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Fig. 1. The model of PI/KTN composite: (a) the
whole picture of PI/KTN composite; (b) the molecu-

lar structure of PI and the constituent atoms of KTN.
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Table 1. Cell parameters, volumes, densities, and total energies of the PI models.

Cell length

PI V/103 A3 p/g-em ™3 Up1/10% kJ-mol~?
a/A b/A c/A
case 1 23.940.1 24.340.1 24.440.1 14.16+0.11 1.35 10.81
case 2 34.640.1 35.240.1 35.540.1 43.2040.22 1.32 29.78
case 3 41.540.1 41.540.1 41.840.1 71.9440.30 1.32 54.25
case 4 46.8+0.1 46.940.1 47.440.1 104.0040.39 1.28 79.30
case 5 51.440.1 51.740.1 52.140.1 138.2940.46 1.24 103.00

126202-3


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

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 12 (2015) 126202

#2 PIMIANER

% AR LS

Table 2. Cohesive energy densities and solubility parameters of the PI models.

PI case 1 case 2 case 3 case 4 case b Average
CED/108 J-m—3 2.249 2.112 1.957 2.016 1.792 2.025
§/10% (J/m3)1/2 1.500 1.453 1.399 1.420 1.339 1.422
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Fig. 2. The Young’s modulus of PI and PI/KTN at dif-
ferent pressures and temperatures: (a) 0 Pa; (b) 1 atm.
Inset shows the Young’s modulus of PI and PI/KTN

at the same temperature.

g R 2 RO g8 J7 v 4 7 7 PI/KTN
BaWER, 73k #42 85.5, 8.0, 9.4, 10.5,
11.5 A ) KTN gk 5ok ot PTiEAT 5 4%, 1R FH 20 %1
BN 5%. JUAPAk s s, TEBCLIE FE N 298 K,
JE#EN 0 Pa 26 tF FHET T 20 7ol i idk, 34
H TS PT/KTN AN G S 4. /T, 5
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WITE 24 GPa i P, T PLE B FORUR 925 2 0l Ry
85924 GPa, A 5L [ PTHEALR KRt -

{7 3—4 GPa 2 7] B942) | T WAL 31 ) 45 LAl 5 o
SR 45 BT O R AT, T4 PTAS A R A R A ol

VH R EE R B04E 73 93] 9 2.914 GPa#10.370, TL4H 05 06 07 08 09 10 11 12
PI/KTN BT 4% & B R IERA L O P 245 3 A Radius/nm

3.169 GPa#10.353. #HXf T PIEAK, B KTN K 3 A RBEN K AR TR (A4
534D RS B3 HELE (O BN, SRR LA AR Ry PLS PI/KTN # )

JSLFAER DS, Tt B 45 2 KTN GRSk T LA & PT Y
U RET7, HESRILHUMTE T

#3 PI/KTN EG5WHITCHSE % BRI 5L

Table 3. Cell parameters, densities, volume fractions of the PI/KTN.

Fig. 3. The growth rate of Young’s modulus along
with various sizes of nanoparticles (inset is the Young’s
modulus of PI and PI/KTN).

Cell length

PI/KTN Radius/A " b/A A p/g-cm ™3 Volume fraction
case 1 5.5+0.1 24.0£0.1 24.5+0.1 24.6+0.1 1.55 0.05
case 2 8.0£0.1 35.0£0.1 35.6+0.1 36.0+0.1 1.54 0.05
case 3 9.4+0.1 41.940.1 42.1+0.1 42.34+0.1 1.56 0.05
case 4 10.51+0.1 47.14+0.1 47.1+0.1 47.840.1 1.56 0.05
case 5 11.54+0.1 52.5+0.1 52.74+0.1 53.34+0.1 1.42 0.05
#4 PIAPI/KTN Mt B FARA H
Table 4. Young’s modulus and Poisson’s ratio of PI and PI/KTN.
case 1 case 2 case 3 case 4 case 5 Average
Ep1/GPa 3.141 2.740 3.363 2.899 2.427 2.914
VPI 0.387 0.364 0.364 0.374 0.363 0.370
Epr/xrn/GPa 3.922 2.943 3.414 3.014 2.554 3.169
UPI/KTN 0.352 0.351 0.361 0.343 0.358 0.353

#5  PI/KTN Z&W) R 50K BRI A LA F B8 5 . 99K B2 10 J5 1450 3 T A S -7 e 82 PO £ Y e A
i F TR SR T4
Table 5. The binding energy between nanoparticles and the matrix, the surface atom number of nanopar-

ticles, the surface atom energy of nanoparticles, and the atom number per surface area in the PI/KTN

composite.
Radius/A Upr/kTN Upr Ukrn Uinteraction Noavsace 7[]}%1?1::?:“ Ngurface
/103 kJ-mol=t /102 kJ-mol~! /103 kJ-mol~! /103 kJ-mol~! /kJ-mol 1 4mr?
5.5+0.1 30.37 10.81 16.05 3.52 408 8.62 1.07
8.0£0.1 104.00 29.78 59.11 15.12 811 18.64 1.02
9.4+0.1 207.94 54.25 120.36 33.33 1048 31.80 0.94
10.51+0.1 265.88 79.30 171.16 15.42 1301 11.85 0.93
11.5+0.1 374.19 103.00 190.72 80.46 1480 54.37 0.90
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Abstract

The polyimide/potassium tantalite niobate (PI/KTao 5Nbo.503) nanoparticle composite model is established by a
multi-scale modeling method. The influences of KTag 5sNbg.503 nanoparticles with different sizes (5.5, 8.0, 9.4, 10.5,
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11.5 A) on the structure, elastic modulus and interaction energy of the polyimide-based nanocomposites are investigated
by the molecular dynamics simulation. The cell parameters, cohesive energy density, solubility parameter, Young’s
modulus and Poisson’s ratio are calculated. Moreover, the bond energy and the number of atoms per unit surface area
of the nanoparticles are analyzed to explore the internal mechanism of mechanical property improvement. The results
demonstrate that the density of PI matrix is 1.24-1.35 g/cm3, the cohesive energy density of PI matrix is 2.025x 108 J/m3,
and the solubility parameter of PI matrix is 1.422 x 10* (J/m®)'/2, which are consist with the actual PI parameters.
Meanwhile, the Young’s moduli of the PI and PI/KTag.5Nbo.503 composites are respectively 2.914 GPa and 3.169 GPa,
and the Poisson’s ratios are respectively 0.370 and 0.353, which illustrate that the mechanical properties of the PI
could be significantly improved by introducing the KTag.5Nbg.503 nanoparticles. At the same pressure, the increases of
Young’s modulus with temperature are basically the same without and with doping the KTag 5Nbg 503 nanoparticles
into the PI matrix; and when the temperatures are different, the standard deviations of elastic moduli of the PI matrix
and PI/KTag5Nbg.503 composite are almost the same. No matter what the pressures and the temperature are, the
Young’s modulus of PI/KTap.5Nbg 503 composite is always larger than that of PI matrix. These all indicate that the
effect of KTao.5Nbg.503 nanoparticle on elastic modulus has a similar variation rule under the selected pressure and
temperature conditions. In addition, the bond energies of particle surface atoms are 8.62-54.37 kJ-mol™*, which shows
that the binding force between particles and the matrix is mainly van der Waals force, and hydrogen bonds exist at the
same time. When the doping concentration is fixed, the proportion of nanoparticles surface atoms increases significantly
as the size decreases, the interaction between particles and the matrix becomes stronger, the Young’s modulus increases
obviously and the size effect is more significant. Therefore, it is confirmed that the doping small size KTap.5Nbg.503

nanoparticles into the polyimide matrix is an effective way to improve the mechanical properties of the composite.

Keywords: molecular dynamics simulation, polymer nanocomposite, polyimide, potassium tantalate

niobate
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