, et al. Ablation
Resistance of APS Sprayed Mullite/ZrB,-MoSi, Coating
for Carbon/Carbon Composites[J]. Rare Metal Materials
and Engineering, 2018, 47(4): 1043-1048.

ZHA B L, SU Q D, SHI Y A, et al. Study on Plasma
Ablation Behavior of C/C Composite Materials under
Particle Erosion[J]. IOP Conference Series: Materials
Science and Engineering, 2018, 423: 012094.

WRoehl, 2221, IMR, 5. C/C-Cu B AMEIAER TIRb:
MYERE[T). AR RIAER, 2014, 31(5): 1238-1243.
CHEN Ying-bo, LI Hong, SUN Le, et al. Plasma Ablation
Properties of C/C-Cu Composites[J]. Acta Materiae
Compositae Sinica, 2014, 31(5): 1238-1243.

(#5305 11)



