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AMPERIT, Sweden) ff AR 45 2 5t it 43 808 7%
) 48 Ak 52 B e ATk &S By R (827. 054, AMPERIT,
Sweden) 1E R B & 2 B oK o #6558 T WER AT, X A
AN A 2 I 00 ik W O B 355—425 pm) , LU &5 9%
25 AR S5 A T BEUR B 43 i R APS
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APS M PS-PVD Wit iS85 TR 1. WE)=
% VA 5 W R 4 sl H I 1 B AL (J-1250, 30
THM Tk 2T, d ED) §il 2 A F R B A Al
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B 0 4 5 3% 2%k 8.0 V.8, 3 Haz, M [Tl 125—
135 V. 90% , S B R R 20 V, HL IR S 70 AL RE &L N
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Table 1 Spraying parameters of APS and PS-PVD for 7YSZ coatings
WU IR S/ WIRRE/ %8 2/ Ar/ H,/ N,/
FE i R ) Tn[il% /W Ti:rg iﬁf) Lomin-)  (Lemin)  (Lemin)

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

FE b YSZE®GEFRX YSZHZESE /pm B ALBHE] /min - ALBERE /pm B8 PtifE /s PURJEE /pm

S1 APS 150 40 0.8 1200 1—2

S2 APS 150 80 2.0 1200 1—2

S3 APS 150 180 5.0 1200 1—2

S4 APS 300 50 2.0 1200 1—2

S5 PS-PVD 150 50 2.0 3600 1—2
1.2 EFEALE Fisher Scientific, USA) & B E P L Z RS .

B AR TYSZ IR IZ M 48 8 M2 ), R R 5%
B MR B Y A B AR A X R AT T
P Ab B, H S A O 7 A e R 1 0 2 R
Ak, DT A ER B [ 2 S R A B AT R IR
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Table 3 Surface treatment process parameters

WEEE/ KRR PR/ Ar/ N,/ H.,/
mm & /s kW  (Lemin ') (Lemin ') (Lemin !
50 6 75 94 47 14

1.3 Wik A*

¥ H X 8 % fif 47 (XRD, XRD-7000,
Shimadzu, Japan) %} 7YSZ ik 2 B9 M AHUEAT T 558,
A LA 10°—90°, H A # R 5C°) »min ',
ik X Ot B g 1% (XPS, NEXSA, Thermo
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R, MR TR Z MRS AR
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Figure 1
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Surface and cross sections SEM images of composite coatings prepared using different processes
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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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Figure 5 Three-dimensional contours of the surface morphology of the samples
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Table 4 Average surface roughness of different samples
FE i 4 5 S1 S2 S3 S4 S5
MBS /um 2.43  1.65  3.56  1.83  9.25
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Figure 6

IR emissivity and transmittance of different composite coated samples in 3—14 um band
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Table 5 Tensile test results of different samples
EERHIE =2 L1 1.2 L3 L4 L5
FSE AR /MPa 17 41 53 37 68
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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 530004, China; 2. National Engineering Laboratory for Modern Materials Surface Engineering
Technology, Institute of New Materials, Guangdong Academy of Sciences/ Guangdong Modern Surface Engineering
Technology Key Laboratory, Guangzhou 510650, 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
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-PVD ;thermal barrier coating; YSZ;electroplating ; infrared emissivity ; microstructure ;bond strength
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