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Abstract: Modemn warfare puts forward new requirements for weapon equipments, such as long-distance delivery,
precision strike, high-efficiency damage and strong survivability, hence traditional energetic materials face unprecedented
challenges. This paper reviews the main bottlenecks in the development of CHNO energetic materials, energy and sensitivity,
stability contradictions, and energy storage-release limit. The research and development trends in cage compounds, nitrogen
compounds, polymeric nitrogen, and hydrogenium at home and abroad are briefly introduced. Based on these ideas, new
strategies are proposed to design energetic materials by multi-scale methods, and further expand the molecular energy storage
system according to the explosion features of explosives and the control of reaction rate. Some potential design approaches to
energy storage based on atomic combination, molecular combination and micro/nano-structure composites are recommended
to carry out extensive and profound researches in energetic material fields.
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Table 1 Typical explosives

Time Explosive Discoverer Characteristic Application
From natural mixing to .
ificial thesi 1885 applicated,
artificial synthesis
1771 Picronitric acid (PA) P - Wolff( England) Y B8 main explosive of
open the way of modern
. World War I
explosives
1863 Trinitrotoluene ( TNT) Julius Wilbrand ( Germany ) High explosive 1902
1887 Triaminotrinitrobenzene ( TATB) Jacson C C(USA) High explosive 1960s
1899 Cyclotrimethylene trinitramine ( RDX) C Hengning( Germany ) High explosive The end of 1930s

1941 Cyclotetramethylenetetranitramine (HMX) W E Beckmann( Canada)

1987 Hexanitrohexaazaisowurtzitane ( CL-20)

1998 1, 1-Diamino-2,2-dinitroethylene ( FOX-7)

1999 Octanitrocubane ( ONC)

5,5’-Bistetrazole-1,1’-diol

[1]
2012 dihydrate (TKX-50)

A T Nilsen( USA)

Nikolai V( Sweden )

Philip Eton( USA)

Niko Fischer( Germany)

High explosive The end of 1950s

. . Not yet equipped
High explosive o
for application

Low sensitive high explosive Not yet widely applied

The cost is huge, and the
measured value is far from Non application
the predicted value

Energetic ions, green Not yet applied

AL, A ELMERRAB T %8, N TNT
(BE p=1.65 g/cm’, $B&E D=6950 m/s) % HMX (p =
1.91 g/em’, D=9100 m/s), &L T 78 4F, fgfefith 2
P T2 80%; FHE CL-20(p=2.04 g/cm’, D=9400 m/s),
Mg T 46 4, HAEERE R HMX 5 T 8% ~10%, T
WA R EREAL, DU S & KRR, Ltk
&7 80% ( TNT. ## i & kBE& IS=15J; CL-20; IS=
3, A KEBRAL, H2arsiR) , drr i, %
R BEM B AR J ol B 2215, BB A 1 I A H
Zig
2.2 BRESBERREMRAB

e SR E RIEA I E W T RE TR bR, R
TEOLT, AER B S M AEZy, HIRER S, et
2%, XS TIEA R S LRt B2, MU
S, 1S T LR SR 2 R D (RE T O ARAE
SRz —) 5 (RrETE R Hyy, RN 50% K KA

RETEMBELRE)MXR, TUAED, BE8s&
(M HE 25 Fo e o R RS, R R, RN, R
Z, BB ES, HiEGgRe, “ethdig
Ho WX —FE EERE RN MR E 2
W AETHEL r T2 f, BB M A9 20 7 Hofb 22 S ik vy,
ST MAENL, 7T IR R Ak, PR
WE, WAtk Wik, AR SRR KRRtk
FIREBIE, A5 FEZY AP I = ZE M aE M DL UM R, X P A%
TR ERE,
2.3 GBS TFHINVCEERERE CEIERR

ELHI & e T E TR LI—NO, M EUR A /Y CHNO
KA AY ., Gt R, S FICFRE RS Hw
FEAAAEIEMIE KR, WK 2 frs, T AL A%
JEERR(2.2 g/em’), (AL A7 BE B O 2B PR,
HE I B8 W o, LI—NO, M EUR LAY CHNO 2%
YEZG Y R R RE R AT RE LL HMX U5 319,
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Fig. 2 Relationship between energy and density of explosives
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3.1 ERWMELEY
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Relationship between energy and safety of common military pure explosives

(HNHAA) 55, IR A o e e i ARG 32
WAL, CHIIASEE E RO AR TR,

S # Liebman 555 $2 11 Tk I AEMER, T8
JEor T PIAS C—C BEIA] R A A 2 PO A4 109. 50, Wn7E
ONC HPIA~ C—C ) f1 R 90°, 4 7= AR Ky sk 77,
ik SIREZIN 657 kl/mol, # ONC HATH KM L iks, A
XSG TR ENE, PR APERER,

3.2 AENGUREAR

AR TR IR, AR AR A i
JE, RS Y AR, IR RFAEIh A
B, HEGRIE, B THE kI n] e A M AR LS
%ﬁ N4[6] R N8[7] R NGO[BJL*#O

FEH Los Alamos 256 %= 1Y Ray Englke ﬁﬂ:%/l\éﬂm i
HESHEe TR T RIE T (CH) N, [0<n<8]1L
TBerIrERE, IOV HRER B m T AL, £ 2 N,
SEITRER BRI IR TS, S5 R R, N A g
Ji T HHT BT AT BB 25 R i, HOBR R R 29 & HMX [
3 4%,

F2 Nyumieiseit SR SO R LLE

Table 2 Calculation results of N cubic alkane properties

compared with some explosives

Explosive Density/g - cm™ Dejtonalion L Detonation
velocity/m + s pressure/ GPa
N, cubic 2.25 13920 114.6
alkane 2.45 14750 136.7
TNT 1.634 6928 ( measurement) 19 ( measurement )
HMX 1.877 9010 measurement) 39( measurement )
CL-20 2.044  9650( measurement) 42( measurement)

2R EMELS KGR, B N, B TFELEGY
AT T EBUE T —Se R L 1999 4E 3£ Christe 2 B
G NS AsF, . B As S R —FhsR E 1k
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R N~ e . 2017 A7 R 5t BT K 2% 0 1 A i B
AR 58 T N B T e A

RA A AL LA 50 S RE % AR, 1985 4F,
] &1 S0 7 R e T R U B DA A i — A
ok, MR AE IR, RAR, 2004 4F, fE[H
Bl R s AR A R4 L BUS%88%, 7F 200 GPa,
80 K AT FE ™ B Ak T 3% B s S 7 A A (&M
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Fig. 3 Design strategy for metallic hydrogen

SREAREASBESHEENESEET, BARE
HIREREE T, 290 218 kI/g, H HMX(5.53 kI/g) 24 40

i, EHFERER S Y T, R R,
2017 4EEE¥E Y RHERIAXT TR A, %
FBARTELASAE T B YR il 4 A 4 R R S (81 4)
HHEEH, &4 FHNEEAAT 300 GPa LI LM ES,
AR R AR R S R S TE R R T AN BE K, (RS
SIRECN TR Z MR & iaR, Lk L, &EA
KBRS T A EEMuT R P RERBHICER, i
RHEAA RN E R, )2, 2 FRERNA
AW IR AT SR PR v 5 42 o) 6 R v B REAA )

ﬂTransparent H, ' Reflective H

. - )

205 GPa 415 GPa 495 GPa

4 RIFEHFampa

Fig. 4 Hydrogen stages at different pressures[m
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Fig. 5 Schematic of the structure for CL-20/TNT cocrystal explosive2']
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