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Abstract

Polylactic acid (PLA) presents high strength and modulus, but very low toughness as
well as slow crystallization rate. Natural rubber (NR) is considered to enhance the toughness and
nucleating agent is used to improve the crystallization. Three nucleating agents, calcium
carbonate (CaCQO,), talc and cyclodextrin (CD) were used. Here effects of nucleating agent on
crystallization, mechanical properties and morphology of the PL.A/NR blend in comparison to the
neat PLA were investigated. The differential scanning calorimetry (DSC) results showed that the
addition of talc or CD decreases cold crystallization temperature (ch). Same result was obtained
in PLA/NR10 containing talc. Al nucleating agents increased the degree of crystallinity (X} of
PLA, whereas talc and CaCO, increased X, of PLA in PLA/NR10 blends. The influence of
nucleating agent on mechanical properties was studied by tensile testing, notched Izod impact
testing and dynamic mechanical analysis. From mechanical results, the addition of nucleating
agent enhanced the toughness of PLA due to the decrement in spherulite size of PLA. Glass
transition temperature (T,) from DMA result did not change with nucleating agent, in good
agreement with DSC result. Further, crystalline structure restricted the free chain mobility,
leading to the decrease of the height of tan O peak. Microscopic observation revealed that the
increment in size of NR particle with nucleating agent did not influence mechanical properties of

bliends.
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2.2.2.1 P3R4 (Tensile test)

: ; L 73
1. NATBUNIAIRILA3 D Instron universal testing 34 5569 Tnal% load cell Y118 5 kN

i 1
2. TWIRTUAID0MAINNIIY (grip) YUIAVDY gauge length ML 7.62 Hadwns Hnsaen

o

] ot o4l =)
ATTULIIVOY crosshead T UDARHAT/UIN NJUAU 25 C

9

3 ¥
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2.2.2.2 msnszammmuﬁmsﬁwawm‘uu%mm (Notched impact test)
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2.2.2.3 MSIASIWHABIMTINANA TR (Dynamic mechanical analysis)
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2.2.3  AMINGEDUTHUARNINANINION

1. naeeuauAn14nIN 0UA M5 DY differential scanning calorimetry (DSC) 484 Perkin
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°c avm51 10 Ccanin

Elmer 38 DSC-7 11113 run baseline %3498Mil 25-200
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AH_ unu pumailnsnasuued PLA AdSmamdn 100% dnwiidu 03 i/
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2.2.4.1 Tulasalatluvuuealnarlsn (Polarized light optical microscopy)
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o A ow 1 s/ = o .

L. ﬁﬂﬂfﬂﬁ?ﬂﬂ’l&ﬂﬁ]ﬁimiﬂ\‘lﬂﬁﬁliﬂuiﬂ‘ii’ﬂw (ultramicrotome)

o - & [ ¥ . = 9 . ° | o ¥ <
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2.2.4.2 matinaunuiisttannseulninsalail (Scanning electron microscopy, SEM)
A Vel I A oA oy oy
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2. vhwa 29A8nEBL SEM (SEM, JEOL model JISM 6400) #1IA1 Acceleration voltage 20 kV
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r 3
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Neat PLA 56.44 127.73 NA 156.04 18.63
PLA/CaCO, 56.82 128.05 NA 150.26 26.30
PLA/tale 536.25 113.85 146.28 152.13 68.55
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= LAy b r::i o L) T =5
A1IWT 3.2 GULATINATINIOUUDY PLA May PLA/NR mﬂmmﬂumumsﬂawan

- malamsianudouasan 1

Samples AHm AHcc (AHm-AHCC) X,

(J/g) (J/g) (Ye) (%)

Neat PLA 37.36 -28.14 9.22 8.91
PLA/CaCO, 57.44 0.00 57.44 61.76
PLA/talc 44.03 0.00 44.03 47.34
PLA/Q-CD 32.96 -0.73 32.23 34.66
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EFFECT OF NUCLEATING AGENT ON CRYSTALLIZATION AND
DYNAMIC MECHANICAL PROPERTIES OF POLYLACTIC ACID
AND NATURAL RUBBER BLENDS

B, Suksat’® and € Deeprasertkul >~

‘School of Polymer Enginzering. Instifute of Engineering.
Suranaree Liniversity of Technology, Nakhen Ratchasima 30000, Thailand.
*Cepter of Excellence for Petroleum, Petrochemicals. and Advanced Materials,
Chulalengkorn University, Bangkek 10330, Thailand

From our previouns study. it was found that natural rubber (NR) can improve
toughness of polvlactic acid (PLA). Af 10% wi of NR, the blend gave the highest impact
strength and rensile wughness. However, blending with NR decreased the stiffness of PLA.
To overcome this. vsing nucleating agent is considered. Three nucleating agents. calcinm
carbonate, tale and evelodextrin are used. Here effects of nucleating agent on erystallization
and dynanue mwechamical propernies of the blend in companison to PLA are investigated.
Dhfferential scapnig ealorimefry (DSC} and dyvnamne mechanical analvsis (DMA) were
employed. It was found that the cold crystallization temperahwe and the degree of
crystallinity of both PLA and PLA/NR biends increase in the presence of nucleating agents.
In the glassy region. nucleating ageuts did not sigmficantly affect the storage modulus (EY of
the samples. For neat PLA. the storage meodubus (E') was found to dramatic drop around 30-
60 °C and increase at higher temperature before leveling off In the tan § plots, two peaks
were observed as one at lower temperatiwe corresponding fo the glass transition temperature
(T and another at higher T.  The latter may relate to the cold crystallization, the formation
of more perfect crystal forms of temperature rate/frequency dependence of the T,.  Sumilar
results were observed 1n the PLA with the addition of caletmn carbonate or evclodexirin and
PLANR blends with eyelodextrin. However, when nsing taic the drop of E' valiues is much
Tess and a very weak and broad tan & peak was observed in both PLA and PLA/NR blends,
The addition of micleating agent to the PLA and PLA/NR samples inereases the Ty, of which
tale shows the highest mnerease. These resnlts suggest that nucleating agenis not enly affect
the crystallization of both PLA and PLA/NR bilends but also their dynamic mechanical
properties in the vicmity of T,
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