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Table 1

well as the interaction parameters among the Gauss chains

Solubility parameters of plasticizers and PEG, as

AS e,
species JGeem=)12 J (Jeem=3)1i2 Flory-Huggins / kJ-Imol”
PEG 20.941 / / 0
TMETN  24.081 3.140 0.6569 1.628
BTTN 25.570 4.629 1.4065 3.485
NG 26.634 5.693 2.0825 5.159
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Fig.3 Mean-square displacement (MSD)-t curves of plasti-

cizers
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Table 2 Slope of MSD-t curves and the diffusion coefficient

of three plasticizers

plasticizers slope diffusion coefficient/ m?-s™!
NG 0.01149 1.915%107"
BTTN 0.00859 1.432x107""
TMETN 0.00523 8.717%x107'2
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Table 3 Location and peak of hydrogen bond interaction
hydrogen bond location/A peak
NG_O-PEG/N100_H 2.79 0.6580
BTTN_O-PEG/N100_H 2.71 0.7076
TMETN_O-PEG/N100_H 2.73 0.8036
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cell volume/A3 fractional free volume

systems free volume/A*
NG/PEG/N-100 3616.10824
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TMETN/PEG/N-100 3905.54280

25499.04724 0.14181
26031.71138 0.13949
26907.49580 0.14515
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Fig.8 Mean-square displacement (MSD)-t curves of plasti-
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Table 5 The slopes of MSD-t curves and the diffusion coeffi-

cient of TMETN at various temperatures

T/K slope diffusion coefficient/ m?-s™'
273 0.00433 7.2167x107"?
298 0.00523 8.7167%x107"?
313 0.00759 12.6500%107"2
323 0.01123 18.7167%107"2
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Table 6

various temperatures

Location and peak of hydrogen bond interaction at

T/K location/A peak

273 2.69 0.81810
298 2.73 0.80356
313 2.75 0.79890
323 2.81 0.75830
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Table 7

peratures

Fractional free volume for systems at various tem-

T/K  free volume/A® cell volume/A®  fractional free volume

273 3510.4250 26507.8410 0.13243
298 3905.5428 26907.4958 0.14515
313 3934.9522 26918.0032 0.14618
323 4401.1372 27421.2252 0.16050
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Table 8 Slopes of MSD-t curves and the diffusion coeffi-
cients of TMETN

plasticization ratio slope diffusion coefficient/ m?-s™!
2.5 0.00523 8.717x10"
2.8 0.00441 7.350x10"
3.0 0.00368 6.133x10"
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BT R E T TMETN i) % 5 ]

Fig.11 The isosurface of the density fields for TMETN at vari-
ous plasticization ratios
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Fig.12 The order parameters for TMETN at various plastici-

zation ratios
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Micro and Mesoscopic Simulations on Diffusion Behaviors of Plasticizers in PEG/N-100

CHEN Si-tong', DONG Ke-hai’, WANG Xin’, PEl Li-guan’, KONG Ling-ze*, XIA Cheng’

(1. College of Weaponry Engineering , Naval University of Engineering, Wuhan 430033, China; 2. College of Coast Defense Arm, Naval Aviation University ,
Yantai 264001, China)

Abstract: The diffusion coefficients and mechanisms of NG (nitroglycerin), BTTN(1, 2, 4-butanetriol trinitrate) and TMETN (tri-
methylolethane trinitrate) in PEG/N-100(polyethylene glycol/curing agent) were studied by molecular simulations. The order of
diffusion coefficients is NG > BTTN > TMETN. By comparing the three systems, the weakest diffusion of TMETN was attributed
to the following two aspects: firstly, the strongest binding force between TMETN and PEG/N-100 as well as the weakest self aggre-
gation ability of PEG/N-100 in the system; secondly, the largest size of TMETN among the three plasicizer systems. The effects of
temperature and plasticization ratio on the diffusion properties of TMETN were investigated. With the increasing temperature, the
diffusion coefficient of TMETN increased slowly at first and then sharply, which was consistent with the law of accelerated aging
at high temperature; the position of hydrogen bond moved backward and the peak value decreased owing to the high tempera-
ture, suggesting the weakened interaction between plasticizer and binder; meanwhile, the fractional free volume of system in-
creased. With the increase of plasticization ratio (2.5, 2.8, 3), the diffusion coefficient of TMETN decreased. Mesoscopic studies
showed that the improvement of compatibility was one of the reasons.

Key words: nitrate plasticized polyether (NEPE) propellant; plasticizer; trimethylol ethane trinitrate (TMETN) ; diffusion coeffi-
cient;molecular simulations
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