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ABSTRACT 

Polyurethane is a versatile material that is utilized for various applications. 

Conventional polyurethane is synthesized from polyols and polyisocyanates. However, 

the toxicity of isocyanate could cause health issues such as skin irritation and lung 

problems. Its toxicity is exposed during manufacturing and in the end-product. 

Therefore, the development of non-isocyanate polyurethane is an alternative that is 

environmentally safe to produce polyurethane. The non-isocyanate polyurethane is 

developed through chemical modification processes which involve epoxidation, 

carbonation and curing. During the epoxidation process, the double bond functionality 

of raw material was converted into an epoxide ring using peroxoformic acid generated 

in-situ. Carbon dioxide gas was introduced to the epoxide ring to form a cyclic 

carbonate ring. The cyclic carbonate ring was then reacted with ethylenediamine to 

yield a non-isocyanate polyurethane. The non-isocyanate polyurethane was synthesized 

from rubber seed oil, oleic oligomer, and oleic acid as raw material of different 

functionality numbers of F≥3, F=2, and F=1, respectively. Rubber seed oil was 

extracted using hexane via solvent extraction method in 7 hours. The extracted rubber 

seed oil’s properties of viscosity, iodine value, acid value, and FFA were found at 35 

mPa/s, 192.89 gI2/100g, 25.5 mgKOH/100g, and 12.81 %, respectively. The oleic 

oligomer was synthesized from oleic acid and ethylene glycol. The optimum ratio of 

ethylene glycol to oleic acid for the oligomer conversion was found at 1.5:1. The oleic 

oligomer had iodine value, acid value, and FFA of 94 gI2/100g, 7.21 mgKOH/100g, and 

3.62 %, respectively. The reaction temperature and the ratio of hydrogen peroxide and 

formic acid to the double bond of oil were the parameters being investigated in 

epoxidation process. The optimum epoxidation condition to yield maximum epoxide 

conversion was found at 50 ℃ and the reactant ratio of 1:1:2 (oil : formic acid : 

hydrogen peroxide). The epoxide conversion of 73 % after 4.5 hours for epoxidized 

rubber seed oil, 63 % after 3 hours for epoxidized oleic oligomer, and 91 % after 3 hours 

for epoxidized oleic acid were achieved under the optimum parameter settings. The 

epoxidized oil then underwent a low-pressure carbonation process. The cyclic carbonate 

conversion was increased rapidly in the initial stage of the cyclic carbonated rubber seed 

oil and a gradual conversion for the cyclic carbonated oleic oligomer. The cyclic 

carbonated oleic acid conversion from epoxidized oleic acid was unsuccessful due to 

self-attack during the carbonation process where the carboxylic acid group of 

epoxidized oleic acid will attack its opened epoxide ring. The non-isocyanate 

polyurethane film was formed by curing the cyclic carbonated oil with ethylenediamine. 

The optimum percentage of ethylenediamine was found at 20 %. Pencil hardness test 

on the film resulted in hardness ranging from 2B to 4H for non-isocyanate polyurethane 

derived from rubber seed oil and 5B to 2H for oleic oligomer. The tensile strength and 

elongation percentage for non-isocyanate polyurethane derived from rubber seed oil 

were found at a range of 20 kg/cm2–35 kg/cm2 and 20 %-85 %, respectively. While 5 

kg/cm2–25 kg/cm2 tensile and 28 %-75 % elongation for oleic oligomer. Thus, the non-

isocyanate polyurethane derived from rubber seed oil had higher hardness, tensile 

strength, and elongation percentage compared to oleic oligomer as raw material. The 

degradation temperature of the non-isocyanate polyurethane was found at 224 °C. 
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CHAPTER ONE 

INTRODUCTION 

1.1 Background Study 

Polyurethane is a polymeric material with versatile properties used in various 

industries such as adhesives, coatings, footwear, furniture, and flexible foam. 

Polyurethane contains urethane linkage (-NH-CO-O-) which is formed from a chain 

growth reaction of polyisocyanates and polyols. According to Rosato (1993), 

polyurethane can be synthesized into different types such as rigid foam, flexible foam, 

and elastomers depending on the material and method used. Polyurethane has high 

strength, good chemical and abrasion resistance, and superior resistance to ozone, 

gasoline, and many solvents.  

Exposure to petroleum or petroleum-based product could cause arthritis, lupus, 

allergies, and asthma. Fully reacted polyurethane should be chemically inert. However, 

even fully reacted polyurethane can produce dust that could induce mechanical irritation 

to the eyes and lungs. Some countries in Europe and some states in the United States of 

America have already banned the usage of polyurethane as raw material in home and 

domestic applications. In the conventional polyurethane system, the isocyanate is used 

as a monomer to form urethane linkage. Despite being a favourite intermediate product, 

the isocyanate is toxic and could cause skin irritation, difficulty to breathing, and other 

lung problems. Moreover, conventional polyurethane releases dangerous components 

such as isocyanate, carbon monoxide, and hydrogen cyanide during combustion.  

Nevertheless, the polyurethane's excellent properties could not be replaced. The 

growing interest in renewable resources and safer materials and the need to replace the 

isocyanate inspire the development of other methods to synthesize polyurethane. 

Hence, the non-isocyanate route had been studied where polyurethane is synthesized 

without incorporating the isocyanate.  

One of the methods is the non-isocyanate carbonation route where it was carried 

out by converting a double bond in the seed oil into an epoxide ring. The conversion 

was carried out using peroxoformic acid generated in-situ. Then, carbon dioxide gas 

was introduced to the epoxide ring to form a cyclic carbonate ring. The cyclic carbonate 

ring was reacted with ethylenediamine to yield a non-isocyanate polyurethane. 


