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(DNFX) B 45#4n Scheme 1 fif 7R .
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Scheme 1 Structure of DNF and DNFX
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FESZRR A T DNF J2 — il T 3 G 4 v fE
JEAL B W TG PE R TT , T 5 i — AL 1 RE ARG 53 4 1ok i
it R AL SRR A X sk A AT
RS M K A5 KL P B N, AR R i BEAL B, 0 3, 6-
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Scheme 2 Synthesis of FTDO

Churakov A M 22" 5t FTDO $#E4T T 454 = 4F Fi
PRI, W58 K W], FTDO J& —Fh 8 (& Ik, o] LLAE
0 CHY AT KB R E TR, HIE 8 110 ~112 °C,
W 1.85 g - cm”, 4 A 660 k) - mol™', 4K
9802 m - s~ JEJE 44.78 GPa, 1 DL 7E 2 fg M B} 45 35,
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Scheme 3  Synthesis of DNTF
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Scheme 4  Synthesis of DADAF and 1
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(YRR SIERS

(2) 4,4 -—fg3- 3,3 & kg ( DNAzBF ) i
4,4"-ZfHEE-3 3 -4 AL Ak I ( DNABF)

1994 4 Novikova T S & A\ HE AR T 4,4 -
TRHAE- 3,3 A K[ ( DNAZBF ) Fl 4 ,4"- i 3-3
35 AL A K iH ( DNABF) , 2549 41 Scheme 5 JiT7i .

W5t £ W], DNAZBF %% 1.84 g - cm ™, 4= &
703 k) - mol™ 4 18.7 GPa, 3 9700 m « s,
FE TR REAEE R v AT BRI B T2 N P T S
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Scheme 5  Structure of DNAzBF and DNABF

(3) [3’4'C :3’,4"81'5(/1'];5'][;['[1 72 75 ﬁ]'lﬂ%(DFT)
2000 4, % [E Los Alamos B % 525 = 1) Chavez
D % AUV SR = SR IR AR A AL 7 S 1L DAF &
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T DFT, &%k an Scheme 6 fAr/s .
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Scheme 6  Synthesis of DFT

Chavez D %'/ xt DFT 34T T 8 , A U | 4
SE R FNLRE PR RESE SRR RAE NI K . WFE R B, %4k
BWERE S 1.91 g - ecm” S Jy+204 k) - mol ™',
rn PR ZEF BF ST R W] DFT J2& — AR5 4, I HL 4 i Jk
JERIAEl 4 em (2.5 kg R B ), W] DU AR S 5 24
LR REM KL

TGN T ST AE R A S DGR I H e — S Ak
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Table 1 Properties of furazan type nitrogen-rich compounds

without hydrogen

structure denSity AH ? p b
/g-cm™ /K -mol /GPa /m-s™
N3 N3
N; (N N7/ <N 1.75 1039 28.45 8008
\O/ \O/
7/ W/ ( 1.92 421 37.13 8980
N\ /N N\ /N
(0] )
O,NO, ONO,

N)/ \ 7 <N 1.96 281 40.51 9320
) \< /! 1.93 567
N

40.92 9410

>_< >_< 1.93 675 40.31 9350
/20 WY A

\O/ 0
¢
ON N=N NO,
H >/_\< 2.02 668 - 10200
¥ Nn" N\ /N\
o ~Q 0" 0

Note: AH{ is enthalpy of formation, p is detonation pressure, D is detonation

velocity
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AW A Ok P SR PATIN F T SAR oE A B i 51 A
SRR T S5O b oA 2R U 4R 2116 k) - mol T,
(2) A F T BRI, 4 AR E M. N —N—N
(O) —=E—N = N—5 LI L O i 3L Je 2 4, 57
ArPEE K. I DAAF J3fif il B i ik 315 °C, R RUE
KTF0.36 )70 ) HMTREUESWEE., WA
AR ) BBCA 2 1 20wl A A RO BB — R ML AL 5 ) 10
JE LU PTRIA PR B AR A S YR o S AN SR
MR R I A 45 0 EU A AT R ML 5 0 5 T A e, T B Y
JELPA SR = — 7 T 4R 1 4 45 B 243, 55— T T A O AR
FA R . B T3 RO W N 1.66 g - cm” L
AIEMR1.70 g+ em™ SRALE A KM 1.75 g - em ™
(4) A FIFH2 w13 e MR R o BRI F BA
IR AR 2 9 ok i A & 90, —N = N (O) —HAil
—N = N—ZE 5L 0k 0H Ak 5 P i K% 80 AR T 2 A
SRS/ IPVRURLEIN ANV RUEINE 2R f i B NUNLENEOPE SER
Wk 71407720 8070 km - s7' HEEAR K K 21. 46,
25.55.28.44 GPa,
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ZREAEY 45T L —E RIS, SEME S
VI A R 4 v L B R T R A I R AR
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(1) 2,4,6-=75%-1,3,5-=1( TNTA)

1995 4F Shastin A V 257 & pi it 2,4 ,6- = A4
3#-1,3,5-=8(Scheme 7, 1),

FFER W, TNTA B R 90 ~91 °C, By B IE 78

SRR ATE , RRERAFAE 5 ~10 CYy CCLIEHB H -
D7 B AT & A = AN 2, ol LUAE — € R L oR kb =1
HRRATENAL,

Shastin A V 2V S pF 5% T R = 6 45 = %
14 2 A% B A o = W8 A A 1 AR 0, B AR DR IE & gk
AW AT A R SRl L AT AR AR ML B . ke
A LA (Scheme 7)j~7§' FEBACH Py — A8k
PR~ A 5 5 AT 8 AR o Eﬁﬁifﬁ%ﬂﬁrﬁtﬂﬂé
E(Hﬂﬁ*ﬁﬁ%ﬁﬁﬁ?ﬂ’ﬂtﬁm RIS T2 [ R

CHINESE JOURNAL OF ENERGETIC MATERIALS

ATy IR 5 1. 96 ~97 °C  {HLIX 1 4 Joi A Xt BE 482 R
Ji o WU

C(NO2)3 N3 N3

A .
I N—v— i

OoN)3C

Scheme 7 TATN and its derivative
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2012 4, Venugopal Thottempudi'™ & i T = (3-
fiF-1,2,3-=m) 28 2549 10 Scheme 8 firs . BF9Y 3R
By, = (3-fiFfAE-1,2,3- =) 1Y 73 ik il 2 38 °C L%
JERE1.82 g - cm” AR AE 2113 k) - mol ™' 1R R 2
31.20 GPa, g & 8376 m - s™' Ut ol WL, = ( 3-f)
1,23 ) IR A LS L ORI R R R

& — Fh B AV AN Y 2 R B W

OZN\N/N\ /N\N
\ |

3

Ve

Trinitrotris(triazolo) benzene

_NO,

Scheme 8

(3) 2,2" (B (5-AgFE pams ) A1 1,1 - & A (3,5-
TR ,2 4=

Klaptke T M % M/ 38 & L T 2,2 (B A ML (5-
WyFEpUmE )  HA N8 254y, & —Fh b RE A B9 & BE 1L
A, R 1092 k) - mol ™ R <1 )

1999 4f | Jeffrey C B/ & T 1,1 -ﬁ;x:m@,&

TRHEE-T,2,4- =) HAT R WO PEREARA
ON
N02 02N ~
N
/‘\ N N=N—=N Y Y N—N=N—N J\
\ =N \, =
N \( NO,
Scheme 9 2,2'-Azobis ( 5-nitrotetrazole ) and 1,1'-azobis
(3,5-dinitro-1,2 ,4-triazole)
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C—N# LA LA A AP EA RGP,
Al L P g 2y S5 4, B 5 | T IR E I E A,

2004 4E £ [F Los Alamos Natl 524 = A9 Huynh
M H V& 47586 T Scheme 10 L& IV, 44 7«
H4,4",6,6"-DUSHIEMA-,3,5-—F, HEER 1.
72 g cm” AR 2171 k) - mol™, DSC 4 43 i
IR R 200 °C, kA4 IVl i 8 & Ak AR A 0
o LA BUBAR &, PR AL, W AR B R AL, B
SEEANUS 3R BRI T e A

2004 4F Huynh M H V &R T A1V,
TR GG, B8 130 C (4 ), Ak
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PR 8.45 km - s, LAY BK L B AR R R
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Scheme 10  Nitrogen-rich compounds without hydrogen and
oxygen
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1890 4F, 2 [# fy Curtius f1 Radenhausen'®'’ % 1 T 46
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Scheme 11 N8 cubane and bis-pentazoles

HETTHEAF N8 L i %k 2.65 g - ecm™
PRI (2226421) k) - mol™ JE# 14570 m - 7' 1
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Scheme 12 Synthesis of N12
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Review on Nitrogen-rich Compounds without Hydrogen

ZHANG Ying-hao, DU Zhi-ming, HAN Zhi-yue, ZHAO Zhi-hua
( State Key Laboratory of Explosion Science and Technology Beijing Institute of Technology, Beijing 100081, China)

Abstract: Nitrogen-rich compounds without hydrogen have attracted special attention these years. Because these compounds do
not contain hydrogen atom without water vapor in their combustion products, and easy to achieve oxygen balance. The synthesis,
characterization, performance and research progress of nitrogen-rich compounds without hydrogen ( furazan type nitrogen-rich
compounds without hydrogen, nitro type nitrogen-rich compounds without hydrogen, nitrogen-rich compounds without hydrogen
and oxygen, and compounds with only nitrogen in molecule) are summarized, and their developing trend in the future was ana-
lyzed. So far, the nitrogen-rich compounds without hydrogen and all-nitrogen compounds are expected to have practical applica-
tion, and they are focus of application researchers.

Key words: nitrogen-rich compounds without hydrogen; synthesis; performance; application

CLC number: TJ55; 062 Document code: A DOI: 10.11943/j.issn.1006-9941.2015.05.017

CHINESE JOURNAL OF ENERGETIC MATERIALS bt A A 2015 % #2334 %58 (496-503)



