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[bookmark: _Toc213304979]Abstract
The growing environmental concerns associated with petroleum-based lubricants have driven research toward sustainable alternatives such as bio lubricants derived from renewable sources. This study focuses on the production and characterization of bio lubricant synthesized from waste cooking oil (WCO) using the transesterification process. The WCO was collected from local food outlets and pre-treated to remove impurities and moisture. Transesterification was conducted in two stages: first, producing methyl ester using methanol and potassium hydroxide as a catalyst, and second, synthesizing a polyol ester bio lubricant using trimethylolpropane (TMP). The resulting product was characterized for its physicochemical properties, including acid value, viscosity, flash point, and saponification value. The bio lubricant yielded 90.05% with an acid value of 2.24 mgKOH/g, viscosity of 58 mm²/s at 40°C, flash point of 132°C, and saponification value of 45.6 mgKOH/g. These results are within ASTM standard ranges, confirming that the bio lubricant possesses desirable lubricating properties comparable to conventional mineral oils. Hence, WCO-derived bio lubricant represents a sustainable, environmentally friendly, and economically viable alternative to petroleum-based lubricants
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[bookmark: _Toc213304980]CHAPTER ONE
[bookmark: _Toc213304981]                                                         INTRODUCTION
1.1 [bookmark: _Toc213304982]The Background of the Research
Biolubricant is synthetic oleo chemical esters normally plant origin, synthesized from transesterification which ‘are environmentally friendly, nontoxic to humans and other living things, possesses high biodegradability, and have excellent lubrication performance at a minimal waste disposal (Annisa et al., 2018). These have a neutral CO balance and readily decompose in nature due to presence of esters, which are found to be degraded aerobically as well as anaerobically (Gnanasekaran et al., 2018). Transesterification of vegetable oils is the most important initial step in producing biofuel or bio lubricant. Fatty acid alkyl esters, along with glycerol, are produced by the transesterification of vegetable oils (Thangaraj et al., 2019). Transesterification reactions can be catalysed by both homogenous (Fukuda et al.,2001; Lam et al.,2010) and heterogeneous catalysts (Macario et al., 2010). In a catalytic transesterification reaction, homogenous alkali catalysts are commonly used. The alkaline catalyst mostly used is potassium hydroxide (KOH), since it decreases the tendency for soap formation compared to sodium hydroxide (NaOH). It also reduces the number of methyl esters dissolved in the glycerol phase after the reaction, thus reducing ester losses (Anusi et al., 2018). Transesterification of vegetable oils with lower alcohols like methanol, ethanol, etc. produces 'biolubricants' (Bilal et al., 2013).
Lubricants work towards reduction in wear between two surfaces using a substance that can carry load in between of the two relatively moving surfaces. It was reported that the annual production of lubricants is 30-40 million tons(Mang and Dresel ,2006;Saidur et al.,2011;Menezes et al.,2013). The action of lubrication not only reduces wear, but also helps in corrosion resistance, in oxidative resistance, and in insulation (Encinar et al., 2020). The most common base stock for the production of lubricating oils is mineral oils, which are obtained from the petroleum sources. The mineral oils obtained during refining of crude oil and hence they are readily available and are economically cheaper (Owuna et al.,2020). However, the concerned and problems associated with the  petroleum-based feedstock are environmental pollution and depletion of petroleum reserves. This has led to a search for an alternative.
Biolubricant can be classified according to their chemical feature composition in natural and synthetic oil. Natural oils are made using vegetable oils or animal fat, have been use as starting materials to obtain their respective oils through several extraction and distillation method (Lovell, 2006 and Duzcukoglu, 2011). These oils are widely available, are in expensive, and exhibit higher biodegradability than those obtain from mineral oils (Aluyor et al., 2009). while synthetic oil uses the natural oils as starting material to form more advance bio lubricant. Among them, it was reported ester synthesis, involving modification by microorganism alcohol poly alcohol poly glycols, perfluroalkyleters, and other species, are able to graft to a natural oil (Backe, 1993). in such a way that the synthesize bio lubricant exhibited thermo oxidative stability wear resistance and lubricity properties even greater than those exhibited by mineral oils (Kumar et al., 2008).
      Large amount of waste cooking oil and animal fat are available throughout the globe, particularly in wealthy nations because of disposal issues and the potential for pollution of water and land resources. The management of such oils and fat is a serious task (Juan  et al.,.2020).  Despite the fact that some of waste cooking oil is utilised to make soap, the majority of it is dumped into the environment(Saidur, et al.,2011). Because vast volume of waste cooking oils are illegally thrown into rivers and landfills. The waste cooking oils can be utilized for the production of Bio based lubricants which cannot only reduce the burden on mineral oil-based lubricants but also provide a safe method for recycling of waste cooking oil (Sarno et al., 2019).
 Waste cooking oil are generated in the process of frying food with edible oil and cannot be utilized again without refining because of toxic component produce during refining operation (permadani et al., 2018). Because frying food is frequently used everywhere around the globe in large quantities, and because of the growth in population worldwide, waste cooking oils are generated in large quantities on a daily basis (EMRPB, 2015). The global waste cooking oil production is estimated between 20 and 32 of total consumption of vegetable oil with the main producers being hospitality and household sectors (Orjuela et al., 2020). Waste cooking oil is another problem, and the disposal of this oil pollutes the environment. Making bio base lubricant from waste cooking can solve this problem. The main challenge in utilizing vegetable oils as a potential feedstock for Bio lubricants production, apart from their low oxidative and thermal stability, is their availability. Many countries, such as India, are already scarce in vegetable oil and import from foreign countries the major quantity of vegetable oil in order to fulfil the demand needs. This makes the scientific community look at further alternatives. To cater the needs of the future lesson the burden on the environment, optimisation of the resources by employing waste for the production of utilities is of major interest for many scientists (Marion, 2017 and Mannu, 2020).
Biolubricants formulated from plant oils offer several advantages. They provide superior lubricity, leading to reduced friction losses. Their lower volatility results in decreased exhaust emissions, and they also possess a higher viscosity index (Sarma and Vinu, 2022). Viscosity is one of the key properties of a bio lubricant, as it describes the internal friction within a liquid due to molecular interactions (Cecilia et al., 2020). Despite the great potential of vegetable oils as biolubricants, they are not widely commercialized due to their high heterogeneity and other undesirable physical properties related to poor oxidation stability, poor low-temperature properties, and poor viscosity indexes, among others(Panchal, et al.,2013; Nagendramma and Kaul,2012) Considering these disadvantages, the main challenge of bio lubricants is maintaining the consistent chemical composition of the vegetable oils used as starting materials to meet final application and performance specifications.
Biolubricants have gained significant traction across various industrial sectors due to their environmental advantages and technical performance. In hydraulic systems, particularly in environmentally sensitive areas like forestry and agriculture, they are increasingly mandated to prevent soil and water contamination from potential leaks (Cecilia et al., 2020). The metal working industry benefits from their superior lubricity in applications like cutting and grinding fluids, where they reduce friction and extend tool life (Negi et al., 2021). For total loss lubrication systems, such as chainsaw oils and rail flange lubricants, their high biodegradability is essential as the lubricant is directly released into the environment (Ilyas et al.,2022)
[bookmark: _Toc213304983]1.2 Statement of the Problem
Increasing environmental awareness and growing regulations over pollution and contamination have accelerated the development of renewable and biodegradable lubricants(Betton, 2010; Nagendramma and Kaul, 2012).The global demand for sustainable lubricants has surged due to environmental regulations (e.g, EV Circular Economy Action Plan) and the depletion of fossil fuels (Teh et al., 2025).Besides, the growing use of fossil fuels at an increased rate will cause an escalation of local air pollution and exacerbate issues about the warming of the earth as a result of CO emissions(Shaldar et al., 2019). About 95% of total lubricant production is petroleum based generally denoted as mineral oil. These oils are composed of a complex mixture of paraffinic(linear\branch), olefinic, naphthenic, and aromatic hydrocarbons of 20 to 50 carbon atoms. These formulations are non-renewable and toxic in such a way that the lubricants are harmful to humans and the environment as a consequence of their low biodegradability and high toxicity; some are even considered to be carcinogenic. 
[bookmark: _Toc213304984]1.3 Justification of the Research
The use of vegetable oil as lubricant was experimented over a century ago, using oil from the agricultural industry (Oniya, et al., 2014; Adewuyi, et al., 2014) reported that more than 95% of world lubricant is produced from edible oils such as grapeseed oil, soya bean oil, canola oil, palm oil and kernel oil. The major benefits of bio lubricant according to (Syaima et al., 2014) are its renewability, low environmental toxicity and biodegradability as well as its high viscosity index, which makes its viscosity to be virtually stable at constant temperature unlike mineral oil. This makes it to be more preferable than mineral oil-based lubricant. (Jabal et al., 2014) reported that biolubricants are easy to produce and have better lubricating ability due to a huge amount of unsaturated and polar ester groups components they contained which favourably affected the status during reciprocating sliding. Vegetable oil-based lubricant according to (Agrawal et al., 2017) is becoming more attractive everyday due to its environmental benefits. (Ahmed et al., (2014) reported that vegetable oil, have a capability to contribute towards the goal of controlling environmental pollution, security and energy independence since they are biodegradable and nontoxic. New and sustainable lubricants are also needed to replace conventional lubricants derived from fossil fuels. This research can help in the production and characterization bio lubricant from waste cooking oil. This could solve many recent environmentally related challenges and will resolve issues concerning their sustainability. (Hussain et al.,2021; Nogales et al.,2021).
[bookmark: _Toc213304985]1.4 Aim and Objectives
The aim of this research is to produce and characterize biolubricants from waste cooking oil
The objectives of the study are to:
1.To produce bio lubricants from waste cooking oil through transesterification process.
2. To characterize the physicochemical properties of the produced biolubricants, including viscosity, flash point, Acid value and Saponification value.
3. To compare the properties of biolubricant with that of ASTM Standard for biodiesel.







[bookmark: _Toc213304986]CHAPTER TWO
[bookmark: _Toc213304987]                                              LITERATURE REVIEW
[bookmark: _Toc213304988]2.1 Biolubricants
Biolubricants are classified as sustainable lubricants due to their carbon neutral nature (Durango-Giraldo et al., 2021) it is expected that the bio lubricant market will rise by 15-20% in the next two decades (Almasi et al., 2021).  According to Verified Market Research the bio lubricants market was valued at USD 2.82 billion in 2018 and is expected to reach USD 3.63 billion by 2026, growing at a Compound Annual Growth Rate (CAGR) of 3.2% from 2019 to 2026. Asia and the Americas are also expected to have the highest growth rate in this sector between 2019 and 2024. These data show the growing industry interest in replacing petroleum-based lubricants with more environmentally friendly ones, and therefore the need to find solutions to concerns about production costs and other more functional aspects, including poor oxidation stability. Biolubricant are lubricant derived from renewable biological feedstock (mainly vegetable oils, animal fat, and waste cooking oil) or they chemical modified derivatises (e.g. polyol esters). Biolubricants act as antifriction agents which reduce the risks associated with machine failures and maintains optimum operations. They are essential for heat transfer, power transmission, lubrication, and corrosion inhibition in machinery (Amit et al., 2012). 
      The main purposes of bio lubrication are to protect the surfaces from corrosion, reduce oxidation, reduce wear due to contact, prevent heat loss from the surfaces in contact, act as insulator in transformer applications, as sealing agents (against dust, dirt and water), biodegradable, and improve efficiency of machines (Jamat et al., 2010; Amit et al., 2012; Dabai et al., 2018; Jeevan and Jayaram, 2018). The major property of any bio lubricant is viscosity, which is responsible for preventing friction between two surfaces in contact (Amit et al., 2012). Other important qualities of bio lubricants include temperature stability, prices, availability, environmental friendliness, toxicity, chemical stability, corrosiveness, flammability, and compatibility (Dabai et al., 2018; Jeevan and Jayaram, 2018). The common chemical-pre-treatment for the conversion of vegetable oils to bio lubricants is esterification of the free fatty acids with methanol in the presence of acidic catalysts, and subsequent transesterification of the produced methyl esters to bio lubricants using TMP (Endalew et al., 2011; Tahira, 2012; Hassani, 2013). Jeevan and Jayaram (2018), observed that chemical modification of vegetable oils produced better lubricating effects and improved the lubricating oils’ affinity between metal surfaces in contact.
2.2 [bookmark: _Toc213304989]Classification of Biolubricants 
Biolubricants can be classified according to their chemical fluid composition in natural and synthetic oils. Natural oils are made using vegetable oils or animal fats, while synthetic oils use the natural oils as starting materials to form more advanced biolubricants
[bookmark: _Toc213304990]2.2.1. Natural Oils
Natural oils are obtained from vegetables, fruits, or seeds, as well as fats obtained from animals and have been used as starting materials to obtain their respective oils through several extraction and distillation methods (Lovell et al., 2006; Duzcukoglu and Sahin, 2011). These oils are widely available, are inexpensive, and exhibit higher biodegradability than those obtained from mineral oils (Aluyor et al., 2009). Generally, the physicochemical properties of vegetable oils depend on the composition of free fatty acids. Natural oils display variable compositions, since both environmental and biological parameters strongly influence chemical composition (Gunstone, 2000). Nonetheless, some parameters of natural oils are generally better than those of traditional mineral oils (Lovell, et al., 2010; Karmakar et al., 2017). However, the use of these natural oils to synthesize bio lubricants is inconsistent, since most interfere with the food chain, thereby causing speculation regarding the prices of consumable vegetable oils and producing increased prices and social imbalances.
[bookmark: _Toc213304991]2.2.2. Synthetic Oils
Synthetic esters are formed by chemical modification of plant-based oils or animal fats.  Among them, it was reported that ester synthesis, involving modification by microorganisms, alcohols, polyalcohols, polyglycols, perfluoroalkylethers, and other species, are able to graft to a natural oil (Backe, 1993). in such a way that the synthesized bio lubricant exhibited thermo-oxidative stability, wear resistance, and lubricity properties even greater than those exhibited by mineral oils (Kumar and Sharma 2008). However, synthetic esters also display several limitations, since chemical modification raises the price of the lubricant, slightly increases the volatility and toxicity, diminishes the friction tolerance, and the esters do not work well with mineral oils in comparison to unmodified vegetable oils (Chang et al., 2018).
[bookmark: _Toc213304992]2.3 Waste Cooking Oils
Waste Cooking Oil (WCO) refers to fats and oils that have been used for cooking or frying in commercial or industrial food processing activities, including restaurants (Zhang et al., 2020). Used cooking oil (UCO) is also known as waste cooking oil. The repetitive use of vegetable oils for cooking meals in both commercial and home settings results in waste cooking oil. Waste cooking oil is made up of a range of vegetable oils, including sunflower, palm, rapeseed, soya, and others, and is generally combined (Zhang et al., 2020). Waste cooking oils are mostly made up of triglycerides, monoglycerides, diglycerides, and free fatty acids in varying amounts (5–20% by weight) that are produced during the frying process (Balasubramaniam et al., 2012).  The disposal of Waste cooking oil pollutes the environment. Using was te cooking oil (WCO) to produce bio-lubricant offers significant environmental and economic advantages by transforming a costly waste problem into a valuable resource. The benefits stem from creating a circular economy that turns environmental liabilities into sustainable opportunities. 
          The valorization of waste cooking oil into biolubricants offers significant environmental and economic advantages, supporting a circular economy. From an environmental perspective, this process directly tackles pollution by diverting waste cooking oil from improper disposal, which is a major cause of water and soil contamination(Sharma, et al., 2025). The resulting biolubricants are more biodegradable and less toxic than persistent petroleum based lubricants, leading to a lower ecological impact(Teh, et al.,2025). Economically, waste cooking oil provides a low cost  raw material for lubricant production, which can significantly reduce base oil costs(PMC, 2020; Jahromi,2023). This model creates new revenue streams for resturants, recyclers, and other waste cooking oil producers, while simultaneously cutting the expenses associated with waste management and disposal(Sharma, et al., 2025). The market for these biolubricants is experiencing growth, driven by tightening environmental regulations and rising consumer demand for sustainable, green products(Teh, et al., 2025; Mannu, et al., 2025).
[bookmark: _Toc213304993]2.4 Merits of using biolubricants
Biolubricants have excellent lubricity, higher viscosity, have been reported to produce fewer emission due to higher boiling temperature ranges of esters, lower volatility, higher flash point, less dermatological problems both to humans and animals, and are biodegradable (Tirth, 2017; Muhammad, 2018).
[bookmark: _Toc213304994]2.5 Demerits of using biolubricants
[bookmark: _Hlk212372485][bookmark: _Toc213304995]Previous researches revealed that the major concerns with the use of biolubricants are their poor resistance to thermal and oxidative degradation owing to the presence of acyl group in their molecules (glycol backbone in oil give rise to a tertiary β-hydrogen that is thermally unstable) (Tirth, 2017; Jeevan and Jayaram, 2018). it was also reported that low thermal and oxidative property of vegetable oils is caused by methylene interrupted poly unsaturation (Dabai, et al., 2018; Jeevan and Jayaram, 2018). Biolubricant also have poor low temperature properties due to the formation of macro crystalline structures (at low temperature through uniform stacking of triglycerides back bones) which limit the easy flow of the fluids due to loss of kinetic energy of the molecules during the self-stacking (Weimin and Xiaobo 2015). The presence of ester group was also found to be responsible for low-temperature fluidity and reduced volatility at high temperatures in bio lubricants (Jumat, et al., 2014). Further reviews confirmed that for suitability as bio lubricant, a fluid should contain properties such as biodegradability, cleanliness (particle count), less water content, poor acidity, high viscosity, homogeneity, low volatility, high oxidative stability, and elastomer compatibility (Tirth et al., 2017; Jagadeesh et al., 2018).

2.6 Applications of bio lubricants
Bio lubricants have been utilized for various maintenance and industrial applications (Abdullah et al., 2016; Masood et al., 2012). Bio lubricants have found great uses in machines that loose oil directly into the environment during operations (Total Loss Lubricants) and in machinery used in machinery used in environmentally sensitive areas such as water treatment and food processing (Gobinda, et al., 2017). Generally, bio lubricants are being used as hydraulic fluids in power equipment’s, two-stroke engines (Gobinda, et al., 2017; Sunny and Madhu, 2014), air-craft jet engine, metalworking fluids, boat engines, chain saw oils, drilling fluids used for geological explorations, marines, greases, and railroad flanges. Other applications include concrete mould release agent, dust suppressants, cutting fluids, and gear oils (Jain, and Suhane, 2013). 
[bookmark: _Toc213304996]2.7. Transesterification Process
It is the most conventional method of producing bio lubricant due to the fact that this method is relatively easy, carried out at normal conditions and gives the best conversion efficiency and quality of the converted fuel (Gashaw et al., 2015).  The transesterification reaction is a reversible reaction and is represented by the general equation as in the following equation (1). However, the presence of a catalyst (a strong acid or base) will accelerate the conversion (Schuchardt et al.,1998). The transesterification reaction is a two staged process. The first stage process is the reaction in which the triglyceride molecule reacts with primary short chain alcohol such as methanol\ethanol to form another alcohol and mixtures of fatty acid methyl esters. It is worth knowing that methanol is preferred alcohol due to it inherit physicochemical attributes such as being easily dissolved in potassium hydroxide (KOH) solution and its fast triglyceride reaction (Ma and Hanna 1999) The second stage transesterification process is the reaction of the vegetable oil derived methyl esters with polyols, to produce triesters (bio lubricants). 
Triglycerides+ Methanol   →      Glycerol+ Methyl esters (equation 1)

                                                 CHAPTER THREE
[bookmark: _Toc213304997]                                           MATERIALS AND METHODS
3.1 Materials
[bookmark: _Toc213304998]3.1.1 Apparatus\Equipment 
The apparatus used for this research are as follows in the table below with their model and manufacturers: 
Table 1: List of Apparatus
	Apparatus
	Model
	Manufacturer

	Cooler 
Water bath
	CA-1112-CE
WB-500
	Made in china
Bosch medical system

	Heating mantle

	WHLSG2\ER2
	Winkler, Austria

	Weighing balance
	Metal balance
	Gallenkam, England

	Measuring cylinder
	Glass
	Pyrex, England

	Lab oven 
	SM9053
	Surgifriend med, England

	Reflux condenser

Viscometer
	C1\11

NDJ-8S
	GC10 Glass, England

Drawell Scientific


 







[bookmark: _Toc213304999]3.1.2 REAGENTS
The reagents used for this research with their chemical formula, purity and manufacturers are as follows:
Table 2: List of Chemicals\ Reagents
	Reagent
	Chemical formula
	Purity
	Manufacturer

	Methanol
	CH3OH

	99.50%
	BDH LTD, UK

	Ethanol
	C2H5OH
	99.00%
	BDH LTD, UK

	Phenolphthalein
	C20H14O4
	96.00%
	BDH LTD, UK

	Potassium hydroxide
	KOH
	99.00%
	Griffin and George

	Trimethylolpropane (TMP)
	CH3CH2C (CH2OH)3
	98.00%
	BASF and Hubei Yihua

	 Hydrochloric acid           
	HCl
	35.00%
	BDH LTD, UK




[bookmark: _Toc213305000]3.2 METHODS
[bookmark: _Toc213305001]3.2.1 Sample collection  
The sample of waste cooking oil (WCO) used for this research was collected from local food outlets.
[bookmark: _Toc213305002]3.2.2 Pre-treatment of waste cooking oil 
The oil was pre-treated by filtering with filter paper to remove suspended food particles and solid impurities. Heat the filtered oil to 110˚c for 15-20 minutes on a hotplate stirrer to evaporate any residual water. Allow it to cool to room temperature.
[bookmark: _Toc213305003]

3.2.3 Preparation of Reagents
[bookmark: _Toc213305004]3.2.3.1 Potassium hydroxide(KOH)
A measurable amount of 5g KOH was weighed and dissolved in 50cmᶟ distilled water, the volume was then brought to the mark in a 250cmᶟ volumetric flask using distilled water.
[bookmark: _Toc213305005]3.2.3.2 Phenolphthalein indicator
A calculated amount of 2g phenolphthalein powder was accurately weighed and dissolved in 25cmᶟ of absolute ethanol.
[bookmark: _Toc213305006]3.2.3.3 Transesterification process
The bio lubricant was formulated using waste cooking oil (WCO) as feedstock in accordance with ISO5509 method described by (Bilal et al., 2013). The formulation involves a double transesterification, an intermediate   product, methyl ester of the oil was produced by mixing the oil sample with methanol using potassium hydroxide (KOH) as catalyst in the ratio 3:1. Potassium hydroxide of 0.5 wt% of the oil was used as a catalyst. Bio lubricant synthesis was achieved during the second transesterification by adding trimethylolpropane (TMP) to the waste cooking oil methyl ester in the ratio 3.5:1 to produce the desired product, a polyol ester (bio lubricant) in accordance with (Zulkifli et al., 2013). The reaction was conducted at a temperature of 120˚C for two and half hours (2 ) as prescribed by (Jatti et al., 2015). After the reaction was completed, vacuum filtration was used to separate potassium hydroxide from the product mixture.  Thereafter un reacted methyl esters were removed from the final product by vacuum distillation.
[bookmark: _Toc213305007]3.2.3.4 Characterization tests
[bookmark: _Toc213305008]3.2.3.5 Determination of acid value
Acid value was determined in accordance with ASTM D664-18 method. Bio lubricant of 2g was weighed and transferred into a conical flask. 10cmᶟ of ethanol   and 2-3 drops of the (phenolphthalein) indicator was added. And the solution was titrated against 0.1M potassium hydroxide (KOH) solution with constant stirring until a faint, pink end-point appears (Bilal et al.,2013). The endpoint value was then recorded, and the acid value was calculated using equation (2).
 Acid Value ……………………….. equation(2)
[bookmark: _Toc213305009]3.2.3.6 Determination of Viscosity (ASTM D445)
The viscosity of the bio lubricant was determined at temperature of 40˚C, as follows the sample was transferred to a 250cmᶟ beaker, and the temperature of the bio lubricant was raised to a desired value by heating on a heating mantle with constant stirring. The viscometer was then turned on and allowed to run until a constant reading was attained.
[bookmark: _Toc213305010]3.2.3.7 Determination of flash point (ASTM D92)
Flash point, as defined by ASTM D 92, is a measure of the temperature to which a fuel must be heated such that a mixture of the vapour and air above the fuel can be ignited. The flash point was determined according to ASTM D92 method. The sample was placed in the test cup to the prescribed mark in the interior of the cup. The cup was mounted on to its position on the tester. Bunsen burner was used to supply heat to the apparatus at rate of 10˚C per minute with constant stirring. A small test flame was directed into the cup intermittently. The flash point was taken as the temperature when the test flame caused the vapour above the sample to ignite (Indhumathi et al., 2014).
[bookmark: _Toc213305011]3.2.3.8 Determination of saponification value
The AOCS method cd 3-25 was employed. 2g of bio lubricant was weighed and transferred into a conical flask and 50cmᶟ of 0.5M KOH was added to the sample. The mixture was then heated to saponify the oil. The unreacted KOH was back titrated with 0.5M of hydrochloric acid using 2 to 3 drops of phenolphthalein indicator (Bilal et al., 2013). The saponification value of the samples was analysed and calculated using equation (3).
Saponification Value 
CHAPTER FOUR
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[bookmark: _Toc213305013]4.1 Result
Table 3: Physiochemical parameter of biolubriccant from waste cooking oil
	Properties
	Unit
	Biolubricant
	ASTM-Standard

	Yield of bio lubricant
	%
	90.05%
	_

	Acid value
	MgKOH\g
	2.24
	_

	Viscosity
	Mm²\s
	58 at 40 ˚C
	61.2-74.8

	Flash point
	˚C
	132
	130-170

	Saponification
	MgKOH\g
	45.6
	_



[bookmark: _Toc213305014]4.2 Discussion
From the result obtained in Table 3, the yield of bio lubricant from waste cooking oil was found to be 90.05% which is lower than the 93% yield of the produced biodiesel reported by Zhu et al., (2014). The acid value obtained was 2.24mgKOH\g, this value is slightly higher than 0.8mgKOH\g specified by ASTM but less than 3.66mgKOH\g reported by Bello and Agge,(2012) using groundnut oil biodiesel. Viscosity which is one of the critical characteristics of a bio lubricant is usually determined at 40˚C. the viscosity of the bio lubricant at 40˚C was 58 which is higher than 42.85 reported by Hassan et al. 2016. The flash point of the bio lubricant obtained was 132˚C. The 132˚C value obtained is within the range specified by ASTM standard. The results obtained is lower than 178˚C reported by Ogunsuyi (2012) and 186˚C reported by (Orhevba et al.,2016) for coconut biodiesel but higher than 55˚C reported for gourd biodiesel (Hassan and Sani, 2010). Flash point is controlled to meet safety requirements for fuel handling, storage and transportation (Mukhtar et al., 2014).
The saponification value of the bio lubricant was found to be 45.6 mgKOH\g, The value is lower than 182.4mgKOH\g reported by (Orhevbra et al., 2016) . Pearson (2019) reported that oil with higher saponification values contain higher proportion of lower fatty acids. High saponification value is a measure of molecular weight of fatty acid in oil and it indicate the  amount of saponifiable matter present in oil (Muhammad et al., 2006) .The saponification value is good enough since high saponification value implies the possible tendency to soap formation and difficulties in separation of products if utilized for bio lubricant or biodiesel production(Ofoefule et al., 2013).
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CHAPTER FIVE
SUMMARY, CONCULUSION AND RECOMMENDATIONS
[bookmark: _Toc213305016]5.1 Summary
This research was conducted to explore the conversion of waste cooking oil into bio lubricants as a sustainable substitute for mineral-based lubricants. Waste cooking oil was selected due to its abundance and environmental disposal challenges. The study adopted the transesterification process, where methanol and potassium hydroxide acted as catalysts in the initial reaction to form methyl esters. A second transesterification step using trimethylolpropane (TMP) produced the final bio lubricant. The physicochemical analyses revealed that the bio lubricant had suitable viscosity, flash point, and acid and saponification values that met international standards. These findings confirm that WCO can serve as a potential raw material for bio lubricant production. Additionally, utilizing WCO for this purpose contributes to waste management, reduces pollution, and offers an eco-friendly alternative to non-renewable mineral oils. The work demonstrates the feasibility of producing high-quality bio lubricants from a low-cost and sustainable feedstock.

[bookmark: _Toc213305017]5.2 Conclusion 
The research successfully demonstrated that waste cooking oil can be effectively utilized to produce bio lubricants through the transesterification process. The produced bio lubricant showed favorable physicochemical characteristics, aligning with ASTM standards. The yield of 90.05% indicates that the process is efficient, while properties such as viscosity, flash point, and acid value confirm its suitability for lubricating applications. The study establishes that bio lubricants derived from WCO are biodegradable, renewable, and environmentally benign compared to petroleum-based lubricants. Furthermore, this approach offers a dual advantage of waste recycling and reducing dependency on fossil resources, aligning with global sustainability goals. 

[bookmark: _Toc213305018]5.3 Recommendations
[bookmark: _Toc213305019][bookmark: _Toc213301670][bookmark: _Toc213304761][bookmark: _Toc213301447]1. Further large-scale production and testing should be conducted to assess the performance of WCO-based biolubricants in different industrial and automotive applications.
2. Future studies should investigate the use of other solid catalysts to improve reusability and minimize post-reaction purification challenges. 
 3. A cost-benefit analysis should be performed to compare the economic viability of WCO-based bio lubricants with conventional lubricants.
4. A comprehensive life-cycle analysis should be undertaken to quantify the environmental benefits, including carbon footprint reduction. 
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Calculations of production yield and characterization tests
% Yield of bio lubricant
% Yield 
             =  =90.05%

Acid Value 


	
	1st
	2nd

	Initial reading(cmᶟ)
	0.00
	0.50

	Final reading (cmᶟ)
	0.50
	1.01

	Vol. of acid used
	0.50
	0.60



 Average Titre value=0.8 Acid Value 
Molarity of KOH= 0.1
Weight of the sample= 
Acid value of the produce bio lubricant Acid Value 

Saponification Value 
                                 =45.6mgKOH\mg
            










