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Abridged general view of diffusion and migration
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Table 1 Some properties of R-45M HTPB

R-45M HTPB
numerical average molecular weight E 2800
OH value/mmol - g~ ! 0.75 +0.05
numerical average function degreefj 2.2-2.4
density/g + cm =3 >0.87
microscopic c-butadiene 10% -25%
conformation t-butadiene 50% —-60%
of monomer 12butadiene 20% -30%
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Fig.2  Amorphous model of DOS-IPDI-HTPB
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Fig.3  Curves of temperature vs simulation time
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Table 2 The fitting line equations of MSD-¢

at different temperatures

temperature/K fitting linear equation
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Fig.5 MSD-t curves of DOS at different temperatures
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of DOS at different contents

content/ % fitting linear equation
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SR R b BN 2 0Ok SR R 20% ~
35% , 3% ] fE 2 S 28 R 7R R 4 IR R R It A 0 IR
B RS IR A I T A O TR AR AR AR R
LER AR R IPoN R b DANLIR YN L7/ R WS
PR BRI I , 512 1 0 ST A 22 ) 5 1) o G I
P55 SR (O R SR 5 F) SR (L e IR L SR 51k 23
P ) S S D, Oy B2 U o SR R TR AR
DOS 5 B JL A 3% S BR B IS, DOS. 1 38 i 45 ik B2
AR M AR /N JLP R EFANAE 5 S iR DOS oy i K =
], AN A 73 I i e R T L AR £k R Wi 4 i
Hoa th B A, AR DOS 4 BUiE 3l s Bt LAY B R
WA BT

(ELJE: 3 DR AHE S 79) Hh ey 28 50 ) 5 2 T R4 R )
A2 B i Ak e 22 1 K, AT R B 4k DOS f3E
B2l 71, ik DOS fERE i i 9 BT RS ot TIH R
GEURER M , AT i AN BE S B0 98 50 7 $fE 0E ) 5 4 R S
AT AL 4 3 7% 19 231 7K P R, ™ BT A% 40 A
ATEE— BN

5 & i

TREHR N LAY 8, Ha 78 %0
RS [ AR T R ) & m R B 9 5 DOS 7 T
FRAESE R R R T P B2 2, AT LR B DL R LA
4598

(1) PR85BSk 273,298 ,310,323,348 K ff, DOS
FET R RS 2 R & A i B R £ il 0..0010,
0.0020,0.0025,0. 0031,0. 0043 ( Hifi; 10 * em® - s7')
B I EE ) T KGR R & DOS (4 10T g, 4
R BE WK

(2) 24 DOS & & 2y H B MK R Y 23% 37.5%
47% 60% (Jiiit Lt ) BF, DOS fy 47 #2437 240. 0025,
0.0020,0.0018,0. 0015 (i fii 10 ™" em® « s, P51
B I R, B BR B A T R

(3) ¥ BCR B B0 UE A LA K 38 58 700 75 e 0 ) 5
fof )2 A A RS AR T AR REE— IR A

[J]. HEdEEE A ,1983,28(3) : 40 —45.

XU Si-yu, TANG Da-sen. The problem of migration of ferrocene
derivatives in solid propellant[ J]. Journal of Propulsion Technology,
1983,28(3) : 40 —45.

FYRETH AR, £, SF. A i RS X NEPE Hi ik 50) 5 17 #4521
REROSEMI[ ], [ A K i H A ,2005,28(2) : 126 - 129.

YIN Hua-li, LI Dong-feng, WANG Yu, et al. Effect of ingredient

[2

[

migration on interface bonding properties of NEPE propellant [ J ].
Journal of Solid Rocket Technology,2005,28(2) : 126 —129.

FHACT 2R SR S TR R SRR R P R 4L r R
[J]. AR KA ,2007,30(5) « 416 —419.

YIN Hua-li, LI Dong-feng, ZHANG Gang-yao, et al. Ingredient

—
w
[

migration in the bond system of HTPB propellant[ J]. Journal of Solid
Rocket Technology,2007,30(5) : 416 —419.

Wedi g, 454 IR AR . NEPE $E3E 508G & 50 P2 68 1 2 7 BT 52
(J]. &Re# kL, 2007,15(6) : 650 - 655.

—
~
faa

YAO Wei-shang, LI Qian, TAN Hui-min. Molecular simulation on prop-
erties of NEPE propellant binders [ J |. Chinese Journal of Energetic
Maiterials ( Hanneng Cailiao) ,2007 ,15(6) : 650 - 655.

W H O, FE AR SRk G, 4. HTPB e R 50 241 20 7 L S B o0 7
BEAUBEFELT]. & BB}, 2008,16(2) = 191 195,

YANG Yue-Cheng, JIAO Dong-Ming, QIANG Hong-Fu,et al. Molecu-

—
W
[

lar simulation of solubility parameter of HTPB solid propellant[ J].
Chinese Journal of Energetic Materials ( Hanneng Cailiao) ,2008,16
(2): 191 -195.

—
[=)}
[

Irene Yarovsky, Evan Evans. Computer simulation of structure and
properties of crosslinked polymers: Application to epoxy resins[ J].
Polymer,2002 ; 963 —969.

[7] Hofmann D, Fritz L, Ulbrich J, et al. Molecular simulation of small
molecule diffusion and solution in dense amorphous polysiloxanes and
polyimides[ J]. Computational and theoretical Polymer Science 2000 ,

10: 419 -436.

—
o]
[

LIU Qing-lin,HUANG Yu. Transport behavior of oxygen and nitrogen
through organasilicon-containing polystyrenes by molecular simulation
[J]. J Phys Chem B,2006,100; 17375 - 17382.

[9] Saeed Yeganegi, Muhammad Shadman. Thermal diffusion factor of
model 2CLJD mixtures from non-equilibrium molecular dynamics[ J].
J Phys Chem L,2008,451: 209 -212.

FEE. EAEERE R T ZA M. KUYy BB AR =N
Jiit 1987 36.

ZHANG Jing-chun. Chemistry and Technics of Solid Propellant[ M ].

[10

Changsha: National University of Defense Technology Press, 1987
36.

(11] fedkik. A B ARHMEIEFIIM]. JbaT. TR AL, 1994,

[12] Levi Gottlieb. Analysis of DOA migration in HTPB AP composite
propellant[ R]. ICT(1994) . 90.

[13] WA @0 TR B SR v i 20 78l Jy B[ D). K
H. KHEK24,2006.

PAN Fu-sheng. Molecular dynamics simulation on diffusion properties



%13 RLLREAF T MD J5 ik (3% 50 U7 O B BT 5T 41

of polymer-inorganic hybrid membranes [ D ]. Tianjing: Tianjing Oxford; Clarendon Press,1987.
University ,2006. [16] T3, Z8A 2 E M, % SRWERSSTHEPRY . o
[14] BF/J5. SRS ENSH 5SROI ASEBTRE[D]. M TE R [T]. 2R Al 224 4, 2002,23 (7 )« 1327 -
AU M ATHLT K2 ,2006. 1330.
MA Xiu-fang. Computational simulation study on structure and YU Kun-Qian, LI Ze-Sheng, LI Zhi-Ru, et al. Diffusion of oligomeric
performance of polymer bonded explosives [ D ]. Nanjing: Nanjing penetrants in rtubbery polymer matrixes: A study of simulation of
University of Science & Technology ,2006 molecular dynamics [ J]. Chemical Journal of Chinese Universities ,
[15] Allen M P, Tildesley D J. Computer Simulation of Liquids [ M ]. 2002,23(7) : 1327 - 1330.

Molecular Dynamics Simulation of Plasticizer Diffusion

LI Hong-xia, QIANG Hong-fu, WANG Guang, WU Wen-ming
( The Second Artillery Engineering Institute, Xi'an 710025, China)

Abstract: To overcome the disadvantage of experimental methods, plasticizer diffusion in the bond system of hydroxyl terminated
polybutadiene ( HTPB) propellant was simulated by the molecular dynamics (MD) method. The molecular models of plasticizer and
the bond system were constructed in the software of Materials Studio 4.3. The mixture system performed geometry optimization was
simulated under the condensed-phase optimized molecular potentials for atomistic simulation studies ( COMPASS) force field. The
mean square displaces of plasticizer in the bond system were obtained by statistical average. The plasticizer diffusion was obtained by
Einstein equation. The diffusion coefficients (10™* ¢m® + s™') of dioctyl sebacate ( DOS) are respectively 0. 0010, 0. 0020,
0.0025,0.0031,0.0043 at the temperature of 273,298 ,310,323,348 K; and are respectively 0.0025,0.0020,0.0018,0.0015 at
the content of 23% ,37. 5% ,47% ,60% . The results show that the diffusion coefficients gradually increase with increasing of

environmental temperature and decrease a little with increasing of the DOS content.

Key words: physical chemistry; molecular dynamics simulation; plasticizer; bond system; diffusion
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