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Abstract: Poly(lactic acid) is a linear aliphatic thermoplastic polyester, produced by the ring-opening polymerization of
lactides and the lactic acid monomers, which are obtained from the fermentation of sugar feed stocks, corn, etc. PLA has
high mechanical, thermal plasticity, fabric-ability, and biocompatibility. So PLA is a promising polymer for various end-use
applications. In recent time, the intercalation of polymers from either solution or the melt in the silicate galleries of clay
is the best technique to prepare nanocompoiste material which often exhibit remarkable improvement of mechanical,
thermal, optical and physicochemical properties when compared with the pure polymer or conventional composites. Layered
silicate is naturally abundant, economic, and more importantly benign to the environment.
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2. Poly(lactic acid)
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Fig. 2. Schematic of PLA production via prepolymer and lactide.
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Table 1. Properties of Extrusion/Thermoforming and Injection Molding Grades of Nature Works PLA

Physical property Units PLZ[BO?)%]?:;” rﬁ;}:x PI}’?H%(])DI?S; e ASTM method
Specific gravity [g/cc] 1,25 D792 1,21 D792
Melt index (190°C/2.16 kg) [g/10 min] 4~8 D1238 10~30 D1238
Clarity - transparent - transparent -
Mechanical properties )

Tensile strength at break [psi] 7,700 D882 7,000 D638
Tensile yield strength [psi} 8,700 D882 - -
Tensile modulus [kpsi] 500 D882 - -
Tensile clongation [%] 6,0 D882 2,5 D638
Notched isod impact [ft-1b/in] 6,0 D256 3.0 D256
Flexural strength [psi] - - 12,000 D790
Flexural modulus Tkpsi] - - 555 D790
o] o 0] 0 o
o/\/ = O)J\(...._ oA M 0 H
P A= Lot g Y Y
)T Sn(Oct)s TR &_O,Sn(Oct)z & dnocty
~ e O i
lSn R Sn R
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Fig. 3. Generalized coordination-insertion chain growth mechanism of lactide of PLA;R=growing polymer chain.
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Fig. 4. Copolymerization of lactide and caprolactone.
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Table 2. Properties of Biaxially Oriented Nature Works PLA

89

Film properties Units Direction [b] PLA polymer 4040DI [a] ASTM method
Specific gravity [g/ce] 1,25 D1505
Tensile strength [kpsi] MD 16 D882

TD 21 D882
Tensile modulus [kpsi] MD 480 D882
D 560 D882
frl;’:kga“"" at (%] MD 160 D882
TD 100 D882
Elmendorftear [g/mil] MD 15 D1922
D 13 D1922
Spencer Impact [il 2,5
Transmission rates
0, [cc-mil/m%/24 h atm)] 550 D1434
CO; [cc-mil/m%/24 h atm] 3000 D1434
H.O [g-mil/m?/24 h atm] 325 E96
Optical characteriztics
Haze [%0] 2,1 D1003
Gloss [20°C) 90 D1003
Thermal characteristics
Tg r°a 52 D3418
Tm [°C] 135 D1003

[a] 4040D is a product of Cargill Dow LLC suitable for preparation of biaxially oriented film. Properties on 1 mil film oriented 3.5 Xin

MD and 5% in TD (where 1 mil = 10°
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Fig. 5. Degradation of PLA at 60°C.
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Table 3. Properties of Nature Works PLA Fabricated into Fibers

LA P
Materials properties P olymer

PLA Polymer

ASTM Method

6700D [a] 6200 [b]
Specific gravity 1.25~1.28 1.25~1.28 D792
Melt density [230°C] 1.08~1.12 1.08~1.12 D1238
Tg [°Cl 55~60 60~65 D3417
Tm 1°Cl 145~155 160~170 D3417
Melt flow rate
210°C @ 5~15 15~30 D1238A&B

Fiber properties Monofilament

cotton-type staple POY[c] FDY[d]

Denier [dpf] 4,75 3,04 D1907
Total denier/filament 512 staple/N.A. 11424 7324 D1907
count
Strength [Kgl 2,9 D2256
. D2256 Multifilament
Tenacity [g/den] 375 28 >7 D3822 single filament
. D2256 Multifilament
0,
Elongation [%] 26,2 61 29 D3822 single filament
Boiling water %] 21 <0 D2101

shrinkage

[a] 6700D is a product of Cargill Dow LIC designed for extrusion into mechanically drawn monofilament. [b] 6200D is a product of
Cargill Dow LLC designde for extrusion into mechanically drawn staple fibers or continuous filaments. [c] Partially oriented yarn (POY).

[d] Fully drawn yarn (FDY).
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Fig. 7. The development of crystallinity in PLA films
biaxially stretched at 80°C (100%f/s). Percent crystallinity
based upon a value of 93 J/g [61] for purely crystalline
poly(L-lactid acid).
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Fig. 9. Crystallinity of PLA measurements performed by
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Fig. 10. CH, permeation results at 25°C for linear PLA
samples having L:D ratios 95:5, 96:4 and 98:2[71].
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30°C[72].
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Fig. 12. Articles produced form PLA. A) Injection stretch-blow molded bottles, B) Films. C) Fiber products. D)

Extrusion-thermoformed containers[73].
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Fig. 13. Schematic illustrations of three broad classes of thermodynamically achievable polymer/layered silicate

nanocomposites.
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Table 4. Characteristic Parameters of Neat PLA and PLACNs[15]

Characteristic parameters Neat PLA PLACN4 PLACN7 PLACNI10
OMSFM 4 7 10

Mw x 107 177 150 140 130

PDI 1.58 1.55 1.60 1.66
Tg/°C 60 56 55 55
Tm/°C 168.0 168.6 167.7 166.8
Tc/°C 127.2 99.4 97.6 96.5
Xc/% 36 40 46 43
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Fig. 14. XRD patterns of OMSFM powder and various
PLACNs. The dashed line indicates the location of the
silicate (001) reflection of OMSFM. The asterisks indicate
the (001) peak for OMSFM dispersed in a PLA matrix[15].
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Fig. 15. Bright field CTEM images of various crystallized PLACNs pellets[15].
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Table 5. TGA for the PLA/OMLS Nanocomposite Films[19]

812)4 - 929 - J. R Dorgan - ‘344

Clav (wi% C16MMT DTAMMT C25A
ay (wi%) T Wig® (%) T Wtz %) T Wiz (%)
0 370 2 370 2 370 2
2 343 4 368 4 359 4
4 336 6 367 5 343 4
6 331 6 368 7 334 6
8 321 8 367 8 329 7
T’ is initial degradation temperature at 2% weight loss. wt™z (%) is the weight of residue at 600°C.
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Fig. 16. Effects of the clay loading on the (a) initial
tensile modulus, (b) ultimate tensile and (c) elongation at
break of the PLA nanocomposite films[19].
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Table 6. Comparision of O, gas permeability of meat PLA and various nanocomposite films[5]

Samples O, gas permeability 0, Gas permeability Lis (nm) Dis (nm)
(mLmm/m’dayMPa) (mLmm/m’dayMPa)’

PLA 200 200 - -
PLA/C18MMT4 172 180 450+200 38417
PLA/qC’ 18MMT4 171 181 6551212 60+15
PLA/qC18MMT 177 188 200425 36+19
PLA/qC16SAP4 120 169 5045 2~
PLA/qC13(OH)-Mica4 71 68 275425 1~2

" Calculated on the basis of Nielsen theroretical equation (Eq.(1)).
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Table 7. Oxygen Gas Permeabilites of the PLA/OMLS
Nanocomposite Films[19]

0, gas (cc/mz/day)

Clay (wt%)

Cl6MMT DTA-MMT C25A
0 777 777 777
4 449 445 -
6 340 353 430
10 327 330 340

AyolA BAHE 919 o]24]¢] wel Shnha Ray(s]
= Table 69| A $} 2ol AdPFHeg Aoz Lis9 Dis
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