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2.2 HEHNEE

e A B A 7 (Bt A 4380 2 : NC/NG 60%~
65% ,AP 25%~35% , Al ¥} 5%~8% , - & 3%~5%

I HE 70 BE A B A NC/NG 28 6 3iE 3K 7K 1) A% A
AR SN 2 RS R R 5 R K B 1oL Rb R
GALEAR AR A A S 100T i AL
B AR 25 KF 5 & CNTs B9 AP/CMDB #E 37 71 1l 45 , 6
CNTs #& A [a] Lt i) (i3 & 730 50k 0.1%,0.3%,0.5% , 4h
) 43 3000 TR A R b R A, e T S R
77 AP/CMDB # i 71l il 28 T )% A0 [\, Br 45 4 & A 1 DU
R T BT vl

AT B S 55 B A ) 25 AP/CNTs TR A FE i, R
FH HL 7 K1 % LA 43 00 Bk i AP (5 3 43 5 95% ) Fil
CNTs (it it 43 %1 5%) , 8 B8 & J5 %€ T FF it s
CNTs/NC/NG IR A FEal, R FH L KP4 L 53 51 Bk
i NC/NG W e 2l (Jot & 3 %0 95% ) F CNTs (51 52 7 %
5%), T HIR A J5 %€ THE A FE i 1~3 mg.

2.3 WX A%

K FH 1% [ NETZSCH /A w] 204 DSC, il AP AP/
CNTs A& NC/NG Il CNTs/NC/NG K i 1) $420 fife :
PERE , A i 1~3 mg, FHEHEZE 10 °C-min™' s N, A4,
N, i 50 mL-min™"; AP J2 AP/CNTs ¥ & it I 328 i &
JEHE H 100~500 °C,NC/NG K CNTs/NC/NG Ff i 14
W3 P B Y LA 100~300 °C . 3% 25 [# FEL S A
Quanta FEG 600 SEM, fiff 5 CNTs & AP/CMDB # it
FIRE S A SO £5 44 . 4% 18 GJB770B-2005 J5 3% 706.1
A ZA A T SRR S 4 BRE  oR A B 28 56 0 5K
u=uop” TR R i 4R AL . % B GJB770B-2005
D735 4170 B8] SO R HE SR SRR A B R

3 #R5WiE

3.1  CNTsXf AP #4453 i 1% 82 B9 52

AP/CMDB# #5711 32 22 % RBA153 0 APFINC/NG
WL 43, i T HF5E CNTs XF AP/CMD B #E ik 7] #R b v
RERISZ MR, 14 25 #E4T T CNTs &) AP FIl NC/NG WAL 4
O3 Iy itk BB 145 WA AF 5 o

AP S AP/CNTs I & #¢ i 19 DSC M & an [&] 1 fir
o HE AT LUE Y ASHIESE AP Y A i 2R 5 S
Bk [14-15] o i 3 9 25 R R AR — 50, AP K B FE
244.5 °CH BLWE R0 | LR & AP KR B AR AR il
R T7 B AR S S 5 R R AE 307.1 °CH BRI S5 14 ik
TR 6F 1 AP B AR 3 A B B 7E 441.2 CHE B 2
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PR TR | X S AP D e Tk A % B B L (L AP R S ARG
A3k W AN BH I, FG R PR R A S 0 BT A AP R BE N
Y AP Y N R BN AR 7 AN R DS AP SR i 24
TE 185 /N 08 SR, 4970 390 43 ik ) NH S AR PR3 35 78 /N Uk
B 2T L AR A3 i ak AR A5 1k, DT 5 SO 43 fie e
ANHIR, AP/CNTs FE S FE 245.1 °C Hy B0 3404 | 350
B CNTs BA 52 M) AP 1 b B8 5 A8 o) 2 5 IR I 43 ik e 1
U T B L TE 401.3 °C HY PR B {8 AP 1Y
Ty it PR AT T 39.9 °C, Ui W] CNTs 1] LAAT 2L it 1k
AP (B i, HR A 2 CNTs i B C 5 AP Ui 1Y
SAR T K HE RN RS B 7 AE AR,
CNTs HAT U B W BiEPE 6E A5 I F AP 43 il 1) <A
Y5 CNTs I e m e i, MmiA7 s fg 1k AP (#8530

401.3°C

APICNTs
ot ¢ 3074°C

2445°C
100 200 300 400 500
TIC
B 1 AP AP/CNTsHJ DSC £k
Fig.1 DSC curves of AP and AP/CNTs

3.2 CNTsXf NC/NG #4 fi t BE B9 82 1

NC/NG W U 25 F 2 CNTs/NC/NG i 4 B 5 1
DSC h£n &l 2 frm . B 2 AT LA H, NC/NG IR
25 i S CNTs/NC/NG IR A HE i 1) DSC i 4 LA H 0L,
)3 NC/NG WUEE A 53 19 43 fff oA W | FL 04 it
U BE 43 ) kg 208.1 °CF 206.6 °C, 7] WL CNTs Xf NC/
NG RUEEZH 53 1) #43 fif At AL VR HIAS K o

206.C
CNTS/NCING 208.1°C
NCING
100 150 200 250 300
TIC

B2 NC/NG K CNTs/NC/NG f DSC #hi£k
Fig.2 DSC curves of NC/NG and CNTs/NC/NG
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3.3  CNTsXf AP/CMDB #E i3t I £ 30 45 #4 i 2 1)

X FH SEM X} CNTs, AP/ CMDB #E it 7 M &
0.5%CNTs ) AP/CMDB #f #E 51 £ 5 19 00 % 55 4 17
RAE S5 R WE 378 . WK 3an] LLE 1, A W58
FHHY CNTs A2 25 30~100 nm , RSF oA #4957 , 43 Bre
RAf . MIE 3b ] LI, 78 FE Al 77 19 AP/CMDB i
HEFRI A — B R e, FLR R T R AL LT
JUAST7 18 - D AP RLEE R /N FEHESE A T - HORY 5) &
AR 5 8O ) 40 A AN 3557, DTG 5 | A6 4 38 751 PN 5
PR B0 @ AR URL 50K G SR A R Z 1A A R

a. CNTs
B3 CNTs & AP/CMDB #fi# 5 f) SEM [#]
Fig.3 SEM images of CNTs and AP/CMDB propellant

3.4 CNTs Xt AP/CMDB #& i3t 71 #A 62 14 Rt #9 52 i
Mk T AN E CNTs % 1 19 AP/CMDB # 9 571 B

ROBRE , R R R 8 4 S5 R I 1,

£1  CNTsE &3 AP/CMDB i i 311K B8 1k RE 1) 52 i

Table 1 Effect of CNTs content on the combustion proper-
ties of AP/CMDB propellant

CNTs u/mm-s’! n

content / % 10 MPa 15 MPa 18 MPa 22 MPa 10-22 MPa
0 55.47 71.14 76.88 86.21 0.56

0.1 57.03 74.63 78.74 86.46 0.53

0.3 58.94 74.82 81.75 89.32 0.53

0.5 61.19 77.57 81.10 91.12 0.51

Note: u is burning rate. n is pressure index.

M & 1A UE L CNTs o] LU sk AP/CMDB
PRI R BEERE , BRI CNTs &=, 7E10~22 MPa
T I I R AR R R AR B B AR LR
2 CNTs BHA3 R 47 i i 1k v e A A% 0k L3I
SR AT 3K 3000~6600 W+ (m - K) AL DL
AL AP I A S St R I B T 2 SRR B R ) AR
& 5, T AP/CMDB HiE 1 50) (4 488 1 42 =7, HLB 5
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b. AP/CMDB propellant

PR 2%, 5y 5] S T RS B4, DT B 2 B
A O AP ALK A5 BURHS R & 7R R 22 8] A2 ik AN
Ve, 76 T 205 B o ply T 0l B2 AR b 7= AR M B0, IR
3cH] LAFE H L AN 0.5% CNTs ) AP/CMDB #f #k 71
TG A B S B, BT UL CNTs £E AP/CMDB # it 5
Tk BT I A EIVE A IR R CNTs HAT B 1)
) CHE 388 5 KAE it 2 1] 35 20% ), H CNTs 125 iy
G IR 25 K 85 LA 7R 32 A1 L T AR FH R R AR A b I K g
U T 7E AP/CMDB 5 55 RS 5 74k &R b i 31 1
A 8 B 38 0 A s A ) T R S YR .

c. AP/CMDB propellant with 0.5% CNTs

CNTs & o 9 , F A A0 o B ARG vk i — 20 3 v
AT 3 7R 49K 2% T i i 5 BE G TR 3 T, ONTs R T
W B F) ACRH 7 R B AT, 5 3 CNTs X AP R 7=
4 A A A R 55 ), Bk, WS i CNTs 5 HE R = R T
o A8K R B R R VRS L B A CNTs & &3 hm, i & F
CNTs Xt AP 453 fife b £k A FH 1) D 55 2 B il 22 3 R, A
775 B 8 R0 5 A 2505 A AIK
3.5 CNTsXf AP/CMDB # i 7 /1 1 sE B 2 i

AT CNTs 7 B AP/CMDB # it 7 £ - 40, 20,
50 °C N 4t wpas B A 45 2R L3 2.
£ 2 CNTsH X AP/CMDB HEIEFI 4T e i i 7Y 52 i

Table 2 Effect of CNTs content on the impact strength of AP/
CMDB propellant

CNTs a/kj-m™

content / % —-40 °C 20 °C 50 °C
0 3.62 15.8 30.5
0.1 4.07 11.1 41.8
0.3 4.94 21.4 58.0
0.5 5.55 25.4 61.8

Note: a is the impact strength.
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& 20 LA, #-40,20,50 °CF ,AP/CMDB
I HE 50 A 40 b o BE 34 BE 2 CNTs % 3t 19 38 i 38 K
XU A TS I CNTs /] DL A &0k % AP/CMDB 4 i 51 7Y
JrE e RE, HOR R & CNTs AT LA 2k 3% AP/CMDB #
HEFR I L B T AP/CMDB i 7E 5 Fp 8 2 8 Bk
i, 7E AP/CMDB # i 57) th il A CNTs J5 , 24 25 52 3|
il A R G N S 7 A 2 s ) B AR R RS s B
CNTs [ B H A7 o o 1 i B i S e oY), 2 gL g
% CNTs b2 & A e 1K % CNTs 5 R5 4 7 B4R 1 7
T4 SN T Y R, AT K el s T
AP/CMD B #E #5177 7 1 g -

4 £t

(1) CNTs 1] LIAT &L A AL AP [ 303 it fil AP IS TR
3 il VEE T R e L 0 fif D R B T T 39.9 °C L {EXF NC/
NG RUHE 2 53 19 453 s i A K o

(2) CNTs ] DLAT 2203 AP/CMDB #E i 51 1) 4
LebERE B A CNTs & 5 1Y 3 I, 9 325 0] (0 #5242 =
JE 98 48 B, 70 0.5%CNTs ) AP/CMDB #E i1 5
10 MPa A3 5 61.19 mm-s',10~22 MPa JE 581§
Bk 0.51,

(3) CNTs a] DI A &k ek 3% AP/CMDB #fE 3 771 19
“EVERE B A CNTs & 5 (1938 0, 4 325 550 19 Be b i 35 3
KL, 0.1% .0.3% #10.5% CNTs i) AP/CMDB #f i
FIAE—40 °CF 4T o5 BE 535124 4.07,4.94 k) -m ™ Fl
5.55 kJ-m™2,
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Effects of Carbon Nanotubes(CNTs) on the Combustion and Mechanical Properties of APACMDB Propellant

ZHANG Zheng-zhong, DENG Chong-qing, Ll Ji-zhen, LIU Xiao-jun, TANG Qiu-fan
(Xi"an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: To improve the combustion and mechanical properties of ammonium perchlorate (AP)/composite modified double
base (CMDB) propellant prepared by the solvent-extrusion method, the effects of carbon nanotubes(CNTs) on the thermal de-
composition performances of the main components of AP/CMDB propellant and the microstructure of AP/CMDB propellant were
studied by differential scanning calorimetry (DSC) and scanning electronic microscope (SEM). The burning rate and impact
strength of AP/CMDB propellants with CNTs of mass fraction as 0.1%, 0.3% and 0.5% were tested. Results show that CNTs can
effectively catalyze the thermal decomposition of AP, and make the low temperature decomposition peak of AP disappear, and
the peak temperature of high temperature decomposition of AP shift 39.9 °C downwards, but it has little effect on the thermal de-
composition of double base components NC and NG. CNTs can improve the microstructure of AP/CMDB propellant. There are
no obvious micro cracks in the AP/CMDB propellant with the addition of 0.5% CNTs. CNTs can effectively improve the combus-
tion and mechanical properties of AP/CMDB propellant. With increasing the content of CNTs the burning rate increases, the
pressure exponent decreases, and the impact strength increases of the propellant. For AP/CMDB propellant with 0.5% CNTs, the
burning rate at 10 MPa is 61.19 mm-s™' , the pressure exponent between 10 MPa and 22 MPa is 0.51 and the impact strength is
5.55 kJ+m™ at =40 °C.

Key words: carbon nanotubes(CNTs) ;ammonium perchlorate/composite modified double base (AP/CMDB) propellant; burning
rate;pressure exponent;impact strength
CLC number: TJ55; V512
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