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Table 1  Solubility parameters of Wax-SBS and plasticizers
J1/2 . Cm*j/Z
plasticizers  dup 555] sL'e] 8L
Wax-SBS 16.6 16.7 16.8 16.8
DBP 19.4 19.3 19.7 18.7
DOS 18.4 18.8 17.2 16.7
NG 23.9 23.1 23.2 19.8
ATBC 18.1 18.4 18.4 18.1
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Table 2 Difference between the solubility parameters of Wax-

SBS and plasticizers

plasticizers | Adup | | A8, |
Wax-SBS/DBP 2.8 2.6
Wax-SBS/DOS 1.8 2.1
Wax-SBS/NG 7.3 6.4
Wax-SBS/ATBC 1.5 1.7
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Table 3 Interaction energy between Wax-SBS and plasticizers
.. Ebind Evalcn(c EvdW Eulcct E'bind
plasticizers 4 4 4 4 4

/k) + mol™ /kJ « mol™" /kJ + mol /k) - mol™ /k) - g
Wax-SBS/DBP  610.3 0.0 604.6 5.7 1.9
Wax-SBS/DOS  748.7 0.0 746.7 2.0 23
Wax-SBS/NG  477.7 0.0 473.2 4.5 15
Wax-SBS/ATBC 886.2 0.0 881.4 4.8 27
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4 7 i

(1) ¥J# T Wax-SBS 5 DBP ,DOS NG, ATBC
(AR Ak 45 Ha AR I3 3k 43 - 30 1 24 T R T S W
MITSE S H, 5 Rl B M BEHUAE 8,0 5 SCHR T 52 56 {E
8. A XS 15 22 /N T 3% , Uk W] 43 1 30 1“7 BB HH Ok Tt

CHINESE JOURNAL OF ENERGETIC MATERIALS

Y S

(2) i@t Blends 5 B 15 %] (1 45 4 BE 43 45 Hh 2k T
DI i v AL IR R A& ¥+ DBP .DOS NG \ATBC 5
Wax-SBS [y #2544 .

(3) i i B IR A R 22 101 19 45 & BB AT LA 350 00 AH
KM% . Hp Wax-SBS/ATBC ,Wax-SBS/DOS |

o
=
sl
X

2018 % #26% #H34 (223-229)



228

FH, FW, PUH, BRE, S, R AR

Wax-SBS/DBP 1 Wax-SBS/NG {45 & e 4>~ 2.7,
2.3,1.9,1.5 k) - g7', Wax-SBS 55 1 % 5| 4 T[] # .
VEFH B AR T 2 Y fE AR R B R O, Ve FE AR O A
99%.,

(4) %4 Wax-SBS 5 ATBC ,DOS .DBP NG 4
ol ity 9 R0 % R 5 T I —— V5 B S T IR S PR AL
G54 He AR 43 A0 R, A Wax-SBS /38 33 551 i) A 45
PEUE 4 R )F R ATBC>DOS>DBP,NG 5 Wax-SBS R~
FHES o

EEPd ¥
[1]) Wik, e REL MR RS MM [)]. KKEZY %4, 1993, 5
(1).20-23.

XIANG Zhuan-lin. The development and application of Wax
blunt explosives[ J]. Chinese Journal of Explosives & Propellants,
1993, 5(1); 20-23.

Bowers R C, Romans | B, Zisman W A. Mechanisms involved in

—
N
[

impact sensitivity and desensitization of RDX[ J]. Industrial& En-
gineering Chemistry Product Research and Development, 1973,
12(1): 2-13.

TR, E—My, KRB, 4. BE NS B A0 858 0 B Ty 2 1 BE 1Y 32 )
()] Vo £ 2244, 2008, 30(2) : 112-116.

WANG Ling, WANG Yi-ming, ZHENG Xia, et al. Influence of

stearic acid on paraffin melting point and it” s mechanical proper-

—
w
[

ties[ J]. Journal of Southwest Petroleum University, 2008, 30
(2):112-116.

Wranfe, Wik, sk R HET L0 040 05 40 R et B 52 ()]
FHAF LY, 2012, 1(3): 51-53.

CHEN Ming-hua, HU Jin, ZHANG Xue-min. Study on modifica-
tion of paraffin materials for mechanical processing[)]. New
Technology & New Process, 2012, 1(3): 51-53.

SR A IR B S B e DRSS [ D] dE AT dERUBE TR,
2017.

ZHANG Yan. Study on toughening of paraffin Wax[ D ]. Beijing:

[4

[

—
w1
[

Beijing Institute of Technology.

XM, BLL, RERE, . R W IR M AV T3 ) 2 A
JEL)]. MORIT & SR HT, 2011, 26(3) : 95-96.

LIU Qian, YUE Hong, ZHANG Hui-jun, et al. Research progress

on molecular simulation in compatibility of polymer blends[ J].

[6

[

Development and Application of Materials, 2011, 26(3): 95—
96.

AF—B, XU, 2R i e BT M /1 9 0 R A A
BI5r F 3 1 R ] W B % 2= 4, 2009, 25(7): 1267 -
1272.

[7

[

FU Yi-zheng, LIU Ya-qing, LAN Yan-hua. Molecular dynamics
simulation on compatibility of hydroxyl-terminated polybuta-
diene/plasticizer blends[ ) ]. The Journal of Physical Chemistry,
2009, 25(7): 1267-1272.

[8] X35, skihi, 8, %. PBT 5 & R MR A B AR M B9 2 T30 )
SR S HEMBE, 2017, 25(1) : 32-38.
DENG Lei, ZHANG Wei, BAO Tong, et al. Molecular dynamic

simulation of interaction between PBT and energetic plasticizer

Chinese Journal of Energetic Materials, Vol.26, No.3, 2018 (223-229)

[J]. Chinese Journal of Energetic Materials( Hanneng Cailiao) ,
2017, 25(1) : 32-38.

BRGIAR, MR, IRARAE, 5. HTPE /3 9350 JL R R 2 A0 21 109 4
Fah )], S aek kL, 2014, 22(5): 588-593.

CAl Jia-lin, ZHENG Shen-sheng, ZHENG Bao-hui, et al. Molec-

ular dynamics simulation on the compatibilities of HTPE/plastici-

[9

[

zer mixtures[ J]. Chinese Journal of Energetic Materials( Hanneng
Cailiao) , 2014, 22(5) : 588-593.

U, BLAE, B BRE LK BRAB R R D] RALH,
2016, 44(12): 10-13.

LI Min, LI Hong-chun, NIU Yong-sheng. Research and develop-
ment of PVC plasticizers[ J]. Polyvinyl Chloride, 2016, 44(12) .
10-13.

R ABAEMDIRID]. AL ZREET Y, 2005.

SONG Lei. Study on the modification of paraffin[ D]. Hefei: An-
hui University of Science and Technology, 2005.

—
o
[t}

[11

[

[12] Andersen H C. Molecular dynamics simulations at constant pres-
sure and/or temperature[ J].
1998, 72(4) . 2384-23933.
Hildebrand J H, Scott R L. The solubility of non-electrodytes
[M]. New York: Reinhold Publishing Corp, 1950: 424-434.
&, BR4EZ, Eotk. maTFYHIMI]L Bl 2 B R¥% R
¥, 2007, 51-69.
HE Man-jun, CHEN Wei-xiao, DONG Xi-xia. Polymer physics
[M]. Shanghai: Fudan University Press, 2007 51-69.
[15] BRE M, sl RS EZ (ML dbat: S8 Tolk s,
1987, 277-278.
OU Yu-xiang, SUN Ye-bin. Military mixed Explosives[ M ]. Bei-
jing: Ordnance Industry Press, 1987, 277-278.
[16] Eric A G. Solubility parameter values and polymer Handbook
[M]. New York: A Wiley Interscience Publication, 1989. 234-
245.

The Journal of Chemistry Physics,

[13

s

[14

[

[17] Burrell H. Solubility parameters, theory calculations and applica-
tions[ M]. New York: Interchem, 1995. 34-60.

(18] R, O T35 9050 i 45 1 5 280CR — A /AL A 85 AR 15 98
BOTTREVE ()], B A Tl K222 4, 1979 2(3) 2 125-132.

SUN Zai-jian. The structure and effect of plasticizer - also on the
possibility of chlorinated paraffin as main plasticizer[ ) ]. Journal
of Nanjing University of Technology, 1979, 2(3): 125-132.

[19] FFme &, sk, X, 4. NC/DINAP JLIR & & J1 2 ¥k e 1 4

T I KB 24, 2013, 36(2) :57-61.
QI Xiao-fei, ZHANG Xiao-hong, LIU Meng, et al. Molecular dy-
namics simulation mechanical properties of NC/DIANP blends
[J]. Chinese Journal of Explosives & Propellants, 2013, 36(2):
57-61.

[20] Mattice W L. Dynamics of polypropylene chains in their binary
blends of different stereo chemical sequence studied by monte
carlo simulations[ J]. Chinese Journal of Polymer Science, 2014,
32(4) . 640-649.

[21] gEBObK, AT, FRAGUIE, 2. HTPE/3G I IR MK AR A TR 7

T AU ] S RER R, 2014, 22(5) . 588-593.
CAl Jia-lin, ZHENG Shen-sheng, ZHENG Bao-hui, et al. Molec-
ular dynamics simulation on the compatibilities of HTPE/plastici-
zer mixtures[ J]. Chinese Journal of Energetic Materials( Hanneng
Cailiao) , 2014, 22(5) . 588-593.

St

www.energetic-materials.org.cn



SBS 3 ) A7 8 /3% B850 SR AR Bk 10 00 T 8l g e AL 229

Molecular Dynamics Simulation on Compatibility of SBS Toughened Paraffin Wax /Plasticizer Blends

LI Deng-hui, LI Li-jie, LAN Guan-chao, CHEN Yu, JIN Shao-hua, CHEN Shu-sen
( School of Materials Science and Engineering, Beijing Institute of Technology, Beijing 100081, China)

Abstract. Toughened paraffin wax applied in polymer bonded explosives(PBXs) is mainly to improve its mechanical properties. In
this paper, based on the study of toughened paraffin, four kinds of formulations of toughened paraffin and plasticizers were de-
signed. The blending models of styrene-butadiene-styrene block copolymer( SBS) toughened paraffin Wax with dibutyl phthalate
(DBP), dioctyl sebacate( DOS) , nitroglycerin(NG) and acetyl tributyl citrate(ATBC) were established. The compatibility of the
toughened Wax with plasticizers and the nature of the intermolecular interactions in the blend systems were simulated and studied
by molecular dynamics method. Results show that the compatibility of SBS toughened Wax with plasticizers can be comprehensive-
ly evaluated by the four criteria of solubility parameter, miscibility simulation, binding energy and intermolecular radial distribution
function. In which, the relative error between the simulated value and the experimental one of solubility parameter is within 3%
and the miscibility simulation can quickly predict the compatibility between two substances. The binding energy of ATBC and SBS
toughened Wax is the largest, which is 2.7 k] - g”'. The essence of the interaction between SBS toughened Wax and plasticizers is
van der Waals force and electrostatic force, mainly to van der Waals. The compatibility sequence of the three plasticizers with SBS
toughened Wax is ATBC> DOS> DBP, NG is incompatible with SBS toughened Wax.

Key words: styrene-butadiene-styrene block copolymer(SBS) ; toughened paraffin Wax; plasticizers; compatibility; molecular dy-
namics simulation
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