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44K LLM-105 X 25 (9 il 25 0F 58 . 2R 08 ik 4E > A
C. W. An"" 45 R HI w4 45 fh vk 1 & T W K
LLM-105 J50kE ; #5 J1] 454 R H Ha mt 55 30 3 ik il &6 1
LLM-105 370K BR 5 4% 56 B3 R 28 7R A 42 05 vk
Hil 45 T LLM-105 353 F- 48K o SR, 1F 40 T A3 6 4
YE25— A 40 LLM-105 0k: 4 5ME: 22 B3 5 & 4 A
BRK K HH, BT LLM-105 48 F 4% 5 38 19 &0 1
FH 25380 A ALV ) vl V5 A R A X | 4 TORL R
T R SRR IS 1 N DG N E i B s S A 4
VR T A AT, LR s sOR A B S
AN AR AR B R R R R G W R IR A& M
3R T BRI LLM-105 f A&, 8 3% 8035 T LLM-105
[ AR TE S, R LLM-105 B HoAth ke 24 i 40 ol P F 5% 4
HET —FoBr G B . TR B BN KE S IR AE R A
IR B S R A A EL ) B R KR 2 4 A0 I A E K
Pk

AW 5T T LLM-105 (9 45 & 31 7 2402 iy 3] A
FEEE R R W R -AE B RS m vk, DL 3 TR
(DMSO) B, LR <1 R AR 1), 38 £ 07 2% A1 ik
I, LA 1-2 3 -3-F bk e 2, 1R 3 (EmimOAc) B T i
T A S B R0 AR OR8N A S B AR BROIR
LLM-105 @iy, B 58 T HE 3 M i WL ARURR B 0 b s
AR IR, O LS g2 PR T 4R R Bl LLM-105
s AR 1) T S50 R 285 g 8 s B4 TR O v

2 XWEy

2.1 RXF

B LLM-105 J5i B}, 210 B2 >98% , Hr [E T 4 9
WFIE BE Ak TR R 5T BT 42 it s — H R (DMSO) L 43
Bral, RKE T S0E b 2F R A BRA A s R B L 3
afi |, A T B A AR AR 9 T 5 1- 2 -3 - R g
LR ER (EmimOAC) , 432l , B R R A BRA A .
2.2 KWHE

(1) 7 i B I 52 - 2K FH CrystalSCAN £ i 18 25 ¥
A3, R i BE Bk 3 B O GE W R . EmimOAc 5§
DMSO ¥ EE R E (n) 4351 2 0,0.1,0.2,0.3 F1 0.4 ),
3K T LLM-105 7£ DMSO & DMSO 5 EmimOAc &
WP R . RoE THRE R 0.2 °C-min”',
PP # o 300 reminT', Bl % R TR R RR A,
>y B R 2 AR AR H P T AR AL T Y LLM-105 R
SRy R N7 T B ) S AR A o R DR E S 5 A e A
AT VAT S8 =0, O (8 5 ik B2 AL
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(2)LLM-105 45 & 52 5 LLM-105 % T DMSO
H, SRS A — 2 B B9 EmimOAc, 78 43 1t 7%, 15 3
LLM-105 961 Fl I W, 76 — 5 45 & il B2 A sl B2 T
TN 2R B AT UTVE , 1L UE , PE ¥, 80 CHLAs T,
HF] LLM-105 f K . LLM-105 1Ak 0.3 g-L ",
LR MRS DMSO By AR BULL o 301, 4 3 B2
300 remin™" AREFNFEINEE A 2 mL-min~'s EmimOAc
5 DMSO I FEIR T (n) K 45 Sl FE W3R 1 Fs .

R1 LLM-105 45 5 5256 51
Table 1

tion

The experimental conditions of LLM-105 crystalliza-

crystallization the molar ratio of

the number of the

test temperature the EmimOAc and .
/T DMSO/n obtained crystals
1 90 °C 0 1#
2 90 C 0.1 2#
3 90 °C 0.2 3#
4 90 °C 0.3 44
5 90 °C 0.4 5#
6 30 °C 0.2 6#
7 45 °C 0.2 7#
8 60 °C 0.2 8#
9 75 °C 0.2 9#

2.3 RIESMERE

il 1A 25 1) 0 BT R T XS 4R AR AT AL (XRD, 7
,Bruker D8 Adance),Cu Ka(A=1.5418 A) fI 4L 4h
FIEAL(FTIR, £ H , Thermo Scientific) ; iy AT 55 73
K FH A 45 HL B2 (SEM, B [E] |, Sigma-HD , Zeiss) ; & 4 k7
B 43 M1 % 0Ok B A (Malvern Mastersizer 2000) ;
I3 BT R F 28 7R A3 4 - R FH A (TGA/DSC2,, Hit
1 ,METTLER TOLEO) ,N, =, FHRHE R K 10 C-min',
EmimOAc 5 LLM-105 43 7 [1] ) &0 8 AH B 1E FH 43 F %
FH A R 3R Dl 3% (7 [, Bruker AV 400) , 32 75
A [ EmimOAc [ LLM-105 7£ 5% A8 DMSO i 1%
Bl 34 A% ('H O NMR) o $8 o 8% B 0 38 42 B [ 2
GJB-772A-1997 J5 ¥ 601.2 gk 47 o iR 4% 7 . 7%
(5.000£0.005) kg, i (30+£0.5) mg, #&J& 25~30 °C,
AW BE RH % <80% , J8% B AH I 4 50% 114 7% Hi 5 JiE
(Hs)Zw o

Pty i A R SR R R F i A AR AR I 3
e, BARF BESCHR[ 21 107 e AT o R IR EE F 5 | R
25 K M 50% K HE R 14 3L I FR RIS 48 PR IR (B R
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3 #R5WiE

3.1 BEHR
3.1.1 EmimOAc3 LLM-105 & f# 14 6E B9 22 1l
EmimOAc %} LLM-105 %5 i 14 6 1 5% m 4n 1€ 1 B
~e BT, Y n=0Hf, 68 CH DMSO % fi#
LLM-105 iy £ 4 0.055 g-mL™", 7655 J6 F E AL,
BEME LATE H IR N FH DMSO #E47T LLM-105 i 45 S AifF 52 .
EmimOAc B I A i 3 42 & 1 LLM-105 9 % il £ e
1M FLA i LLM-105 BV B2 Bl EmimOAc 7 12 AR FE 1Y
BN R . Y nih 08 K F] 0.4 5F, LLM-105 195 %
PE 8 1 & 30, 7E 68 °C i I fit LLM-105 B ¥k B
0.055 g-mL™" 3 K %] 0.080 g-mL"™", % fift = fE 58 hn T
45% LA b, F T 45 5 Sc 5 23 W i A5 A ), ROR
R I 285 A LA

0.080+

4reon

0.075-
0.070
0.065
0.060-

concentration / g-mL"

0.055

40 50 60 70 80 90
temperature / °C

B 1 EmimOAc M X LLM-105 ¥ % P GE B 52 1, n~ Emi-

mOAc 5 DMSO [ EE /K H
Fig.1 Effect of EmimOAc content on the solubility of LLM-105
(nis the molar ratio of the EmimOAc and DMSO)

N HESE EmimOAc %F LLM-105 3% /9 5 [H, R
JH'H NMRYGIEHFSE T EmimOAc 5 LLM-105 43 1 [H]
BB AR A5 R 2 BroR . B 2 8T LA
AN EMIimOAC 1/, LLM-105 43 1 H NH, 3£ 4 | 4~
AT A2 B R, 78 '"H NMR OGS A7 7E 9.04
1 8.80 P A A [l By Ak 2= i B . BRI EmimOAcC J5
LLM-105 43 F "1 1 NH, & A1 I &R 7 k#0058 &k
A B AR AR, FZ B EmimOAc iR INEC 28 T LLM-105
g A, T RE S BLLM-105 3975 .

3.1.2 EmimOAc ¥ LLM-105 7% 55 §9 & I

PRFF LLM-105 0] R B L £ TR TR 5 DMSO 1Y
PB4 4 Bl V5 700 ek o o R 4 ot T R A 4
ZAFEARAE AR [l EmimOAc AT 453 2] LLM-105 1
ASTA] A 1~ S, AT F B 1L RIORE 3 0 A [T An 1 3
4 s o
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A m=0.4

m=0.2

%

m=0.1

LLM-105 m=0

94 92 90 88 86
chemical shift (6)

2 EmimOAc % il & % LLM-105 9 "H NMR 8 & i (m 4
EmimOAc 5 LLM-105 HY BE/R H)

Fig.2 Effect of EmimOAc content on '"H NMR of LLM-105(m
is the molar ratio of the EmimOAc and LLM-105)

M 1 3 AT LA Y, TC B AR LLM-105 & R
KAER (B 3a1#) I A B F ARG TE BT A 8kCIR 5
& (& 3b~e, 2#~5#) , Ho il K EIAZ AT U3 26 2 BRCR A
P2 B EIR R AR R SR R M . > B IR o i >
B Cn=0.1) , AL BRAR S AR 9 BE AR, Y 88 7 IR A
i Z BF (n=0.2~0.4) B, 5F R . WK 47 LLE
B AR B R P i (n=0.1) , BT % LLM-105
i VA R BE A A B e, IR O 32 wmo B TR
RGN Z B (n=0.2~0.4) , BT 3 LLM-105 /& 4 /9 %7
JE Oy A B AE HOF YR EE 3 0l 44 pm HLJE R AT R
B B B VR ORI VRORS JRE RGO A A A
M B R AR T, — Y N R
TV AR B X LLM-105 5 {4 J5URE (4 TE 55 52 i S O, %
OB R — A R X2 R R EmimOAC &
TR B I B A T LLM-105 f 4K i A4 K 7 20 5
IR, ST IR & A 4 IR LA Sy b 9 80 R 41
He g7 3, DT AL BR IR 25 460 i 1 o

R i — AR A S I S5, DR A G 3 0V VRORG B i
B n=0.2,LLM-105 ¥ IR MR LR TR 5 DMSO 1Y
(AN AN i & B35-S| T ) | B 4 - e o 3 o Nl
ST 45 U B TT A5 21 LLM-105 A ] 5414 34, 6#~
O, LA 41 e 5% 1 FIORE B 43 A L AN L 5.6 TR .
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a. 1#, n=0 b. 24, n=0.1
3 AJE EmimOAc I I Fr 5 LLM-105 & 44 0 37 4 e B2 1]

—=H. @

- n
d. 4#, n=0.3 e. 5#, n=0.4

Fig.3 SEM images of LLM-105 crystals obtained with different amounts of EmimOAc

volume fraction / %

10 100 1000
particle size / um

4 JNACKIF I EmimOAc T 45 (19 LLM-105 & ¥k it 8L B 43
i 151

Fig.4 The particle size distribution of LLM-105 crystals ob-
tained with different amounts of EmimOAc

b.‘7#, =45 c
BS RIS @ HESCRE G LLM-105 (69 414 b BE R

t & 5T LUE R B F AR, YT E AR
TEERIR K (] 5a~e, 6#~9#, 3#) , 25 i I B2 0 48 BR AR
LLM-105 fiy 14 25 $4 JE 350 52 Wi R R o 3 28 46 BTk A 14
SR EH BT AR A TR R A BT B, T R R BT IR A A
F o BB 6 AT LU Y, 45 a2 52 i 48 BRI A AR Y
W 4 R A 30 °C A1 45 C, TS LLM-105
s A BR) R B A A B e, ST SR R 33 um s 24 4 A IR
4 60 CHY, Fr i3 LLM-105 fh 4K i 8 B8 4 A 35 %8, SF
YIREE R 36 wm s 45 Sl 75 °CHT90 °CHY, i %
LLM-105 dis 1 1 R0 BE 43 A 3878, V- SR BE y 44 um
DRI AT e S, B A IR A T v o RN EE AR, A

d. 9% T=75 C

Fig.5 SEM images of LLM-105 crystals obtained at different crystallization temperatures
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Bk A /b PR IH AIUORE S, /N IBURE & 1A S D AR
oA A

volume fraction / %

10 100 1000
particle size / um

6 NTRISY IR EE SRS LLM-105 [ AORE il 8L IE 43 7 [
Fig.6 Particle size distribution of LLM-105 crystals obtained
at different crystallization temperatures

3.1.3 SR

B 7 o0 1 #~9# S R BE B 00 X5 4R R R A7 5 1
2 AT A U A B S AT S A 6 R A — 3, )
S BEAR R R 5 AR BROIR AR FE 20 O 12,10, 22.2° 1
28.4° 40 By AT ST 0 o B B I AN [ 3 B 0 4y 4 R R
(011),(012), FNCT4-1) b [0, 2 WA [] b T A 4 0 S
AT . X TR AR F AR U, (14-1) fh T 19 47T
S Vg 5 R LU AR DL B AT S e iR RE W W IR, 1T (01 1) AN
(0712) & ThT B4 AT 555 e 5 J3 A 00 A A S 06 o B B 3 4
Jm o AR RS Y B s 0 Sy (012) & T, T HE AE Bk
R AR A B B G Ry (14-1) ST o TS R R I B TR
HUZ AR T LLM-105 &b 1R 1 A= K 07 2R 2R 42 25 1 B
BIFEA SR SRUE,

N

i ) A M A
2 gf A i aaA M A
‘E A AnA, _..J\-—A—H&——-A_—-—
= (6 x )

7# A ANA, A N

8# e rr A M ~

19 A A s A A

simulated |, 4 il L & A

10 20 30 40 50
201(°)

7 LLM-105 AR 5 44 9 XRD ]
Fig.7 XRD patterns of LLM-105 crystals with different mor-
phologies

K80 1#~9# S IRFE S A9 FT-IR & . i &1 8 1T 1
FHH LA LLM-105 FH IR 7E 1489~1642 cm™ I 5130
R P9 19— N O, B AiF W i 4 Al 3229~3433 em™ P A
FEL PN 1 — NH, R A I i 06 |, K Fi8 80 DX 1 8 A1E IR i 0 )
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AR . FT-IR Y635 45 R gk — B # A T & F IR AU S
T LLM-105 i f IR T 5284k, R S 80 a5 1k, B
FHEA LLM-105 Fh ik gh 4

FH g2
£58 34

4000 3500 3000 2500 2000 1500 1000 500
wavenumber / cm”

8 R[EIFESH LLM-105 Fif& ) FT-IR &l
Fig.8
phologies
3.2 MHEEDHR
3.2.1 AR
9 FEL 1043 51 K 1#~94 5 R AL 5 1 DSC il £&
TG4 . HIE R LAt BIr A #E M #8 A A H 8
B 3 f 1 R o B IR SR (1) B9 4 i 0 R A A o
351.3 °CHI1361.5 °C, LR SR (2#~9#) 19 T A 53 fif
" 3513}61.&
| Dl 34&119\Q§15§1________
[ B, e 34&7i§\&2!151________

1 ceedC ]
_3484°C

FT-IR images of LLM-105 crystals with different mor-

—>
]

heat flow / mW

84 —\358.2 C
350.5 °C
'55”‘—‘———7 360.4 °C
100 200 300 400 500

temperature / °C

9 T#~9# R IARERR ) DSC 1 ZR
Fig.9 DSC curves of LLM-105 crystal samples1#—9#

100+

weight loss / %

100 200 300 400 500
temperature / °C

B 10 1#~9# AR b A TG i £k
Fig.10 TG curves of LLM-105 crystal samples1#-9#
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I 3 43 531 K 347.3~350.5 °CH1 356.7~360.4 °C, Ik
TAEFR SR . 5 3CHR[21 ]9 Ok LLM-105 #y 3 4
Oy i W I (343.7 °C 1 356.9 °C ) A1 1L, 3#4E BR IR
LLM-105 #&f {4 i) 5 A 43 fige i 3 (347.3 °C 1 356.7 °C)
5K LLM-105 A 75 A4S 43 fiff i T AE >4, LB AE BkeiR
i AR 114 4 i O TR R T S RCK LLM-105 B 4 fife e 3
H1 & 10 7] LA H, 72 ) i 2R R R A ERCIR S AR 1
O H B W AR TR R . AN, AE KR 20% B
BEORR AR 19 2 T EE g 335.8 °C, AEBRCIR A 1 2k
TR 5 H A 315.2~330.5 °C, Hodr, 3#4EBROIR SR 1Y
P H R E N 315.2 °C, 9# 48 BRI S R 09 2k IR R
330.5 °C. HAEIR KK 5~20 °C. DSC #1 TG Ml
IR TR AR BRCR A AR L IR SR T ) 43 i X2
FAE BRI T AR R 22 070N 0 AR A A 2R T R
73X 26 41 /NEIR A 1A BL oA 20 258 0 IR B M (1) Sk
SN HLAT O Y E R AR P U AR ERCIR AR 2R B
PRI
3.2.2 ZEMsE

Ve B A3 i W 3R S5 AR Y 3# 46 BRI S A (347.3 °C
M1 356.7 °C) M 4y fift W I 5 &5 17 9# 48 BROIR A 1
(350.5 “CHl1360.4 °C) #1742 ERE S BT o 43 3]
BT 34 9# 48 BROR T AR 5 B IR TR C1#) 19 T
B, R UL 34 9# 18 BRR S A Ol JE 0 R R W ORE 45 HE 24
(PBX) Ry s L J R 25 R 2 m o R 2
ATAT, TG b AL BRCIR LLM-105 5 4 i 435 P 9% w1 (HL,)
ERR AR T 22 em DL b 1 EOE ] BRI, 5
T AOK LLM-105 A8 > 5 H op i i 48 i R K T 0
K LLM-105 1Y 2 5 L 1, 2 4% F 0 5 AIK T O fOK
LLM-105, %% B 78 BROIR LLM-105 b 44 FE 37 90K 1k
WAL R, AR R R R R A TP A
78 I AT 5

F2  ARFEJEHLLM-105 & 0 BRI 45

Table 2 Sensitivity test results of LLM-105 crystals with differ-

ent crystal morphologies

H,, detonation detonation
sample /cm  voltage/kV current/kA
1# 76 - -

3# 104 - -
9# 98 - -
submicron LLM-105"%*’ 102 - -
PBX based on 3# crystal - 2.14 2.94
PBX based on 9# crystal - 2.25 3.10
PBX based on submicron LLM-105"22/ — 4.41 3.11
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4 %t

-

(1) 2R FH R - 3 0 45 ik, 43 51 3% H DMSO Fi
LR SR AE R 7 A AR ) 453 B A AR LLM-105 &
T B IN EmimOAC B F AR S 45 df Bh 7, i & 15 %)
BRI LLM-105 f & . EmimOAc AN AY i & 1 38 1
LLM-105 fE DMSO 1 i1 %5 fig B2, il g8 1 LLM-105
il M A R T ORGSR T 25, S L 18 5 390 0 it AT 25 0
500 B AE -

(2)AEERAR LLM-105 b M4 1 P2z 5 M IR T 4
AR R, 5 W OK LLM-105 SR AH 24 ; 58 5 BOE 5 0
TIOK A AR AR Y, 5 3 IR TR EIR A A o A e 4 L R
T W ROK iR, B A R e e pe . R AL BRAIR
LLM-105 dis 1A B A S Gk K 285 AL Ak B I R0 ) o
Fr et SO ORI 7R IR 258 VAR N T I S

(3)ABFFE 45 50 LLM-105 SR B it gt 1
R AT — R T WAARENT W
LLM-105 %5 FaAIL 3, DAGE y Hoe KR 25 1Y S AR 8 B i it
HiEm At S
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Fabrication and Performance of Flower Spherical LLM-105 Crystals

ZHOU Xiao-qing', SHAN Jun-hui'*, CHEN Dong', HAO Shi-long', LI Hong-zhen'

(1. Institute of Chemical Materials, China Academy of Engineering Physics, Mianyang 621900, Sichuan China: 2. School of Environment and Safety
Engineering , North University of China, Taiyuan 300511, China)

Abstract: The crystal habit of explosives significantly affects their physicochemical properties, application mode and effect. A
novel strategy to fabricate the flower spherical 2, 6-diamino-3, 5-dinitropyrazine-1-oxide (LLM-105) crystals based on
solvent-antisolvent method was developed by introducing 1-ethyl-3-methylimidazole acetate (EmimOAc) ionic liquid as the ad-
ditives, DMSO as the solvent and ethyl acetate as the antisolvent. The results show that the EmimOAc ionic liquid is a crucial fac-
tor to modify the crystal morphology of LLM-105. Long needle-like LLM-105 crystals were produced in the absence of EmimOAc.
In contrast, flower spherical LLM-105 crystals were obtained in the presence of EmimOAc. In addition, the EmimOAc significant-
ly enhanced the solubility of LLM-105 in DMSO. Meanwhile, '"H NMR experiments were conducted to understand the intermo-
lecular hydrogen bonds between LLM-105 and the ionic liquid molecules. Furthermore, the flower spherical LLM-105 crystals ex-
hibit excellent thermal stability and safety properties. The DSC/TG results show that the thermal stability of the flower spherical
crystals is comparable to that of the long needle crystals. The impact sensitivity was tested according to GJB-772A-1997 method,
while the impulse initiation voltage was tested by slapper detonator. Results indicate that for the flower spherical crystal, the
characteristic drop height is 22 cm higher than that of the needle crystal, and the impact sensitivity is significantly lower than that
of the needle crystal but equivalent to that of the submicron crystal. The impulse initiation voltage of the flower spherical crystals
is lower than that of submicron crystals, suggesting that the flower spherical crystals have better initiation performance and high
potential for application in primary explosives. This ionic liquid induced crystallization provides a new idea for tuning the crystal
habit of LLM-105, as well as a new method for modifying the crystal habits of other organic explosive crystals.

Key words: LLM-105;crystal habit; flower spherical crystals;ionic liquid;sensitivity
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