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Fig.1 Flow diagrams of solubility and supersolubility meas-
urement

1—Ilaser generator, 2—glass vessel, 3—condenser pipe,
4—Dburette, 5—mercury thermometer, 6—digital display,
7—thermostatic bath, 8—photoelectric switch,

9—magnetic stirrer

2.3 ZERIRMAR
2.3.1 RKIGi&git

] B8 A o RO 55 R R TR B R R
EasyMax Z I RE [ I #ir , 5% I 1E 38 i 49 >k fh & DNTF
ARG T A% VORIRRBE (A, A7 IR ) %
F(B) BHHEE (O LI L MM E (D) W RN E,
AN BB = AIKOF R KE L 1, 3508 L (3°) %
HEEAZ 5, L™ i BB g R BEA8 bR, ™ i 2% BE Sk
BRI EFEIR X4 T2 A2 A 101, Ui ik e
i A

Chinese Journal of Energetic Materials, Vol.24, No.5, 2016 (427-432)

R1 ERHBRERKFER

Table 1 Factors and levels
factor
level -
A/°C B/°C - min™"  C/r - min™ D/%
1 65 0.15 300 1
2 75 0.20 400 3
3 85 0.25 500 5
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VA B I A — 5 I 9 DNTF 5 95 W M1 47 76 i
il BE T Ik AR
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ORI R PR E R B RE 30 min, 5 £ DNTF [& {44 550kL
564

(3) 2 1E 22 il 50 26 3 a8 1Y R R (IR R IR 2
mm AR BE A (AR R GIREELLTS 3 °C) A
— i A 43 1 AR (140 ~170 H) 28 5 15 iR 1
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(4) T UL 0 R il R 40 R R Bl %2 30 °C
SR E IR BEFE 30 min,

(5) WEHhUETS 2] DNTF @k

(6) 1 50% L BEH W TR VE I DNTF @ik,

(7) 7£ 50 “CF E%5 T4 DNTF @ik 4 h,

(8) XJ g 21 S A EFT FRAE
2.4 FEmREFERNE

iR BB, GJB772A—=1997 J5 ik 401. 1 %5 R
oy RO (REPET R GIB772A 1997 J5 ik
601.2 %4k (2 kg) ¥k, 4 B & RO A 6%
(HPLC) 5 fiRIES: M+ Wi, MR A
RO R BE A AR A ; XRD 2 X 52805 R 17 S o

3 EXWHERSITR

3.1 DNTF#&E V(ZE) : V(K)=7:3 BB EEH
R RREMN R
DNTF £ V(ZR) : V(K)=7 @ 3 MR &% A
VA it LR S I B I 3 2 RN 3 TR, VA
AN FAIX W 2 FiR . R Apelblat”” ™" )y i xf 7
i A HEA T4
Inx=a+b/T+cInT (1)
At a, b, c MBI SR x HEERAMEG T xR
BE, Ko T B 4004 45 5 x, B MR O 2% (RD = (X, —
Xo) /X)) N3 4w, WA SHILE 4, hE 4
n 75, F i Apelblat J5 B L4 () DNTF 78 V(Z1R)
& et

www. energetic-materials. org. cn



3,4- i UK IR L AL IR IR A A T

V(IK) =7 3 BYTR A% 550 b 0 o fife B il 26 1 A G R
B R 0.99994 ¥ 95 Mi A 22 RMSD 3 0.029x107°
VLA IZ J7 B2 X DNTF %5 fif B2 58 00 & ROR e fd: . A
P2 W] UL A B ot 2 2 — 2% LT RN i B il £ AR
HARAT R R, HLE R RO A R XA

F2 DNTFFE V(L) : V(IK)=7 : 3 M -& ¥R i i
Table 2 The solubility of DNTF in mixed solvent of V(acetic

acid) : V(water)=7 :3

T/K X; X, RD

298.15 0.00120 0.00119 0.00406
308.15 0.00181 0.00183 -0.01161
318.15 0.00291 0.00289 0.00748
328.15 0.00472 0.00469 0.00511
338.15 0.00774 0.00780 -0.00753
348.15 0.01325 0.01322 0.00232
358.15 0.02277 0.02277 -0.00018

Note: x;is the experimental solubility data, x;is the correlated solubility data.

&3 DNTFTE V(ZMR) : VOK)=7 : 3 IG5 b v i
Table 3  The supersolubility of DNTF in mixed solvent of
V(acetic acid) : V(water)=7 : 3

T/K 282.75 291.85 314.55 322.05 327.95 343.15 354.75

X, 0.00147 0.00194 0.00389 0.00539 0.00658 0.01325 0.02277

Note: x, is the experimental supersolubility data.

&4 Apelblat TR A S
Table 4 The parameters of Apelblat equation

R? RMSD

57.29259 0.99994

a b c

—378.25877 13445.54999 0.029x107°

R5OERIE I R MALE AR

Table 5 The experiment scheme and experiment results
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Fig.2 The solubility and metastable zone of DNTF in mixed

solvent of V(acetic acid) : V(water)=7 : 3

3.2 £RIVER

EASIR I T SR 25 3R 5 iR . RAZEA
PEARE T XA 45 SR BEAT 20 HT , L R R v L AR
P R AL 4 ) B 0.5.,0.3 1 0.2,

K PR 26 3 %R 3 25 2R AT W40 AT o H 3R 5 A
RS B B A 22 R LR TR R R 22 K AR 2, R TR
G T R R W 2 7 S i I R R R R,
m PR B = R IR TR AR /N F OE B I 15 B Y S
TGN N ALC, DBy N FETE BT i 9 211k
g v, BRI I IR X S B A R R A R P 2
BB = 1 8 5 I 1) 4 B T A, AT A S S A 4
i L% 78 A, C, Dy By 258 T 1 50 UE 38 30 245 21 I
S5, HES AT, AAC,D,B,LE MBI A9 4
TEAS I Sy, I S F a2 e 45 i 2 561

number A B C D Hso/cm  p/g-ecm™  y/% m(Hs,)  m(p) m(y) combined score
1 1 1 1 1 16.70 1.857 79.9 0.000 0.000 0.000 0.000

2 1 2 2 2 20.49 1.880 82.9 0.187 1.000 0.231 0.440

3 1 3 3 3 20.96 1.862 81.4 0.210 0.217 0.115 0.193

4 2 1 2 3 19.59 1.874 92.9 0.143 0.739 1.000 0.493

5 2 2 3 1 22.10 1.858 85.7 0.267 0.043 0.446 0.236

6 2 3 1 2 22.10 1.874 88.6 0.267 0.739 0.669 0.489

7 3 1 3 2 31.62 1.874 86.3 0.737 0.739 0.492 0.689

8 3 2 1 3 36.95 1.872 92.1 1.000 0.652 0.938 0.883

9 3 3 2 1 36.11 1.877 89.0 0.959 0.870 0.700 0.880

proof test 3 3 2 3 36.38 1.876 91.7 0.972 0.826 0.908 0.915

k, 0.211 0.394 0.457 0.372

k, 0.406 0.520 0.604 0.539

ky 0.817 0.521 0.373 0.523

range R 0.606 0.127 0.232 0.167

Note: Hs, is the characteristic height, p is the density, y is the yield, m is the membership degree of every factors.
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Fig.3 The tendency chart between four factors and combined
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Fig.4 The morphology of DNTF
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Fig.5 The HPLC curves of DNTF
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Fig.6 The powder X-ray diffraction curves of DNTF
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Fig.7 The crystal size distribution curves of DNTF
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Crystallization Process of 3,4-Bis(3-nitrofurazan-4-yl) furoxan

LAN Guan-chao, WANG Jian-long, CAO Duan-lin, CHEN Li-zhen, HOU Huan
(School of Chemical Engineering and Environment, North University of China, Taiyuan 030051, China)

Abstract. The dynamic laser method was adopted to measure the solubility and supersolubility of 3,4-bis (3-nitrofurazan-4-yl) furoxan
(DNTF) in V(acetic acid) : V(water)=7 : 3 mixed solvent. The Apelblat equation was used to fit the experimental solubility data. The
influence of four main crystallization process factors of initial temperature, stirring speed, cooling rate and the mass of seed crystal were
investigated by orthogonal experiments. Results show that the best product was obtained under initial temperature of 85 °C, stirring speed
of 400 r - min™", cooling rate of 0.25 °C - min™" and seed crystal mass : solid mass of DNTF=5 : 95. The yield, purity, crystal density,
characteristic height H,,(2 kg drop hammer)of the best product are 91.7% , 99.72% , 1.876 g - cm™, 36.38 cm, respectively. The mor-
phology of the product is regular, and the crystal size distribution of the product is narrow. Besides, the result of X-Ray powder diffrac-
tion demonstrates that the crystal structure does not change during the crystallization process.
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