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Abstract: Any object greater than absolute zero will radiate energy outward. In modern military warfare, the ability of
fighter jets to gain air superiority is a key factor determining the war’s outcome. The key to whether fighter jets can gain air
superiority is whether their stealth technology can effectively avoid detection. The application of infrared detection technology

in warfare is increasing due to its strong anti-interference

KR E. 2025-01-07 EEHE. 2025-03-04 ability and high detection accuracy. Therefore, the research

EE&TH. HXARBHEERIH (52322104, 52172067,
92160202)

E—EHE. wmTsEE, B, 2001 44, TR

BIWEE: sk/ME, B, 1986 4R, IERCTARN, TR,

on infrared stealth technology for fighter jets is becoming in-
creasingly urgent. The Ag/Pt metal layer was prepared on
the surface of the thermal barrier coating (ytiria stabilized
zirconia, YSZ) by arc ion plating, and the microstructure

of the composite coating was observed, and the bonding
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ature increased, the infrared emissivity of the composite coating slightly increased. Among them, the infrared emissivity of

YSZ-Ag composite coating performed better in various temperature ranges, while the infrared emissivity of YSZ-Pt composite

coating increased the least. Compared with YSZ-Ag composite coating, YSZ-Pt composite coating has better bonding strength

after thermal cycling. Based on studying the application of thermal barrier coatings in the field of infrared stealth, a partial

exploration of environmental barrier coatings in the field of infrared stealth has been carried out. Metal layer Ag was prepared

based on Yb,Si,0,( YbDS) coating, and the infrared stealth ability of YbDS-Ag composite coating was significantly im-

proved, providing a reference for the research of environmental barrier coatings in the field of infrared stealth in the future.

Key words ; thermal barrier coating; environmental barrier coating; infrared emissivity; YSZ-Ag composite coating; YSZ-

Pt composite coating; YbDS-Ag composite coating
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2.1 BEERFHE
2.1.1 HFEREH %

PEFHUNE 1a BT 7R B NiCoCrAlY 4 4 By R AE kb 45
ERA, MARERIE, KAEN T 15~53 pm, KA
Kb st YSZ M RAE A EE MR, BRE
BRI, R T 10~48 pm, BERFTW mIRE S 4
FARBEAT AL B, DR RSN 25,4 mm, JEEH
6 mm, KUK N ER T8RS X SR AT R TR, N
P2 YSZ IRIZMIMEE T, M ADRLAE S 42# 0L NI EAb
TEFEAR 2SN 0.3 MPa S50 FXTEAR R mBEAT4TRY . 76
R EPR NiCrAlY 2 M K5 YSZ By K & T 80 CHL4H
2.5 h,

B R AR ) SEM B (a) NiCoCrAlY & 4@ KA, (b)YSZ
B
Fig. 1 SEM images of raw material powder: (a) NiCoCrAlY alloy
powder, (b) YSZ powder
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(FREH) M YSZ KRN TYSZ, J& LW 2% X

K1 REREMNERSH

Table 1 Spray parameters of thermal barrier coatings
Material Gun speed/ Argon/SLPM Hydrogen/ Electric Carrier gas/ . Standoff Rotational. speed/
(mm/s) SLPM current/ A (mL/min) distance/mm (r/min)
NiCrAlY 800 45 8 550 3 110 2.0
YSZ 800 45 8 600 4.5 110 2.0

2.1.2 FRBERRENE

VEH AN 2a TR0 Si & &M ARIE MRS ZRAR, B
KEFZE, BN T 10~75 wm, K UE 2b FrR i
B Yb,Si,0,( YBDS) My AR AE My P & JZ K oK, M oA S 3K
¥, BT 5~30 wm, BURATXS SiC IEARFAT WAL B
BRI R SF R @25.4 mm, JEE R 6 mm, KRN
P RS XTI Ve, A4S YBDS TR 2 Y R
EF, HHRER 6.5 pm UL LN B RS SN
0.4 MPa 55/ PR ERREHATITR, HA 28 &R
R B2 T R MG AL, FEBTRATKE Si ¥y K5 YbDS ¥
AKETF 80 CHEF T T 2.5 h,

K2 % 3 TR %5 (PS-PVD, Switzerland Oerlikon

P2 JEORIBIREY SEM A . (a) Si MK, (b)YbDS BiA
Fig.2 SEM images of raw material powder: (a) Si powder, (b) YbDS

powder
Metco ) HEAT NG R TR TR TR, WEUR B A G AR HLAET | st

M. 2eres . SRS . L RS M, b
iR EWIR S AN 2 iR,

R2 WERERAENABRSH
Table 2 Spray parameters of environmental barrier coatings

. Gun speed/ 3 Hydrogen/ Electric Carrier gas/ Standoff Rotational
Material Argon/SLPM X . i
(mm/s) SLPM current/ A (mL/min) distance/mm speed/ (1/min)
Si 500 110 6 1650 7 950 2.0
YbDS 800 100 20 2600 10 950 2.0
2.2 EEEHE B A Ag Il PeEEMS, BEAEH A EAEN 100 mm),
TE# B ZHT TR A AR SRR IR = R R

WATHAREE, 43 BIRHFLAE A 15, 18.75, 25, 37.5 pum
PR AR FHES LG SR R AT R DG b 2, BRI/
IR 2 R B, R MRS P | PR XA Sl R A T
AETEYE, RS AR IGE FEBNE & (J-1250 A, T
THM TR ZRss ) ST 88, xR T
BB E RO R A B AR A BB R, 455 Dk o il
FEFEAR, $ UL RURL T R f R Pk, 1 a8 2 B 45 T

SLEES 20 mm, ZEFEN AN, I SEANE 3 FiR,
2.3 HALAFRESHEEEMK

i X B2 A7 571 ( XRD, D8-Advance, Bruker) i%
#, B Cu-Koa 555, XHRE AL BEAT 10° ~90° 38 Fl Y 11
i, EAHRIE40 KV, EHIH 100 mA, 260 S EE N
0.02 (°)/so RJFIHHE T LB (SEM, ZWISS Gemini
300, Carizeiss) %% )2 M ROUIE S5 647 3R AF . SR A HL
ZIAMEIEAL(FTIR, Shimadzu IRXross, Shimadzu) %A ]

*3 HIEFESH

Table 3 Parameters of arc ion plating

V.
Temperature/°C aeuum Argon/SLPM

degree/Pa

Bias/V

Point
target/ A

Rotational speed/
(r/min)

Time/min

300 5%1072 200

130 70 45 0
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K3 EEWZAM XRD . (a) LEWER YSZ-Ag, (b)ZAERIZ YSZ-Pt
Fig. 3 XRD patterns of composite coating; (a) YSZ-Ag composite coating, (b) YSZ-Pt composite coating
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K4 YSZ-Ag ZAUIZ#E SEM M A (a) M EDS K3 (b)
Fig. 4 Cross-sectional SEM image (a) and EDS mappings (b) of YSZ-Ag composite coating
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Fig. 5 Cross-sectional SEM image (a) and EDS mapping (b) of YSZ-Pt composite coating
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Fig. 6 SEM images of the cross-sectional of the composite coating: (a)YSZ-Ag composite coating, (b) YSZ-Pt composite coating



PABE/ PRI R JZ LA B Al A it Bt fE 231

3.2 EFYSZHMEGREEARRBRETHIIINEHE
B 7 ARG ZRE S R LN RO R, g5 R %
A 2 FORTR 4R 2 1 2 AR 22000 kS RSB FAR
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BB 2L A RS R R 0.51, 7F 8~ 14 wm BT %
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LR PR R T X MR G AR R R GRS —
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S RS R s T A R S, MLAMES S 4
FHEAEHBY, X2 iy i T B A% T e 1 O R S R 4
MATED TS RE B p i, I FLX R AR 4 A ik
BN B2 R R A G, 3~5 Rl 8~ 14 pwm % B AT BE
5 Ag Ml Pe i) A B FIER TR AH DT L, 5 80U R

1.0
0 IR SERIEIE, 55 1, LA I0R FHOT e YSZ 4
08 BEpk 2 AL 165 48 )2 Ag Al Pr 35 ] IR A 2 ob
07 KR, EAWRIRERERI
£06 &l 8a~8c A YSZ i JZRE M 5 YSZ-Ag/Pt E AW
205 \ N ; N
9 JEFEETE 400, 500 F1 600 C T HILTAM R S5, RIS 2
=04
- F4 RERERHEHEARENERAIRHEFHE
0'2 Table 4 Average infrared emissivity of thermal barrier coating
0.1 WWMWWW\W» and their composite coatings at room temperature
0.0 1 P MR . T 1 . Average infrared emissivity
4 6 8 10 12 14 Coating type
Wavelengh/pm 3~5 pm 8~14 pm
oA = SA = B e . YSZ-Ag ¢ ite coati . .
7 BRI LS AR A RIS 3/-A composie coating 008 0-07
Fig. 7 Room temperature infrared emissivity of thermal barrier coating YSZ-Pt composite coating 0.25 0.15
and their composite coatings YSZ thermal barrier coating 0.59 0.96
1.1 1.1
Lol T YSZ-AgdooC [2] —— YSZ-Pt 400 C b
T —vsz-ag500 C L0 ——ysz-Pt500 C
09} — YSZ-Ag 600 C 0.9 L—— YSZ-Pt 600 C
0.8 0.8 F
3’0.7 o >)0.7 -
06 Zo6f
Fost é 0.5
= 0.4 = 04
0.3+ 03+
0.2+ 02+
0.1 0.1}
0.0 L L L L L L L L L I
4 o 8 10 12 14 I 6 8 10 12 14
Wavelengh/um Wavelengh/pm
1.1
——YSZ-Pt 400 C |i
10— ysz-pes00 C
0.9 —— YSZ-Pt 600 C
0.8
0.7
; 0.6
205
04+
03}
0.2
0.1
0.0 L L L
4 6 10 12 14
‘Wavelengh/pm

K8 il FAFIREM LA IR (a) YSZ IABRRIZ, (b) YSZ-Ag HAWZ, (o) YSZ-PLEAR)Z
Fig. 8 High temperature infrared emissivity of different samples: (a) YSZ thermal barrier coating, (b) YSZ-Ag composite coating,

(¢) YSZ-Pt composite coating
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RIRFE, YSZ-Pt WA RIZLLIN & 5 A H 5 T A8
LA, YSZ-Ag MR B RIZLANEFREETHER

3R 5 W18, YSZ-Ag EAIREH 400 CF 3~5 pm
BBOE LA KR AR T3 IR A2 T 0. 34, 7E 8~14 pum
WB TR0, IREEAHETE 100 °C YSZ-Ag A IRIZETEM
AN BEE AR T 0. 28, YSZ-Pt A4 ZTE 400 CF
3~5 wm BB LLAR K S RAREC T AR T 0. 28, 7E
8~14 pm P B LTt 0.04, BEEHTF 100 °C YSZ-Pt &
GURIZTEM AU BT BIEFETE 0. 015, YSZ IAFEIRIZAE
R IREE T RS R AR T AN R SR R R RS, M
BTHRT, LR ELE3~5 um BB FFE 0.06,
TE 8~ 14 pm PEBCR Z A4, IREEREHT 100 C YSZ #4
B 2 AE PN B BT 20 & SR 4 % 0. 01,

*5 ARRERESARENSRANEFETHE

3.3 ETYSZHMESGREHRESESRE

FO6HIH T YSZ-Ag/Pt B A URIE S5 IR Uk J2 L A
., HETE YSZ-Ag A BIZS YSZ A2 R
AHLRE B 25 BRI, HirP YSZ-Ag E AR E HLBE R
0.965 wm, YSZ #ARELRZHMAEE N 0. 937 pm, YSZ-Pt &
B MBS B 1.505 wm, YSZ-Pt & 408 EAE VIR Pt
I REH Pt Sy Zead BROR A SR IE A A KR, A [] P 5 ik
Z RN SR Z AR B K, YSZ-Ag HAWRIZHM
BEFEME 2T YSZ ABRIRZE, X2l T YSZ-Ag Z A 1R)E
FEDUR AT R P ST A L 30 S 30 o ™ AR /I o, 9 R
KRIURLA) S ORAE AT ot T, (o U S MRS S s 3

6 FARSREREEHMERE

Table 6 Average surface roughness of different coatings

YSZ-Ag YSZ-Pt
Table 5 Average high-temperature infrared emissivity of thermal Coating type b::irﬂz::ia:g composite composite
barrier coating and their composite coatings coating coating
Coating type | CTPeTature/ Average infrared emissivity muf}:::ff . 0.937 0. 965 1.505
T 3~5 um 8~14 um & e
YSZ-Ag composite 22 Zﬁ Zg &9 J& YSZ-Ag ERIRIZ . YSZ-Pt EBIRIZ N YSZ
coating PRV 2 22 17 500 YA IR BT 9465 45 3 BE I, [
o o 22 FiR, PIEFRRTG YSZ-Ag EGHRIE . YSZPLE SR E
VLot o " VST R RO S L B TR, S T
coating PAEIATE A IR 22 B IR R A — TR e, &
000 056 0.2 M MCE TR EAT R TR B I R RO | BORGE Rk
et 0.53 0.96 SHPERESE, SRTITZADT 1 B3R 2 I 3L 0 70 2 0 2 3 0
coating 500 0-31 0-95 I, AR AR R 2 4 R B S E AR, YSZ-Ag H A
600 0.50 0.9%4

YSZ-Ag ZAVRIZFE T LA & 5 3RART R T4 i S
HI TFE 400 CF Ag R AAL, B ALY S BRATRE i
BILT AN ZR B RE S 2000 2 S 2R Fh e, X RF b T 4k
ZeThE A 500 5 600 CHY, SIS &SR & AR/
HIEETE, 2 M AIR)2ETE 3~5 um P BEES A BRI AL A &
S, FE 8~ 14 pm BB ANE SRR E /N, Bl
T E G WRIBEAIN RS RS2 T, BE AR
JRAE 3~5 pm PEELLAM KR A IE R TAE 8~ 14 pm
BB X5 IR 4R P ER 0 T A b A AR R
TEBUE R 450 K AR 6, S T & B X shok
BIMMC B e S RE T, MBS TR A IR ZTE 3~5 pm /Y
LUHNR G, YSZ IR ZMIRES, 16 3~5 wm B BLLT
HNE SRR, 1E 8~ 14 wm P BELLAN & S ks HLpE %
TR, SOR M T REATE 8~ 14 wm JEB A%
W T EOL R SRR

EHET YSZ-Pt B GIREE G TR R, HENEH
THIEIR SRR R 4R Ag AL, BG4
S5 AR T 2 B F AT I — AR R R A AR

60 [ Pre-cycle samples
T [ Post-cycle samples
50 1 1 T T T .
I I I =
£
% 40 -
5 I
8
5 304
2]
<
=
=3
/M 904
10
YSZ thermal YSZ-Ag thermal YSZ-Pt thermal

barrier coating barrier coating

Fl 9 ARG EAEERT G 145 A e
Fig. 9 Bonding strength of different coatings before and after ther-

barrier coating

mal cycling
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E 10 /R T YbDS-Ag & A IRJZMRR I SEM it A
J EDS EiE, & 10a AT, 4@ Ag LI/INBURL R &
HIZT YbDS R1H, JERLT 5680 4 @ e, (H2h T
Jr s R AL B NV, BT R T R BRI
T RE, B 10b 1K 652 X YbDS K% 2,
PRGBS XN Ag &8 )2, BOXENLE, &
R RMEZRSEEEEARNER, 2522 MAEE

D ALBR, AR R UURE R S8 B A 43 Oyt B4 Ay
Wi L, MR EDS BT MM %2 S5 482 Z ALK H
WY EIS, SREERHHEMIS .

Bl 11 4 YbDS-Ag B R IRZRIFIRAINE T, %E
BRIZFLLINR BERTE 3~ 14 pm 2P BT 0.85 3%
TR 0. 16, MERERIL S, HE RSN LR EI D
ENRE, 5 R TR 2 R 5 4 R B2 LA R R
T REHLEL—EL,

& 10  YbDS-Ag 2 A2 SEM & A (a) & EDS Eli%(b)
Fig. 10 SEM images (a) and EDS mappings (b) of YbDS-Ag composite coating
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0.0 L L 1 L L
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B 11 YbDS ¥)2 & YbDS-Ag B A URJZ R R IR LT AR 5%
Fig. 11~ Room temperature infrared emissivity of YbDS coating and

YbDS-Ag composite coating
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Ag/Pt BB URIZTEH IR 2050 R 5 3R 58 YSZ b v
E¥A KT, YSZ-Ag RAWRIZTFE 3~5 pm P B FRF
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