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2.1 ##

LA (NC, &/ & 12.0%), Tolkali, py)il 46 75 i
A A A BR 2 w5 A4k Il (NG, Tl 46, 79 22 3
A 2= BEFE BT 5 3l ALK, B4 3 ~ 5 um, 2l K T
99.5% , My SR AR 58 4 Ja A3 BR T3 A1 20 | s fi Ak ) oy
A HLETER AU AR e B L BRAAOK S (CNTs) , BLAg
DL RN A RAF .

2.2 RWHERME
221 BEHIETREHFIERG &

FEA L (B2 77 0") ZH A NCH+NG & & 4 78%,
WAL 5%, 58 7.1% , B 9.2% . 78 JLfili fid J7 S hikh
AR FAS (WL 3R 1) A9 K 4 0.7 %, i it 6 F

SIR A ST o B B KR R T B L 45 BRANOR A (CNTs) X AL-CMDB HE i 5 4 b8 VB S ) 2 4 i A9 5% i [)]. & BE A kL, 2018,26(12):1019-1024.
YUAN Zhi-feng,ZHAO Feng-qi,SONG Xiu-duo,et al. Effect of Carbon Nanotubes(CNTs)on Combustion Properties and Mechanical Properties of AI-CMDB Pro-
pellants[J]. Chinese Journal of Energetic Materials (Hanneng Cailiao),2018,26(12):1019-1024.
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it 77 (1% ~6") , Ho4i 5 5 % 1 o CNTs i 4 5 AH XA .

R1OBRYUKE A

Table 1 The specifications of CNTs

No. diameter / nm length / pm
1# 10-20 <2

2# 20-40 <2

3# 40-60 <2

4* 10-20 >5

5% 20-40 >5

6" 40-60 >5

B 2% 2 R A IR A - B 0 BIK K - A e AE -9 Ak
RG] 25 4 0 2 &L A 2 Ak b B
@5 mmx160 mm J5 4R 206 BEA 5 T8 ik,
1.5 mmx5 mmx15 mm F) A f0 %8 R 5 TR KA
B g5 IR, @7 mmx20 mm A A7 R T8
I8 I I E 43 A
2.2.2  BREWK

¥ H GJB770B-2005 J5 ¥ 706.1“ #R 3 $T4 32"l
TRRE SR . B ALY D5 mmXx160 mm 254 40 24
Je AR R AT R s AR R Vieille R 3 5 R
RN r=ap™ I E RIS EC N, Kb o R,
mm-s™; p AR, MPa;a b 8.

2.2.3  hifhEE K

Fic B GJB770B—2005 J5 ¥k 413.1“Hrhv ik 2 W 4
5 I T R T R A R SR8 B [ i T SRORE
FRE S0 T SONE 441K, 7E 40,20, 50 °C R 8 H B i
558, J3E 1 E i R
2.2.4  BREEAMA S ERIERAIR G

5 R AR E AT 1.5 mmX5 mmXx15 mm 9
HEFIRE A B A A R b SR AR
A VUL B I A b %, SRR R BN BUE R T, IR

FR 2 CNTsX AI-CMDB #i 3715 R e 1 BE 10 52 i

H R B B B DA IERE R b s KA B
TH T [R) A PR A% 22 A I o s R R | 7638 2 A U
By B LA 4 , B AT 45 380 HE 2 550 A2 A SR B8 I 1) K Jf 46
R R
225 BRKEESHIXK

A TL7 78 B0 B A L (@25 pum) B 7E A
) @7 mmx20 mm F 4 70 590 W i 4 2 70 25 4 o
], 9K 5 3R & 0 Bt A 283 000 T RS0, B 1 1 o Bk A
14 R rE A 0 R T MR K LR TR
DU R 375 B BR be 25 I, 70 MR B = PN TR 1 9 E R
71, >R 20 VB AR KR TR A AR O 4 g
@0.15 mm 5% G 4 22 AR S o s R R 4 2 )
BEBE G 8l fil & R AR 2 e ic sk B0 H 0 B A L Bl
F R 02 2 BR 5, TR A 1 W 1 S R R R L AR S
18 B R BE 2 T I 38 o AOMH X, d5 i A KR X SRR B
TR R 3R 000 A5 T A 2 ) A9 R A B AAH X A e
U ) U B 43 A 2k
22,6 HEAMKE

K T4 BB (QUANTA-600 %Y, 7if 22 FEI
O A ) I3 B 40 K A I T A LA R A 2 R T A
e TE TR 5 1) BE T R SR T K
2.2.7 WoHEMEE(DSC)iXL

K 1% E Netzsch 2% 7] DSC204HP A 5 5 22 78 H
i BSOS RE T AE TR 3R 6 MPa T Y fE R B4 il
PERE . AUTUE AR S AR 201 mg, THIR
10 °C-min',

3 #HRS5WiE

3.1 CNTs X AI-CMDB HE i3t 71 B4 162 14 &8 B 22
6 ~20 MPa ¥, Ot J7 A 78 Bk 40 K 45 19 6 Fh lic
7R T 3K 2 SR R TR R FR B T R A R L 2

Table 2 Effects of CNTs on the combustion properties of AI-CMDB propellants

r/ mm-s’! n
No.
6 MPa 8 MPa 10 MPa 12 MPa 15 MPa 18 MPa 20 MPa 6-20 MPa
o* 14.88 18.23 21.58 23.62 25.39 28.35 30.21 0.57
1 19.86 22.36 25.67 27.38 30.21 32.57 34.17 0.45
2t 17.80 20.68 23.62 26.51 28.36 30.28 32.64 0.49
3# 17.61 20.38 23.53 25.81 27.47 29.52 31.41 0.47
4% 20.48 23.05 26.27 28.52 30.64 32.59 34.48 0.43
5* 17.76 20.31 23.95 26.58 29.13 31.25 32.90 0.52
6* 16.50 19.84 23.03 25.68 27.94 29.54 32.36 0.54
Chinese Journal of Energetic Materials, Vol.26, No.12, 2018 (1019—-1024) & He A A www.energetic—materials.org.cn
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M2 g O T R 1 ~ 6F I T BT LLE L 7E
Al-CMDB H#EHEF FF I 0.7 % B 40 KA RE 4 1 2 e i 1
FIEPRE R BT 19756 MPafl R $2 15 4.98 mm-s™,
20 MPa R 3 H2 75 3.96 mm-s™") , i 1 XK A 42 v
i B2 L A AT DX 0N DR R AR T R s R, 17T
776 ~20 MPafy iR FEECN 0.57 Bk R 0.45,

XL 1 27F0 3'RCE T AT LLE Y TR 9 oK A K R A
[FIEF (337N T 2 o) A 500 18 R SR i e 400 K 4 A8 1 3
KT TR Bl B8 KSR I3 R HESER 10 MPa
R AR YR A 2.05 mm-s™,0.09 mm s, 4 3 ] 1
T i 5 B e 48 DK A AR I 1S R S B AR S e/ L 1
A AR BE RS /N o X B 47 5P 6 IE T LAAS Y 2 m AN
KAE A ARAE 10 ~ 60 nm 1 Bl Y I, Bk 99 K 8 45 428
JIN ) P R TR g, T EL T R e 5 B A AR Y 1 K
([T NPl = A iy L Py A D & = T o = 5
10 ~20 nm (15 B0, B 49 K 45 19 4 B Kk, 4 0F 54
) 48R T AR 1 o

SR UL AR AR R BE B 2 T L R AAOK A Y A AR
AN TR B AR R R L 3X AT BB IR R A AR /N T AT
T Z 4ok TRl I 2 0 T B 4 oK 8 19 EL 3R T,
T R B 9 oK A8 5 4 R 500 e 21 4 ) 4 M AR 2 e
RO A BT 5 e R
3.2 CNTsX} AI-CMDB ¥ i# 7l 71 5 14 88 B9 %2 g

B 49 K A8 A A L R B DL IR 1, KB 1 Rl DUER
H CNTs BR8] B RAST AR,

B 1 CNTsH 3 s g
Fig.1 SEM image of CNTs

TEPESL Al L 7 (0F) B 57 B 4R K A5 FH X 9K T A8 v
[ A" J7 il BUAR I B B 7E - 40,20, 50 °C R I
P siR B2 R AE fif e 25 SR LR 3

M 30T LA AR —40 °C VH I 20 CHI R
T 50 °CTF , BRAN KA (1A i A fof e 228 700 08 o Ao i 14 42
T, LRI IS ) A58 AN £ B 98 K 8 1) 20.9 MPa
$i 5 B 22.28 MPa, 2 4 5 6.6% ; B A 5 B 7R IR
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20 CHYHE 5 24% , 16 = 1 50 CCHF R 17.6% . G
e 290 KA T A A 7R 194 S e 238 40 8 KRl B A 4 v o IR
TR —40 °CHY ZE i 2 ]\ 12.04% 541 2 17.9% , A6 % 4
TN 48.7% , & i 20 CHEHE TN 36.6% , = i 50 CH N
29.1%.

F3BRYORE ST AI-CMDB i 3E 57 F 24 M R 19 5% 1w
Table 3 Effects of CNTs on the mechanical properties of
Al-CMDB propellant

No. T/C 5,,/ MPa el %
-40 20.90 12.04

o* 20 2.66 35.14
50 0.51 47.40

-40 22.28 17.90

4% 20 3.30 48.01
50 0.60 61.20

Note: Tis the temperature. §,, is the tensile strength. £ _ is the ductility.

HR 48 SCHR RS, e 40 oK 4 B A e A A 8 R 3 )
S, BUPLSR BE 3K 50 ~ 200 GPa, S22 80119 100 4% , 3 1 A
WK 1 TPa, 5 & NIA AR, 20 A 565 , Bk 49 K 45 i
JES S NIA Y HA R R O TR
e A0 2K A XoF 2 5] 07 27 Pk B B2 e A L DL XoF o 3 A
i (A HBEAT T SEM 3 #r , 45 R B 2 P o ATRE O 2
TE O 77 A JE Ak 1 Jim AR 40 K A5, B A B 9 K45 im A
it/ DA K e 4 DK AT SR 0 D IR, 4TS ) 1) 2% T 5 A
T L0 0K 8 AT 00 AL B R AN OK A A I RS AN 5 ik
PR A E RGO E B FRALHEA S 0"l 7 P — 2k,
PRI, D 47 TC 5 F) Fi, 5 T 3 T L U € e 490 K A8 A 41 i
FUAE i b B I A0 4 A, DT 43 B0 4 1 570 ) 27 1 g
B RZm R o DAL 2 AT DL ik 40 oK 8 7 4 ik 59) op
D5 i B T A — RS e N K A Y R s 43 i) A R o
PR gk, 4k 0 ) A2 SRR VR R g ok B
B 0 R B b o B B R WM R B T AN AR . X
A G A i 0 70 g 2 i R A i R G K A TR

~
et

2 4MEET5 HEFARE o A R B

Fig.2 SEM images of propellant sample of formulation 4*
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4 B4R E X HE AR IR BE S M AL IR 43 AT

g #8578 CNTs X} AI-CMDB # #F 7] #% 12 11 RE 114 52
Wi AL FL , 6 5 O e Jy AR T AH X 55 g 1 4 O 7 Sy b
FCWFSE . 76 2, 4,6 MPa FHAHE T OFBL J5 #1 47 L J7 11 2k
JE IR WA 3 R 56 MPa T T 3 R AP G 7 B
B JOR B8 TR BE o A, 4 SR R 4 TR 5 X T RP B T 6
MPa T B4Rk i f 4 IR A ULIEI 556 MPa TR kK #&
A1 6 28 25 2 o0 M BORE X 38 AL P 6, T 6 i /i X 38 A
JUER F i A5 R ULER 43X W RS 7 () DSC & an &l 7
iR

MIEL 3 AT LU HE I Bl 49 K 45 AS 52 i) 4 3 590 1Y)
TIAA DX (B DX, 70 DX DA R % 06 KM DX A5 K 454 o A
4 0] LA A Bl 99 K 487 % 4 2 700 19 & D KM i

2MPa 2 MPa

4 MPa

6 MPa 6 MPa
a. 0* b. 4*
B3 OfC Ty Al 4FC 7 i M I
Fig.3 Flame photographs of formulations 0* and 4*

Chinese Journal of Energetic Materials, Vol.26, No.12, 2018 (1019-1024)

JE A WS 5 i (R e it R ok ) e g ) IS ] )
PR 5 T S B i v e FRE R ) F) AR ] 0 I AR 40 oK A
F% 4 R TR Il R T R o DAL S AT LR ML A T R
2500 -

2000

o 1500

= 1000

500 4

0 T T T T 1
0.00 0.01 0.02 0.03 0.04 0.05
tl's

B 4 CNTsX} AI-CMDBEZER] (0", 4%) #Rbe e It B2 1Y 52 Wil
Fig.4 Effect of CNTs on the combustion wave temperature
of AI-CMDB propellant(0*,4")

a. 0%, 6 MPa b. 4%, 6 MPa
B 5 O"ECT7 A 4THCTT B AR R T 48 R B T
Fig.5 The SEM images of flameout surface of formulations 0*
and 4*

a. 0,6 MPa b.
B 6 O'ELJy Fl 4"BL J5 HE ok 3R 100 F A 40 A BURE DX 5k

Fig.6 The sampling region of flameout surface of formula-

4%, 6 MPa

tions 0" and 4" for element content analysis

Fz 4 O AR KR TOCE &

Table 4 The element content of flameout surface of formula-

tions 0* and 4* %
formulation C (@) Al Cu Pb Ni

(04 52.45 37.55 3.71 3.25 0.69 2.35

4# 53.00 35.27 6.09 3.02 0.49 2.13

A A AL www.energetic—materials.org.cn
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25 T ~198.9 °C
exo i liberation of heat
20 1975°C Al e
liberation of heat 2168 kK9
2573 kd-kg"

heat flow / mW-mg’”
2

0 50 100 150 200 250 300
TIC

7 OB J7 Fl 4*HC J7 () DSC Hif £k

Fig.7 DSC curves of formulations 0* and 4*
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. MWE 7 g DSC i< il LA 1, I ACRR 98 K45
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1.4 °C, {H 75 fii 499 K A8 41 3 4 30F 590 43 gk B 3 11 B 22 1)
Poi 2573 k) - kg ] 2768 k) - kg™, 25
7.6% ok T4 AR R 0 SRR AT R R H T R AN OK A
B AR BB PG B, 76 R 08 B i 490 DK 50K 8 D A B A
P A 550 [T AH £ 2 1 AH DX A0 FA A3 i T A TR 3k 3 o
e A B[] Y Jd A8 R A ) e R I T A O R
TR AR A TR A O R T 2 Y B R R T
2 AR

5 452

(1)7E AI-CMDB #fE #E 51 Hhhim A 0.7 % fik 44 K 48 fig
SR EHEIEF] 6 ~ 20 MPa By, it 6 MPa i 1%
W, M 4.98 mm-sT;6 ~ 20 MPa i [E 38 48 %
M 0.57 B4 0.45,

(2) & 2 10~20 nm B9 B 99 K & B £ &
Al-CMD B i 1 751 5 5 5 35 A9 0 {1 588 B K% 3iE it R, Hovp
B 20 °C 14 Fr A5 B B2 = 24% ; IR - 40 °C % 4 fif
FINT12.04% HEINEN17.9% , 38911 48.7% .

(3) AI-CM D B #E 32 71 4% 38 £ /& 1% Ji (K AT R 2 H T
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PE UL K5 500 0 95 25 VR T, 32 8 1 4 1 500 B oz A i
JE FIE fift 2%
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Effect of Carbon Nanotubes(CNTs)on Combustion Properties and Mechanical Properties of AI-CMDB
Propellants

YUAN Zhi-feng, ZHAO Feng-qi, SONG Xiu-duo, GAO Hong-xu, ZHENG Wei, LUO hong-yan, WANG Ke-yong

(Xi"an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: To investigate the effect of carbon nanotubes (CNTs) on the combustion properties and mechanical properties of
Al-CMDB propellant, the propellant samples were prepared through an absorption-extrusion method. The burning rate of propel-
lants was measured by target line method and the pressure exponent was calculated. The tensile strength and ductility of propel-
lant sample were tested at high, low and normal temperature. The reason of how CNTs affected the combustion performance of
Al-CMDB propellant was analyzed by scanning electron microscopy(SEM), flame photo, combustion wave, morphology and ele-
ment analysis of quenching surface and DSC analysis. The results show that the burning rate of propellant in the range of 6-20 MPa
can be increased by adding 0.7% CNTs in AI-CMDB propellant, of which the burning rate at 6 MPa is increased most, which is
4.98 mm-s™', and the pressure exponent decreases from 0.57 to 0.45 at 6-20 MPa. CNTs with pipe diameter of 10-20 nm can
enhance the tensile strength and ductility of AI-CMDB propellant at high, low and normal temperature. The effect of CNTs on the
peak temperature of thermal decomposition of propellant is little but it can make the exothermic quantity of propellant decompo-
sition increase.
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