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Research progress on vanadium-based oxide radar and infrared stealth materials

LI Haoxuan, LIU Zhaohui*, CHENG Yubo

(School of Defense Science and Technology, Xi’an Technological University, Xi’an 710021, China)

Abstract: Radar and infrared stealth materials play a crucial role in enhancing the stealth performance of equipment. In recent years,
vanadium-based oxides have shown broad application prospects in the field of radar and infrared stealth due to their unique
thermochromic phase transition properties and excellent infrared radiation modulation capabilities. This paper summarizes the
research progress of vanadium-based oxide radar and infrared stealth materials at home and abroad. From three dimensions of multi-
component design, structural regulation and element doping modification, it systematically elaborates on the performance
optimization methods and mechanisms of vanadium dioxide, vanadium trioxide and vanadium pentoxide-based stealth materials.
Furthermore, this paper proposes five key directions for future research on vanadium-based oxide stealth materials: (1) the design of
new heterostructure, which aims to overcome the inherent defects of vanadium-based oxides through structural regulation to enhance
stealth performance; (2) artificial intelligence-assisted material design, which will utilize machine learning to model the composition-
structure-performance relationships and accurately predict performance parameters, thereby shortening the material development
cycle; (3) the synergistic optimization of multiple loss mechanisms, intended to couple conductive loss, dielectric loss and magnetic
loss for synergistic enhancement, maximizing the improvement of stealth performance; (4) the characterization of complex
interfaces, which focuses on strengthening interface characterization to reveal the wave-absorbing mechanism of composite systems
in view of the complex interfaces caused by rich valence states; (5) broadband adaptive stealth, which involves developing stealth
materials with both broadband and adaptive response capabilities based on thermally induced phase transition characteristics.
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[20]

(a) hollow VO, spheres; (b) layered flower-like CugSs@VO, microspheres under 120 mg VO,; (c) comparison of electromagnetic
wave absorption performance
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Table 1 Main parameters of radar stealth materials based on VO,

Absorbent Microstructure RL,;;,/dB EAB/GHz Modulation range
VO,/RGO/EP™ ~71.00 >3.00 224 GHz

VO,/ PVDF-HFP'"” 1D nanowires structure —53.09 4.85 Switching characteristics
VO,(M)™ Petaloid lamination structure -37.99 4.01

VO,/ EPC™” Heterostructure —54.00 2.50

MXene/ V02[34J Heterostructure 4.04

MOSz@Vozm] Core-shell structure —56.78 4.00

VOZ@PDA/RGOIH[M Core-shell structure —24.00 1.50 1.5 GHz

VO, EPM " Microsphere composites foam 3.25 Switching characteristics
VO,/carbon aerogel " Aerogel 52,00 5.20

CNTs/VO,/ANF o Aerogel 3.70 Switching characteristics
RGO/V 02[28] Aerogel —49.00 7.27 Switching characteristics
CU9SS@V02[ZO] Lamellar-flower structure —56.98 6.86 /




18 it = M

5 46 3

1.2 1.2
(a) —40°C —50°C —60C (b) —40°C —50C —60°C (c) —40°C —50°C —60C
—65°C —70°C —75°C 1.2 —65°C —70°C —75°C —65°C —70°C —75°C
1.0 —80°C —90°C —100C —80°C —90°C —100 C 10 —80°C —90°C —100°C
> 108/ -
:*g 0.8 § §
3 8 0 3
i 06 e &
0.4 0.6
0.2 S ——— 04 . . . 0.2 - : : . .
3 6 9 12 15 18 21 24 3.0 35 4.0 4.5 5.0 8 9 10 11 12 13 14
Wavelength/pm Wavelength/um Wavelength/pm

K4 VO, 4K K TR 40~100 °C EEMLANE RN ™ (a)2PB(2.5~25 pm); (b) PLTAMEEE (3~5 pm);
(¢)ILLLHMNP B (8~14 pm )

Fig. 4 Infrared emissivity curves for VO, nanopowder pellets at temperatures ranging from 40-100 °C

[42]

(a) full

waveband (2.5-25 pm) ; (b) mid-infrared (3-5 pm) ; (c) far-infrared (8-14 pm)

(0.75~3.00 um) . 1 £L #) (3~ 25 pm) Fl I 21 4h
(25~1000 pm) ', i VO, 76 2.5 um 321 41 % B
1 3 i AR R A 3] 50% LA b, T AE g £ Ab
W BLLT AN R B R AR B T 3% 60% . WOZ R R
TELLAN 138 B B | 15 REBE 08 . 8 et 5 42T 4
W B BT R R SRV S AR B Iz R
HE I, S SO B 2 et | 2 PR BT 244y
BT 3 HHEEAN,

SFFITF VO, MILTAME B BLEL, B8 IS,
e L ) 7 7 ) B S R R 2 4R T
FFHARAS YL BE A IR, [ R T 43 2 RO AR T
IR EF R AR T B MR Li %7 4
T —F TatB741) VO, I, HAE 4% (7T 0550,
FIA)) Ta i FARAS IR J9 24.8 C, RESCILE IR T
(AR . Zhang 2517 K 3 ER 4% i o 45 4
(W)#BZ VO,(M), 842 0.7% W 1) VO,(M) i i,
F VS R A YL O 42.7 °C, LR 61.7%,
KR AR A 11.7%, %0 AL 2T SN B ek
P FTRT 5. Kim 25 4R T — R RS 15 B2 0T % IR
T WA T 1 1 e 0 B 2 Ty LA
W kB 9 B L (VO,) JE R, b Wt % B
] LAAT A VO, RS I B R SR . i
e AR BT B ) W, SRR B B R PR A
RS PR, BB R LT A A B RE . Wang
A0 gl VO,/AL E A R B 50% 1 VO,
FE 30 C WHSZELT 0.54 AR 1%, WiFE 100 °C A
R 25 0.43, [7] B8 FH 21 /1M LG V0 EG 26 1 T A0
53.4 C. MLTHEA2RE TIB2, 12 i E
BT RS BT . Li S0 R T R
Jik -5 JO v 45 4 SRR K B L WIALEE 5 2% VO,
K, R 4R B T A HIAR IR R E 43.8 C,
LT AN K SR N ZE TR Y 0.99 FRAIRE 90 C R ¥ 0.51,

ARG IR . AR, B VO, SRR i 17 1E
B AL PR E MR, Al 9T 24 2o re F T/
ALOs, F RSB R R B R s ek 5 T g e e, %
R SR R AT Bk X

SR T 524 B AEA ST S IR B, 3275
V2 HIME, EL2x 500 £T A0 % 5 SR I VR L, U,
Chen %" JF % 1 —F i Mo #8241 VO, LI4M &
Bkl BASRTR LTSN R SR A RS T 153% .
BB AL T VO, B 2B HDERT ST . {HZ,
it Mo® 24 (= 14% ) 242 AL ™, S50
FHER IR T 20O BRI, T, BRI K
AR K T VO, LT AN R RHE 22 4 8 TT
LINTFSE, K48 T R B2 2K VO, (A8
ASTRLIE, JEXE AR BB 5 % | LT AMB I RGeS
B R, AE SRR FH T, R bR 1o
SR SIS IR 5 4TS B R P

SFEARSK, A RS BT HETE VO, LT AN
BRI T I AN o 38 3 I 2 A R v K
B R BRI 2T M 0 22 Yk R R
7, AT AN MERE . M H TR, 90k K
WS4 SR 2R WL o T %5 F S SR
B K BB L VO, GU KB, RN B K B
B AR S, 38 3o T2 o o S 9 A AL
AR SHR . FREHe, Li % R T — R
e -8 TS W 4 4 R AR KT £ T g RS Y
VO, (M) K JUAL, H LA 1 5 I A EUIE (B g
LTAMNG B LR, SXEEH R VO, MRHEGR R T
() A A T SR

K VO, 508Uk . Ul vk 2 1 1), %7 %
T LA I R E AL & I 72 2, A 30Tt
FERHE R R E . Li 25 SR RIS S U
e85 VO,(M) @SnO, 48 K Wk:, FIH SnO, 142



5 4 39

BULSAAL TR I8 5 2B B bR 5 19

AR R M. [RIRERY, Li 25 45 3k
T#i5E W-VO,@CeO, FHKRL Y 2T 4 5 58 57
IR, J T VO, AHAR R Al fe K 2T 40 & i R AR
LB FEA R T 0.41, A CeO, L7 5 HilB mi /K M
fiE 48 FH b1 RE 2R 5% 38 M 5 AR M, A A0
VO, AR, KBl Bl 156°, LAk, ST
FATEARTR pH (-5 188 TR IHER B BB K,
b ISR AL R AT R e . AT AN S S R
KFEA PN 5 iR

Refiestton 3 AREAM)
X -
"b,“d J

" IR radfieffion

Thermal radiation

Heating platform T

Thermal radiation

& /O, @ CeO, Air cushion o Water droplet

5 W-VO,@CeO, HiELT /M5 FIE B KN &
DR (R
Fig. 5 Schematic diagram of the infrared stealth and superhy-
drophobic coupling mechanism for W-VO,@CeO,
based film"™”

Ti 41 ) £ b VO,/ZnS BT S, B AR
THUEAIE, B 1k VO, EAb R V,05 3 UM As M At
TR, ZnS 2J2M0E T VO, 49K Bk fBita, 5
(o a3 1T UG D (R Gk 65, 5 VO, BRI 1
STHMIPEEARSE A, 35 LT 20 AT TG 22 0 B
B bkl D VO, BARAS R, %6 RS2 LT 41
KETERARAE TS 0.28, HAME < LA 6.

8 T RZSE L5 AL, URERIR I VO, AT LU AL

0.5

(@ —30C —40C —507C
—60°C —65°C —70°C
0.4} —75°C —80°C —90°C
o —100 C
(8]
0.3¢
8
[§]
20.2
[0]
x
0.1

3.0 3.5 4.0 4.5 5.0
Wavelength/um

B 6 VO,/ZnS A KA BRE 30~ 100 C 5L T N B0 2T AN ST 2 i

S EA K SR, Gao 255 g T —Fh LT
VO, KB ) BZS LT SR AR, HLk s
LIk 046, H LY VO, BL2T A1 B Ak H 41 4h
R S 2 L P 2 AT ARG, T A 8 R A X —
A4S, TR IR T T 2T A o B R AR R L 1 A
JRTT RE 2 AR G AR, DU B N T R B T
o e — ) B, W 26 SR T A5 T30 Ak o1
% CaF,@VO, FEaE MR, it U Fhas 7
VO, 2R I BE | BURHA RS BORIG 2 5 B
E SR =¥ (%W AR 8 [ 240N R o
FERLT- T SE 2 I RE LEA 0.12, BURMAFR A 80k
6%, VR IEIEEE K 30 pm ZE AT, U2 0 P45 4T S %
BRI 30 °C BFAY 0.47 BEME] 90 °C B 0.83, &
RSB N 0.36, SCIL T 2T 41 % 5 2R B L g 6
B, B5E T VO, SRR R S

I8N, it 24N RHE VO, BTSN AR
| AR BARERL, S A REIRIEL R S IR A & B
WLLE Ay, B R R AR T A Pk e . Li %7 A
v, 237 2 30 1 45 LA R TR A8 I S 1R 1 — 41k L/
B /R NG (VO,/PEG/PAN) & 4 44 K 27 4k
VLR, B 2, — I YRR 75 5 R v 2 A i 4
B, AR R R RS, IS VO, D4R 5t
HAHASFEELE A, 150 B (5 1 5 T R 21
SRR ST, RIS 2 R AL E R VAT, TR
B AL, T LU RO VO, 5 AL iR, 52
M 40%VO, T7E 90 °C FLLAMNRE N 0.16, R LI 4k
Ba B AR AL T TR 76 VO, SRl S A
B GIR, ST AL RIS VO, SR
MIGE A, 523058 TR (19 21 SN K B 5h 25 00 137 44 )
Fang % ™% LS 95 15 o 51K, 1 % ATO/PAN-
XVO, LR A bR, 45418808 (ATO) 1
P RS, B TR T, L ep SR, 2T

o5l()—30C —40C - 50°C
' —60°C —65°C —70°C
—75°C —80°C 90 °C
o4 —100C
o
§03¢}
O
ko)
% 0.2
(2
0.1 w’
0OF

8 9 10 1 12 13 14
Wavelength/um

(a) HPIFL NI (3~5 um);

(D) KIELINER (8~14 pm)

Fig. 6 Infrared reflectance curve of VO,/ZnS core-shell nanopowder pellets at temperatures ranging from 30 to 100 °C

[18]

(a) mid-wave infrared range (3-5 pm) ; (b) long-wave infrared range (8-14 pm)
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(a) VO,; (b)VO,/CA(chitosan)
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Table 2 Main parameters of absorbing materials based on V,05; and V,05
Absorbent Microstructure RL,,;,/dB EAB/GHz Thickness/mm
V203/Zn@C[75] Wheatear shape core-shell structure —56.50 5.25
V203@C[(’5] Nanorods structure —56.00 7.21 1.70
NiCo@C/V,0," Petaloid structure —57.40 5.36 1.60
Co/C@V,05"*" Hollow spheres structure ~40.10 4.64 1.50
RGO/VZOS[M Composite hydrogel -21.50 6.36
V,04 sphere[“] Bilayer core—shell structure -67.12 5.49 2.20
V203@C0/Co304/Ni[74] Core-double shell structure —59.60 6.80 2.26
V,0,@C/BWs'*” Heterostructure -59.30 6.56
V,05-conducting polymers ™"’ Organic-inorganic heterostructure 6.00 1.90
V,05-P ANT Organic-inorganic superlattice structure 6.40 2.10
V,0;@C"* Original spindle structure -19.50 5.20 1.70
V,04/C"* Chain-like spherical structure -34.05 7.52 2.35
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