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Fig.1 Particle size distribution curves of AP samples before

(AP-1) and after treatment( AP-2)
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Fig.2 SEM images of AP samples before and after treatment
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Table 1 Hydroscopicities(W) of AP samples before and after
treatment
W/%
sample
2d 4d 6d 8d 10d 12d
AP-1 3.12 4.84 6.51 7.80 9.15 10.27
AP-2 0.93 1.30 2.65 3.90 4.27 4.71
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Fig.3 IR spectra of AP samples before and after treatment
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Fig.4 Raman spectra of AP samples before and after treatment
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Fig.5 XRD patterns of AP samples before and after treatment
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Fig.6 XPS patterns of AP samples before and after treatment
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Table 2 Mechanical sensitivities of AP before and after treatment

sample impact sensivity (Hs,)/cm  friction sensivity (P) /%
AP-1 63.1 60
AP-2 67.6 54
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Fig.7 TG-DTG curves of AP before and after treatment
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3.5.2 AP/Al kR R 1ERE

Bl 10 g FHR 3 10 °C - min™ 5 0FF BT 15 4k
AT G R 40 AP/AL A Z Y DSC ik, Kl AH, FoR
Rt 0 it B B s AH, i UL 20 B BB

t 408.1°C
exo

297.4°

AP-1/A AH=8T53)g

AH=11080g" 410.7°C

295.8°C

heat flow / mW

L AHETI820g"
AHEI 5dg

150 200 250 300 350 400 450
temperature / °C

a. before treatment

407.7°C
Texo
= 297.6°C
E | aP2A
= AR=8785):g"
% AH=109.90-g" 4172°C
£ . 2957°C /\1
AH‘=105.5J-g"| AHT23)g |

150 200 250 300 350 400 450
temperature / °C

b. after treatment
B 10 AbFHTE AP AT AP/ALRY DSC i £k
Fig.10 DSC curves of AP and AP/Al before and after treat-

ment(10 °C - min™")

HI I 10 A Jan, B AL B9 IA, AP 4 34 73 fif ik
FAEE: TS T B 55— o B R ik o i g 0 3k 1 I A

CHINESE JOURNAL OF ENERGETIC MATERIALS

AR T g B R 3 i 0 G IR PR A 2R 0 Ak B R
20 AP H3 AR F A i I g T A B R A AP A A
Pt X AT BE I A O A B S ORE AR AP OB AR o BICPE iE AL
b O N gy . S AL BRATE AN AP/AL IR R A 1L
B, b P R AN AP /AL MR ZR B e L S fife U I 3l
RS A= W R AR A, ELAR | =i 23 A B BE A TR R AR A
S5 o DR MORE AR R A B R HOR AL BB AR AP R A
X AP /ALR R B AR I3 ik o i 8 S R

4 #F it

JO7 AR T 55 8 1 A H R Ak RO 48 AP OB R
20 AP B AR I R B, AR S5 e R R AT B 2
3 PR AR B A B EE A AP O R B4 S5 4G P 5
IS BEAT S W] S AR Ak, () N A B S R 4 AP 8
TREREL T 7. 1%  EEB LR T 6% .

D7 JHAR I 55 88 T AR H R Ab BB 41 AP OB KT B
a4 AP A3 RS — B BURR 2> i DTG IR A Je T
0.9 °C,% —prBrmil /g DTG IR A5 1 8.3 °C,
I EVEA BT B e () I T B A A IR R
138.0)-g ', SALEATHEAN AP/AI (KR AT LL, 4b 5
JE YR AP /AL A 2 1 8 0 fife 4 i R 224k

JO7 JHARR T 55 2 1 AR Ak BHUR A1 AP 53 PR X i H
VSR 25 e B R AT ARG 280, S 5 BE R (A b1 ) 47 26
L AL B PRI T —Fh BT ik Ae, HA —E NS %

5% 3k -

(1] 2R, S8, Haridwa, &5, [ i ik 700 45 R e 99 A0 R}

FILMI. st BT Tk A, 2008 239.

Ll Feng-sheng, GUO Xiao-de, Haridwa, et al. Application of

solid propellant technology and nano materials [ M ]. Beijing:

National Defense Industry Press, 2008 : 239.

RE, ki, REE. KL MR RE A )]. Uie

g, 2003(7) : 47-55.

LIANG Yan, ZHANG Chi, ZHENG Hong-jian. Analysis of the

characteristics of the development of rocket propellant [ J].

Winged Missiles Journal, 2003 (7). 47-55.

[3] skA55. EAMKIEL M RHERE T IM]. JEat: Je 8 Dok g
¥, 1991,

ZHANG Xing-fang . Foreign explosive raw materials performance

—
N
[

manual [M]. Weapon Industry Press, 1991.

(4] BIMCR, 225000, BOGH]. 3w BRI E Jr R i ], &
5, 2004(2); 39-41.
LIAO Lin-quan, LI Xiao-jiang, QIN Guang-ming. The method
review of improving burning rate of solid propellant[J]. Winged
Missiles Journal, 2004 (2) : 39-41.

(51 AR, XU, 20 Ao Rl s mr e ()], g Raear,
2009, 38(1):5-7.

A fe AR 2016 % %24 % #14 (79-84)



84 TIEA, S, BRI

DENG Guo-deng, LIU Hong-ying. Study on preparation of the [10] EBRAe, MR, K8, 5. RORIRE T4 B R 7 T Uk 14 2% i

superfine powder of ammonium perchlorate[)]. Explosive Mate- ot s R ()], MRS, 2008, 22(4) : 34-37.
rials. 2009, 38(1): 5-7. WANG Yue-hua, CHEN Min, LI Chang-min, et al. Research

[6] YiE, RA, Kt 5, 5. 8 24 e SR 4 2 T M Boxt s 8 3 progress in low temperature plasma technology in surface modifi-
HEFEFIVEREMISE W ()], & RER KL, 1995(2) . 26-30. cation of inorganic powder [ )]. Materials Review, 2008, 22
SHA Heng, LI Feng-sheng, SONG Hong-chang, et al. Surface (4):34-37.
modification of ultra-fine AP and its influence on the high burning (1] ks, FIEXR, 1ERME, 25, fRIR %5 T IRE0R 78 8 4 22 10 4b
rate propellant[)]. Chinese Journal of Energetic Materials( Han- BRI ()] MR, 2008, 22(23): 76-77.
neng Cailiao), 1995(2): 26-30. HE Tie-shi, ZHOU Zheng-fa, REN Feng-mei, et al. Application

[7] ABEM, XER. BAEEAREN RS ARL)]. KE¥R, of low-temperature plasma technology in surface modification of
2009, 32(1):9-12 powder[ )]. Materials Review, 2008, 22(z3) . 76-77.

DENG Guo-deng, LIU Hong-ying. Anti-aggregation technology (V2] BiEeE, wSCHE, Bk, 5. RIS B PR 3 A 008 Ah B 2 A 1A
of the superfine powder of AP[J]. Chinese Journal of Explosives MRmscrE)]. A4 EARS TR, 2004, 33(7): 755-758.
& Propellants, 2009, 32(1):9-12. YAN Lu-ting, SI Wen-jie, MIAO He-zhuo, et al. Surface encap-

(8] XUSE . &4k ol 40 v S0 35 (0 1 4 S R P98 [ D], A &t sulation of ceramic powders by low temperature plasma polymer-
ST T K2, 2009. iazation[ J]. Rare Metal Materials and Engineering, 2004, 33
LIU Ke-jian. Study on Preparation and application of anti-aggre- (7):755-758.
gation ultrafine ammonium perchlorate [ D ]. Nanjing: Nanjing [13] @ HE, #hbdk, Beml, 2. RIR 25 1 4 AR B B 9% oF
University of Science and Technology, 2009. [J]. Y3, 2006, 35(2): 140-146.

[9] RE, 2k, HmMe. mRAMREGUKRE T & LREL)]. & MENG Yue-dong, ZHONG Shao-feng, XIONG Xin-yang, et al.
BEAT KL, 2014, 22(4) . 482-486. Advances in applied low-temperature plasma technology [ ) ].
WU Hao, LI Zhao-gian, PEl Zhong-hua. Preparation and char- Physics, 2006, 35(2): 140-146.
acterization of hydrophobic surface of ammonium perchlorate [14] Fan R H, Li H L, Sun K N, et al. Kinetics of thermite reaction in
[J]. Chinese Journal of Energetic Materials( Hanneng Cailiao) , Al-Fe, O, system[J]. Thermochimica Acta, 2006, 440(2): 129-
2014, 22(4) . 482-486. 131.

Application of Low-temperature Plasma Technique in Surface Modification of Superfine AP Powder

WAN Xue-jie, GUO Xiao-de, OUYANG Gang
( Nanjing University of Science and Technology, National Special Powder Engineering Research Center, Nanjing 210094, China)

Abstract: To solve the aggregation problem of the superfine ammonium perchlorate (AP) powder caused by moisture absorption,
the surface modification treatment of the superfine AP powder was performed using a low-temperature plasma equipment. The par-
ticle size and morphology of the superfine APs before and after treatment were characterized by a laser granularity analyzer and
scanning electron microscope( SEM). The component and purity of the superfine AP before and after treatment were analyzed by
Fourier transform infrared (FTIR) spectrometer, Raman spectrometer, X-ray diffractometer( XRD) , X-ray photoelectron spectrosco-
py(XPS) and chemical method. The thermal decomposition performances of AP samples before and after treatment and the corre-
sponding AP/Al system were studied by thermogravimetric analysis(TG) and differential scanning calorimetry( DSC). The impact
sensitivities, friction sensitivities and hydroscopicity were measured. Results show that the aggregation phenomenon of superfine
AP powder after treatment with low-temperature plasma technology is obviously improved, the particle distribution concentrates,
the hydroscopicity decreases, while the component and purity almost do not change. Compared with the superfine AP powder be-
fore treatment, its peak temperature of high temperature decomposition increases by 8.3 °C, the impact and friction sensitivities
decrease by 7.1% and 6% , respectively.

Key words: superfine ammonium perchlorate( AP) ; low temperature plasma; dispersion; thermal properties; mechanical sensitivity
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