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PREPARATION AND CHARACTERIZATION OF NATURAL 
RUBBER/CLAY, POLY(ETHYLENE-CO-VINYL ACETATE)/CLAY AND 
NATURAL RUBBER IPOLY(ETHYLENE-CO-VINYL ACETATE)/CLAY 
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By 

JAMALIAH BT SHARIF 

October 2005 

Chairman: Professor Wan Md Zin Wan Yunus, PbD 

Faculty: Science 

This thesis describes the preparation, characterization amf"physicochemical properties 

of natural rubber/clay, poly(ethylene-co-vinyl acetate)/clay and natural rubber 

/poly( ethylene-eo-vinyl acetate )/clay nanocomposites. 

In order to improve the clay and polymer compatibility, the clay was first converted 

into the organoclay. The organoclays were prepared from sodium montmorillonite 

(Na-MMT) through cation exchange reaction using cetyltrimethyl ammonium 

bromide, octadecyl ammonium chloride or dodecyl ammonium chloride. The x -ray 

diffraction (XRD) results reveal that the interlayer distance of the Na-MMT increases 

with the formation of the organoclays. The presence of the alkyl ammonium ions in 

the organoclays was also studied by the Fourier transforms infrared spectroscopy 

(FTIR). The amount of alkyl ammonium ions intercalated into the clay galleries 

increases with the increase of alkyl ammonium chain length as shown by elemental 

analysis and thermogravimetric analysis (TGA) results. 
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The nanocomposites were prepared by melt blending the natural rubber (NR), poly 

( ethylene-eo-vinyl acetate) (EV A) or blend of both NR and EV A with the 

organoc1ays. The compounds were then crosslinked with an electron beam (EB) 

irradiation. The XRD patterns showed that all of the nanocomposites produced from 

this work are of intercalated-type. These were further confirmed by transmission 

electron microscopy (TEM) observation. Scanning electron microscopy (SEM) study 

on the cryo-fractured surface reveals that the pure Na-MMT dispersed in the polymer 

matrix in large agglomerated form while the modified Na-MMT separated into small 

aggregates and dispersed homogeneously in the polymer matrix. 

The optimum irradiation dose for crosslinking of NR, EVA and NRlEV A 

nanocomposites was determined. The formation of radiation induced crosslinking in 

NR, EVA and NRlEV A blend was not inhibited with the presence of dodecyl 

ammonium montmorillonite (DDA-MMT) but it was affected by the presence of 

dimetyl dehydrogenated tallow montmorillonite (C20A). The tensile modulus of all 

the nanocomposites increases with the increase of the clay content of up to 10 phr. 

The tensile strength and elongation at break of the NR/c1ay nanocomposites increases 

with the increase of organoc1ays up to 3 phr and decreases with fu rther increase of the 

organoc1ay content. However, the tensile strength of EV Nc1ay and NRlEV Nc1ay 

nanocomposites remains constant with the increase of the organoclay content of up to 

5 phr but decreases with the increase of organoclay content of up to 10 phr. The 

elongation at break of both EV Nclay and NRlEV Nc1ay decreases slightly with the 

increase of organoc1ay content. Electron beam irradiation of the nanocomposites 

increases the tensile modulus and tensile strength further but decreased the elongation 

at break. 
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The dynamic storage modulus of all nanocomposites increases with the increase of 

organoclay concentration in the investigated temperature range. The shifting of the 

glass transition temperature (T g) indicates improved adhesion between the polymer 

matrix and the clay layers. TGA analysis reveals that the nanocomposites undergo 

slower thermal degradation than that of the pure polymer or conventional composite 

of the polymer with unmodified sodium montmorillonite. The decomposition 

temperature of the nanocomposites increase with the increase of organoclay content 

of up to 5 phr and beyond that the decomposition temperature remains constant or 

decreases. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 
memenuhi keperluan untuk ijazah Doktor Falsafah 

PENYEDIAAN DAN PENCIRIAN NANOKOMPOSIT GET AH ASLII 
TANAH LIAT, POLI(ETILENA-KO-VINIL ASETAT)ffANAH LIAT 
DAN NANOKOMPOSIT GETAH ASLII POLI{ETILENA-KO-VINIL 

ASETAT)ffANAH LIAT 

Oleh 

JAMALIAH BT SHARIF 

Oktober 2005 

Pengerusi: Professor Wan Md Zin Wan Yunus, PhD 

Fakulti: Sains 

Tesis ini menerangkan penyediaan, pencirian dan sifat kimia dan fizik nanokomposit 

getah asli/tanah liat, poli( etilena-ko-vinil asetat)/tanah Hat dan getah aslilpoli( etilena-

ko-vinil asetat)/tanah liat. 

Untuk meningkatkan keserasian pengadunan tanah Hat dengan polimer, tanah liat 

diubahsuai terlebih dahulu kepada organo-tanah Hat. Organo-tanah Hat disediakan 

daripada sodium montmorillonit (Na-MMT) melalui tindak balas penukar kation 

menggunakan cetiltrimetil ammonium bromida, oktadesil ammonium klorida atau 

dodesil ammonium klorida. Keputusan belauan sinar-x (XRD) menunjukkan jarak 

antara lapis an Na-MMT bertambah dengan pembentukan organo-tanah liat. 

Kehadiran ion alkil ammonium dalam organo-tanah Hat juga ditentukan dengan 

menggunakan spektroskopi infra-merah pengubah Fourier (FTIR). Jumlah ion alkil 

ammonium yang termasuk ke dalam lapisan tanah liat bertambah dengan pertambahan 
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panjang rantai alkil ammonium seperti yang ditunjukkan oleh keputusan analisis 

unsur dan analisis termogravimetri (TGA). 

Nanokomposit telah disediakan daripada getah asH (NR), poli(etilena-ko-vinil asetat) 

(EVA) dan adunan NR dan EV A melalui pengadunan leburan dengan organo-tanah 

Hat. Sebatian telah ditautsilang dengan sinaran alur elektron. Keputusan XRD 

menunjukkan bahawa semua nanokomposit yang dihasilkan daripada kerja ini adalah 

daripada jenis 'intercalated'. Keputusan ini seterusnya disokong oleh pemerhatian 

mikroskop transmisi elektron (TEM). Kajian mikroskop imbasan elektron (SEM) ke 

atas permukaan sampel kriopatahan menunjukkan Na-MMT berselerak di dalam 

matrik poIimer dalam bentuk agglomerat (gabungan aggregate keciI) yang besar 

manakala organo-tanah liat terpecah kepada aggregat yang lebih kecil dan bertabur 

secara homogen di dalam matrik polimer. 

Dos optima penyinaran untuk pembentukan taut silang NR, EV A dan NRJEV A 

nanokomposit telah ditentukan. Kehadiran dodesil ammonium monmorilonit (DDA­

MMT) didapati tidak merencat pembentukan tautsilang yang diaruh oleh sinaran 

tetapi terencat dengan kehadiran dimetil dihidrogenated tallow ammonium 

montmorillonit (C20A). Modulus tegangan bagi semua nanokomposit meningkat 

dengan peningkatan kandungan organo-tanah liat hingga 10 bps. Kekuatan tegangan 

dan pemanjangan pada takat putus bagi NRltanah liat nanokomposit meningkat 

dengan peningkatan organo-tanah liat sehingga 3 phr dan menurun dengan 

penambahan organo-tanah Hat sehingga 10 phr. Walau bagaimanapun bagi 

EV Ntanah Iiat dan NRJEV Ntanah liat nanokomposit, kekuatan tegangan tidak 

berubah dengan peningkatan organo-tanah Hat sehingga 5 phr tetapi menurun dengan 
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peningkatan organo-tanah liat seterusnya. Pemanjangan pada takat putus menurun 

dengan peningkatan kandungan tanah liat. Penyinaran alur elektron ke atas 

nanokomposit telah meningkatkan lagi modulus tegangan dan kekuatan tegangan dan 

mengurangkan pemanjangan pada takat putus. 

Modulus simpanan dinamik (G') bagi semua nanokomposit bertambah dengan 

pertambahan kandungan organo-tanah liat pada julat suhu kajian. Peningkatan pada 

suhu peralihan kaca (T g) menunjukkan terdapat lekatan yang lebih baik di antara 

matrik polimer dengan lapisan tanah liat. Analisis termogravimetri menunjukkan 

nanokomposit menjalani degradasi lebih lambat berbanding polimer tulen atau 

komposit biasa antara polimer dan sodium montmorillonit yang tidak dirawat. Suhu 

penguraian nanokomposit meningkat dengan peningkatan kandungan organo-tanah 

liat sehingga 5 phr selepas takat ini suhu penguraian akan tetap atau menurun. 
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a t  1 00 kGy 

4.54 Tan () of (a) EVA, (b ) EV N5 C20A and (c ) EV NI0 C20A 146 
i rradia ted a t  1 00 kGy 

4 .55 TGA thermo gram s ofEV Al DDA -MMT nanocompo si te s 1 47 

4.56 DTG thermo gram s ofEV Al DDA -MMT nanocompo si tes 147 

4.57 TGA thermo gram s of pure EVA, EV N3 DDA -MMT and 1 50 
EVN3 C20A 

4.58 DTG thermo gram s of pure EVA, EV N3 DDA -MMT and 1 50 
EVN3 C20A 

4.59 X -ray diffrac tion pa ttern s ofNa-MMT and NRlEV A/Na- 1 53 
MMT compo si te s 
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4.60 X-ray diffract ion patterns ofDDA-MMT and NRlEV AlDDA- IS4 
MMT nanocompos ites 

4.61 X-ray diffract ion patterns ofC20A and NRlEV A/C20A ISS 
nanocompos ites 

4.62 TEM m icrographs at low magnificat ion (4000x ) of IS7 
(a ) NRlEV A /SNa-MMT, (b ) NRlEV A/SDDA-MMT 
and (c ) NRlEVA /SC20A 

4.63 TEM m icrographs at low magnificat ion (4000x ) of IS9 
(a ) NRlEV A /IDDA-MMT, (b ) NRlEV A/3DDA -MMT 
(c ) NRlEVA /SDDA-MMT and (d ) NRlEVA/10DDA -MMT 

4.64 TEM m icrographs at h igh magnificat ion ( lOOOO X) of 1 60 
(a ) NRlEV A /IDDA-MMT, (b ) NRlEV A/3DDA-MMT, 
(c ) NRlEV A/SDDA-MMT and (d ) NRlEV A/I0DDA-MMT 

4.6 S TEM micrographs at h igh magnificat ion (2 S000 ) of 1 6 1  
(a ) NRlEV A/IDDA-MMT, (b ) NRlEV A /3DDA-MMT, 
(c ) NRlEV A /SDDA-MMT and (d ) NRlEV A/I0DDA-MMT 

4.66 TEM micrographs at low magnificat ion (4000x ) of 1 62 
(a ) NRJEV A /IC20A, (b ) NRlEV A/3 C20A, 
(c ) N RJEV A /  SC20A and (d ) NRlEV A /  1 0C20 A 

4.67 TEM micrographs at h igh magn ificat ion ( lOOOOx ) o r- 1 63 
(a ) NRlEV A /IC20A, (b ) NRlEV A /3 C20A, 
(c ) N RJEV A /SC20A and (d ) NRJEV A /lOC20A 

4.68 TEM micrographs at h igh magn ificat ion (2 S000x ) of 1 64 
(a) N RJEVNIC20A, (b ) NRlEVA /3 C20A, 
(c ) N RJEV A /SC20A and (d ) N RJEV A /1 OC20A 

4.69 SEM m icrographs of cryo-fractured surface of 1 66 
(a ) NRlEVA, (b ) NRlEV NSNa-MMT, (c ) NRlEV NSDDA -
MMT and (d ) NRlEV A/SC20A 

4.70 SEM m icrographs of (a) NRlEVA, (b ) NRlEV A /5Na -MMT, 1 67 
(c ) NRlEV NSDDA-MMT and (d ) NRlEV A/SC20A treated 
w ith toluene 

4.71 The relat ionsh ip between gel content and irrad iat ion doses 1 68 

4.72 Gel content vs. clay content ofNRIEV A /organoclay 1 69 
nanocompos ites irrad iated at 150kGy 

4.73 Modulus at 300% elongat ion ofNRlEV A/clay nanocompos ites 1 70 
at var ious clay content before and after irrad iat ion at 1 50 kGy 
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4.74 

4.75 

4.76 

4.77 

4.78 

4.79 

4.80 

4.8 1  

4.82 

4.83 

4.84 

4.85 

4.86 

4.87 

4.88 

4.89 

Tensile strength ofNRIEV Nclay nanocomposites at various 
clay content before and after irradiation at 1 50 kGy 

Elongation at break ofNRIEV Nclay nanocomposites at 
various clay content before and after irradiation at 1 50 kGy 

Storage modulus of (a) NRlEVA, (b) NRlEVN3DDA-MMT, 
(c) NRlEV N5DDA-MMT and (d) NRlEV N lODDA-MMT 

Tangent delta of (a) NRlEVA, (b) NRlEV N3DDA-MMT, 
(c) NRlEVN5DDA-MMT and (d) NRJEVNI0DDA-MMT 

Storage modulus of (a) NRlEV A, (b) NRlEV N5C20A and 
(c) NRJEV Nl OC20A 

Tangent � of (a) NRlEVA, (b) NRlEVN5C20A and 
(c) NRJEV NlOC20A 

Storage modulus of (a) NRlEV N5DDA-MMT at 0 kGy and 
(b) NRJEV N5DDA-MMT at 1 50 kGy 

Tangent � of (a) NRlEV N5DDA-MMT at 0 kGy and 
(b) NRlEV N5DDA-MMT at 1 50 kGy 

Thermogravimetric analysis of unfilled NRlEVA blend. 

TGA thermograms ofNRJEV AlDDA-MMT nanocomposites 

DTG thermograms ofNRlEV AlDDA-MMT nanocomposites 

TGA thermograms ofNRJEV A/C20A nanocomposites 

DTG thermo grams ofNRJEV NC20A nanocomposites 

TGA thermograms ofNRIEV A, NRlEV NNa-MMT and 
NRlEV A/5DDA-MMT 

DTG thermograms ofNRIEV A, NRlEV NNa-MMT and 
NRlEV A/SDDA-MMT 

Limiting oxygen index ofNRIEV AlC20A nanocomposites 
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LIST OF SYMBOLS AND ABBREVIATIONS 

A Amstrong 

APP Ammonium polyphosphate 

bsg Bahagian seratus getah 

CI8 Octadecylammonium 

C18-MMT Octadecyl ammonium montmorillonite 

C20A Cloisite 20A 

C30B Methyl-tallow-bis-2-hydroxyethyl quartenary ammonium 
montmorillonite 

C6A Dimethyl dihydrogenated tallow ammonium montmorillonite. 

CEC Cation exchange capacity 

CHNS Carbon, hydrogen, nitrogen and sulfur 

CTA-MMT Cetyltrimethyl ammonium montmorillonite 

DDA-MMT Dodecyl ammonium montmorillonite 

DIOM Dioctadecyl dimethyl ammonium montmorillonite 

DMA Dynamic mechanical analysis 

DMDS-MMT dimethyl distearyl ammonium bromide modified MMT 

DSC Differential scanning calorimetry 

DTG Derivative thermogravimetric 

EB Electron beam 

Eb Elongation at break 

ENR Epoxidized natural rubber 

EPDM Ethylene-propylene-diene monomer 

EVA Poly (ethylene-eo-vinyl acetate) 
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