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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.



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



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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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.



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 wuntuk 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

Vi



dikurangkan sehingga 75.0% komposisi dengan menghasilkan formulasi

penyalutan berkualiti tinggi (Formulasi 23-24).

vii
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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



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



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



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.,



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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A METHOD FOR PRODUCING ADIPATE ESTER

FIELD OF INVENTION -

The present mventron relates to the development of a hlghly stable’ btocatalyst such as

. 1rmnobrlrzed enzyme for the synthe51s of hrgh added—value esters. More partrcularly, the
. - present mventron provrdes a process for producmg wax ester preferbally adipate esters.
10

" BACKGROUND OF THE INVENTION

15

7I-Ad1pate esters whrch are. derrved from cornpounds of C6 strarght-cham drcarboxyhc
'. adrprc acrd and alcohol are of consrderable 1ndustr1al mterest compared with the ordinary
“esters especrally in petrochernrcal mdustrres The excellent properties of ad1prc esters
‘. '»such as its low toxrcrty, good thennal stabrlrty, low volatrhty ‘and high biodegradability

. make it a very useful compound and srgmﬁcant to many mdustnal apphcatrons especrally‘

Cin domestrc, health care products, and lubricant mdustrres

20

25

30

‘Adtpate esters ate produced by reactmg an ad1p1c ‘acid and an alcohol at high

"-‘temperatures in the presence of metal or chemrcal catalysts "llns method leads to

undesrrable side reactions and degradatxon of esters The use of those catalysts exposed to

toxrclty and corrosmn Reactron wrth homogenous chermcal catalysts are usually time

' consummg and also grve relatrvely low ylelds Estenﬁcatron reactlon is a reversrble

‘ process, hence the fong time reaction may result m hydrolysrs reaction.

' l‘At the present, the use of homogenous chemrcal catalysts for producmg adrpate esters
: may lead to several problems such as separatron of products, hazards i in handling of the
: icorrostve acrds, lngh energy consumptron and degradatron of esters Thus, mterests have

'grown on the use of green synthesrs of esters 1n orgamc medrum catalyzed by using

umnobrlrzed enzyme
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However, for future industrial scale enzymatic production of adipate esters, it would be
beneficial to simplify the reaction conditions as much as possible. Recently, optimization
of enzyme-catalyzed production of various esters by Response Surface Methodology
(which is an efficient statistical technique for optimization of multiple variables) and
Artificial Neural Network (which estimates the response based on the trained data) has

been investigated.

SUMMARY OF THE INVENTION

Accordingly, the object of the invention relates to a method of producing purified wax
adipate ester. The method includes the steps of; mixing adipic acid with alcohol to obtain
a mixture, adding a solution of enzyme into the mixture, shaking the mixture to form a
homologous mixture, incubating the mixture for at least 2 hours, obtaining a product

containing purified adipate ester; calculating percentage of the adipate ester;

Further to that, the mixture is incubated between 30 °C and 70 °C and the enzyme
consists of immobilized lipases. The immobilized lipases that is preferred includes
Candida rugosa, Rhizomucor miehei (Lipozyme RM IM), and Candida antartica
(Novozym 435). Based on the method, the obtained product is adipate esters and the said
product having at least a percentage between 35% and 90% of purified adipate ester(s).
The method also further includes optimization using Response Surface Methodology

(RSM), wherein the optimization produced a yield of at least 95% and above.

The Adipate esters which is produced from methods above having excellent properties of
adipic esters such as its low toxicity, good thermal stability, low volatility and high
biodegradability make it a very useful compound and significant to many industrial
applications especially in domestic, health care products, and lubricant industries. The

invention will be formulated as one of the ingredient in wood coating formulations.
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Another application is as a plastic syringe which will be used in medical area because of
its excellent properties. This invention was produced at mild conditions, which prevent
degradation of starting materials and reduce side reactions. The use of immobilized
enzyme has become a valid approach due to its special features which allow the
reutilization of the enzyme and better separation of products. Furthermore, the percentage
of yield is high and optimization was done using RSM which reduced number of
experimental runs needed to provide sufficient information for statistically acceptable

result.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 represents percentage conversion of adipic acid and alcohol in various

temperatures.

Figure 2 represents the relative yield of the product obtained in various temperatures.
Figure 3 represents infrared spectrum of the adipate ester.

Figure 4 represents schematic diagram of artificial neural network (ANN)

Figure 5 represents mean squared error vs. epAoch (cycle) during the training process

Figure 6 represents ANN correlation between the observed and predicted adipte ester

yield.

Figure 7 represents response surface plot showing the effect of molar ratio, time and their

interaction on the synthesis of adipate ester.

Figure 8 represents response surface plot showing the effect of temperature, reaction time

and their interaction on the synthesis of adipate ester
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BRIED DESCRIPTION OF THE INVENTION

The present invention discuss on the development of a highly stable biocatalyst such as
immobilized enzyme for the synthesis of high added-value esters. The use of
immobilized enzyme has become a valid approach due to its special features which allow
the reutilization of the enzyme and better separation of products. Application of lipases in
various biochemical modifications of fats and oils is well established, several
dicarboxylic adipate esters produced in the present invention are useful as surfactants or
chemicals additives. Accordingly, the object of the invention relates to a method for
producing a high quality and purity wax adipate esters. In addition to that, the present
invention also produces a high yield of adipate esters by esterification reaction of
dicarboxylic acid preferably adipic acid with at least one alcohol in the presence of
lipase. Further to this, the invention describes in detail on an improve method to carry out
the above method on large-scale basis to produce a product such as adipate ester(s). The
product is optimized by using RSM/ANN .Further to the method, the present invention
related to a method for producing adipate ester by enzymatically esterifiying dicarboxylic
acid preferably adipic acid with at least one alcohol which contains 2 to 18 carbons per
molecule. In the preferred embodiment of the present invention, the adipic acid is derived
from cyclohexane. In another embodiment of the present invention the adipic acid may be
derived from other petrochemical-based compounds. The alcohol used in the present
invention can be linear or branched alcohol contains 2 to 18 carbons per
molecule.Adipate ester(s) is developed by mixing adipic acid and alcohol in a shaker. A
sutajible mixture is obtain when adipic acid and alcohol is placed in a shaker and
continuously shaking the shaker at temperature in the range from about 30 °C to 70 °C.
Further to this, an esterification reaction is carried out with organic solvent as a medium
and with enzyme as the biocatalyst. An immobilized lipase enzyme is chosen as a
biocatalyst in the reaction mixture to facilitate the esterification reaction. The
immobilized lipase is recycled with the selectivity of the immobilized lipase and purity of

the product is controlled.
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The effect of parameters on the reaction and their interaction on the production of ester is
investigated by use of RSM, Central Composite Rotatable Design (CCRD). To train an
ANN model a set of data containing inputs and outputs are fed. The same experimental
data used in each RSM design is used as the training data of the ANN. The excellent
properties of adipic esters such as its low toxicity, good thermal stability, low volatility
and high biodegradability make it a very useful compound and significant to many
industrial applications especially in domestic, health care products, and lubricant

industries.

DETAILED DESCRIPTION OF THE INVENTION

The invention will now be described in more detail by reference to the following Figures
and Examples. The following examples are provided for illustrative purposes only and

are not intended to limit the invention.

According to the present invention, process for producing adipate ester comprises
esterifying adipic acid compound with at least one alcohol in the presence of lipase as a
catalyst and an organic solvent as the medium. In the preferred embodiment of the
present invention, stated adipic acid is derived from petrochemical-based compounds

whereas said alcohol is an alcohol with 2 to 18 carbon atoms per molecule.

Continuous shaking is applied to the reaction mixture and the mixture is allowed to
proceed for 2 hours. Later, the reaction mixture is separated from the biocatalyst by

filiration. The separated biocatalyst is then recycled and washed with organic solvent.

In the preferred embodiment of the present invention, the immobilized lipase is used.
Immobilized lipase has the advantages by easy separation from the product and the
reusability is allowed. Lipase is highly selective towards certain bonds and specific with
respect to their substrates. Easy separation will permit efficient handling of the process

while the reusability of lipase will allow for cost reduction and higher production.
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The immobilize lipases that used in the present invention are Candida antartica
(Novozym 435) or Rhizomucor miehei (Lipozyme RM IM). Both lipases are measured in
the same amount if applied. The protein content of the mixture is controlled to maximize

the adipate ester product.

In addition, it is preferred to use adipic acid compound derived from petrochemical—-
based cyclohexane.The ratio of adipic acid to alcohol is set to 1:2. In the preferred
embodiment of the present invention, to get highest percentage conversion of adipic acid
and alcohol to adipate ester, adipic acid and alcohol will be supplied at a mole ratio in the
range of 1:1 to 1:6 with preferably 1:2 for short chain and 1:4 for medium chain length of
alcohol used. The reaction is carried out in temperature with range from 30 °C to 70 °C
with preferably 50 °C. In the present invention, the mixture undergoes continuous
shaking in controlled temperature. Changing in the reaction temperature can be assigned
to its effect on substrate solubility as well as its direct influences on the reaction rate,
enzyme stability and activity.The percentage conversion is calculated based on the
titration result compared with relative volume of substrate to product. In the present
invention, the titration is performed after filtration of biocatalyst. NaOH neutralized the

acidity of the reaction product until in excess to pH 10.

Adipate ester obtainable from the method according to the present invention is di(2-

methyl-1-propyl) adipate which presented by formula (1):

(CH3)2CHCH202C(CH2)4CO2CH2CH(CH3)2  Formula 1

The present invention can be performed in various ways, but certain detailed routes

embodying the present invention will be illustrated in the following examples.
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EXAMPLE 1

A batchwise operation was carried out on a laboratory scale. Adipic acid (2.0 mmol) was
weighed and placed in 6 sample vials each. Isobutanol (4.0 mmol) was added into the
each vials followed by n-hexane (15.0 ml) as solvent. Then, lipase (0.3g) was added into
three of the six vials and all vials were closed tightly. The reaction mixture of samples
and control (sample without lipases) were incubated at 30 °C in a horizontal water bath

shaker with shaking speed of 150 rpm continuously for 2 hours.

The reaction was terminated after 2 hours by diluting the sample with 3.5 ml of
ethanol/acetone (1:1 vol / vol). The remaining free adipic acid in the reaction mixture was
determined using a titration with 0.1M of NaOH until an end point of pH 10.0 which was
detected by auto-titrator Metler-Toledo Metrohm equipment. The activity of lipase of
each reaction was expressed as percentage of converted adipic acid. After that, the

percentage of yield and relative yield were calculated.

The product has a relative yield about 88.36%. FT-IR: showed the sharp peak at 1736.00
cm-1 represented the existence of (C=0) bond for ester. The highest intensity for this
peak strongly proved the presence of ester group in the compound. The presence of (C-O)
bond in the compound was shown by the peak at 1176.00 cm-1 while the peak for alkyl
groups were shown at 1464.00 cm-1 and 1378.00 cm-1, and the peak for alkanes was
shown at 2960.00 cm-1.

EXAMPLE 2

Example 1 was repeated. The mixture was heated to 30°C in a water-bath shaker. The

reaction was allowed to proceed for 1 h. The yield was about 39.16%.
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EXAMPLE 3

Example 1 was repeated. The mixture without organic solvent was heated to 55 °C in a
water-bath shaker. The reaction was allowed to proceed for 2 h. The yield is about
78.03%.

EXAMPLE 4

Fitting of the data to the various models (linear, two factorial, quadratic and cubic) and
their subsequent analysis of variance (optimization study) showed that the synthesis of
adipate ester was suitably described with quadratic polynomial model. The very small p-
value (0.0001) and a suitable coefficient of determination, Ry = 0.9660, showed that the
quadratic polynomial model was highly significant and sufficient to present the actual

relationship between the response and the significant variables.
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CLAIMS

1. A method of producing purified wax adipate ester , wherein the method comprising
the steps of:
a) mixing adipic acid with alcohol to obtain a mixture,
b) adding a solution of enzyme into the mixture from step (a)
¢) shaking the mixture from step (b) to form a homologous mixture;
d) incubating the mixture from step (c) for at least 2 hours;
¢) obtaining a product containing purified adipate ester;

f) calculating percentage of the adipate ester;

2. The method as claimed in claim1, wherein the mixture is incubated between 30 °C and
70 °C.

3. The method as claimed in claim1, wherein the enzyme consists of immobilized lipases.

4. The method as claimed in claim 3, wherein the immobilized lipases including Candida

rugosa, Rhizomucor miehei (Lipozyme RM IM), and Candida antartica (Novozym 435),

6. The method as claimed in claim1, wherein the product obtained having at least a

percentage between 35% and 90% of purified adipate ester.
7. The method as claimed in claim! further includes optimization using Response
Surface Methodology (RSM), wherein the optimization produced a yield at least 95%

and above,

8. Adipate esters is produced from any of the preceding method claims 1 to 7.
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Figure 1: Percentage conversion of adipic acid and alcohol in various temperatures.
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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, US.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%

Palmityl alcohol

Palmitic acid, 98%

Stearic acid, 95%

1,5-Pentanediol

Chemicals

Benzophenone

Brij 30

Brij 93

Coomassie Brilliant Blue G-250

Darocur® 1173

Ebecryl 600 (EB600)

Hydrogen Peroxide, 30%

Irgacure 500

N-methyldiethanolamine

Pentaerythritol acrylate

Phenolphthalein

Phosphoric acid

Tokyo Kasei Co. Ltd., Japan

J.T Baker, US.A

Merck, Germany

J.T Baker, US.A

J.T Baker, US.A

Manufacturers

Merck, Germany

Sigma Aldrich, USA

Sigma Aldrich, USA

Fluka, Japan

Ciba, Switzerland

UCB Chemicals, Belgium

Mallinckrodt Baker, Mexico

Ciba, Switzerland

Sigma Aldrich, US.A

UCB Chemicals, Belgium

Sigma-Aldrich, USA

J.T Baker, U.S.A
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p-anisaldehyde

Sodium hydroxides

Span 20

Span 40

Triethylamine

Tween 20

Tween 40

Tween 60

Tween 80

Tween 85

Merck, Germany

Mallinckrodt Baker, Mexico

Fluka, Germany

Merck, Germany

Sigma Aldrich, US.A

Merck, Germany

Merck, Germany

Merck, Germany

Merck, Germany

Merck, Germany
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Thin layer chromatogram of; (a) Dioleyl adipate. Developing
Solvent:Chloroform: Hexane (8:2 v/v). R¢ = 0.85. (b) Dilauryl adipate Developing
Solvent: Chloroform: Dichloromethane (95:5 v/v) R¢= 0.57.

Dioleyl adipate

Oleyl alcohol

Dilauryl adipate

Lauryl alcohol
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Thin layer chromatogram of; (a) Epoxidized oleate. Developing Solvent:
Chloroform: Hexane: Acetic acid (8:2:0.1 v/v), R¢ = 0.6; (b) Epoxidized linoleate.
Developing Solvent: Chloroform: Hexane: Acetic acid (5:5:0.1 v/v) R¢ = 0.85). (c)
Epoxidized ricinoleate. Developing Solvent: Chloroform: Hexane: Acetic acid
(5:5:0.1 v/v) R¢= 0.7).

(@) (b) (©)
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