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Fig.1 Schematic diagram of the experimental setup
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Fig.2 Optical microscope images of microsphere samples

obtained from different suspension concentrations
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agent roundness roundness roundness
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SDBS 0.941 0.861 0.915 0.029
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Table 2 Kinetic and stability parameters of thermal decomposition of submicron DAAF, sample 1* and sample 2*

E,/k)-mol™ _ )
samples E,/ k) -mol” Ln(A/s™) To!C T,/ °C
Kissinger Ozawa Starink
submicron DAAF 170.00 168.34 168.28 168.87 36.90 252.89 267.33
sample 1* 186.88 195.96 187.78 190.21 34.05 256.44 269.30
Sample 2* 180.81 189.76 181.71 184.09 34.71 241.99 254.57

Note: E, is the apparent activation energy. E, is the average apparent activation energy. Ln(A/s™") is the exponential value of the prefactor. T, is the peak tempera-

ture at which the rate of warming approaches 0. T, is the critical explosion temperature.

R 3 THOK DAAF BB TP RE S 2* B9 22 28
Table 3

sample 1*and sample 2*

Thermodynamic parameters of submicron DAAF,

samples AG / k) -mol AH / k) -mol™
submicron DAAF 79.13 163.83
sample 1* 169.16 182.47
sample 2* 166.91 176.91

Note: AG is the Gibbs free energy of activation. AH is the enthalpy of activa-

tion.

AH = E, — RT,, (3)
- To -AG

Aexp(RT:0)= k p exp ( RT.,
Ao, BAE IR R Kemin™; T, S FHER 38 T 0 B (1Y
IR K boo d o ER T R I SR FEIRLEE K E, 3R
ML AL BE , k)-mol™; R ZS AR % %4, 8.314 J-mol™"-K™;
AHFIAG 53 5 A 15 A6 44, k) -mol™ FiG Ak 35 45 157 @
fig, kJ-mol™; AJE 48 1 I 7 kJ2 38 R 2% = W 4L,
1.381%107% J-K' s h &5 B v 7 0, 6.626X107 J-s7'

i 3% 2 vl 0, 5 60K DAAF A EG , BE &G 1700 Sk
ai 2" 35 AL RE A B T, I T T A Ok A Y U
JZ BT LAAT 22 A DAAF YIRS /e Pk o TR, R 0 17
B3 AL fE L RE S 23R B T 6.12 K)-mol™, AT g2t F
VT I A A AOFF RUAR R A K 2 UKL 3R T4 5 A A L Y
M) T Bk v DAAF FURL % #8531 55 T KE 245 AR 1
TG 3G T WK DAAF BE & 17 DL KR
i 2P B, Hoh AG Y R IE R WARE A AL TR
SEARAS . BESL VI AH R TR 27, AH BUE K AR
TN AN Ty AT i — 0 R T RES VB T4y
IR e P

£ 10 °C-min™" {19 Fh i 3 28 F X2 fHOK DAAF B
aie 1PUA B RE i 27 TR R B L AT T TG I, 4%
AT 12 FEoR, a0 E 12 AT R1RE i 38 A7 A R R By
Br. 5ok DAAF DL KRR i 2P A B B S 1 RE )5 T
Gy, 5 DSCIIRAZ, R — ., Hrb  BE 5 VAR5 2
B 5 482K BN T MOk DAAF, 23 Bk X 2 il 7

) (4)
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Fig.12 TG curves of submicron DAAF,sample 1*and sample 2*
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W A4 B BE 9T H F2602 J8 T PR B 45 7R 5 3% 3]
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[m]
HiE

R4 WHOK DAAF FE G 1P RLRFE § 2* B LML 5
Table4 Mechanical sensitization of submicron DAAF, sam-

ple 1" and sample 2*

samples E/) friction sensitivity / N
submicron DAAF 95 >360
sample 1* >100 >360
sample 2* >100 >360

Note: E, is the impact sensitivity.
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Fig.13 Angle of repose of submicron DAAF, sample 1* and sample 2*
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Fig. 14 N, adsorption-desorption curve and pore size distribution curve of DAAF/F2602 composite microspheres
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Preparation of DAAF/Fluororubber Composite Microspheres by Droplet Microfluidic Technology

ZHU Rui', LIU Yi', ZHANG Dong-xu', SHIl Jia-hui', AN Chong-wei'*, WANG Jing-yu'*, WU Bi-dong' "
(1. School of Environmental and Safety Engineering , North University of China, Taiyuan 030051 China; 2. Shanxi Engineering Technology Research Center
for Ultrafine Powder, Taiyuan 030051 China)

Abstract: Using droplet microfluidics technology, an aqueous solution of the active agent at a concentration of 0.5% was used
as the continuous phase, and an ethyl acetate solution of DAAF was employed as the dispersed phase. DAAF/F2602 composite
microspheres were prepared by fluid-focused microchanneling. The effects of two-phase flow rate ratio, concentration of dis-
persed phase, and type of active agent on particle morphology, particle size, and roundness of DAAF/F2602 composite micro-
spheres were investigated. The optimal process conditions, including a suspension concentration of 4%, a two-phase flow rate
ratio of 16:1 and an active agent of CTAB, were obtained and compared with the aqueous suspension method. The results show
that the DAAF crystalline shape of the samples obtained from two preparation methods are unchanged, the impact sensitivity is
higher than 100 J, and the friction sensitivity is 0% and the friction sensibility are more than 360 N, indicating that the two sam-
ples have good safety performance. Among them, the particle sizes of DAAF/F2602 composite microspheres which obtained by
the droplet microfluidization method were in the range of 20.22 to 53.85 wm, which were smaller than that obtained by the
aqueous suspension method (121-356 wm).Furthermore, the particle sizes distribution was observed to be more uniform. Theth-
ermal decomposition exhibited a delayed peak temperature by 6.45 °C , and the activation energy was increased by
6.12 kJemol™, which lead to improved thermal stability. The cone angle generated by the stacking of DAAF/F2602 composite mi-
crospheres which obtained by the droplet microfluidization method, is 34°. This angle is smaller than that of composite particles
obtained by the water suspension method (40°), which indicate better dispersion property.

Key words: droplet microfluidic technology ; DAAF ;microspheres;coating
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