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Table 1 Atomic constants and parameters describing intermo-

lecular interactions

atom and type of intermolecular interaction designation value
carbon in backbone ac.p 1.990
carbon in side chain ac. 1.699
hydrogen in backbone ayp -0.205
hydrogen in side chain Ay -0.017
oxygen in backbone ao p 3.706
oxygen in side chain Ao -1.693
nitrogen in backbone aN. p 8.880
nitrogen in side chain ay. s 1.108
chlorine ac 1.548
fluorine ap 0.114
silicon ag; 2.016
sulfur ag 15.226

polymers with —CH,— or bocicry 3.504
—CF,— groups only 2 2

dipole-dipole interaction b, 4.830
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Table 2 Calculated values and experimental ones of thermal conductivity for different polymers

Polymer ’ -3 i -1 -1 " -1 > \3/“ /\E;;] - - .)\LAI/W o Kj RD, RD,
/g-cm™ /). kg™ - K /g - mol /A /W - m™" - K" Bicerano  Askadskii

Polybutyleneterph thalate 1.309 1.22 220 29 200 0.160 0.155 0.165 3.1 3.1
Polycarbonate 1.265 1.19 254 33 239 0.200 0.180 0.198 10.0 1.0
Poly ( dimethyphenylene ether) 1.216 1.22 120 17 117 0.230 0.192 0.185 16.5 19.6
PET 1.378 1.15 192 22 166 0.240 0.218 0.250 9.2 4.2
PVC 1.517 1.08 62.5 6 48.9 0.210 0.168 0.191 20.0 9.0
Polyvinylidenechloride 1.783 0.92 96.9 6 63.7 0.130 0.150 0.138 15.4 6.1
Polybutene 0.960 2.14 56.1 12 68.3 0.220 0.193 0.196 12.3 10.9
PB 0.973 2.03 54.1 10 64.2 0.220 0.210 0.222 4.54 0.9
Polychloroprene 1.304 1.40 88.5 10 79.0 0.190 0.193 0.189 1.6 0.5
PE 0.955 2.19 28.1 6 34.1 0.420 0.380 0.400 9.5 4.8
PIB 0.884 2.14 56.1 12 68.3 0.130 0.130 0.186 0 43
Polyisoprene 0.972 2.04 68.1 13 81.3 0.130 0.134 0.130 3.1 0
PP 0.964 2.16 42.1 9 51.2 0.200 0.172 0.199 14.0 0.5
PS 1.070 1.30 104 16 110 0.160 0.142 0.155 11.3 3.1
PMMA 1.170 1.38 100 15 96.4 0.160 0.193 0.156 20.6 2.5
PVA 1.260 1.54 441 7 41.5 0.106 0.159 0.075 50.0 29.2
Poly ( N-vinylcarbazole) 1.180 1.15 193 26 186 0.126 0.155 0.126 23.0 O
Polyvinylfluoride 1.391 1.27 46 6 39.3 0.160 0.180 0.147 12.5 8.1
Polyvinylformal 1.230 1.29 100 15 92.3 0.270 0.220 0.255 18.5 5.6
polyphenylenesulfide 1.360 0.993 108 11 94.4 0.290 0.235 0.290 189 0
GAPY 1.300 1.361 99 12 72.99 0.180 0.175 0.193 2.7 7.2
PGN?® 1.460 1.194 119 13 85.48 - 0.239 0.188 - -
PAMMO?Y 1.060 1.556 127 18 101.4 - 0.096 0.108 - -
PBAMO? 1.300 1.440 169 17 140.0 - 0.184 0.185 - -

Note: p is the density, c, is the molar heat capacity at constant pressure, M is the relative molecular mass, m is the number of atoms in links, ¥ V;is Vander Waals

volume, calculated by Materials Studio, Ao,

is the thermal conductivity of experimental values, A, is the thermal conductivity of calculated values, RD; is the

percentage of the relative deviation by Bicerano method, RD, is the percentage of the relative deviation by Askadskiii method.

Aea=A
RD =— 7Py 100

exp
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Table 3 Calculated parameters of energetic conjugated polymers and experimental values of thermal conductivity

polymer p/g-cm™? c,/) - kg™ - K M/g - mol™ m 3 V/A Aea/W - m™ - K™
0, 10,
— 1.67 1.72 116 8 105.5 0.232
+-c=c—+
S
—['—&\ /7_]; 1.31 1.21 82 7 104.3 0.282
(/ \5 1.59 1.74 127 9 134.8 0.327
S n
NO, NO,
{/ \5 1.75 2.48 172 11 163 0.521
S n
// \\ 1.48 1.50 110 9 123.5 0.296
N n
NO, NO,
(/ \5 1.69 2.19 155 12 152.2 0.375
N n
s
n
W 1.74 2.504 166 11 158.4 0.663
N3 5
N
n
\ / 1.67 2.214 149 12 147.6 0.500
N3 3
s
\; /2 ! 1.96 2.925 204 13 172.6 0.420
ONO”  TONO,
N
n
\ / 1.92 2.635 187 14 162.2 0.241
oNO"  TONO,
ON NO,
. 2.19 1.27 254 25 192 0.430
n
T
\ | 2.37 1.042 137 9 96.235 0.974
S n
NO,
s T A\ 2.55 1.272 183 12 119 1.180
AN s
S N
S | Jh 2.67 1.179 228 15 141.6 1.014
N3
S
Q | \ 2.55 1.284 179 12 116.7 1.385
S n
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Table 3 Continued
2.93 1.519 220 15 124.5 1.702
2.67 1.495 199 14 123.8 1.178
2.85 1.624 260 17 151.2 1.001
1.76 1.102 157 16 148.1 0.940
2.02 1.562 249 22 204 1.066
2.01 1.586 241 22 199.5 1.089
2.18 2.007 281 24 213.6 1.119
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Prediction on Thermal Conductivity of Energetic Polymers

GUO Xu-dong, TAN Bi-sheng, HUANG Zhong
(Institute of Chemical Materials, CAEP, Mianyang 621999, China)

Abstract: The thermal conductivity of explosives is an important index to understand the non-shock initiation and the non-ideal deto-
nation. On the basis of experimental thermal conductivity data of polymers, two methods for calculating thermal conductivity, which
are proposed by Bicerano and Askadskii, respectively, are compared. By calculating and comparing the relative deviations, Askadski-
ii group contribution method is verified to be efficient and thus adopted, because of its small relative deviation. Based on the analysis
results of the structures, properties and thermal conduction mechanism of conjugated polymers, several energetic conjugated poly-
mers are designed by adding energetic groups —NO,, —N, and —ONO, up to the conjugated polymer structures. A coupling be-
tween phonon conduction and electron conduction in the conjugate systems of energetic conjugated polymers will lead to an increase
in the thermal conductivity. Thermal conductivity calculation shows that the new designed conjugated energetic polymers exhibit the
enhanced thermal conductivity, above 1.0 W + mK™'

Key words: energetic polymers; thermal conductivity; group contribution method
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