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Fig. 1  Process chart of coating black powder

& LIF ) L ASER RN

BT 15 R 4% R 0.40 ~0. 85 mm [ 2B K 2 ik A
R 80 ~ 100 r « min "' Y E L TR T R AL Y
P W (BT MR -5 % ~ 8% ) il ik 25 Ak W5 W i A £



%2

FEDCEAF TR By L B B AR BT 5T 115

BHLN, 4k Ze e % 5 ~ 10 min J5, B AR EE N 40 ~
50 C s AL A R & BB )2

i8] AL ) VR B L L B 2 IR AN S 2 A 2
KA 25 A 155, 7 8 DU R 4 8 )2 R 2y
WL [6] 1) B 25 77 o

@O Ik SRPRBEN R ME, E)0.1 ~
0. 15 MPa, Jii F i 8] 20 ~ 30 min , {ii £ 3 b1 8} 78 70 TR A
2l 2% T A oW B AL AN 2s BRI

@ R 7 50 ~60 C YR E FHT 3 ~5 h;

@ Wt A 2 Bl 180° iy Al A 4% 35 B 24 KL
e LORER /I TR TR R
2.3 Mg

SR F KY2000 %9454 i 5 (SEM ) W8I0 40, 78 )5 PR K
2l (1% 2% 11 SOV TE SR AR AE

K JH CGY -1 7 4 43 o s B2 SCI o 24 701 1) 4 o Jok
oo EEFTR N 2.0 kg, B MEAE AL 2R I i 4

K JH MGY -1 43 X B 452 Jek B2 AN 7 24 79) ) JBE 452
R IEERET Ol 1.5 kg, 3R 1.96 MPa, #2124 90°,
FH A3 K L 7k 2 i 25

K JGY =50 T Fi % B AN 7 24 790 1 o L JRR B
RN 1.8 ~2.2 g, H1 50% % ki FE s IR 25 21

R HGY -1 T8 A Ja B 430 5 245 790 ) A I B
iR (20 £2) mg, bR R AH T T KR E K H
50% & K i FE R R M 45 5

2 B WJ1865 Hh g G B i 245 741) Ay IR it 44

Fie IR GIBT37. 1 Hp Ay S il 245 790 ) 3028 22 e M

K BDY -2 AR & S O o B K . S s
S i 39 PN R R O e AR A Jo TR R s T

BRBEIE [R] 030 ;. #5(0.45 £0.0005) g #Fih H A
BN T mm BB EHE N 1.8 g - om 2
A R R A8 BT 1] Ay 78 0 286 245 25 8 R B i [l

Y B GIB736. 16 A 56 & #E4T p-v i1 £ 19 DU
RK,0. 1 L % A4 & 4%, BPR-2 B A& & 4%, #F 5 & &
(1.0 £0.1) g;MAIAEE . =il AR 30% ~50% .

3 ER5R

3.1 BEMHNIEE

B PAIBE , KA RS KO R
KPR o SO ALK 25 R m, —Jr
T ol IR E T 7, 573 — 07 T 1) &0 30 A TG % K 2 TR AR A 3k
I TP R R TN (K 2808 o k3o e 1y X 2 A SR A 2%
WL Fe B KT o DRy SRR Ul A X K SR BE PR R i
AL O B A B ) R B I R B TR o 68 AN [ A

BHEL B MR K2 (R R A B | Bl 5% ) 5 AR A

B 25 AT AR I B XT LI, 25 2R W36 1

£1 FRHBEENENEHREYRIGEEE(SAFEE)
Table 1 Moisture absorption and flame sensitivity of

coated black powder

moisture absorption  flame sensitivity

No. coating materials

/% /cm
1 / 1.2 11.6
2 cellulose acetate 1.0 8.9
3 nitrocellulose flake 0.8 8.6
4 polyvinyl acetate 0.8 7.4
5 volatile lacquer 0.6 7.4
6 celluloid-grade nitrocellulose 0.7 7.2
7 nitrocellulose 0.9 6.9
8 nitrocellulose lacquer 0.6 6.8
9 high pressure resin 0.8 6.0
10 DX type silicon resin 0.7 4.6
11 GZ-1 type silicon resin 0.5 11.0
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Fig.2 Curves of coating agent contents vs moisture

absorption and flame sensitivity
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Fig.3 SEM photographs of coated black powder
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Table 2 Output property comparison of coated

and normal black powder

items black powder coated black powder
impact sensitivity/ % 20 8
friction sensitivity/ % 28 12
electrostatic sensitivity/V 3071.4 4788.9
flame sensitivity/cm 32.0 31.6
moisture absorption /% 1.2 0.5
vacuum stability /ml + g~ 0.31 0.36
ignition point/C 330 339
burning time/s + 0.45 g~ 0.870 0.879
Puar/ MPa 3.20 3.16
t,/ms 23 25
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Study on Moisture-Resistant Black Powder

CUI Qing-zhong', JIAO Qing-jie’, REN Hui’*, YANG Rong-jie'
(1. School of Materials Science and Engineering, Beijing Institute of Technology, Beijing 100081, China;
2. State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology, Beijing 100081, China)

Abstract: The black powder were coated with GZ-1 type silicon resin. Structure and morphology of the coated black powder were
characterized by SEM. Combustion behaviors were studied by measuring sensitivities and output properties. The results show that
coating agent is firmly coated on the surface of black powder, and moisture absorption of the coated black powder is reduced by about
58% , and impact sensitivity , friction sensitivity and electrostatic sensitivity are reduced by about 60% ,57% and 56% ,respectively.
However, flame sensitivity and output properties of the powder with and without coating are almost same.

Key words: military chemistry; black powder; surface coating; moisture absorption; sensitivity; combustion property

(L4108 ®)

Thermal Decomposition of HTPB/AP and HTPB/AP/Al Studied by DSC-FTIR

SHI Zhen-hao, LIU Zi-ru, CHEN Zhi-qun, ZHAO Feng-qi
(Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: The thermal decomposition of HTPB/AP composite propellants and the influence of pressure and Al powder on the
thermal decomposition were investigated by PDSC, TG-DTG and simultaneous DSC-FTIR. The results show that the thermal decom-
position of AP component in HTPB/AP is delayed due to the coating deactivation of HTPB on AP. The thermal decomposition of HT-
PB component is accelerated with AP. The thermal decomposition of HTPB/AP system can be accelerated by both the pressure and
Al, and the burning rate is increased as well. The pressure causes a phenomenon of multiple peaks which appear on DSC curves of
the thermal decomposition for HTPB component, but Al can restrain the phenomenon. Furthermore, the “after-solidify” process of
HTPB result from AP component and the pressure strengthens this process.

Key words: physical chemistry; HTPB; thermal decomposition; DSC-FTIR
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