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Fig.1 The influence of fuel additives on the thermite perfor-
mance(RH:75%means storage in an environment with a rela-
tive humidity of 75%)
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e AR SEANINQ) A R AL (GN ) 5 W 255520 i =
JBF 3 =W (THT) , 2, 6- 2 5E-3, 5- i L-nk B -1-%
(ANPZO) . TSR K A5 v B TE & 90 A i TR
(NH,NO,) , i Uik R 5] (BCN) , i R £ (K,SO, ) , i fk
H M (NG) , 2 % F 2 5 (carbamate) 25 . H AT, 54K
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Table 1 Gas generating agent formula summary

gas generating agent classification burning rate performance literature

NaN,/CuO 0.3m-s" 0.6 L-s™ [34]

’ azides _ -

NaN,/CuO/Al 53 m-s” 3.9 L-s™ [34]

5-AT/CuO 0.57 mm-s™' 0.23 L-g" [50]
azoles

BTA/CuO 27.4 mm-s” 0.233 L-g"' [36,51]

AZT/NH,NO, - 0.959 L-g™' [52]
azo compounds

GZT/NH,NO, - 0.956 L-g™' [52]

GN/BCN 0.9648 mm-s™"' 0.299 L-g"' [53]
guanidine compounds

NC/NG/NQ/K,SO,/carbamate 6.532 mm-s™' - [54]

ANPZO/NH,NO,/KCIO, - 0.518 L-kg' [55]
oxazine compounds B B

THT/CuO 3.2 mm-s”' 0.26656 L-g™" [56]
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Table 2 Summary of composite thermite for carbon-containing materials

thermite additive  performance literature
Al/CuO

GQDs The composite thermite shows a faster heat release rate [66]
Al/CuO/GQDs
Al/Bi,O,

GO The linear combustion rate increased from 1.15 km-+s™ to 1.55 km-s™' [67]
Al/Bi,0,/3.5wt% GO
Al/Bi,O,

CFO The composite thermite can reliably detonate RDX explosives [68]
Al/Bi,0,/CFO
Al/CuO

CNT The ignition temperature is reduced by 71 °C, and the activation energy is reduced by 23% [69]

Al/CuO/15%wWtCNT

Note: CFO: carbon fiber oxide; GO: graphene oxide; CNT: carbon nanotubes; GQDs: graphene quantum dots.

B AR A 003G 1 50 AR Y P RE AR R
PERE . LA GQDs 2 5L 4148 ALKy Fll CuO #3153 3 52 &
BRARTR, LB AR O T BEIR A 1Y AL/CuO FR AR
Thiruvengadathan %7 LI GOk F[m 7] H 412515 58] T
Al/Bi,0,/GO & & 48 #45] , R B2 )% 1 i Al/Bi,O, K
60 MPa 3§ & 200 Mpa, #A 3 M 1.15 km-s™" $2 &
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Ao AI/CNT A Lo ALK T4 (Y T30 AP BR L i B RS 1Y
%188 kJ-g"7". CNTHIA AI/CUO J& , #7431 ) 15k
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Table 3 Performance comparison of aluminum-containing

explosives

Aluminum ex- .

. Performance literature

plosives

TNT P,

TNT/AI P, P,/P,=1.21
Overpressure/KPa [79]

TNT/Al/Fe,0, P, P,/P,=1.25

TNT/AI/CuO P, P,/P,=1.35

CL-20 Underwater overpres- 15.16 [80]

CL-20/Al sure/MPa 15.51

HMX 1806.9

HMX/10%Al 1840.3
Fragmentation speed

HMX/15%Al i 1862.5 [81]
m-s

HMX/20%Al 1905.6

HMX/25%Al 1850.8

Note: P : TNT detonation overpressure value; P,: TNT/Al detonation over-

pressure value; P /P represent its ratio;
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Research Progress of Composite Thermite

LI Shi, GUO Tao, LIU Xiao-feng, CHEN Jia-lin, YAO Miao, DING Wen, SONG Jia-xing
(College of Filed Engineering, PLA Army Engineering University , Nanjing 210007 , China)

Abstract: Improving the reaction performance of traditional binary thermites is one of the research hotspots in the field of energet-
ic materials in recent years. The introduction of additives to form composite thermite is an effective method. According to the ap-
plication fields and the different effects of additives, the composite thermites were divided into fuel-enhanced type,
gas-producing type and modified additive type. The research status of composite thermite and its related engineering applications
were reviewed, and then the new research directions and ideas for composite thermite were proposed, including the use and
preparation of new alloy fuels and alloy hydrides, the combined use of non-azide gas generating agents and thermite, the influ-
ence of the types and amounts of inert additives, and the coating technology of the binder on the surface of the thermite, etc.

Key words: composite thermite agent;simple substance;gas generating agent; modifier; binder
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