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Fig. 1 The distance squared for RDXS plates versus

the time for different probe liquids
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Table 1 The contact angles and theirs cosine values

on the plates of the RDXS

probe liquid cosf, cosf, cos 6 0/(°)
1-bromonaphthalene 0.4533 0.5046 0.4789 61.42
diiodomethane 0.4435 0.4800 0.4617 62.53
ethylene glycol 0.3962 0.4130 0.4046 66.17
formamide 0.3026 0.3300 0.3163 71.60
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Table 2 The surface free energy and its fractions for RDX with different size

2

sample particle size/mm y§/mJ - m~? &Y /m] +m~? y&¥/m) + m~? ys /mJ + m~? ys /mJ - m”
RDXS5 0.0577 40.20 23.71 16.49 1.149 59.16
RDX8 0.0722 40.88 23.91 16.97 1.219 59.06
RDX6 0.1061 41.73 24.10 17.63 1.382 56.23
RDX7 0.1062 41.81 24.17 17.64 1.387 56.07
RDX2 0.1450 43.20 24.71 18.49 1.649 51.83
RDX1 0.1930 43.95 25.15 18.80 1.823 48.48
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Table 3 The mechanical properties
of RDX/HTPB/IPDI films(15% solid)

maximum modulus of

camol particle maximum
sampie size/mm stress/MPa strain/ % elasticity/MPa
RDX5 0.05770 0.7526 797.0 0.7560
RDX8 0.07220 0.6226 988.4 0.5170
RDX6 0.1061 0.5721 441.4 0.8122
RDX7 0.1062 0.5342 643.6 0.6498
RDX2 0. 1450 0.5144 486.5 0.7227
RDX1 0.1930 0.4718 816.9 0.4847
HTPB 5 RDX 2 [a] g S hi ok 1 4"
T LW AB
Yi = Vi TV
LW LW W _IW
= [7; +v - 2 /v Y 1+ (1)
+ - + - + - -+
2[ YiYi Yt AY Y~ YiYi T ANYiY; }
. . LA SN [13]
P Z ) BRORG R 2 W, BT H Dupré SR
W = v:i + Y — T (2)

AR5 A R 2% 551 RDX (19 3% 1 fig I 1045 2R DL X HTPB
9 FTTAE S Lo i 5 () A(2) HH AR T
RDX il HTPB K & 5 =2 18] 1 5 1 5K 7 F0KG BE 2y (0L %
4). WFK 4 ATLIA L BEFE RDX KLAR B3 K, RDX 5
HTPB 2 [l () 5 181 5 7 Uk /1, EURG B 2 D03 O . ok 3 2
JE T RDX 9210 i S H i 5 Ae S AL AR AR AL o

g3 L HTPB 5 [ {4 FUkiL (8] 55 181 5K 77 FORS i 2
BEAR AR, X e R TT e RN AR B s PR Ao A T, B
HTPB {£ 2 5 RDX [ {4 MUK (8] 5% 11 5K 71 KRG Bt £ 55
RDX/HTPB/IPDI JE A 14 f5e KW ST g A K i P A6
IO, B TR [ A ) ) s P RE R TN
B, R TR A T T A ROR 1) 3 T SR 0 A R AR S AR
ZNE, ERMHITE RHE TR () W, WA

B W& A LS Ak, B LAKME RLAS BRS & K & 5
PRSBRL R (B9 W 5 Ty RE S R o X ey
MERH MRS ¥R ERET T RKEN
Sk PR LI, KA FIE BRI K AEW AT
B, 22 02 DN — A [ 44 B hr 3% TR 4, BP Y W 2k B
B, B ) 7 — AN BRSO b 3 80 A RN AR R 5
AR [B] 7= A= 2 e, DT W 24 o R [ AR+ 3 o B
WIBRTE , B35 0 A TR G FR R b R & Rk &R
5 [ A FURL 22 T 8 RS B D 5 A ] A S0 7 2 1T AR A
e J Rl A TR R 5 3% AR JS0RE B S B - S TH RS B AE
(J/RiF) it R

W =W = S=md’ + (y] +v, —v})

=ad’ - (y 4y - Ly -2 ) -
20y Y YTy v D (3)

oS R d 43 B 22 [ R 0RE 1 2% T R RDREAR 5y
F oy 43500 2 7 K B 790 R 28 R 1R B0 A9 6 3% T R
v Ry A RO A AR R R A R A 26 1
TRy iy, 3 R IORE G R0 A4 R R [ A R50RE
RMBER IR TE > 5y Ay, 230 R AR & R R A
[E] % 5147 22 1T B 0 B 1 43 o

ASTEI 5 RDX B AN KL - 4 1oAY B g 1580 45 2 UL
R4, BERBIBARLT 1) FE R B T RE SRR B R
TR ZPERAE (LI 2)

W BRI S RGBT RE 55 1A UKL IR 52 (8RS 45 70 44
FIFPEREAR L R, W98 & 8L, RDX/HTPB/IPDI {4 3 £
K 7 BB~ RDX KL~ 1H1RY g i3 T R, T 1%
AT RO R AU A (JLEL 3) A R

y = 0.5242 +0.6973exp( - 1. 616W°,,)

(4)



444 &

b
[\

)

i

&4 &L RDX 5 HTPB 2 i8] #9572 T 3K 71  #6 BT T AR B8 AN 4 F B 16 B 38
Table 4 The interface tension and adhesion energy between RDX and

HTPB and the adhesion energy of each RDX particle

particle size interface tension

adhesion energy

adhesion energy of each particle

sample /mm /mN + m ! /mJ + m 2 /( x10 ’QJ/particle)
RDX5 0.05770 10. 60 65.98 0.6901
RDX8 0.07220 10.20 67.26 1.113
RDX6 0.1061 9.492 67.94 2.378
RDX7 0.1062 8.312 68.97 2.444
RDX2 0. 1450 6.548 69.50 4.591
RDX1 0.1930 6.056 69.75 8.162

adhesion energy of every particle
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Fig.2 The interface adhesion energy between

RDX and HTPB vs the particle size
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Effect of Particle Size and Surface Free Energy of RDX on the
Mechanical Properties of HTPB Propellant

DU Mei-na, LUO Yun-jun
(School of Materials Science and Engineering , Beijing Institute of Technology, Betjing 100081, China)

Abstract: The surface free energy and its dispersive, polar, electron acceptor and electron donor components of RDX were deter-

mined by the Washburn equation with thin-layer wicking technique. The diiodomethane and 1-bromonaphthalene, which are neutral

probe liquids, were used to determine the dispersive component of RDX. And the ethylene glycol and formamide, which are polar

probe liquids, were used to determine the polar components of RDX. The results show that the surface free energy and its disper-

sive, polar, electron acceptor components increase with the increasing of particle size. And the electron donor component takes the

opposite trend. Films of RDX/HTPB/IPDI with 15% mass content of RDX with different particle size were prepared. The effect of

particle size and surface free energy of RDX on the mechanical properties of HTPB propellant were studied. The results show that the

maximum stress well-regulated varies with the interface adhesion energy between HTPB/IPDI binder system and every RDX particle,

which is y =0.5242 +0.6973exp( - 1.616w", ). The maximum stress of RDX/HTPB/IPDI system decrease with the increasing of

the interface free energy of every RDX particle.

Key words: solid mechanics; RDX; surface free energy and its component; HTPB mechanical property



