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Research Progress of Plasma Spraying Preparation of C/C Composite Coatings with
Ablation and Oxidation Resistance
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Research Institute of Xi’ an Aerospace Composites Materials, Xi’ an 710025, China

T he rapid development of science and technology have posed higher performance requirements on thermal protection materials. As a new type

of lightweight high-temperature structural material, C/C composite possesses excellent high-temperature mechanical properties, making it an
ideal candidate material for supersonic aircraft such as aviation, aerospace, and intercontinental ballistic missiles. However, its application has
been greatly restricted due to its disadvantages of long production cycle, high production cost, and poor oxidation at high temperatures. The anti-
oxidation coatings prepared by plasma spraying technology have been proved to be economic, efficient and convenient, which signify the materi-
als’ great development potential and strategic value. In recent years, global research of plasma spraying anti-oxidation coatings on surface of C/
C composite material have mainly focused on the optimization of coating-substrate interface, the exploration of appropriate spraying process pa-
rameters for different coatings, and the preparation of multiphase coatings. This review gives a comprehensive description on research progress of

plasma spraying anti-ablation and anti-oxidation coatings from the above-mentioned aspects.
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Fig.1 Process of plasma spraying to deposit the coating'”!
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Fig.2 Surface and cross-section morphologies, and the XRD pattern of plas-
ma sprayed silicon coatings
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Table 1 Ablation properties of different SiC ceramic coating systems

Ry iR G

- o
KR HETE jg TS ST ;L.;i

mg/s pm/s

SiC/LaB-MoSi, -
PC+PS HZH 60 0.131 0.262 [22]

TiB,
SiC/ZrB, PC+PS HHZH 60 -0.02 0.17  [23]
SiC/Z1B,-MoSi, PC+PS Mk 30 0.44 1.67 [24]
SiC/HIB, PC+PS 2K 30 0.14 032 [25]
SiC/ZxC PS  HZH 30 -2.00 090 [26]
SiC/SiC-ZrC PC+PS HZH 60 0.80 3.3 [27]
SiC/HfC PC+PS HZH 60 0.085 0.16 [28]
SiC/HfC-TaC  PC+PS HZHK 30 0.11 -2.16 [29]
SiC/HfC-ZtC ~ PC+PS HZH 120  -0.017 —  [30]
SiC/TaC PC+PS HZH 60 3.90 12.00 [31]
SiC/WC-Co PC+PS HZH 60 0.60 -0.30 [32]
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Fig.3 Preparation of ZrB,/MoSi, laminated coating! "
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Fig.4 Numerical results of the temperature and stress distribution during ab-
lation process: (a) curves of surface actual temperature and simulated tem-
perature; (b)temperature distribution diagram generated in laminated coating
at 30 s; (c¢) temperature distribution diagram and (d) stress distribution dia-

gram generated in laminated coating at 31 s>
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Fig.5 Formation process for ZrB,-SiC/SiC gradient coating
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Fig.6 Melting point of different kinds of materials
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Table 2 Ablation property of the coated C/C samples

w2 SRR A/ (pm/s) BBt AR/ (mg/s)
HfC-SiC -0.670.12 -0.15+0.03
HfC-TaC -0.58+0.07 0.680.11
HfC-Z1C -0.42+0.08 1.23+0.18
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R E (16.7 GPa) Fl K 47 (AT Ak 27 8 plot: | 9 ok J2: AR A
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Table 3 Basic properties of refractory metals "]

R RS/ g &:i3 (25 ig%%ﬁfi') ( ;? “r’tg%%m
w 3 410 19.3 4.6 411

Mo 2617 10.2 5.4 324

Re 3180 21.04 6.8 466

Ta 2 996 16.6 6.6 186

Nb 2 468 8.57 7.1 105

R4 ESN R MBS

Table 4  Thermal protection materials in foreign weapons and equip-
ment! 5559
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Table 5 Average linear ablation rate of hybrid motor throat materials*
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2 [E PPI A FI4E SBIR W H ¢ T, BT A il H — Fefr il
BEGRGE Pl el A1k, %41 R CL 2248 SM-3 S 30 % shHl 45 3
7 FH 5 3 e o e e 2 o v e ) 4 T R B R A 3 i
VPS B RF U 1y, 78— R 50 50 b e il 2 /8 T
0.025 mm/s, N2 4D C/C WA 90% ™ | Tokunaga %5 i
EE P EACHDURRAE C/C Bb RIETDIARE 58k 2 A I )2,
SRIG R VPS HAR & RSN M RE = A T N 198 57
FFAT ATk 60 WK o IR ) 119 4 J A6 1 3] 4 i T RE AL RL, P 3]
SRGE S E SRS PS FiR N &R R LR AL T
BRI

W IUARAE C/C B ARk 1 am i 25 8 1 Wt 1k 1 4% 10 & )
WIZLLW 3, 2R 2R R B0 G AR 2R REA IR
WF5E, Zhou 45 i@t APS £ R7E C/C & A MR i i
FHEREN 1.2 mm B W IR)Z(LET) W IR)2 B EUEE T
C/C B ARRL i 58 bl s L4 2 kel 30 s 5, Higk ke
M 250.026 7 mm/s, AR T RBIRWIRIZ W C/ CE A M

7 EETUOR W RIZA (a) XRD [ (b) 200 L (o) 0
() MR T Y SEM [ L6
Fig.7 (a) XRD patterns, (b) surface macrograph, and SEM micrographs

of (¢) surface and (d) cross section of plasma-sprayed W coating!®!
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Guo %5 ARARAS BN A R4, B 5T Cu RN W ik
JEH L B R, S5 S B IS AR IS R R R R
R BT Cu J05 IO E R | U 2 1 A v o 1 A5 81 A R g i
s WOR AL RE A A SIS AR AR T I 70y, SR
TTER RS R Cu V& FEFEIE A W 95 75, T8 BURR IR 1
W/ Cu R Cu & iR 12% (5050 B AR R 2
(1) VT 25 A8 B 22 W] LIRS B ) 3 T B2 41K 300 °C, 25 ke
Banh 60 s J& , MRS R ML T ST S BE iR 43 B - 0.56 wm/s |
-0.11 mg/s,

C/CEAGMELE W HHIZIK RECRITHL , BHaE 755 B
TR, B SR R ) S A AR B R B N T, B0 B — o J5
JEE sy A A F5M I AT LA TE o A U V2 SR AR T
Guo %3 3 PC ¥7E C/C EAMRIFE G4 T Sic W2, 54
Je R SAPS HARWEIR W IRJZ . SiC N JZ FT LABAR W5 7k i 11
ARSI RITR (1 473 K) BEtER ARSI i, Liu 51
i APS i ARTE C/C MRLRTE K4S T MoSi,-W &2, MoSi,
T KR A FLBR AN, AR AT LR R 2 AN
(EARFI TR E AL PERE . Wen 251 7 C/SiC A #
BEREIIR T W/ZeC IRZE W /BN WM Z B Z2# C/SiC
5 2xC Z AR LR AE 5 8 A R 160 s I A1 R 28
P B 4314 0.005 33 mm/s,0.295 ¢/s, W/ZrC
WU SRR ZR 58 il A B AR ol 458 o ol i b R B0
SR SeanE KEMGE AR AR Wo, Bk S EERE
(AR I RO I 2T

4 HESRZ

ARG T IR i 55 3 T WORHORTE C/C ZaH
LR T ] 2 TR T T AR AL IR 2 BT ST S, T R ARAS %
Bl FTHE BB B 4P R AR TR I LA 4R R 1 — A S B L
AR HAR, G AR TR BORTE C/C S A AR W] 4 7Y
MR A TR 2 RPN 22 5F i A 3, FE AR | PR i
] 5 A 5 TS ARG AR AR A R
OLs AR TR R AT, (BUTRUA TR IE LR, 5 2
PRZ MBS G | A7 A5 15 PR A A T A5 ) 880 e 155 ik ke
R Ao A5 1 G R 5 A o] 5 TR B e SR A TR TR O 5 T
[ )3 5 R AE LA R LA D5 T -

(1) i e — B 5 B TR HORTE C/C A MR
il F M BE T S AL IR B BORBIBETE . 458 TR BRI &
R AEFEH ) B U R Bz oG, d i A S
WRBOR M FPURACTRZ BT+ 0 B, AR WF 54 1
eSO UL RUE LML S TR C/C bt 2 1 1
SiC WJZ, SR JA HEATANZ MR, 25 FORHEE IR 19 PR RESR T,
AR A IS ™ ity TR S0 0 A )7 A 25 B IR B R
APLHEIF AR BRI, T R B TR PR
R ABFEAIILH AT L i i 45 B TR FORTE C/C &

AR — AL SR AR

(2)C/CZEFRI T A PFBER T 20T, H
KWFAHGE AL C/C G PR L2517 2 B A BE MR
KTAESICAT | T HEAT TR B A By 374 R
(I AT 35K Be A ) 2 0 S0, Rk i ph T 4 i miAe
AOATLRES 5, A0 X T M o 49 T 7 1), A A 2 ] —
TR SR X FREAT T 20 BE A, 3 B0k 2 B Ak
RES2EA5F,

(3)C/C EaMBERIIITR G IR BT IE, &8I0k
REZ S G PORIMELL LEAURY , — BRI 4 A R el 5 A —
RO EL B, (R4 s o A — e A P L PR 1 AT — UL
MR AR BB, 3l o A T R EORAE C/C
EEMRRET &S BIRE, &RINZE SRR ANL &,
B AR <55 Ja 1) e 25 R [ 3L, ST AR PR < J DA AR 0 e
AE B A SRR ) 5 BT R 5E
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