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Abstract: The preparation of alkyd resins from vegetable oils represents a vital and pivotal topic in the 

realm of green chemistry and alternative materials development. This review provides an overview of the 

methods utilized in converting various types of vegetable oils into alkyd resins, with a focus on the 

chemical processes and operational conditions employed. The article encompasses a review of organic 

acids used as catalysts to facilitate decomposition and condensation reactions for the formation of alkyd 

bonds. Additionally, it highlights recent advancements in this field, such as the use of nano-material 

additives and different techniques to enhance process efficiency and improve the final properties of the 

resins. Furthermore, the review addresses the challenges and future opportunities in this domain, 

emphasizing the importance of directing research towards developing alkyd bonds from vegetable oils 

with added value. The review includes further details on the processes and techniques utilized in this field, 

contributing to a comprehensive understanding of the subject matter. Moreover, it underscores the 

significance of sustainable and environmentally friendly utilization of natural resources. 

Keywords: Alkyd resin, vegetable oils, esterification, polymer, operating conditions, catalysts 

Introduction: The growing interest in eco-friendly materials among consumers and industries has led to 

an increased utilization of environmentally sustainable agricultural sources as feedstock for the production 

of valuable polymers [1]. Over the years, a diverse array of environmentally friendly chemicals has been 

synthesized from various renewable natural resources [2]. The Earth is abundant with a diverse array of 

herbs and plants, generously providing an array of bio-based feedstocks that can be customized to create 

numerous invaluable materials [3]. A wide array of polymeric materials with infinite possibilities has 

been derived from renewable sources, including lignin, starch, wool, fiber, vegetable oils, and various 

others. These materials hold immense potential across numerous practical applications, serving as 

plasticizers, biomedical engineering components, biodegradable packaging materials, adhesives, 

coatings, biological devices, and binders for paints [4]. Among the plethora of renewable resources 

available, vegetable oils derived from a variety of seeds emerge as a prime choice for chemical industries. 

These oils present a multitude of advantages, including cost-effectiveness, environmental friendliness, 

low toxicity to humans, and biodegradability. They exist predominantly as triglycerides composed of both 

unsaturated and saturated fatty acids [5]. A wide array of polymeric materials, boasting considerable 

potential, has been successfully synthesized from vegetable oils [6]. A classic example of polymers 

derived from triglyceride oils is the polyester resin, commonly referred to as alkyd resin. This traditional 

polymer has been widely utilized across various industries for its versatile properties and applications [7]. 
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Alkyd resins occupy a prominent role within the coatings, paints and various industries due to their cost-

effectiveness, ease of application, and dependable ability to safeguard materials against degradation 

circumstances [5–8]. Moreover, they are recognized as biodegradable polymers due to their recurring 

ester functional groups [7, 8]. Dry and non-complete dry oils, originating from Jatropha curcas, coconut, 

rubber, palm, soybean, sunflower, castor, canola and linseed oils, are typically preferred over non-dry oils 

in the formulation of oil-modified polyesters. This preference stems from the consistent objective of 

producing alkyd resins with optimal drying characteristics [9]. In addition to the previously mentioned 

unconventional vegetable oils, semidrying oils have been extracted from a variety of sources including 

orange seeds, soybeans, rubber seeds, Jatropha curcas, Albizia benth, and tomato seeds for the synthesis 

of polyester resins [10]. Despite the emergence of alternative surface coating materials like latex resins 

and powder coatings in recent times, alkyd resins persist as a cornerstone for various applications owing 

to their optimal blend of cost-effectiveness and performance [11]. In fact, alkyd resins constitute 

approximately 70% of the traditional binders employed in the coating industry, significantly influencing 

coating attributes such as adhesion, durability, and gloss. Alkyd resins exhibit favorable characteristics as 

coatings, including notable film hardness, glossiness, durability, and gloss retention, all attributed to their 

inherent oil drying properties [12]. The conversion of vegetable oil into alkyd resin holds promise, yet 

thorough investigation of each raw material's potential is imperative. As the raw materials utilized in alkyd 

resin production often overlap with those used in food manufacturing, exploring alternative plant sources 

that do not compete with food industry demands becomes essential [13]. This necessitates a careful 

examination of various plant alternatives to ensure sustainable and ethical sourcing practices while 

fostering innovation in alkyd resin production. In light of dwindling petroleum resources and escalating 

apprehensions regarding environmental sustainability, the quest for alternative raw materials in alkyd 

resin production has intensified [14]. Vegetable oils, characterized by their abundance and renewability, 

emerge as a promising recourse. Leveraging modified derivatives of vegetable oils not only diminishes 

reliance on fossil fuels but also mitigates carbon emissions, marking a significant stride towards ecological 

stewardship and resource efficiency [15]. Furthermore, alkyd resins derived from vegetable oils boast 

distinctive properties, including renewability and biodegradability, rendering them significantly more 

environmentally sustainable compared to their original petroleum-derived [16]. The aim of this article is 

to review the ability of producing alkyd resin from various types of vegetable oil at different operating 

conditions.  

Method and material for Preparing Alkyd Resin from Vegetable Oil: 

The process of preparing alkyd resin from vegetable oil involves an orchestrated series of steps aimed at 

harnessing the natural properties of plant-derived oils to create a versatile and sustainable material. 

Initially, the vegetable oil undergoes a series of chemical reactions, including esterification and 

polymerization, facilitated by the addition of catalysts and other additives. This transformation yields a 

viscous liquid known as alkyd resin, which exhibits a remarkable combination of characteristics, including 

excellent adhesion, durability, and flexibility [17]. Moreover, alkyd resin derived from vegetable oil offers 

distinct environmental advantages, such as renewability and biodegradability, making it an attractive 

alternative to traditional petroleum-based resins. The choice of vegetable oil used in the process can also 

influence the final properties of the alkyd resin, with oils like soybean, linseed, and sunflower each 

imparting unique qualities to the end product [18]. Overall, the method for preparing alkyd resin from 

vegetable oil represents a significant advancement in green chemistry, offering a promising avenue for 

the development of eco-friendly materials with a wide range of applications. 
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Raw Materials for Preparation of Alkyd Resin: 

The utilization of vegetable oil as a raw material for alkyd resin production aligns the resultant product 

with its intended applications. Alkyd resins are categorized into three distinct types based on their fatty 

acid content: Long Oil Alkyd (LOA), Medium Oil Alkyd (MOA), and Short Oil Alkyd (SOA). LOA 

formulations typically contain approximately 56% fatty acids, rendering them suitable for applications 

requiring enhanced durability and flexibility. On the other hand, MOA variants encompass fatty acid 

levels ranging from 46% to 55%, offering a balance between flexibility and drying time. Meanwhile, SOA 

formulations exhibit lower fatty acid concentrations, typically falling below 35% to 45%, making them 

ideal for applications necessitating rapid drying and film hardness. This categorization underscores the 

versatility of alkyd resins derived from vegetable oil, as they can be tailored to meet a diverse array of 

performance requirements across various industries and applications [19]. 

Preparation alkyd resin from linseed oil 

Linseed oil, derived from the seeds of the flax plant, is categorized as a drying oil due to its ability to 

polymerize and form a solid film when exposed to air. Within the coating industry, linseed oil serves as a 

valuable ingredient renowned for enhancing the flexibility of coatings and expediting the drying process 

of varnishes. Its unique chemical composition, rich in unsaturated fatty acids like linoleic and oleic acid, 

contributes to its exceptional drying properties, making it a preferred choice for applications where rapid 

film formation and robust adhesion are paramount [20]. Additionally, linseed oil's versatility extends 

beyond its role in coatings, finding utility in various other sectors including woodworking, 

pharmaceuticals, and culinary arts. Its widespread use underscores its significance as a renewable and 

sustainable resource with multifaceted applications in modern industries [21]. Linseed oil, renowned for 

its high content of linoleic acids, possesses distinct unsaturated properties that render it resistant to direct 

reaction with acids. To overcome this limitation, a preliminary alcoholysis step is essential before further 

chemical processing can take place. This initial alcoholysis facilitates the conversion of linoleic acids into 

alcohol esters, thereby enabling subsequent reactions with acids to proceed effectively. This strategic 

approach ensures the successful transformation of linseed oil into alkyd resin, harnessing its unique 

composition to create a versatile and durable material. By leveraging the distinctive characteristics of 

linoleic acids through alcoholysis, the resulting alkyd resin exhibits enhanced reactivity and performance, 

making it an invaluable component in various industrial and commercial applications. This understanding 

underscores the importance of employing tailored methods to optimize the utilization of natural resources 

in the synthesis of functional materials, contributing to the advancement of sustainable practices in 

chemistry and material science [15]. In the synthesis of alkyd resin from linseed oil, a meticulous process 

unfolds, involving the reaction of the oil with trimethylolpropane and phthalic anhydride under carefully 

controlled conditions. This reaction occurs at elevated temperatures ranging between 200 to 250 degrees 

Celsius, extending over a duration of 12 hours. Similarly, the creation of hemp oil-based alkyd resins is a 

two-stage process, commencing with alcoholysis followed by esterification. Here, trimethylolpropane, in 

the presence of calcium carbonate catalyst, is combined with linseed oil and subjected to heating at 240 

degrees Celsius during the alcoholysis phase. Subsequently, 30 grams or 0.2 mol of xylene phthalic 

anhydride is introduced to the mixture, lowering the temperature to 140 degrees Celsius. The esterification 

process ensues at the same temperature, with the reaction continuing until the acid number diminishes to 

15 mg KOH/g oil. Notably, observations indicate a direct correlation between the oil content in the alkyd 

resin and its drying time, as higher oil concentrations yield slower polymerization rates [22]. In addition 

to the aforementioned studies, further investigations into the synthesis of alkyd resin from linseed oil have 
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been conducted, focusing on the optimization of reaction conditions and characterization of the resulting 

product. Initially, the linseed oil was subjected to a reaction with glycerol under controlled conditions, 

utilizing lead oxide as a catalyst and maintaining a temperature range of 230-250°C [20]. Subsequently, 

the temperature was reduced as the monoglyceride mixture was dissolved in anhydrous methanol at a 

ratio of 1:3, reaching a temperature of 180°C. In the subsequent stage, phthalic anhydride and xylene, 

serving as a solvent, were introduced into the reaction flask, with the temperature elevated to 230-250°C. 

The progress of the reaction was continuously monitored until the acid value dropped below 10 mg 

KOH/g, at which point nitrogen was introduced. The obtained linseed alkyd resin exhibited a light yellow 

coloration, with an acid number of 1 mg KOH/g, a free fatty acids content of 0.503 mg KOH/g, a 

saponification number of 194 mg KOH/g, a drying time of 144 minutes, and an intrinsic viscosity of 

0.0442 [η] [15]. These results underscore the potential of linseed oil as a viable precursor for the 

production of alkyd resins, highlighting its versatility and promising prospects in the realm of sustainable 

materials development [22]. 

Preparation alkyd resin from soybean oil 

Soybean oil, renowned for its composition rich in unsaturated fatty acids, presents a versatile raw material 

with diverse industrial applications. Comprising approximately 85% unsaturated and 15% saturated fatty 

acids, soybean oil bears resemblance to olive oil in its suitability for direct consumption. Its fatty acid 

profile predominantly consists of linoleic acid (50%), oleic acid (29%), and linolenic acid (8%). While 

commonly employed in the food sector, soybean oil extends its utility to various other industries [23]. 

Beyond culinary uses, it finds application in the production of candles, soaps, varnishes, and paints, owing 

to its favorable properties and versatile nature. Thus, soybean oil emerges not only as a staple in the food 

industry but also as a valuable resource for diverse industrial endeavors, showcasing its adaptability and 

significance in multiple sectors [24]. In the realm of alkyd resin production, meticulous attention to the 

physical and chemical properties of raw materials is paramount. The specific gravity, refractive index, 

acid value, iodine value, and saponification value of the substances involved serve as crucial indicators 

of their suitability for resin synthesis. For instance, a specific gravity of 0.923, refractive index of 1.4718, 

acid value of 0.341 mg KOH/g, iodine value of 128.4 g Iod/ g, and saponification value of 189.2 mg 

KOH/g are indicative of the composition and potential performance of the alkyd resin [25]. Moreover, in 

a comprehensive study conducted, the impact of modifying alkyd resin utilizing soybean oil was 

systematically evaluated, juxtaposed with the effects observed from utilizing epoxidized soybean oil. This 

comparative analysis sheds light on the intricate interplay between different modification agents and their 

implications for the final resin properties, providing valuable insights for optimizing resin formulations 

and advancing the field of sustainable materials science [23]. An integral component of the experimental 

protocol was the meticulous deoxygenation of a fraction of the monoglycerides, achieved through the 

application of an in-situ synthesized peracid. Specifically, soybean oil underwent a stringent purification 

regimen utilizing performic acid generated on-site, with benzene serving as a solvent. The ensuing 

reaction involved the amalgamation of soybean oil, glycerol, and a 0.1%CaO catalyst, sustained at a 

controlled temperature of 220°C for a duration of 3.5 hours, accompanied by the introduction of nitrogen 

as a refrigerant [26]. The reaction progression was meticulously monitored, halting precisely when the 

reaction mixture achieved complete dissolution in anhydrous methanol, maintaining a carefully calibrated 

oil to methanol ratio of 1:3. Subsequently, the reaction mixture was gradually cooled to a controlled 

temperature of 140°C to ensure optimal conditions for subsequent steps. Upon reaching the desired 

temperature, the addition of phthalic anhydride and xylene ensued, followed by the commencement of the 

reaction at 230°C, under the protective atmosphere of nitrogen acting as an inert. This strategic sequence 
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of steps not only ensured the precise control of reaction parameters but also facilitated the efficient 

synthesis of the desired alkyd resin from vegetable oil, thereby laying the groundwork for further 

investigation into its properties and applications in diverse fields [25]. Following the formation of the 

alkyd resin, a crucial step involved the addition of 5% zinc to expedite the drying process of the resin. 

The subsequent analysis revealed significant findings regarding the properties of the modified alkyd resin 

derived from soybean oil. Specifically, the acid value was measured at 7.045 mg KOH/g, the 

saponification value stood at 228.608 mg KOH/g, and the iodine value was recorded at 35.82 g Iod/100g. 

In contrast, the examination of the epoxidized soybean oil modified alkyd resin unveiled distinct 

characteristics, with an acid value of 9.35 mg KOH/g, a saponification value of 260.869 mg KOH/g, and 

an iodine value of 31.74 g Iod/g. These analytical results provide valuable insights into the composition 

and performance of the modified alkyd resin, shedding light on its potential applications and informing 

future research endeavors in the field of materials science and chemistry [26]. In the context of the 

investigation, it was observed that the acid value of the epoxidized soybean oil modified alkyd resin 

surpassed that of the soybean oil modified alkyd resin, potentially attributable to the presence of a higher 

level of structural residue resulting from the epoxidation process. Concurrently, the iodine value of the 

epoxidized soybean oil modified alkyd resin exhibited a lower measure compared to its unoxidized 

counterpart. This discrepancy is likely attributed to the reduced proportion of unsaturated fatty acids 

consequent to the epoxidation process. Furthermore, an elevation in the saponification value of the 

epoxidized oil modified alkyd resin was noted in comparison to the unoxidized resin, indicating potential 

alterations in chemical composition resultant from the epoxidation treatment. These observations 

underscore the intricate interplay between the modification processes and the resultant properties of the 

alkyd resin, thereby contributing valuable insights into the structural and functional modifications induced 

by epoxidation in the context of alkyd resin synthesis [23-26].  

In their experimental investigation, the synthesis of alkyd resin was conducted using soybean oil and 

glycerin, with zirconium octate employed as the catalyst. The alcoholysis reaction, involving soybean oil 

and glycerin, was executed under controlled conditions, excluding the introduction of nitrogen gas while 

incorporating zirconium octate as the catalyst. The reaction commenced by combining soybean oil, 

glycerin, and lithium hydroxide, which served as a catalyst, at elevated temperatures ranging between 

290-300°C. Subsequently, the reaction mixture was cooled to 180°C, followed by the addition of phthalic 

acid. Upon the addition of phthalic acid, the temperature was adjusted to 240-250°C to facilitate the 

subsequent stages of the reaction. This methodical approach ensured the precise control of reaction 

parameters, leading to the successful synthesis of alkyd resin with tailored properties suitable for various 

applications [27]. The experimental procedure was further refined through repetition, employing 

zirconium octate as a catalyst. Notably, during the production of monoglycerides, the temperature was 

elevated to 290-300°C, omitting the use of nitrogen gas inlet, which was exclusively utilized in the 

ophthalmic anhydride addition step to facilitate water removal from the reaction. The synthesis of alkyd 

resin ensued through the alcoholysis process, utilizing lithium hydroxide and zirconium 2-ethyl 

hexanoate. In a parallel reaction, soybean oil underwent transesterification when subjected to heat 

alongside glycerol, maintaining a controlled temperature of 250°C. These meticulous adjustments and 

protocol enhancements underscored the systematic approach taken towards optimizing the alkyd resin 

synthesis methodology, thereby ensuring reproducibility and efficiency in the experimental outcomes [26-

28]. In the quest for efficient and environmentally sustainable methods of synthesizing alkyd resin from 

vegetable oil, a multifaceted approach has been employed. Initially, lithium hydroxide was introduced as 

a catalyst, accompanied by a controlled nitrogen inlet, facilitating the formation of monoglycerides in the 



 

 مجلة كلية التراث الجامعة                                                                العـدد الأربعـون
 

 

 
 

191 
 

 

presence of zirconium octate. This strategic combination of catalyst and atmospheric conditions enabled 

the transformation of soybean oil into monoglycerides through controlled heating within the range of 290-

300°C, thereby preventing undesired oxidation. Subsequently, the esterification process was initiated 

through the addition of ophthalmic anhydride, further enhancing the chemical conversion of the 

monoglycerides into alkyd resin. This meticulously orchestrated sequence of reactions not only showcases 

the ingenuity of the methodology employed but also underscores the importance of precise control over 

reaction parameters to achieve optimal results. Such innovative approaches represent significant strides 

towards the development of sustainable materials and hold great promise for broader applications in the 

realm of green chemistry and materials science [26]. To mitigate the risk of oil oxidation during the 

catalytic process, a nitrogen gas inlet was incorporated into the lithium hydroxide catalyst setup. 

Subsequently, in the second stage of the reaction, zirconium octoate was introduced along with 

ophthalmic anhydride to facilitate the efficient removal of water byproducts generated during the 

condensation reaction. This careful control of the reaction environment ensured optimal conditions for 

the synthesis of alkyd resin from vegetable oil. Monitoring of the reaction progress was achieved by 

periodically measuring the acid value at various time intervals, allowing for precise control and 

adjustment of reaction parameters as needed. Through these meticulous steps, the synthesis process was 

meticulously orchestrated to yield high-quality alkyd resin with desired properties, contributing to the 

advancement of sustainable materials in the field of polymer chemistry [27, 28]. The reaction was 

accuratly monitored until the target acid level was attained, signifying the completion of the 

transformation process. Notably, the utilization of zirconium octoate salt as a base catalyst facilitated the 

conversion of triglycerides, in conjunction with glycerin, into monoglycerides, particularly under elevated 

temperatures. The elucidation of the alkyd resin's structure was accomplished through rigorous analysis 

using Fourier-transform infrared (FT-IR) and proton nuclear magnetic resonance (H-NMR) spectroscopy 

techniques. These analyses revealed a structural consistency with alkyd resins synthesized employing 

lithium hydroxide (LiOH) catalysts, thus corroborating the effectiveness of zirconium octoate salt as a 

viable alternative catalyst in the alkyd resin synthesis process [29]. 

Preparation alkyd resin from rubber seed oil 

Rubber seed oil stands out as a notable example of a dry oil, evident from its notably high iodine number 

of 139.09 g Iod/100 g sample. This characteristic underscores its suitability for various applications, 

particularly in the realm of coatings and paints, owing to its propensity for rapid oxidation and subsequent 

drying. The abundance of double bonds in rubber seed oil, attributed largely to its rich content of 

unsaturated fatty acids, particularly linoleic acid, plays a pivotal role in facilitating this oxidative process. 

These unsaturated bonds render the oil highly reactive, thus expediting the polymerization and 

crosslinking reactions crucial for the formation of durable coatings. Consequently, rubber seed oil 

emerges as a promising candidate for the development of eco-friendly and sustainable coatings, offering 

enhanced performance while minimizing environmental impact [5].  

The properties exhibited by rubber seed oil align closely with those of alkyd resin products, making it a 

promising candidate for coating applications. Specifically, alkyd resin derived from rubber seed oil, with 

an equivalent ratio (Rek) of 1.3, demonstrates an acid number of 7.6068 mg KOH/g sample and a viscosity 

of 1.1203×10-2 poise. These characteristics indicate the potential of rubber seed oil-based alkyd resin as 

a versatile coating material, offering desirable attributes such as adhesion, durability, and viscosity 

suitable for various coating applications. Moreover, the use of rubber seed oil contributes to sustainability 

efforts, as it utilizes a renewable and readily available resource, thereby reducing dependence on fossil 
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fuels. Overall, the correlation between the properties of rubber seed oil and alkyd resin underscores the 

feasibility and potential of utilizing this natural oil as a key component in the development of high-

performance coatings [30].  

The research endeavor involved the in situ alcoholic process of rubber seeds, aimed at extracting rubber 

seed oil methyl ester. Lead (II) oxide and xylene were employed as catalysts in the process. The procedure 

commenced with the maceration of rubber seed oil methyl ester in methanol for 30 minutes, followed by 

stirring for an additional 3 hours at room temperature. Subsequently, the mixture underwent vacuum 

filtration to remove impurities, and the residual substance was subjected to a thorough wash with 200 ml 

of methanol. This meticulous process was undertaken to ensure the efficient extraction and purification 

of rubber seed oil methyl ester, laying the groundwork for subsequent analyses and applications in various 

industrial sectors [31]. The experimental procedure involved the extraction of the residue obtained 

through Soxhlet filtration using n-hexane, followed by the addition of 100 ml of water to the filtrate. 

Subsequently, the solution underwent re-extraction with 50 ml of n-hexane three times. The alkyd resin 

synthesis proceeded in two distinct stages: alcoholysis and esterification. Analysis of the methyl ester 

derived from rubber seed oil revealed specific gravity of 0.94 kg/m3, a refractive index of 1.502, an acid 

value of 13.80 mg KOH/g, an iodine value of 71.69 g Iod/100g, and a saponification value of 293.02 mg 

KOH/g. Notably, the acid number of the resulting alkyd resin is contingent upon the rate and efficacy of 

the esterification process, while the iodine value serves as an indicator of the resin's degree of 

unsaturation, which correlates with the oil's molecular structure and length. These findings underscore the 

intricate interplay between process parameters and the chemical composition of the starting materials in 

determining the properties of the synthesized alkyd resin [18]. Drawing upon this data, it is evident that 

rubber seed oil methyl ester exhibits commendable resistance to various environmental factors, including 

saltwater, acids, and water. When utilized in the production of alkyd resins, rubber seed oil demonstrates 

optimal performance, particularly when employed at oil lengths of 35% for short alkyd formulations and 

50% for medium alkyd compositions via the alcoholysis method. Moreover, the chemical composition of 

rubber seed oil is characterized by an iodine value of 139.59 g Iod/100g, indicating its suitability for resin 

synthesis. Additionally, the measured viscosity stands at 4.905 St, reflecting the fluidity of the oil and its 

potential impact on resin properties. Furthermore, the free fatty acid content, quantified at 13.87 mg 

KOH/g, is indicative of the oil's purity and its potential influence on resin characteristics. Finally, the light 

brown coloration of rubber seed oil suggests its compatibility with various pigmentations and applications 

within the alkyd resin industry [5, 18, 30].  

Preparation alkyd resin from sun flower oil 

Sunflower oil (SFO), a vegetable oil refining, is a complex mixture comprising free fatty acids, glycerol, 

and sterols. It is predominantly composed of long-chain unsaturated fatty acids, particularly oleic acid, 

sourced primarily from sunflower oil. Harnessing its unique composition, SFO serves as a valuable 

resource for the modification of alkyd resins, enabling the synthesis of hydroxylated polyester derivatives. 

This strategic utilization underscores the importance of repurposing industrial by-products in sustainable 

materials science, emphasizing the transformative potential of waste streams in enhancing the 

performance and versatility of polymeric materials. The integration of SFO into alkyd resin formulations 

not only mitigates waste and reduces environmental impact but also fosters the development of novel 

materials with enhanced functionality and eco-friendliness. By embracing this innovative approach, 

researchers can pave the way for the advancement of green chemistry practices and the creation of more 

sustainable solutions for various industrial applications [31].  
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 The analysis of sunflower acid oil (SFO) composition reveals a substantial presence of free fatty acids, 

constituting 65% w/w, accompanied by triglycerides (15.5% w/w), diglycerides (7.9% w/w), 

monoglycerides (3.1% w/w), sterols (0.7% w/w), tocopherol (0.2% w/w), and phospholipids (3.2% w/w). 

Significantly, alkyd resin synthesized from SFO demonstrates a drying time of 225 minutes, with an acid 

value measuring 14.8 mg KOH/g and a saponification value of 346 mg KOH/g. These comprehensive 

findings underscore the potential of SFO as a primary raw material for the coating industry. With its 

diverse composition and favorable attributes, SFO presents an opportunity to develop sustainable, high-

performance coatings tailored to various applications. Leveraging the abundant free fatty acids and 

distinctive chemical profile of SFO opens innovative pathways toward eco-friendly and efficient coating 

solutions. This emphasizes the importance of exploring natural resources like SFO to drive advancements 

in the coating industry, aligning with principles of environmental sustainability and resource efficiency 

[32]. The synthesis of alkyd resin from sunflower oil is a meticulously orchestrated two-stage process that 

yields a versatile material with tailored properties suitable for diverse industrial applications. In the initial 

stage, sunflower oil or linoleic acid undergoes alcoholysis to transform into monoglycerides, serving as 

polyols. This reaction sets the stage for the subsequent esterification process in the second stage, where 

phthalic anhydride and xylene are introduced. Facilitated by a lead oxide catalyst, these reactions result 

in the formation of alkyd resin, denoted as SFO. This resin exhibits a viscosity range of 90 to 180 and 

demonstrates a drying time spanning 17 to 56 minutes. Notably, its saponification value falls within the 

range of 188 to 196 mg KOH/g, while its iodine number ranges from 136 to 171 g Iod/100g, and its acid 

number falls between 8.13 and 9.81 mg KOH/g. These precise parameters underscore the tailored nature 

of alkyd resin SFO, highlighting its potential for various industrial applications. This meticulous synthesis 

process and the resulting resin's specific characteristics contribute to its suitability for a wide range of 

industrial uses [15]. 

Preparation alkyd resin from palm oil 

In this study, 100g of palm oil was subjected to a controlled heating process at 60°C to optimize the 

reaction conditions. Subsequently, the precise quantity of a concentrated strong base (2N NaOH) was 

meticulously calculated and added to the heated palm oil under constant agitation. This step aimed to 

neutralize the free fatty acids present in the oil, a critical stage in the synthesis process. The progress of 

the neutralization reaction was carefully monitored using phenolphthalein indicator, ensuring accuracy 

and completeness. This methodological approach allows for precise control over the chemical 

transformation of palm oil into alkyd resin, laying the foundation for further characterization and 

evaluation of the resulting material's properties [33].  

Upon achieving the desired pink hue in the sample mixture, indicating the completion of neutralization, 

sodium chloride solution was introduced to facilitate the effective salting out or graining out of the soap 

stock. Subsequently, the resultant mixture underwent transfer into a separating funnel, a pivotal step in 

the extraction process aimed at achieving phase separation and isolating the desired components. This 

methodical approach ensures the efficient removal of impurities and undesirable by-products, laying the 

foundation for subsequent purification and refinement steps. The utilization of sodium chloride solution 

serves to enhance the efficacy of the salting-out process, enabling the precipitation of soap components 

for easy separation from the desired product. This carefully orchestrated sequence of steps underscores 

the meticulous attention to detail inherent in the experimental procedure, culminating in the attainment of 

high-quality results essential for the advancement of scientific knowledge and understanding in the field 

[34]. Following a three-hour reaction period, the resulting mixture underwent phase separation, yielding 
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two discernible layers. Subsequently, the mixture underwent a thorough washing process with hot water, 

continuing until the phenolphthalein indicator ceased to exhibit a pink hue, indicating the removal of any 

acidic impurities. Once fully washed, the oil component was subjected to drying at a temperature of 100°C 

in an oven until a consistent weight was achieved, signifying complete evaporation of any residual 

moisture. The neutralized oil was then meticulously weighed to ascertain any loss during the process, 

while the determination of the free fatty acid content (FFA) provided crucial insights into the quality and 

composition of the resulting alkyd resin. This meticulous procedure ensures the precise characterization 

of the alkyd resin derived from vegetable oil, laying the foundation for further analysis and application in 

various industrial settings [35]. In the experimental procedure, 130g of neutralized oil, in conjunction with 

a 2% (wt) concentration of NaHSO4 catalyst, was introduced into a round bottom flask, which was 

subsequently attached to a rotatable evaporator. The setup was then subjected to a temperature of 220°C 

for a dehydration period lasting 60 minutes. Notably, the dehydration process was executed under vacuum 

conditions, as outlined in the established protocol. This methodological approach aims to efficiently drive 

the esterification and polymerization reactions essential for the synthesis of alkyd resin from vegetable 

oil. By carefully controlling the temperature, catalyst concentration, and duration of dehydration, optimal 

conditions can be achieved to ensure the successful formation of high-quality alkyd resin. Such meticulous 

experimental design is fundamental to the advancement of knowledge in the field of sustainable materials 

chemistry, offering insights into the synthesis and characterization of environmentally friendly polymers 

[36]. The synthesis of palm oil modified alkyd resin was meticulously conducted utilizing dehydrated 

palm oil, glycerol, and phthalic anhydride in the presence of PbO and NaOH catalysts. The process was 

carried out employing state-of-the-art equipment, including a rotatable evaporator equipped with a digital 

thermometer, a rotatable round bottom flask operated at an agitation speed of 700 rpm, and a water bath 

coupled with a condenser. This advanced setup ensured precise control over reaction parameters, 

facilitating the synthesis of high-quality alkyd resin with tailored properties. The utilization of palm oil 

as a renewable and abundant feedstock underscores the sustainable nature of the synthesis process, 

aligning with the principles of green chemistry. The resulting palm oil modified alkyd resin holds great 

promise for various applications in coatings, adhesives, and other industries, offering enhanced 

performance and reduced environmental impact compared to traditional petroleum-based alternatives 

[30]. 

Preparation alkyd resin from canola oil 

The preparation of alkyd resin from canola oil and glycerol was carried out in a resin reactor equipped 

with essential instruments including a thermometer, mechanical stirrer, Dean-Stark apparatus, and 

nitrogen gas inlet. The reactor was charged with precise amounts of canola oil (110 g), glycerol (38.2 g), 

phthalic anhydride (59 g), maleic anhydride (1.23 g), and xylene (80 g). A catalyst, calcium acetate, was 

introduced at a concentration of 0.01% w/w based on the oil content. The temperature was gradually 

increased to 240°C and maintained until the formation of monoglycerides was confirmed through a 

methanol test. Subsequently, the temperature was reduced to 120°C, and additional quantities of phthalic 

anhydride and maleic anhydride were added to the reactor. The reaction mixture was further processed at 

220°C for 8–10 hours, ensuring thorough conversion. The reaction was monitored until the acid value 

decreased below 10 mg KOH/g, indicating the successful synthesis of alkyd resin with desired properties 

and quality [37]. 

Preparation alkyd resin from Delonix Regia (Flamboyant) Seed oil 
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In the process on alkyd resin synthesis, several key reagents were employed. Phthalic anhydride, glycerol, 

hydrochloric acid, marble chips (CaCO3), and an oxygen scavenger (antioxidant) were among the 

essential components utilized. The synthesis procedure was executed in two distinct stages: alcoholysis 

and esterification. These stages are integral to the transformation process, facilitating the conversion of 

the raw materials into the desired alkyd resin product. The alcoholysis stage involves the reaction between 

phthalic anhydride and glycerol, leading to the formation of monoesters and diesters. Subsequently, 

during esterification, the monoesters and diesters undergo further reactions with phthalic anhydride to 

yield the final alkyd resin product. The inclusion of marble chips serves as a catalyst in these reactions, 

enhancing their efficiency and promoting the desired chemical transformations. Additionally, the oxygen 

scavenger plays a crucial role in preventing undesired oxidation reactions, ensuring the integrity of the 

synthesized alkyd resin. This meticulously designed synthesis protocol lays the foundation for further 

exploration into the properties and applications of the resulting alkyd resin [38]. Following the assembly 

of the aforementioned experimental setup, the reactor was charged with 50g of the oil sample along with 

2g of CaCO3 acting as the catalyst. The temperature was gradually raised to approximately 120°C. Once 

the desired temperature was reached, 20g of glycerol was introduced into the mixture. Subsequently, the 

temperature was elevated to a range of 180-190°C and maintained for a duration of 30 minutes, during 

which vigorous agitation was employed to ensure thorough mixing. This thermal treatment facilitated the 

transesterification process, resulting in the conversion of triglycerides present in the oil sample into a 

mixture comprising mono- and diglyceride oils. This pivotal step in the reaction sequence lays the 

groundwork for subsequent stages of the alkyd resin synthesis process, wherein the modified oil mixture 

serves as a fundamental precursor [38]. After 30 minutes, the reaction temperature was decreased to 

150°C, and 25g of phthalic anhydride was introduced into the mixture. Subsequently, the temperature was 

raised to 245°C while maintaining continuous stirring to facilitate the polymerization process and enhance 

the molecular weight of the resin. To mitigate the presence of water, which is a by-product of the reaction, 

an additional 5g of phthalic anhydride was added to the reaction mixture. This excess phthalic anhydride 

served the dual purpose of eliminating water and accelerating the reaction rate. To ensure complete 

removal of water and unreacted acid, the mixture was heated to temperatures exceeding 250°C while 

under continuous agitation, effectively evaporating any residual moisture and unreacted components from 

the bulk solution. This meticulously controlled temperature and addition protocol is crucial for achieving 

the desired chemical structure and properties of the alkyd resin derived from vegetable oil, ensuring 

optimal performance in various applications [38]. 

Preparation alkyd resin from yellow oleander (Thevetia peruviana) seed oil 

Three distinct alkyd resin formulations were synthesized employing a two-stage alcoholysis-

polyesterification method [39], with variations in the proportions of phthalic anhydride (PA) and maleic 

anhydride (MA). Detailed quantities of the ingredients utilized are delineated in the referenced study. The 

process unfolded in two stages: firstly, the conversion of oil into a monoglyceride precursor through 

reaction with glycerol, followed by its subsequent reaction with PA and/or MA to produce the alkyd resin. 

This sequential approach enabled precise control over the resin's composition and properties, offering 

flexibility in tailoring the resin for specific applications and performance requirements. The meticulous 

adjustment of ingredient proportions ensured the attainment of desired resin characteristics, such as 

viscosity, curing behavior, and film-forming properties. The utilization of phthalic anhydride and maleic 

anhydride in varying ratios imparted distinct chemical functionalities to the resin matrix, influencing its 

mechanical strength, chemical resistance, and adhesion properties. This methodological framework 

underscores the systematic and deliberate approach employed in the synthesis of alkyd resins, laying a 
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solid foundation for further investigation and optimization in the realm of materials science and polymer 

chemistry [39]. The alcoholysis-polyesterification reaction was conducted in a meticulously controlled 

environment using a three-necked round-bottom flask outfitted with a precision mechanical stirrer from 

Heidolph, Germany, alongside a thermometer and a nitrogen gas inlet. A carefully measured mixture 

comprising 33.6 grams (0.04 mol) of yellow oleander oil, 7.36 grams (0.08 mol) of glycerol, and 0.05 

wt% (relative to the oil) of PbO catalyst was heated to 230°C (±5°C) under a nitrogen atmosphere with 

continuous stirring at a constant speed of 500 rpm for 60 minutes, facilitating the formation of 

monoglyceride. Confirmation of monoglyceride formation was achieved through a methanol solubility 

test, wherein a portion of the resin was combined with methanol in a sample vial at ambient temperature, 

resulting in complete dissolution of the resin and the formation of a clear liquid. Subsequently, the reaction 

mixture was cooled to 120°C, followed by the addition of 0.12 mol of acid anhydride in finely divided 

form and an excess of 1.98 grams of glycerol (27%). The reaction temperature was then raised to 210°C 

(±5°C), and heating was continued until the acid value of the mixture fell within the desired range of 20–

30 mg KOH/g. Assessment of the acid value was conducted by sampling aliquots of the reaction mixture 

at various time intervals, ensuring precise control and monitoring of the reaction progression [40]. 

Preparation alkyd resin from Ximenia americana (Wild Olive) oil 

The study commenced with the collection of seeds from the Ximenia americana (Wild Olive) plant, 

sourced from Yola, Adamawa State, Nigeria. Upon collection, meticulous care was taken to shell the 

seeds through a cracking process to extract the embryos. Subsequently, these embryos underwent a 

thorough sun-drying process spanning two weeks until achieving an optimal state for further processing. 

Following the drying phase, the embryos were meticulously milled into granular form to facilitate 

subsequent extraction procedures. Oil extraction from the seeds was carried out utilizing petroleum ether 

(40-60°C) employing the soxhlet extraction method, ensuring efficient recovery of the desired 

compounds. This meticulously executed process sets the foundation for subsequent analyses and 

investigations into the properties and potential applications of the extracted oil, contributing valuable 

insights to the broader field of botanical research and sustainable resource utilization [41].  

Following the extraction process, a portion of the obtained extract underwent a meticulous separation 

procedure to remove any traces of petroleum ether, achieved through evaporation in a rotary evaporator, 

resulting in the isolation of the pure oil. Subsequently, the comprehensive analysis of the physicochemical 

attributes of the Ximenia americana seed oil was conducted utilizing the rigorous protocols outlined by 

the American Oils Chemists Society Methods. This methodical approach ensured the accurate assessment 

of key characteristics such as viscosity, density, acidity, and moisture content, providing valuable insights 

into the composition and quality of the extracted oil. By adhering to established standards and 

methodologies, the experimental procedure maintained a high level of precision and reliability, essential 

for generating robust data sets essential for further research and application in various industries, including 

pharmaceuticals, cosmetics, and food processing [42]. The preparation of monoglyceride involved a 

meticulous process initiated by heating a mixture comprising oil, glycerol, and a small quantity of CaO 

catalyst in a 2-liter three-necked round-bottom flask. This flask was equipped with a Dean and Stark 

apparatus, ensuring efficient monitoring and extraction of water formed during the reaction. The reaction 

mixture was subjected to heating via a heating mantle, reaching a temperature of 200°C, and maintained 

at this level for a duration of 2 hours. Subsequently, a small aliquot of the reaction mixture was extracted 

and tested for solubility in methanol. The solubility test served as a critical indicator of monoglyceride 

formation, confirming the successful progression of the reaction. This meticulous approach not only 
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facilitated the synthesis of monoglyceride but also ensured the precise monitoring of reaction parameters, 

contributing to the overall efficacy and reproducibility of the process [41, 42]. During the second phase, 

the process transitioned with a decrease in temperature to approximately 180°C. At this point, a precise 

amount of phthalic anhydride was introduced into the reaction mixture, followed by the addition of xylene, 

constituting 10% of the total weight charged. The purpose of xylene addition was to facilitate the removal 

of water resulting from esterification, achieved through the formation of an azeotrope. As the reaction 

progressed, the temperature was gradually raised to a range between 230°C and 250°C. Throughout the 

reaction, samples were intermittently withdrawn from the mixture every 30 minutes to monitor changes 

in acid value and the evolution of water volume. The reaction was deemed complete once the acid value 

reached approximately 10 mg KOH/g, at which point the alkyd resin was allowed to cool. This meticulous 

control of temperature and periodic assessment of reaction parameters ensured the attainment of desired 

resin characteristics with precision and reproducibility [43]. 

Preparation alkyd resin from Jatropha Curcas oil 

In a meticulous synthesis process, three-neck round bottom flasks were meticulously equipped with a 

mechanical stirrer, a thermometer, and a nitrogen gas inlet. A precisely measured amount of 32.68 g (0.04 

mol) of Jatropha Curcas oil, alongside 7.36 g (0.08 mol) of glycerol, and 0.05 weight percent of PbO 

(relative to the oil) were meticulously charged into the flasks under continuous stirring. This mixture 

underwent a gradual heating process, steadily reaching temperatures between 225 and 230 °C over a 

duration of 45 to 60 minutes until the formation of monoglyceride was achieved, as confirmed by 

solubility testing in methanol (resin:methanol = 1:3 v/v) at ambient temperature. Subsequently, the 

reaction mixture was meticulously cooled to 125 °C, whereupon 0.12 moles of acid anhydride, in a finely 

powdered form, were precisely introduced along with 1.98 grams of excess glycerol (27%). The reaction 

temperature was then meticulously raised to 230 °C until the acid value fell within the targeted range of 

20 to 30 mg KOH/g [43]. 

Preparation alkyd resin from tobacco seed oil 

As part of the thesis research, the synthesis of alkyd resin was conducted in the laboratory, focusing on 

the creation of a 70% oil length tobacco penta-alkyd through the alcoholysis or monoglyceride process. 

The formulation employed in the synthesis included alkali-refined tobacco oil (70.00% by weight), 

pentaerythritol (10.54% by weight), cis-1,2,3,6-tetrahydrophthalic anhydride (22.48 w%), and a catalyst, 

lithium hydroxide (0.01 w%). The calculation was based on achieving a 100% resin yield, with a minor 

release of water (3.02 w%) during the reaction. Initially, a mixture comprising alkali-refined tobacco oil, 

pentaerythritol, and lithium hydroxide was prepared and heated to 250 °C for a duration of 3 to 4 hours, 

ensuring the conversion of triglycerides into monoglycerides. This meticulous process is crucial for the 

successful synthesis of alkyd resin with desired properties, contributing to the advancement of sustainable 

materials in various industrial applications. Following the formation of monoglycerides, the next step 

involved the addition of phthalic anhydride and xylene solvent to the reaction mixture, with the 

temperature carefully controlled at 210-215 °C for approximately 6 hours. Throughout the process, the 

advancement of the reaction was meticulously tracked by assessing the acid value17 of samples taken 

from the reaction mixture at consistent intervals. As the reaction proceeded, a noticeable decrease in the 

acid value was observed, indicating the progression of the poly esterification reaction. The reaction was 

allowed to continue until reaching an acid value below 10, signifying the completion of the desired 

chemical transformation. This methodological approach ensured precise control over the synthesis 
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process, enabling the production of alkyd resin with the desired properties and quality suitable for various 

applications in coatings, adhesives, and other industrial sectors [44]. 

Conclusions: The utilization of vegetable oils in alkyd resin production represents a significant stride 

toward bolstering sustainability within the chemical industry. Extensive research underscores the 

renewable and abundant nature of these oils, diminishing reliance on non-renewable petroleum resources 

and fostering environmental equilibrium. Moreover, alkyd resins derived from vegetable oils exhibit 

distinctive attributes, including renewability and biodegradability, positioning them as an eco-conscious 

substitute for petroleum-derived counterparts. Empirical evidence further demonstrates the efficacy of 

these resins across various applications, such as paints and coatings, boasting commendable mechanical 

and chemical properties. Nonetheless, there exists an imperative for continued research and development, 

particularly in refining conversion processes and optimizing product characteristics. Future investigations 

can explore novel technologies to augment resin efficiency and quality, alongside devising strategies for 

their more efficient and sustainable utilization. By embracing advancements in technology and materials 

rooted in vegetable oils for alkyd resin production, both industry professionals and researchers can 

actively contribute to bolstering environmental sustainability and fostering ecological balance. 
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