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Report Title Enhancement of adhesion between Natural Rubber and Aluminum using
silane coupling agent
By Miss Chonrada  Soontreewony

Miss Orathai  Wongchang

Advisor D, Apinan  Namkanisorn
Report for Bachelor Degree of Chemical Engineering

Department of Chemical Engineering. Faculty of Enginecring

King Mongkut’s Institute of Technology Ladkrabang

Abstract

This project presents a study of the adhesion between natural rubber and aluminum
substrate. In order to improve the adhesion between thesc materials, aluminum substrate was
pretreated by one of the following techniques: Chromic-sulfurie Acid Etching, Phosphoric Acid
Anodizing and non-pretreated aluminum substrate. Chemical bonding between the aluminum antl
rubber was enhanced by addition of silane coupling agent, namely. bis-(3-triethoxysilylpropyl)
tetrasulphane (TPSPT).  The morphology of the oxide foltowing these treatinents was studied
using a scanning electron microscape and a video camera. The adhesion strength of the joint was
measured via a 90 ° peel test by peeling swip of rubber from the aluminum substrate using a
constant load. The expersimental resuli revealed that the joint prepared from phosphone acid
anodization viclded the highest fracture energy because of high surface area following the
treatment. Peel velocity can be ranked based on the method of treatment in the order of lowest
velocity to highiest velocity: no treatment. chromic sulluric acid etching and phosphoric acid
anodizing, respectively.  Maode of faiture in all cases appeared to be an mterfacial mode as
indicated by clean fractured surface without remaant of rubber remained on the alummmmn. The
strength of the joint was propartional 10 silane concentration such that as the concentration wias
inereased from 4%, 6%, 10%. [5% and 20% the fracture cnergy of the joiat fnereased.  the
refationship between peel velocity and temperature was also investigated and we found that the
peel velocity followed an Arrhenius® type behavior, from which the activation energy ol fracture

process coutd be obtamed.  For joint treated by phosphorie acid snodization the activation

i



energy was found to be 15.67 kecal/mol compared to 11.67 keal/mol obtained for the case of
chromic sulfurie acid etching. These two activation energics were comparable to the fracture
cnergy reported tor other polymer-metal systems and the reason for higher activation energy of
the former treatment was attributed to high surface area of the aluminum which in turn provided

larger number of polymer chain per arca.
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