1156 AL, XV, B, BREA, IR, BT

NEHS: 1006-9941(2016)12-1156-05
F AP 2 35w B Xt T HE E 5 0R U658 A0 1 2 14 BE B9 2 T
RIp, AER, R OB, KREE, FART B U

(1. FAEIAFMIFER, LH WK 210094; 2. WL FELHNFT L HRAT, BE B% 710302;
3. hEEI AF, b 100081)

OB N TIRFM R AR R (AP) S ISR T BB X T AR 57 (HTPB ) S Be A1 ) A P RE AU 2R , 4 B 85 (SEM) WL%% T 40 ~60 H
(1 %).100 ~140 H (A PIFEL AP (9 S ATE S, 2001 1L AP JE S0k B 5 HTPB fi 3E 57 MR 380 R 56 1 250 LA B Ty 2 M T 1) 52 0
SERFW M AP G RTE SR HTPB st K He 38 B (3 ~ 12 MPa) iy 08 3 Rl 5 48 B0 W e/, % HTPB et ) s 3 Be (12 ~

20 MPa) R S R 350 BO% 00 35 0 AL AP S IR 3 T 550 77 16 R B I, 700 PR SR BRI 11,27 ~13.93 mm - s7" 84k 35 il - K 5
11.28 ~16.35 mm - 5™ H RGN 0.40 $EF % 0.70, L5595 5oR KL AP B 5B b X HTPB i 338 30 Jy 2% 1 BE S i 452 /)8

KR THEMEIR; AR (AP); Bibetkne; B3 UG
FESES: T)55; V512 XEkFRERD: A

DOI: 10.11943/j.1issn.1006-9941.2016.12.004

1 5]

il

T (HTPB) #fE k& 28 & PERE L 5 10 &2 A [ A
HESEF T A HTPB HE sk h, A AL & i A Bk
9 L), e TR B AR T A . DB HE i 5 500 498 408 BT 75 22
Fh 4 s 4 T JHORE B 1 DR /N B L TR L ke 081 0 4 3 ) 119
PRBE T QFE RN A 70 ik i v ke [ R BURHE F L, T
P R B

1o AR B (AP ) MR A B2 1 K /INWT 43 R R AP 4
AP TN AP, R AP 3 4 S RS (AL TS = Fh 2 Al
i E 43 A 40 ~60 H .60 ~80 H 1100 ~140 H, 4
AP 2} 5 ~20 pm, 40 AP 1 pm LR, 540 AP Al
B AP AH L, ML AP ORLBEBK ) [R] BT fE T L AR TH AR K
N AFLIE TR IC 5 v T o B A B R . BEE K B AL
BRbe s PRI I R AR Ak, L AP JB0kE i A8 {38 Sy 52 2
MR 0 HTPB H HE 5 i ke i o X4 %
3BT 5 21 B AR ) 8 SR e 1 A LB R A T
TG HE W T R AR 2R e KLU AP R 3R
AT P SR B 2 8055 ) 3 AN RN a5 02 AP A o i T A

Wi BEHI: 2016-05-13; {€E HH: 2016-08-28

E£TH: HEAARSETESESI(51506093)

BB B : R (1973-) 5 b4, 3220 Z [ 44 JC A 32 300 Oy 1
BIBFSE . e-mail: zhaoyuan113@ 126. com

BEBRREA: BEUT(1961-) 5, BIBFFE B, 3290 3 RERRE 7 1 14 BF

%% . e-mail: liaoxin@ 163. com

Chinese Journal of Energetic Materials, Vol.24, No.12, 2016 (1156-1160)

(35 A bl X AP i kS g AR T [ A SRR
TAEF T XA IRRLIE AP A LB A A
PEAT T OREWESE, IS T AP/HTPB i i 77 £2 25 44
BT R R W R DR B9 AP X HTPB i f
HR BRYHR J5 P RE 52 W0 AN [, AP & AR B2 11 S5k 5 T 2 0o
AT RAT R R RS W [ IR AP X S BUER 85 B A A
SE U (E 5 TR AP JBURL I 10 ik B X 4 2 7R 1 fig
(RS MR S A G o D I, AS BIF 5 G WL AP 1Y 3R
TR 30, A 92 OTE A0 e B % HTPB 4 3 50 44 6 4 g 1
IESEX: IR AN

2 IEER4SY

2.1 JR##

HTPB ek 5 c 75 Hh BT AP Y9 03K 0E 4 e 0~
SRR . KL AP S 40 ~60 H (17) A1 100 ~140 H (10
) 40 AP 16 ~18 pum, =l AP [ 11k 60 : 25 @ 15,
TEHA SRR AP (LU R FR g AP-1)  JEBEAR 7 A&
LA BRI AN Wl 5 TE SR TC B AR AP (LT R FR N
AP-2) RIEFIRE 5 W IR T M (HTPB) , %k
B rF il 4148 ¥ (5 0.48 mmol - g™ BBk T
W 1T Be A3 B 52 4F 2 "/l 5 0 2K B — 5 50 R e
(IPDI),[NCOJ & &9 mmol « g™, fl [{ FE H-/A 7 5
2R g (DOS) , 4y Mrali, & 1 Kok T 058 ir
et A B L G0 (AL JRLEE g 13 m, 75 22 i K 3l
HT5 MRS (RDX) JRLEE 58 wm, H A OEAE = Tl

Bl R ki WWwWw. energetic-materials. org. cn



AP JE Sk B X T RHE BE SR KR BR AN ) 24 Pk R A S

1157

LA RAF
2.2 {UB/MRIE
JE SR FAE . 26 H FEI 23 &) Quanta 750 &4 H
o FAESAE: R 20 KV, HEE 7.5 mm, B 5 2%
TTmE 4 Ab 3
JiFPERE: R M E % b5 GJB770B 2005 J5 ik

4131 Jf il it H A B HE AG-IS 50kN L 41 BHa{ 56 Bl
3 FE 20,50, -40 °CF X4 2 SRR s A 2E A7 I
P E R 100 mm - 57

B be Pk fE: R M E %45 GJB770B 2005 J5 ik
706.2 BAESIN T A 4.5 mmx4.5 mmx100 mm 1
2 5% , 9K J5 i 2ok VG 42 W R R A AE-2000C BUJK TR
T RSPV AR I X R 9 T AR R o A O A R
SR 4E 3,4,5,8,12,15,18,20 MPa T [ , 4
A N D T ST S A = N - 7 N o [ SR S
TEHSCHE B R PR SR HEAT T 6 At IR
2.3 HTPB #EHFIAMK EH &

HTPB #f i 1 2 Bl ( J5t it 43 %) . HTPB 7%,
Al 14% ,AP 65% ,RDX 9% , H:'& 4 /3 t24% IPDI .DOS
i 5% o

FESL A % HTPB K570 ALK HL AP 4 AP
RDX FUHE AR A 5L Sr IR A B -1 HE 1
A1 BRIG AT LS R de i AEMEAR 9 T 50 CT [k
7 R, HCE — Bt B JE AT, AR AP-T R HE
Jy DC-AP Ui AP-2 1 #fE ik 5] 2 NC-AP, Ry f 3iE ik
B ) HERG P, R R ESE SR AT 6 YR R, MR
G55 R 6 YO B A S5 R A .

B
SR

3 ERMWE

3.1 AP-1 5 AP2 BERBSH
A HEBR P AP OAL AP RL R Y 22 5], T BR X HTPB
e E 500 R BE 1 BE AN 7 2 1 BB BY B2 L, 4 ) X AP-1

AP-2 [ BAE PR BE FIORLBE BEAT 1 3RAE 2R ILSR 1,

F 1 AP-1 I AP-2 Jh 4 (1 280k 1 18 Sk

Table 1 Physical and chemical properties of AP-1 and AP-2
mass Lo water iron mass

AP fraction f bH mass fraction 50
/% orp fraction/% /% wm

requirements =99.5 4.3 ~5.8 =<0.05 <0.001 /

AP-1 [ 99.67 4.8 0.0025 0.0008 412.9
AP-1 I 99.69 4.9 0.0027 0.0007 153.4
AP-2 | 99.71 4.9 0.0026 0.0007 405.3
AP-2 I 99.88 5.0 0.0024 0.0006 157.5
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c. microcracks, 4000x d. precipitation of crystallization, 2000x
1 AP-1 @iRIE S SEM &

Fig.1 SEM images of AP-1 crystal morphology

a. neat morphology, 100x
B2 AP-2 BiRIES SEM &
Fig.2 SEM images of AP-2 crystal morphology

b. regularity, 100x
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Effects of AP-1 and AP-2 on burning rate of HTPB propellant

1

y/mm -+ s” n
propellant
3 MPa 4 MPa 5 MPa 8 MPa 12 MPa 15 MPa 18 MPa 20 MPa 3 ~20 MPa 3 ~12 MPa
DC-AP(AP-1)  6.50 7.64 7.91 9.58 11.27 12.78 14.29 16.35 0.45 0.38
NC-AP(AP-1) 6.90 7.66 8.34 9.74 11.28 12.15 13.06 13.93 0.36 0.35

rimm-s

4 8 12 16 20
pressure / MPa
3 WS AP-1 F0 AP-2 B i 7 SR MR R 95 4 ZOX L A
(3 ~20 MPa)
Fig.3 Effects of AP-1 and AP-2 on burning rate and pressure
exponent of HTPB propellant(3-20 MPa)
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Fig.4 Effects of AP-1 and AP-2 on burning rate and pressure
exponent of propellant at high pressure(12-20 MPa)
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Table 3 Mechanical properties of HTPB propellant with AP-1
and AP-2

Tm €y Em shore

propellant  T/°C /MPa % /% hardness/A

20 0.94 51.1 46.2 73
DC-AP

50 0.63 55.8 53.6 68
(AP-1)

-40 2.36 62.2 50.2 90

20 0.93 52.7 47 .1 68
NC-AP

50 0.61 58.4 55.3 64
(AP-2)

-40 2.25 66.7 52.3 94
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Effect of Crystal Morphology of Ammonium Perchlorate on the Properties of HTPB Propellant

ZHU Li-xun'** | LIU Jin-xiang’, LIANG Bei’”’, CHEN Jian-jun’, YAN Wu-qi’, LIAO Xin'
(1. Science and technology of Nanjing University, Nanjing 210094, China; 2. Xi'an North Hui An Chemical Industries Co. Lid, Xi'an 710302, China;
3. Beijing Institute of Technology, Beijing 100081, China)

Abstract. To explore the effect of crude ammonium perchlorate (AP) crystal’s surface defects on the combustion and mechanical
properties of HTPB propellant, the crystal morphologys of two kinds of crude AP (40-60 mesh ( I ),100-140 mesh (Il )) were
observed by scanning electron microscope(SEM) , and the effects of crude AP’s morphology defects on burning rate, pressure ex-
ponent and mechanical properties of HTPB propellant were studied. The results show that there is little effect of crude AP's mor-
phology defects on the burning rate and pressure exponent of HTPB propellant’s low-pressure section (3-12 MPa), whereas a no-
ticeable effect on those of its high-pressure section (12-20 MPa). The burning rate of high-pressure section expands the scope
from 11.27-13.93 mm - s to 11.28-16.35 mm - s™' and the pressure exponent also increases from 0.40 to 0.70 when the mor-
phology defects appear on the surface of crude AP crystals. The results also show that crude AP’s morphology defects have little
effect on the mechanical properties of HTPB propellant.

Key words: HTPB propellant; ammonium perchlorate( AP) ; combustion behavior; morphology; defects
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