2015 42 H

WAOK i SR B il 7 S PERERIE Y R @, 5% -7

doi;10.3969/j. issn. 1001-8352. 2015. 01. 002

TE o T LB 0 R RE R

-

A B F

% M

BRELRFE R AR IRBERTFR P (L d%,210094 )

[ff %]

KM LG-1 BUSEAGEPERRERIL, DL T B 20 H0 o, 3 o 42 o 9F 5 P 1] e b T2 45 P 3% o

T WAOK 3 SR (AP | IR FH LS R VR TR B AR R R AT TR AR 21 5 . 38 5 B R SOk Y 3
KSR BT (FESEM) X BFERATAH (XRD ) 43 505 il 25 59 AP A% 5 (RORLBE 43 A JBURE K /N S R R 47 3%
HE, [ s 4o ) 4 B SEAREK AP A i (4 RSB UERE 8 JE A S ROMR ME HEAT T 3 AE . SR, Tl 4510 AP RS
SEHRIAE A 460 nm ;5 Tl K AP AR EL, WAk AP A i 4 B 488 2% B R 98 o 2R BE 3 U T T 20. 0% AN
18.7% , i IR AR IR B AT T 60. 1 °C (FHRIEZ 10 °C/min) , TWIHLEEREIT T 27. 3 kI/mol. [FIB, fALFI %

K AP BYEACBCR AL T8 Tl 0K AP,
[ kAl )
(43265 ]  TD235.2°1;TQ560.4

Ell

il

EAEIRE (AP) A ARGE SRS B,
KA ARG E PRI A3 Je TO B A R 5% BA A O a5
VRS S AT T2 I P 526 R0 R e e SR A
eI e H TR A YR s L S AR H Ak
R, AR G HESERIEC 7, AP 1 5T i 43 00 H AT
ik 80%

WFFE B, AP LA X HEE 7 ) B Be b BE | )2
PERELL I T A MERE A AR K52, il 25 4k 32 77) v
AP RLARE /N, He b e TR 2RI R, FE SR be i A B
1 IR PR AR BRI I I L AP R A2 U6k
N T B BB R T A S R e 2 T, (R R ARG 1Y
i, DRI [ AAR 2 550 99K 3ok 2 il 1o SRR B LA U
ANOBESS: N

il 5 A0 AP 38 5 R YT A0SR
B BRI AR, R
FHIX B J5 310 4 1) AP F= R RIAREEARTE 1 ~3 um,
DL A I AOR L YR AP FES

— DIk, E N AP 2E B AR A TR
AT DLl 28 AT O HE =K S AP, Kumari
RO AP A AE I b A LS T, B S K AP
TN B 5 B2 3 T s (HTPB) iR it #3424,
i R R 2808 1 7 DR i R 28 iR ok AR 80 T
KAz k21 ~52 nm Z[A] 40K AP/HTPB &2 &K1,

* Wi EHE:2014-07-15

DUBRERIE ; MEROK R S R B 5 B 5 $rfiPERE

L5 BRI & 9K AP H R
BN HELLT 2 Tl AR EEsR

AR TEBER — T HE 8 KRB 4% 3 SOk 2
AP (751, bl Tl ok AP S5 HLAER
TR A P50 Ja T AT VT2 A0 S, 45 ol 8 o i) % 3K
Yrwbik B E R 2, Il 25 T ROKR S AP, X W3
K AP YRR 5 B —E P8 52 X
1 REES
1.1 KF5H

A TRk AP, K @ AR AN 7=,
dsy =69.7 pm; T B, [ 25 45 AR 22X R A PR A
Al fb2al; IReE s B 2 E 2R A FRA R AR
AR, BT 0 99%

ACE L BRI B R LG-1 RIS AR B,
T 5 MRS 2 ML PR B] ; MASTER2000 430t
B FEAX, e [ IR SCAL R A BR 2 ] 5 S4800 11 A4 1
BRI SE, HAS H 7/ 7 SDT-Q600 H ] 45 #4
AL, S5 TA {XE$23 A ; Advance D8 A X B2k AiT
S, A A 5 A 5 BRI AN iR A P
ST RANIE R,
1.2 TEfRCK AP BUHI &

W20 g Rideh dyy, =69.7 wm R Tl 9
KAP 55— w0 T EEIR A YA A R TR,
P i 5388 1% W BRBERR 1F y F w7, BEfs

EF RN AR (1987 ~ ) 3 WA A BT [ K S e L, E-mail :576194325@ qq. com
BIEIESE 261974 ~ ), 53 105 BIFFFT 6L, EEMFGYORARE RORA R ORBER A 2 LR AFFT . E-mail : climentjw@ 126. com



.8 . % W% #% #F  Explosive Materials

44 B

HF TR A VRO A 2 P BE Ay B P BRES E v, R
WAZZ) R 100 mm fRFRZH 1400 mL, SR/ HIA
2000 g P&/ hek, /DRI E AR 0.6 ~0.8 mm, X
BB/ NERAEFE LTS R A R 50% , B LRI
SCHR T, 50% 3 5 R A 2 LU BGIE B TR Y
BERERI S Tk AP BFEEBR DL K AR 7%
T P T AT S R R R Y 60% Ao AT WS O R
T, AP (i B B IR 10% ~ 15% Z 18], %
BAE1000 ~ 1200 v/min Z [ R E , WFEE 6 h 5K ke
i TE B A R TR AR T T
2 RS
2.1 MEFMEHREIH

Tk g Ak AP FIEGICK AP 6L BE F OB AL
FEACIAS A A an & 1 s, Tk AP Y
RiAE dgy =69. 7 wm BB B0 Af LTS, oA AN
A, NERCK BULE oK . BEHOK AP BRLAR 43
Rl VA 2 WFE G, AP RS 73 A BH B AR %8
ds JB/NENT 0. 46 pm, 1 HRAR AR 38 5)  Fe A
FAE 0.1 ~1.0 pm ZJH],

100f — d~460 nmIESCK AP
—d,=69.7 pm TNV HKAP
80
S
S 60
)
R
& 40
=3
20
0
0.01 0.1 1 10 100 1000
PifE/pm

Bl 1 AP RRAR G A
Fig.1 Size distributions of AP

it A L I BUBE 40 i SR AE T Tk ROk
AP FNEACK AP IARSRRE, B 2 s, MR 2
(a) ATLAE M, TRk AP I BRLA R, K
AR AR TE 100 wm AL, A R, H 36 A 4%
55, M 2(b) AT LI R, WK AP fRL AR 53 A
B WA S) BRI L BOLH, JLF A kL6
761 wm LUT, HH A R ER S BURRLAR 7E 100 ~ 200
nm Z [H]
2.2 XRD RIiE

s FIXRD A I 1 Fir ] £ B9 S 30K AP R i A
ali B B3 0% Tk 9K AP FITIE 73 K AP 9 XRD
B3 T A & 1898 25Ok F bR MEPDF R R SC 4 No.
430648 . N EI3 AT LI, W AOK AP AT Tk 2% 7%
K AP EL A AH [m] B A7 S 04 W4 R RN AT 569 06 67 8 5 4%
T L35 0T LU & AN A7 7 2 o e | 156 W 76 iF I8 )5 AP

(b) WEfK AP
B2 Tk AP ROk AP [ SEM [#
Fig.2 SEM images of raw AP and submicron AP

4000 = 2 oa SWEBCKAP
2|2 885 = 2 oF
sop 5515858285 &Y g
v~ S
2 2500 8
g 2000} g% TAPEHKAP
& 1500t  ~ S ~
wi £ _ |58 5 q
500} l = lllergce Sh o
L SRS s 3T
10 20 40 50

30
Frst #6120 /(°)
K3 TAlgaHek AP FLERCK AP ) XRD 5]
Fig.3 XRD patterns of raw AP and submicron AP

() S BV R A AR WS S AR A 5 BT A I
{ERERT LA, ToL Aok AP AR AP (155
TSI B % A T ARk, TOlL Ak AP A9 (002)
AT S5 R AT S W B ) T GOk AP 9 (011) b IfiT
R TAEVTEE A b Wi b ke i) | B
A AR BB R /0 T S 85, AN T LUK IR, S f
K AP P EEAT AR B8 1Y) R 34 AR 4 Debye-Scherrer
/NS W A T oS B T S0 Wl A A T
/N AT ST P e 1R TR AR A
2.3 RBEMK

FRAE GIB772A—1997 J5i% 602. 1 A5k 601. 2
A3 ST AN ] AP A i %) B 452 R R R i o SR

FERIRFETE 90° 3.92 MPa &0 F kAT, A4
PEER 2 41, LR 25 &, MR KE BT 548
JEMES



2015 42 H

WAOK i SR B il 7 S PERERIE Y R @, 5% <9

BRI S ke VEHE, A« THRELT R
KGR AE I AR PR Ry o BECPREE (50 £ 1)
mg , FRAAEE 25 &,

gERINEL 1 L2 PR,

A1 AP B &0 BB R

Tab. 1 Fraction sensitivities of AP samples
i PEHEIRRIE (90°, 3.92 MPa)/%
TAR gk AP 80
WK AP 100
A2 AP MRt E L
Tab.2 Impact sensitivities of AP samples
fi R H.
v o 50
P (5.0 kg ¥%HE) /em R
Tk oK AP 63.10 0.09
WK AP 51.28 0.02

MF 1 AT LIE H 7E 90° 3.92 MPa 514 F,

O AP PR EE $82 ) B 3K 100% |, H Tl R4k AP
A EE 82 IR T2 T 20%

NFE2 W LIE H,1E S kg IR T, WACK
AP FREPETE 5 L Tl AOK AP I R 7 5 R A1
T 11.82 em, BT+ 1 18.7% , LA 4%
FEAOK AP 1) FBE 482 R i T o Je B W Jd v
2.4 RHofRMERE
2.4.1 AP KIS RTERE

KT ERFTWACK AP I ERE, R T 4
FR TR R X Tl ok AP FIESCK AP $E4T T
DSC 704t 85 R 4 s, 454N, 5,20 mL/

ME 4 o] LLEH, TRk AP B #4 fid
FEEH B 2B 3 BB .

1) 7E 250°C 2 A7 NARH 5 i B0 ) 37 5 i B3GR

2) 7 286.6 ~322.3 °C Z[8] MARIE B BE

3)TE406. 8 ~441. 1 °C Z[a] 1y iR B Bt .

WHCKk AP Bt B 3 BB, H )2
ATLLR B TRk AP 15 i FE A & WA Y
X .

1) WACK AP FARIR > fR AN B i i B 5
SCHERRIE A AT

2) MEAK AP v Tk o ik g g T Y i B2 T

MNIEL 4 SR FT LA Y B A PR SR 3G T, 4
V18 43 TSR I 88 L R A T R, it
XFECPE 4 Hr(a) F1(b) B9 DSC #i1£k, o7 LI HAETHE
R N10°C/min T, MEAECK AP A 5 i 73 i s 4 0

40 441.1
3223
4
30_ 436.7

312.5
% 20w
£ 0l 5 301.4 4283
&
ot
1 286.6 406.8
w
-10F
100 150 200 250 300 350 400 450 500
1E/C
(a) TolLZAK AP
391.3
334.5
: 4
= 30 377.5
E 20f 3 316.8
20 3001 3582
0..
1 2840 333.6
-10t
100 150 200 250 300 350 400 450 500
HREE/C
(b) WK AP

1 -5 °C/min;2 - 10 °C/min;3 - 15 °C/min;4 —20 °C/min
B4 AFIFHEHEZET AP B DSC I

Fig.4 DSC curves of AP at different heating rates
AR PR T G BOK AP ) 428. 3 C $EHT 3 368. 2
C, LT gk AP #2587 T 60.1 °C

T R T GOk AP I AROK AP B 26 W%
kg, AR PEAS A R AT AP A i 1R o i U
e A3 RN TR R R 2 ) ) e R O Rk M

T’ E
P\ _ g, a
ln(B>—A RTp+Co (1)

B HTHEHEA, K/ming T, 73k iR g fr xf
MR, K; E, RiGfERE, kIl/mol; R AR
B s F1CONEEL A RIERIA T,

ASCRH Starink BT AP By R IE KRR, FL
Hs=1.8,4A=1.0070 - 1.2 x 10 *E,, E, f{HE#

LA In() FL/T, 6 RS S.

FIASEE RN 5 FioR, TAb oKk AP FE 13
K AP B R B BTG AL RE 43904 146. 6 kJ/mol
F1119.3 kJ/mol, WK AP 8 Tk K HOK AP )
TG REA BT BEAR, L iR o i 1S AL RERR AR T 27. 3
kJ/mol , X UEHHVK AP i F B AT 8K B b & 1
R HL S B 5 P T o Xt U B T LA R 34
RN TEALRE T, AP BE 28 5 e A I I, 7652 31 4
TR IR R 45 5 KA RO

F3RAEA [ FHIR 3T Tl oKk AP AT



Explosive Materials

544 5551 W

.10 - B®omow M
20 C/min_,

10.00F ~
9.75¢ ,//

< 9.50f 15 Cmin

& 9.25/10 C/min_—

= L

5 o R>=0.966
9.00 .,/ E =146.6 kJ/mol
8.75} 5 °C/min
8090 T4 14 146

1000/T,
(a) TALZAICK AP By R IR 20 (HTD) BB

10.00F 20 ‘C/min
9.75
S 950
S oasf
gk Geimm 5::10 19.3 /ol
875t 5 ‘C/min

1.52 1.54 1.56 1.58 1.60
1000/T,

(b) WEHOK AP B I 73 (HTD ) B B
Bl5s  In(T,"*/B)FI1/T, HIHIE A
Fig.5 Fitting curves of In(7"*/B) and 1/T,
A3 RRAFBEESFMT AP &
R K v 3 Am i
Tab.3 The maximum decomposition temperature and

the heat release of AP at different heating rates

ppn THUHRS G SR T
Moe o minTh)  MER/C IER/C .
(J-g7)
5 286.6 406. 8 326. 1
E%? 10 301.4 428.3 596.0
’AP 15 312.5 436.7 695.3
20 322.3 441.1 896. 6
5 284.0 353.6 573.8
RIAT/S 10 300. 1 368.2 885.0
AP 15 316.8 377.5 999. 1
20 334.5 391.3 1 039.0

A AP AT 73 ik Tk PR I 0 I R0 v 3L 3 e T A g e
TR B AR B, DA RN [] 3 3 6 ) A
i, WNE3 HaTLIE I, BEE FHR R 3, AP
AR A firp e A A e I 0 1 T e TR A g e 31 2 34
Jn R g N, FHRE A 10 °C/min T,
WACK AP FJECHRR H Tk ok AP B il A i 34
T 289 J/g,
2.4.2 EEFI K,Co (NO), XT AP HmEIEL
95 T K,Co (NO)  XFWAHK AP EALRR , BT
I K,Co (NO), KiAZZ A 1 um, 5 AP FFi i+

W3 97 IREG T LMW, M TSR 2 5] J5
BTES THRAENTER, SRTEFHREARHA 10 €/
min 25 T3 2 HAAIMREY DSC ik,

Kl 6 /& K,Co (NO), LA AP ) DSC i
2. ME 6 LI, A K;Co(NO), Ji&, WA
K AP (IR A3 BRI 58 A 2Kk, A — 1> e il
SRR | H IR R B BT, TEMEALRERTT,
AR AP W R TP ZRAOK AP A 04 I 43 S £ i
F7307.7 CHI325.1 °C, 60 AP BRLEE B2, bt
Bt BILE] UL R K Co(NO), 5 AP
FIRIRA T, AP RIS i 8 3815 BN, $403ff Ji

N2 Z AT
sof
) 325.1
40 AL+ TV Rk AP
% 30} 246.1 /I
E77 307.7
£ s/t EHOKAP B
248. —
.
100 150 200 250 300 350 400 450 500
HEE/C

K16 K,Co(NO), X A[H AP fiEfLAY DSC 14k
Fig.6 DSC curves of different AP samples
catalyzed by K;Co (NO),

3 &g

3 S UK B R i A T EAROKR G AP,
A ROK AP 1 A A 7 DT B 4 1l
FHT AP FEA A A K Hi ek R v

TRk AP M E, WAHCK AP (AR R A
KA A R P AT 5 1A 2R T T AROoK
AP 1 1= il 0 R TG AL BEREAR T 27. 3 kJ/mol , HILARUE
JEE TR 5 el o e T I I TR B T T 60. 1 °C il EA
T 289 J/g, HEALFIXDERCK AP HAA LY
HEALRICR

& % X o

(1] ZERUAE b, Sl S o] #fi 1 70 5 AR B 490 K A

BRI M. J65e . B Tl H ik, 2008 :28-29.

Li Fengsheng, Singh H, Guo Xiaode, et al. Technology of

solid propellants and nano-material applications [ M ].

Beijing: National Defence Industry Press, 2008 :28-29.
[2] BB, kot AR . KHETHESEF & R s AT [ ],

KHT S, 2003(7) :47-50,55.
[3] Kohga M. Burning rate characteristics of ammonium

perchlorate- based composite propellant using bimodal

ammonium perchlorate [ J ]. Journal of Propulsion and

Power, 2008 ,24(3) :499-506.



2015 42 A

AR 1o SR B (9 ) 7 SPERERT TS R

|

filt, 55 <11 -

(4]

(5]

(6]

(7]

(8]

[9]

Cai Weidong, Thakre P, Yang V. A model of AP/HTPB
composite propellant combustion in rocket-motor environ-
ments[ J]. Combustion Science and Technology, 2008,
180(12) :2143-2169.

Jain S, Mulay M P, Mehilal D,et al. Prediction of par-
ticle size of ammonium perchlorate during pulverisation
[J]. Defence Science Journal,2006,56(3) . 423-431.
Joshi S S, Patil P R, Krishnamurthy V N. Thermal de-
composition of ammonium perchlorate in the presence of
nanosized ferric oxide [ J ]. Defence Science Journal,
2008,58(6) : 721-727.

kgl RS, AN A AN TR E T SRR e 11 A
SrHERTSEL )] A2, 2009,67 (1) :39-44.

Fan Xuezhong, Li Jizhen, Fu Xiaolong, et al. Thermal
decompositions of ammonium perchlorate of various granu-
larities[ J]. Acta Chimica Sinica, 2009 ,67 (1) :39-44.
XS FEL R, X . 2 v SRR B AR s WP [ ] 48
At ,2009,38 (1) :5-7.

Deng Guodong, Liu Hongying. Study on preparation of
the superfine powder of ammonium perchlorate [ J].
Explosive Materials,2009,38(1) ;5-7.

Kohga M, Hagihara Y. The preparation of fine ammonium
perchlorate by the spray-drying method-effect of organic
solvents on the particle shape and size[ J]. Journal of the

Society of Powder Tochnology, 1997, 3(6) . 437-442.

[10]

(1]

[12]

[13]

[14]

[15]

[16]

Kohga M. Safe preparations of fine ammonium perchlo-
rate particles[ J . S5 HEM B} ,2006,14 (6) : 471474,
Hagihara Y. Preparation of ultra fine ammonium per-
chlorate by freeze-dry method using liquid nitrogen[ J].
Science and Technology of Energetic Materials, 1989,
50(5) ; 431-435.

Kumari A, Mehilal, Jain S. Nano-ammonium perchlo-
rate; preparation, characterization, and evaluation in
composite propellant formulation [ J ]. Journal of
Energetic Materials,2013,31(3) :192-202.

Austin L. G. Understanding ball mill sizing[ J]. Indus-
trial and Engineering Chemistry Process Design and
Development,1973,12(2) :121-129.

XUFhn, B2, fLa i, 45, IR i [0 ]
R RE,2000,8(2) :75-79.

Liu Ziru, Yin Cuimei, Kong Yanghui, et al. The
thermal decomposition of ammonium perchlorate [J].
Energetic Materials,2000,8(2) :75-79.

Vyazovkin S, Wight C A. Kinetics in solids [J].
Annual Review of Physical Chemistry , 1997, 48. 125-
149.

Fan Runhua, Lii Hongliang, Sun Kangning, et al.

Kinetics of thermite reaction in Al-Fe,O, system[]J].

Thermochimica Acta, 2006, 440, 129-131.

Preparation and Characterization of Submicron Ammonium Perchlorate (AP)

SONG Jian, LIU Jie, YANG Qing, JIANG Wei

National Special Superfine Powder Engineering Research Center,

Nanjing University of Science and Technology (Jiangsu Nanjing, 210094 )

[ ABSTRACT]

Using LG-1 vertical stirring grinding machine, submicron ammonium perchlorate (AP) was prepared by

controlling the grinding time, rotating speed and the concentration of the materials. Secondary butyl alcohol was used as

disperse medium, and the final products are obtained by the vacuum freeze-drying method. Particle size distribution, grain

sizes and crystal structures of these obtained AP particles were characterized by laser particle size analyzer, field emission-

scanning electron microscopy ( FESEM ) and X-Ray diffraction ( XRD). The friction sensitivity, impact sensitivity and

thermogravimetric analysis of submicron AP were tested. The results show that the prepared AP particles have an average

particle size of 460 nm. Compared with the coarse AP, the friction and impact sensitivities increased by 20. 0% and

18.7% respectively, the high-temperature decomposition( HTD) peak temperature of submicron AP decreased by 60. 1°C

(heat rate 10°C/min) , and the activation energyreduced by 27.3 kJ/mol. Furthermore, the catalytic effect of submicron

AP is better than ordinary industrial micron AP.
[ KEY WORDS]

mechanical milling; submicron AP; sensitivity; thermal decomposition characteristics



