FB1TE H1LM
2009 4£ 2 A

& B
CHINESE JOURNAL OF ENERGETIC MATERIALS

7 o® Vol. 17, No. 1

February, 2009

X E YRS :1006-9941(2009)01-0069-04

7 K xR 5 AL 77 X AP/ ALVHTPB #E i 77 14 8 B9 72 i

(1.

THE L AAR B R, AL, kAN, R4H
#

E ALK TRENK T+ R, AEE SRS 0100105

2. MR EIRFNIFEK, L7 &L 210094)

FEE ATIE T AOK BRI LR 41 16 5 % AP/ AL/HTPB it BE 50 ) 4% T8 T 588 48 20 g AR 1 2 PR RE S O B2 I . 25 R 3k
B - 299 R A 14 750 X 4 50 76 8 JEE iR (10 ~ 18 MPa) AR5 (4 ~ 10 MPa) B i B B M BE A9 52 M 22 5 55K, (5 T 5 47
BARREREAREN 0.2 LIT , #3k B0F S et K F- 5 0 EL Bl 40 K HE AL 53] 35 18 0 22 4 50 ) 8 e 23030 T 58 00, 34
WAT — B AR IG5 (EJ , KA A0 0 #7009 0 2 PR RE L L MR RE RN — B FRE R o B E T 4R B R £

AL AEHEDEF P EC LR 0.5% ~1% Z 4],

KW NG s BORBEALTR]; AP/AVHTPB HEBER] ; SR PERE ;s TR 45 £

HmES %S TIS5; V5125 069

1 5]

AR R 0 58 i 50 2 9] 9 P Y SR R
T ORUE BB PR RE RS E AR S UL TAE A AT RN, —
1% S RIS A P T 4R T K Bl ML, 0 i T A A g R R
AR ESR AR L A Ao 4R R LT DL R
JE 5 B A AL R, 0 IR 3T 4 R R Ak R 1 45 il 4
KAAL T BT 9T H B G BR S EOGE B Al 9 A 4 22 7
Jok SR I A T S 4 BOR) B W 5 0 A8 A R gk
A A ) PR AVR T B 48 B0 O i, I D RO B
WO NIRRT o T 48 2K A 3 e Ak 5] | T RLAR /DN L L
T FRK L FfoR R SO 25 4 5 %, T L AE A A% ol et o e
(RS R AR B = S Sy NN = el S R R
U ARSI BF ST T — BlORT I 4N K Bk AR 3h Xt
AP/ Al/HTPBHE#E 57 1F B8 A9 52 i, 1 H = S50 1 H:
S AP/ AlL/HTPBHE ERI ZEARJE 4 ~ 10 MPa Fl &5 JE 10 ~
18 MPa ' (R B fig 1 52 M) {22 i A4 32F 7] v g i
HAT B AR Y He 5 48 BORT AR A RA 3, DA 3 B oK & 3l
BIL B AR IR 32 52 5 Tl A 4 1 790 B8 g 1) 5K

[03

2.1 MAREALFIBOHE
e 100 ] 2 AL 0 B S K AR WV R T 58 K

il

2

&

I 75 B 89 :2008-07-21 ; £ [E B £ :2008-10-08

E&T B: BHEKH KRR K4 (50306008 ) ; & %5 T % 0F 5 5 4
(51328050709 )

TEER AN W E (1972 =), 53, TR, BF 5T U 44 K A4 ek 1 4 32k 57
F{ R o e-mail ; caoxinfu@ 126. com

XERARIRAG A

o, TE SR ZUA B N e L PR E I A R A 1% 3R EE
PR TR0 0 ok 2 A R R T R TR K T R P i R B DO TE
UE I S R AR R S DR AR R R KRR =
i 7E 70 CTF T4 24 h, WF S Ry B, 15 3 94 K Bk iR 1
AL
2.2 EHFEMEE

AP/Al/HTPB #fE i 7| 1) [ 5 10 85% , 4% B =
Uf ) HTPB (AL AP /N4 43 (B 45 i AL 7)) 45— 5 A It
P 3 Lar R AL IR — R )5 58 R,
70 °C [ 4k 4 RAT B 2R 5 26, B E— 25 TSt Re
WL R AR L
2.3 R S5HELE

B 1 FRE SO T % 4 mm x4 mm x 80 mm [ 24
2, FHK T P R S i AN [) R 5 4 8 590 1 % e, 5
HE A8 2t FE 22 56 4 50 r = bp” THERHERE R AE 4 ~ 10 MPa
F1 10 ~18 MPa I 1) 3 45 %5 ; 9 [E] INSTRON /4 ]
A T RE R R S ML K A 0 R0 R S 0 R T 2R
A PR A R #T7E p = 1.96 MPa [y N, il
TR R A R A, O OB O A SR O M TR R
ol B ASCN A R0 24 S R B

3 ERE5OM

3.1 #KEREEE A TEM R1E

B 1 K ik R R AL 70 ) TEM BE B o MR R op
A& BIRE S BOHEBAY B AR 7E 20 ~ 30 nm, H 2 BRIE
3.2 GUKEREREL & 2 3T HE IR SR I AE R

WE5E T 40K 0 R 46 5 1 X AP/AL/ZHTPB 4 3f 5]
e (I R B BR R M RE R SE ), S IR SE SR LR 1,



70 £l fig %) e w17 %
F 1 ARAELTXT T B /K E B AR 62 B 220
Table 1 Effects of nano-catalyst on combustion properties of the AP/Al/HTPB propellants
catalyst r/mm - s~ n n
content/ % 4 MPa 6 MPa 8 MPa 10 MPa 12 MPa 14 MPa 16 MPa 18 MPa (4 -10 MPa) (10 - 18 MPa)

blank 6.00 7.12 8.72 9.83 10. 86 12.04 13.14 13.95 0.54 0.61
0.25 5.75 6.81 8.00 8.63 9.32 9.82 9.98 10. 15 0.45 0.27
0.5 5.93 6.92 7.66 8.31 8.66 8.94 9.06 9.40 0.37 0.20
1 5.77 6.46 6.78 7.12 7.41 7.64 8.08 8.54 0.23 0.30
2 5.41 5.73 6.16 6.43 6.75 7.23 7.76 8.21 0.19 0.43

100 nm* EHT=15.00KkV Signal A=InLens Date: 26 Mar 2005

Mag=100.00KX F—— WD=3mm  Photo No.=9029 Time: 11:27:32
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TEM images of nano-carbonate burning rate catalysts
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Fig.2 r-p curve of the propellant
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Fig.3 r-p curve of the propellant

ZOKRAEAL TR 5 50 0.25% 0. 5% I, HE7E 5] i 1
B I s i B O AR BER 3 45 B o SR WIZ AR AL
7 08 A [a] T 5 B T 56 i B30 7 D) B, S I A0 9 3 )
A Te] s 5 B T 5 A1 80 ) A A8 08 5 R ) T L R
25 0UHfE 1 19 4 BB o
3.3 MRBBEBSENEHT AFHENZIN

T K B R £ 4 fL 7R R BE AE AP/AL/HTPB
ERE R ZE A B T7 v A LU, W5 1 HCXE # ok 77 ) 2
PERE A, K00 W3k 2 (AR Y B AL 250 .

R2 HKELAFTHEEFTER(20 °C) AFEERNZI
Table 2 Effects of nano-catalyst on the mechanical

properties of propellants at 20 °C

catalyst content/ % o,/ MPa &/ % &,/ %
blank 0.88 63.48 69.25

0.25 1.20 54.33 59.05

0.5 1.19 58.48 64.98

1 1.34 53.57 57.53

2 1.17 54.57 57.59
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Table 3 Effects of nano-catalyst on

the heat of explosion of propellants

catalyst content/% EV/J . g -t
blank 6320
0.25 6330
0.5 6390
1 6550
2 6580

Note: Q is the heat of explosion.
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Table 4 Effects of nano-catalyst on the viscosity of propellants

catalyst accumulation testing running n
content/ % time/h distance/cm time/s /Pa - s
1 1 8.17 328.9
blank 3 1 10.88 438.0
5 1 12.37 498.3
1 1 9.79 394.2
0.25 3 1 12.47 502.2
5 1 14.37 574.7
1 1 15.25 609. 4
1 3 1 22.10 883.1
5 1 28.22 1127.7
1 1 22.13 891.2
2 3 1 30.34 1221.8
5 1 35.18 1416.2
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Effects of Nano-carbonate Catalyst on the Properties of AP/Al/HTPB Propellants

CAO Xin-fu' , HE Yao-dong', YANG Yi’*, LI Feng-sheng’, ZHANG Zhan-quan', SONG Ji-ge'
(1. The 46th Institute of the 6th Academy of CASIC, Huhehot 010010, China;

2. School of Chemical Engineering, Nanjing University of Science & Technology, Nanjing 210094, China)

Abstract: The study of the effects of nano-carbonate burning rate catalysts on the pressure exponent, heat of explosion and

mechanical properties of the AP/Al/HTPB propellants were conducted. The results show that the catalyst can reduce the burning

rate pressure exponent of the propellants to 0.20 in the pressure ranges of 4 —10 MPa and 10 - 18 MPa. The combustion efficiency

and the heat of explosion of the propellants increase as the increasing of the content of the nano-catalyst. It also shows the

nano-catalyst has some effects on the mechanical properties and processing properties of the propellants. It has found that the

suitable weight fraction of nano-carbonate catalyst in the propellants is 0.5% - 1% .

Key words:applied chemistry; nano-catalyst; AP/Al/HTPB propellant; combustion property; pressure exponent



