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Abstract
An environmental friendly, low cost composite for the photo-assisted degradation of methyl orange (MO) is proposed. Here, 
natural rubber–silver (NR–Ag) composites are formed through soft thermal reduction. The characteristics of the NR–Ag 
composites were investigated using UV–vis spectroscopy, Fourier transform infrared spectroscopy (FTIR), X-ray diffrac-
tion (XRD) and scanning electron microscopy (SEM) techniques. The deposition of Ag on the surface of natural rubber was 
proven by the XRD diffraction peaks, attributed to metallic Ag and the appearance of the surface plasmon resonance of Ag, 
at ~ 420–460 nm in the UV–vis spectrum. The degradation of MO dye by NR–Ag composite under UV light source showed 
positive results for the degradation of dye even with minute amounts of Ag content. The degradation mechanism of MO 
involved the generation of hydroxyl radicals from the UV-irradiated NR–Ag composite by the formation of superoxide spe-
cies as the important radical intermediate. Several parameters such as the Ag salt concentration and pH of the MO dye were 
investigated. Complete degradation of MO was achieved when the composites containing 2 × 10−3 wt% of Ag (NR–Ag4) 
were employed at pH 3. Under this condition, complete degradation occurred within 30 min. Kinetic studies were conducted 
to understand the degradation phenomenon.
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Introduction

Azo dyes are widely used in industries such as for fabrics 
and food. The increasing use of these dyes has caused severe 
environmental pollution as a result of industrial effluents into 
surrounding water sources. To prevent further deterioration 
in the quality of the environment, researchers have investi-
gated various means in which to remove these dyes. Adsorp-
tions using adsorbents such as chitosan [1], activated carbon 
[2] and graphene oxide [3] are frequently employed. How-
ever, commonly, photocatalytic degradation which involves 
the use of semiconducting materials such as  TiO2 [4], ZnO 
[5] and ZnS [6] in the presence of a UV light is a favored 
chemical method. Although these adsorbents and catalysts 

are effective, the reality is that industries are still trying to 
find alternatives which are similarly efficient; however, it is 
less costly and preferably green.

Silver (Ag)-based catalysts have also been gaining more 
attention for the degradation of dyes. The reason being 
that these nanoparticles can act as photocatalysts in the 
absence of semiconducting materials such as  TiO2. Vari-
ous natural products have been employed to synthesize 
the Ag nanoparticles for catalytic purposes. Among them 
are various species of seaweed such as Ulva lactuca [7] 
and Hypneamusciformis [8] as well as Morindatinctoria 
[9] leaf extracts. Besides, polymers such as chitosan [10], 
poly(N-vinylpyrrolidone) [11], poly(vinyl alcohol) [12], 
polyaniline [13], and polypyrrole [14] have also been uti-
lized to produce Ag nanoparticles. The general principle 
behind the use of noble metal nanoparticles is that the 
band gap in noble metal nanoparticles is smaller in com-
parison to semiconducting materials such as  TiO2. Hence, 
noble metal nanoparticles can be used as photocatalysts 
in the visible range in contrast to photocatalysts such as 
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