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Table 1 The molecular numbers, plasticizers mass ratios,

and total atom numbers of blends

number number of  mass total
blend of NG TMETN ratio of atom

molecules  molecules NG : TMETN number
NC/NG 73 0 - 2680
NC/NG/TMETN-1 55 15 3:1 2736
NC/NG/TMETN-2 37 32 1:1 2818
NC/NG/TMETN-3 18 49 1:3 2854
NC/TMETN 0 65 - 2910
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Fig. 1 The molecular structures of compositions and equilibri-

um structures of blends
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Table 2 The binding energy between plasticizers and NC

k) « mol™

blends Eiotal Enc E, E,

NC/NG -17644.89 1901.92
NC/NG/TMETN-1  =17335.71 1738.44
NC/NG/TMETN-2 -16639.66 1948.53
NC/NG/TMETN-3  -16112.98 1573.08
NC/TMETN —15505.14 2044.21

-12713.22 6833.60
-12648.99 6425.16
-12314.63 6273.55
-11940.68 5745.38
-11365.70 6183.64
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Table 3 The elastic constants and mechanical properties of blends

constants NC NC/NG NC/NG/TMETN-1 NC/NG/TMETN-2 NC/NG/TMETN-3 NC/TMETN
C, 10.625 7.428 8.304 7.361 9.049 6.766
C,, 9. 046 7.512 7.974 8.408 7.037 7.084
Cy; 10. 684 7.246 8.038 7.744 6.731 6.885
Cyy 2.964 2.357 2.270 2.525 2.131 2.261
Css 3.309 2.133 2.869 2.567 2.706 2.122
Ceo 3.383 2.167 2.499 2.271 2.110 2.052
C,, 3.970 3.102 3.390 3.216 2.697 2.790
Cy, 4.134 3.189 3.435 3.192 2.876 2.607
Cy, 3.793 3.367 3.111 3.229 2.646 2.721
E 8.190 5.107 6.046 5.849 6.031 5.244
K 5.804 4.282 4.860 4.643 4.245 3.955
G 3.075 1.982 2.393 2.308 2.258 2.033
v 0.321 0.280 0.306 0.274 0.261 0.309
C,—Cyy 1.005 0.745 1.120 0.691 0.566 0.529

Note: C, is the elastic constants (GPa). E is the elastic modulus (GPa). K is the shear modulus (GPa). G is the bulk modulus (GPa). v is the Poisson ratio.

C,,—C,, is the Cauchy pressure (GPa).
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Fig.2 The radial distribution function between O atom from NC
hydroxyl-group and O atom from single plasticizer nitro-group
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Fig.3 The radial distribution function between O atom from
NC hydroxyl-group and O atom from mixed-plasticizer nitro-

group in blends
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Table 4 The maximum trigger bond lengths of NG and
TMETN in blends

blends L. (NG) Lmax(TMETN)
NC/NG 1.576 -
NC/NG/TMETN-1 1.545 1.534
NC/NG/TMETN-2 1.542 1.549
NC/NG/TMETN-3 1.533 1.553
NC/TMETN - 1.563
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Simulation on the Properties of TMETN /NG Mixed-plasticizers /NC Blends

CHEN Jing', LIU Meng', HE Qi-wen', MA Yi-ding', XU Kang-zhen’ | FAN Xue-zhong'
(1. Xi'an Modern Chemistry Research Institute, Xi'an 710065, China; 2. School of Chemical Engineering, Northwest University, Xi'an 710069, China)

Abstract: To explore the effect of interactions between insensitive high energy mixed-plasticizers and energetic binders on the sys-
tem, taking nitrocellulose(NC) as binder, five kinds of blending models which contain 2-methyl-2-[ ( nitrooxy ) methyl ] propane-
1,3-diyl dinitrate( TMETN) , nitroglycerin(NG) , and three kinds of TMETN/NG mixed-plasticizers with different mass ratio were
constructed. The interactions, mechanical properties, radial distribution functions, and maximum trigger bond (O—NO, ) length
(L
Results show that the binding energy of blending system is decreased when the content of TMETN is increased in the blending mod-

nae ) €tC. parameters for each blending system were simulated by molecular dynamics method using Materials studio software.
els. The mechanical properties of blending model containing mixed-plasticizers are better than those of blending model of single
component plasticizer. When the mass ratio of NG to TMETN is 3 : 1, two kinds of nitrate plasticizers can establish strong hydro-
gen bond interactions with NC at the same time, and provide higher modulus and lower maximum trigger bond length for blending
system, revealing that adjusting the mass ratio of mixed-plasticizers can enhance the interactions between compositions of each
system thus the mechanical properties and stability of trigging bond of the blending system are improved.

Key words: molecular dynamics(MD) ; mixed-plasticizers; mechanical properties; sensitivity; hydrogen bond;

2-methyl-2-[ (nitrooxy) methyl ] propane-1,3-diyl dinitrate( TMETN)
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