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Abstract: In modern warfare, with the rapid development of infrared detection and guidance
technologies poses an increasing challenge to the survivability of weapons and equipment. How to
improve the infrared stealth capability of weapons and equipment has become an urgent problem to
be solved, and infrared stealth materials are the key to improve the infrared stealth ability of weapon
equipment. The paper briefly analyzes the cloaking mechanism of infrared cloaking materials,
summarizesthe research status of thestealth materials in recent years, such as infrared low-emissivity
materials, temperature control materials, photonic crystals, intelligent stealth materials, and infrared
low-emissivity nanomaterials, and forecasts the future development trend of infrared stealthmaterials.

B  2022-10-10 KRB %RE#: 2023-03-21
F—E: F $(199%-), F, LEFEFEA, ML+, TEF. E-mail: 17862962649@163.com.
EBiREE: F £(1980-), &, AXELBA, HE, HEZLEI. E-mail sinomaliling@126.com.



- 246 FH F, ARAMHNTRAR %44 %

Keywords: Infrared detection; Infrared stealth; Low emissivity

Wt 1) S R A ) AN B Jee s 2 2 it AT s 2 e T T W 2 REORBR R R ey, B B BORAE
— R EE N ROUETBL BARGHE 7R E SR E N RO R B SORBR A S R EOR T BOR
A2 H AR TR IPERAEE B, BRI S BRI R, SR & HARrE A7 Re 102 [
SEAREEQFEI OGRS . HERE . DS MBS, b, 728 % Fom E A4 A 1]
TPIRMEAR RS, Z05ME T ST AL, B 90% L b, ZLANRIN 5 L BIAE] 30%LL E, Clk
NERMERBETT N, KEE P 2409,

ZLA1 S B il 5 B AIR B H AR O ZL MR SRR R AL B e S ROR I, B EEAGE ieih . X
RIRERAT IR R TR B LA SR REEE T 30 o, 8 AR R TR ZL A B MR B B R AL
753, RS SR E H AR LLAMR S RAALAS 5, PR H AR g R BURR A O ER, SEm B frme . Y
e, AMNEEA R R B T & ZEGRE R RE, RN KREANT S W BT . A
SCE BN RILFERLLAMTSI FRORE SREMEL Jor bl BREFR S MRL, LMK R GUKH
BHABTFBLR, xRN KR RSB AT T R E.

1 LL5NR &AL

LLAMR 2 DK Y 0.76~1000pm (19 HLRESE, KBk B AL AMRTE R AL IR I FE b 5 s S
Ky SRS T RISV B ARG, RAE—/ Nk B AL AN T DAgiE o R, X — /N i B
BRABFR “ K RED” , 35 0.76~1.5um. 3~5um M 8~ 14um = MKE. Hd, 0.76~1.5um
e AR ST 2L AN 1) AR B, 0T BT I R 4 18] (1 BRIE AN 43T 4R Bz A X (R R Bl s
3~5um Fl 8~14pum J# BOW By T3 s FIHR BN RE L IWGE, & TCALAA ML IR SO BE X, 3~5um
WBE T, KL P L oM S AR B, 8~14pm 3 B PSR R4 TAEB B, Hofm B
P PR B 2 R 1 1200 B R £ MR S0

P IR B v T 0 2 R FE R )R 23 Ok 2L AN, ANTRIIR BE A % tH R LA MRS K AN ]
LLAMRI 2 G0 0 I H AR AN Sl B2 AN [ 5|2 1) FAR B 22 R AN R E b (0790, £ /MR 25 11
F B TAE BRI H AN SRS E SHAONBE S, AEET B TR, BeESE—
WA NG 5, (EL AR T . B AT, ZOAMRII 7k £ 2 LR Ao,

— P RUUEERIN, 5 20 RN R S R AR B H A I B KPR B A G

12 1/2

R=(Jz,)"* (712D, (NA)] x| 1/ (et ) (v, 17;) 0

ot T EARILT MBS L w WK UBIE R, Do LTSRN RGO RS ML
Na W RAMA AL BRI HIEE: AN RGN VoM BT, Vi, i,
VR T ERRIOLT SMRS SRR SIS R SIS HURI T R RIS B 041

RGN, I b ST R 02T SR ELSR BRI R A EORE A R R



% 4 5 (IREAME) Advanced Ceramics, 2023, 44 (4): 245-262 - 247 -

C=(E,—E,)/E, 2

X, CNFRHXTEE; Bo N HFRIILLAMES: Es N SIILLAME S &,

g7 BRTIR, AR E I B AR T SR 4R S 2 SRR IR B B AR, BRI AR,
T MR H AR A AR SR, R T R MRS, R BRI IA S, B H AR R E],
PRARA MU AR, IS SRR & (1 H 1 .

RIELLAM R, PRI LD MRS e BT & Stefan-Boltzmann 51

W =ceT? (3)

X WONPIRR SRS RE, wim? o NBURZEZ EH, 5.6703x10° W-m2k*, e YIRS
RIFR: T AR 4%

MRAE A (3) AIAL, VIR B4R S RE ) R B R S AR e, DRI B B bR 210 R S S A%
) e 2 T P e S TR £ A s B (AT R 112130,

LLAMRE S MRME R SR DR B, B BRI RS A s 1 O 26, IR AE H AR R B A P
CLAMBSINRE S, T B AR R 32 T ] ) N TAMIC R S 2 bkl . PR RL, e ik B RERR S i
B MR I RYORARE, 5 R SO AT VR4 1 A

2 HMER AT EAM R

FESEBRI T, — s e 46 (0 i ey VISR W O R SR A, HAERE S TARIREH VIR R, 8
1 RO P 2 PRAE A S LHE A B B LD 2 o AR T AR P A ) 21 SN S 2 S R S L e A2 B BR
BE, R TER R IE R B AR, P H AR AR I A 2, AR 2 S SRR, 2
T /2 ZL AN B BOR BONAT U 3R . ARG % T Z AR, — BATR LM S A 50 2L 5h
IR ZR R S N ZL M R S LS

2.1 SMRR S RARE

&1 LM AR AR AL ELE (8~14um)

Tablel Infrared transmittance of several organic binders (8~14um)

Binder Infrared transmittance (8 ~14 m)
Polyurethane 0.60
Epoxy resin 0.35
Kraton resin 0.75
Alkyd resin 0.39
Organic silicon resin 0.21
Phenolic resin 0.50

EPDM 0.95
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Table2 Infrared emissivity of commonly used metal powders

Type Infrared emissivity (8~14pm)
Al powder 0.48
Cu powder 0.63
Fe powder 0.64
Ni powder 0.78
Zn powder 0.68
Si powder 0.61
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Fig.1 Infrared absorption spectra of typical semiconductor materials
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Table3 Infrared emissivity of several doped semiconductor fillers

Type Infrared emissivity (8~14pm)
Antimony-doped tin oxide (ATO) 0.65~0.71
Indium Tin Oxide (ITO) 0.62
Zinc Aluminium Oxide (ZAO) 0.61
Cobalt manganese co-mixed with zinc oxide 0.76
Zinc sulfide with cadmium 0.67
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Table4 Infrared emissivity of commonly used coloring fillers

Type Infrared emissivity (8~14pm)
Bi203 0.67
Cr20; 0.87
Sbo0O3 0.77
CuO 0.79
NiO 0.77
Cds 0.96
V205 0.94
C0203 0.90
Fe(OH)3 0.95
In203 0.95
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Fig.2 Secondary electron images of Au/Ni films treated at different temperatures for 200h: (a) 450°C;
(b) 750°C
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Fig.3 SEM images of ATO films treated at different temperatures: (a) 300°C; (b) 600°C; (c) 700°C
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Table 5 Research status of thin film low infrared emissivity materials

Material Type Methpd of Infrared performance
experiment
A magnetron The infrared emissivity of 3~14pum is lower
& sputtering than 0.1
P magnetron After heat treatment, the emissivity of
Thin metal sputtering 3~14um is about 0.1
film Au magnetron At 3~14pm the emissivity is 0.03~0.17
sputtering
Cu clectroless At 5~24pm the emissivity is 0.02~0.05
copper plating
magnetron The infrared emissivity reaches 0.11 at
ATO gnet 600°C, and the transmittance within the
sputtering .
semiconductor visible frequency reaches 0.91
film 7A0 magnetron The infrared emissivity of 8~14um is as low
sputtering as 0.505
ITO magnetron The infrared emissivity of 8~14pum drops
sputtering below 0.12.
TiO./Ag/Ti/TiO; magnetron The emissivity of 8~14pum is 0.27
sputtering
TiO2/AgyCu1/TiO: magpetron The emissivity of 8~14pum is 0.13
sputtering
multi-film AICTN/Cr/AICtN magnetron Full normal emissivity below 0.1
sputtering
AICrSiN/Cr/AICrSiN magnetron Full normal emissivity below 0.1
sputtering
TiO2/TiN ion plating The emissivity of 8~14um is 0.27

3 wWEAMH

I Stefan-Boltzmann 52, FLBR 00 2L SMAY SR DUV FRIE L. 40T BUBILREBR B
MR FPRILTAMENT, BT LR B BB 702 ST SR bR 75 6 R
SRR 2 APTH AN ALR, B2 A 5 RS AR R, F TR DRIt 2 8
PSR L. IRV RTTRE, H0R— BORIAER . SARBIREIPRL, R0
FLRATAE PRI,

3.1 R R

B FAAA L2 R F A B AS 5 3 5 2R A o5, BELRR iy iR S A SR A, T AR A Ak 1 41 4 55
SEEE, IR BNLLAMEE B RO . LI RR P BT R B R IER . B . IR A IR SE 2 AL RS,
Lv &5 NFOR F AL 2P0 ER T 20 % T — PR L0 A0 K S 8 (0 o s B B il ek, 65 SRR B kL et
8~14um MLLAMR S Z N 0.85 FEAICE 0.63, WIS T20AME B Ik 4538, Liang &5 N W7VR] FH ¥ - it
Ji T E 4% T RERER BT KHS550 328 5tk PTW ONERRRAF S0 1 ALOs-SiOr B &/ HtE, %4



254 B &, LTHNE B AR R R R % 44 %

BLEARBNERELF . 2R ST FRARAIHS £, Hoi 7 RIUEE R A W&l 5 fo . Fei S5 ANUSIETE 1 23R &
TR IR 2 I BRI ROR SLLAN RN Z R, R B IR R S W EoRA2 4 200 H, [E & &/ T
20%I}, il % R R R PR A R e i RIDG T H A F MR o

" al 4 g /"‘J
Sy L 13 0kyv.12 50,0k SF (Ul

F 5 ALOs-SiO & & A Mt ey . F B A F
Fig.5 Electron micrograph of Al>03-SiO> composite aerogel
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[ Phase Change Material (PCM) ]

Chemical composition:
@ Inorganic PCM

@ Organic PCM

@ Metal PCM

'@ Composite PCM

Physical form:

@ Solid-solid PCM
@ Solid-liquid PCM
@ Solid-gas PCM
@ Liquid-gas PCM

Phase transition temperature:
@ Low temperature PCM

@ Medium temperature PCM

@ High temperature PCM
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Fig.6 Classification of phase change materials
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(a) Original thermal image of the target  (b) Thermal image at the of occlusion

(c) Shelter for 10min (d) When thermal equilibrium
is reached (30min)

B 7 B EAEMBLINRE H R
Fig.7 Infrared stealth effect of micro-encapsulated phase change material
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Table 6 Typical phase change materials and their properties

Phase-transition

Phase change materials Enthalpy of phase change/ (J-g!)
temperature/°C
MgF» 1263 938
MgCl, ZHE714 152
NaNOs3 307 172
H;PO4 26 147
CaCly'6H.O 29 180
Na2SO4'10H20 324 250.8
NaHPO4 12H>0 35 205
CH3COONa-3H20 58.2 250.8
Ba(OH)2'8H20O 78 289.4
LiNO;-2H0 30 189
CasHsa 26.1 256
CsHsO3 26 184
C12H240: 43 177
N-tetradecane 7.6 141.0
Fatty acid modified paraftin 20 164.9

Butyl stearate 19 140
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Propyl palmitate 10 186
Lauric acid 442 183
N-decanoic acid 313 162.8
Paraftin 17.1 222
NPG (neopentyl glycol) 44.1 116.5
AMP (2-amino-2-methyl-1,
57 114.1
3-propylene glycol)
PE (pentaerythritol) 185.2 209.5
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Fig.8 Basic structure diagram of photonic crystal: (a) one-dimensional photonic crystal; (b) two-dimensional
photonic crystals; (c) three-dimensional photonic crystals
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