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Table 1 The solubility data of LLM-105 in DMSO
T/°C ;/xgp Ll ey RD /%
67.40 0.0550 0.0547 0.6292
73.40 0.0600 0.0604 0.6601
74.70 0.0610 0.0617 1.1719
78.00 0.0650 0.0652 0.2762
78.90 0.0670 0.0662 1.2637
81.00 0.0685 0.0685 0.0389
82.52 0.0700 0.0702 0.2773
83.78 0.0725 0.0716 1.1767
87.10 0.0750 0.0756 0.7851

Note: x is solubility, x$*P experimental values, x§'is calculated values, RD is

relative deviation.

0.0754{ = solubility curve of LLM-105
= theoretical curve of LLM-105 by Eq.(1)
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Fig.3 The solubility curves of LLM-105 in DMSO

HRAR 1 oV A SE 00 (B0 A3 ) LLM-105
1E DMSO 11y Apelblat 256 )7 F2 (025 A, B Al C {t
AR (1) R XHR B RN -
Inx=-13.97981+82.17886 /T+2.34021InT (5)

N T T BA IR 22/ F 1. 3% , 350 0] 45 24
(479-485)

Xk 2017 % %25 % %64



482

M, /N, FE, TR

VS A BE S U A 5 TS 09 R B AR FEAR DN . TR B
T M 22 /T 5. 43 <107 6B 153 10 0 ek O 5
St (0 iR REARL /DN R BEAR e, 2 A T ok 88 92 3000 2 ) 3%
fifk R K50 HR R AR

i & 3 A1, LLM-105 78 DMSO Hh ) % fift £ it &
TR E B T oo T 0, O LV A R ol e R R K, U
B F S5 0 L B5URE, DMSO 1] LIAE S LLM-105 [ I 45
i R VS 741
4.2 PWRREXNNTRRXEENZI

AR PR R T, LLM-105 7 DMSO A F2 IX
Vi JEE B W) G ViR B 1 AR Ak it 2 ] 4 TR o

= 03°Cmin"' e 0.5°Cmin’
a10°Cmin” v 1.5°Cmin’
* 1.8 °C.min”

AT 1°C
S

0066 0068 0070 0072 , 0074 0076
concentration / g-mL

4 LLM-105 1) DMSO ¥ A Uik BE XS A DX 8 B2 1) 52 )
Fig.4 Effects of origin concentration of LLM-105 in DMSO

solution on the metastable zone width

Hi 18 4 AT A1, 7E Bl 3 %2 43 50 0.3,0.5,1.0,
1.5,1.8 °C - min™" i, bt % #0 4 ¥k B 19 38, A e X
FERE AN M T 6.9,11.85,22.48,26.08,27.95 °C,
XFEH,LLM-105 7 DMSO i 41X 56 B Bl %5 %) 46
W RIS I AZ 25 o X2l . LLM-105 /) s 852
3 V) 1) G T 50, I 5 00 s e ) B, 3 il i 1
JULEESE TN T B0 T 1 B3 0 ), 2833 Jmy 36 R~k i 4 30
v R A% RE A2 T SR A AR T S 2 R, AR S Ak K
RIE 1 % R — 58 RH I A . 78 58 B A 45 1 oo
IR D b R B 5 4 B0 LLM-105 I A AR XY
Vi BE AR R T AR I A s WD IR TR AR, £ S 3L
LLM-105 A4 A2 DX AR 98, 3 & o i 30 s A . R it
LR R BN W) 46 M 0.0700 g - mL™
4.3 BEHERMVNBREENZNE

LLM-105 £ DMSO (i 4 £ X 58 B Bl 4o e ik
AR AL Ze &l 5 Fis o

IE S T LA FER R RIAR R E R, MR IX
B i 5 400 1 1 3R 0 38 AR A, R R R Bl
AN A% ARG BRI K, R EUA R e YT

Chinese Journal of Energetic Materials, Vol.25, No.6, 2017 (479-485)

ORI 43 1] B4 Bl 58 L3839 K A 285 & SR 19 B[] B2 i
[ BT i 5 40 1 8 % 10 184 o s Al A R 5 R R AR IR S AR
i BE I AR B 5 A Rl LR L S BRI
TR, 3 R O A ) R B N, R 30T LLM-105 1
AR T BEHE— A5 A o J3 A, L S BTN, 76 P A
G MR BE R A AR DX T B A R B B AH 2 (9. 7 C A
10.6 °C) . FESEPREY S &k F v, 3 P 3% K = AL
H(EE 0 < N <) B B A N = 2 L R N
LLM-105 ff) fiy 748 it i A8 22 5 B 0 0 R AIK, AN TR
1 I 5 o M BE R R K T 390 r - minT BE, %R
TEIREAT , A Fa DX AR A6 P28 |, 31X ] BB 2 7 T 11 1% 44
HR IR B LLM-105 45 & (9 #4008, DR ot 30 4 2 %
390 r - min~"HH,

55 u 0070 gmL’
50 o 0.067 gmL’
F'_E 45'
£
O 401
< 35
\E
<

301
251
201

200 250 300 350, 400 450
agitation / rmin

B 5 R 1 °C - min™ B R A R X G A 5 0
Fig.5 Effects of tirring speed on the metastable zone width at

a cooling rate of 1 °C - min™'

4.4 BERERINIBXEERZI

FE 2B 1) A Tl 45 Ao R e AR T R e 18 4 S 3

25 i B T] AT R A L A R R s PR s 5 B AR S T

2 H Ik E IR R BN 0.3 ~1.8 °C - min™',

LLM-105 7 DMSO 1 [ 4 £ X 5 32 i ok Ji 38 2 (%) 72
it Ze LI 6,

28 = 0.0670g'mL’ o 0.0685g:mL'

55] a 0.0700g'mL’ v 0.0725 g-mL’

501 & 0.0750 g:mL’
45

40
35
30
25
20
15

ATgax ! C

0204 06 08 10 12 14 16 18 20

cooling rate / °C min”
B 6 FEIRHEAXT LLM-105 78 DMSO w4 £ IX 98 BE B4 5
Fig.6 The effect of cooling rate on the metastable zone width
of LLM-105 in DMSO

S

www. energetic-materials. org. cn



LLM-105 7 = H1 B W0 b (9 45 A F2 XA 52

483

M6 Rl DUE 76 W] 4R & B 43 3 0.0670),
0.0685,0.0700,0.0725.0750 g - mL™" i}, fifi 5 B IR
SR IE NN, A AR X TE R A G A 4> R 36.7,33.8,
27.03,17.3,15.65 °C, X £ W, B & [ 5 = (1 18
Jin,LLM-105 ¥ DMSO H g/ Fa X v JE AR 58 . X & A
9 LLM-105 M A= J st o B 1) 2% 08 11 210 4 14 A
% AR K F BEAE B ok B (SRS T 3] T B — a2 0 A )k B
A TRD AR R 5 00 o 7 Bl A 0 81 AR T B =2 T, T
FEREIR , LR R R R AR X S k. M 6
WAl A, MR E R B 1.0 °C - minT B, AKX
i B AR G2 T AR 1R SR 11 i R 2 AT RE R 1 B
JIRA AR o L, 7E B S EREPE 1.0 °C - min™" [
TR A T
4.5 LLM-105 ByRi#%Eh

A B 2 R W I A (1 M B B, LA
R F R AE — 22 I 1] P9 B A 40 H B 225 78 2B 1 45
TE AR R A B 8 M e R, 2 A
ATV B 2 R ki VS JOT DA T 08 V5 R 19 o e D R
AR, R R Sk A SRR E X, X 2 T8 K B A
KL, SR K 27 A b, S B0 AR R AR 25 U
T 25 i S 00 A o 4 e AR R A R A

AR I (4) 8% InAT, 5 Inv/ERL B3I 7,
M7 o LA A5 B 02 H 4, B RHR N
BB BEIE, W 7 oI LA W A7 5 B A 11 3 (E

P S LIEE [ £ 3Is

42

. 87.10°C

401 4 8378 C

38 4 s252°C

. 36] » 8100C

78.90 C

% 341 Y

= 53]
301
28]

26 ——————————————————
-14 12 -1.0 -08 06 -04 -02 00 02 04 06 08
Inv
7 BRIREUEXS LLM-105 416 X 58 B A 4805 ¢ 2 il £&
Fig.7 The fitting relation curves of cooling rate vs. metastable

zone width

MG T5 & (4) #7339 LLM-105 /£ DMSO i i
R AR R BN~ LR 2

M2 FTAE A A SC R B RT 0,99, %
MR PEAL G B2 R HERG . R 3 2 o LU i, BEH
006y e A 3G B B m Th s T 0. 7497 0 XU

CHINESE JOURNAL OF ENERGETIC MATERIALS

B, 00 Gy e J3E o e A A 5 o

F 2 ON[E BRI R T BUA% A 2R A% 2L
Table 2

rates

Nucleation equation and orders at different cooling

concentration correlation

/g - mL” nucleation equation M coefficient R2
0.0750 In(AT,,..)=0.38840Inv+3.19005 2.5747 0.99835
0.0725 In(AT,,..)=0.38867Inv+3.27846 2.5729 0.99129
0.0700 In(AT,,,,)=0.49038Inv+3.44206 2.0392 0.99426
0.0685 In(AT,,,,)=0.53872Inv+3.65384 1.8563 0.99149
0.0670 In(AT,,,.)=0.54795Inv+3.76635 1.8250 0.99091
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Crystallization Metastable Zone of LLM-105 in Dimethyl Sulfoxide

BU Ru-peng', ZHOU Xiao-qing’, LI Hong-zhen’, YU Yan-wu'
(1. School of Chemical Engineering and Environment, North University of China, Taiyuan 030051, China; 2. Institute of Chemical Materials, CAEP ,
Mianyang 621999, China)

Abstract: To improve the crystal morphology of 2 ,6-diamino-3,5-dinitropyrazine-1-oxide(LLM-105) and control the crystal size dis-
tribution of LLM-105 , the metastable zone width of LLM-105 in dimethyl sulfoxide( DMSO) was measured by turbidity method using
a CrystalSCAN multi channel crystallization instrument. The effects of initial concentration, stirring speed and cooling rate on the
metastable zone width were studied. The nucleation orders effected by cooling rate were calculated based on the classical nucleation
theory. Results show that in the cooling crystallization process, the metastable zone width of LLM-105 in DMSO narrows with in-
creasing the initial concentration and stirring speed. The metastable zone width broadens with increasing the cooling rate. The opti-
mal crystallization conditions obtained are initial concentration of 0. 0700 g + mL™", stir speed of 390 r - min™' cooling rate of
1.0 °C - min™". The nucleation order increases from 1.825 to 2.5747 when the initial concentration increases from 0.0670 g - mL™'
t0 0.0750 g - mL™'. Under the optimal crysallization conditions, the controllable high quality LLM-105 columnar particles with
smooth surface , ruly morphology and particle size of 60 wm are obtained by adding the 2.5 g LLM-105 crystal seed with particle
size of 4 pm into DMSO-LLM-105 solution.

Key words: 2 ,6-diamino-3,5-dinitropyrazine-1-oxide (LLM-105) ; crystallization; metastable zone width; nucleation orders
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