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Table 1. Compositional ratios of 7 types of com-
posite infrared decoys with varied ZrSiO,.

Formula m (Pby0,)/% m (Mg)/% m (PTFE)/% m (ZrSiO,)/%

1 35 50 15 0
2 33.95 48.5 14.55 3
3 32.9 47 14.1 6
4 31.85 45.5 13.65 9
5 30.8 44 13.2 12
6 29.75 42.5 12.75 15
7 28.7 41 12.3 18
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%2 14N ZrSiO, BN A 4L AMFE R 25 A i o ey

Table 2.  Weight and height of 14 samples of composite infrared decoys with varied ZrSiO,.
Formula 1 11 Average
Weight/g Height/mm Weight/g Height/mm Weight/g Height/mm
1 15.99 12.97 15.98 13.01 15.99 12.99
2 15.99 12.96 15.98 12.90 15.99 12.93
3 15.99 12.95 15.99 12.85 15.99 12.90
4 15.96 12.84 15.96 12.83 15.96 12.84
5 15.97 12.61 15.97 12.75 15.97 12.68
6 15.99 12.53 15.95 12.74 15.97 12.64
7 15.98 12.45 15.98 12.41 15.98 12.43

B 1 14 AR ZeSiO, s ik Vi G 21 4155 1H 570 245 B A &
YA

Fig. 1. Photograph of 14 samples of composite infrared de-
coys with varied ZrSiO,.
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Fig. 2. Experimental setup and testing scenarios for com-
bustion of samples.
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Fig. 3. TG-DSC curve of basic formula of PbsO,/Mg/PT-
FE composite infrared decoy.
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Fig. 4. TG-DSC curve of Pb30,/Mg/PTFE/ZrSiO, compos-
ite infrared decoy with 12% addition of ZrSiO,.
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Fig. 5. XRD curve of basic formula of PbsO,/Mg/PTFE
composite infrared decoy (No.l) and PbsO,/Mg/PTFE/

7ZrSi0, composite infrared decoy with 12% addition of
71810, (No.5).
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Fig. 6. Combustion temperature of 7 types of composite in-

frared decoys with varied ZrSiOy.
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Fig. 7. Combustion time and burning rate of 7 types of

composite infrared decoys with varied ZrSiO,.

AR S AT B AR AR (R4 PbyOy, Mg, PTFE,
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Table 3.

Combution time, temperature, and burning rate of 7 types of composite infrared decoys with varied ZrSiO,.

1

11 Average

Formula sti i
T/C Combustion Burning

T/C

Combustion Burning

T/C Combustion Burning

time/s  rate/(g-st) time/s  rate/(g-s!) time/s  rate/(g-st)
1 857.00 3.01 5.32 823.90 3.06 5.23 840.50 3.03 5.27
2 822.58 3.09 5.18 852.19 3.07 5.21 837.39 3.08 5.19
3 830.89 3.16 5.06 834.05 3.11 5.14 832.47 3.14 5.10
4 817.44 3.37 4.75 824.39 3.25 4.92 820.91 3.31 4.84
5 809.42 3.44 4.65 798.71 3.53 4.53 804.06 3.49 4.59
6 782.70 3.71 4.31 788.54 3.62 4.42 785.62 3.67 4.37
7 761.32 3.77 4.24 769.59 3.69 4.34 765.46 3.73 4.29
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El 8 Fron it AS 7 MR ZeSio, BN in g
1R A LUAMAERIBC T 0 SR R4 f &l 8 I, Bl
FH 2rSiO, BN R (1'5—7 Sh ), SIRARE
Fegami/ N, L 1557 5 7 oS R R 2
/N, AR R BB EH—F, X RV IN ZrSio,
AT DASEA TR G 2T A AR R T)
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4.94

/(107 m?s—1)
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B 8 7 HFURIE] ZrSiO, SN iR A 4 /A T L 7 Tl R AL

Fig. 8. Thermal Diffusivity of 7 types of composite infrared
decoys with varied ZrSiO,.

F 4 Pb0,, Mg, PTFE Hil ZrSiO, ¥y BrE
Table 4.  Physical properties of Pb3O4, Mg, PTFE,
and ZrSiOy.

Material A/(Jm s K1) ¢/(JkgK"') p/(kg'm?)

Mg 165.1 1000 1745
PTFE 0.24 1050 2150
Pb30, 0.288 226 9100
ZrSiOy 5.1 800 4560

3.3 REEAEERANE R A L AMBERI LIS

ST IR S M
X 2R R R S T AR AL B, I
RSB (S) RARSESERE (L) 0RO (IR

IR BEET 400 °C YN, RIEREGHRE = L5 1,
SRR 19 s 7 RN ZeSio, #im
TR G LM H A C J7 328 2L MRS 5 B2 de I 41

SNIRIEL. 3 5 RAE PV ASUTHRER R G TR AT
(4 7 Fhiie S LL M TSR IO 7 CL MR S R PR

SRR E/(102 W —2)

L]

B9 7MAR ZrSiO, B iR A 21 AW R e 7 B be 21

SR
Fig. 9. Infrared thermal image of 7 types of composite in-

frared decoys with varied ZrSiOy.

P10 B 7Rk 7 RR G LM SR C i 404t
SR, 3B 1 R s A AR LR AT A, 2R
L ZT 51 5 5 T T S5 i JEE B ZeSiO S I A

* 5 7FOARRE ZrSi0, BRINR G LD/ M R BC T R R

Table 5. Radiation characteristics of 7 types of composite infrared decoys with varied ZrSiO,.
I I Average
Formula Radiance/  Radiation .Radlé‘.tlon Radiance/  Radiation .Radlaf.tlon Radiance/  Radiation Badla‘Flon
(Wm2sr!) area/mm? intensity/ (Wm2sr!) area/mm? intensity/ (Wm2sr?) area/mm? intensity/
‘ ’ (Wesrt) ‘ ’ (Wesrt) ‘ ’ (Wesrt)
1 2134 54957 117 2071 46744 97 2103 50851 107
2 2067 50508 104 2329 51714 120 2198 51111 112
3 2452 59449 146 2470 55706 138 2461 57577 142
4 2240 43043 96 2410 59574 144 2325 51308 120
5 2317 41358 96 2277 40256 92 2297 40807 94
6 2256 39882 90 2290 39050 89 2273 39466 90
7 2228 38302 85 2248 36888 82 2238 37595 84
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BERIFEIER, H Y ZeSi0, WINLLH N 6% i, ik
F i KAE 2461 W/(m?-st) Fll 142 W /sr. SR &
ZrSiO, WS INHEAR S 3G A, T 24 FE A ot B 55 5 E
RSB AT AR, H Y ZeSiO, BN sl 18%
LA 9% LAPIRE, 254408 it i A 5 JBE I S it
B PN i T L

2500 150
—o— Radiance —~
. 2450 —=— Radiation intensity {140 |,
L 2400 | :
7 1130 E
s 2350 | <
g {120 %
- 2300 17}
g 5
§ 2250 | {110 *é
g 2200 =
8 41100 .2
T 2150 | =
fat J g
2100 R
2050 L— . . . . . . Igp
1 2 3 4 5 6 7
Sample

Bl 10 7 FRIE ZeSiO, VR BN EHIR G L1 SN TE 57 e Jr 4 S e v
Fig. 10. Radiation characteristics of 7 types of composite in-

frared decoys with varied ZrSiO,.

MR SCHFFE 14, PbyO,/Mg/PTFE 21 /M7
FIEHEH Mg 5 Pby0,, PTFE WA C, MgO,
Pb il MgF, >k 5Tk 4m 5f, o C 2 4h & i &
v R R S B DTERIRE. 1 ZrSiO, JEik & R
B T 18] HAE T AT AN BE N KRR T MO
(0.15—0.45), Pb(0.05) Fl MgF,(0.72), ¥ H.#%ik
T C R FFRAE (0.85—0.9). 2 T HE 5 552 B L
LSRRI, TT LA SN 7 4 R s 0 s B8 79 1 T
PEATARAT. AE B = T AR 1 AT AL 2 SRR
1S DX 2 o L A9 3% et T w4
RN ZrSiOy, XL E B H 4 SE Ak Ly HEA T
SRS T, AR AR S 5 R N R A T
B HEIN 3% K=Y, C H ik Hrp— 5y, B ANE
430 MgO, Pb, MgF, 4, Ti# ZrSiO, &4/5, H
F ZrSiOy RS 5 RN, P AR R R EL Ry 3%
) ZrSiOy, L2 T Fife el 3% FEfhid 7725 I i
AR C R, R4 ZeSio, RETRIBALT C, Bk
T 7rSi0, 2, ArLLH ZrSiO, B Kemil fid )7 538
77 ) AR X e S B AR A . AR R L T
Thl: 2 5 ey BN I RE B R BT T B, (T R
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SRR AR S K. 3 5 LUR, BT3RSy L

INFEGT Y b SRR EC T AR ) C A [ AR 5 4k
P, M ZeSiOy o s MRS G, SRR 4 % 3
i, R AR B AR A, 3 B0 T R e 4
BV /N FH B 7= 40 o502 %o i 53 ) A R,
W, TELT AR S 58 BE TR AR W/, B 4 53] 7 5
FE I LTINS 5 B S0 N B, AN Sk B A A
P25 I HARZ s T IR T )7 18 21 SN R G 5L B
XRBITSIN ZeSiOy el (e 18% LA N ¥ RE 42 T 35k
iR IRAR AL B

T8 2T AN S 5 AR S S o o AR —
H, HHA ZeSiO, B il /N 9% Bl 5 i
LU JE R EC 7 A7 BTG .

4 % i

23w 7 MR ZeSio, B IR A 40 ANAH
FIEC T SLIBAE T LB, BN ZrSi0, J5, FEAm A
ORI RR ORI (A AR /I, AN A2 2% . B ZrSiO,
WS IN BT R, B el BRe T B R SRR ARG, IR T2
RHEC 7 s S MR AL s/ N, DT AR e i 1] SiE
. TELLAMR LR W A2 SO e BE S N I 8 434
RN, 24 ZrSiO, W LBk 18% LA AT 9% LAPY
st Sl 0t S Al B 328 21 AR S e B AR B R A
FEFEH, B4 ZeSiOy WML 6% B, # Shix
21 AN G 5 B RN o B 23k B R KA. IR, E
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Abstract

Traditional composite infrared decoy, magnesium/teflon (Mg/PTFE), has been widely used in countering
infrared guided weapons since its advent. However, with the development of infrared guidance technology, its
drawbacks such as insufficient far-infrared radiation and high combustion temperature emerge, making it
difficult to counter novel infrared guided weapons. To address this issue, a strategy of utilizing zirconium
silicate (ZrSiOy) as an additive is proposed to improve the infrared radiation of infrared decoy. Therein, seven
formulations with different ratios of ZrSiO, are designed based on the basic formula of trilead tetraoxide/
magnesium/teflon (Pb;0,/Mg/PTFE) mixed powder. And the effect of ZrSiO, serving as an additive on the
performance of PbsO,/Mg/PTFE infrared decoy is analyzed through experiments. First, initial experiments are
conducted on the thermal decomposition characteristics of the basic formula (ZrSiO4 addition ratio is 0%) and
its variant counterpart with 12% ZrSiO,. Subsequently, the combustion behaviors of the compacted formulation
samples are examined using an infrared thermal imager operating within the 7.5-14 pm range, subsequently, the
combution time, combution temperature, burning rate, radiation area, radiance, and radiation intensity of
individual samples are computed. These results show that incorporation of ZrSiO, reduces the intensity of the
primary exothermic peak during the reactions with a mixed infrared decoy agent, yielding suboptimal thermal
efficiencies. Furthermore, the combustion durations of the samples progressively increase with ZrSiO, addition
increasing, accompanied by consistent reductions in their combustion temperatures. Specifically, the sample
reaction time peaks at 3.73 s at a ZrSiO, addition ratio of 18%, while the combution temperature drops to a
minimum value of 765.46 “C. Moreover, the far-infrared radiance and radiation intensity demonstrate an initial-
increase-then-decrease trend with ZrSiO, addition increasing, thereby achieving the maximum values of 2461
W/(m2sr) and 142 W /sr, respectively at a ZrSiO, addition ratio of 6%. Furthermore, the far-infrared radiance
and radiation intensity of the base formulation are enhanced when ZrSiO, addition ratios are kept within 18%
and 9% respectively. Based on the comprehensive analysis of the experimental data and considering the
requirements for the infrared decoy in practical applications, a formulation with a ZrSiO, addition ratio of 6% is

adopted as an improved formulation for the Pb;O,/Mg/PTFE infrared decoy.
Keywords: infrared decoy, thermal decomposition, thermal diffusivity, radiation intensity
PACS: 44.40.4a, 42.70.Km, 82.33.Vx DOI: 10.7498 /aps.74.20241048
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