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Surface and Interface Properties of Less Smoke Composite Modified Double-base

Propellant Containing Nitramine and Aluminium

WANG Han, FAN Xue-zhong, ZHOU, Wén-jing, LIU Xiao-gang,
YU Hong-jian, FAN Ming-huis{\WANG Ke-giafig
(Xi'an Modern Chemistry, Research Institute, Xi'dn\710065, China)

Abstract: The surface properties of fillers( HMX,RDX and Al)with* various particle size and nitrocellulose(NC) with
various content of nitrogen, the interface properties between NC and fillers,and the effects of the surface and inter-
face properties on mechanical properties of less smoke modified double-base propellant containing nitramine and alu-
minum were investigated. The resulps, show-that the surface tension of HMX,RDX and Al increase with the decrease
in their particle size. The interface tension between NC and fillers(RDX, HMX and Al) decrease with decreasing the
particle size of RDX and HMX,or with the decrease in nitrogen content of NC. The adhesion work between NC and
fillers increases with decreasing the particle size of fillers or with decrease in nitrogen percentage of nitrocellulose.
And the adhesion work between NC and Al are bigger than those between NC and oxidizers(RDX and HMX). Three
kinds of NC couldn’t spread spontaneously on the surface of the fillers. When the interfacial tension between NC and
fillers is lower and its adhesive work is higher, the higher tensile strength of propellant is obtained.
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HMX, E-HMX, d;, = 8. 20 ym; H %% HMX, H-
HMX, d;5 =44. 90 pm) 5 858y (1-Al. dsp = 2. 99 pm;
2-Al,ds, = 29. 6 pm; 3-Al, ds, = 39. 9 pm; 4-Al, ds,
=110 pm) , TV s i G @B R .

DCAT21 gl £z fil #f1 F0 57 18 5K 74, 78 [ Sar-
torius 2 Al s INSTRON4505 #1 #H 56 #L , 26 [E IN-
STRON A,

L2 RKENHE

T T A i 8 VS L SR B 3 1
BRI BT AR 0 F W G208 g B R g
LR 0 s PR 2R R RN TR P R 2%
1K, NEYE R 5E )5 . 6 A0 AR 26 B F 808k i BB
TS T R TR B A I A Ak A

TR A iy 25 R TR K R 85 20 4. RIDRE
TR 57 T3] A 20 43 DA B e il 4 ) WORH A 2 57 F+HAT 22 X
HEITIRSG 1h A4 R ARAELSRE TR
FHRIBEE N 70°C R 72h JEIRHL .

1.3 #EstmnitsgiE

FH Modified Washburn J5 338 B} RDX, Al
A HMX [ 82 fil /1, 25 iF 2N 0. 2mm/s, 5250 i
Ji 20°C, H Wilhelm 73 5 32300 3 256 45 77 (NC) 3 Jii
sl 45 B2 fik £, 2 2F 3 R 0. 2mm/s, = A K
8 mm, SLHREE 20°C,

1.4 HeB/MENRENAEEENITESZE

AR/ R R ERE A A R A S R

7+ cos®) = 2 yDT + 20297 (D
Krfoy FoR REERE Ls 4> 92808 2 1 Wk fn
WP s d s p 53 ) 3 7m AE M 2 i RO PR 43 250 Ry
FRYI R AE 2 e R R R il A, R A S
FEVBAR I o F0 o s 43 i 6wy SR 75 D 4 Joi
(ot P i DU A 5T 3R T M AR AT — 2P il 20 (2)

R
y=y'"+y (2)
S tEfg v R AR R
Yo = LT — GOT P HLODT — )T (3
G2l LI N T O T B B NN R N R N R N )
He.
FiBE oy W R R o0 o K 2 2 (4
GIREN -
W.=7.+7n—7 4
©s =7 V1 Vs (5)
1.5 #0714 g ik
1 HE 228 70 41 B 8 A L 2 B/ GITB770B-2005
H 7% 413, 1, ] INSTRON 4505 #4812 56 A1 )
IR B T2 BE L B % 100 mm/min,

2 SRS

2.1 FEARRREMEERNRERS
- Modified Washburn J7 317535 ¥l RDX., Al
A HMX (i3 filsfy . 1] Wilhelm #5735 0 45 5 25 57
NC SRR 42 fil £ 5 DA b AR 908 56 b A 0080 3 58 0 il
AR AN ORI 210 5K Ty SO AR M o v TR
o " AR LR 1,
®1 HERNERAOMKRERID
Table 1 The results of contact angle and

surface tension for samples

0/ (" y/(mNe+m 1)

FE i 24 FR
Glycerol H, O Y A Y

H-HMX  82.98 89.93 28.76  20.15  8.61
E-HMX  68.38 89. 86 32.87 25.18 7.69
H-RDX 80. 74 89.99 19.44  11.95  7.49
E-RDX 81.14 90. 00 21.55 14.5 7.05

1-Al 89.99 91.49 35.89  11.27 24.62
2-Al 86.95 89. 98 29.11 8.92  20.19
3-Al 84.23 89. 78 24.18 5.49 18. 69
4-Al 78. 40 87.46 16.19 2.56 13.63
1-NC 88.55 86.07 30.79 0.29  30.50
2-NC 76.56 85.76 37.85 0.75  37.13
3-NC 70.92 74.81 50.62 0.84  49.87
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Table 2 Interfacial tension between different NC and solid fillers

74/(mN e« m ')

R b 24
E-HMX H-HMX 1-Al 2-Al 3-Al 4-Al E-RDX H-RDX
1-NC 24.87 30. 34 8.97 8. 20 5.99 6.35 19. 02 21.73
2-NC 23.10 28. 26 7.48 7.05 5. 31 6.30 16. 82 20. 47
3-NC 20.15 25.18 8.23 8. 19 6. 65 8. 19 11. 95 14.5
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Table 3 Adhesion work between different NC and solid fillers

W.,/(mNe+m ')

o o

el E-HMX H-HMX 1-Al 2-Al 3-Al 4-Al E-RDX H-RDX
1-NC 39.91 38.56 62.94 56.94 54.21 45.87 36. 44 35. 84

2-NC 43.53 42.48 66.28 59.93 56.74 47.76 41.49 38.95

3-NC 46. 20 45.08 70.36  63.62 60.24 50.71 44.04 41. 34
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Table 4 Spreading coefficient (g,) of NC with different content of nitrogen on solid fillers surface

¢./(mN+m ")

v 0
il H-HMX E-HMX 1-Al 2-Al 3-Al 4-Al E-RDX  H-RDX
1-NC —25.54 —27.13 —9.17 —15.11 —17.84 —26.19 —29.56 —28.98
2-NC —32.22 —33.27 —9.47 —15.82 —19.02 —34.26 —36.81 —35.22
3-NC —39.21 —40.32 —15.05 —21.79 —25.18 —34.71 —41.37 —44.07
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Table 5 Formulations of propellantsiand_its tensile strength

w/\% ow/MPa
FE i

NC RDX Al HoAth +20°C +50°C
1 15(1-NC) 45 /(E-RDX) 502-AD 35 0.312 0.161
2 15(2-NC) 45_GERRDX) 5(2-AD 35 0.429 0.211
3 15(3-NC) 45\ (E-RDX) 5(2-AD 35 0.732 0.324
4 15(3-NC) 45 (H-RDX) 5(2-AD 35 0.726 0.319
5 15(3-NCO) 45 (H-RDX) 5(1-AD 35 0. 740 0.327
6 15(3-NC) 45 (H-RDX) 5(3-AD 35 0.714 0.311
7 15(3-NO) 45 (H-RDX) 5(4-sAl) 35 0. 697 0. 302
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