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Epoxidized rice bran oil (ERBO) as a plasticizer
for poly(vinyl chloride) (PVC)
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Abstract With environmental and toxicity concerns

becoming more critical, there are increasing efforts to

remove phthalates from polymer compounds around the

globe more rapidly. Phthalates can be replaced by natural

products; in particular, those obtained from vegetable oils

and fats. In the present study, a natural-based plasticizer,

synthesized by epoxidation of non-toxic rice bran oil

(RBO) with peroxy acid generated in situ has been added to

poly(vinyl chloride). The influence of various reaction

parameters on epoxidation was studied by investigating the

reaction ratio, temperature, reaction time and stirring

speed. Epoxidized rice bran oil (ERBO) obtained from an

optimized reaction condition was analyzed by iodine

number and oxirane content. FTIR was used to analyze

epoxy group formation. Product ERBO was obtained with

82 % oxirane conversion within 3 h of reaction period.

PVC sheets were formulated using a conventional plasti-

cizer di-(octyl) phthalate and was partially replaced by

synthesized ERBO. The effect of ERBO addition was

tested by mechanical properties (tensile strength, modulus,

elongation-at-break, shore D hardness) and compared with

commercially available ESBO (epoxidized soybean oil).

ERBO presented fairly good incorporation and plasticizing

performance, as demonstrated by the results of mechanical

properties, exudation, migration tests, thermal stability by

thermogravimetric analysis, Tg values as shown by differ-

ential scanning calorimetry, replacing about 60 % of the

total plasticizer.
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Introduction

Poly(vinyl chloride) (PVC), the best known commercially

viable polymer is useful for numerous applications that its

versatility is almost unlimited. However, its brittleness,

non-biodegradability and low thermal stability brings lim-

itation on its usefulness in polymer industry [1]. Hence,

poly(vinyl chloride) is always mixed with heat stabilizers,

lubricants, plasticizers, fillers, and other additives to make

processing possible and also improves its physical and

mechanical properties [2, 3]. One of the efficient ways to

enhance thermal and mechanical properties of polymers is

the use of plasticizers. Plasticizers impart low temperature

flexibility to the polymer, increase softness and elongation

property of the polymer. Plasticizers also decrease the

concentration of intermolecular forces and the glass tran-

sition temperature (Tg) of polymers thus converting rigid

polymers into flexible ones [4]. Plasticizers being low

molecular weight compounds easily penetrate into the PVC

backbone and as its percentage in the polymer increases,

the glassy plateau region (high modulus) becomes rubbery

(low modulus) [5]. Typical uses of plasticized PVC pro-

ducts include films, sheets, tubing, coated fabrics, wire and

cable insulation and jacketing, adhesives, sealants, inks,

toys, hose, stationary articles, medical products, such as

blood bags and tubing, and similar articles [6].

Traditionally, phthalates have been the most widely

used plasticizers for P-PVC as it provides the ease of

processing, good overall properties and also available at

low cost [7]. However, phthalates are capable of migrating
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