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GRS  RDX 4 B 47 HCAE 3R ][] o Bl =2 B AIG
XA FREL 4 T8 8. BEE o T8 o R 4l
A5 KA B 1] P, R AR BE 08 A fUOE I P R 2 2
fik LT, Sk R B T 2 b TR A R R 8T AR DR
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KEAR B A/ o 25 QIR F] 80 mL-min™ i, A id i
WOR & fr B H AT 2 & A RDX fi 1A (9 B W, 130 B
AT WS RO IR A R E A, X N X
UL E TV S B R AE TR TE R Y R ()
M 3 BURUIR & A% 1R 5 200 1 IR RDX &5 & 5 1
AR5 4.

AL QX RDX &5 it o 4 119 52 Wi 3= 24K 3L A6 ks Ji2
£, Q<40 mL-min™ 6, 38K QA F T 12 7 i i

¢=10 mg-mL}

c. ¢=50mg-mL"" d.
B 14 AFWE T RDX ) SEM K
Fig.14 SEM images of RDX at different concentrations
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Fig.15 PSD curves of RDX at different concentrations
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=75 mg-mL™" e.

AR TR & 8806 T 4/ RDX AR 1 Rt
2.3.3 REX RDXZ RHIE N

TEAWGE T8 W BTk B 2 AR IR G R Ry ot
VRN HE B K 2 R AE Sk B . O T RR X
RDX LB B 52 Wi, AL BE QN 6 mL-min™', RN
5, ERERT A ¢4 B E M 10,25,50,75 mg-mL™ Al
100 mg-mL™". &1 14 5 & 15 Jy A [\ 3 BE 554 T RDX
An R Y SEM 5 REAR 73 A1 ]

=100 mg-mL"™

B 14~15 AT AR FE T (¢=10 mg-mL™") il 1%
[ RDX i A T8 R AN H T L5 3 it 4% 3% T8 A7 A Bk B 5 {2
BEA c N 10 mg-mL™" 3 K F| 50 mg-mL™", RDX ff &
H Y KBORL 38 0 TR A AR Bl el P YRR B
16.29 wm W /N F] 2.17 pm, SPAN B0 1.14 [ (% 5
0.74, U B I Y5 Bl N RDX 1 b7 428 15 00 42 43 A7 Bl ¢ 3 K
T 328 W 70N 5 24 e 38 K 2] 75 mg-mL' B, RDX §h & 1y
WA R R S SR AR I K 3,31 wm; Bifi i 4K
SR ¢ 100 mg-mL™", RDX &b A i 67 3 L P47 35
AAE

IR RHE T (=10 mg-mL ™) IR A AL
N Lk
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BRI RE AR, 20t o o 98 3R T B R /N T4
I 3 AR 00 A% TR RS T AR DR I R 5 18
45 A 10 JORL A 58 B RLAR 43 A . 2 c A 10 mg-mL™
P %) 50 mg-mL i, fGE I P90 R R EE LR T
- RDX R AR W/ o MTRE % ¢ 50 mg-mL™" 3
KEN 75 mg-mL™", %E 25 43 F 19 3 10 U0 UE S0 R AR
RN T WO R E R R A ROR W R R BT
RDX Y B A% A A 3 72, 3 02§ BOHOR AR 3G R ) &=
BRI . Y oK F] 100 mg-mL i, 52 i AR Y 4
A A5 3 T U0 UE S N B R — 2D 3 (H S5 o R
Ty T EOGE R AR RS A TGS AR RN T
i A% A I BRI 2% A, g 26 TR A A B 7 R i) R A
RS I VR ey O R N R E R A
K.

AW, B A B B h RDX W WO Mk A
10 mg-mL "3 K F] 100 mg-mL™", Hoki 12 550/ G
R H, Horp c=50 mg-mL™ i RDX 487 5 B/
HIE S s A, i P 4R A2 217 pmos
2.4 ZERSHTHMX RE S5 EFH N

HMXFETE a- - y- 8- D0 iy 2, Horf B-HMX 7E
O E T me ke H LR BE AR, R AE BT T Y

B-HMX, A A 58 2 2% Sk [ 22 ] v 72 W RUBE T (19 HMX
BERRSCER  UEAT T ORE TN HMX I &b 78 5 0k 8 R 42
BRI Az in, B16 ARFESEEMT
32 B HMX A i 9 XRD &3

R4 Ostwald A AE KL 205 Wb & A 25 S it
T AR R R RN SR e T Y R e
TR R AR AR AS B T 2 W R 0 g AR RO R e
i RLCEETR & R &R, B SR R AR T
y-HMX. TEW WA T AEH T, y-HMX 3l i WA A
R e A B SR 5 A K S8 ) B-HMIX Y
Ak .

R ORTRE A A S5 2 AT

Table 1 Experimental conditions of different samples

sample c/mg-mL™" R post processing operations

1# 200 2 stir for 5 min

2# 200 2 stir for 10 min

3# 200 2 stir for 15 min

4# 100 1 suction filtration immediately

S5# 200 1 suction filtration immediately

6# 300 1 suction filtration immediately
Note: c is the concentration of HMX. R is the flow rate ratio of anti-solvent

PRAR Y . O T AR BB LR 2R O AT Y TR 2R 0 solvent
180 250
160+ = Formy 1 = Formy 300+ « Formy
140 ¢ Form B 200+ + Form g 2501 + Form 8
S 120 3 '
= ; S 150 S 2001
g 807 1 & 1001 2 1501 R
E . Ll .‘é Q
£ 60 . d € 100+
401 50
201 501
0 0+ 0 \ J ]
10 20 30 4 50 o2 %0 40 80 0 20 30 40 50
201(°) 201(°) 210)
a. sample 1# b. sample 2# c. sample 3#
600 250] 1200
F + Form
5001 R 3001 St 1000 4
5 4001 5 250 s 8004
© s ] Z
= 3001 z 20 Z 600
4] 2 1504 2
£ 2001 £ R £ 4001 s
£ 100 1
1004 .] J 50- J 200+ L J
Y [ ll ]h. o Y L LAt e s [ — I J.' |
10 20 30 40 50 10 20 30 40 50 10 20 30 40 50
201(°) 201(°) 201 (°)
d. sample 4# e. sample 5# f. sample 6#
Bl 16 A[A#E A XRD &
Fig.16 XRD diagrams of samples
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ST A8 T, XV, 8 A, SR G, T B O3, XU SE, AR, v B

TE AR RN HE TSR IR R, R=1
HMX [ 5% S R 56 4 o T WLTE SO 8 445 d i el R o
R 5 T A 53 v I R 2 R ) T fige R R R i R ) A%
HA BRI, 565 L2 BB R ASCE . X6
B T4 R=1 I, flCiH T8 v s 500 55 5 9 500 AR X 24 4, %%
JBT 1) R 25 28 A A T 4 T -G Y Bl ST A T
TR KT it A 5 TET 1 2 B A FH A Ry 38— A A A T
A o A 1, DT e 23R AR R 1 B-HMX

X F R R &R (R=2) , vl 3 i B 3 25 O X 58
B y-HMX 2] B-HMX B 5% fiv il 72 SR g i ] 23 5%
M) g 265 e R o Y AR RIS ) AT I (<10 min) |, B
TR HMX A R 3 f AN 58 4 3 BORE i P A2 ZE
ol it 0 B VR A% CRF 14 JFE i 24) 5 177 4 28 B K 4 1)
] ZE 15 min BE8 52 0 HMX 19 58 2 %5 5, e & 4K 15 4l
JE A T Y B-HMX CRE & 3#) &

FE & 3#~6#35 R BTy i T B-HMX, hy T i — 20145
FRE i R4S 5 I SR AE |, 6 H R AT R 42 43 M1 55 SEM

sample 3#

e. sample 5#

E17  B-HMX A SEM A]
Fig.17 SEM images of B-HMX crystals
2.5 ZS1BFYRESRRGHEREIE

458 2.3 %) RDXOHLJEE A2 b ML 5 25 i 2 50 4R
LA ZS-1 BY GO AR 5 R Ge BEAT T RDX Y 4t
il #5256, I 56k H 7 RE K LR . 25 S IR A
PR BT R R R AL PR B TS HON
¢=50 mg-mL™", Q=20 mL-min™' #1 R=1:1, [E 18 f
P19 3 5 S HE 45 & RS RDX B9 SEM 5 kL 42 43 BT

45

f. sample 5#

Wk X He & B, BB RDX O RL AR YL Bl R 13.2~
318.5 wm, b7 B A8 K HURLAR 23 A #5805 T 28 i R A
)5 , RDXFE i R4 Y R 40 /4 1.5~8.8 um, Horp
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AL, R 2 587 s S5 REY Bk 252 iR
G R B HMX SR B A2 PR B, 45 4 2 A 1 R
RARKR R AR T8 o [, B % ¢ L 100 mg-mL™
B EI 300 mg-mL™, Hokif2 R R, R cth &
2 A ZR 3K B Jek AR R EE Y DRI DA S ) i i 40E
S BT DAOR R B A K 24 08 vk B A R T AR AR /N RE A 1Y
B-HMX fi A

R2  B-HMX Ak B B
Table 2 Particle size data of B-HMX crystals

sample D,,/ pm Dy, / pm Dy, / pm SPAN
3# 9.935 14.28 32.23 1.561
44 3.727 5.298 13.26 1.799
5# 7.180 10.42 18.75 1.110
6# 12.78 18.57 50.45 2.027
Note: D, s o is the corresponding particle size of a sample when its cu-

mulative particle size distribution percentage reaches 10% (50%,
90%). SPAN is used to describe the width of particle size distribution,
SPAN=(D, =D, )/D,,.

sample 4# P ‘J ‘
Yt \J .("":{HJ
MRy~

v, f,
} R
v'l

d. sample 4#

sample 6#

~

— i -

g. sample 6# h. sample 6#

D., 5 SPAN %43y 4 3.35 wm F1 0.956, fi 1A 2 1 i
ARG . SRR T I, % A 45 1F N RDX 7 i
H207.7 g-h™' LN 86.5%

TN E H 4 R RDX P Y 4l B L% 1 ) A%
S, T v OB R T AT T A b . il
ST A 1 1] B g T AR, R U T ARUE — R AT RDX Y
2l B, A5 AN 20 FT R o B A RIS RDX
HAAS &5 43 9 99.85% 15 99.75% , 7 7 DMSO % 4%
AR 0.10% 5 0.14% ., Al 0L, 28 ZS-1 RUGR # 45
A A S8 A AL S B RDX L B A B0 19 400 B 5 B i v
G4 i
N Lk
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a. SEM image of raw RDX

18 JEURE RDX [ SEM [l 55042 43 H7 45 At
Fig.18 SEM and particle size analysis results of raw RDX

a. SEM image of recrystallized RDX

19  HE455 5 RDX A SEM K 5 ki 42 43 By 45

frequency / %

frequency / %

Fig.19 SEM and particle size analysis results of recrystallized RDX
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Fig.20 HPLC diagram of recrystallized RDX
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BV F 1 wm; B E/NF 40 mLemin™ B, 8 5 N
S ) 1 K 2 5 B RDOXORE JEE FIURE AR 4 A 38 7 05/
Wit e 32 1Y) 3 K, RDX AR R 1 A28 22 300 S il /s 5 48 K
B AR b e B, H e B Ol 50 mg e mLT S B R AR A
IN,R2.17 prms

(3) % F ok G HMX, 3 1o 1 45 195 A 3 2 B nT A
SRR BE R By AR R A% 4 . 4 R=2 BB B AT
v-HMX, 28 3% 2 3 P AT DL 58 G s T 24 R=1 I 28410
T DAL A B 4l A ) B-HMX, AN TR SE 56 45 R
5 5 i B-HMX FE i S ¥R 48 7E 5~20 wm, H A v i
AR A R T RS/ NRLAR 1 B-HMX fh A

(4) 2 B0 0E , AT 5% 46 2 (1) ZS-1 RGO 45 45 i &R
GeAE LR A5 B A SO B ) B, AT DL o S R4 )
D,,=3.35 pm, SPAN %} 0.956, F- ¥ 4l & 4 99.80%
) RDX &, H 5 65 3% 45 19 77 & ] Gk B/ i A o
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Preparation of Narrow Size-distributed Micron Nitroamine Explosives by Microfluidic Crystallization System

XIA Hao-xuan'?, SHI Jin-yu’, LIU Jin-bo'*, ZHOU Xing-yi'*, FEl Yi-peng'’, Ning-Jue-yong '*, LIU Li'*, ZHU Peng'”*,
SHEN Rui-qgi'*
(1. School of Chemistry and Chemical Engineering , Nanjing University of Science and Technology, Nanjing 210094, China; 2. Key Laboratory of Nano-Micro
Energetic Devices, Ministry of Industry and Information Technology, Nanjing 210094, China; 3. Institute of Chemical Materials, CAEP, Mianyang
621999, China)

Abstract: To achieve the crystallization regulation and batch production of explosives at the safety-critical scale, the ZS-1 micro-
fluidic crystallization system was established based on the microfluidic technology. The experiments were carried out with
DMSO as the solvent and deionized water as the anti-solvent. By changing the crystallization process parameters such as the
two-phase flow rate ratio, explosive concentration and total flow rate, the particle size control of RDX and the polymorphic
transformation of HMX at the microscale was studied, and high-throughput screening of crystallization parameters was explored.
Batch preparation experiment of micron RDX was carried out on the ZS-1 microfluidic system. The results show that the average
paritcle size of RDX is deduced by 22.2 times after recrystallization. Specifically, the D, of RDX samples is 3.35 pm, the SPAN
number is 0.956 and the purity is 99.80%, and the hourly output of single system reaches 207.7 g. The ZS-1 microfluidic crystal-
lization system verifies the feasibility of batch preparation of narrow size-distributed micron explosives at the microscale.

Key words: microfluidic;nitramine explosives;recrystallization; flexible manufacturing
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