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A Molecular Dynamics Simulation Study on the Thermoelastic
Properties of Poly-lactic Acid Stereocomplex Nanocomposites

Yelim Ki*, Man Young Lee**, Seunghwa Yang*'

ABSTRACT: In this study, the thermoelastic properties of poly lactic acid (PLA) based nanocomposites are predicted
by molecular dynamics (MD) simulation and a micromechanics model. The stereocomplex mixed with L-lactic acid
(PLLA) and D-lactic acid (PDLA) is modeled as matrix phase and a single walled carbon nanotube is embedded as
reinforcement. The glass transition temperature, elastic moduli and thermal expansion coefficients of pure matrix and
nanocomposites unit cells are predicted though ensemble simulations according to the hydrolysis. In micromechanics
model, the double inclusion (D-I) model with a perfect interface condition is adopted to predict the properties of
nanocomposites at the same composition. It is found that the stereocomplex nanocomposites show prominent
improvement in thermal stability and interfacial adsorption regardless of the hydrolysis. Moreover, it is confirmed
from the comparison of MD simulation results with those from the D-I model that the interface between CNT and
the stereocomplex matrix is slightly weak in nature.

£ B AT AL Bl A e Bge] Aehg ABS o250 918 £AE G AaRALE S sa
T ANE Qe v A8t e o Ssfet vl wstelth Bel 4] F o] 48] Q) DAAHPoly D-lactide)t LG
AH(Poly L-lactide) & £33 288 & FEe| A8 RAYSIAT o] 5 7| A2 AT SALbeRH LB
2 FASTh SARY B f5ol T feldolLme SAA S 19T AWAASE PAE AAEALE B
o el Zsheich v Alojet mulo] iAW) S A THHT ol F YA HAS A gte] Ty A} A
A%2 5T 24N Stk 1 A G4 kAol glo] 2e|d e BB Aof SahRur} Yrh

of sojut AW F27} o]o] W WA A WAL BT 4T fAHE B BE A 2
=K b pHIE A gholth Ea, Avjd| e BEA A ks 7k AUS oFe B9 A%

L

offt
r

A

-

o & 4o Mt
tlo i ¢

A

ox,

ox S ol
T2 %]
°

<
a2

Key Words: £-2}5 % 81 Molecular dynamics simulation), 23} 4 31 52} (Biodegradable nanocomposites), =& 2]-3-At
(Poly-lactic acid), 2H|&| 2 F-Z3 A (Stereocomplex), 0|5 A} 22 (Double inclusion model), @&HA] (Thermoelastisity)

Received 6 August 2018, received in revised form 2 November 2018, accepted 9 November 2018

*School of Energy Systems Engineering, Chung-Ang University (E-mail: yr1375@naver.com)
*School of Energy Systems Engineering, Chung-Ang University, Corresponding author (E-mail: fafala@cau.ac.kr)
**The 4th R&D Institute — 4, Agency for Defense Development



372 Yelim Ki, Man Young Lee, Seunghwa Yang

Bed TAR A Ao HEHrE
= 2ok ol x4 £17]ol tled 4= 2l
g A o)A 93 248 7 A A4 e
I8 /go] LEet A7 =ittt &4k (Poly-lactic acid)
<t A vhol e & Zgke] e AR LA =M,
A BE, AFEEAA SOl 71E9] ARest 7k 1
=
o

Lo

A5 Ao 22 SEEo] i Jlot1]. E2]fAt
2 Sy B AeSet T2 AE AEE YRR e
o2, 7} R o] 5 ZARS: AYAJBLY] wiEe] QIAof F
ajstet. gk Z ) f-Ake] A 9 FA G FE 5 7] 744
o] o]Atstel 4 v & TF2 E ] o AE Hrk 56%U &2 A
o7 A QrH2]. T 32k ZE Q] Wy Hgof
wet E2]G4hk ABSR| 9} 31 33kl e E O T A
 AeHE AR AFGE7| & Fhoh B3 28 AR
oo Al = E|Z 2L UL YA T 4= A= A2 HAA
2 35w 9low, B3| Fe|fAte] 7hxl A dat A
A3t g FAFAI7]7] et Aot gbe] JaEa Qi)

Ee AR 7 o] E ARl DR-AH(D-lactide)t L-4AH(L-
lactide) 0 2 FE=H F& EAS FFAI717] Y8l F+ &
AbE 238t AH Y 2 728 A (Stereocomplex) & B 2
A g5 7| gtoh. Do = Etskal EElfAke] 7]
SYAAE F2E TEAE QA5 YeliA= Bk &
A AAstwel detdEAd el et e sttt F o=
LA AHE @ FE Aol TAS Hrist 243 2%
steel E4 g Ado] FAFE 5 Qe At Bt
UGB AR gAY e R Bt T H} F2 U
2= DBEA 2 A 2HE FET 4= U= IAE
= (anchor block) 0.2 ARg-E = §l50] EAAAY MR
AFE Fl] BT A up QloH4-7]. it oy et e at gha
U FHO A9 =2 e A et 24 H S 7HA]
L 917] W iof] Fel-5Are] At Bk ofy ek 7 A 4,
g4, 1718 BG4S FHAIE 5= ok 28y ol g b
Ly FEA O R 3o FE|nete] AHEA o] £4]
U= G 7HA AL Q7] W Zel[8,9], E ] -4tk o] A
H E43 231 (miscibility)of] gt EA=2] o]zt 2
asjch

kA B Aol A= RS LERQ] E2] 4
Aol G g FB7E A7 e B3] AlH
At Gt AEsS EAE G5 AALEALS
= PHES AAG B AEH o= T
o] = FEfAb} gaveRFE 7T AW
I AL $dd3tS 714
FIgr o 2 sto] Aol &

2 o) ALS] TR el T

[e]

NI
o ot
N
oX,

o

e ar 4o do
d ol

:cé
N
&
{
%
N,
o
1o
B
1)
At
ox
1)
e
(o
o
tid

N

HHE

H A Lo A= ARE Bk =2 72Q] Material Studio
2018[101& o] §3ko] BApmelsl B ovix) H sk g &
Ayt on], AL 452G HAS 9J3) PCEE 229
=5 AESI9THIL. Qe AT BAF 0 AR Hakm
Al= Sandia National Research Laboj| A A &&= LAMMPS
(Large-scale Atomic/Molecular Massively Parallel Simulator) 3Z
239E AHgstel Sastartial

2.1 thel 4 EX=gd

& Aelr= & Liakat E2) Diah(PDLA)O] &9k
H 2 e 52U ag VA ER WA sl AR
AFe F25 HARBE| ffal A o] et AR o2
FER Aes Ao, Tk s A § 42
507H(U-A 1)<k 107§ (C-A] /1) &} THeFA & 7HA] = = 5k
ok Zhpsiz s g i) U-AIRle] oAl 9] C-
ARle 2 el = qiekal 7y et 7kl A5-of At
o HES ffote], 7hpal A whel A2 10742] U-AQle
2 ABHAAL, Tkl o] 2] T Al 507]2] C-A<
O 82 sttt 2~ & S oA LAk DAt
o] Hl= 19l ks skl
EEAT UlemgA 9] 45 Aol gl (10,09 ©d
Gl FH S Tt /59 AHE L B2 A
ol driste] st o, x s teRH ] Ao
o s AAshant esdAle HavieRHo Zo
J S A%t x y 2 HE PR AR dE Fol
FRATE. ofefutel, tesobA) @9 A2 7t25184ds 7t
AA = 713 A 240l oste] Fate] 7] satie
H7} kel 27h Hok mEkA, o] $-9] A oe}
A= AetAell sidshs YeRr S A7 Fetks
et @lH (infinite cylinder) e =2 73 ATH Z=] 4k

[ ¥ )

oL o = &

i

[¢]

Stereocomplex

Stereocomplex Stereocomplex/CNT

State : Before hydrolysis, After hydrolysis

Fig. 1. Molecular structures of stereocomplex and nanocom-
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Table 1. Comparison of interaction energy between stereocom-
plex and carbon nanotube before & after hydrolysis

[kcal/mol]
Before Hydrolysis After Hydrolysis
Ero 31195.66 26770.87
Ecyr 17043.82 17041.63
Epis 14449.59 10037.54
Eyperaction -297.75 -308.30
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Table 2. Elastic Modulus of nanocomposite before & after

hydrolysis [GPa]
State System Method E-L E-T
MD 65.33 4.17
Stereocomplex/ MD_SD 0.036 018
Before CNT
. D-1 59.91 4.01
Hydrolysis
MD 3.36
Stereocomplex
0.30
MD 63.52 3.44
Stereocomplex/ MD_SD 038 029
After CNT
D-1 59.48 3.00
Hydrolysis
MD 2.51
Stereocomplex
MD_SD 0.21
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Table 3. Glass transition temperature before & after hydrolysis

Before Hydrolysis | After Hydrolysis
Stereocomplex 400 K 400 K
Stereocomplex/CNT 410K 410K

Table 4. Thermal expansion coefficient of stereocomplex before
& after glass transition

[ppm]
State Before Hydrolysis | After Hydrolysis
Before LCTE 66.662 78.404
Tg VCTE 199.986 235.212
After LCTE 140.914 185.954
Tg VCTE 422.744 557.862

Table 5. Thermal expansion coefficient of nanocomposite before
& after glass transition

[ppm]
State Before Hydrolysis | After Hydrolysis
Before | LCTE_T 79.95 84.4869
Tg VCTE 164.817 171.322
After LCTE_T 211.89 293.631
Tg VCTE 433.422 535.346
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