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Abstract: For the development of high-performance laser protective coatings, this work innovatively proposes the
idea of recombining PCS ablative coatings on the surface of traditional yttrium stabilized zirconia (YSZ) thermal
insulation coatings. Based on characteristics of the consumption of large amount laser energy through decomposition
of polycarbosilane (PCS) and production of high-temperature ceramic protective phases, NiCrAlY/YSZ/PCS-TiO,
(YPT) and NiCrAlY/YSZ/PCS-Y,0; (YPY) coatings were prepared on the surface of Ni-based alloy by slurry method
combined with atmospheric plasma spraying (APS). Based on the effect of TiO, and Y,0; addition on the pyrolysis
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behavior of PCS, the laser ablation resistance of YPT and YPY composite coatings on 10.6 pm CO, laser were

systematically studied and compared with that of single layer YSZ coating. The results show that YPY and YPT

composite coatings have better laser protection effect than traditional YSZ coating, because in the early stage of laser

ablation, the PCS decomposition on the coating surface can consume laser energy, and the residual Y,SiOs, SiC and

Si0, phases after ablation can be deposited on the YSZ coating, forming a dense protective layer, which can continue

to play a role in laser protection of the YSZ coating. YPY coating has better laser protection performance than YPT

coating, because Y,0O; has higher thermal conductivity and lower coefficient of thermal expansion. Smaller

temperature gradient can be produced in YPY coating, which can alleviate thermal stress. Moreover, Y,0O3 participates

in the pyrolysis of PCS to generate Y,SiOs phase, which inhibits more volume expansion in PCS pyrolysis than that in

TiO,. In addition, the core ablation temperature of YPY coating is higher, and the formation of PCS pyrolysis products

SiC and SiO, phase is faster, which can timely protect the lower coating, showing better laser ablation resistance. This

study is expected to provide a new idea for the design of novel laser resistant composite coatings.

K ey words: polycarbosilane; addition; composite coating; pyrolysis; laser ablation resistance

BOL e B el R . bR R, HRk
JIPR DU T HLRE J IR SRR T, AR L E
B 2 A BB i o WO AR S0 TRAT B AR AR X
O S (491 a3 8 RATL 38 )3 BRI AR, E i FL A
TR B ELN 10°~10° Wem?, T &£k ERA
PR AT R AR BUEOR B BRI ROk, ©
I R T 2 R A Y

Ni FEA 4 AT SR BB AR RL, BB PR
PRRBUIR G T BE SR IR R s, (H R LRI
fik(1100 C), MEELHFae E b B (Yitria Partially
Stabilized Zirconia, YSZ) H f ik # & % (0.69~
2.4 W/(mK)). 5 #E K 2R % (10.7x 10 /K) S8 55,
SN2 MR A e R TR A IR EY . Shao 20
WHAIE KL YSZ 12 BA B ot a8 . ok
S AR R AR, 1T YSZ R A B B g AT DA
Yok 0 O AR [ R T R IR 3o, 3R R R R A
FIPEREIR, BN THBO6RE . SR T RE &
R (CET Weem ?). FREER K 1 8 REOL I AS,
B—IR 2 O RE B X B AAAE R BRI AR
¥, I HAR S R

Rer A 2 B BT FECN Tz PO IR 2
22—, PN R E M RHE O E T kA 2
fif AL AN, AR K R RO R R, flifE
BRI AR IR, HEmk B B e,
Horcher 25 H Nd: YVO, (4=1064 nm)¥t 28 % B
AR ZrO, FIBE ISR A R A ML U )
BRI R BT IBOC M, DR R I, O R R %
B IR 2 B RAF RIS . B K R A =
it JE5 e PE A . L 251 VR Al BIK A IR 353 A A (PTP) &

il T CySiC-ZrC @ =il M R E M EL, FERH
RN 1066 W/em® FISOE X H IR G, & BLLE & k3%
FRMAER T, FEAREATE A ZrO, & EE ik
ThEsy, HIESH AR B A RTAK BN, B
PP S5 AR B A R R R SR PR T E R T
PBHTLBOE 1 it B 1) DB R 2R o

FE Wk 1 5t (Polycarbosilane, PCS)j& — Fh 5 2L [
R AR R, TERR T SRR SiC BE, BfA
KRR R RS R IS, FEHTH &
B-SiC 274, Wik, AR E SR, 153
ik, PCS AT LVHAE R EEOLREE, 4
BT SIC B A b 1 e T S A 1 e RN e ) R A
2, 0] DL S iR LR RE O SV IR 2, X
FARSAT ZRBOLET T, BA R PUEOLECR,
FAWALE R R AT Niu 26158 B 4E CO,
HeE L T AEMAS SICN P &R R A AMA N N
BEAT 9, X R AR H AR SR B It
ITABRITAEL 45 KRR, MBI E KT 40 W I,
SICN & A2 B 2 (R OGTH Rl 06 8 i 5 vh 1) 4
R e P NG OK 25 M A 32 B B T 3R 55 I ) A=) 36
TRE, FETAR IR ARG B, K SICN B & ) i A e
PRI 20 R = A X3 OIS P X R A2 X
2l ) BT e (PCS) AT HLIEAR IS 9 kL, A
N TCAILT ey i SEORE, 4 1) £ i R SRoRh i o = R i
JETE 30CrMnSi MR I & iRk )2, H AT EO R IR
Seity, TEARINR B (531 5 884 W/em®) F4EME 4 s,
TIRER; 7E IR (3742 5 4989 W/em?) T4
M4, BRMET S, BT 3EwEE.

SR, PCS sl AR 2 7= K& /N AU,



11

%A, S BRI E SIRE PCS RUBAT A K BTGB th it fe 1273

il 25 1 2 B 2 AR 2 72 AR K R AR AR K s i
A, SEGEFAAEE AR EY, AR
AT LU 23] PCS 4 itid s i R B k) 7 452K
VB R, G4 A Tio, BRI AR (1850 C).
I R R AR A R U Y,05 B
(2430 “C). #FasE MBI - MK R BUK(7x107° /K)
DA R G R (13.6 W/(m-K), 300 K, #GFalik
27 W/(m-K)&&Ak 517 R BGE A PCS KRR
JAH

FT o, ARTAEBGH T —Fh PCS BRI 5% 4t
YSZ MR IZE G L2 EPHOC R E R R, e
Je R KRR EE TR AT NI EEE&RMmH &
PL NiCrAlY Nt ZE A YSZ AkE#HE K= 2,
TR F BRI DL PCS AL EL, TiO, A1 Y05 1F ¥ I
M, 76 YSZ )2 R4 B % PCS-TiOy(PT) Al
PCS-Y,05(PY)iRZ . TE43 B P F i & i N AH X PCS
ZURAT NI LR b, R T 425 Wiem (1%
TR AT 2123 4246 W/em® (i Uy %6 25 B 0o\ s e
M8 414 F NiCrAlY/YSZ/PCS-TiO, (YPT)H NiCrAlY/
YSZ/PCS-Y,0; (YPY)R &R ZEERRIIPT 10.6 pm
CO, Wt keiiEfe, HWIDIRT T AHCHLIE, A
By MR BE B IR R I BT B A — R i L

1 WA

11 RE#SI#&

K KRS B FRHETIAR(APS, A-2000; Oerlikon
Metco, Hii1)TELMIHD A IR 5 ) Ni 225 4:(425 mmx
3 mm)EMH A % 50 um B NiCrAlY Zigh =LKk
200 um ) YSZ [R#E, BHAZSHILE 1. )5, B
PCS JN3Ehl, %Ak — B P % (Dicumyl Peroxide,
DCP)Jy [E 445, TiO, F1 Y 05 1E N IIAH, $& LR
Al &R G PT 2 TiO,. PCS. DCP
PY &JEFH Y,05. PCS. DCP HIR &N
7:5:0.015); FERKEE 1 h JEIRER] YSZ IR
R, BT TR IATEMA, Bk T2 B
10 °C/min HIEF TR ZE 120 CHAE 2h, BEFH

£ 1 YSZHINICrAIY 2RSS H0Y
Tablel Spray parametersof YSZ and NiCrAlY coatings®®
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Fig. 1 Schematic of 10.6 um CO, laser examination device




1274 T B M OB R 938 %
(@ . . TiO, () . . Y0
£l E)
& &
8 I 8
R ] R
sl
10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80
20/(°) 20/()
K 2 PT (a)fl PY (b)i&)21 XRD K3
Fig. 2 XRD patterns of PT (a) and PY (b) coatings
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Fig. 3 Infrared spectra of products pyrolyzed from PT (a) and PY (b) coatings at different temperatures
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Fig. 5 XRD patterns of PT (a) and PY (b) coatings after heat-treated at different temperatures in air for 2 h
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Fig. 7 Temperature curves of YPT (a) and YPY (b) coatings ablated by 425 W/cm? laser for different periods
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Fig. 8 XRD patterns of YPT (a) and YPY (b) coatings after 425 W/cm? laser ablation for different periods
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Fig. 9 Surface SEM morphologies of YPT and YPY coatings after 425 W/cm?, 5 s laser ablation
(a, d) Original morphologies; (b, ) Central ablative zone; (c, f) Transition zone; (g) EDS results of A1, A2 and P1 points

(a) NiCrAlY/YSZ/PT

Element
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Si 2.42 10.69 27.54
Ti 4.02 - -
Y - 6.17 3.37

Zr 0.07 0.22

Fig. 10 Cross-sectional original SEM morphologies (a, d), cross-sectional morphologies (b, c, e, f) and
EDS results (g, h) of YPT and YPY coatings after 425 W/cm?, 5 s laser ablation
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Surface morphologies (a) and back surface morphologies (b) of YSZ, YPT and YPY

coatings ablated by 2123 and 4246 W/cm® laser for 5 and 10 s, respectively
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Fig. 12 XRD patterns of YPT (a) and YPY (b) coatings after 4246 W/cm? , 10 s laser ablation
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Fig. 13 SEM surface morphologies and EDS analyses of YSZ, YPT and YPY coatingsafter 4246 W/cm?, 10 s laser ablation
(a, e, 1) Original coatings; (b, f, j) High magnification of
central ablation areas; (c, g, k) Low magnification of central ablation areas; (d, h, 1) Transition areas;
(m) EDS results; (n) YPT element mappings ; (0) YPY element mappings

Kl 14 YSZ (a). YPT (b)AI YPY (c)i/Z4 4246 W/em® ot ket 10 s fLo i X 45k 1) SEM % T 72 550 Je e 36F 7 (1) 76 2 40 A [&l
Fig. 14 Cross-sectional SEM morphologies and corresponding elements mapping of the central ablation area
of YSZ (a), YPT (b) and YPY (c) coatings after 4246 W/cm?, 10 s laser ablation
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