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Abstract 
  The optimum requirements of temperature, retention time, mole ratio of reactants and catalyst for the direct 
synthesis of biodiesel from fatty acid distillates of palm kernel oil using tetraoxosulphate (VI) acid as catalyst 
was studied. The following parameters were used for the efficient and economic production of biodiesel: eight 
(8) moles of methanol per mole of fatty acid, 0.06 mole of tetraoxosulphate (VI) acid per mole of fatty acid, a 
retention time of sixty (60) minutes and reaction temperature of 65 OC. And this gave a maximum percentage 
yield of 98.4. Other parameters obtained include: an acid value of 0.1683 mg KOH/g, iodine value of 15.3549, 
flash point of 209 OC, viscosity of 3.7957 mm2s-1, density of 0.8776 g cm-3, water content of 400.05 mg kg-1, 
soap content of 2.30 mg/kg, and ester content of 98.804 %.  From the obtained parameters, the biodiesel 
produced from fatty acid distillates of palm kernel oil reaches prescribed international standards for biodiesel 
production. 
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INTRODUCTION 
The world’s crude oil reserves could be depleted in 
less than forty years at the present rate of 
consumption. It is estimated that the world may run 
short of fossil oils by the year 2044 (Drewette and 
Dwyer, 2005). Biodiesel is one of the current 
favorites to be used in the next generation as diesel-
fuel. It is biodegradable, non-toxic and its emission 
profile of dangerous gases is very low. (Alamu et al, 
2007). 
 
According to Adison (2004), a Brazilian scientist 
Expedito Parente, in 1977 produced biodiesel by 
transesterifying palm oil with ethanol. He heated a 
mixture of ethanol, sodium hydroxide, and palm oil 
for two hours and later separated a layer of fatty acid 
methyl ester for use as biodiesel. Drewette and 
Dwyer (2005), in their research titled “Biofuels for 
Transport”, discovered that there are three basic 
routes to production of fatty acid methyl esters 
(FAME): esterification of the fatty acid distillates to 
fatty acid methyl esters, base – catalyzed 
transesterification of triglyceride oils, and acid 
catalyzed transesterification (Drewette and Dwyer, 
2005). 
 
Igbokwe Philo Kanwulia (2005), in her work 
“Optimization and Characterization of Palm and 
Kernel Oils for use as Biodiesels in Compression 
Ignition Engines”, produced biodiesel by 
transesterifying palm oil with a mixture of sodium 

hydroxide and ethanol. She tested the biodiesel for 
ignition qualities and proved it successful.  
 
Alamu et al., (2007) in his work “Optimal 
Transesterification Duration for Biodiesel Production 
from Nigerian Palm Kernel Oil” showed that 
biodiesel production through base catalyzed 
transesterification of fats and oils requires retention 
time for up to 90 minutes and have percentage yields 
in the range of 88-94%. In their research “Biodiesel 
Production by Esterification of Palm Oil Fatty Acid 
Distillate”, Chongkhong and Tongurai (2007) used 
the following procedure. The production was carried 
out in 250 cm3 screw capped bottles. Preheated palm 
oil fatty acid distillate (PFAD) was first measured 
into the bottles followed by the introduction of 
methanol and tetraoxosulphate (VI) acid as catalyst. 
Operating parameters for efficient esterification 
including reaction temperatures in the range of 70 – 
100 0C, molar ratios of methanol to PFAD in the 
range of 0.4:1 – 8:1, quantity of tetraoxosulphate (VI) 
acid catalyst in the range of 0.0 – 3.5 weight percent, 
and reaction times in the range of 15 – 90 minutes 
were investigated. The production mixture was 
poured into a separating funnel and then allowed to 
settle into two phases. A bottom fatty acid methyl 
ester (FAME) layer was separated and purified by 
water – washing process before being analyzed.  
 
The scope of this research work therefore is not to 
check whether methyl esters produced from palm 
kernel oil (or its fatty acid distillates) will work 
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efficiently in diesel engines, since research by 
Biofuels Industries (2006) and Lotero et al., (2004) 
have already proved that. Rather this work is aimed at 
experimentally optimizing the conditions necessary 
for the optimum economical yield of methyl ester 
biodiesels from fatty acid distillates of palm kernel 
oil using the esterification method.  
 
EXPERIMENTS: 
 
EXPERIMENT 1:  
Determination of the Optimum Mole Ratio of 
Methanol:  
A clean and dry round bottom flask was weighed and 
50.0 grams (0.25 moles) of fatty acid was weighed 
into the flask. Next 8.0 grams (0.25 moles) of 99 % 
methanol was added, also 9.8 grams (0.10 moles) of 
98 % H2SO4 was weighed into the flask. The flask 
with its contents was fixed to a reflux condenser, and 
heated in a hot oil bath heated by a hot plate. The 
reaction was allowed to proceed for 80 minutes at a 
temperature 70 OC, after which the contents of the 
flask were poured into a separating funnel and 
allowed to completely separate into two layers, the 
fatty acid methyl ester (FAME) being at the bottom. 
The bottom layer of FAME (contaminated with some 
methanol and H2SO4) was first run out, followed by 
the top layer of excess methanol and H2SO4. The 
impure FAME was washed twice with hot water to 
remove traces of methanol and H2SO4. The FAME 
was later dried for 30 minutes at 100 OC. The purified 
FAME was finally weighed. This same synthesis was 
repeated with 12.0 g, 16.0 g, 20.0 g, 24.0 g, 28.0 g, 
32.0 g, 36.0 g, 40.0 g, 44.0 g, 48.0 g, 52.0 g, 56.0 g, 
60.0 g, 64.0 g, 68.0 g, 72.0 g, and 76.0 g, of methanol 
respectively.   
 
Calculation of the Percentage Yield 
 

              (1) 
 

     (1) 
 
  (2) 

  
            
But if only 0.25 moles (50.0 g) of fatty acid was 
esterified 
 
 
 
                    (3) 
                                                                              (3) 
 
In experiment 1, an optimum percentage yield of 
98.49 was attained when 64.0 g (8.0 moles) of 

methanol was used which yielded 52.69 g of 
biodiesel: The results are shown in Table 1. 
 
% Yield = 52.69 g  x  100 = 98.49 %                    (4)    
                     53.5 g       1 
 
Results of the qualitative analyses of the purified 
biodiesel are reflected on the result column on Table 
6. 
 
EXPERIMENT 2:  
Determination of the Optimum Mole Ratio of 
Catalyst – Tetraoxosulphate (VI) Acid  
Using 50.0 grams (0.25 moles) of fatty acid and 64.0 
g (8.0 moles) of methanol the syntheses, separation, 
and purification were repeated using the same 
procedure at 70 OC for 80 minutes with the following 
amounts of catalyst: 0.98 g, 1.96 g, 2.94 g, 3.92 g, 
4.90 g, 5.88 g, 6.86 g, 7.84 g, and 8.82 g of 
tetraoxosulphate (VI) acid respectively. An optimum 
percentage yield of 98.5 was attained when 5.88 g of 
tetraoxosulphate (VI) acid was used which yielded 
52.69 g of biodiesel. See Table 2 
% Yield = 52.69g  x  100 = 98.5 %   
                     53.5g       1                                        (5) 
 
EXPERIMENT 3:  
Determination of the Optimum Reaction Time 
Using 50.0 grams (0.25 moles) of fatty acid, 64.0 g 
(8.0 moles) of methanol, and 7.84 grams (0.08 moles) 
of tetraoxosulphate (VI) acid, the syntheses, 
separation, and purification were repeated using the 
same procedure at 70 OC for 10 minutes, 15 minutes, 
20 minutes, 25 minutes, 30 minutes, 35 minutes, 40 
minutes, 45 minutes, 50 minutes, 55 minutes, 60 
minutes, 65 minutes, 70 minutes, 75 minutes and 80 
minutes respectively. Reaction time of 60 minutes 
yielded 52.67 grams of biodiesel giving an optimum 
yield of 98.45% as shown in Table 3. 
% Yield = 52.67g  x  100 = 98.45%                      (6) 
                    53.5g       1  
 
EXPERIMENT 4:  
Determination of the Optimum Reaction 
Temperature 
Using 50.0 grams (0.25 moles) of fatty acid, 64.0 g 
(8.0 moles) of methanol, 7.84 grams (0.08 moles) of 
tetraoxosulphate (VI) acid, the syntheses, separation, 
and purification were repeated using the same 
procedure at 45 OC, 50 OC, 60 OC, and 65 OC, for 60 
minutes each. Reaction temperature of 65 OC yielded 
52.7 grams of biodiesel giving an optimum yield of 
98.50%. See Table 4. 
 
 % Yield = 52.7g x 100  = 98.50%    
                    53.5g    1                                           (7) 
The overall optimum conditions for the synthesis of 
biodiesel from palm kernel fatty acid distillates are 
given on table 5. 
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RESULTS 

 
 

 
DISCUSSION AND CONCLUSION 
The results obtained as the optimal conditions for the 
acid catalyzed esterification of palm-kernel-oil fatty 
acid distillates, eight moles of methanol per mole of 
fatty acid 0.06 moles of tetraoxosulphate (VI) acid  

 
per mole of fatty acid, a retention time of sixty (60) 
minutes and reaction temperature of 65 OC closely 
agree with the work of S. Chongkhong, and P. C. 
Tongurai, who did a similar work albeit, on palm oil 
fatty acid distillates. In their paper “biodiesel 
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production by esterification of palm oil fatty acid 
distillate” they discovered the optimum conditions for 
the acid catalyzed esterification of palm oil fatty acid 
distillate to be eight moles of methanol per mole of 
fatty acid, 0.05 moles of tetraoxosulphate (VI) acid 
per mole of fatty acid, a retention time of sixty (60) 
minutes and reaction temperature of 70 OC. The 
qualitative analysis of the purified biodiesel shows 
that the method of synthesis was efficient. With an 
acid value of 0.1683 mg KOH/ g, iodine value of 
15.3549, flash point of 209 OC, viscosity of 3.7579 
mm2/s, density of 0.8776 g/cm3, water content of 
400.05 mg/kg, % ester of 98.86, and soap content of 
2.30 mg/kg, the results show that the quality of the 
synthesized biodiesel agrees with both American and 
European standards for biodiesel (see Table 6). Thus 
it is evident that the parameters analyzed fall with 
internationally accepted limits.  
 
Alamu et al. (2007),  in his work “optimal 
transesterification duration for biodiesel production 
from Nigerian palm kernel oil” showed that biodiesel 
production through base catalyzed transesterification 
of fats and oils requires retention time of up to 90 
minutes and have percentage yields in the range of 88 
– 94 %. In contrast biodiesel production through 
esterification of fatty acid distillates requires 
retention time of only about 60 minutes and have 
percentage yield as high as 98.4. Thus the method of 
biodiesel production used in this work is more 
economical in terms of production costs.  Adison 
(2004) reported that professor Robert Watson, Chief 
scientist at UK’s Department of Environment; Food 
and Rural Affairs have spoken against biofuel 
production, claiming it will cause a displacement of 
food crops, leading to possible food scarcity and 
inflation of food prizes. In line with his argument, 
inedible raw materials are better be used for biodiesel 
production to avoid soaring of food prices. Hence the 
raw materials used in this research work (fatty acid 
distillates obtained from a palm kernel oil refinery 
and methanol) are not edible. Most of the current 
biodiesel producers do so by transesterification of 
triglyceride oils and fats, and little attention has been 
given to the fatty-acid distillates, a byproduct of 
vegetable-oil-refining companies. Since there are 
scores of such vegetable oil refining companies in the 
country, biodiesel manufacturers are encouraged to 
make good use of the byproduct. But one might 
wonder that since palm kernel oil has less than 5 % 
free fatty acids, the total annual quantity of fatty acid 
distillates produced by all the refineries in the country 
might not be adequate, hence the quantity of 
biodiesel synthesized from them will not be sufficient 
for the national biodiesel consumption. However, this 
will not constitute much problem since biodiesel 
produced by this method can be used alongside other 
sources of biodiesel. At present many countries have 
approved the use of various percentage blends of 
biodiesel (with petroleum diesel) for use in diesel 

engines. For instance, Sweden has announced that by 
2010 it will no longer be using fossil fuels (Bioworks 
Australia Pty Ltd 2008). 
 
This research has proved that biodiesel should be 
sourced not only from triglyceride oils but also from 
fatty acid distillates (byproduct of vegetable oils 
refineries). Thus installing such biodiesel plants will 
create more jobs and improve the economy of our 
society.  
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