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Abstract: The miscibility between poly(L-lactide) (PLLA) and poly(methyl methacrylate) (PMMA) was investigated
using thermal analyses for the purpose of developing birefringence-free material at oriented state. The effect of methyl
acrylate (MA) units as comonomer of PMMA on the miscibility was also studied. All the blends prepared in this study
show composition-dependent single 7,’s between those of blend components and high transparency over the visible
region, indicating the miscibility at molecular level and no discernible effect of MA units on it. No phase separation was
observed at elevated temperature of 280 °C, higher than the degradation of PLLA and PMMA. The interaction energy
density in PLLA/PMMA blends with 17 mol% of MA was measured to be -0.74 J/cm® from the equilibrium melting tem-
perature depression based on the Hoffman-Weeks method. The blends show zero-An behavior at a specific mixing ratio
and the drawing ratio of 3 due to compensation of intrinsic orientation birefringence. Birefringence dispersion of PLLA/
PMMAS blends was also measured to examine the possibility for quarter-wave plates or polarizer protective films.

Keywords: miscibility, poly(methyl methacrylate), polylactide, birefringence, compensation method.
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Table 1. Characteristics of Polymers Used in This Study
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2 DEFo] 140%= 4EA sloH, o]5dN 580 =
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E AE F9EAQ MA2] mol%s YeRdth B A
AREEE R} EAL Taple 19] Q.oF FElalglon, AR
Zell 60°C FFz270NA HAa 48417 o) A3

PLLA/PMMAx £ # =+ Haake internal mixer(Rheomix
600)2 AME3l] A2, EFEFSE 210°C, T
o 7Roln REY £EE 75pmelth £§ES Tote] &
S WA Y5k 0.3 wt%e] P Al (Irganox 10765
A7FA T FARES SV E AHESIR o o= 8020
PMMAxE FAH]7} 80/2021 PLLA/PMMAx Edl=2 e}
U, x5 MAS] 3535 240t}

EMEM 3l £, PLLA/PMMAx E3l=29] 4848 A
AFAFE FA|(DSC)9F B4 714184 7] (DMA)YE ARE-&le] =
gk BEE A59] fEHo| AR E Hrlsisit B4
o] A}-8-3F DSC+ =|= Perkin-ElmerA}l2] Diamond DSCZ
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A= A8 FAHAEAHEAS DMA(TA Instruments,
DMA 298)E ARg-3le] Z=2E 200 °C7FA] 1.5 °C/min®] 5

Polymers Source MA content (mol%)“ M, (kg/mol),” PDI’ Thermal properties®
PLLA Nature Works - - T,=60°C; T,,=162°C
PMMAO Polymerized 0 110, 1.7 T,=119°C
PMMAS LG MMA 91, 2.2 T,=112°C
PMMAI1 LG MMA 11 92, 1.9 T,=103°C
PMMAL17 LG MMA 17 84, 2.1 T,=95°C

“Determined from 400 MHz 'H NMR. ’From GPC. ‘From DSC.
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Figure 1. DSC thermograms of PLLA/PMMAX blends: (a) PMMAUO;
(b) PMMAS; (c) PMMALI. Dashed and solid lines represent the
results from 1% and 2™ heating run, respectively.
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Figure 2. Loss tangent of PLLA/PMMAX blends: (a) PMMAUO; (b)
PMMAS; (c) PMMALL.
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Figure 3. DSC scans illustrating enthalpy recovery behavior of
PLLA/PMMADO blends, physically aged at 50 °C for 48 h.
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Figure 7. DSC thermograms showing the phase stability at elevated
temperatures for 40/60 PLLA/PMMAI17 blend. The SEM micro-
graphs show the fracture surfaces of the samples of (a) as-blended;
(b) annealed at 260 °C for 30 min under dry nitrogen atmosphere.
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