902

AR, PHIGE T, B SCHE AR L TR AR, o SR W]

XEHE:1006-9941(2020)09-0902-13

RDX.HMX X CL-20 R EE EHTHRIHRE

BB ARFLEELFRALK

BLRBRLERF RN

(. FEREERAFHE LD F S, R4 A4 230026; 2. PEMERARAAFHEZL, X4 4 230026)

w O=E:

Fh =0 I = A e (RDX) B 07 3 DU it i CHIMOXO) S il 228 7S 280 2% S AT 2% 58 (CL-20) = i 22 f 80 3 READRHE i T/ i

T B R AR AT R A AR R AE AR SCREE T = R R 2R R ] D B AR AR AR R AR A K B p-TAR I, D 5% RE B R
HORESEAT A RIS T Y CARSR IS5 o AR B AT BT S0, S BT B0 A AR AR WF 50 AT A 78 23 I8, DR 4 v T AT ) 485 44 38 A B

W, p-THIEUA 88 56 3% AR BIE T R WAFE W A o $8 IR

S i H S ST T 1) .
KA : R R SRR RL s A AR S AH A
hESEES: TJ03; O52; O76

XHEARERG: A

RE AR AN () i B i) e A AL B R SR TR 2 R 5 5 B R

DOI1:10.11943/CJEM2020088

1 315§

AR g 1 S B RE AR AL T4 55 RE A4 RHTE 5] B B 42
I PO B AR o KR 2SN T AT iz i B
AR R 2 B e e T R S A
FAF R, K 25 B R R AR e T R R XL
A 3 2% 1 B4 00 B K 245 A 7 A — R 5 B AR R
P BB o T K 2 i TR i T A o T BOHL A
PR A A B A o B M A 0 R P T 2 W 1 2
f14 B R EE R0 DR, O R R R AR R
AR RE ity 1A 45 F 1) T A2 47 DA, XeoHs 4 s 9 B0t A 2
A7 S 2 VR A R A L

o BEBLORL I R O — A O B 2R g W B AL S
Rt T LA A I T P AR e Y B R TR ) 3R

Yim B H#1: 2020-04-13; f& @ H#: 2020-05-30

W £& H kit B #3: 2020-07-06

HEETB: BRAARR IS (21905263) , h [H 1+ )5 BH# 3 4
(2019M652188) , B} Pk & & BT B (TZ2016001) , 7 g 5 A2 2 A
BBl 55 9% 1 30 %% 4 % 1)

fEZE® A W (1989-), &, 1 1 )5, 32 % o & Ak AR A E B
9% . e-mail:gaochan@ustc.edu.cn

INBEFE(1992-) , Lo, W L AR50, BN F S REA B B BF S .
e-mail : xysun2015@mail.ustc.edu.cn

BRERBRRA: KEUIO1961-), 5, 8, TE NG &R, EER
AW HLHFSE . e-mail : zzm@ustc.edu.cn

{EL S F T S 50 4 A A IR A ¥ DA AR A5 2 0 R v B A
A R Ak 2 OB AT TR SRR M R F S S
T RS, mT DA S b e A i M A ST A G
i B K nT REAILH , A B A R 2% AR b ) B RN Ak 2
AR S

1,3,5- A %E-1,3,5- = A& ke (RDX) & —
ol TR () i B S J 24, LA R %5 8 R 1.806 g-em L 48
TN 8440 m-s', MR JE A3k 32.6 GPa, L S MR MEfiE
HE T A 2 B R (TNT)Y ) H R A 6 A )
WHEAEYEZ . 5 ROX M, 1,3,5,7-DUfg3E-1,3,
5, 7-PU R A3 b (HMX) B9 b2 B e v o i, s i o
(278 °C) , MR HE L) 35 & T RDX, il R 2% B 0 =
(1.905 g-cm™) , #9110 m-s™', B JE 39 GPa, 2 H
AR A R RE U I BB NE 2 o NI RN B A S 2% 0
(CL-20) J& — Fh H 7Y () 56 78 22 i iz 2 66 KE 25, JL b 4%
F14) 276 F50 235 e TRV AT 10 ik - B T LB CL-20 B
I % SR B (29 2.05 g-em ™) 7 AR KR
(460 kJ-mol™) DL K S V- (=10.95%) "%, e 4
1B & B BE e i B SRR BT A 2500 R
FEXF RDX \HMX (CL-20 = Fl filf il 2% 5 fi M4 8 7 = I
o RS B S5 A AR AR AT Ry L B 4 A AR AL AT T
R HIR T H AT BE A RL 4 R A AR A 5T R 1 i P
4 T R0, S 6T o T o8 T 1 R R ARk AH AR BF 5T 119 % R
AT T RRE

S| RAARST R, ANBE T, BESCHE , % . RDX CHMX K CL-20 i 44 119 5 I 5 F A 2 B1F 98 2F & )], & G A4 KL, 2020, 28(9):902-914.
GAO Chan, SUN Xiao-yu, LIANG Wen-tao,et al. Review on Phase Transition of RDX, HMX and CL-20 Crystals under High Temperature and High Pressure[J].

Chinese Journal of Energetic Materials (Hanneng Cailiao),2020,28(9):902-914.

Chinese Journal of Energetic Materials, Vol.28, No.9, 2020 (902-914)

Sttt

www.energetic-materials.org.cn



RDX . HMX K& CL-20 ff 1 1) = Tk = JE AH A8 5F 5% F J

903

2 RDXHEEEEEEHETWHR

A B 5% 2 W RDX A 6 Fl i AR < 9 Rl i TR H AR
a-Fl B-, = Pl 5 TR A y-, 6-F1 £ -, J 5 10 JK e -AH, R T
53 B ABATT Y S5 - G5 R R e /e T e TR 1 25 R AR
AT AT IIE
2.1 HEREEH«-RDXFIB-RDX

Kl Ta iy a-RDX W5 4544 , i 4ls «-RDX 73 145 14
 N—N 4 5 A48 FF | C—N—C T i 2 £ 6 (& 1b) , 4%
HE X AAE#42 (A: Axial, N—N 5 23 7 9 XF FR
Bl K BUE AT A9, E: Equatorial , N—N 5 43 F 1 %F
FRAh A B )Y a-RDX 2 — Fpfa e 1Y & L H A,
RIS G5 M e As R BE R Pbca, BAHJE 55 4 — Rl i i
WA, WA e firs , AR 4R B-RDX it N—N 4 5 4 48
W C—N—C i () J /1, B-RDX [ F G 7 o AAA
B-RDX AJ LA 3 3o ¥ W 0 AR I 25 B I o-RDX %
B-RDX (1 ] - [ AH A >l Fh A8 5 25 40 1 ik 3k A

. NO,
“’f{"\ NO,
N NO,
oC \/_N/
oN
o0 NQ
H
a. a-RDX b. definition of parameter &
Qc
H
ON
@0
c. B-RDX

B 1 a-RDXHIB-RDX M4 T-45 k22
Fig.1 The molecular structure of «-RDX and 8-RDX" 2%
B-RDX & — A~ W R AH , 76 ML fil i 7 . 5 «-RDX
Fz BT AR D 0AR T AR R B SR i AR
] 2 £ R0 ) &84 h - RDX, X — 7 Tl T
B-RDX Fl a-RDX 1 35 A1 W7 [ ph BB AH 22 88 /N, o —
1 /2 T B-RDX 43 F Hfif 3 F 3R 1 7 H A B K
PRl Y o R R) % B R IR IO T
KN B-RDX 19 25 44 F1 0 e e v o 15 45 R R
B-RDX F3 25 1 o (%) IR TE va FRAE T 43 A= Wt iy 722
&, = A~ C-N-N i i AR [6) 25 Ak #a #4& B 5 1 F B-RDX

CHINESE JOURNAL OF ENERGETIC MATERIALS

BIA 5 B AAAZE ) AAE, IE &2 i T B-RDX i AN a2
PE, BRTSE S FIF A IR B-RDX 1 /& AR AZ 5% o
2.2 BJEMHEy-RDX

FH B2 ol kel il B AR 2T Ab
(FTIR) i " Al X S 2 ATT 5 (XRD )4 45 52 56 7 5
a-RDX (1) 5 JEAZE W58 B8« a-RDXFE 4 GPa 474>
B ARy y-RDX, HLAH S Sy A3 A AR {2 5258 p R
FH B 4% JE A B 43 820 a-RDX—y-RDX B AHZE TR /7 .
R AR R AU AR AR TR A
a-RDX 2| y-RDX B9 #H 28 J& 71 4 (4.0£0.3) GPaj i &
FH CsI'™ BUARF L o 41 /Y BB . £ R AL TR A i,
AR JE 1 ¥ K F 4 GPa, W WL, XK | a-RDX—
y-RDX (940 48 F I3 AJ3 47 AF — S A0 7€ 1% . Dreger il
Gupta ™ 4t , 78 LR N AL JEA A 5256 b, 2 GPa
L AT AFAE — A a-RDX F| y-RDX 4 AH 48 F 884K . 1 76
a-RDX 2| y-RDX M W FLE 058 TAE , Z R T
a-RDX I fis 45 S B 58 A8 0 s 21 Ah i 2 S5 R sl i
R AR 07 R 43 BT 1P 25 K R AR B AH AR HILBR TS K
AHZAR 22 B AF FE 115 9K AR A0 3K Bl i 125

5 AS R 2H % «-RDX (1) 185 JEAH A8 47 M 34T 1
RS, W T «-RDX 3] y-RDX 8 4878 JE 51,
g 2b s 75 R AR SRR 401 B9 H B B
VW S RDX AR B AR AL TR i s vh , i F IR R
R b I R BB BE B AFAE L 1% RDX M 2 GPa JF iR i
a-RDX [1] y-RDX #6748 , I 7E 4.3 GPa L fi 5e & H
y-RDX. fH 276 i FH A SR A% A B, S AR
JEF (<3 GPa) i] Bk A £ RDX A o, AT 34 m 1
HAE— A #4113 «-RDXTE 3.5 GPa K /1 F
H IR y-RDX,

Goto N N y-RDX Y 25 [0 B 5 o-RDX B A
], Dreger &'/ 1A 2 y-RDX Y 25 A #E 5 a-RDX 2
). Davidson %414 T 5.2 GPa | y-RDX i i J&
BT AT T RS A AT A S A R R ) AR
y-RDX B 43 F o A7 76 W6 Fp 00 57 19 5 T4 42, AAA I
AALTNE 2a fif R o I WA SR AEZR 058 3 o i R R
RDX ) N—N,O—N—0 A & CH, 4 sh 4 2X bif 15 1 i
AR ARG T y-RDX R A A (S B . B T RDX
) — kg G Hh A 34 CH, ZE AR 34 NO, LA, It
NEZA 64> CH, B 45 i sl A5 =X (3 A4S X Bk A 45 4ig 20 A
3R FRAE ) A 64 NO, B4 R shp =X . i 76 R
TNE AL A TR 255,y -RDX AR G5 v i 3
T 84N CH, M 4 4ig sh A =X, Ptk y -RDX AT A 1E — Bl
%5455 K71 N—N(eq) ,N—N(ax),O—N—0(ax),

N XK 2020 % £ 284 # 9 (902-914)



904

FRIE, AT, B SCHRR  ZEARAR sk AR, E o SR

O—N—O(eq) H4a R sh X IR K #, EIIE T David-
son$E: 0 y-RDXA AAAFIT AAI R S (245151

4
a. y-RDX
silicon oil [~ Fs St s A
Z-RDX
4:1 metranol ------------------------------------------------------
-ethano 5-RDX
aty orthorhombic
without PTM " """ RDX """""""" P as esm—meee—ee
=
orthorhombic $ S
Argon "’“’"ME‘;""; """"""""""""""""""""
a-RDX sr
orrhombmbjc‘ $ %
Helium [AAE %= - - rmmmmmm e e e e

0 5 10 15 20 25 30 35
pressure / GPa

b. phase transitions of RDX

2 y-RDX PRS2 1 73 1K G SO TR AL TR A 5 g 36
SR RDX 09 75 FEAH 2 71440
Fig.2 Two independent molecules in y-RDX crystals and the

Schematic of phase transitions of RDX crystals under high
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condition without pressure transmitting medium (a) and un-
der hydrostatic condition with Ne gas as pressure transmit-
ting medium (b); The molecular structures of B-HMX at am-
bient condition and {-HMX at 6.2 GPa (c), and the p-T
phase diagram of B-HMX (d)
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Review on Phase Transition of RDX, HMX and CL-20 Crystals under High Temperature and High Pressure

GAO Chan', SUN Xiao-yu’, LIANG Wen-tao’, LI Xiang-dong®’, ZHANG Yang’, DAI Ru-cheng', WANG Zhong-ping',
ZHANG Zeng-ming'*

(1. The Centre for Physical Experiments, University of Science and Technology of China , Hefei, Anhui 230026, China; 2. Department of Physics, University
of Science and Technology of China , Hefei, Anhui 230026, China)

Abstract: Cyclotrimethylenetrinitramine (RDX), Cyclotetramethylenetetranitramine (HMX) and Hexanitrohexaazaisowurtzitane
(CL-20) own abundant phase transition behavior and characteristics under high pressure/high-temperature and high-pressure.
The phase transition routes of three high explosives under different conditions, part of the phase structures under high pressure
and p-T phase diagrams were summarized. These researches have provided effective references for the study of detonation behav-
ior and theoretical analysis of energetic materials. Based on current works, there still exist some problems in this area. For exam-
ple, some divergences still exist about the study of the complex phase transitions, most of the new structures under high pressure
are not confirmed and the p-T diagrams are incomplete. In addition, the profound theoretical mechanism of the phase transition
has not been sufficiently revealed. Therefore, it will serve as a main tendency to explore the mechanism of transformation be-
tween different crystal phases and obtain more information of phase structures in the future research.
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