
EFFECT OF ORGANOCLAY ADDITION ON THE THERMAL PROPERTIES OF 
POLYLACTIDE/POLYCAPROLACTONE NANOCOMPOSITES

‘Siti Zulaiha Hairaldin, 2Wan Md Zin Wan Yunus, 2Norazoma Ibrahim
'Malaysian Nuclear Agency, Bangi, 43000 Kajang, Malaysia 

department of Chemistry, Faculty of Science,Universiti Putra Malaysia, 
43400 UPM Serdang, Selangor, Malaysia

Tel: +603-89250510 ext. 1444 
* Corresponding e-mail: siri7.ulaiha(S)nuclearmalaysia. gov. mv

Abstract

In this study, melt blending technique was applied to prepare polylactide/polycaprolactone 
(PLAJPCL) nanocomposites. Montmorillonite (MMT) was used as an addition to the matrix with 
various percentages. The other one is modified clay prepared by modifying the nature o f 
monmorillonite with octadecylamine (ODA) to improve the characteristic o f PLAJPCL blends. X-ray 
diffraction (XRD) results indicated intercalation o f the PLA/PCL into silicate nanosize interlayers 
galleries o f the nanocomposites. The presence o f modified clays in nanocomposite was confirmed by 
FTIR spectrum. TGA and DTG results show addition o f MMT and modified clay ODA-MMT 
improved the thermal stability o f the PLA/PCL blends.

Abstrak

Dalam kajian ini, teknik campuran pencairan telah digunakan untuk menyediakan nanokomposit 
polylaktik/polikaprolakton (PLA/PCL). Tanah Hat digunakan sebagai bahan tambah dalam matrik 
tersebut dengan campuran peratusan berbeza. Bahan tambah lain disediakan dengan mengubah 
tanah liat menggunakan oktadesilamin (ODA) untuk penambahbaikan campuran PLA/PCL. Ujian 
XRD menunjukkan PLA/PCL telah berinteraksi masuk ke dalam lapisan galeri antara tanah liat 
nanokomposit. Ujian haba TGA dan DTG menunjukkan kehadiran tanah liat dan ODA-tanah liat 
yang diubah telah menambah baik kestabilan haba campuran PLA/PCL.

Keywords/Kata kunci: nanocomposites, polylactide, polycaprolactone, monmorillonite,
octadecylamine

INTRODUCTION

Nanocomposites are materials that are created by introducing nanofillers into a matrix. The 
preparation of a nanocomposite can be accomplished either by a blending process or by 
polymerization. The type of nanocomposites obtained, are immiscible, intercalated or exfoliated 
depend on the preparation process (Wang et al. 1998) Nanocomposites exhibit unique and improved 
properties such as mechanical, thermal and the compability of polymer. The preparation of 
nanocomposites widely involves clay for polymer consumption and reduces cost. Polymers can 
interact strongly with clay and the clay surface can act as an initiator for polymerization. The 
modification of clay can be accomplished using ion exchange reaction by substitute the cations in the 
interlayer galleries of layers (Yu et al. 2007). Organic modifiers can impart hydrophilicity to the 
MMT, which can improve the compatibility of MMT with polymers. It also will lower the surface 
energy of the inorganic host, improves the wetting characteristics of the polymer matrix, and result in 
a larger interlayer spacing. PLA and PCL were chosen because they are biodegradable polymer. Both
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PLA and PCL have some advantages and disadvantages properties. PLA has high strength, high 
melting point, degrades relatively slow but it is hard and brittle. However, PCL has high flexibility, 
degrades relatively fast but has low strength (Yu et al. 2007). Combination of PLA and PCL has a 
strong complimentary performance. The percentage of polymer in this paper is using 90% of PLA and 
10% of PCL to improve the brittleness of PLA and reduce cost. PCL is more costly than PLA. This 
paper describes how Octadeylamine (ODA) is used to modify MMT and the effects of this modified 
clay on PLA/PCL blend properties.

Materials and methods

Sodium montmorillonite (Kunifia F) with cation exchange capacity of 119meq/100g was purchased 
from Kunimine Industries Co. Ltd., Japan and used as received. Sodium Monmorillonite (Na-MMT 
woth a cation capacity of 119 meq/100 g was obtained from Kuminine Ind Co (Japan). 
Polycaprolactone (PCL) and polylactide (PLA) were synthesis grade supplied by Acros Organic 
(USA). All the chemicals used were of the highest purity available and were used as received without 
further purification. Octadecylamine was purchased from Mersk (Germany).

An organoclay was prepared as follows: 20 g of sodium monmorillonite was dispersed in 800 ml of 
distilled water at 80 °C. Octadecyl ammonium chloride which was prepared by dissolving 50 mmol of 
octadecylamine and 50 mmol of concentrated HC1 in 1.0 L distilled water was added into suspension. 
The mixture was stirred for 1 h. The exchanged clay was filtered and washed with hot distilled water 
until no chloride was detected with 1 M AgN03. It was then dried at 60 °C for 24h. The organoclay 
was grounded and sieved into particle less than 100 |j.m. The product was labeled as ODA-MMT.

Preparations of PLA/PCL nanocomposites were carried out by melt blending using a Haake internal 
mixer at 180 °C and a speed rate of 60 rpm. PLA were dried overnight at 60 °C under vacuum to 
remove residual water. PLA (36 g) was first transferred into the mixer and heated at the blending 
temperature for 5 minutes. PCL (4 g) was then added the melt PLA and allowed to mix for 5 minutes. 
This was then followed by the addition of the organoclay (0.5, 1.0, 3.0, 5.0, or 7.0%) to the blend. To 
prepare the sample sheets, the composites were compressed molded in a hot press at 165°C for 10 
minutes.

X-ray diffraction (XRD) analysis of samples was performed to evaluate the d-spacing of clay layers, 
by using Powder X-ray Diffraction (PXRD-6000, Shimadzu. Japan. FTIR 1650 Spectrum BX (Perkin- 
Elmer, England) was used to determine the functional groups in compounds. Thermal 
characterization was carried out by thermogravimetric analysis (TGA) using (Thermogravimetric 
analyzer TGA7, Perkin-Elmer, England). The microstructure of nanocomposites was observed using 
Transmission Electron Micrograph (TEM, Hitachi H-7100).

Results and Discussion

The XRD pattern of Na-MMT and ODA-MMT are shown in Figure 1. The parameter were 
calculated from the observed peaks of angular position 26 by the Breg formula A,=2dsin0. The Na- 
MMT diffractrogram shows a clear peak at 26 of 7.26° corresponding to the characteristic peak of Na- 
MMT. After modification, the interlayer galleries spacing of ODA-MMT is increases from 11.62 A to 
29.90 A and the basal peak position in XRD shifts to smaller position from 7.26° to 2.94°. The 
increase in the d-spacing can be explained by intercalation of ODA into the interlayer galleries of Na- 
MMT forming ODA-MMT. The intercalation agent increase Interlayer spacing leading shift toward 
lower angle. From the result, indicated that FH were successfully intercalated into the clay layer.



2 theta (deg)

Figure 1: : XRD patterns of NaMMT and ODAMMT

Thermalgravimetric (TGA) thermogram is shown in Figure 2. The thermal characteristics such as 
onset temperature, (Ton), 50% loss temperature ( T 0 . 5 ) ,  decomposition temperature (Td) are shown in 
table. Neat PLA/PCL starts to degrade at 249.81°C and completely decompose at 405.86°C leaving 
almost no residue. Incorporation of Na-MMT improves the initial temperature only 1.0°C. When the 
nanocomposite with 7.0% ODA-MMT content was analyzed by the TGA, the onset of the degradation 
temperature was 15°C higher than that of the composite containing 7.0% of the clay. Arupt et al., 
2007 stated the dispersion of modified clay generally retards thermal degradation of the polymer by 
inducing significant polymer-clay interaction. Nevertheless, the clays seem to hinder the deformation 
of crystalline structures of PLA at low temperature while they behaved as deformation accelerators at 
high temperature (Ghosh et al. 2004). ODA-MMT contributes to the performance of initial 
degradation temperature in PLA/PCL. PLA/PCL containing 7% ODAMMT gives the highest 
temperature 265.28°C. To compare with PLA/PCL, the presence of ODA-MMT in PLA/PCL 
improves initial degradation temperature significantly by 16°C.

Figure 2 TGA thermograms of 90PLA/10PCL, PLA/PCL-NaMMT, and PLA/PCL-ODAMMT 
nanocomposites.
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PLA/PCL contains modifier, octadecylamine is thermally stable between (Ton ~ 128.04 °C). This effect 
increases the initial degradation temperature of PLA/PCL nanocomposite significantly but at higher 
temperature, the insulating effect is not sufficient to retard the thermal degradation and the maximum 
degradation temperatures have small differences compared to neat PLA/PCL. The figure concludes 
that the presence of ODA-MMT enhanced the thermal stability of the blend. It is further evident from 
DTG curves. Figures 3 represent DTG thermogram for neat PLA, PLA/PCL, PLA/PCL-NaMMT, and 
PLA/PCL-ODAMMT. The weight loss is slowed down in the nanocomposite contain ODAMMT as 
compared to pure. TGA and DTG thermogram reveal the efficiency of ODA-NNT in delaying the 
nanocomposite decomposition.

Temperature (°C)

-------- (a)Neat PLA --------- (b)90PL/V10PCL ---------(c ) PLA/PCL-Na-MMT ---------(cl) PLA/PCL-ODAMMT

Figure 3 DTG thermograms of Neat PLA, 90PLA/10PCL, PLA/PCL-NaMMT, and PLA/PCL-
ODAMMT nanocomposites

Table 1: Effect the Neat PLA, 90PLA/10PCL, PLA/PCL-NaMMT, and PLA/PCL-ODAMMT content 
on DTG of PLA/PCL nanocomposites

Sample T onset T m ax T decomposition

(a) Neat PLA 239.37 382.83 333.75

(b) 90PLA/10PCL 249.81 405.59 343.04

(c) PLA/PCL-NaMMT 250.03 411.83 350.81
(c) PLA/PCL-ODAMMT 265.28 418.27 357.04

The result would agree with Jiang et al., 2007 which suggest that the thermal degradation of 
nanocomposites depends not only on the thermal components but might be also on the morphology 
and extend of interaction between the phases. From the table, ODA-MMT plays a balance thermal 
characteristic which could maintain both initial degradation temperature and maximum degradation 
temperature at 7% clay content.



All the degradation of PLA/PCL and containing Na-MMT, ODA-MMT took place in one step in the 
same way as PLA/PCL. The results show that incorporation of FH-MMT and ODA-MMT into 
PLA/PCL could improve the thermal stability of PLA/PCL.

Microstructure of nanocomposite

Silicate intercalation is confirmed and supported by TEM micrograph in Figure 7. Dark bundles of 

ODAMMT in samples with intercalated state can be seen clearly in the image. The TEM observations 

of nanocomposites are correlated to validate XRD results.

Figure 7: TEM micrograph of PLA/PCL-ODAMMT at 150,000X magnificent.

CONCLUSION

PLA/PCL-NaMMT and PLA/PCL-ODAMMT was successfully prepared. After modification of clay 

basal spacing of ODA-MMT increase from 11.62 A to 29.90 A. Presence of modified clays was 

confirmed by FTIR spectrums. Thermal stability performed by TGA thermogram analysis has 

improvement when compared to the neat PLA/PCL. The degradation rates of nanocomposites are 

slower than neat PLA. The results show that introducing the modified clay into PLA/PCL system will 

enhance properties of nanocomposites due to better interaction between modified clay and PLA/PCL 

in the fabricated nanocomposites.
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