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Fig.2 Size distribution curves of different AP samples
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Table 1 Impact sensitivity and friction sensitivities of different

AP samples

sample Hso /cm friction sensitivity /%
AP-R 42.2 44
AP-C 26.9 96
AP-1 31.8 84
AP-2 32.6 84
AP-3 29.3 88
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Table 2 The apparent decomposition heat of different samples
sample Q-8
5°C +min”" 10 °C -+ min™" 15 °C - min™" 20 °C + min~!
AP-R 882.0 974.5 893.9 854.6
AP-C  562.0 1071.2 954.9 913.0
AP-1 826.6 881.3 1060.5 988.6
AP-2 846.6 916.7 992.6 1126.8
AP-3 575.3 596.2 744 .1 695.3

Note: Q is the apparent decomposition heat.
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PR RE WL 3, 96Xt = Ay e F A i E (5 BOF
BIH AR IR 4,
dlIn(T,/B)] _E )
d[ 1000 - B/Tp] R
A, B TR, K - min™ ;5 T b 43 itk js H e e %
7 AR BE L K e s i B, RS TH B O TR AR TR R
2,1.8 3 0; ERRMIEILAE, K - mol™ 5 R NS {hH
$,8.314 ) - mol™ - K™y s 1 B Ry ¥, KA Kis-
singer i ,s=2,B=1;k A Ozawa #:H},s=0,B=
1.0518; %A Starink 70} ,s=1.8,B=1.0037,

i3 3 A[ %0, AP-R _AP-C AP-1 F1 AP-2 1] & il £k
ML R R E#RFE 0.9902 ~0.9999 Z[i] , ifif AP-3
f R*EHL7E 0.9821 ~0.9886 [h], i 1 B = Fh )y i
1R B5CHIE () A AR e 1 AR PR AR DG 405 D BE &7, AT LR
TREERA M. R4 HTRLERATH, 5 FRE AP-C

R4 A AP R FR WL L RE

FH AT IR AP KR (AP-1 AP-2 J2 AP-3) By I I /)
fifp 2 LG AL RE TH i 1, T g I 20 figk Y 3% 0L 3 A R U
T o AR 23 % B B i AL BE B9 T, Ui ] AP B B
BB Th i 1 A RN AT, f5 E 2 B A e
T R T e B B 2 WL B RE YRR AIR , AP 2 L 37
PRI R LT T SO R AP R o3 i B BR AT AR
U A HEACROR o

® 3 RET G RS
Table 3 The goodness of fit of curve by different methods
LTD HTD

TR R R R R R
AP-R 0.9998 0.9999 0.9998 0.9915 0.9924 0.9916
AP-C 0.9914 0.9928 0.9916 0.9902 0.9913 0.9903
AP-1 0.9951 0.9958 0.9952 0.9913  0.9924 0.9915
AP-2 0.9932 0.9943 0.9933 0.9955 0.9961 0.9955
AP-3 0.9870 0.9886 0.9871 0.9821 0.9848 0.9824

Note: R? is The goodness of fit; subscript K: data obtained by Kissinger’s
method; Subscript O data obtained by Ozawa’s method; subscript S:

data obtained by Starink’s method.

NT A T AP R A O i G R AR B S
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BT T ARl SN B 2 SR e R
RSGORA, N ES WA KA — 2
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FEEdh , 5 AP-C AL, MGl 20 A B B, A [ K, K i
B, S 3 AP 5 g i 0 ik B B, A (B /DN, KA D
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Table 4 Apparent activation energy of different AP samples obtained by different method

LTD HTD

sample —

E¢ Eo Eg E¢ Eo Eg E
AP-R 112.07 115.61 112.60 113.43 213.82 214.37 214.19 214.13
AP-C 97.56 101.93 98.164 99.22 198.71 200.02 199.15 199.29
AP-1 115.98 119.25 116.49 117.24 144.06 146.80 144.56 145.14
AP-2 120.64 123.68 121.14 121.82 132.24 135.78 132.81 133.61
AP-3 154.12 156.19 154.56 154.95 134.18 137.98 134.78 135.65

Note: E is apparent activation energy; subscript K. data obtained by Kissinger's method; subscript O: data obtained by Ozawa’s method;

Chinese Journal of Energetic Materials, Vol.24, No.3, 2016 (261-268) A

by Starink’s method;; E is arithmetic mean value of data obtained by three methods.
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subscript S: data obtained

www. energetic-materials. org. cn



A G SRR SR i S PR 5T 267
R5 A AP KRR S 12 5P S K
Table 5 The kinetic and thermodynamic parameters for decomposition reaction of different AP samples
LTD HTD
sample AG” AH” AS” AG” AH™ AS™
lg(A/s™") —lg(K/s™) Ig(A/s™") —lg(K/s™")
/k) - mol™  /kJ - mol™ /)« mol™ - K™ /k) - mol™  /kJ - mol™"  /J+mol™ - K™

AP-R  8.17  2.17 167.27 110.93 -98.24 13.92  2.08 203.94 210.58 9.49

AP-C  6.68  2.24 170.57 96.65 -127.04 12.80  2.10 204.17 195.75 -12.05

APl 8.67  2.15 165.05 114.80 -88. 64 10,02 2.14 182.04 142,22 -63.81

AP2  9.12  2.13 164.66 119.38 -79.96 8.81 2.19 186.02 130.60 -87.25

AP-3 11.21 2.09 177.06 152.16 -40.88 8.62 2.21 192.23 132.48 -91.24

Note: A is the pre-exponential factor; K is the reaction rate constant; AG” is Gibbs free energy of activation; AH” is enthalpy of activation; AS” is entropy of activation.
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Preparation and Properties of Ultra-fine Ammonium Perchlorate Composite Particles

WU Fei' , GUO Xiao-de', JIAO Zong-ping®, LI Long', LIN Hai-yong' , WANG Zhi-xiang'
(1. Superfine Powder Center,Nanjing University of Science and Technology, Nanjing 210094, China; 2. Military Delegate office at 375 Factory, PLA,
Liaoyang 111002, China)

Abstract: To reduce the mechanical sensitivity of ultra-fine ammonium perchlorate (AP), a surface modification of ultra-fine AP
was performed by jet mill and the ultra-fine AP composite particles, including ultra-fine AP/nano-graphite( AP-1), ultra-fine AP/
graphite( AP-2 ), ultra-fine AP/carbon black ( AP-3) and blank ultra-fine AP comparison sample ( AP-C) , which were prepared
using nano-graphite, graphite and carbon black as insensitive modifier. The morphology and structure of the composite particles
were characterized by field emission scanning electron microscopy (SEM), micro particle size instrument, X-ray powder diffrac-
tion (XRD) and Fourier transform infrared spectrometer (FTIR). The mechanical sensitivity of ultra-fine AP before and after com-
position was tested by impact sensitivity instrument and friction sensitivity instrument. Thermal decomposition performance of the
composite particles was investigated by differential scanning calorimeter (DSC). Results show that compared with the AP-C, the
impact sensitivities of AP-1, AP-2 and AP-3 decrease by 18.2%, 21.2% and 8.9% , respectively, and the friction sensitivities of
AP-1, AP-2 and AP-3 decrease by 12.5% , 12.5% and 8.3%, respectively, and the high temperature decomposition peak at a
heating rate of 10 °C - min™" of AP-1, AP-2 and AP-3 shifs 75.4, 64.2 °C and 44.5 °C downwards, respectively.
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