
ib hot 'bo'i

NATURAL RUBBER LATEX NANOCOMPOSITES; 

EFFECT OF MONTMORILLONITE CLAY STRUCTURE ON 

REINFORCEMENT AND EXTRACTABLE PROTEINS

UBRARY
UNIVERSITY Or MORATUWA, SRI LANKA 

MORATUWA

Matarage Derick Senarath Ananda Amarasiri

08/8043

Thesis submitted in partial fulfilment of the requirements for the degree of

Master of Philosophy

Department of Chemical and Process Engineering

" ,0 SS 1-4-

~&G CO A-3)
University of Moratuwa 

Sri Lanka

October 2014 •-> r

.i
University of Moratuwa

cb ■ 0 o

108891

108891



DECLARATION

“I declare that this is my own work and this thesis’ does not incorporate without 
acknowledgement any material previously submitted for a degree or diploma in any other 

university or institute of higher learning and to the best of my knowledge and belief and it 
does not contain any material previously published or written by another person except where 

the acknowledgement is made in the text.

Also I hereby grant to University of Moratuwa the non-exclusive right to reproduce and 

distribute my thesis in whole or in pail in print, electronic or other medium I retain the right 
to use this content in whole or part in future work (such as articles or books).

<Dl / 

DateSignature

The above candidate has carried out research for the M.Phil. thesis under our supervision.

02//^/

DateSignatureo£hfer%upervisor;

St <32/!*/'*- °,At
Signature of the Supervisor; Date



ABSTRACT
Natural rubber (NR) latex-clay nanocomposite (NRLCN) prepared with montmorillonite 

(MMT) clay aqueous dispersion was evaluated for reinforcement, extractable proteins and 

barrier properties. Physio-mechanical properties of the NRLCN were compared with 

conventional NR latex composites containing CaCC>3. The NRLCN structure was 

characterized with X-ray diffraction and scanning electron microscope (SEM) techniques. X- 

ray diffraction data showed that, with a lower concentration of clay, highly exfoliated clay 

structure was achieved whilst clay aggregation gradually resulted with a higher concentration 

of clay.
Crosslink density and volume fraction of rubber in the swollen gel as computed based on the 

solvent absorption data of the latex nanocomposite films increased while molar mass between 

crosslink of the rubber decreased with the increase of clay concentration. As a result of nano 

scale dispersion of montmorillonite clay and higher crosslink density of the latex 

nanocomposite films, resistance to permeation of small molecules through the NRLCN is 

significantly enhanced in comparison to conventional NR latex-CaC03 composites.
Solid state mechanical properties of NRLCNs have shown a significant reinforcement effect 
of dispersed nanoclay platelets but without sacrificing the elastic properties. Results have 

been explained in terms of degree of clay dispersion/exfoliation, crosslink density and strain 

induced crystallization.

The extractable protein content was analysed for the NRLCN samples using the Modified 

Lowry Method. It had shown a significant reduction of the extractable protein content in the 

NR latex films when montmorillonite clay is introduced. The NRLCNs were leached using 

typical industrial leaching conditions and also tested for the extractable protein content which 

dropped well below the allergenicity level of human skin. The extractable protein content of 

raw NR latex-clay un-vulcanized films had shown similar results as the NRLCN which 

confirms the attraction of protein cations with the nanoclay platelets. The entrapped protein 

has accelerated the vulcanization reaction of the NRLCN which caused higher crosslink 

density. Higher mechanical properties, very low extractable protein content and improved 

barrier resistance indicated that NR latex nanocomposite containing montmorillonite clay is a 

potential replacement for conventional NR latex composites containing CaCC>3.

Keywords: Natural rubber latex/ clay/ nanocomposites/ physical properties/ barrier 

properties/ exfoliation/ crosslink density/ Latex allergies/ Extractable proteins
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