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A B S T R A CT  

The waste cooking oil (WCO) is a low cost and prospective feedstock with no competitive food uses 

for biodiesel production, but the yield and quality have been greatly affected by impurities.  This study 

examined the chemical and fuel quality of biodiesel of both WCO and alkaline treated WCO.  The 

transesterification process using the alkaline treated cooking oil (ACO) methanol and sodium 

hydroxide as catalyst followed the Association of Officials of Analytical Chemists (AOAC) techniques. 

The pH values between 7.27 and 8.65 were found for alkaline treated cooking methyl ester (ACME), 

alkaline treated cooking oil (ACO) and WCO. Density of ACME, ACO and WCO varied between 0.89 

and 0.93 (g/cm3). The fatty acids found were benzoic acid (3.77%), octanoic acid (8.35%), and palmitic 

acid (75.02%) – most abundant. Comparison of results with the American Standard for Testing 

Materials (ASTM) values showed quality enhancements of ACO in physicochemical and fuel properties 

over WCO. The biodiesels from ACO have enhanced emulsification, fuel and free fatty acids qualities 

over the WCO, showing the refinement methodology of WCO has overall improvement in the 

biodiesel purity and quality against the previous conflicting reports. 
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1 Introduction 

The non-utilization of waste cooking oil in the 

further production food has made it important 

feedstock for biodiesel in recent times. In most 

developing countries, biodiesel appears to supply 

a bigger probability for an honest complement to 

fossil fuels. Most of economies today are for the 

most part agricultural, therefore the crops needed 

for biodiesel production are cultivated in lots of 

abundance. The biodiesel technology and 

procedures are straightforward that may be 

practiced, even by rural dwellers [1, 2]. 

Additionally, the resultant fuel is environmentally 

friendly, sustainable and doesn't need petroleum-

diesel engine modification. Biodiesel production 

additionally guarantees to deal with the problems 

of poor electricity generation in rural areas, 

perennial fuel inadequacy and environmental 

pollution through use of generated materials [3, 

4]. Many alternative sources of waste cooking oil 

(WCO) include business, domestic, and industrial 

sectors. WCO has to be properly managed as it 

might be a likely problematic waste stream once 

disposed incorrectly, and the oil solidifies down 

the sinks. The WCO is sometimes problematic as 

its disposal quickly causes blockages of sewer 

pipes [5, 6]. Several previous reports have 

calculated the worth of biodiesel production with 

assumptions regarding its production volume, 

feedstock and chemical technology developed, 

with a moderately-sized industrial biodiesel 

production facility model to estimate the capital 

and operational cost [7-10]. About 88% of total 

costs of biodiesel production were reported by 

authors to be from the vegetable oils [11, 12]. 

Both Kulkarni and Dalai [13, 14] used various 
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designs and production plants with a techno-

economic analysis to match other alternatives.  

The used vegetable oil once degraded gets into 

sewage works where their properties causes 

corrosion of metal and additionally affects 

installations in waste water treatment plants. 

Waste treatment of effluent due to WCO 

disposals is another environmental concern. 

Therefore, the use of refined waste cooking 

edible vegetable oils and animal fats as non- food 

materials for biodiesel production may be a good 

alternative in our search for cheaper fuel sources 

in the future and therefore require investigation. 

The issues of biodiesel feedstock contending with 

the food offer in the long-run is being eliminated 

as WCO for biodiesel is non-food sensitive.  This 

work hopes to evaluate the fuel properties and 

free fatty acids composition of alkaline treated 

cooking oil (ACO) and demonstrate that new 

refinement methodology of WCO in the 

biodiesel purity has overall improvement against 

the previous conflicting reports [15-18] 

2 Research Methodology  

Chemicals and equipment were obtained from 

Cerrilliant (Round Rock, TX, USA LGC 

(Teddington Middlesex, UK), Aldrich Sigma 

(Gillingham Dorset, UK). Biodiesel analyzed 

using reflux set, micro-pipette, separating funnel, 

digital hot plate/magnetic stirrer, regulated water-

bath, pycnometer (ASTM D941), pH scale meter 

(Hanna HI 4212 model), calorimeter (Parr-1351 

from Parr Instrument Company, Moline, IL, 

USA), Cannon–Fenske viscometer ostwald 

(Cannon Instrument Co., State College, PA, 

USA) Waste oil (WCO) of sunflower (helianthus) 

was obtained from a food building in Oja Oba, 

Ilorin, Kwara State, Nigeria at Degree Minutes 

Seconds (DMS) coordinates (Latitude: 8o  29’ 

47.90’’ N Longitude: 4o 32’ 31.70’’ E). It was 

made from deep frying of foods and was used as 

feed stock for biodiesel production. Waste 

vegetable oil (WCO) purification was subjected 

to alkaline treatment process that concerned with 

removing impurities before economical trans-

esterification to supply ACO. The alkaline treated 

oil (ACO) was measured, heated to 100 OC and 

activated charcoal added to the mixture for 45 

minutes with constant stirring. The acid 

esterification required the free acid (FFA) value 

to be brought below 0.5, for the 

transesterification to proceed [19, 20]. Trans-

esterification technique of ACO to alkaline 

treated cooking methyl ester (ACME) was the 

mixture of ACO and methyl alcohol, heated and 

stirred for 1 hour at 65oC, at oil to methyl alcohol 

molar relation of 1:6 in the presence of NaOH as 

catalyst [21, 22]. The WCO, ACO, and ACME 

properties were evaluated by the Association of 

officials of Analytical Chemists [23, 24], and 

American Society for Test and Material (ASTM) 

for quality evaluations [25]. Specifically, chemical 

properties like acid value (mgKOH/g) by 

American Oil Chemists' Society (AOCS) Official 

technique [26], iodine value (mgI2/100g), 

peroxide value (MeqO2/Kg) by AOCS Official 

technique [27], saponification (mgKOH/g) [23], 

and free fatty acids by AOCS Official technique 

[28]. The pour, flash, cloud, smoke points, 

specific density, higher heating value, kinematic 

viscosity, and cetane number (ASTM D6751-09) 

[29]. Determination of free fatty acids profile of 

ACME: Gas Chromatography Mass 

Spectrometry (GC-MS) analysis was conducted 

with Varian 3800 gas –chromatography together 

with Agilent MS capillary column (30 m x zero.25 

mm i.d) [23]. FTIR analysis done with Shimadzu 

instrument. KBr (Potassium bromide) was 

grounded into (powdery form) pelletized (with 

hydraulic press) and scanned at a frequency vary 

of 4000 – 400 cm-1.  

3 Results and Discussion 

3.1 Chemical properties of WCO, ACO, 

and ACME 

The Table 1 presents the chemical properties 

obtained for WCO, ACO, and ACME.  The level 

of acid value was drastically reduced after alkaline 

treatment of WCO to ACO (2.42 mgNaOH/g). 

The acid values of 5.89 mg/g found in WCO 

before refinement was very high, which may 

result to larger form of free fatty acids out there 

among the oil but due to continuous hydrolytic 

cleavage of  bonds. 

Throughout preparation processes, the massive 

reduction of  61.5% FFA observed in the ACO 

was a prospect of  the used oils, and it's gained 
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higher domestic and industrial use with improved 

resistance to oxidative damage.  The acid values 

were: WCO (5.89 mg/KOH), ACO (2.42 

mg/KOH) and ACME (0.04 mg/KOH), 

respectively. However, the amount obtained 

throughout this work was considerably not up to 

the 6.1721 mg/KOH from the biodiesel made of 

waste oil claimed by [19-21]. The acid values 

ranges of  1.32 – 3.6 mg/KOH have in addition 

had been reported for waste cooking oil in the 

literature by Muhammad and Bhargavi [30]. 

Omojola, et al., [31] gave the acid values of  some 

waste cooking oils like sunflower, margarine, 

sunf  oil and palmoil as 2.29, 2.87, 0.72 and 0.66 

(mg/KOH) against the value of  5.89 ± 0.14 

(mg/KOH) discovered throughout this work. 

However, value of  0.04 mg/KOH given for 

RCME here falls at intervals of  the ASTM 

D6751-09 Standards (< 0.8 mg/KOH) [5, 6]. The 

peroxide value of  WCO when alkaline treated 

ranged from 2.60 to 1.88 MeO2/kg, representing 

26.9% reductions.  

Table 1: Chemical and fuel properties of waste, treated cooking oil and biodiesel 

 

Properties 

Waste cooking  

oil (WCO) 

Alkaline-treated 

cooking oil  

(ACO) 

Comparable 

differences 

 (%) 

Alkaline- 

cooking methyl 

ester 

 (ACME) 

ASTM  

D6751-09 

&EN14214  

Chemical properties 

Acid value, 

(mg/KOH) 

5.89 ± 0.14 2.42 ± 0.02 61.5 0.04 ± 0.01 < 0.8 

Saponification, 

(mg/KOH) 

197.50  ± 2.12 181.14 ± 0.01 10.8 222.45 ± 0.01 < 312 

Iodine Value, 

(I2/100g) 

146.64 ± 0.23 142.03 ± 0.2 4.9 132.01 ± 0.02 < 120 

Peroxide Value, 

(Meq O2/kg) 

2.60 ± 0.00 1.98 ± 0.01 26.9 2.94 ± 0.01 10 

Ester value, 

(mg/KOH) 

191.61 ± 2.0 173.72 ± 0.01 7.0 222.41 ± 0.01 - 

Calorific value 

(J/Kg) 

-8180.57 -7485.26 8.5 -9027.1 - 

Glycerine (%) 10.47 9.77 7.1 12.16  

FFA (%) 2.96 1.21 59.2 0.02 0.5 

Fuel properties 

Yield (%) 100 93.1 8.5 94.5 - 

pH 8.65 7.27 8.0 5.57 - 

Specific gravity 0.95 0.91 6.3 0.89 0.86-0.92 

Density at 40oC 

(g/cm3) 

0.93 0.91 2.2 0.88 0.88 

Kinematic 

viscosity 

at 40°C (mm2/s) 

38.40 17.6 54.2 2.70 1.90 - 6.0 

Cetane number 

(min) 

35.5 44.48 25.2 41.14 ≥ 47 

Smoke point, (oC) 194 139 30.9 131 130 

Flash point, (oC) 149 140 12.1 146 150 

Fire point, (oC) 185 175 10.8 169 170 

Pour point, (oC) -3 - 4 2.3 -17 - 20 

Higher heating 

value (MJ/kg) 

44.50 43.70 0.7 42.01 EN14214 

35MJ/kg 
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The variations in peroxide values of  65.76 and 

59.64 MeO2/kg were discovered from refinement 

of  pongamia pinnata and citrullus. colocynthis oils were 

earlier reported [20]. However, this peroxide 

values falls at intervals of  the required value for 

peroxide recommended by Codex (10meq O2/kg) 

for oil/fat deterioration [36]. Also, 2.84 ± 0.02 

(Meq O2/kg) reported for RCME falls at 

intervals of  the ASTM D6751-09 standards of  10 

MeO2/kg [17, 20]. The iodine values obtained for 

WCO (146.64 I2/100g), ACO (142.03 I2/100g) 

and ACME (132.01 I2/100g) shows outstanding 

improvements. The slight reduction of  4.9% in 

iodine value of  WCO was discovered after 

alkaline treatment. This result shows the alkaline 

treated WCO possessed higher oxidative stability 

which can be used for industrial applications. 

Duhan, et al., [38] reported a reduction rate of  

25.59% and 27.37% of  iodine values of  two 

samples of  WCO after treatment. Omojola et al., 

[31] reported the iodine values of  some WCO 

like sunflower, margarine, sunf  oil and palm oil 

as 111.1, 54.9, 116.7 and 81.7 (mg/KOH) against 

the iodine value of  5..89 ± 0.14 (mg/KOH) 

discovered in this work. The iodine value of  

117.99 ± 0.67 I2/100g discovered in this work 

were equivalent to the iodine values determined 

elsewhere and in addition falls at intervals of  the 

ASTM D6751-09 standards [25]. 

The results for saponification value show that 

every WCO and ACO includes fatty acids of  

moderate long chain lengths (C16-C20) due to 

their relatively low saponification values, i.e. each 

of  WCO (197.50 mg/KOH) and ACO (181.11 

mg/KOH) have saponification value below 

ASTM recommended value (≥ 312 mg/KOH). 

Duhan, et al., [38] similarly reported increase in 

the saponification value of  13.43 and 13.46 

mg/KOH for citrullus. colocynthis and pongamia 

pinnata oils after refinement/treatment. The 

saponification value ranges of  188.2 - 207 

mg/KOH were reported by Muhammad and 

Bhargavi [30] indicating the suitability of  oil 

capable of  extra applications. 

3.2 Fuel properties of WCO, ACO, and 

ACME  

3.2.1 The recovery percentage 

The yield of  ACO from WCO was 93.1%, 

whereas the yield of  DCME was 94.5%. Biodiesel 

yields from waste vegetable oil by two ways of  

microwave heating and convectional heating in 

the literature had created 92% yield with no 

refinement. Alkaline treatment of  the WCO to 

ACO thus exaggerated the yield of  oil  

3.2.2 Specific gravity 

In Table 1, the specific gravity values for WCO 

and ACO were between 0.95 – 0.89 and biodiesel 

was 0.89 was found. Specific gravity are very 

important factors within the international edible 

oil trade market with an applicable limit of  0.86 

− 0.92 (ASTM D6751-09). Decrease in the 

specific density of  0.89 was as results of  the 

removal of  unwanted substances like free fatty 

acids, and completely different chemical product 

in the oil. Similar reduction in specific density 

(0.87) was obtained for the refinement of  waste 

cookery oils of  Baphia nitida and Gliricidia sepium 

[32].  

3.2.3 Density and kinematic viscosity 

Fuel density affects fuel performance. Alternative 

fuel properties, like heating value and viscosity are 

powerfully connected to density. Fuel density is 

one altogether the factors that have a sway on the 

atomization and combustion. The densities for 

WCO, ACO and ACME obtained were 0.93, 0.91, 

and 0.88 (g/cm3), respectfully. Muhammed and 

Bhargavi [30] earlier reported the density ranges 

of  0.91 – 0.92 (g/cm3) and Rahadanti et al., [19] 

equally gave 0.91(g/cm3) for WCO. Omojola, e 

al., [31] reported the densities of  some WCOs 

like flower, oleomargarine, sunfoil and palmoil as 

0.920, 0.917, 0.920 and 0.904 (g/cm3) against the 

discovered density of  0.93 g/cm3 found for 

WCO during this study. This recommends that 

biodiesel from treated WCO with the alkali 

(NaOH) as catalyst would have higher fuel 

performance because of its lower density of  0.88 

[25]. The oil viscosity once treated with the 

alkaline (ACO) is in Table 1. Viscosity is usually 

perceived as thickness, or resistance to running. 

Ryan, et al., [33] reported the viscosity of  

vegetable oils is influenced in the main by fatty 

acid composition and quantity of  contaminants. 

Kinematic viscosities of  WCO, ACO and ACME 

were found to be 38.40, 17.60, and 2.70 mm2 at 
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40oC. Prafulla, et al., [34] reported viscosity of  

28.8 mm2 at 40oC for WCO and 6.25 – 3.10 mm2 

at 40oC for biodiesel. The value of  88.88 mm2 at 

40oC was given by Rahadanti, et al., [19] for 

viscosity characteristic determination. Kinematic 

viscosity had been reported by Maurizio, et al., 

[35] in the ranges of  36.4 – 42 mm2 at 40oC in 

line with ASTM (2003) specifications for 

biodiesel. Kinematic viscosity property ought to 

be between the 1.9-6.0 mm2/s. The kinematic 

viscosity value of  2.70 mm2 at 40oC was higher to 

international standards for biodiesel. Also, 

Omojola, et al., [31] reported the viscosities at 

40oC of  WCOs like sunflower, margarine, sunfoil 

and palmoil as 31.38, 40.93, 43.52 and 44.25 

(mm2/s) against the determined kinematic 

viscosity of  38.40 mm2/s reported in this work. 

3.2.4 Cetane number 

Cetane number of  fuels indicates the degree of  

its ignition feature for compression ignition 

engines. The high cetane range of  every ACO 

and ACME were 44.48 and 41.14 (min), it showed 

the biodiesel was good for fuel application, since 

ASTM of  47 min was the standard [25]. High 

cetane range guarantees great running of  the 

engine. Cetane range indicates the degree of  its 

ignition feature for compression ignition engines 

[36]. 

3.2.5 Smoke, flash, fire and pour points 

The smoke, flash and fire points are temperatures 

that oil is heated and the mixture of  vapor and air 

on top of the oil can go up in flames. These 

parameters provide information on the storage 

capability of  the oil and usage safety. The smoke 

point values obtained from the WCO and ACO 

were 194oC and 139oC respectively. The smoke 

point of  ACO decreased; but it had been over 

130°C. This inexplicit the oil won't be sensible for 

frying, but safe as fuel as a result of itsnot non-

ignition at cold temperature. The ACME 

(biodiesel) had slightly higher smoke point 

(131oC), flash point (146oC), fire point (169oC) 

and pour point (-17oC), whereas the ACO had 

smoke point (139oC), flash point (140oC), fire 

point (145oC), and pour point (-4oC), respectively. 

In line with Omojola, e al., [31], they reported the 

pour points (congealing temperature) of  some 

WCOs like sunflower, oleomargarine, sunfoil and 

palmoil as – 8.65, 0.3, -.9.8 and 10.25 (oC) against 

the determined pour point of  – 3oC reported for 

WCO in the current study. The value conforms 

to the specification prompted by ASTM, [5, 6]. 

3.2.6 The higher heating values 

The value for biodiesel in European set minimum 

is 35MJ/kg [37]. We obtained biodiesel 

combustion value of  42.01 MJ/kg that was on the 

far side of  the specification suggested. Due to the 

high heat of  combustion value, the biodiesel will 

function as substitute to fuel. The caloric value of  

biofuels could be a vital parameter for the 

comparison of  fuel properties with fossil’s diesel.  

3.3 Fatty acid profile of biodiesel 

Table 2 provides the fatty acids profiles of  the 

ACO and WCO in relative to their retention time 

and proportional composition.  

Table 2: Comparison of fatty acid profiles of waste and treated cooking oils 

                                          Waste cooking oil (WCO)  

Retention Time Composition Saturation Composition 

(%) 

Comparable  

Difference   (%) 

21.37 Octanoic acid (C10:2) 4.86 - 

23.01 Benzoic acid (C11:2) 3.74 - 

32.85 Hexadecanoic acid  (C18:2) 1.01 - 

33.41 9-Octadecenoic acid          (C19:2) 6.42 - 

36.92 Octadecanoic acid (C20:2) 0.03 - 

39.52 9, 12, 15 Octadecatrienoic acid (C19:2) 1.02 - 

39.98 Octadecanoic acid (C20:2) 29.85 - 

40.69 Heptadecanoic acid (C19:2) 10.02 - 

41.08 Pentadecanoic acid (C17:2) 38.51 - 

42.84 9-Octadecenoic acid (C21:4) 6.42 - 

Alkaline treated cooking oil (ACO) 

14.50 Octanoic acid (C10:2) 8.35 71.81 

15.87 Benzoic acid (C11:2) 3.77 0.01 

22.0 Hexadecanoic acid (C18:2) 75.02 74.01 

42.84 9-Octadecenoic acid (C21:4) 0.47 14.64 
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Figure 1: The GCMS chromatograms for both WCO (A) and ACO (B) based biodiesels 

 

The fatty acids profile profile in ACO has 

octanoic acid (8.35%), benzoic acid (3.77%), and 

palmitic acid (75.02%) was the foremost 

abundant. The 9-octadecenoic acid; octadecanoic 

acid; 9, 12, 15- octadecatrienoic acid and 

saturated fatty acid were found in WCO, but were 

not seen in the ACO as shown below in Figure 1 

3.4 The FTIR analysis of biodiesel 

 In Table 3, Fourier Transform Infra-red (FTIR) 

foremost IR peak regions that indicated chemical 

changes were found at 1600-3600 cm-1.  The 

Fourier Transform Infra-red (FTIR) 

spectroscopic analysis results for biodiesel 

showed the foremost IR peak regions that 

indicated chemical changes.  
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Table 3: Fourier Transform Infrared Spectroscopy analysis of biodiesels 

Frequency (cm-1) Observed vibration bands/peaks (cm-1) Functional groups 

  Biodiesel from WCO Biodiesel from ACO  

3600 - 3200 3456.55 3454.62 O–H stretching vibration (alcohol) 

29500 - 2840 2926.11 2924.18 C-H aliphatic stretching vibration. 

1750 - 1720 1747.57 1747.57 C=O stretching (ester) 

1465 - 1440 1485.00 1464.02 - CH3 bend 

1390 - 1365 1377.22 1377.22 O-CH2 bend 

1680 - 1600 1635.69 1633.76 C=C stretching frequency of alkene and 

aromatic band. 

1200 - 1020 1163.11 1163.11 O-CH3 bend 

 

 
Figure 2: The FTIR spectral for both WCO (A) and ACO (B) based biodiesels 

In Figure 2, the spectral bands 1377.22 cm-1 

showed the presence of  glycerol cluster O-CH2 

(mono, di and triglycerides) in both raw and 

refined oils. The IR spectral 1747.57cm-1 in both 

samples corresponds to the presence of  

compound cluster among the WCO and ACO.  

IR band 1464.02 – 1485.00 cm-1 was as a result 

of its uneven bending and likewise matches with 

–CH3. 
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4 Conclusions 

Alkaline treatment of WCO has been 

demonstrated to optimize the transesterification 

process of industrially important alkyl ester 

(biodiesel) from waste cooking oil.  The biodiesel 

from the refined oil has shown the foremost 

effective approach for the reduction of 

interfering contaminants within the WCO. The 

ACO that was produced have enhanced 

properties for emulsification for biodiesel 

production. The fuel properties of the neat 

biodiesel showed quality similar to the American 

Society for Test and Material - ASTM Quality 

Evaluations. 
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