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Fig. 1. Initial state of PE model.
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Fig. 2. (color online) Curves of temperature and en-
ergy in PE model: (a) Curve of temperature with time;

(b) curve of energy with time.
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Table 1. The sample number and their treatment way
of PE models.
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Fig. 3. (color online) The MSDs of PE models at dif-

ferent conditions.
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(e) R2-PE; (f) DR2-PE1
Fig. 4. (color online) Changes of PE structure models after applying electric field and raising temperature:
(a) O-PE; (b) D-PE1; (c) R1-PE; (d) DR1-PE1; (e) R2-PE; (f) DR2-PEL.

(a) O-PE; (b) D-PEL; (c) R1-PE; (d) DRI-PEL;
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Fig. 5. (color online) Radial distribution function in

PE materials.
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#2 AFPEERMAERE
Table 2. The energy of various PE models.

Enonbond/kcal’mOI_ !

E];)iagonal/kcal~mol_1

FEiota1 /kcal-mol —1

Eyan der Waals Eglectrostatic Epond Eangle Etorsion
O-PE —342.72 90.37 52.35 111.50 96.72 —11.46
D-PE1 —360.18 93.60 52.82 118.00 106.40 —9.41
R1-PE —339.74 91.18 52.65 113.44 90.88 —11.20
DRI1-PE1 —350.87 94.66 52.12 115.64 99.72 —8.58
R2-PE —340.69 91.21 52.64 113.41 91.39 —11.67
DR2-PE1 —352.83 93.09 52.19 115.57 102.92 —8.93
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& T D-PEL.
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P, A XL H BT R AR X 38 3 A
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/
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Fig. 6. (color online) Calculation principle of the Con-

nolly surface.
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YEFF PE AR R BAARFR K& I A a5k 3 B dl.
B 7R 30 LLE H, 4 i B0 AR A
TPER RN, HBEAEBRKAE. BARMK A
BIRAEWHES. BEBmT: Hk ME
T, R-PEM B A B AL K, B
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FE 06 A B %l % — Fr, 8k ok ST R, R
298 K2 & #1343 #1363 K, FFV i 17.79%
B K B 23.71% F123.72%, 8 K8 B i 33%,
BI7 (a)s B 7 (c) FIE 7 (e) I IXHRT Firow; ik, Tt
JI10.0007 Hartree/Bohr #1375, D-PE1 # Lt O-PE
(1 B B AR R B R, I A IE S A,
£ 298, 343 #1363 K it £ ~, D-PE &AM FFV 5>
FIPRKE] 13.16%, 13.41% F113.42%, B B # i
24%, W 7 (a) B 7 (b) B 7 (d) ATE 7 () BIXIRT
MIX IR I o fefm, BT (c) 5EIT7(d). Bl 7 (e)
57 () ik e el W, siin M s, PER A
EHARFATS SR R ek 1), RIS AR R iR FE T+, AHEE T
D-PE1 AU =29 1%—2%.

oy BT JE IR AT OBE 2 M PERZ B Z 4 7 M
0.0007 Hartree/Bohr I 3% E /E FH I, 7> 155 Bt
PR T FRL S 4 1 R AR R A T HEA I AR, AT
RN A AR, TSRS, BEWr T
PagZ 0, BB R BIE 3, {0 FHER

WYL HORT H AR, (HIRE 343 K
30363 KiF, B BRI 0.06%. LAk,
xR R L FEE R PEAR, g A
P AR AR A T AR, MR s e J LT DL 2
i, FLIR S 3.4 5 BT A — 2L

#3 PEKRRNABERE A
Table 3. The FFV and the free volume in various PE

models.
Occupied volume/A3 Free volume/A3 FFV/%

O-PE 6827.22 1214.76 17.79

D-PE1 7106.97 934.99 13.16

R1-PE 6500.66 1541.30 23.71
DR1-PE1 7090.85 951.11 13.41

R2-PE 6499.89 1542.07 23.72
DR2-PE1 7090.18 951.78 13.42

7 (MTIER) PERRNEBERZEMBRE (a) O-PE; (b) D-PEL; (c) R1-PE; (d) DR1-PEL; (e) R2-PE;
(f) DR2-PE1
Fig. 7. (color online) Changes of free volume in various PE models: (a) O-PE; (b) D-PE1; (¢) R1-PE;
(d) DRI-PEL; (e) R2-PE; (f) DR2-PEL.

087201-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 66, No. 8 (2017) 087201

g5 LRIk, Joit e I IE R IR AT ] e
REWn THEssh, RN B bR A
WAL, I AR R B R AR, TR
PEFI 28 AR K.

3.6 Z[8)EE farPEapH

B AREER T RGN, »rissh =
SRR RE R 45 AN B i AR A R, B
{0 e g S G N = T 0 E e o [ S T R
BRI IO 2 B ZEA A, 53 0 D A F B BE AT HE
r BB . ol T (A — AR AL AR R A B )
TR AE ), A SC R 4B i B D RE R A

WL T 1 S MR A S T
V22K A JR 380 B I AL LDA AR 1 VW bR B S
HUZ R AR S PEAR R N HLAT FE R RE SR, K&
Yoy ¥R BTG R B, [p) A P

Ey[p] = Evp] + Esp] + Exclp]
+ Vae(r)p(r)dr, (5)

K, p NRGHES BB EE, Ev[p] NHETIIRE,
Ejlp) AT 8] FE & 0 ELAE FHfE, Exc[p] N H T [H]
TR RERBE, Vae(r)p(r)dr NIR TR ESH. H5H
RN AT AP RE AN 8 i, Hoh EA A HLfif
FaBEERFE. IR 8 7] LU tH: PE fEIR A H 7 1
FATR, FELA7 B PR A 2t BRAS [ R P TR B ARG, Bl L
& Tt =, MR HL AR B B 298 K 1170.95 eV FE1IK
F343 K 170.68 eV, FFELE 363 K1 0.66 eV, 7
5l B 28% 1 31%; T it i FLA1E L 5, FABFRE LR
BAAR I 32 5K, 7E 208, 343 A1363 K FIIRE K 43 7
F% %2 0.50, 0.48 F10.49 eV, 4 5 N % 47%, 49% A
48%.

Kl 8 H1 O-PE HIFEABFRES M 0.95 eV, X 5 1l
2% 28] i 45 5L 0.1 1.1 oV AHAFS, UL L PE
T TR 08 B e b S e B AR (R B 45 4, AU 5 SR
FLAHERS.

2R R TR #1343 A11363 K I, R-PE [ H {7 [
Bk 2043 1R B 31 0.68 F10.66 eV, 7E H A 5 4% 2]
(1) S 56 v AR R IR B A LR T R, e TR IX 1) 4y TR
B U532 B A58 R A 1358 43 B B FEL AT B R,
TR PN e B F A i A TR, BT A R BIF RE 4 T B, IX
EREEE R — 2. AHEE R BENA S
57 573 B 52 380 <A el 2 BP0 (i 2 i T R R
B UL, PS5 TR B X 52 B H AT PR R 4 A

H, Bk, MBEZKT - A 24T [ B 52 54
AR Bl I BB E T 5, B L0051 HE B
Zghinkl, B AR EIKOER, WA R RES
AL ) 1) ST AR S ASER , e 5 T B PR R P AR TR

Y PE & R 52 2 EIA1E I, FLRE B AE S PR
F0.50 eV, (e P2 L6 ot R B RL ) 2
] FEL A 25 L 6 C/m® BRI E]5 C/m® 17484k
A IR BT 2% 5 FE S 5| S R B B 2 B
i, X GHULE BB, AP IR AT 8
JERA: 4 PEZBSMn e, Bk A
Az Maxcwell B 7, 3517 80U 45 74 Rk A2 48, 4y 186
BoR A SR I HEBV LR, D> T A R 45 g
VBRI, W SO RE N HL AT B B AR AR 7 TR
W, IR TCETEA B, A A o T B HEAT AN
HOIESMMEIAER T, M RH 20K E—EMN
TR}, Eh Tk T 20k i TR 24 o B v ) PR B 5 M
Rk 2 5 B3 X M 24 PE 52 B3 i
BB RE A 7.

1.0
B 0 Hartree/Bohr
BN 0.0007 Hartree/Bohr
0.8
% 06}
~
<
S
0.4
0.2

298 K 343 K 363 K

B8 (M) AR MR KR PHAR
Fig. 8. (color online) Trap depths of PE models under

different conditions.

R 2 Ah, 24 e 37 AU R TR IR R T A R
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2 U A AR 5% A2 A, IX Rk — A5 i W BT i
0.0007 Hartree/Bohr (1] H137 X} 5 £ 4 73 4 Be Ik
B FA GO 85 A6) 1 5 T 2 = B2 1T 343 A1 363 K
7R B B SR PR AR IR B R B2 A — s R HEAE FH, 1H
EAEYE Y EDUE S

gx BRTIR, 44k & PEMORLZ 3 7 B8R FE AR
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Abstract

The simulations of the structure and behavior of the molecule in the simulation software are an effective way to
analyze the microscopic mechanism associated with performance change of space charge trap in the polymer. To achieve
this, in this paper we first present the polyethylene molecular model which is developed by using the simulation software
Materials Studio (MS). Then, the microstructure and property of space charge trap are analyzed by the changes with the
energy and the free volume in the polyethylene due to the chain segment motion under the universal force field (UFF),
respectively. Some important findings are extracted from simulation results. First, in the process of the temperature
gradually increasing from 298 K to 363 K, the phenomena of slippage and diffusion of the molecule due to the enhanced
thermal motion of molecules are observed. These phenomena lead to the free volume increasing and the space charge
trap energy level decreasing gradually, whose maximum value is 1542.07 A% and the minimum value is 0.66 €V when the
temperature is 363 K. Second, when an electrostatic field of 0.0007 Hartree/Bohr is applied to the polymer, molecular
chain segments are oriented by the Maxwell stress that is generated by the electric effect. Molecular chain segment
orientations induce the van der Waals interaction energy to increase to —360.18 kcal/mol (1 kcal/mol = 4.18 kJ/mol), the
free volume to decrease by 279.77 A2, and the space charge trap energy level to decrease by 0.45 ¢V. Third, by comparing
the cases of applying the temperature field and the electric field to the polyethylene, it is found that the electric field
has stronger effect on charge trap. Specifically, the space charge trap energy level of the polyethylene associated with
0.0007 Hartree/Bohr electric field is reduced by 0.17 eV compared with that associated with the temperature of 363 K.
Moreover, simulation results and measured results are compared with each other and they are well consistent. Finally,
it is concluded that using electric effect and molecular thermodynamic movement is an very effective way to analyze the
microscopic mechanism of changes with free volume and van der Waals interaction energy. This analysis confirms that
molecular motion changes the microstructure of the polyethylene and generates charge traps. In addition, it confirms
that the influence of the electric field on the polyethylene generates the lower level of space charge trap than the effect
of the temperature field.

Keywords: space charge traps, microstructure, chain segment movement, free volume
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