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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in 
fulfillment of the requirement for the degree of Doctor of Philosophy 

 

 

DEVELOPMENT OF SURFACE COATING MATERIALS OF WAX 
ESTERS AND EPOXIDES FOR COATING INDUSTRIES 

 

 

By 

NORAINI BINTI ABD GHANI 

July 2012 

 

Chairman: Professor Mohd Basyaruddin Abdul Rahman, PhD 

Faculty     : Science 

 

There has been an increasing interest and strong demand for fine quality 

coating materials that can be applied to various substrates. Coating materials 

contained high proportion of acrylate based products which affect human 

health related toxicity, primarily on carcinogenicity. Researchers make efforts 

to eliminate this substrate by replacing with other materials such as wax 

esters and epoxides from renewable raw materials especially oil crops. A 

major problem with this kind of application is, coating characteristics 

features are very low, thus ingredient of coating formulation was developed 

to improve coating characteristics. 
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In this research, two different model reactions and an end application of 

coating formulation were studied. Firstly, esters were produced as reactive 

diluents in coating component through enzymatic esterification of fatty 

acids, and secondly, chemo-enzymatic epoxidations were carried out to 

produce epoxidized fatty acids. Finally, both products were formulated to be 

used in coating formulation. 

 

Enzymatic syntheses of esters from oleochemicals and petrochemicals were 

studied using Novozyme 435 as biocatalyst. Immobilized enzyme was 

utilized due to their considerable advantages over enzymes in bulk solution 

such as high thermal and operational stability as well as easy recovery. 

Results showed that Novozyme 435 is a good biocatalyst in esterification of 

esters with high percentage of yield of more than 95.0%. The optimum 

conditions for esterification of adipate esters were 30 minutes incubation 

period, while it was carried out at 50°C, and hexane as a solvent. 

 

Chemo-enzymatic epoxidation of fatty acids which are oleic acid, linoleic 

acid and ricinoleic acid was also catalyzed by Novozyme 435 and hydrogen 

peroxide; in a solvent-free medium. Immobilized enzyme was used to 

catalyze the formation of peracid from fatty acid, meanwhile hydrogen 

peroxide was utilized for the epoxidation of the vinyl group of fatty acids to 

form the desired epoxide. Synthesis of epoxidized oleyl oleate by oleic acid 

and oleyl alcohol gave 3.7 oxirane number and 94% yield. Reaction of linoleic 

acid and oleyl alcohol produced 92% of epoxidized linoleyl oleate with 2.7 
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oxirane number. Yield (89%) of epoxidized ricinoleyl oleate was produced by 

the reaction of ricinoleic acid and oleyl alcohol with 1.8 oxirane number. 

 

Wax esters and epoxides were applied as surface coating formulation 

containing adipate esters, fatty acid epoxides, epoxy acrylate, Brij 30, PETIA 

and photoinitiator and dried by UV radiation curing. Coated film from this 

formulation gave good performance during Soxhlet extraction and hardness 

test. In this study, gel content exhibited more than 90.0% polymerization, 

while the pendulum hardness gave 55.3% of hardness. Both analyses were 

significant to determine the effect of irradiation passes. Scratch test was 

carried out to verify the resistant of coating. The highest weight loaded can 

be resisted by the wax esters formulation was 4.5 N.  

 

In order to produce high quality coating formulation, screening of 

compositions of epoxy acrylate was done to reduce the toxicity percentage. 

Samples were formulated containing epoxy acrylates and epoxides from 

epoxidized soybean oil (ESBO) and fatty esters. Both formulations were used 

to improvise the properties of coating by replacing acrylate with epoxides 

and wax esters. In evaluation of coating performance, epoxy acrylate was 

reduced until 75% composition with high quality coatings formulation 

(Formulation 23-24). 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia 
sebagai memenuhi keperluan untuk ijazah Doktor Falsafah 

 

 

PEMBANGUNAN BAHAN PENYALUTAN PERMUKAAN DARIPADA 
ESTER LILIN DAN EPOKSIDA UNTUK INDUSTRI PENYALUTAN 

 

 

Oleh 

NORAINI BINTI ABD GHANI 

Julai 2013 

 

Pengerusi : Profesor Mohd Basyaruddin Abdul Rahman, PhD 

Fakulti     : Sains 

 

Terdapat peningkatan terhadap minat dan permintaan tinggi untuk bahan 

penyalutan yang berkualiti bagi aplikasi ke atas pelbagai bahan. Bahan 

penyalutan mengandungi nisbah produk yang tinggi berasaskan akrilat, 

mempengaruhi kesihatan manusia yang berkaitan dengan ketoksikan, 

terutamanya karsinogenan. Penyelidik berusaha untuk menghapuskan 

bahan ini dengan menggantikannya dengan bahan lain seperti ester lilin dan 

epoksida daripada bahan mentah yang boleh diperbaharui terutama sekali 

tanaman berasaskan minyak. Masalah besar yang dihadapi dengan aplikasi 

ini, ialah ciri penyalutan yang sangat rendah, justeru itu bahan formulasi 

penyalutan perlu dibangunkan untuk memperbaiki ciri penyalutan. 
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Dalam penyelidikan ini, dua model tindakbalas yang berbeza dan satu 

aplikasi akhir formulasi penyalutan dikaji. Pertama, ester dihasilkan sebagai 

pelarut reaktif dalam komponen melalui pengesteran asid lemak. Kedua, 

pengepoksidaan kemo-berenzim dijalankan untuk menghasilkan asid lemak 

terepoksida. Akhir sekali, kedua-dua hasil ini diformulasi untuk digunakan 

dalam formulasi penyalutan. 

 

Sintesis berenzim ester daripada produk oleokimia dan petrokimia dikaji 

dengan menggunakan Novozyme 435 sebagai pemangkin. Enzim 

tersekatgerak lipase telah diaplikasikan sebagai biomangkin berdasarkan 

kepada kelebihan enzim ini dalam larutan berkuantiti besar, seperti tekanan 

terma yang tinggi dan kestabilan pengendalian serta mudah untuk 

diperolehi semula. Keputusan menunjukkan Novozyme 435 merupakan 

enzim yang baik untuk pengesteran asid adipik dengan peratusan hasil yang 

tinggi lebih daripada 95.0%. Keadaan optimum yang digunakan untuk 

pengesteran ester adipat adalah masa tindak-balas 30 minit, pada suhu 50°C 

dan heksana sebagai pelarut. 

 

Pengepoksidaan kemo-berenzim untuk asid lemak iaitu asid oleik, asid 

linoleik dan asid risinoleik juga bermangkinkan Novozyme 435 dan 

hidrogen peroksida; tanpa pelarut. Enzim tersekatgerak digunakan untuk 

memangkinkan pembentukan perasid daripada asid lemak dan hidrogen 

peroksida, yang digunakan untuk pengepoksidaan kumpulan vinil untuk 

menghasilkan epoksida yang diperlukan. Sintesis oleil oleat terepoksida 
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daripada asid oleik dan alkohol oleil memberikan 3.7 nombor oksiran dan 

94% hasil. Tindakbalas asid linoleik dan alkohol oleil menghasilkan 92% 

linoleil oleat terepoksida dengan 2.7 nombor oksiran. Risinoleil oleat (89%) 

terhasil daripada tindakbalas asid risinoleik dan alkohol oleil dengan 1.8 

nombor oksiran.  

 

Ester lilin dan epoksida diaplikasi sebagai formulasi penyalutan permukaan 

yang mengandungi ester adipat, epoksida asid lemak, epoksi akrilat, Brij 30, 

PETIA dan bahan pemula dikeringkan dengan menggunakan teknologi 

radiasi UV. Salutan filem daripada formulasi ini memberikan prestasi yang 

baik semasa pengestrakan Soxhlet dan ujian ketahanan. Dalam kajian ini, 

kandungan gel menunjukkan lebih daripada 90.0% pempolimeran, manakala 

ujian ketahanan memberikan 55.3%. Kedua-dua analisis ini adalah penting 

untuk menentukan kesan bilangan dedahan radiasi. Ujian calaran dilakukan 

untuk memastikan ketahanan salutan. Beban yang paling tinggi yang boleh 

ditampan oleh formulasi ester lilin adalah 4.5 N. 

 

Bagi menghasilkan formulasi penyalutan yang berkualiti tinggi, penyaringan 

terhadap komposisi epoksi akrilat dilakukan untuk mengurangkan 

peratusannya. Sampel diformulasi sama ada mengandungi epoksida minyak 

kacang soya atau ester lemak. Kedua-dua formulasi ini dilakukan untuk 

memperbaiki kriteria penyalutan bagi menggantikan akrilat dengan 

epoksida dan ester lilin. Dalam penilaian prestasi penyalutan, epoksi akrilat 
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dikurangkan sehingga 75.0% komposisi dengan menghasilkan formulasi 

penyalutan berkualiti tinggi (Formulasi 23-24). 
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CHAPTER 1 

 

INTRODUCTION 

 

 

1.1 Background of Research 

 

Wooden materials can be protected from adverse factors such as visible light, 

UV-light, oxygen, heat, humidity and water, biological attack and air pollutants, 

using various protective and decorative finishes such as paints, transparent 

stains and penetrating finishes or film forming clear varnishes (Pascal et al., 

2003). Interest and demand for transparent systems which protect as well as 

show the aesthetic features of wood (color and texture) has always been 

increasing.  

 

Industrial sectors are developing future coatings technology to improve solvent 

based products to environmental friendly systems to meet consumer demand. 

There is high awareness in the synthesis of waxes to serve as ingredients in 

coatings for wooden surfaces, which contribute to minimum pollutants and 

with substrates from renewable resources (Nordblad et al., 2009). The usage of 

wax esters is attractive as they are non-hazardous compounds with good 
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biodegradability. Thus, wax esters have great potential in replacing solvent as 

carrier in formulation of ingredients for surface coating. 

 

Conventional extractions from plant materials and direct biosynthesis by 

fermentation are the two methods for organic esters synthesis. However, these 

methods exhibit high cost of processing and low yields of desired esters and 

therefore, better processes need to be developed to serve as the environmental 

benign processes. Chemical routes normally problems such as poor reaction 

selectivity and extreme reaction condition leading to undesirable side reactions, 

low yields, pollution and high cost of manufacturing. 

 

Previously, traditional chemical epoxidation method with peracetic or performic 

acid were used to oxidize the unsaturated bonds to form epoxy rings (Swern, 

1947). The main drawback with chemical method is the acid-catalyzed side-

reaction of ring-opening, resulting in several by-products (Ikhuoria et al., 2007). 

This conventional method was replaced by chemo-enzymatic epoxidation as an 

alternative, which peracid is usually formed in-situ by hydrogen peroxide 

(French, 1971).  

 

Most of today’s commercial enzymatic processes have a variety of positive 

characteristics, such as high productivity and a lack of undesirable by-product. 

As an alternative, the use of lipases to catalyze these synthesis reactions has 
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recently become a much more promising method (Rejasse et al., 2003), as a green 

and environmentally benign process. Lipase catalysis offers greenness and more 

energy-efficient means of production than chemical processes, leading to fewer 

by-products, simpler product recovery and less waste generation (Tornvall and 

Hatti-Kaul, 2007). 

 

Lipase-catalyzed reactions are superior to conventional chemical methods 

owing to high catalytic efficiency and the inherent selectivity of the natural 

catalysts which results in much purer products with greater rapidity under mild 

reaction conditions (Hasan et al., 2006). In recent years, enzyme catalyzed 

reaction has been widely understood and able to produce high purity product at 

mild temperature and atmospheric pressure (Chaibakhsh et al., 2009; Abdul 

Rahman et al., 2004).  

 

In this work, studies were carried out as follows; (1) production of high yield 

esters as reactive diluents in coating formulation, (2) production of epoxides as 

formulation’s ingredient through chemo-enzymatic epoxidation, and (3) 

formulation and application of coating ingredients. Pure lipase from Candida 

rugosa and immobilized lipases (Novozyme 435 and Lipozyme RM IM) were 

screened to obtain suitable catalyst. Novozyme 435 was selected to catalyze 

esterification of wax esters based on preliminary result. In chemo-enzymatic 

epoxidation reaction, Novozyme 435 was used to catalyze formation of peracid 



© C
OPYRIG

HT U
PM

 4 

from fatty acid and hydrogen peroxide (in situ) for the epoxidation of the 

carbon-carbon double bond to form the desired epoxide. Wax esters and 

epoxides were utilized as reactive diluents in coating formulations. 

 

 

1.2  Problem Statements 

 

Surface coating is meant to have bi-functional purposes, as protection and 

decoration. Formulations of surface coatings with UV curable technology are 

used worldwide. In Malaysia, wood coatings market comprises mainly of 

nitrocellulose based coatings, acid cured and polyurethane coatings. In order to 

achieve export earnings, furniture industries need to alternate from the mass 

market into designed products for targeted niche market (Al- Mahdi et al., 2007). 

The UV curable technology will increase the quota of high value-added 

products for exportation. However, until now, there is no local production of 

UV curable wood coating. 

 

Rising concern for more environmentally benign products initiates the 

development for substitution of acrylate esters and solventless formulation. 

Acrylate esters have been known as hazardous substances could correlate to 

toxic effects, such as skin sensitization, mutagenicity and carcinogenicity, 

respiratory allergy, organ toxicity and necrosis (Aptula et al, 2006; Chan et al., 
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2007). Even though organic solvents offer several advantages in enzymatic 

reactions and coating formulations, their usage in industrial processes are 

undesirable. Utilization of organic solvents requires expensive post-treatments 

actions, larger reactors, auxiliary equipments and inhibition effects on the 

enzyme (Tufvesson et al., 2007). The main disadvantage with organic solvents in 

coating formulations is they release volatile organic compounds (VOCs) to the 

atmosphere that can affect the environment via greenhouse effect and human 

health (Garcia and Suay, 2007; Stropp et al., 2006).  

 

 

1.3  Objectives 

 

The objectives of this research are to: 

1) Synthesize wax esters (C30-C42) and epoxide esters using immobilized 

enzyme by esterification and chemo-enzymatic epoxidation. 

2) Formulate adipate wax esters and epoxides as ingredients in coatings 

for wooden surfaces with solventless system. 

3) Study the effect of irradiation doses to the hardness and gel content of 

coated surface. 

4) Evaluate the performance of adipate wax esters and epoxides as surface 

coatings by mechanical properties tests. 
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Materials 

 

The chemicals used in this project are listed below with the names of supplier and 

were used as received without purification, unless otherwise stated. 

 

Solvents Manufacturers 

Acetic acid Merck, Germany 

Acetone J.T Baker, U.S.A 

Chloroform J.T Baker, U.S.A 

Dichloromethane Sigma-Aldrich, USA 

Diethyl ether Merck, Germany 

Ethanol J.T Baker, U.S.A 

Hexane J.T Baker, U.S.A 

Heptane Merck, Germany 

Toluene J.T Baker, U.S.A 

 

Substrates Manufacturers 

Arachidyl alcohol J.T Baker, U.S.A 

Myristic acid, 99% Merck, Germany  
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Oleic acid, 80% Tokyo Kasei Co. Ltd., Japan  

Palmityl alcohol J.T Baker, U.S.A  

Palmitic acid, 98% Merck, Germany 

Stearic acid, 95% J.T Baker, U.S.A 

1,5-Pentanediol J.T Baker, U.S.A 

 

Chemicals Manufacturers 

Benzophenone Merck, Germany 

Brij 30 Sigma Aldrich, USA 

Brij 93 Sigma Aldrich, USA  

Coomassie Brilliant Blue G-250 Fluka, Japan 

Darocur® 1173 Ciba, Switzerland 

Ebecryl 600 (EB600) UCB Chemicals, Belgium  

Hydrogen Peroxide, 30% Mallinckrodt Baker, Mexico 

Irgacure 500 Ciba, Switzerland 

N-methyldiethanolamine Sigma Aldrich, U.S.A 

Pentaerythritol acrylate UCB Chemicals, Belgium 

Phenolphthalein Sigma-Aldrich, USA 

Phosphoric acid J.T Baker, U.S.A 
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ρ-anisaldehyde Merck, Germany 

Sodium hydroxides Mallinckrodt Baker, Mexico 

Span 20 Fluka, Germany 

Span 40 Merck, Germany 

Triethylamine Sigma Aldrich, U.S.A 

Tween 20 Merck, Germany 

Tween 40 Merck, Germany 

Tween 60 Merck, Germany 

Tween 80 Merck, Germany 

Tween 85     Merck, Germany 
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Thin layer chromatogram of; (a) Dioleyl adipate. Developing 

Solvent:Chloroform: Hexane (8:2 v/v). Rf = 0.85. (b) Dilauryl adipate Developing 

Solvent:  Chloroform: Dichloromethane (95:5 v/v) Rf = 0.57.   

 

(a) 

 

 

(b) 
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Thin layer chromatogram of; (a) Epoxidized oleate. Developing Solvent: 

Chloroform: Hexane: Acetic acid (8:2:0.1 v/v), Rf = 0.6; (b) Epoxidized linoleate. 

Developing Solvent: Chloroform: Hexane: Acetic acid (5:5:0.1 v/v) Rf = 0.85). (c) 

Epoxidized ricinoleate. Developing Solvent: Chloroform: Hexane: Acetic acid 

(5:5:0.1 v/v) Rf= 0.7).   

              

 

 

(a)                        (b)                          (c) 
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