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Fig. 1 Schematic of microfluidic device for the continuous

preparation of double-based spherical propellants

Table 1 Internal diameters of continuous phase and dispersed phase channel for 5 types of chips

chips 2* 3* 4% 5*

internal diameter of the dispersed phase channel (d;) / mm 0.85 1.10 0.85 0.85

internal diameter of continuous phase channel (d_) / mm 2.00 2.00 2.50 3.00
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Fig.2 Viscosity of the 10% double-based propellant solution

at different temperatures
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Fig.3 SEM images, optical microscope images and particle size distribution diagrams of the samples prepared at different
two-phase flow ratios
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1 XU R T 5 24 BKROF 2 4 4 o
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Ro HFE 3T LA, BE A PR I LN R S A
DKL AR Dy, e 38 K G W/, Dy HH 489.07 pm 3 K &=
539.94 pm J5 il /NF] 525.84 pm. 1K 3 A0, BE S

F2 HMREIEE (o)
Table 2 Sphericity(¢,) of the obtained samples

two-phase flow

samples ratio (Q/Q,) maximum ¢, minimum ¢, average ¢,
SPL-#1 200.00 0.994 0.808 0.902
SPL-#2-1  400.00 0.988 0.834 0.916
SPL-#2-2  266.67 0.994 0.821 0.923
SPL-#2-3  200.00 0.996 0.852 0.949
SPL-#2-4  160.00 0.998 0.829 0.948
SPL-#2-5 133.33 0.994 0.845 0.927
SPL-#3 200.00 0.996 0.826 0.922
SPL-#4 200.00 0.997 0.853 0.940
SPL-#5 200.00 0.991 0.889 0.943
Note: Q_/Q, is two-phase flow ratio. ¢, is the sphericity of sample.

®3 HaKIEE

Table 3 Particle size of samples

R KL A2 40 A 4 85 E span 43 %] 0.14,0.12,0.09,
0.19,0.30, ¥/ T 0.40, & B R 5 R 48 40 Al 2501
FH P81 3 i R A R A 43 A Il 2 AT R, B SPL-#2-1
SPL-#2-2 SPL-#2-3 BPRIAR 53 A1 {53 3124 410~550 pm,
420~580 wm,480~580 wm, H il fE kL2 70 31l 15 485,
505, 540 pwm, 5 H D, A0 XF W o T FE S SPL-#2-4
SPL-#2-5 (1) A 72 43 1 . [ A0 XF 4% 98 | 43 51 Ry 410~
640 wm, 440~790 wm, 7E 520,510 wm 4b H B XT )
D., W AR R #2 , FE A RE ) SPL-#2-5 7E 645 pum &b if H
BT R 5 1 W i T S R T . IX O iR T Ak
AH L 2 A /IN B VTR A 3 HIORH 3 T AR DL IO SRR
E A B 5 B A 4 FBORE AL S 1 38 K % SR A I ARG 43 A
AR (%) B DA R 22 8 00 | A 43 BIORH 8 T8 EE R TR
T ORL AR 38 Q5 40 B U = 42 5 1 0.125 mL-min™' 5,
VR X LA AE 3 TOAE S B VR AR A =X F T O
SR R PR 5 BUE BB KNSR E A5 B H R
Do FOF U /N FLURLAR 23 A7 A6 AR 58 . AR5 26 B, 78 P AR
i i e Q./Q,=200.00 B, il £ i WL BRI & 5 25 (HF
fit SPL-#2-3 ) v (v i A% e K HL o0 A e B v .

S T FAERE G B SRR B SRR R AR A3 A B A
(R i SPL-#2-3 , X L A1 3 17 Bz o8 58 45 44 i2E 47 SEM il
W, EE R 4 fr s, 4RI LUE B RE S SPL-#2-3
(1) 2 T 6T, A7 78 A B S/ INFLAR 3T R 2 43 BIORH VTR
HEAT I 7 52 Ha 5 B2 1138 38 (] 4a) 5 [ B L 550K Py 35
SEA R AT LA B B G 1 2 R AN A R A LR G T
T A3 AR TG B Kk fa (&l 4b) o MR % G)B 770B-
20057 B 7 i 4011 TR A5 0 S ¥ Ok %
p=1.601 g-cm™, L E 23l 1) WL BRI & 5 254 (1) i

internal diameter two-phase flow ratio

maximum particle minimum particle size

samples (dy/d.) (Q/Q,) 5o/ M size / pm / wm span
SPL-#1 0.60/2.00 200.00 478.74 544.58 441.24 0.11
SPL-#2-1 0.85/2.00 400.00 489.07 540.13 418.97 0.14
SPL-#2-2 0.85/2.00 266.66 506.46 573.62 422.46 0.12
SPL-#2-3 0.85/2.00 200.00 539.94 577.04 483.72 0.09
SPL-#2-4 0.85/2.00 160.00 525.84 630.52 411.01 0.19
SPL-#2-5 0.85/2.00 133.33 526.54 787.25 449.80 0.30
SPL-#3 1.10/2.00 200.00 589.72 648.06 533.16 0.12
SPL-#4 0.85/2.50 200.00 625.26 690.80 560.29 0.09
SPL-#5 0.85/3.00 200.00 700.08 753.20 612.59 0.10

Note: d/d_is the inner diameter of the dispersed phase and the continuous phase channel of chip. Q_/Q, is two-phase flow ratio. D, is the median particle size of

the sample. span is the size distribution span of the sample.
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a. outer surface

b. inner structure
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Fig.4 SEM images of the outer surface and inner structure of

particles for sample SPL-#2-3
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Continuous Preparation of Double-based Spherical Propellants by Shearing High Viscosity Solution with A
Co-axial Flowing Microfluidic Installation

XIE Yu-xin', YANG Ling-feng', LI Yang', SHI Xian-rui'*, ZHU Juan’, LI Zhao-qian', PEI Chong-hua'
(1. State Key Laboratory of Environment-friendly Energy Materials, Southwest University of Science and Technology, Mianyang 621010, China; 2. Xi'an
Modern Chemistry Research Institute, Xi'an 710065, Chinas 3. Luzhou North Chemical Industries Co., Ltd., Luzhou 646003, China)

Abstract: In order to explore the processing parameters for the continuous production of double-based spherical propellants with
particle sizes in the range of hundred microns, a Co-axial flowing microfluidic installation was used to process the dispersed
phase of a 10 % double-based propellant solution and prepare the double-based spherical propellants with a controllable particle
size in the range of 400-700 um. The effects of two-phase flow ratio(Q./Q,) and chip size on the morphology and particle size
of double-based spherical propellants were investigated. Moreover, the morphology, particle size distribution, and constant vol-
ume combustion performance of samples were characterized using scanning electron microscopy, optical microscope, and
closed bomb test, respectively. Results show that, the median particle size (D,,) of the samples prepared into the same type of
chip increases first and then decreases with the decrease of two-phase flow ratio. As the internal diameter of the continuous
phase or the dispersed phase channel increases, the D,, of the samples obtained at the same two-phase flow ratio increases suc-
cessively. When the internal diameter of the continuous phase and the dispersed phase channels are 2 and 0.85 mm, and the
two-phase flow ratio is 200.00, the resultant sample displays high monodispersity, smooth surfaces, dense inside, regular spheri-
cal shapes (average sphericity ¢,=0.949) and narrow size distribution (span=0.09). Its D, is 539.94 pm, and the average parti-

3

cle density is 1.601 g-cm™. In the closed bomb test, the pressure-time curve shows that the samples with two varied packing
densities (A,=0.12 g-cm™, A,=0.20 g-cm™) can burn stably, and the dynamic vivacity-relative pressure curve follows the regres-
sive burning law of the dense spherical propellants.

Key words: Co-axial flow;double-based spherical propellant;two-phase flow ratio; chip size;closed bomb test; constant volume
combustion performance
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