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Molecular dynamics simulation of thermodynamic properties of nano-MgO/PP modified
by silane coupling agent
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(1. School of Electrical and New Energy, China Three Gorges University, Yichang 443002, China;
2. State Grid of China Technology College,Jinan 250002, China)

Abstract : Polypropylene (PP) is widely used as a dielectric material for metallized film capacitors because of its high break-
down strength, low loss and high withstand voltage. However, in the process of operation, PP film has been subjected to high temper-
ature and mechanical stress for a long time, which aggravates the deterioration of film insulation. In order to improve the thermody-
namic properties of PP, the composite models of pure PP, spherical nano-MgO/PP with radius of 0.4 nm and 0.6 nm, and MgO/PP
modified by three silane coupling agents (KH550, KH560, KH570) were constructed based on molecular dynamics simulation. By
calculating the glass transition temperature, thermal conductivity, cohesive energy density, interaction energy, free volume fraction,
mean square displacement, tensile elastic modulus and bulk modulus, the regulation mechanism of nano-MgO particles and their
surface functionalization modification on the thermodynamic properties of PP matrix were discussed from the atomic scale. The
results show that nano-MgO can improve the thermal stability and mechanical properties of PP. the glass transition temperature of
the composite system with radius of 0.6 nm MgO increase by 54 K, the thermal conductivity increased by 8.96%, and the elastic
modulus and bulk modulus also increase slightly. Nano-MgO and nano-MgO modified by KH550, KH560 and KH570 silane
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coupling agents have good compatibility with PP, and the compatibility of nano-MgO modified by KH570 is the best. In terms of

thermodynamics, MgO-KH570/PP composite has better thermodynamic properties. Compared with pure PP, the glass transition

temperature of MgO-KH570/PP composite is increased by 73 K, the thermal conductivity is increased by 31.84%, and the free

volume fraction is reduced by 16.1%. The movement of molecular chain is inhibited, and tensile elastic modulus and bulk modulus

of PP system are also significantly improved. This work provides a reference for the application of modified nano-MgO in metal-

lized films and improving the thermodynamic properties of PP.

Keywords : polypropylene ; nano-MgO ; silane coupling agent ; molecular dynamics ; thermodynamic property

RN PPER i I A28 1T 35249 70% 17
BRI R A AR, HA AR A L AURE | o AR B A B
B 5 F I T A AR, il 2 i 24 2R T
TR, B T RLAR R ER AR AR (2 PP i
HL 25 A TE FE L R v AR 37 2 = bk S VR L
TR WS T S A R VR A AR A N
HIEOS R 2 (A NN e S B2 N [ 3 S
U, 32 5 PP 76 = il AU 1 R BRI, X OR e e
BB T A EEE L,

FSEELPP I 1A PERE B4R T R L B R
YRR T DI RE Y . 9K IERLAE 2l PP 1Y
PSRRI UG T R, W gk E S
FARN PP 5 HA S ERE MR HLES &, o K4
F ARSI 4 4 TH 2 A ORI 45 T T fE
FHEAFFE A, Ismaeilimoghadam S5 ™K 4K Si0, 15 7%
F| PP o, K BRI A (440K SiO, 1T A4 /7 PP Y 712
PERE , SR 17 3 i Y Si0, 2 IR AR E A MR 124 1k
fig, N K %, Hajibeygi 259 J& T MgO 544
FRILHE I AT (HA)BURL[E) 25 34 5 PP 19 SCIG AT, 45
SRR, MgO Bk 5 HA Jiokr it PP (1) BEIAPE Fn b
AEELA RAF MM RIAE T ; 1AM, 24 MgO I HA 1
BB B A 20% F1 5% B, 52 ARG S A i
$2T+ % 54.1 MPa, 452 THESEPIFGE T 44K MgO/PP
2% [a] L fap BRI, & BLER AN MgO Jo ARl i fp 25 15 R
W, ih 2 o W] B 4 5, SR T B A 15 2% 1 R
K MO K FHBL T IR, FE i HI 55 T MgO
FORIEE N

DL I S A A1 5, 38500 0 K SR 15 5 A W LR
(A2 Ao B 38 H (o Fel Ao A8 BB ) 82 o e 1 ) 2
A R AR BRI, A T R
HB ) KHS550 20 MgO BN DL K KH560 2 1 GF
Fele e 6 HE A HRE, LI B R i MgO Stk >
) B T RS N ERTE A
MRS AR B AR, o OR35S i 25 i 1 g o
JE| 2SN KHS 70 22A4% 21 40K MO ks e 1mi , & B

UK MgO E vk FE IR 78451 RE R B 4F 431K
T PP, 2B FE 5 3% I o SR T 29.3%

A LUE 1R 22 SCHka I 52 560 50 0E T 40K 50k
X PP fE B2 A AH i T RST A FR E LRI 737 Ff
JE BT O I BEORBILT . AR, 4380 154 (MD)
BEUTE = 701 65 MR BUS 5R ry k ™, Be g
S RUBEHE W A 22 0L 1 i 1) e AR AL ()
A R kD 1A% G S0 A s B) RS AS | A JR B A
Wang S5 :F MD A5 0004 B 1 = B ke e £ 36 5]
(KH550,KH560, KH570)% 4 (40K Si0,/4F 4k 2 &
AR, R BURERE I B 5 ATE B 22 0 A,
W9k T Si0, S 4P R Z [ i AH B VE R g , i3 =
BEWRRMIFEM . IR H MD 9777
BT T BB N ASRIRIAR ) MO #5528 2 4
(PEYPERERYSZINA , K BRYK MO HyB 744t TR R
BB AL HAR IR B, R K, B AR R e
PR R . [E] A 4K MgO I8 B A TR & ok 411
PR BRI A RESH ) T /K 931Xt PE 19835
HE T

YT MD BRI FE RO 2 T8 AR 3, 2
HoR T8 SIS T v R T R B AR
)&l PP I UER Y ; 2) AN [F] 2 42(0.4, 0.6 nm)MgO/
PP & 4 H5 AL ; 3)MgO 28 i ot 1 5% 7] (KHS50,
KH560, KH570) &AM &2 AR . 38 1T ALY
P A S AR IR B IR MM S T S RE AR O
BB, K Hr K MgO Bkt 4) >k MgO Xif PP #4
JrE R Ry . AFSE A5 R R R 7R T PP
P AT FE RO S #4 B AL R, ST & R AT
SERUENE VK AH R AR A B PP BRI T 5%
1 REHE K MD &L

PP & — LR~ 25 SRS, FLOUL 2 T Hh
g5 b X 5 R i X AR R B FEr IR A X R TR
A, AmERER L, A Foe AR 2, B )% 5
A IR FER MR 13838 5 R AW 24 (an B- W2y sk
FALREAR 2 PP IR (i 22X, IR 20



ZRETE, 45  RESEIRIGT MU E N A MgO/PP #4 ) ML RE 43— Bl ) 2 40 3

4>k MgO H #% i A F PP (1) JC 5E JE IX 8 i 17 MD
I
1.1 BAME

fifi 1] Materials Studio (MS)4K {444 i /< AL .
4fi PP i i A [F]2E A2 3RO 9 0K MgO/PP & 4 i i
(0.4 nm-MgO/PP,0.6 nm-MgO/PP)LA & 3 Rkt MgO/
PP 4 4 /i L (KH550-g-0.6 nm-MgO/PP, KH560-g-
0.6 nm-MgO/PP,KH570-g-0.6 nm-MgO/PP).,

MgO FhRZEA IR A MS [ N B, BT S0 7
Z YA R 2 (23 1A B Fm-3m, fR A% S50 . a=b=c=
4211 2 A, a=B=y=90°), # L T % & H 3.58 g/em’,
I 445K MgO A17& i) 3R T EA e Pk, S sa il s
B A RS RS e B SCR [ 17704 b 35 0 %k 2 T
W4 i Mg J5 T3 A—OH W 14 O J T H2 A H It
T BB e Jrn 2R T R LA 1) MgO R E5H4
BEAL, % R E 44K MgO Xt PP RE Y 2 M0 il RE H A5
TSR, R AE PP i B T A2 42(0.4, 0.6
nm) [ 44 K MgO #E47 X L 43T, 25 14 2R 455 780 4 &1
1h~[& 1i fR .

H it KH550 , KH560 F1 KH570 25 ik e {9 50 %:F
MgO T A& r i A 20 DRt Ry smah ok
MgO 5 PP B AR Z [u] (1 R 45 & g 71, AWFFE LA
0.6 nm 1Y) MgO Sy B Ailf , SR T = fik o AR 2Bk 711) (2 Ak
A KHS550 . 3 48 35 780 KHS560 ., H 3 79 ) 1 4 3 Y

(a) PP monomolecular  (b) PP molecular chain (c) Nano-MgO

(d) MgO-KH550

(g) PP (h) 0.4 nm MgO in PP (i) 0.6 nm MgO in PP

(j) KH550-g-MgO/PP

(k) KH560-g-MgO/PP (1) KH570-g-MgO/PP
B SR 25

Fig. 1 Molecular structure of each model

KHS70) % H 3 m R A B, BaR0R 200 8.33%(FE T
FE PRI T, 45 40 AR 5 R R S5k K]
L~ 1E B G~ 10T 7 o i e A 26 551 3 o K e A
JAERE(Si—OH), 5 MgO 2 1fi iy 2 5 (Mg—OH) &
G54 L, T, Si—O—Mg S i, Hofgs i

mE 2 fiR .
Hydrolysis reaction " (6] ¢ E
’ ) S
o R

Condensation
reaction

P2 EBEmIBR KHS550 /K B 541Kk MgO Fi £
Fig. 2 Hydrolysis of silane coupling agent KH550 and its condensation
with nano-MgO

PLPP R3], 1 e T PP A AR, AT
AR 28 BER A Y R AU, HE TR
FER S R R A E R JE N, 7E Homopolymer A7 i H g
ST RGBSR 70 AR TN (PPYBEY . 7E Amor-
phous Cell #iHe H 5 4% iPP 4> 154k A FI R SFh
3.44 nm x 3.44 nm x 3.44 nm WICER L T ik
J& PPAA R A 4 0.84 g/em?, 15 5286 0.89~0.91
g/emH FLIR ZE 8/, LA R 0 4 7 vk 24 7R
AR
1.2 T3 h5HEm

5T, R B AT LT R4 A o3l
=ik 7E Forcite f B 1R | COMPASSII /1 i
Free e/ MEAR PR, 5 B R AR ECk 50 000 1K,
KR fse MibwItR RIS 21— 01k,
ELHE N B R A S IR R 5
(NVT) Fi#E47 300 ps 1 TP, 75 31 % 5 58 &4
RGE I , PTG R A R R ZE(NPT)HE1T 500 ps Y
AT . AP NVT 225K Andersen #5898 777,
TR BF 300 K; NPT & 45 % Jf] Berendsen 35 & 5 i, J&
0.1 MPa,

R ARAS BT SR AR X S T4 1 A R
17T 57K 100~600 K 146 AR K AR 3, 35k 5L A v i
A FRAT Bl T R S A B 2548 A R AR e e e/ IME 4R
PEHRE R MBI SR, 7 600 K T BIF FHNVT &
ZEMINPT FR L7 47 200 ps 1953 30 J1 2640, Of:



4 TR

2025 4E, %5 53 4,45 5 1

PLSO K M EREREL ikt i, HRRERE
100 K, P17 ZRIBOCAS [ kB 170 5th 35 580 FH )i 2
53T o
1.3 WRAZPHSEHMAPIE

7E MD FE4PLI A 2 B 5 RE Y i 3
HEFFTE 5% 2 10% LAY, F IR R T 35 27 Mtk
AP, 3 aeE SR s g, wiE 3 R, 4l
PP R R 7E 300 KIRE T, Be 5755 19 1k 3 i B 48
/NHESE FI A  RINZIE R A IRE T AT
FE R

3200 —— Temperature/K

288

1615 | ‘7 Total‘ energy/(l‘(cal/mol)‘
o WWWMM
1425 ‘ ‘ ‘ ‘ ‘
-1320 —— Non-bond energy/(kcal/mol)
o MW»WMWW
-1540 [

0 160 260 360 460 560
Time/ps
3 Al S S
Fig.3 Energy and temperature fluctuation curve
2 1) 53 A7 BREU(RDF) /8 ST HE B b 7 r Ak
FEAE AR 19 23 (B 0 A R g (), FLv v AR Il B
BA bR . RDF BB MSHOULJZ T 43 BT B4 % 14 235 #
TIE, FHAR RS MR PP, 30 UE T T X e
WnE 4 FrR . ANFEEEE T 46 PP A9 RDF B A ALY
FRIEMZE, 75 0~0.9 A Y[, RDF [ 5 F (Al A
RBHE R 2O R M R TR, 1.1 Ak
XY C—H BT 1.5 A AbXH 0] () C—C B Ay B Ay
B WRAE RN, 2 W PP B B TOWAA 52 25 2 TR 1R 5
Wi 5 1.75 A b [ P L sl Y 3 b SR F 2 (8]
FIE B, Jo SR Y 5 AR A AHE R A & Yr

— 200K
— 250K
10+ 10 — 300K
gl 8 — 350 K
cu — 400K
S 6,5 z 6 ——450K
5
CC 1.0 1.1 1.2
ar !
2,

rA
B4 RIRIREE T B

Fig. 4 Radial distribution function at different temperatures

1E4 AZ e R BEPLTE 73 A, AN RIEEE T RDF XA
S, X — AT A BTl SRS MR B T
TELE L

2 HEREHW

2.1 HBETIRE

BCHEAC R (T,) A8 R NI 25 78y
e SRS IR N AR IR IR . AR T RE W orF
HERYBhRe ) KA WAL, O etk Re o H R
B BRAE , S VA R G W AR E R G S B 2
—PTE T, AR LR R 25 S BT I A Bk 2
PG, 38 X BRAR TS BRI AT o Bel A AT LA
B PSR AL I 2 i A8 s B, B bR T (Y
FARR T H N 5 FIE 6 R .

F LS AT 0, BEAAS 24l PP Y 7,28 284 K, 53¢
HR[24] B ELAE AR 2200 3 K, ik 1T AT Y
ATAEME. SIAGIKMeO J5 , B AR AN 7,01 1 42
Tt : 0.4 nm-MgO/PP 1 0.6 nm-MgO/PP & & ¥ T, 53
FIFETE 2 322 KFI338 Ko T, I 4 T M 5 M LY
AL S5 R X PR ok MgO 15 | AR
035 PP T AR RE o Fh &T 6 7T R0, AN [ fik o ity 26
FMEMI Gk MO BN Z AR RN T4 4 i —
Ry B SN  S . AL Z T KHS 7086 HY
KR T, 357 Koo 33k S PR feb o (8 36 591 36
A AL AE MgO 5 PP Z [ 4 T FLIH B 4%, AU
9 T MgO 5 PP Z [B] W AH ELAE I 6E , i3 1 2 [
A BEA R P T PP B BEBHZ 31

F AR S AR T AL A A% O EE 22—,
XA EH A A e A S, e
R AW SARTRIT A B ARV, F b A R R

1.5

= PP
1.4+ 4 0.4 nm-MgO/PP
+ 0.6 nm-MgO/PP

Specific volume/(cm®-g™")

0.9 | LN | |
100 200 300 400 500 600
Temperature/K

El5 MgO RFPEARNT PP RGBT,
Fig.5 T, of PP composites with MgO of different particle sizes



ZRETE, 45  RESEIRIGT MU E N A MgO/PP #4 ) ML RE 43— Bl ) 2 40 5

1251
= KH550-g-0.6 nm-MgO/PP

1.20  + KH570-g-0.6 nm-MgO/PP
= * KH560-g-0.6 nm-MgO/PP
b
& 1.15
2
g 110
=
o
>
o 1.05
h=|
]
& 1.00

343K 350K |||357 K
0.95
1 1 1 1 |
100 200 300 400 500 600
Temperature/K

Flo  ARIREGEMBIAE MgO 1y PP E -SRI T,
Fig. 6 7, of PP composites with MgO modified with different silane

coupling agents

Vieeapiea) o e A ARFR 53 155 1932 Sh 4L T 4%
TS A, I BER B e sh A . 7EMS BF

i 17 Atom Volumes & Surfaces ) GE 1] HE (8 B 4 F1]

(Connolly)Z 5 it Z [A] (AR TR BT R A EH F ER

KB, AIFREE R PP 5 KH570-g-MgO/PP 14 % (14
F E RT3 0 Qi 7 e, 3 66 X AR i AR,

IR IR SRR, AN A B AR
RN AR AR 4 A (8] BT  08 Le ], TR
K, HHEGRY TR L.

— Vﬁ’ee 0
R T 100% (1)

KA Ve N A HIRBG Ve T A AR

250K 300K 350K 400 K

250K 300K 350K 400 K
(b) KH570-g-0.6 nm-MgO/PP
F7 Al AR

Fig. 7 Free volume distribution

K1 30KTPPREEAERMV, oV, upica TS EHE
Tab.1 V; sV, cupica 314 fdata of PP and its composite system at 300 K
System /N Ve X %

PP 5939.22 2322273 20.37
0.4 nm-MgO/PP 5299.61 24 115.86 18.02
0.6 nm-MgO/PP 5481.57 25 400.30 17.75
KH550-g-0.6 nm-MgO/PP 548591 25992.31 17.43
KH560-g-0.6 nm-MgO/PP 5462.12 26204.85 17.25
KH570-g-0.6 nm-MgO/PP 5431.63 26 339.54 17.10

4fi PP IR R 1 AR ZE R 5 SOk 241 88V & R
U MRAEIE 7 13 1 Wil 15 B R TR PP S
BEARAR A MRFIX B2 #6252 MgO fit
% 5 YRS F R ZS 8] N TR B R X iR
L, 300 K BF 442K MgO okr it 51 A BT LA £
1%, 155 PP (U4Eiz ) . ARk e IR e 5 £ R e
PE— 21K, Hod KHS70 1R 2 5540 PP 415 16.1%,
TEZ_E AT RO AZ e ) B8, PRI AT A
SRR MgO B iU 4 >k MgO RE % 5% 1 21 PP (¥ )
AU
SR AR AT 43 B 75 X PP R 22 A KHS 70 &1 1A &R
1) A BRARBU S 2T T 508 AR B B AR 2
HOE, A B AR A TR TR R
Ol & NI 2 S RN s A R =10
T B IR B S R, o 2R 1 e,
IAEAMEIZAE T, FLIR sk i e DX 2 1 e R FlL
i PE eI T H A R A b RE, SR il e A A I e
RAET IR LI S, 2253 B A B0, PP AR YR 25 /X
RSN, AT T N E R, R EGE 5
SR EERREAR . 5 I A REBE AR IBERE 1 1 44 K MgO A F
J& , KR 5 PP 43158 8] (4 38 A0 B A 5 5 PP
SELEANKORL T BRI 3R A, MgO T 19 1 AR Bl i
/AN, BELT T 550 R 38 T ) 2 DR A B T A R
Y ZE R NI, UEMTAESE PP A2 (bt 7
B197 (i #(MSD, i #Kk M) R AE 53 1415 ) )
MRS )2 S8, MovT LR i = (2) 15
33,
M=o SR -ROF] @
A N ETHG R(0) S R(n) 7R 5T i 7R
PR IS 220 K ¢ st 220 (RS A O i
& 8a F1IE] 8b 4314 PP & 0.6 nm-MgO/PP 1k £
(1) M it I 3 72 A 2% < AP DX M AR AL V2% B 2 L
JERTE R SRR I MBI K, o T-55E g AR
PR mRIZ, T REAR TR RE5H e . 78
250~300 K 1300~350 K X [8] 4351 WL £ 5] PP 10.6
nm-MgO/PP {4 R 1Y) M e A= 55— R BRAZE IZ X [E] N
PP JC & T 53 (0 55 Bz s T 1R B B AR ML R R 3
BEANIG A Ry e S B R BEREIN , A TR ELAR
W, X 5 H TAEIE XA . Bl 8c %8, 300 K
B4l PP 1Y M f5c K, MgO 95| A RTFRAIE M, H 265
THIDE R O S5 R B A, AN [R) R o T G 351 e P 3 SR
7 2N . KH570>KH560>KH550, M5 A ik



6 TR

2025 4E, %5 53 4,45 5 1

1.4 —=— 100K —»— 400K

M/nm?

0 50 100 150 200
Time/ps
(a) PP

127 —=— 100K —>— 400K
—e— 150K —— 450K
—A— 200K —*— 500K
1.0 —v— 250K —*— 550K .0
90— 600K 50009

0.8
£ 06
=
0.4
021 g
0.04 AL AN EESES0000000000800000000 00
0 50 100 150 200
Time/ps
(b) 0.6 nm-MgO/PP

0.08  —=— PP

—o— 0.4 nm-MgO/PP

—4— 0.6 nm-MgO/PP

—v— KH550-g-0.6 nm-MgO/PP
0.06 F —*— KH560-g-0.6 nm-MgO/PP
—<4— KH570-g-0.6 nm-MgO/PP

£ 0.04
&£
=

0.02

0.00%

0 50 100 150 200
Time/ps
() 300 K systems

8 KR RIIT iR

Fig. 8 Mean square displacement of each system
TR B0 28 Ak e 35— 350, R WA 5 A7 FEAH DG, /D
PP 7EH IS H AR /N, 734k is 332 IR 5 1
RS AR RS K, 2T BE s B g, gE i
HMFE,
2.2 HFHR

RN RRIEMEHME SRR SR
B4 R AR 3 ) 11 27 (RNEMD) i 531
TR ORISR B TR R T it
S AN 9 B KBV Z 3R] 4k 40 2,
[ WY R IS RS P~ e T BU a1 (& 973 2 1]
AT 5 2 i ik 7 1 s Re L BLRE %38 , &8
Z R TR BT, TE AR AR TR BB B AR Y

HARRANKEG).

py—

dT/dz )
ATk ZEh e B RE I 5 dTVAZ TR
B R R R R I 4.

1 AE
1= 55 - S )

A s 4 FoRaE BT R 0] (IR AR /A 3%
ANRESR T AR
Thermosphere

Cold zone Thermosphere

Heat flow

— f <

9 RNEMD U]
Fig. 9 RNEMD schematic diagram

i1t perl AT H 25K 2 300 KR T %
T AN 10 FroR . RIS 2 4 PP [ # R
7 0.201 W/(m+K), 5 SCHAE [29] /0 45 AR T . 78
300 K& T AR E SR REZ 4 PP IR R, 4
SR AR T . 0.4 nm-MgO/PP,0.6 nm-
MgO/PP R GIHRTE T 7.96%,8.96% , M L2
T 0.6 nm ) MgO A4 FROR 41, 2858 KH550,
KHS560 Fl KH570 4 J5 5 A 1A 22 1 34 S 583 iR o
R A R TE T 12.94%,17.91%,31.84%., A fiE
(14 JEE R 2 e Ao S IR 591 ) A L4 B 5 PP A 2 ]I
BT RAFR YGRS R T R A A T, R AR
TR . [, AR s T MgO PIFEAE
PP R 4B A L1 50 3 A 18 % 2 1) S P
1, SR 5 o ] A AR AR B 0%

Heat flow

o
w

0.265

0217 0219 0227 0.237

0.201

o
)

e
=

Thermal conductivity/(W-m™-K™")

=
=

<° 28 <%
RN

S
o ™ o
QX Q6T b

ot ot
RCMICC RN
g 6“(« 6“‘«
I
RN G 5
W
Sample
E10 PP RHAHARTE300 K TG
Fig. 10  Thermal conductivity of PP and each system at 300 K



ZRALTS A RS BUPE AN K MgO/PP AT 2 PERE 5330 1 #484 7

2.3 ML
FEGKE AR R A B gl K Bl 57 5
TR B BSR4 e A K A e
(IR 2R . 8 MD BRI R F N R AR %
(CED) . Hildebrand i 2 55(0) FIAH B AE HIBERAE
FHAME . 1 5% CED B[V F O (B s A 1
JUART A5 R RN 27 AR TR A PR 28 A 27 B U0, LA R
KRB RS RS2 , AP RE LB LB, CED
H G (6) IR .
Uy =~ = U, = Us? (5
Been = % (6)
K U, AR R EE U, AL B aE
Ui M1 U 50 538 20 F [ 553 F N B RE A ()
FORBCEFSAA ; VAR R B, M R AERFE
83 XK CED HJ-F-J7 il , 2 3RAE 4[] AH B4
Mg BN ELESE . ZSEER) Z N TNy
TR EREYIRR AT, TR, b E
YRR BERLE 1) & R WF 5 N B A X — PR
J& 2 A RHMAR R A A TS S, AR T
E 01 S
HAKZAE 300 KT A9 CED 5641 F#% 2.
PP (1 6 1818 H 13.56 (J/em®)"?, A% T 52568 16~
19 (J/em’)"”?, X % H T Amorphous Cell Ff #5 # Y
PP 1378 I 2 % XK, 437 [R14E F A L 45
XHGG, MFEAERR, HA155 R 2 (H|AS<1.3~
2.1 (Jem?)”, W] A HHA R AFAAR 2 PED, 3R 2
T R AR R P R ORI AS|ZE(E R 1 (Jem?)' 1
IR AR E bR E . b KH570-MgO & &k
R RIS A B 5 5 A9 CED, 35 5 211.94 )/
e’ AHAS T PP 1 28.09 Jem®, 2 KH570 3
&) MgO 5 PP 3L [A] H A fc i A 7 o

%2 300 KT PP&EEHRHCEDFS
Tab.2 CED and o of each system at 300 K
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0.6 nm-MgO/PP 195.89 14.00
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Tab.3 Interaction energy and contact area of PP composite system

uder 300 K
System Interaction energy/  Contact area/
(kcal*mol ") A?

0.4 nm-MgO/PP -52.99 434.79
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