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INTRODUCTION

Over the past decade, palm oil has become dominant in the global trade 
of vegetable oils (which include soyabean, canola, linseed, rapeseed, corn, 
cottonseed, peanut, sesame and sunflower) despite the controversy raised 
by the western media regarding the sustainability of its production and 
health issues. This is due to several advantages offered by palm oil over ac-
tual and potential alternatives in terms of versatility, productivity, price and 
volume availability (Shimizu and Desrochers, 2012). Oil palm is considered 
a golden crop because of its high efficiency of production (Figure 1). 

Malaysia is one of the major 
global producers of palm oil. Ac-
cording to data from the Malaysian 
Palm Oil Board, in 2014, Malaysia 
produced 19.7 million tonnes of 
palm oil, which is about 33% of 
total world palm oil production – 
coming behind Indonesia (at 30.8 
million tonnes or 51%) which is the 
world’s largest producer (Anon., 
2014; Mielke, 2015; MPOB, 
2015). Palm oil is Malaysia’s 6th 
major export product in 2014 (Fig-
ure 2) (Department of Statistics, 
2014). This indicates that the palm 
oil industry growth in Malaysia is 
viable and significant, and is very 
important in driving the economic 
development of the country.

Source: Anon. (2011).

Figure 1. Palm oil efficiency over some major oilseed crops (as of 2011). 

Oil palm products can poten-
tially be developed in three major 
industries, which are: food, non-
food and oleochemical; there is 
also the biomass and fibre compos-
ite sector. Between 80%-90% of 
palm oil production is dedicated to 

human food consumption, either 
as frying and cooking oil or as an 
ingredient in a wide range of food 
products. Common food products 
derived from palm oil and palm 
kernel oil (whole or blended with 
other oils) include shortenings, 
vegetable ghee or vanaspati, mar-
garines and spreads, confection-
ary and non-dairy products (Din, 
2014).

Palm oil in non-food applica-
tions contributes less than 20% of 
total consumption. The derivatisa-
tion of the fatty acids (derived from 
the process of splitting triglycer-
ides) through continuous research 
and development (R&D) and in-
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Source: Department of Statistics, Malaysia (2014).

Figure 2. Malaysia’s total exports in 2014.

Source: Anon. (2012).

Figure 3. Section of oil palm fruit. 

novation, has witnessed fast-paced 
growth in the oleochemical down-
stream industry. Several examples 
of the use of palm oil, either as 
intermediate or final oleochemicals 
products, include soap, surfactants 
and detergents, cosmetics and 
personal care, agro and industrial 
products. 

Figure 3 shows that two types 
of oil can be obtained from the oil 

palm fruit: crude palm oil (from 
the fibrous mesocarp) and crude 
palm kernel oil (from seed kernel). 
These two oils have totally differ-
ent composition of fatty acids. 
Over 50% of the fatty acid com-
ponents in palm oil  contain olefinic 
double bond(s) except for palmitic 
acid (Figure 4) with carbon chain 
lengths between C16 and C18 
(Anon., 2011). On the other hand, 
palm kernel oil (PKO) contains 

fatty acids of short-chain (C8 and 
C10) and medium-chain (C12 and 
C14) lengths as the major compo-
nents, with a composition which is 
actually closer to that of coconut 
oil (Table 1).

Basic oleochemicals are divided 
into four groups namely fatty acids 
(ca. 52%), the respective methyl 
esters (ca. 11%), amines (ca. 9%) 
and alcohols (ca. 25%). Glycerol 
is added later into the list, because 
it is produced in a large amount 
as a by-product during the manu-
facture of fatty acid methyl esters 
(biodiesel) in response to the dra-
matic increase in biodiesel demand 
as well as becoming an important 
material with many uses (Gunstone 
and Hamilton, 2001). In the oleo-
chemical manufacturing industry, 
PKO plays an important role due to 
its short- and medium-chain length 
fatty acid contents. Nearly 60% of 
PKO is used as oleochemical feed-
stock, whereas palm oil contributes 
to only 5% of the total (Rupilius 
and Ahmad, 2007). It is worth 
pointing out that PKO represents 
only 10%-13% of the total pro-
duction volume of palm oil (Basiron 
and Amiruddin, 1994).

 
Functionalisation of the double 

bond in the unsaturated fatty acids 
will add significant value to the 
modified material due to its higher 
biodegradability property and low 
toxicity. Several transformations 
that can be done on the double 
bond include oxidation, C-C 
bond forming addition, and 
metathesis  using chemical (Rybak 
et al., 2008) and biotransformation 
(Bornscheuer, 2003). In the 
industrial processes, a few 
reactions that can be applied to the 
unsaturated fatty acids include (but 
are not limited to) hydrogenation, 

Palm fruit contains semi-
solid fat, rich in palmitic acid, 
and also rich in carotenoids, 
phytosterols and vitamin E.

Palm kernel oil, from the 
pith, is high in lauric acid and 

myristic acids.

2014
TOTAL EXPORTS: RM 766.13 billion

(increased 6.4% from 2013)

Optical & Scientific 
Equipment 

RM 23.64 bil 
3.1%

Rubber Products
RM 18.00 bil 

2.4%

Other Products
RM 144.98 bil 

18.9%

Electrical & 
Electrical 
Products

RM 256.15 bil 
33.4%

Petroleum 
Products 

RM 70.36 bil 
9.2%LNG

RM 64.29 bil 
8.4%

Chemical & 
Chemical Products

RM 51.51 bil 
6.7%

Palm Oil
RM 46.95 bil 

6.1%

Crude Petroleum
RM 33.79 bil 

4.4%

Machinery, 
Appliances & Parts

RM 30.01 bil 
3.9%

Manufacturers of 
Metal 

RM 26.45 bil 
3.5%
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ozone cleavage and epoxidation 
(Biermann et al., 2011).

VALUE ADDITION OF 
PALM-BASED FATTY ACIDS 
THROUGH EPOXIDATION

Epoxidation is one of the oxidation 
reactions for transforming unsatu-
rated fatty acids into highly versatile 
intermediate epoxides via chemical 
and biotransformation. Epoxidised 
fatty acids derived from vegetable 
oils are found to have highly po-
tential as renewable bio-based ma-
terial. The highly strained oxirane 
ring is susceptible to a wide range 
of reagents – nucleophile, electro-
phile, acid, and base – thus, making 
it important for the transformation 
of alkenes. Due to the high reactiv-
ity of oxirane and its oxygen con-
tent, a wide range of chemicals can 
be derived from epoxidised fatty 
acids, for example, polyols, glycol, 
carbonyl compound, lubricants and 
plasticisers for polymers. This is fur-
ther discussed later.

Oxygen transfer to the dou-
ble bond can be achieved via two 
pathways: single oxygen donor (for 
example, H2O2, organic peroxides, 
peracids) and radical epoxidation 

(for example, using molecular oxy-
gen, O2 with different catalysts). 
Various procedures have been de-
veloped for the epoxidation of un-
saturated fatty acids using different 
types of catalysts (homogeneous 
and heterogeneous), under differ-
ent conditions, and via chemicals 
and bio-enzymatic transforma-
tions. 

At MPOB, epoxidation is com-
monly carried out using hydrogen 
peroxide (as an oxygen donor) and 

formic acid forming peracid in situ, 
and this is known as Prilezhaev re-
action (Figure 5) which is applicable 
on an industrial scale. The epoxida-
tion of methyl ester of palm fatty 
acid distillate has been reported by 
Lee et al. (2009) with 98% con-
version to the epoxide ring within       
3 hr at 50oC. We have successfully 
scaled up this reaction to 800 kg 
batch-1 on a pilot plant scale (Ha-
zimah et al., 2011). Epoxidation of 
PKO has been reported previously 
by Salimon and co-worker using 
the same reagents (Ni and Salimon, 
2012).

APPLICATIONS OF 
EPOXIDISED PALM-BASED 
PRODUCTS

Generally, further application of the 
oils as oleochemicals is determined 
by the fatty acid composition (Hill, 
2000). For example, palm kernel oil 
is a suitable raw material for fur-
ther processing into a surfactant 
as these fatty acids mainly com-
prise C12 and C14. Oils and fats 
containing long-chain fatty acids 
(C18 and above), such as palm, 

TABLE 1. COMPARISON OF FATTY ACID COMPOSITION OF SEVERAL OILS

Fatty 
acids PO Tallow PKO

Coconut 
oil

C6:0 - - 0.3 0.2

C8:0 - - 4.4 8.0

C10:0 - - 3.7 7.0

C12:0 0.23 - 48.3 48.2

C14:0 1.09 2.5 15.6 18.0

C16:0 44.02 26.6 7.8 8.5

C18:0 4.54 21.8 2.0 2.3

C18:1 39.15 42.8 15.1 5.7

C18:2 10.12 2.3 2.7 2.1

C18:3 0.37 - - -

                  Source: Rosnah and Hazimah (2015).

 Source: Anon. (2011).

Figure 4. Fatty acid composition in palm oil.

Palmitic acid (C16:0), 39%-45%

Oleic acid (C18:1), 39%-40%

Linoleic acid (C18:2 cis, cis-9, 12), 10%-11%

Linoleic acid (C18:3 cis, cis-9, 12), trace mount
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soyabean, rapeseed and sunflower 
oils as well as animal fats like tal-
low, are used for applications in the 
polymer industry and in lubricants 
(Kreienfeld and Stoll, 1997).

Stabilisers/Plasticisers for Rubber 
and PVC

One of common applications 
of epoxidised fatty acids is as plas-
ticisers and hydrogen chloride ac-
ceptors used in polyvinyl chloride 
(PVC) because HCl evolved when 
PVC exposed to heat and/or light 
may cause the development of un-
desirable colour and rapid deterio-
ration of the polymer (Greenspan 
and Gall, 1953; Swern, 1955).

Surface Coatings

Corrosion is a common prob-
lem faced in our daily lives. The 
idea of using renewable resources 
in coating technology is crucial as 
an effort to reduce our reliance on 

non-renewable petroleum-based 
products (Alam et al., 2014). Fur-
thermore, the development of 
coating materials from renewable 
sources such as vegetable oil can 
incur lower cost in large-scale pro-
duction due to their availability. 
Naturally occurring epoxidised oil 
(such as oil from Euphorbia lagas-
cae and Vernonia galamensis) is 
uncommon. However, in the case 
of palm oil, the active functional 
groups it contains can play an im-
portant role in the production pro-
cess.

Epoxides of methyl ester of 
oleic acid have been reported 
to have good corrosion inhibi-
tor property and are useful as 
polymeric binders (Feldmann and 
Schäfer, 2001); these are important 
properties as the coating materials 
attributed to the long hydrophobic 
chains of the fatty acids also con-
tribute to high flexibility of the sub-
stance.

Lubricants

A lubricant is a substance 
employed to reduce wear or tear 
of one or both surfaces in mutual 
contact and moving relative to 
each other. In general, vegetable 
oils possess most of the necessary 
lubricity properties such as good 
contact lubrication, high viscosity 
index (lowest changes in viscosity 
with temperature), high flash point 
and low volatility. In 2009, Musa 
reported the evaluation of PKO for 
its properties as a lubricant. The 
properties of PKO were compared 
to heavy duty oil (SAE 40) and light 
duty oil (SAE 30), and it was shown 
that PKO is a promising base 
oil for the production of value-
added lubricating products with 
comparable properties that meet 
SAE specifications (Table 2) (Musa, 
2009). Nevertheless, there are still 
shortcomings in some properties 
that require modification such as 
poor low-temperature properties, 
susceptibility towards oxidative 
degradation and a tendency to 
undergo hydrolysis under acidic 
conditions (Campanella et al., 
2010).

 
In 2012, Loh and Choo 

investigated the effect of palm 
oil methyl ester (POME) blended 
into palm olein for application 
as a lubricating oil. The overall 
polarity of the palm olein-
triglyceride molecules increased 
with the addition of POME. The 
lubricity property of the base 

TABLE 2. COMPARISON OF PROPERTIES OF PALM KERNEL OIL (PKO) AND OTHER LUBRICANTS 

Property Flash point 
(oC)

Fire point 
(oC)

Pour point 
(oC)

Specific density 
(mg ml-1)

Viscosity @ 
40oC (cst)

Viscosity @ 
100oC (cst)

PKO 242 251 22 0.886 115.55 8.10

SAE 40 260 300 9 0.868 159.20 15.87

SAE 30 243 290 21 0.895 104.00 12.00

Figure 5. Mechanism for epoxide formation mediated by peracids.
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fluid blends (up to 10% POME) 
was enhanced as indicated by the 
4-ball extreme pressure test. Due 
to reduced viscosity, addition of 
POME at levels higher than 10% 
was found to promote higher wear 
characteristics.

 
A study on the production of 

polyols with branched ether and 
ester compounds, with epoxidised 
vegetable oils as the intermediates, 
was carried out to improve the 
properties. The epoxides were sub-
jected to a ring-opening reaction 
under acidic conditions to produce 
alcohols which were then subjected 
to esterification reactions (Adhvar-
yu et al., 2002).

Polyurethane Production

Reaction of epoxygenated fat-
ty acids with low-molecular-weight 
mono- or polyfunctional alcohols 
or acids via ring-opening of the 
oxirane afforded the use of polyols 
for the polyurethane system. Large 
scale production of polyols (800 kg 
capacity per batch) has been suc-
cessfully carried out at MPOB to 
produce several types of polyols 
(Tuan Noor Maznee et al., 2006). 
Fatty acid-based polyol with low 
viscosity and of light colour was 
produced in a three-step reaction 
as reported by Hoong et al. (2008). 
This type of polyol is suitable for 
the CASE (coating, adhesive, seal-
ant and elastomer) industry (Hazi-
mah et al., 2005). Several parame-
ters such as temperature, pressure, 
catalyst loading, molar ratio and 
reaction time were studied. In each 
step, a different factor has a differ-
ent influence on the properties of 
the product.

 
Norhayati et al. (2013) report-

ed the use of K10 Montmorillonite 

as a catalyst in the alcoholysis of 
epoxidised palm olein to produce 
palm-based polyol. Polyols can also 
serve as raw material in the produc-
tion of some daily used products 
such as carpet underlay, sandwich 
panels and head rests (Hazimah 
et al., 2011a; Shaari et al., 2006). 
Polyols can also be used in a wide 
range of coatings, from thin deco-
rative or protective coating to in-
dustrial flooring applications, due 
to their relatively low viscosity and 
compatibility with methylene di 
(phenylisocyanate) (MDI) (Hoong 
et al., 2005; Ooi et al., 2006). 

 
Polyurethane (PU) is a type 

of polymer prepared by subject-
ing polyol to di- or polyisocyanate. 
Various types of palm-based polyu-
rethanes have been investigated 
for decades depending on the for-
mulation (Hazimah et al., 2011a). 
The PU products can be rigid, 
semi-rigid or flexible, and have a 
wide range of applications in the 
manufacturing industry, such as 
building, furniture and decorative 
items (Tuan Noor Maznee et al., 
2006).

 
A new class of palm-based PU 

sheet has been developed and can 
potentially be used as table cloth, 
and fabrics for automobile seats, 
cushions and furniture (Hazimah 
et al., 2007; Mohd Norhisham et 
al., 2007). Self-levelling polyure-
thane or epoxy/polyurethane mul-
tilayer systems are widely used in 
the flooring industry because of 
the good chemical and mechanical 
properties (such as minimal shrink-
age, high mechanical strength and 
durability, and reasonable cost of 
installation) offered by these mate-
rials. Apart from that, they can also 
be used to bind porous filler ma-

terials and rubber particles to pro-
duce composites for sport tracks 
and playing fields (Höfer, 1999).

 
Arniza et al. (2015) recently 

reported on the production of me-
dium density rigid PU foam hav-
ing better insulation properties by 
the incorporation of transesterified 
palm olein-based poyol. This polyol 
was prepared in a three-step reac-
tion pathway involving ring-open-
ing of the corresponding epoxi-
dised transesterified palm-olein.

 
MPOB has also produced 

palm-based polyol on a pilot plant 
scale, and has filed several patents 
on the process of producing differ-
ent types of polyol (Hoong et al., 
2009; Hazimah et al., 2011b).

Material for the Synthesis of 
Radiation Curable Resins

Epoxygenated palm olein 
acrylate derived from the respec-
tive epoxide was studied for use in 
the synthesis of radiation curable 
resins (Mohd Nor et al., 1992). The 
presence of the ‘high strain energy’ 
rings on the fatty acid chains pro-
mote cross-linking when the epoxy 
resin is cured. The higher the num-
ber of epoxy rings that are opened 
by the process, the more cross 
linking can occur, and the higher 
the quality of the resulting plastic 
(Goud et al., 2007).

Surfactants

Most of the commercial ionic 
and non-ionic surfactants are de-
rived from C12 and C14 fatty acids 
which are abundant in PKO. Fatty 
acids with longer carbon chains are 
barely used due to their hydropho-
bic property and are less suitable 
for micelle formation. With palm 
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oil that contains longer chain fatty 
acids, the modification of these 
fatty acids has been carried out to 
increase their polarity. Epoxide can 
serve as an intermediate to attach 
the polar groups to the internal 
positions of the fatty acids (Figure 
6) (Dierker and Schäfer, 2010). 
Internal diols can be obtained by 
acid-catalysed ring opening of the 
epoxidised fatty acids or by bishy-
droxylation with the presence of 
osmium tetroxide as the catalyst.

Surfactants with tensidic prop-
erties synthesised by modifying the 
long chain fatty acids were shown 
to be comparable to or with bet-
ter properties than those of com-
mercial surfactants of C12 and C14 
fatty acids (Dierker and Schäfer, 
2010). This is a crucial finding as in 
the palm oil industry, the presence 
of longer chain fatty acids is more 
abundant than the shorter chain 
acids.

Pharmaceuticals 

In a pharmacological study, 
epoxidation of arachidonic acid 
catalysed by CYP epoxygenase 
generated the corresponding epox-
ygenated fatty acid, namely epox-
yeicosatrienoic acid – an important 
mediator involved in regulating 
various biological processes includ-
ing inflammation, pain and angio-
genesis (Zhang et al., 2014).

CONCLUSION

The derivatisation of palm oil and 
palm kernel oil into high value-
added products is not just impor-
tant for our economic development 
but also plays a crucial role in the 
search for non-toxic and biode-
gradable materials. Epoxidation 
can be an important process for the 
transformation of unsaturated fatty 
acids due to the high versatility of 
these compounds as intermediates 
or as final products employed in a 
wide range of applications. 
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