
International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org, editorijaiem@gmail.com  

Volume 3, Issue 1, January 2014   ISSN 2319 - 4847 
 
 

Volume 3, Issue 1, January 2014 Page 355 
 
 

 
ABSTRACT 

This paper investigates the production of a completely renewable biodiesel fuel from locally available natural 
materials such as crude palm kernel oil and bio-ethanol obtained from palm wine using potash sourced from ash of 
empty oil palm bunch residue as catalyst. In this work, esterified PKO was reacted with bio-ethanol (99 %v/v), in the 
mole ratios of 1:4.5, 1:6 and 1:9, in a transesterification process using 1.0 wt%, 1.5 wt% and 2.0 wt% of the potash 
catalyst to PKO at the reaction temperature of 75 oC  within 120 minutes reaction time. The result showed optimum 
PKO-biodiesel yield of 96.25% at PKO to bio-ethanol mole ratio of 1:6 and 1.5 wt% potash to PKO. The PKO-
biodiesel was analyzed using gas chromatography with mass spectrometer. The GC-MS scan revealed that the PKO-
biodiesel is composed of 49.24% ethyl laurate, 17.45% ethyl myristate, 11.62% ethyl pamitate, 6.46% ethyl stearate, 
4.08% ethyl caprate, 3.07% ethyl caprylate, 2.48% ethyl oleate, 1.25% ethyl caproate and a total ethyl ester yield of 
95.65%. The PKO-biodiesel was further characterized according to ASTM standard requirement. The results of the 
fuel properties showed: specific gravity at 15 oC, 0.886; kinematic viscosity at 40 oC, 4.26 mm2/s; cloud point, -1 oC; 
pour point,  -9 oC; cetane index, 64; flash point, 176 oC etc. These results are in conformity with biodiesel ASTM D 
6751 specifications. Thus, the produced PKO-biodiesel is recommended for use in diesel ignition engines. 
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1     INTRODUCTION  
The desire to establish national energy self-reliance coupled with the awareness of fossil fuel depletion and fluctuations in 
oil price have stimulated the search for alternative fuel. In addition, high emissions of CO2, NOx, SO2 and particulate 
matter (PM) are produced during the use of fossil fuel, generating environmental problems [1]. Specifically, the exhaust 
from petroleum products, especially diesel is known to be toxic and carcinogenous in nature, since they contain polycyclic 
aromatic hydrocarbons [2].  These facts have converged and intensified the search for an alternative fuel that is based on 
the use of renewable agricultural based materials as feedstock. Thus, the general trend all over the world now is to 
diminish the over dependence on petroleum products so as to become energy secured and save-guard the environment and 
protect man from the inhalation of genotoxic substances [3]. There is therefore a global search for alternative sources of 
energy which is renewable, cheaper, safer and more importantly environmentally friendly. In different parts of the world, 
depending on availability, diesel has been produced from different biological plants. This was first done as an academic 
exercise, but commercialization of the production process and product is ongoing. Bio-diesel has emerged as a type of 
liquid fuel derived from renewable and natural sources that can substitute wholly (or partly) for petroleum diesel [4], [5]. 
Biodiesel is very similar to the petroleum diesel fuel in terms of physical properties and functionality and therefore can be 
used as 100% replacement or used at any concentration with petroleum diesel in existing diesel compression-ignition 
engines with little or no engine modifications. Moreover, the use of pure biodiesel in the transport sector lowers the soot 
emissions by 60%, carbon monoxide by 50%, hydrocarbons by 50% and carbon dioxide by 80% [6]. Biodiesel is non-
toxic, biodegradable, readily available, has a high heat value and oxygen content (10-11%), contains no sulfur, contains 
no aromatic compounds and does not contribute to global warming due to its carbon closed cycle [7].  It is defined as 
mono-alkyl esters of long chain fatty acids derived from vegetable oils or animal fats which conform to American Society 
for Testing and Materials, ASTM D 6751 specifications for use in diesel engines [8].  Biodiesel can be produced in a 
transesterification process where vegetable oils or animal fats are reacted with excess short-chain alcohol such as 
methanol or ethanol in the presence of a catalyst [9], [10] as shown in equation 1. 
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Vegetable oils, such as soybean, canola, jatropha, sunflower seed, palm oil, palm kernel, algae etc. and animal fats are the 
major feedstock. Methanol is the preferred alcohol in transesterification reaction due its reactivity, easy-phase separation 
and low cost. However, the use of ethanol had been considered because methanol is toxic [11]. Ethanol is readily available 
and maintains its capability of being renewable as an advantage. It can be produced from agricultural renewable 
resources, thereby attaining total independence from petroleum-based alcohols [12]. In addition to the entirely 
agricultural nature of the ethanol, the extra carbon atom brought by the ethanol molecule slightly increases the heat 
content and the cetane number. Also, ethanol, as extraction solvent, is preferable to methanol because of its much higher 
dissolving power for oils. Finally, another important advantage in the use of ethanol is that the ethyl esters have cloud 
and pour points that are lower than the methyl esters [12]. The catalyst can be an acid, a base or an enzyme to improve 
the reaction rate and yield. The use of enzyme catalyst in transesterification reaction makes the process too expensive 
while acid catalyzed transesterirification is a very slow process requiring duration of 6 hours and above for completion of 
reaction.  The base-catalyzed transesterification process stands out to be the most preferred method because the reaction 
rate is faster, the process is economical and can be carried out at moderate temperatures resulting in a conversion of 98% 
to biodiesel with no intermediate compounds [8] [13], [14]. Numerous different vegetable oils have been tested as sources 
of biodiesel. Often, the vegetable oils investigated for their suitability as feedstock for biodiesel production are those 
which occur abundantly in the country of testing. Therefore, soybean oil is of primary interest as biodiesel source in the 
United States while many European countries are concerned with rapeseed oil, and countries with tropical climate prefer 
to utilize coconut oil palm kernel oil or palm oil [8].  
In Nigeria, vegetable oils has been considered an important renewable feedstock in the long-term (2016-2025) vision of 
providing secure, abundant, cost effective and clean source of energy [15]. Common vegetable oil in the country include 
palm oil, palm kernel oil (PKO), peanuts, cottonseed and soybean. Profile for these vegetable oils is presented in Table 1 
[16]. 
 
                  Table 1: Nigeria vegetable oil profile (2006) 

Commodity  Quantity (tons) Percentage share 
Palm oil  800,000 50 
Palm kernel oil 270,000 17 
Others: peanuts, cottonseed, soybean 260,000 16 
Imports  270,000 17 
National requirement 1,600,000 100 

                  Source: [16] 
To commercialize biodiesel production process, low-cost waste or used vegetable oils would be a good choice of feedstock 
for economic reasons, but this may not be adequate because the feedstock need to be abundantly available. It is therefore 
necessary to use feedstock that can be supplied plentifully or feedstock whose cultivation is favored by the climate of the 
country of use.  
Nigeria is a tropical climate favoring the cultivation of the oil palm and more so, since the oil palm is the most productive 
crop among all the available crops as feedstock for biodiesel production [16], this paper seeks to utilize the locally 
available vast resources of the oil palm to produce biodiesel from crude palm kernel oil (PKO) and bio-ethanol produced 
from palm wine in the presence of a potash catalyst also produced from the ash of empty oil palm bunch residue. The fuel 
properties of the produced PKO-biodiesel will be analyzed according to the biodiesel standard ASTM test methods. 
 
2.   MATERIALS AND METHODS 

2.1    Materials 
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The main materials used for this work include crude palm kernel oil (PKO) obtained from Rivers Vegetable Oil Company 
limited, empty oil palm bunch (EOPB) residue obtained from a local oil palm processor and Palm wine obtained from a 
local palm wine tapper in Rivers state, Nigeria. Other materials and equipment used in this work will be mentioned in the 
appropriate section. 

2.2    Method 
2.2.1 Extraction of the solid potash from empty oil palm bunch  
Solid potash was produced from empty oil palm bunch by adopting the procedure described by [17]. 8.0kg of EOPB 
residues were sun dried for six weeks over an average daily sunshine duration of 6 hrs. The dried EOBP residues were 
combusted in a furnace at 500 oC to produce the palm ash. 250 kg of the recovered ash was soaked in 2 lit of distilled 
water at 60 oC and allowed to digest for 12 hrs with intermittent stirring. The mixture was then filtered to recover the 
alkali extract. This extract was heated to dryness to produce the solid potash. 

2.2.2 Bio-ethanol production 
Bio-ethanol was produced from palm wine by applying the procedure described by [18]. 4 liters of the palm wine was 
measured and allowed to undergo fermentation within a four day study period. The fermented palm was subjected to 
simple sequential distillation to produce hydrous bio-ethanol. The hydrous bio-ethanol was further subjected to azeotropic 
distillation using cyclohexane as the entrainer to produce anhydrous bio-ethanol. 

2.2.3 Esterification of the crude palm kernel oil (PKO) 
The crude PKO was subjected to esterification reaction by applying the procedure described by [19]. 2000g of crude PKO 
(7.2297 % FFA) was allowed to undergo esterification process to reduce the free fatty acid content to less than 1.0% 
suitable for base-catalyzed transesterification reaction. The average molecular weight of the fatty acids in the crude PKO 
and the volume of base used to neutralize the FFA were determined by gas chromatographic and titrimetric analyses. In a 
two-step esterification, the FFA level of the crude PKO was reduced to less than 0.1%. 

2.2.4 Transesterification reaction 
200g of esterified PKO (0.4806 %FFA) was measured into a 500 ml conical flask and heated to a temperature of 110 oC. 
The flask was maintained at this temperature for 30 minutes to evaporate water in the oil. It was then allowed to cool to 
75 oC. By the stoichiometry of the base-catalyzed transesterification process, one mole of PKO is required to react with 
three moles of ethanol to produce three moles of biodiesel and one mole of glycerol. However, an excess of alcohol is 
required to push the reaction to the forward side [5]. 58.8964g of the bio-ethanol (99.0 %v/v) (corresponding to 29.4482 
% wt/wt of oil, mole ratio of PKO to bio-ethanol 1:4.5 or 50 % excess) was measured into a 250 ml conical flask. 1.0 
%wt. of solid potash (87.2 % purity) to weight of PKO (corresponding to 2.2989g) was measured and added to the bio-
ethanol. Most researchers have used 1.0 %wt of catalyst to weight of oil in transesterification [20], [21], [22], [23].  The 
flask was closed and swirled round thoroughly for about two minutes repeatedly about six times for complete dissolution 
of solid potash in the bio-ethanol. The 500 ml conical flask containing the PKO was placed in a water bath and heated to 
maintain the temperature at 75 oC as the reaction temperature. It is required that the reaction temperature must be below 
the boiling point of alcohol used [5]. The bio-ethanol-potash mixture was slowly transferred to mix with the PKO and the 
flask was capped. Heating and stirring with a magnetic stirrer was maintained for 120 minutes (reaction time). Figure 1 
shows the batch reaction set-up. 
 

                                            
                                              
  
The mixture was then transferred to the separating funnel for settling and phase separation by gravity. The settling stages 
are shown in figures 2 (a) and (b).  After 24 hours of settling, the mixture had separated into two layers. The top layer is a 

Figure 1: Batch transesterification reaction set-up  
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mixture of bio-ethanol and bio-diesel and the bottom layer is a mixture of bio-ethanol and glycerol as shown in figure 2 
(c).  
 
 
 
 
 
 
 
 
 
     
   
 
 
 
 
 
 
 
The crude glycerin-bio-ethanol layer was drained off from the bottom of the separating funnel. Few drops of phosphoric 
acid were added to the biodiesel layer to neutralize the catalyst residue while the pH was intermittently checked. After the 
neutralization process, 20 % volume of warm water (50 oC) to the volume of the PKO-biodiesel was added to the PKO-
biodiesel. The mixture was agitated gently to avoid formation of emulsion and then allowed to settle for 30 minutes to aid 
separation. The washed water layer was drained and the washing process repeated until a clear and transparent amber-
yellow liquid (figure 3) known as biodiesel was achieved with a pH of 7. The PKO-biodiesel was dried at a temperature of 
110oC for 30 minutes. The washed water was collected and reprocessed to recover the bio-ethanol. 
   

                                                   
 
      
 
The above procedure was replicated using PKO to bio-ethanol mole ratios of 1:6 and 1:9. The entire process was repeated 
with solid potash of 1.5% and 2.0% wt. solid potash to weight of PKO. The percentage PKO-biodiesel yield is calculated 
from equation 2. 

                                            100
W

m
Y                                                                               (2)                       

 Where, Y is the % yield             
              m is weight of PKO-biodiesel produced, g. 
              W is the weight of the PKO used in the reaction, g.   
         
 
2.2.5 Analysis of the PKO-biodiesel 
Representative samples of the produced bio-diesel were analyzed for fatty acid profile and concentration of fatty acid ethyl 
ester using the GC-MS. An Agilent Technology GC 7890A /MSD 5975C with an Agilent 7693A Automated Liquid 
Sampler was configured at the following conditions. The column was HP-INNOWAX, 50 m x 0.2 mm id x 0.4 µm, 

                                         
                        (a)                                                                    (b)                                                      (c) 

Figure 3: Final PKO-biodiesel produced 

Figure 2: Settling stages for separation of the produced PKO-biodiesel and glycerin; stage (a), stage (b)                  
                and stage (c) 
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column flow rate of 0.6 mLmin-1and helium as the carrier gas. The initial oven temperature was 40oC (holds for 2 mins) 
with a programming rate of 14 oC/min to 140 oC (holds for 2 mins) then 6 oC/min to 290 oC (holds for 9 mins). The 
maximum temperature was 310 oC and run time of 45.143 minutes. The relative fractions of each fatty acid ethyl ester 
were calculated from the fraction of total peak area attributed to each by the mass spectrum libraries supplied with the 
GC-MS software. The final analysis was recorded and analyzed by the computer using AcqMethod on the GC Plus.  

2.2.6 Fuel characterization 
The PKO-biodiesel produced was characterized according to the ASTM biodiesel standard test procedures [24]. The fuel 
properties analyzed include kinematic viscosity (ASTM D 445), flash point (closed cup, ASTM D 93), cloud and pour 
points (ASTM D 97 & D-2500), specific gravity API @ 15oC (ASTM D-5002), basic sediment and water (ASTM D-
1796), water content by distillation (ASTM D-95), total sulphur (ASTM D-4294), cetane index (ASTM D-976), 
conradson carbon residue (ASTM D-189), Ash content (ASTM D-482) and distillation profile (ASTM D-86). 
 
3.   RESULTS AND DISCUSSION 

3.1   PKO biodiesel yield 
The transesterification reaction was carried out at the temperature of 75 oC for the duration of 120 minutes. The results of 
percentage PKO-biodiesel yield obtained for the different PKO to bio-ethanol mole ratios and at the different percentage 
potash catalyst used are shown in table 2. For 1.0 wt% potash catalyst to oil and at PKO to bio-ethanol mole ratios of 
1:4.5, 1:6 and 1:9 the percentage PKO-biodiesel yields are respectively 81.45 %, 82.48 % and 84.41 %. At 1.5 wt% 
potash catalyst and PKO to bio-ethanol mole ratios of 1:4.5, 1:6 and 1:9 the percentage PKO-biodiesel yields are 
respectively 92.12 %, 96.25 % and 95.18 %. At 2.0 wt% potash catalyst and PKO to bio-ethanol mole ratios of 1:4.5, 1:6 
and 1:9, the percentage biodiesel yields are respectively 93.20 %, 93.26 % and 93.15 %. The losses recorded are due to 
un-reacted alcohol, residual catalyst and emulsion removed during the washing stage of the production process. Similar 
observations had been reported by [22], [25] The highest yield of 96.25 % was recorded at 1.5 wt% potash catalyst and 
PKO to bio-ethanol mole ratio of 1:6. This result is corroborated with findings of [25] wherein an average yield of 95.40 
% was recorded.  
 
Table 2: Percentage PKO bio-diesel yield at different PKO to bio-ethanol mole ratio and various   
              percentage catalyst concentration 
 1.0 wt% potash to PKO 1.5 wt% potash to PKO 2.0 wt%  to PKO 

Bio-ethanol to oil mole ratio Bio-ethanol to oil mole ratio Bio-ethanol to oil mole ratio 

1:4.5 1:6 1:9 1:4.5 1:6 1:9 1:4.5 1:6 1:9 
PKO biodiesel 
obtained (g) 

162.90 164.96 168.82 184.24 192.50 190.36 188.40 188.22 187.50 

Glycerol obtained 
(g) 

78.18 76.71 73.32 57.84 50.60 53.53 54.38 43.85 44.54 

Bio-ethanol 
recovered  

19.30 38.20 76.82 19.39 37.86 76.04 19.42 49.26 75.59 

Losses (g) 0.72 0.83 0.94 0.78 0.89 1.12 1.19 1.67 2.26 
PKO biodiesel 
yield (%) 

81.45 82.48 84.41 92.12 96.25 95.18 93.20 93.26 93.15 

 
 
3.2   Fatty acid profile and purity of the biodiesel 
Fatty acid profile of the biodiesel prepared from PKO was determined by GC-MS analysis. The individual peaks of the 
gas chromatogram (figure. 4) were analyzed and the fatty acid components identified using MS database. Relative 
percentage of fatty acid esters were calculated from total ion chromatography by computerized integrator and results are 
presented in the Table 4. The PKO-biodiesel consists of 49.31wt.% ethyl laurate (C12:0), 17.01 wt.% ethyl myristate 
(C14:0), 11.16 wt.% ethyl pamitate (C16:0), 6.89 wt.%  ethyl stearate (18:0), 4.07 wt.% ethyl caprate (C10:0 ), 3.07 wt.% 
ethyl caprylate (C8:0), 2.89 wt.% ethyl oleate (C18:1) and 1.25 wt% of ethyl caproate. The lauric acid is the major fatty 
acid followed by myristic acid and pamitic acid. Stearic, oleic caprylic, capric and caproic acids are present as minor 
constituents. This is an indication that the PKO-biodiesel is composed mainly of saturated fatty acids. This finding is 
corroborated by the works of [26] where in saturated fatty acids were found to be the major composition of palm kernel oil 
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fatty acids. The GC-MS scan also indicated that the concentration of fatty acid ethyl ester in the PKO biodiesel is 95.65% 
as shown in table 3. This result is in agreement with those obtained by [26]. 
 
            Table 3: PKO-biodiesel fatty acid profile and purity 

Name of compound  Retention times Amount (%) 
Fatty acids Ethyl ester 
Caproic (Hexanoic) acid, C6:0 Ethyl caproate 6.546 1.25 
Caprylic (Octanoic) acid, C8:0 Ethyl caprylate 9.044 3.07 
Capric (Decanoic) acid, C10:0 Ethyl caprate 11.782 4.08 
Lauric (Dodecanoic) acid, C12:0 Ethyl laurate 15.568 49.24 
Myrystic (Tetradecanoic) acid, C14:0 Ethyl myristate 20.036 17.45 
Palmitic (Hexadecanoic) acid, C16:0 Ethyl pamitate 23.380 11.62 
Stearic (Octadecanoic) acid, C18:0 Ethyl stearate 27.497 6.46 
Oleic acid (C18:1) Ethyl oleate 27.68 2.48 
Others (non ester components) - 35.295 4.35 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: GC-MS scan for fatty acid profile and ethyl ester content 
3.3   Fuel properties of the PKO biodiesel 
In evaluating the suitability of the PKO-biodiesel as alternative diesel the ASTM biodiesel fuel, standard test procedures 
was used to characterize the PKO-biodiesel. Table 4 shows the test method used, the test results and the standard limit as 
recommended by ASTM.  
 Table 4: Fuel properties of the PKO-biodiesel  
Parameters  ASTM method PKO-biodiesel result ASTM standard 

limit [24] 
Specific gravity @ 15oC ASTM D 5002 0.8693 0.865-0.885 
Basic sediment and water, vol. % ASTM D 1796 < 0.05 0.05max 
Water content (Distillation), vol. % ASTM D 95 < 0.01 < 0.01 
Total sulphur, wt % ASTM D 4294 0.01 0.05 
Flash point (close cup), oC ASTM D 93 176 130 min. 
Pour point, oC ASTM D 97 -9 NA 
Clour point, oC ASTM D 2500 -1 NA 
Kinematic viscosity @ 40oC, mm2/s ASTM D 445 4.26 1.9-6.0 
Cetane index ASTM D 976 64 Min 47 
Conradson carbon residue (CCR), wt % ASTM D 189 0.02 0.05max 
Ash content, wt % ASTM D 482 0.02 0.02 
Acid number, mg KOH/g ASTM D 664 0.36 0.8 
Distillation @ IBP, oC ASTM D 86 115 NA 
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Distillation @ 90, oC ASTM D 86 319 360max 
 
 
The kinematic viscosity at 40 oC for the produced PKO-biodiesel fuel is 4.26 mm2/s. This result falls within the 
requirement of ASTM specification for biodiesel fuel, indicating that the PKO biodiesel produced can be used in diesel 
engines. Higher viscosity fuels can cause poor fuel combustion that leads to deposit formation as well as higher in-
cylinder penetration of the fuel spray, which can result in elevated engine oil dilution with fuel. Viscosity is a measure of 
the fuel’s adhesive or cohesive property and a minimum viscosity is required for some engines because of the potential for 
power loss caused by injection pump and injector leakage.  
The cloud point of the PKO-biodiesel is -1 oC while the pour point is -9 oC. The cloud point is higher than the pour point 
which is in agreement with the findings of [27]. The cloud and pour points are properties affecting the low temperature 
operability of biodiesel. The cloud point of a fuel is the temperature at which the fuel becomes cloudy due to the formation 
of crystals which can clog fuel filters and supply lines as the fuel cooled, while the pour point is the lowest temperature at 
which the fuel will flow or the temperature at which the fuel contains so many agglomerated crystals that it is essentially 
a gel and will no longer flow.  Biodiesel dominated with high saturated fatty acid compounds tend to have higher cloud 
and pour points and may not be favorable for use in low temperature countries. However, its use in a country like Nigeria 
is permissible due to the warm weather condition.  
The cetane index of the PKO biodiesel is measured to be 64. This result falls within the standard ASTM requirement for 
biodiesel fuel. The cetane index is a measure of the ignition quality of diesel fuel. The higher the cetane number, the more 
efficient the ignition is and indicating higher engine performance. Because of higher oxygen content, quality biodiesel 
fuel has a higher cetane number compared to diesel fuel. High cetane number in most situations is due to the presence of 
saturated fatty acid compounds in the feedstock oil. The use of PKO and bio-ethanol in the transesterification reaction 
enhances the high cetane index of the PKO-biodiesel.  
The flash point (closed cup) of the PKO-biodiesel is 176 oC. This value falls within the acceptable limit required by the 
ASTM standard for biodiesel fuel.  The flash point is a measure of the fuel being susceptible to ignition. A lower flash 
point is an indication of the presence of alcohol not properly removed from the biodiesel. A higher flash point means that 
the alcohol which is of lower flash point had been removed and the fuel may only ignite at a higher temperature.  
The water and sediment (%vol.) present in the produced PKO biodiesel, is less than 0.05 %. This result also falls within 
the ASTM requirement for biodiesel fuel. The water and sediment level (%vol.) refers to free water droplets and sediment 
particles.  
Ash content is a measure of the amount of residual alkali catalyst in the biodiesel as well as any other ash-forming 
compounds that could contribute to injector deposits or fuel system fouling. The PKO-biodiesel showed ash content of less 
than 0.05%. This result is below the maximum value of 0.05 % set by the ASTM standard.  
Acid value or the acid number for biodiesel is primarily an indicator of free fatty acids (natural degradation products of 
fats and oils) and can be elevated if a fuel is not properly manufactured or has undergone oxidative degradation. The acid 
number for the PKO-biodiesel was measured to be 0.36 mgKOH/g. The ASTM standard for total acid number for pure 
biodiesel is 0.8 mgKOH/g. 
Conradson carbon residue is a measure of the carbon-depositing tendency of a fuel and is an approximation of the 
tendency for carbon deposits to form in an engine. The carbon residue measured according to the ASTM standard for the 
PKO-biodiesel was 0.2%. This result is in agreement with the requirement of ASTM standard. 
The total sulphur content of the PKO-biodiesel is 0.01 %. The limit set by the ASTM standard for biodiesel is 0.05 %. 
This requirement is necessary to reduce sulfate and sulfuric acid pollutant emissions and to protect exhaust catalyst 
systems when they are deployed on diesel engines in the future. 
The water content for the produced PKO-biodiesel is less than 0.1 %vol. The ASTM standard requirement for biodiesel is 
less than 0.01 %vol.  
The distillation profile for the produced PKO-biodiesel showed IBP of 115oC and at 90 %vol. it showed 315 oC. These 
results are in agreement with requirements of the ASTM standard. This specification ensures that fuels have not been 
contaminated with high boiling materials such as used motor oil. B100 (100 % biodiesel) exhibits a boiling point rather 
than a distillation curve. The fatty acids from which biodiesel are produced are mainly straight-chain hydrocarbons that 
have similar boiling point temperatures. The atmospheric boiling point of biodiesel is generally 626 to 675ºF (330 to 357 
ºC). 
 
4.    Conclusion 
A completely renewable fuel was produced in this work by reacting esterified PKO and bio-ethanol using the solid potash 
as catalyst in a base-catalyzed transesterification process. The result showed a PKO biodiesel yield of 96.25% with a fatty 
acid ethyl ester purity of 95.65% at PKO to bio-ethanol molar ratio of 1:6 and potash catalyst of 1.5 wt% to oil. The 
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produced PKO-biodiesel was characterized according to ASTM test standard and the results are in accordance with the 
biodiesel ASTM specifications. It can be concluded that Nigerian crude PKO, after acid esterification can be reacted with 
the locally produced anhydrous bio-ethanol in the presence of potash catalyst produced from ash of empty oil palm bunch 
residue to produce an acceptable alternative renewable PKO-biodiesel fuel known as fatty acid ethyl ester. 
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