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EENEE, MAlBENABARTXTRBLIRAAFAEER, AXHARTARBREMNE LA E 4
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APS F1 PS-PVD J& Wi Fl il £ YSZ Uk 2 09 %
PR Tk . R TAR AR, 3 SO0 %
IR AORHF . EH, APS 7 ik dil & ik )2
— b F Rl Bl ) R ZH A S B Y £
FLZAREEH , PS-PVD J7 3 il £ #4120 mT LA 52 8
- RS-V DR T RO R ) TR 2 A5, Horp e g
NN Ty el - i Tl L S R IS E S B N
P10t 2T A B A2 Uk 2 0 BV 45 R B i A K, TR Ik
il & T LA X 2 A TR JE B L0505 5 A 5 K3 i .
S—h, PR T RERAEAEREMN
ZePE N, AT T At 3R AL B R LB HLA A
I 5 A AR PR AL, Hz T AT LUK
b A2 T A 2 0 JRE N T Y H R T R A A R
mHA — &S aE, i T2 &8%)2, B8 Pt
EZATLYSZ®ERATEA —Z BB, K
L E ARG, H A b5 Al f1Zr0, i
D R B % 1) a-ALOL 2 A B TR &% 2 it
o T AL R bR DL R CMAS J8 i i 18 1)
HoR 2R R s A hY HE S A T2
AT DL D AL T 28 AR, Jo Ik AT e T R P Y i
W o [a] s 34 B S B A ALO, 5 Pt BELAT A 5
B I ik ZR A R e T R )2 R R L ALE:
RAFR B FEZ — o X F9% )2 R, H o B 148 4
A BE DU | R b ¢ B 4 JE B R 3R I G AL BE
S I [E] AR AT AP R IR 2

EYHT IS TAET R PS-PVD Fl APS J5
RAEA &R L& TR R ROUL 25 4 (0 B & OF 1
FE LW o B R T IR — 2 AL A B
W ZPUBEE T ES b, REESWREE
PERE LA — 0 L3, (5L T 25 A o B S5 FhoRp I 1A
154 R IR R A WF G L AT HGE . % T, A
T T A S5 R AS TR U J2 B 008 45 44 RN 41K

X T HAE BB 1Y
1 KWED
1.1 HERE&

FE S B & o A AT . e, LR R B
BB 52Ky K (413.001, AMPERIT, Sweden) E K
)2 BN T R AL R R e AL RS B oK
(827.054, AMPERIT, Sweden) {E N M & 2 ¥y &,
HEAT W UR . DZAOM =i & & E WA, R ¢
25.4 mm, JEFE 6 mm. 7E 55 B W IR AT, 6 B A A
1A K D A by ORE B 355—425 pum) , LR ER 2 S
R B 45 A s DY L IR 4 B R HOAPS
(Progressive Surface, Grand Rapids, USA) 7% 5
PS-PVD (PS-PVD and LPPS Hybrid, Oerlikon-
Metco, Switzerland) 2l & AFRIEE R 7YSZEZ,
APS FI PS-PVD Wit il i S 85 TR 1. WE&E)=
WU 58 N SR A 4 A 3 B S 48 AL (J-1250, 12
THM Tk ik 23T, ED #il AS 7R B Al
FBE ) A 2% 40 B2 B 45 ] LS /N T 5X107°
Pa, X AL N A9 #6252 %0k 8.0 V.8, 3 Hz, i J&
W N 125—135V ., 90% , ;SR R 20 V., FL RN
70 A, FE S IR OR300 °CLRE S SRR N 2.0
remin L AEAE R 0.2 Leomin b, 38 5 58 OR [F 5
RIS (), A5 2 OK R R RE A AL 2 % 8 P ] )2 1
M 22— 2 1 v B O 2 i A0 S fL P, AT RE 8 I A
AT — MR T2, ZEEAIRE FRH®
B (W-2325, 10 TH M Tl )2 & &), i D) il %
AR R PUZ . 6 &40 4 08 2 0, 468 6 i U 2%
ERTA-dm *, BEER TN E T & MO0 1 g L7,
I R 4 B ) R A LB POZ R . ik
AR B R AR OGRS B M T W3 2, AN [l mE i
T EMRES 9l fr 4 S1.S2.83.84 K& S5, Z )
X A OE B i 2R FH L 25 #AAE B 2R 4T 980 °CL, 10 h Y
FL2S HAb A

M

®1 7YSZHEHR APSHIPS-PVD MRS
Table 1 Spraying parameters of APS and PS-PVD for 7YSZ coatings
- S I Uk BB/ kW WIZIRE/ ii%‘%{(g- Ar./(Ir HZ./(LI- sz/(Ll-
mm pm min ') min ') min ') min ')
S1 APS 110 80 150 45 50 8 0
S2 APS 110 80 150 45 50 8 0
S3 APS 110 80 150 45 50 8 0
S4 APS 110 80 300 45 50 8 0
S5 PS—PVD 1000 132 150 20 35 0 60
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Table 2 Parameters of each layer of composite coating

) L ‘ YSZIRIZIERE/ N ) N
B YSZ BB ST g ALRER] /min AUBEELRE /pm o HUBE POBEE] /s PUBELEE /pm
pm
S1 APS 150 40 0.8 1200 s 1—2
S2 APS 150 80 2.0 1200 s 1—2
S3 APS 150 180 5.0 1200 s 1—2
S4 APS 300 50 2.0 1200 s 1—2
S5 PS—PVD 150 50 2.0 3600 s 1—2
1.2 REAHE Fisher Scientific, USA) & EZE P It 2R E .

FEMAETYSZIRIZR & Z G , RHKREE T
% 0 1 5 A 55 B F WA SR R AT T ke ik
B, H B R KOG 7= A 0 R BB AR R R
T Ak, DT 78 T BT 5 [ 2 JE AR A O xS A
BRI E . XL B S TR AR
SRR3R, HEERBEESZ TR0 0
I'f L14,O

®3 XELEIZTSH
Table 3 Surface treatment process parameters

WEEE/ KREEE PR/ Ar/ N,/ H.,/
mm [i]/s kW  (Lemin ') (Lemin ') (Lemin ')
50 6 75 94 47 14

1.3 MK

* H X 0 % fiF 4 (XRD, XRD-7000,
Shimadzu, Japan)Xf 7YSZ & )2 W AR #E1T T4 %€,
A BEYE A 10°—90°, H B R 5(°) »min ',
il it x 8 £k % T RE 3% (XPS, NEXSA, Thermo

K FH 2% 1 HURE A (I, db s Bl 2 A2, b ) ) i
TSR] B BERE 2 A R TAORDRE B . A, R
KB B (FE-SEM, FEI, fif 22 ) %514 )2 (9 T80
SiRUEAT T RAE . ZJ5 ¥R HB 5476, fif il FM-
1OOO*£2§?$IJXT?KIE]I@BffﬁlJEI’J//%F' AT T Hiff
E AR R P (A LS ot
XFF LA B B P ,KIEH‘#? i B F 26
Perkin Elmer 2 &) fJ Frontier FT-IR J6 % Y X} 2—
14 pm % B A9 58 1] 2 BRSO 38 #4717 D0, 0
£ B2V [ A 0°—45°, 1 ) o 45 5 0 A8 T U
10% A0 & 8 B E W T k=2, 815K FP~95%. %
ASFETE G A5 BB R R . AR E AR
B 2 61 A S R 0 2 ) R 0 2
MW AESZR Gz mE N EmEEZRNER S
%14&7‘6%7;2%1 IR & S R BRI 225 R 1m0 1
TR G PR B AR R s hORG E ROE  A
Efrﬁﬂélﬁ’nﬁ%c TS T N A R ) ORI
Horp A BUbR A S B AT R 2R

:/zl[aaf]z 2 )+22 2 %gr (2, ) ulx;

i=1j=i+1

EREIF

=l a L) L)+ ) P+ ) P 2 ) T = [;Zuu )T+
[aifj D+ If (L, >]?+zali aif (Lo L)u( Ly)u( L)+
zaif; aif r<L,,L,,)u(L,,)u(L,,)+2aii aif r(LA,L,,)u(LA)u(L/,)+[aagu(ﬂ)]er[af“(t’f’)]z

iz L(T) (L,(T) Ly CT) 3 1 5638 4 5 31 %
Ak T[] — L B B8 v AR S R AT 0 A, A R e e
TEFERGER 22, WX = A 52 e 2 A R . Bk
L.(T) L(T) L,(T) = A& E s AH &, A R E r
(Lo, L), r(L,, L), r(L,, L) BHC+1, 4K B8 br o

GIB 5023.2-2003, 78 5L 5 45 14 T w(e,) Fl u(e,) B
1% ,u( L) R a(L,) B 2% , T 3158 A b 1 A
WEE ule,)=5%., HPmasssEEH T e=2,
VIR EE U=rtu(e,) , BV R G260 & 5
YR E R 10% .
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(a—e)—surface; (f—h)—cross sections.
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Figure 1
using different processes
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FBHOREE A . S5 R RT, At 9IRS 7 B B ] 45 79 Al
JZ 20 FL S P B FEA B T SRAE S S PR AR A
Hay L v 2 THT T R B T AR ) Pt (IS TR AR SE B
LR, S UTAR By Pt BUZ BT AL 5 L PR RE 1Y o, 9F
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Surface and cross sections SEM images of composite coatings prepared
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(a)—XRD images; (b)—coatings porosity
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Figure 2 XRD images and coatings porosity of different composite coated
samples prepared by different processes
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Figure 3 EDS diagram of the cross-section of the coating prepared by the preparation process used for sample S1
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Figure 4 EDS view of the cross section of the coating prepared by the preparation process used for sample S2
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ok AT P A 30 T 5 Jf 23 2 S 21 A B B 1) B A i
FeZ— T TR E 22 )2 I 45 F RE AN RE JE 17) 52 Br L Y
Iy — KRR AT AE 2 45 4 o B AR, I A X 2 5 46
MR ZaH KGR G HE S ®mEERE T 40
B

M H 2 TOALRE BE 23 A R Y 5 i U 2 I £L Ak
SR MERE . T LR ER XA LU 2 R B
B I S 2 A R PRI Pk T AR A Y
FE i S2 5S4, R 1 = 4 58 B A0 H 2R T E 3515 L
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Table 4 Average surface roughness of different samples

FE & 4 5 S1 S2 S3 S4 S5

MBS /um 2.43  1.65  3.56  1.83  9.25

LS F1 R 4 v a] UL, SR APS T2 i 4 & IS
J2 AR 2 0 RR i 2% TR B K KK PS-PVD £
i T ) £ HOORLRE BB, R FH APS T2 i 45 e i J2 P s
J2 O FE ORLRE B2 X3RN K AR T & Hh R L S2

(@) II

(b)

(a)—S2;(b)—S4;(c)—S5,

L

SA KH i AR 6 B, 6 B GE A A AL 5 Pt R
B 0T DUAE — 58 TR L R AR 25 $AAh L) R o 3R
T (AR RS J3E

] 6 0 AN Rl 24 U 2 10 8 R 21040 K ) R i 1o
Fo E 6T L R R IR 2 A 3—14 pm I B 38 1o
B a7 A NS T A B = 0y O D o T - RV R = i
S2 5 S4H KM LA L O R, E R BEIKES
0.21c X TH M ST, 7E 3—5 pm P B Y205 &
SR AR B LA B SR k8 T
0.4, 1M A 8—14 pm U B A BT TR R
[ ALZ 3300 PUZBER S5 1 BLE , ib J& XT 20 4h
BHP BT A — R o %R RE S TR T T
Pt )2 K AR S 1 307 2 BRI I R Y ALO, B
a3, M2 53 B £1 A0 & 5 2 ey, S B5ORE B A i 21
SNRSE ARG R E TR T S3RE S AE 3—5 pm U BE Y
LLAN R BRI A RES ST R LA E T 0,35, H1E
8—14 pm i Br i & S R EAT By L F 2 PO AP )2 #A
B 2R APS T 20 4R A RR f op 7 X 20 40 & R
. XEmTHE&E T ESBOZE A RZE
HBZ M AT E 7 04T 25 AL BT, ALK & il
Ak, T ALV B 2% T 5K ) A, 5 3 ALV A 3 R
BRAR L e 2 T BOZ A T2 0 R i 3R T S B

5 HRREFER=ZEREE

Figure 5 Three—dimensional contours of the surface morphology of the samples
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Figure 6 IR emissivity and transmittance of different composite coated samples
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SF, M0 22 6] A ] 0 39 o 1 A il 3 T X T 204 2R Y
W W BE 1, S BOZ R T2 B A B 2180 e B R A
JLF- A2 BE A BT Tt

1M X T FE S5, BT HR 2 #u ks )2 5k H PS-

PVD il & , e Ry ) )RR 45 48 22 8] A7 16 R & 1)
B, T )2 0 ALZ 5 Pz IF AN BB 58 42 B o 1 46 1]
B, M40 AMG IR EHE A 8YSZIRZR, T IR JE Z 1
AR RS 9 18] BT, £ 400l A I Wi 38 IR ot S5 1
SR f B FLB RO AE AR BORME BB =2 ™ 2k
ZLAN O 22 AR R BB 1) B B R = 6 R G
AU XM R BMAAX TIRZRGRAERE
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KONAR T EEGHRIZNFE4 58 E .
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Table 5 Tensile test results of different samples

29 2 5 L1 L2 L3 L4 L5

LG /MPa 17 41 53 37 68

AT LLE B, B 5 ST R il 28 125 i il 4% i ok
J2 T B 45 A i B SR AKX 2 R R A R R ) ALZ &
R R PR BEE S, M KAy s2m 1 ik
ERARRIZE AR . RSS2 5 SARHT & T4
S il 2% B U J2 O B 45 6 TR B A 25 K 2, MR R SR DR RE
i S4 SR 0 il 25 T2 il & 09 2 T 4 A TR
WAL, 28 I AR 1Y K 2 AR 2 6 T TR 2 0 45 6 o 32
PEREAH] o KRG S3 R A 4 T2 Fr il & 00 1% 2
SEHIEE A SR R APS B R IS 2 B 2 1
BEAWE TR &SR, X0 H P& T L 280
i 2% A1 52 B0 YT RS AT 35, A2 2R A7 P Al S B B
JIT 2R B9 FM-1000 K 45 71 B8 98 78 43 1R A 2% 11 B 3
M 2z H S A4 Rk 3% S B AE o i 3 e I A
25 G R B R R o TR TR S S5 OR ARl A T
il £ B U 2O B 25 A B 2 70 MPa, XN EUE S
PS-PVD £ A Wik i #4052 0 45 & 0 B AH 22 6
JU,RZUAE A T AT, B TR 3 R R B,
N N Y i B TRy s (TS | B e A A A 2 N
G, — R )JZ IR )Z B T PS-PVD T. 2
AT TR, AR B I 25 Ao i A v, i — 2 R
TEBRZBRNLEE AWM.

7
3 #Zig
I3 3K PS-PVD ¥ 5 APS 2 il % YSZ s

VR 2 I E R OIS R U R TR R
FEAUBEZ , Z 5 8RR 1—2 pm JEJE Pt
)2, B I AT B2 A B

(1) EzHALFEFE ALY 5 YSZ H iy O kA4
BLOAZYANZ S PUZEEEE 1: LE, PUZ )
T AVZ Y85, PR BRS04 & N e s A O% s 2 5
WIRB GO REE L 2 ALZ By JE B R /INEE, $ ik B
SR PULAIWE R P 8RS, LS ALZE B2 4
Ab B A5 R 2 B PR 2 R IR B S 2 T 3k T Pt
EEAEE . Y ALZWERE SRR, 5o ok B2
T30 ALFE A Rl AR b R T R0 G 2wk i A 3R
B, HE A B R PR R S BRI 5
YRSE L T T PS-PVD T2 7 il 0 i J2 s 2
FESEAT HLBE B, P2 i ) 7R P AR AR B b AL,
O iS¢ H PR TS 1Y F B A5 ) AR R 5

(2)2K FH APS T 25 il #% 5 % J2 IR 2 i R 36
TR0 KL 3 K KIS T PS-PVD #E 5 It 1 4 1 HLRS B3
R FHAPS TEHEH TN RIHRIEDN
il & o

(3 EEWZFEM ML A K 5 5% 5 H 3R w5
T A 20 2 55 A0 AT A5 R G TG, SR A 38 T 20 &
WA TR ZTT LA A5 H 2T A0 & B R AE 3—14 pm B
K2 0. 21, HF A HAG 41 MPa i 45458 .
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Exploration of Infrared Emissivity of Electroplated
Pt Composite Coating Based on YSZ

ZHANG Jingqin"*, YANG Wenchao',ZHAN Yongzhong",HOU Zhenning"*,ZHANG Xiaofeng™
(1. School of Resources, Environment and Materials, Guangxi University/State Key Laboratory of Whole-Life Safety

of Specialized Metallic Materials and Combined Structures, Jointly constructed by the Ministry of Provinces and the

State, key Laboratory of New Technology of Nonferrous Metals and Materials Processing, Ministry of Education,

Nanning, Guangxi 530004, China;2. Institute of New Materials, Guangdong Academy of Sciences/National Engineer-

ing Laboratory for Modern Materials Surface Engineering Technology/ Guangdong Modern Surface Engineering Tech-

nology Key Laboratory, Guangzhou 510651, China)

Abstract: Infrared stealth has become a critical consideration for new generation of fighter aircraft. To address the demands of

high-temperature operating environments, thermal barrier coatings (TBCs) are typically employed as surface layers for high-

temperature components. Infrared stealth is often achieved through the application of infrared low-emissivity coatings. In this

study, composite coatings were prepared using plasma spraying-physical vapor deposition (PS-PVD) and atmospheric plasma
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spraying (APS) techniques. 7YSZ ceramic layers of varying thickness were deposited on DZ40M high-temperature alloy
substrate. Subsequently, Al layers of different thicknesses were applied using arc ion plating technology to enhance the surface’
s conductivity for subsequent plating and to improve the overall bonding strength of the coatings after vacuum heat treatment.
Finally, a Pt metal layer was electroplated onto the surface to serve as the infrared low-emissivity layer. The results revealed
that the bonding strength of the composite coatings was significantly enhanced by the incorporation of an Al interlayer, , which
facilitated the connection between the plated Pt layer and the YSZ thermal barrier layer. When the thickness ratio of Al/Pt
was approximately 1:1 and the YSZ layer was prepared via the APS process, the infrared emissivity of the composite coating
reached as low as 0. 21 after vacuum heat treatment. Under these conditions, the bonding strength achieved 41 MPa, which
could be further increased to 53 MPa by optimizing the thickness ratio of the Al/Pt layers. However, an excessively thin Al
layer led to warping of the Pt layer on the microscopic level, while an excessively thick Al layer resulted in undulations and
voids within the Pt layer after heat treatment. Both conditions negatively impacted the infrared emissivity and bonding strength
of the composite coatings. When the YSZ layer was prepared by the PS-PVD process, the infrared emissivity of the composite
coatings could be as low as 0. 27 and the bonding strength could be as high as 68 MPa after the vacuum heat treatment. These
findings highlight the importance of controlling the thickness of the Al and Pt layers as well as the choice of the YSZ
deposition method to optimize the infrared stealth performance and bonding strength of composite coatings for high-temperature
applications.

Keywords: APS;PS-PVDj;thermal barrier coating; YSZ;electroplating; infrared emissivity ; microstructure ;bond strength
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