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ABSTRACT

ypothesis: In order to reduce the environmental pollution, it is an inevitable

approach to replace petroleum polymers with biodegradable materials.

Poly(lactic acid) (PLA) is one of the suitable alternatives for synthetic
polymers, due to its biodegradability and biocompatibility as well as high tensile
strength, but the application of PLA faces limitations due to its brittleness.
Methods: In this research, blends of PLA containing 25% (by wt) poly(butylene
adipate-co-terephthalate) (PBAT), a biodegradable and flexible polymer, were
prepared. Nanocomposites containing 1 and 3 phr nanoclay (Cloisite 20A) were
prepared at the same time. The compatibilizing effect of chain extender (CE) (ADR
4368) (0.5 phr) for this system was investigated. The rheological, morphological,
mechanical and thermal properties of all samples have been studied.
Findings: Rheology results show a significant increase in the storage modulus and
Keywords: complex viscosity of samples containing both nanoclay and chain extender. SEM
images illustrate droplet-matrix morphology of all samples. It is shown that the size
of PBAT dispersed phase in nanocomposites is decreased, especially in the sample
containing 3 phr nanoclay and 0.5 phr chain extender (2.54 to 1.15 um). The results
of mechanical tests show that all nanocomposites, specially samples containing both
nanoclay and chain extender have made a significant improvement in all mechanical
properties, in comparison to a neat PLA (about 13.6 times in elongation-at-break and
more than twice in impact strength for nanocomposite containing 3 phr nanoclay
and 0.5 phr chain extender). These findings confirm the results of rheology and
morphology and reveal a synergistic effect of using nanoclay and chain extender
for the compatibilization of the system. The XRD analysis reveals an increase in the
distance of nanoclay plates, which is due to diffusion of polymer chains into its layers.
Finally, the DSC analysis shows that the crystallinity of the samples increases in the
presence of nanoclay particles.
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Tablel. Names and compositions of samples.

Sample name PLA PBAT C20A CE
wi%) | (wi%) | (pho | (@ho
100-0-0-0 100 0 0 0
75-25-0-0 75 25 0 0
75-25-0-0.5 75 25 0 0.5
75-25-1-0 75 25 1 0
75-25-1-0.5 75 25 1 0.5
75-25-3-0 75 25 3 0
75-25-3-0.5 75 25 3 0.5
0-100-0-0 0 100 0 0
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Sample name 20 (degree) d, Ad,,
C20A 4.80 19.25 -
75-25-1-0 4.10 22 2.75
75-25-1-0.5 4.20 21.09 1.84
75-25-3-0 4.15 21.38 2.13
75-25-3-0.5 425 20.81 1.56
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Fig. 4. Storage modulus and complex viscosity vs. angular frequency for PLA/PBAT blends and nanocomposites containing

nanoparticles and/or chain extender.
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Fig. 5. Cole-Cole diagrams for PLA/PBAT blend and its nanocomposites.
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Table 3. DSC tests result for different compositions based on

PLA/PBAT.

Sample T, T, |T, AH | X
name O | CO €O g | (o)
100-0-0-0 | 65.13 | 168.85 | 102.68 | 27.08 | 4.4
75-25-0-0 | 6227 | 133.81, | 100.92 | 34.15 | 12.92
167.56
75-25-0-0.5 | 62.74 | 168.79 | 101.69 | 3421 | 12.84
75-25-1-0 | 6148 | 169.12 | 101.46 | 33.12 | 13.29
75-25-1-0.5 | 60.03 | 168.64 | 101.58 | 33.24 | 13.05
75-25-3-0 | 61.28 | 17030 | 100.89 | 31.84 | 13.68
75-25-3-0.5 | 6241 | 169.04 | 101.51 | 32.16 | 13.38
0-100-0-0 - | us120 | - 1596 | 14.1
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Fig. 6. DSC thermograms of neat PLA, PBAT and their blend

and nanocomposites.
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Fig. 7. SEM images of PLA/PBAT blend at 3000 times magnification: (a) without chain extender and (b) with chain extender.
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e gl 3l 153y 5 e Olases S5l 1 e
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Fig. 8. SEM images of PLA/PBAT nanocomposites containing 1phr of C20A, at 3000 times magnifications: (a) without chain

extender and (b) with 0.5 phr of chain extender.
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Table 4. The particle size of the dispersed phase in the blend
and nanocomposites based on PLA/PBAT.

Sample name d (um)
75-25-0-0 2.54
75-25-0-0.5 2.10
75-25-1-0 1.54
75-25-1-0.5 1.12
75-25-3-0 1.35
75-25-3-0.5 1.15

olie LES1 s g 5 sl Osm e S350 51 Sl
L SO ol RS cnl il g ach glagm Sle 2
Olpeay Ll o D3l ooman LS Ol (g3 530> U
5 S ol s g e 5 LS Jas SU s o eSS 5L
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(o ) phr Os 58l (ol sl osls QLS O Jadr 54 IS
SalS Lol ol sl S oSl 5 Jsde (23l or e
ealS 3 U Wl e aS (el ol e 30 SHLE J b sbs
0,550 phr (ghHls & gad 55 ey o Sl AL s oy S o
om OBl sl 5 S rie Jad 53 5y 6l S350
X Phr e oy 56 e il 5l L oS Il s el 0355 315 56
ol 5 (SoL U sk sbagl ool 5 dsde Rl e

153,5 odalis C30B 5357 035351 L [F¥] O Ken 5 Arruda |,
o gl J.;j.)m ﬂ}Lﬁj )‘ f}") LAA.:)N fL"J SEM J.)JLRJ
oJCS‘Jg: )b 6&0;}9:9 oj‘JJ‘ 9 (.JJ‘aJ,i.'s oals QLJLJ alaws a\j‘)‘ BE
Slaslis 5115 PLA/PBAT (slacis j 50elS 51U 5 atiusel ;3 PBAT
5SS eIl s lslsle 5 b sy 5 S350 il
o> ¥ J}J} B S )}LQM sl o.MT ¥ d)J&- BE QT csL".:
c.,bj.&& &;&L b °J‘*§‘_)-.’. )lﬁ e)\.,b‘ ‘Jﬁ;ﬁg‘j .,\})‘J $lelu ‘ﬁl S
5 o 31 Olesos oslinal e ol 53 pecte 3L L
A e 5 03 S sl LBl D3 ol 15l
e ol oS U a3 (g ST

B olg>
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ol 5 KL dode (SL U Jsb sbasD iiS ol
Glals sad 53 0T lacs s 58 5L 5 PLA/PBAT wisese (228
e polie piomen (ol ol esls OLLS F J&; e S s
0 sl o cilisee sladd sl sl o pBual 5 225 ol
PLA & PBAT 055330 L 35 00 o3 45 5b0lan .ol kil
Gl plSouinl 5 (SOL G b sbajl e )3 5PLA Ko jix
PBAT a8l oSl 5 e sty Lol il o 2l 531 O
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Table 5. Tensile properties (elongation at break, Young's modulus and tensile strength) and impact strength of PLA/PBAT blends

and its nanocomposites.

Sample name Elongation at break Young’s modulus Tensile strength Impact strength
(%) (N/mm?) (N/mm?) (kJ/m?)
100-0-0-0 7.9+0.3 2575.9 £ 50.0 48.6+1.2 28.5+0.9
75-25-0-0 23.6+£2.0 1321.8+10.0 347+22 324+2.0
75-25-0-0.5 28.3+£3.0 1665.5 + 60.0 365+ 1.0 33.9+1.6
75-25-1-0 9.5+0.6 2177.4 +£40.0 395+1.3 305+1.3
75-25-1-0.5 95.7+4.0 2392.5+90.0 434+ 1.7 524+1.7
75-25-3-0 18.6 £8.0 2238.2 +£25.0 41.8+1.2 479+1.8
75-25-3-0.5 107.7+5.0 2440.8 +20.0 474+2.0 61.5+1.1
0-100-0-0 551.4+9.0 95.6£5.0 28.5+£1.2 N.B*

*N.B : Not break
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Fig. 9. Stress-strain curve of PLA/PBAT blend and nano-

composites.
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