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Abstract

Poly-lactic acid (PLA) is the most promising polymer in additive manufacturing as an alternative to acrylonitrile butadiene
styrene (ABS). Since it is produced from renewable resources such as corn starch and sugar beets, it is also biocompatible
and biodegradable. However, PLA has a couple of issues that limit its use. First, it has a comparatively low glass transition
temperature of around 60 °C, such that it exhibits low thermal resistance. Second, PLA has low impact strength because it
is brittle. Due to these problems, scientists have found methods to improve the crystallinity and ductility of PLA. Polyethylene
glycol (PEG) is one of the most studied plasticizers for PLA to give it chain mobility. However, the blend of PLA and PEG
becomes unstable, and phase separation occurs even at room temperature as PEG is self-crystallized. Thus, it is necessary
to investigate the optimal mixing ratio of PLA-PEG at the molecular scale. In this study, molecular dynamics will be con-
ducted with various ratios of L-type PLA (PLLA) or DL-type PLA-PEG (PDLA-PEG) systems by using BIOVIA Materials
Studio.
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3D ZTHE 7Mooz 7P HHAA 07 ALEEE fused filament fab-
rication (FFF) X+ fused deposition modeling (FDM)> Zz}HE 3}
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&g Tlete] O R E FESt] S5 Foh E1S Alxst
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Table 1. Simulations Settings

System DP Number of chains C((V)VIEZ%T%H ]()gj::?)/
PLA 30 1PLA 100 1.206
PEG 50 1PEG - 1.127
90:10 - 9PLA/IPEG 90 1.198
80:20 - 4PLA/1PEG 80 1.190
75:25 - 3PLA/IPEG 75 1.186
70:30 - 7PLA/3PEG 70 1.180
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Figure 1. Molecular model of L-lactic acid (left), D-lactic acid (center), ethylene glycol (right).
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Figure 2. Chain model of PLLA (left) and PDLA (right).
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Table 2. Simulations Results of the Mixture of PLLA and PEG

Table 4. DPD Simulation Results of the Mixture of PLA and PEGJ6]

System Solubility parameter (6) X Error (%) System X
PLLA 16.506 - 2.336 PLA/PEG 90:10 -0.59
PEG 18.476 - 1.867 PLA/PEG 80:20 -1.01
90:10 16.735 0.284 5.070 PLA/PEG 75:25 -0.59
80:20 17.734 -0.010 3.839 PLA/PEG 70:30 -0.21
75:25 17.428 -0.144 1.470 PLA/PEG 50:50 0.97
70:30 17.804 -0.160 4.406 PLA/PEG 30:70 1.51
AVE - - 3.165 PLA/PEG 20:80 1.32
STD - - 1.346 PLA/PEG 10:90 1.77
Table 3. Simulation Results of the Mixture of PDLA and PEG :
O PLLA
System Solubility parameter () X Error (%) 55 = ?i;’:lee ct. al [6]
PDLA 16.952 - 0.753 . == critical chi parameter
PEG 18.476 - 1.867 z
90:10 16.747 -0.313 5.179 g
80:20 17.294 -1.269 0.611 g
75:25 17.551 -0.457 3.323 S
70:30 17.634 -0.899 1.742
AVE - - 2.246
STD - - 1.584 s 5
2 80 75 70
A9l & 9ee SJulg). 58] 90:108] 29 A AE AR 0,052 SOmSHBHREEEER
Hr} 2 02847 BstEgo] BE 3] rr 31y x| 9ke-S ojn|3ith Figure 3. The plot of x (chi) parameter at different PLA contents.
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laA] dgrA o7 AE AT Vi B QAIRER] 0.052 olstel, ol'd % (annealing, 7} 7 2)S 103] K= G TS AlE

ko] Eshgo] 7hg Arhs 2lE vehlal 1o, Takhulee 5614
EFHE T2 A Al M 80:209] M) 7 E3pdo] F2 A
O 3

#] Table 29} Table 3 H]wa}3l& W PLAE PLLAS} PDLAR -
sto] A&k AlEdloldel thek Aot foust xfol& Yepds &
T o™ PDLAE E83IE W A7 w2 At B8
gelst & glrk

PDLA7} PLLAKET} PEGS}S] E31E7}t =& o] FE= L
EAE djef vlEiA DA o] E3HE A9 ARE U2 wHEwke)y
2o ek o 2wl Y(isotactic sequence)® o7} Fo]EA ol uke}
ARE 7] 18-S oFsla 7)) wielgtar 158 = ltH4). 5, DY
frolo] dFe] ol o] #-gato] Qo] okslyl PLA AR At
19 PEG7} $IX1E 4= Sl 58 AlgsHl Hol HgEde] E3lw
5 7 Aolgh= 7FeAde] Stk

Table 4= Takhulee 5{6]2] DPD AlEdo|A AxtE A 8L Q)
t}. o] AzlelA DPD #4] 7+ A8l oFY3}E €18 COMPASS (The
condensed phase optimized molecular potentials for atomistic simu-
lation studies) &3 (force field) 3ol oL=] H2}= 0.001 keal mol’
Al FFo R HAFE 6], 500 KoM F ETWE T3] 59

el 4] NPT (constant number of atoms, pressure, and temperature)
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= Materials Studio®] dynamicsE ©]&3t A|AEIQ] <Hg3}l 2¢o]
298 K, universal force s 4-4-3l°] NVT, NVE 2E 7 Hil 5359
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St AE gefsprlel FRslthe Ae & 5 AUrh

Z Figure 39l UFERT ul¢} 7o) PLLA 9} Takhulee 5{6]2] tlo]El
£ vlms] ®Boks ol 70:30 B1ES A9 e ANAl AT AL )
A7) Aol dAsh= s & deH, 75259 vlE7HA] 4
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Nomenclature

Symbols Definitions Units
1) 43 %= }2bu| El(solubility parameter) -
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E, 5F elld ] (cohesive energy) J
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