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Fig.3 SEM images of RDX crystallized at different initial solution concentration
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Fig.4 SEM images of RDX crystallized obtained at different crystallization temperature
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Fig.5 SEM images of RDX crystallized at different content of EmimOAc at 25 °C
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Fig.6 SEM images of RDX crystallized at different stir speed
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Fig.8 Morphology and particle size distribution of raw RDX and O-RDX crystals

SHIEFE O-RDX i (42X 2 R %8 5 1) ¢ Wi, >R FH V% O
Wi, (8 A TR % R 0 TR R B K U O TR OEE RDX A
O-RDX A7 22 W % B I3k, W 2% BE 25 R L& 1. M
F1AIHE M, O-RDX 1 & W % & & T 5k RDX, i —
KW O-RDX i i Bt 5 T 5B RDX. Xf O-RDX 5
JURE RDX fi f 8% B R 2 52 % B gk A7 1 DOk, &5 2R
F1fras., HFETATL, O-RDX 5 J5 B RDX A b ,
O-RDX 1Yy f# f7 Ja& Ji 1 8 45 8k 32 43 31l % IR 60% Al
50%, B W3 . — MM E  KE 2 b AR 1 A R 2 R
o X IR R R M — P E R A R 2
SR KE 2 SR AR o PRI, O-RD X ML 2% B T A1 A
A BB SR A A HE A A B O TR RD X

T FE EmimOAc ¥ O-RDX i 74 45 ¥4 (19 52 1
X} O-RDX SR TR RDX f A gk 47 Xk AR AT 53
ZER K 9afiR , NEI 9a 7] LI H O-RD X Fl &L RDX
5 RDXBYR#ER A (PDF#46-1606) A —F, 48 4 # H
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R 1 J5URLRDX AT O-RDX it 1A (14 2 0L %5 s FBIL %2
Table 1 apparent densities and mechanical sensitivity of
raw RDX and O-RDX crystals

apparent impact friction
samples ) _3 o o
density / g-cm sensivitity /) sensitivity / N
raw RDX 1.7884 5 128
O-RDX 1.7922 8 192

B o i, K 9b B9 O-RDX 5 J5UR RDX f K 1 FT-IR
ML AT LUE B JFCRE RDX R O-RD X 4 457 AiF 16 A48 £C
DX 7 AR — B, MK R U] EmimOAc H2 2 5
T O-RDX W45 &t #2 , JF %A # A O-RDX F iR INFE .
YE 25 (A3 ik BR R S 2 E M N R 2 —, Wt
XF O-RDX M 1 DSC it , ok 25 5 an &l 9¢ fr s, 45 2%
F W IR RDX FIl O-RDX A 45 1 L #6 J2& 203 °C L 1
O-RDX Y 73 i i 5 $2 55 5] 235 °C, L JFURE RDX THEr T
5 °C,iX 7 B O-RDX fiy (Al g 58 /0>, i o o v

N Lk
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B 3 | ORDX i 235 °C
© f=))
= _% £ |oR0X
@« =
g raw RDX g E 203 ‘c| 230 °C
= S | raw RDX z
‘ m“ PDF#46-1606| = 2 [raw RDX V’A
(1]
gl L Ty o W B wed
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201(°) wavenumber / cm” temperature / °C
a. XRD b. FT-IR c. DSC

9 O-RDX 5K RDX i1 i 14 25 1) A0 44 53 B
Fig.9 Crystal structure and DSC of O-RDX and raw RDX

2.3 RDX@EFIEHMEIREHR

J T 98 EmimOAc XF RDX 3= 28 1 19 52 Wi 1
A, W95 % A Materials Studio 2020, X} RDX #47 T 1%
PAWFFE B T RDX ZE EmimOAc # Wi K Y4 1F )5 /Y
M RE. 250N 2 iR, AR 2T LA, 2 0 im
& 1F J5 B B % fig % EmimOAc 5 Wi K /N 43 Bl 12 -
(102)>(210)>(111)>(021)>(200)>(020),
Hod (10 2) b 252 EmimOAC 5§20 e K11, B 2500k
ATF,(102) 56 % 6E E,, N -531.54 kJ-mol™" , &
EJR BB & fE E ., —441.24 k)-mol™, i %} (0 2 0) %
T (1446 1 BiE & B JL-F- I A 2 i, BL2S T I 5 68 £, 0
—430.66 k)-mol™ & IEJ5 & fE £, h—423.80 kJ-mol ™,
EmimOAc EZEE (1 02),(210),(111)=4f%
T (1) B 25 BB o AR AE SR OTRT L 48 E B 25 RE (E7,,)
8 2 T (B A T A KRR (RY,) , ZE IE LR R
MFE 2 0] DL L 75 EmimOAc S0 F ,RDX 32 % 4 i
B AR R T — 2 FEIE AN S S g0 2 RO AR nT BE
KB 54—, X 2 i T HEIS B LR fE R B 90 g b
MBS EE . BERLEE R IEAR KB T EmimOAc %I
RDX i 1 A W B 6 4 HT L fff RDX 3222 4 T i A=
R T — 30, K 8 T A& RDX, B O-RDX,
2.4 RDXZRITEVIEMRE

Hartman F1 Perdok"***° V¥ [ 4 i A 1 1E FH fig 5

#£2 TEEmMIimOAc F RDX 3= & i & 1F B B % fig

n AT 28 B OAR GR Ok, 2 T R B R B B (periodic
bond chain, PBC) it . & 1A A8 K A7 8 = Fl iy 11 2
AL, 4 10a fif s, F O (flat) < A3 55 > DL A JR 300 b
HE(PBC) 5 Z VAT, HA —AJ5 ) il LURg s , &t i 2 4
RS 5 I A AR B 35 EE SR S T (stepped) : KA
— A PBC H Z AT, MM A K #EE G E K
(kinked) : N A7 4T 0] PBC, 41 25 4k i3 28 J7 1] 5 PBC
— B, R Sy LT A A A AL A R £
T AR A AR, I ) TH 2R 1) b T
i A 2B Y 3R T 45 4 32 B 40T LA IR A S I
B AR Z A5 G RE  FUOR R IR i AR RO
VR U B RN ZE SR B ) (b AR ) o Heb A RN
(4 2h J1 ) X i A 2 0 B A0 LA 8 K2 . an &l 10b
JIF 7R A 3 R B HE B ) BN SRR TR L dn R B T
T B A 3 VR R HE Bl T B W R AR H T AR 1S R
R R N T A A R S TR P R AR S AN TR
A K O X I E 10 BT R, Y S 1R EE <o, i R
1 12 e A 4 7 X (Spiral growth) , 7€ Fifi A= K, B 125
A A 0 5 A5 b A AR K O B RO Y
<3 M FNBE <oy, bR B 4 i A K (2D nu-
cleation and growth) J5 3 , B & A B8 e Ak 12 1t 2] 45
S, A TAE B TR F TR ke FEORST ) 2D A, =
A A% A A AR e A KR T2 R AR G (H 4 i

=24
2

Table 2 modified attachment energy of RDX major hkl in EmimOAc
hki E../ kl-mol™ E,i/kl-mol™ E../kl-mol™ E,./kl-mol’ E, / kFmol’ E' ./ K-mol™ R\
111 -12300.29 —7952.03 -3763.76 -584.50 —449.82 -369.82 1.00
200 -7010.42 —4795.74 -1987.07 —227.61 -397.94 -366.64 0.99
102 -12316.78 —7832.41 -3933.59 -550.74 -531.54 —441.24 1.19
020 -5279.16 -3303.18 -1932.67 —43.30 -430.66 —423.80 1.14
210 -14662.79 -9659.68 —4549.64 —453.42 -499.61 -415.68 1.12
021 -12707.69 -7973.62 -4376.72 -357.36 -490.16 -425.39 1.15
Note: h klis crystal. R',,, is proportional to E’_ . the values of R',  are benchmarked against 111 crystal face.
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Fig.10 Growth mechanism process of RDX
AR R AR R A PR 5 LB A A > oy i R AT
HLAE 42 K 77 X (Rough growth) , 35 578 K ifif A1 S 1fi 2E
Ko, i Tk 88 i _E AL 45 U2 R A R R R I
S (AR B0 O R B2 e SR AR A, EL AR R TR
Rl 76 A0 1 A5 R T RE S KO Bk R TR
T P 2L 245 i Bt /0 T KO 2R A R A R RN T
RUBE AR o 2 o, <i I <oy, IR 1A B9 A 1 T X
Ak AR A A BB 2B R A B B

E IR RDX 25 S 56 R WL, &5 S AR & B0 BR i
VMR 4G SRS CEmimOAc FI B 5 FF R 45 4
Z RO W RDX 45 & 947 S AL, 3845 A R0 350 A
JRA RDX A A o v, 00 U 35 90 38 R 205 il J3E %F
RDX B 35 Wi 2R, AR o 2 5 0 00 2 %t A FE 550 ) 52
Wi o AEA RS AR R RDX 25 S HLEL A 2R T 5%
AR INEI10d s o S AR EE /N i A A R e A
K, b T A O R A AR R A S R,
T 0 EL AT H U T AR 4 RDX A 5 il 25 38 1 A0 5 1) 34
S, RDX iy A A2 1 T 56 748 O — 2 iR A G, AR 1
TS S B BB AR 7 5 24 0 A0 BE gk — A 5, RDX
sty AT 78 SRR R A 7 5 I SRR A R B R B A #h RE
AR AR R AR B0 AR AN RRE TR B T A
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spiral growth 2D nucleation and growth rough growth
p
smooth transition phase rough

I

»

driving force

effect of crystal driving force on crystal growth mechanism

increase supersutruation
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LT % %4

. effect of supersaturation on RDX crystal morphology

RIBIZ S RER . WL AT A, B8 A R R F
FIEE T, RDX i A 2R 4 7 OMRiE A 1 e A Dy — 4 1l
BA A e B R A G o DRI, 7R B A 2o A A
JETR AT SRAFIE AR Fr) /T A 55 it 5T RDX b

3 42

(1)RDX Ay 45 fb A7 R 32 45 S FIR R W1 IR W T
WPE 5 IR B USINR) AP AR A 2 R R S,
FEE R P RDX iR AE KR AWM FZERE . BEE o
VRN BE ) 5 T 10, RDX i R 14 A= K SR 07 T 1R e
Az K- Y AR R RDRE AR K Y AR fb RDX Al A8 25 B XL
N TS it S 328 T A R ASTR: B A ot A ot O A 25

(2) EmimOAc %I RDX #h 1 T8 %l 7= A5 5 2 5% i .
K AE BB E AR I : EmimOAc 5 RDX 4+ 1Y
AHEAE A, (8 RDX 328 & 1 A9 A8 4 R JE AR — 30, T
3 BRI ) N THAARTE SR, 256 5 FRIR T — Bk acar

(3) % L DMSO-Z — FE-EmimOAc 1E by i 7 14
2 RDX MR WM E 7 0.275 g-ml™, JSOiE 7 5 7 57
AL 15: 1, EmimOAc 8 0.2, 45 i
25 °C, Hii $£ 3 %8 100 rpm, FRA5 T 5 0 00 () \ 1
AR 0 RDX b A, 2 00 % B v, AR S A . S5 R
N Lk
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Preparation and Growth Mechanism of Octahedral Fine-grained High-quality RDX Crystal

SUN Xiao-qi'*, JIAO Fang-bao’, LV Rui-bing’, DUAN Xiao-hui', LI Hong-zhen'*
(1. School of Materials and Chemistry , Southwest University of Science and Technology, Mianyang 621010, China; 2. Institute of Chemical Materials, China
Academy of Engineering Physics, Mianyang 621999, China)

Abstract: The octahedral cyclotrimethylenetrinitramine crystal (O-RDX) with an average particle size of 9.35 pm was prepared
through the solvent-antisolvent method in the dimethylsulfoxide (DMSO) -ethylene glycol (EG) system using 1-ethyl-3-methy-
lethimidazole acetate (EmimOAc) as an additive. The effects of crystallization parameters such as solvent system, solution con-
centration, crystallization temperature, additive and stirring speed on the growth behavior of RDX (cyclotrimethylenetrinitra-
mine) crystals were systematically studied. It was observed that the main factor influencing the growth of RDX crystals was the su-
persaturation. With the gradual decrease of supersaturation, RDX crystals experienced the changes of rough growth, 2D growth
and spiral growth, and the morphology of RDX crystals gradually evolved from dendritic to octahedral crystals. The results of ana-
lytical tests revealed that O-RDX crystals were in the a-form which was consistent with the raw RDX, showing high crystal densi-
ty with few crystal internal defects and an increase of 5 °C in decomposition temperature. Moreover, compared to the raw RDX,
the impact sensitivity and the friction sensitivity of O-RDX decreased by 60% and 50%, respectively. To further explore the for-
mation mechanism of O-RDX, adhesion energy model and the molecular dynamics method were applied to simulate the crystal
morphology of RDX in the presence of EmimOAc. The simulated results demonstrated that there were six main crystal faces of
RDX: (111),(200),(102),(020), (210), and (0 2 1). The formation of the double-cone octahedral morphology origi-
nated from the uniform growth rates of the main crystal faces of RDX under the action of EmimOAc. The theoretical simulations
generally agreed well with the experimental phenomena.
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