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1 Introduction
Palm oil can be used as a feedstock to produce epoxides, 
which are compounds that can replace petroleum-based 
epoxides in various applications. Epoxides originating 
from palm oil exhibit similar properties and performance 
as those derived from petroleum.1 Additionally, palm oil-
based epoxides have the advantage of being a renewable 
resource, which makes them more sustainable than their 
petroleum-based counterparts.2 The epoxidation process is 
employed to convert vegetable oils into intermediate mol-
ecules by converting their unsaturated fatty acids. In the 
case of palm oil, this procedure entails changing the fatty 
acid double bonds into epoxide groups, resulting in the 
creation of epoxidised palm oil. Various oxidising agents, 
including peracids and peroxides, can be utilised in this 
epoxidation process.3,4 Epoxidised vegetable oils serve as 
plasticisers, scavengers, lubricants, and polymer intermedi-
ates in conventional syntheses, all of which are essential to 
the manufacture of PVC.5

These oils are highly appealing for epoxy production due 
to their ability to serve as a sustainable alternative to pe-
troleum-based ingredients used in a range of applications.6 
Not only do they reduce reliance on fossil fuels, but they 
also offer additional environmental and health benefits.7 
Unlike their petroleum-based counterparts, vegetable oils 
are non-toxic and biodegradable, posing no harm to the 
environment or human health.8 The use of non-toxic, bio-
degradable oils significantly reduces the potential for pol-
lution and harmful emissions commonly associated with 
petroleum-derived chemicals.9 Furthermore, their sustain-

able nature helps in mitigating the negative environmental 
impacts commonly associated with traditional petrochem-
ical processes.10 The use of non-toxic, biodegradable oils 
aligns with growing industry and consumer preferences for 
eco-friendly products, enhancing their appeal and adop-
tion across various applications.11

In order to produce polyols — which are widely used in 
the manufacture of polyurethanes, coatings, and adhesives 
— epoxides are frequently used in ring-opening reactions. 
Polyols derived from epoxidised vegetable oils react with 
various nucleophiles, such as water, alcohols, and amines 
through ring-opening processes.12,13 As potential substi-
tutes for petroleum-based polyols, these bio-based polyols 
exhibit high reactivity, superior mechanical properties, and 
excellent thermal stability. Furthermore, owing to their bi-
odegradability and origin from renewable resources, the 
use of epoxidised vegetable oils as precursors for polyols 
presents a sustainable and environmentally responsible al-
ternative.14 The ring-opening reaction typically involves an 
alcohol, water, or other nucleophile attacking the electro-
philic carbon in the epoxide ring, leading to ring cleavage 
and the formation of a hydroxyl group, thereby producing 
a polyol.15 

This review provides an overview of recent advancements 
in the catalytic epoxidation of oleic acid as a key inter-
mediate step in bio-polyol synthesis. As depicted in Fig. 1, 
particular attention is given to emerging strategies that 
enhance reaction efficiency, improve selectivity, and sup-
port sustainability objectives. Unlike conventional studies 
focused on homogeneous acid catalysts, this work high-
lights the potential of heterogeneous catalysts such as func-
tionalised zeolites, metal oxides, and ion-exchange resins, 
which offer better reusability and a lower environmental 
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impact. Additionally, it examines kinetic modelling and 
process optimisation strategies that deepen the mechanis-
tic understanding of epoxidation. By addressing challenges 
like catalyst stability, oxirane ring retention, and waste min-
imisation, this review provides fresh insights into the de-
velopment of scalable, eco-friendly bio-polyol production 
methods aligned with green chemistry principles. 

Fig. 1 – Schematic pathway for polyol production from biomass 
via epoxidation of vegetable oil

2 Materials and methods
2.1 Materials

The fatty acid composition of vegetable oil plays a crucial 
role in its suitability for epoxidation, as the process specif-
ically targets carbon-carbon double bonds in unsaturated 
fatty acids.16 Oils with high concentrations of monoun-
saturated (e.g., oleic acid) and polyunsaturated fatty acids 
(e.g., linoleic and linolenic acids) offer greater potential for 
epoxide formation due to their multiple reactive sites. In 
contrast, saturated fatty acids such as palmitic and stearic 
acids lack double bonds, making them unreactive in epox-
idation. The proportion of unsaturated to saturated fatty 
acids differs among vegetable oils, with soybean, linseed, 
and sunflower oils exhibiting higher degrees of unsatura-
tion, making them more suitable for epoxide production.17 
Modifying the fatty acid profile through oil blending or re-
fining can further enhance epoxidation efficiency, improv-
ing the quality and performance of bio-based epoxides in 
industrial applications. 

2.2 Epoxidation process using vegetable oil

Environmental pollution has largely resulted from the use 
of non-degradable materials that harm ecosystems and 
disrupt natural life cycles. In contrast, biodegradable ma-
terials offer a more sustainable alternative, as they can 
help reduce pollution and mitigate environmental impact. 
These materials can decompose into simpler organic com-
pounds, such as carbon dioxide or methane, through mi-
crobial activity, and are thus considered environmentally 
friendly. Any organic material that may break down into 
simple organic molecules like carbon dioxide or methane 
with the help of microbes is considered biodegradable.18 
Examples of such materials include wood, wool, cotton, 
animal waste, and so on. Such materials contribute to the 
development of renewable energy and biomass energy sys-

tem. Vegetable oils are derived from plant sources such 
as soybeans, corn, sunflower, palm, and others.19 These 
crops can be cultivated and harvested repeatedly, making 
vegetable oils a renewable resource. Utilising vegetable 
oils as raw material reduces dependence on finite fossil 
fuel resources and promotes a more sustainable and en-
vironmentally conscious approach.20 Due to their biodeg-
radability, non-toxicity, and versatility, vegetable oils have 
gained significant attention as renewable raw materials in 
various industries. 

Because it is environmentally beneficial and derived from 
naturally occurring, renewable resources, epoxidised veg-
etable oil is in high demand in the modern world.21 Epoxi-
dised vegetable oil (EVO), owing to the strong reactivity of 
the oxirane ring and its notable oxirane oxygen concentra-
tion, is an important starting material for the synthesis of 
several chemicals, including polyols,22 glycols,23 carbonyl 
compounds,24 lubricants,25 and polymer plasticisers.26 Dur-
ing epoxidation, an oxidising agent is used to add a single 
oxygen atom (C=C) to each unsaturated fatty acid chain, 
converting it into an epoxy group.27 The epoxidation reac-
tion mechanism is illustrated in Eqs.  (1) and (2), where a 
carboxylic acid (R–COOH) reacts with hydrogen peroxide 
to form a peracid (R–COOOH) in situ. The generated per-
acid then acts as an electrophilic oxidising agent, attacking 
the alkene double bond to form a three-membered epox-
ide ring while regenerating the parent carboxylic acid. Veg-
etable oils contain unsaturated compounds that can un-
dergo chemical modification through a complex process 
known as epoxidation. Since the oxirane ring is so reactive, 
epoxides can be used as building blocks for synthesising a 
variety of chemicals, including plasticisers, lubricants, ole-
finic compounds, polyols (alcohols), glycols, and stabilisers 
for polymers.28 The rising demand for epoxides reflects the 
growing emphasis on sustainable alternatives that minimise 
environmental harm and support the circular economy.

H2O2 + R–COOH → R–COOOH + H2O (1)
alkene (vegetable oil) + R–COOOH →  

→ Epoxide + R–COOH (2)

Vegetable oils consist of a blend of triglycerides-glycerine 
triesters with fatty acids. The fatty acids constitute approxi-
mately 94–96 % of the total mass of triglyceride molecules, 
with chain lengths ranging from 14 to 22 carbon atoms 
(with C16 and C18 being the most common) and 0 to 3 
double bonds per chain.29 Vegetable oils contain double 
bonds that can be functionalised through epoxidation 
and act as reactive sites in coatings. Furthermore, vegeta-
ble oil-based plasticisers and additives have demonstrat-
ed enhanced heat and light resistance.30 The cyclic ethers 
known as epoxide groups, or oxirane rings, are formed 
of three parts within the epoxide ring and are present in 
oxidised oil. Acid ion exchange resin (AIER) epoxidation, 
enzyme epoxidation, and traditional epoxidation are the 
three recognised epoxidation techniques. 

2.3 Epoxidation using a traditional approach

The most widely used epoxidation technique is the tra-
ditional approach. To ensure safety, this process typically 
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uses in  situ-formed peracids, produced by reacting con-
centrated hydrogen peroxide with a carboxylic acid. This 
procedure is commonly employed in the industrial sector. 
The study by Dinda et al.31 examined the kinetics of hy-
drogen peroxide-catalysed epoxidation of cottonseed oil, 
using liquid inorganic acids such HCl, H2SO4, HNO3, and 
H3PO4. They found that acetic acid (CH3COOH) was more 
effective than formic acid (HCOOH) as an oxygen carrier 
during the epoxidation process involving carboxylic acids. 
Among the inorganic acids evaluated as catalysts, sulphu-
ric acid (H2SO4) was identified as the most effective and 
productive catalyst. Dislich et al.32 used the conventional 
method to epoxidise soybean and jatropha oils. The reac-
tion was conducted at 50 °C and atmospheric pressure for 
approximately 10 h. Under these conditions, the highest 
conversion rate for soybean oil was 83.3 %. 

To improve the process, the researchers investigated sever-
al variables and elements that affected the epoxidation re-
action, such as the type of catalyst, temperature, molar ra-
tio of the reactants, and mixing speed. They also explored 
the economic potential of converting mahua oil into epox-
idised mahua oil. The study used catalytic inorganic acids 
like H2SO4 and HNO3, coupled with H2O2 as an oxygen 
donor, and glacial acetic acid as an oxygen carrier. The 
findings confirmed that sulphuric acid was the most ef-
fective inorganic catalyst for this system, achieving a high 
double bond to oxirane group conversion. They found that 
conducting the epoxidation reaction at intermediate tem-
peratures ranging from 55 to 65  °C mitigated hydrolysis 
reactions.33

2.4 Epoxidation using acid ion exchange resin 

Acidic ion exchange resin (AIER) is an insoluble gel-type 
catalyst in the form of a tiny organic polymer bead. H2O2 
reacts with carboxylic acid (HCOOH/CH3COOH) to gen-
erate peroxy acid. Through its pores, the peroxy acid re-
acts with the catalyst. Consequently, triglycerides cannot 
pass through the gel-like structure of AIER, which causes its 
pores to become saturated with peroxy acid upon loading 
into the reactor. This results in reduced oxirane degrada-
tion.34 Studies have demonstrated that different vegetable 
oils react differently to peroxy acids in converting unsatu-
rated fatty acids into oxirane rings.35 In the presence of 
AIER, peroxy acid may be either peroxyformic acid or per-
oxyacetic acid. Vlček and Petrović et al.36 investigated the 
epoxidation kinetics and side reactions of soybean oil in 
toluene using peroxyacetic and peroxyformic acids, cata-
lysed by AIER. They concluded that peroxyformic acid was 
more effective than peroxyacetic acid. AIER can serve both 
as a catalyst for peroxy acid formation and as an initiator 
for the in situ epoxidation of vegetable oils.37 It offers nota-
ble benefits over traditional chemical methods by enhanc-
ing selectivity and reducing undesired side reactions during 
the kinetics of in situ epoxidation of soybean oil in bulk 
catalysed by ion exchange resin. 

Goud et al.38 investigated the in situ epoxidation of karan-
ja oil using aqueous hydrogen peroxide and acetic acid, 
catalysed by Amberlite IR-120 acidic ion exchange resin. 
Variables such as stirring speed, temperature, catalyst load-
ing, and the ratios of acetic acid to hydrogen peroxide and 

ethylenic unsaturation were investigated. Maximum con-
version of double bonds to oxirane groups was achieved at 
an intermediate temperature of 55 to 65 °C with a shorter 
reaction time. They also found that the optimal concentra-
tions for the epoxidation process were 0.5 mol for acetic 
acid to karanja oil, and 1.5 mol for hydrogen peroxide to 
oil. Mungroo et al.39 investigated the epoxidation of canola 
oil using hydrogen peroxide as the oxygen donor, acetic 
acid as the oxygen carrier, and AIER (22 % loading) as the 
catalyst. They found that AIER, a heterogeneous catalyst, 
was reusable with minimal activity loss. The formation of 
epoxy adducts in canola oil was confirmed through FTIR 
and 1H NMR spectral analysis. Janković et al.40 examined 
the kinetics of soybean oil epoxidation in bulk using per-
acetic acid formed in situ, with an ion exchange resin as 
the catalyst. They determined that the catalytic reaction in-
volved the adsorption of acetic acid and peracetic acid on 
active catalyst sites, with the overall rate-determining step 
being an irreversible surface reaction. They also observed 
that increasing the catalyst concentration, reaction temper-
ature, and the molar ratio of acetic acid to ethylenic un-
saturation improved the reaction rate and oxirane content.

Dinda et al.41 analysed the kinetics of cottonseed oil epox-
idation using peroxyacetic acid (PAA) generated in situ 
from hydrogen peroxide and glacial acetic acid (AA) in the 
presence of acidic ion exchange resin (AIER) catalysts, spe-
cifically Amberlite IR-120. They examined the effects of 
various factors such as temperature, stirring speed, catalyst 
loading, particle size, hydrogen peroxide concentration, 
and acetic acid (AA) on the conversion of oxirane. Using 
in situ generated peroxyacetic acid (PAA), a high degree 
of oxirane conversion (over 65 %) and excellent selectivity 
(greater than 90 %) were achieved under optimal condi-
tions. The overall reaction rate equations were developed 
using the Langmuir–Hinshelwood–Hougen–Watson (L–H–
H–W) kinetic model. This kinetic model included the main 
side reactions to calculate the kinetic parameters. Kinet-
ic parameters were determined via nonlinear regression 
technique to fit the experimental data, and the activation 
energy for the AIER-catalysed epoxidation of cottonseed 
oil was found to be 10.1 kcal mol−1, as indicated by the 
estimated kinetic constants. 

2.5 Homogeneous catalytic epoxidation

Homogeneous catalysts were frequently used in the perac-
id mechanism epoxidation procedure. A catalyst is said to 
be homogeneous if it is in the same phase as the reactant, 
which is often liquid. Homogeneous catalysis offers several 
advantages, including high oxirane yields, high purity and 
efficiency of epoxide production, low cost, intrinsic safety, 
low chemical and instrument requirements, and broader 
applicability.42 However, the homogeneous epoxidation 
process, which employs strong mineral acids (HCl, HNO3, 
H2SO4, and H3PO4), has several drawbacks, such as low 
epoxide selectivity, severe reactor corrosion, challenges 
in isolating the end products from the acidic by-products, 
and unfavourable side reactions.43 The use of performic 
acid produced in situ for the catalytic epoxidation of palm 
oleic acid has been explored in terms of optimisation and 
kinetic investigations.44
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The highest relative conversion of palm oleic acid to ox-
irane reached almost 85.6  %. Through epoxidation and 
the use of inorganic acids as homogeneous catalysts, Sil-
viana et al.45 investigated the use of waste cooking oil as 
a bio-plasticiser. Due to its high content of unsaturated 
triglycerides, waste cooking oil was a great resource for 
this investigation. To prepare the epoxidised waste oil, hy-
drochloric, nitric, and sulphuric acids were used. The con-
centration of double bonds in these triglycerides rendered 
them promising raw resources. The double bond compo-
nent is a source for bio-plasticiser. 

The study’s objective was to determine which inorganic 
acid conversion was optimal for a given oxirane conver-
sion and iodine value at different time intervals. The stand-
ard hydrogen peroxide-acetic acid procedure involved an 
epoxidation reaction. The outcome demonstrated that, 
compared to other acid catalysts, sulphuric acid achieved 
higher conversion. Using liquid inorganic acids such as hy-
drochloric acid, sulphuric acid, nitric acid, and phosphor-
ic acid as catalysts, Dinda et al.46 examined the kinetics 
of cottonseed oil epoxidation using aqueous H2O2. Using 
H2SO4 or H3PO4 as a catalyst, cottonseed oil converted to 
oxirane to a higher degree than it did with HCl and HNO3, 
according to the findings. Using H2SO4 as a catalyst, as op-
posed to H3PO4, allowed for the maximum oxirane con-
version (70.4 %) to be reached in the shortest amount of 
time (after 6 h).

2.6 Heterogeneous catalytic epoxidation

Vegetable oils are catalytically epoxidised to produce a 
wide range of commodity compounds for commercial 
usage. This process also yields several intermediates, fine 
chemicals, and medicines. Heterogeneous catalysts are 
used in a specific type of catalytic epoxidation, typically 
involving metal-based materials such as alumina, zeolite, 
titanium, tungsten, molybdenum, or rhenium. Their use 
was intended to reduce reliance on strong acids, minimise 
side reactions, facilitate the separation and recycling of 
acids from epoxides, limit oxirane ring degradation, and 
improve the overall efficiency and environmental perfor-
mance of the epoxidation process.47 In the industrial sec-
tor, heterogeneous catalysis is commonly employed due 
to its facile separation, resulting in reduced operating ex-
penses. Yunus et al.48 investigated the in situ epoxidation 
of palm olein using TiO2 and zeolite ZSM-5 catalysts. Ac-
cording to the study, heterogeneous catalysts like TiO2 and 
zeolite ZSM-5 are frequently employed in many chemical 
reactions. In addition to being affordable and eco-friendly, 
they offer other benefits. Performic acid, generated in situ, 
was used to oxidise palm olein in a semi-batch reactor at 
45 and 60 °C with an agitation speed of 400 rpm to pro-
duce epoxidised palm olein. The effects of the two cata-
lysts were investigated to assess each catalyst’s efficiency in 
catalysing the in situ epoxidation. Fourier transform infra-
red (FTIR) spectroscopy and relative conversion to oxirane 
(RCO %) were used for evaluation. 

Brunauer-Emmett-Teller (BET) analysis showed that TiO2 
achieved a higher RCO % at 45  °C than zeolite ZSM-5, 
suggesting that it is a superior catalyst for the in situ epoxi-
dation of palm olein. It indicates that the catalyst is the bet-

ter choice because the reaction needs to occur at a lower 
temperature to prevent the oxirane ring from opening. The 
ZSM-5 performs best at temperatures above 60 °C. The ca-
pacity of the catalyst to simultaneously yield higher conver-
sion and improved epoxy ring stability in the epoxidation 
at lower temperature, however, is what really distinguishes 
the superior catalyst. Since TiO2 offered the maximum per-
centage of RCO and epoxy ring stability over an extended 
period of time at low temperatures, it was determined to 
be the optimal catalyst. Azmi et al.49 demonstrated that 
TiO2 is a highly effective catalyst for oxirane ring opening 
with nucleophiles containing nitrogen and oxygen, lead-
ing to heterogeneous catalysis that encourages epoxide 
hydrolysis. 

The reactive site, where high polarity particles react to gen-
erate additional functional groups, such as hydroxy, deter-
mines the catalyst performance for selectivity inside the 
mesoporous order. The effectiveness of the zeolite in the 
epoxidation process may cause unconverted epoxide to be 
drawn into the substrate molecules, causing the reaction 
time to increase. Acid zeolites were employed by Turco et 
al.50 as a potential catalyst for the epoxidation of soybean 
oil using formic acid and hydrogen peroxide. An alterna-
tive to the soluble mineral acid that could be utilised to 
limit side reactions and improve selectivity is an acid het-
erogeneous catalyst. The minuscule intracrystalline pores 
of zeolite, which allow compounds in the aqueous phase 
access but prevent large triglyceride molecules from doing 
so, are thought to be the reason for the material’s advanta-
geous properties. The absence of mineral acid in the aque-
ous solution outside the pores reduces the negative effects 
of ring opening. As a result, using epoxidised soybean oil, 
the zeolite may produce nearly complete double bond 
conversion (96 %) with a respectable selectivity (82 %).

2.7 Polyol formation

Polyols are alcohols with multiple hydroxyl groups, de-
rived from petrochemicals or renewable sources such as 
vegetable oils, used cooking oil, and rice bran oil. While 
petrochemical-based polyols dominate the market, they 
are costly, energy-intensive, and non-biodegradable. Poly-
ols can be synthesised through various methods, including 
transesterification of fatty acids with glycerol or glycerine. 
However, the combination of high temperature and ex-
tended reaction times may cause premature degradation, 
which can be exacerbated by this approach.51 Another 
method is the hydroformylation process, which begins with 
vegetable oil that has an aldehyde function and hydrogen-
ates it to alcohol. One limitation of this approach is that 
the yield percentage changes according to the type of cat-
alyst used.52 Subsequently, the olefin is subjected to high 
molecular oxygen oxidation, followed by acetal hydrolysis 
and reduction to alcohol. To achieve a high yield, this intri-
cate technique needs to run at high pressure. Furthermore, 
it can also be produced using the ozonolysis process. But 
this approach is costly and inefficient.53 Finally, natural oil-
based processes like epoxidation and hydroxylation of veg-
etable or animal oil can be used to create polyols.

The most cost-effective and eco-friendly method involves 
epoxidation and hydroxylation of vegetable oils using 
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readily available alcohols and water, with acid catalysts 
enabling fast, multi-step reactions without compromising 
product quality. Epoxidised palm oil (EPO) forms when 
peracids from hydrogen peroxide and formic acid react 
with oleic acid, followed by hydroxylation, which intro-
duces hydroxyl groups via ring opening. Because sulphuric 
acid performs better than strong bases, which suggests a 
larger hydroxyl group content, it is a preferred catalyst in 
this process. The reason for this is that these catalyst types 
have the potential to produce the largest relative conver-
sion of oxirane (RCO), which is approximately 88 %, ac-
cording to Amri et al.54 Researchers had worked on ini-
tiatives to replace petroleum-based polymers during the 
course of the year. The polyol derived from jatropha oil 
(JOL) in this study was created by oxirane ring opening and 
epoxidation, a two-step process. The oxirane oxygen con-
tent (OOC) of epoxidised jatropha oil (EJO) was influenced 
by temperature, reaction time, and the oil double bond-
to-formic acid ratio. At 60 °C, a 1 : 0.6 molar ratio, and 
a 4-hour reaction time, OOC ranged from 26 to 4.30 %, 
achieving a 75 % conversion. 

The oxirane ring opening of EJO was then followed by the 
effective synthesis of a series of JOLs with hydroxyl num-
bers between 138 to 217  mg  KOH/g in a reaction time 
of 2.25 to 4.5 h. The resulting JOLs showed low viscosity 
values between 430 and 970 mPas and molecular weights 
between 1349 and 2129 g mol−1, demonstrating Newto-
nian behaviour. The successful synthesis of polyurethane 
from JOL was verified by FTIR analysis. Good colloidal 
stability was indicated by the average tiny particle size of 
the polyurethane dispersion that was obtained. Ji et al.55 
investigated soybean oil hydroformylation for bio-polyol 
production. They investigated the catalyst’s impact on the 
procedure and the characteristics of the final products. 
Ninety-five percent of the samples were converted using 
a costly rhodium catalyst, while only 67 % were converted 
with a cobalt catalyst. In the former instance, the polyol 
also showed increased functionality, molecular weight, 
and hydroxyl value. However, adopting rhodium catalysts 
would be economically feasible only if their full recovery 
from the process were to be achieved, which would re-
quire costly techniques. 

2.8 �Effect of process parameters on polyol formation 
from epoxidised vegetable oil

Hazmi et al.56 conducted an in-depth investigation into the 
influence of various reaction parameters on the proper-
ties of the resulting polyols. Key variables such as temper-
ature, pressure, catalyst loading, reactant molar ratios, and 
reaction time were examined. Temperature and reduced 
pressure were identified as critical factors influencing the 
rate of the initial esterification reaction. Moreover, catalyst 
concentration significantly influenced both the reaction 
rate and the colouration of the final product. The reac-
tant molar ratios and reaction duration were also found to 
play crucial roles in determining the properties of the final 
product during the subsequent epoxidation step, in which 
temperature control remained essential. The amount of 
catalyst utilised in the final reaction step, alcoholysis, had a 
notable impact on the characteristics of the end product.57 

Furthermore, research by Jalil et al.58 on optimising the 
epoxidation of palm-based oleic acid for polyol produc-
tion yielded promising results. The model’s relative oxirane 
content (%RCO) value of 85  % closely matched the ex-
perimental value of 81 %, indicating excellent model ac-
curacy. The results indicated that temperature, as well as 
the molar ratios of formic acid-to-oleic acid and hydrogen 
peroxide-to-oleic acid, significantly influenced the epoxi-
dation process (p < 0.05), with strong parameter interac-
tions (p < 0.0001). 

3 Conclusion
The catalytic epoxidation of oleic acid offers a sustainable 
and promising pathway for bio-polyol synthesis, providing 
a viable alternative to fossil-based feedstocks. The use of 
heterogeneous catalysts has improved reaction efficiency, 
selectivity, and catalyst reusability, aligning closely with 
green chemistry principles. Despite these advancements, 
several challenges persist, notably oxirane ring instability, 
catalyst deactivation, and the scalability of the process for 
industrial application. To overcome these limitations, fu-
ture research should focus on process optimisation, robust 
kinetic modelling, and the development of innovative, sta-
ble catalyst systems. Particular emphasis should be placed 
on designing catalysts that are not only efficient but also 
environmentally benign and economically viable. Addi-
tionally, the incorporation of greener oxidants, solvent-free 
systems, and energy-efficient technologies will be essen-
tial in developing a truly sustainable epoxidation process. 
Overall, addressing these challenges through interdiscipli-
nary approaches will be crucial for advancing the com-
mercial viability of bio-polyols derived from oleic acid and 
expanding their application across various green polymer 
industries. 
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SAŽETAK
Nedavni napreci u katalitičkoj epoksidaciji oleinske kiseline za sintezu 

biopoliola: izazovi i mogućnosti
Muhammad Akhiruddin Zainal Abidin,a Ismail Md. Rasib,a Mohd Jumain Jalil,a 

Mar’atul Fauziyah,b Siti Juwairiyah A. Rahman,a Mohd Azril Riduanc i Intan Suhada Azmi a*

Katalitička epoksidacija oleinske kiseline ključan je proces u sintezi biopoliola te predstavlja 
obnovljivu alternativu materijalima dobivenim iz nafte. Ovaj pregledni rad obuhvaća najnovije 
napretke u razvoju katalizatora, optimizaciji procesa i kinetičkom modeliranju, s naglaskom na 
prijelaz s konvencionalnih homogenih katalizatora na održivije heterogene sustave poput zeolita 
i metalnih oksida. Kritički se analiziraju ključni čimbenici koji utječu na učinkovitost reakcije, 
uključujući stabilnost katalizatora, očuvanje oksiranskog prstena i kontrolu nusprodukata. U radu 
se raspravlja i o industrijskim primjenama te potencijalnim poboljšanjima koja mogu unaprijediti 
skalabilnost procesa i njegovu ekonomsku isplativost. Ovaj pregled pruža uvid u načine prevlada-
vanja postojećih izazova i daljnjeg razvoja održive proizvodnje biopoliola.

Ključne riječi 
Epoksidacija, oksiranski prsten, katalizator, kinetički modeli, poliol
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