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Fig.1 Schematic diagram of spray drying method
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I3 AiE, (g, h,i) TKX-50/AP-2 #E 5 1 EDS £

Fig.2 (a) SEM image of raw TKX-50, (b) SEM image of raw AP, (c,d,e) SEM images of samples at feed rate of 2.7, 3.6, and
4.5 mL-min™', respectively, (f) size distribution of TKX-50/AP-2, (g,h,i) EDS and element distribution of TKX-50/AP-2
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Fig.3 XRD and FT-IR spectra of TKX-50, AP, TKX-50-AP
and TKX-50/AP-2 samples

M 3am] LLE H, BB TKX-50 A9 45 11 16 23 51
PAE 260 7F 15.1°,15.3°,25.2°,26.6°, 27.9°f1 29.7°
b 43 SRR F TKX-509(020),(011),(12-1),
(121),(130)F1(040)FH"", AP AYFRAE I H 21
162045 15.2°,19.3°,23.9°,24.7°,25.4°,27.5°,30.4°
M 34.20040 43 BIXF RN FAPARI(1T 01),(01 1),
(201),(002),(210),(211),(202)F1(121)
im0, TKX-50/AP IR & 9 H& i 4 TKX-50 & AP )
FEAE W, {15 78 A0 02, 38 i X TKX-50/AP IR &
K TKX-50/AP-2 & B . ¥ /i TKX-50/AP-2 (1) 20 1&
13.25°.33.30°.35.95°W &bt B 1 g, 20 7 15.23°,
19.42°,30.59°4b YR AE I TH 2%, 26 7% 23.25°,25.95°,
28.80°40 1 HY B 1 k0N B D B L 3 10 B A2 BT T Y A
G5 .
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1580 cm ™ 4b AW ey N—H B9 25 # IR 30, 1421 cm™
b B M AE S N =N B R 45 Bk B, 1170 emT Al
1235 ecm™ &b B9 1§ (6 J& T C— N 8 i i 45 4 2,
818 cm AL AYIE(E R T N—O B (45 IR 31" . AP 1
3300 cm™Ab i N—H B i 45 4z 2 %, £ T 1240 cm™
BRI N—H 25 il 2 35, 1080 cm™ 1625 cm™ X% Jif
F ClO, W gadiksh'>" . PiF IR AR 2R R
R TKX-50 5 AP P J5URME K G T SR &, R IRCA
0 B ) O F% S s B AR AR . R TKX-50/AP-2 # iy
0 3 PET 1 32% B Sy To r RE  EAR JBR A T ) R A R A
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T i R 85 8 AT 2
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Sy TR RE L OB EEE BE L LR R IR R
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7T TG-DSC I, &5 5 WL 1K 4.

M 4a i) TG 2] 71, 43 g B2 10 Kemin™ B,
JERE TKX-50 (4 53 fiff b B2 53 Sk 2 A B B, o 58 — 43
il B BE 29 7 50% , 5 ATl B B2 o 40%, X FEE
TKX-50 [ 1 4807 A OC , S BOL o0 i A 5843 5 JsURE AP
W53 24~ 3 fff B L 58 — S B B 24 15 25% , 58 00 il
MBS 75% , X LA AP > il e 45 b 1
SRR SE A s A W BIR & )5, TKX-50-AP IR &
4 JoT s 45 2K 43 R 3B B L BB — AN B B 40% 5
N FRA N 20%, 55 B B2 40%, LR B TKX-50
O3 T 58 43X AT BE R T AP I AR i T =R E
iy, A T H Ay i B B s {H R A TKX-50/AP-2 Fifi %5 Tt
R R, HEAH — A b B, B e,
& TKX-50 5 AP T B 1 81 9 fb AR 2549, o0+
GEAAR I AE 5 KeminT FHIRE R B A o AR
B, Z W a R mfEkgm, 2R B R L
53 1t o

M E 4b ) DSC #h £ mT AT, TKX-50 % A fin #4202
A B B 5 R TKX-50 J2 1 28 [ A 20 i,
O3 i 5 A & 7E 200~300 °CA — > 5 il P Fl— A %%
55 )8 W, 3X 5 TG 45 3 —30; AP (19 853 f# 53 R 3 A B
B B — AN B B R RVEG AR B B L TE 240 CAEA
HE U 1 W BRI X N % AP R R T R A S ST T R
55 AN B BE R AR IR 43 8 I B, TE 290 °C A2 A B i AR I
Sk AP I [ -2 A0 R, 3853 AP 23 43 fif A v TR )
55 =B Bk I A3 B, AE 420 °CZE A I A
N Lk
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4 AFTHEEF T TKX-50 AP  TKX-50-AP J TKX-50/AP-2 ¥ i 1 TG #I DSC &l
Fig.4 TG and DSC curves of TKX-50, AP, TKX-50-AP and TKX-50/AP-2 samples at different heating rates
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R AP B AR BN, 58 4 43 flf A CSOR T . RLEL AP
1 R AN o3 il o R LB B B R, A3 il ORI
TKX-50-AP IR & ¥ b 4li AP 7E 240 °C B 3T Y Wz 3004 714
KT, HAE AR A g FE 260 Ca b B
TR A 0 R I A T T R A B v A i U
5 B TL-F- T8 2%, 55 A8 05 40 TKX-50 9 #0400 i R AE 35X
Ul B G 35T A 0 o A 2 th TKX-50 7 255 5 Y 3R
A, FE & TKX-50/AP-2 HA — A 5 (1) 43 ff 1, HL 4
fiff VAR AT BT BT, N7 T R ) B T S R ) B v
F B R TIOR3 )N — 2 R o 44k S TKX-50
Oy T S A, TR RO R L A G AR TEAF L (45 AP X
TKX-50 [ #453 fiff Af AL RICR B 4, 1E— 2L B8 T 41 8T 1
mn AR ZE K TE 1

HI A 53 fige 0 IR B L 43 ) R T Kissinger ¥

#£1 TKX-50.AP.TKX-50-AP A TKX-50/AP-2 ¥ it 1 3l 1 2% 2%k

Starink % fl Ozawa 3572 31 55 H 3¢ 0 7% 1k 6k |
K 2) A FFE G B 3 11 # S8R R 5 500
In(B/T.?) \In(B/T,*)FIn(B)XF 1/TAEEL, FH e/ — 5
TR RS TR R E 5 N . ELHEHER
RO THE R B as Rk 2 Fros 80 R0
TEALRE L2 3.

BE AR
fps)=—RTz+ In(?) (2)
A R AR SR %L, 8.314 )-mol ™K' 5 AN R A
K3 B 8 E, 8 BTG AL BE . k)-mol ™ T, R HE 24
TE T4 IR B 3% BN 1Y 43 i W (B IR B2 L K B ok THIR %,
Kemin™'. 4 $=2 i}, B=1 B} >4 Kissinger 7% ; 4 $=0,
B=1.0516 i} 2 Ozawa % ; 4 $=1.8, B=1.0037 i} 2
Starink

In(

El

Table 1 Kinetic parameters of TKX-50, AP, TKX-50-AP and TKX-50/AP-2 samples
samples B/ K-min™' T,/K 1/T, /K™ In(B/T.?) /K +min”' In(B/T,"*) /K% =min™"  Ing/K-min™
5 506.86 1.97%x107° -10.84 -9.60 1.61
10 514.24 1.94x107° -10.18 -8.93 2.30
TKX-50
15 519.99 1.92x107° -9.80 -8.55 2.71
20 523.07 1.91x107° -9.52 -8.27 3.00
5 552.66 1.81x107° -11.02 -9.76 1.61
10 564.89 1.77%x1073 -10.37 -9.10 2.30
AP
15 579.29 1.73%x107° -10.02 -8.74 2.71
20 581.97 1.72x107° -9.74 -8.46 3.00
5 500.83 2.00x107° -10.82 -9.58 1.61
10 507.87 1.97%x107° -10.16 -8.91 2.30
TKX-50-AP
15 515.46 1.94x107° -9.78 -8.53 2.71
20 518.90 1.93x107° -9.51 -8.26 3.00
5 487.44 2.05%x107% -10.77 -9.53 1.61
10 493.61 2.03x107° -10.10 -8.86 2.30
TKX-50/AP-2
15 496.61 2.01x107° -9.71 -8.47 2.71
20 503.25 1.99x107° -9.45 -8.20 3.00

Note: T represents the first decomposition peak temperature, g is the heating rate.

i 2 3 7T 1, TKX-50-AP R4 ¥ 19 1% 1k fig o B0kt
TKX-50 & ik 7 31.43 kJ-mol™, 3 W] AP & hn A XF
TKX-50 & 2| 7 AL A8CR B i TKX-50/AP-2 i T B
B A 25 K, 2 UL TG Ak g AH X 4 TKX-50 T+ T
1.33 kJ-mol™, #1X} TKX-50-AP £ % T 32.76 k)-mol ™,
e T RO AP, R I B R e it . &L,
B TKX-50/AP-2 B 5 50k 43 B 2 R[] ) 440k
PE, TR IUAE S i ROR AR & o R TR N o8 4 o i
FEAN TR L % ME B T AR e 22 g R Ak g
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P
2.4 HHERE
TKX-50, AP, TKX-50-AP K& TKX-50/AP-2 £ i ¥
ML ER B2 I 25 TR an 3 4 TR
BUBRREE S PPAN  RE A B2 M) B B AR 2 —1°
% 4 R TKX-50 R B ARAL US| 3xX 5 Hph 4 9 2
AR 7 45 A 22 TKX-50/AP-2 (1) 45 1iF 7% &
(Hyy) 24 50.1 cm, ko J5 KB AP Hil TKX-50-AP 43 51| =
36.9% F1 40.7% , B & T 5 RF TKX-50, B 42 J8% 12 AH X
S Xt
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& Ml 4 7 Table 3 E, values of TKX-50/AP mixture and TKX-50/AP-2
Table 2 linear fitting curve equation of TKX-50 cocrystal samples kJ-mol™
samples Fitting method  Linear fitting formula R samples E, E, E, E,
Kissinger y==-21.57x+31.66 0.99764 TKX-50 179.33 180.75 189.23 183.10
TKX-50 Starink y=-21.74x+ 33.23 0.99766 AP 110.41 112.32 120.80 114.51
Ozawa y="22.76x+ 4645  0.99809 TKX-50-AP  148.24 149.40 157.38 151.67
Kissinger y=—13.28x+ 13.04 0.97790
TKX-50/AP-2  180.83 182.08 190.39 184.43
AP Starink y==—13.51x+14.72 0.97889
Note: E, E, E is the calculation results of Kissinger, Starink and Ozawa
= +
Ozawa y="14.53x+27.95 098315 methods respectively, E, is the average of the three methods.
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Ozawa y="18.93x+39.51  0.98653 Table 4 Impact sensitivities of TKX-50, AP, TKX-50-AP and
Kissinger y=—21 .75x+ 33.93 0.95638 TKX-50/AP—2 Samples
TKX-50/AP-2  Starink y=-21.90x + 35.47 0.95874
samples Hy, /cm P/ %
Ozawa y==22.90x + 48.66 0.96213
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Note: H, represents the impact sensitivity.P represents explosion probability.
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Preparation and Properties of TKX-50/AP Composite Microspheres

WANG Xin-fei', YANG Jun-qing'*, ZHAO Han-xiao', WANG Ting-hui', HAO Ga-zi', XIAO Lei', JIANG Wei'
(1. National Special Ultrafine Powder Technology Research Center of Nanjing University of Science and Technology, Nanjing 210094, China; 2. School of
Mechanical Engineering ; Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: To obtain new energetic materials with high energy, low sensitivity and liable storage, TKX-50/AP composite micro-
spheres were prepared by spray drying method. The effects of different feed rates on the morphology of composite microspheres
were investigated, and the optimum process conditions were obtained. The morphology and crystal form of the samples were
characterized by scanning electron microscope, X-ray diffractometer and Fourier infrared spectrometer. The thermal decomposi-
tion performance, impact sensitivity and hygroscopicity of the microspheres were also studied. Results show that the samples are
spherical particles with sphericity of ®=96.40% and d,,=1.33 pm at the feed rate of 3.6 mL-min™". The crystal structure is differ-
ent from that of mechanical mixing of TKX-50 and AP. The thermal decomposition activation energy is 184.43 kJ-mol™, the char-
acteristic drop is 50.1 cm, and the hygroscopicity is 37% lower than that of the physical mixing, showing excellent safety perfor-
mance.

Key words: TKX-50/AP composite microspheres;spray drying method; moisture absorption;mechanic sensitivity
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