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

Volume 2, Issue 10, October 2013   ISSN 2319 - 4847 
 

Volume 2, Issue 10, October 2013 Page 180 
 

 
ABSTRACT 

The production of anhydrous bio-ethanol from palm wine obtained from the oil palm (Elaeis geuineensis) is the main objective of 
this work. Fresh palm wine was subjected to fermentation within a 4-day study period. The fermented palm wine was thereafter 
subjected to distillation processes: simple sequential and azeotropic distillations. Physico-chemical property tests were performed 
on samples of fermented palm wine and that of bio-ethanol, while gas chromatographic tests were further performed on bio-
ethanol. The results obtained for the fermented palm wine showed pH: 6.4 to 5.0; specific gravity: 1.084 to 0.998; refractive 
index: 1.3336 to 1.3363; alcohol content: 0 to 11.62 % etc. Also, the results of the bio-ethanol which were classified hydrous and 
anhydrous are presented. Hydrous bio-ethanol: specific gravity, 0.8126; water content, 4.351 %; refractive index, 1.3352; bio-
ethanol purity, 95.0 % w/w and anhydrous bio-ethanol: specific gravity, 0.7998; water content, 0.6284 %; refractive index, 1.3358; 
bio-ethanol purity, 99.0 % w/w etc. The gas chromatographic analysis also showed ethanol peak values of 92.6 % (± 1.5 %) and 
98.5243 % (±1.5 %) respectively for hydrous and anhydrous bio-ethanol. From the results obtained, it can be implied that 
azeotropic distillation (with cyclo-hexane) is a good alternative route for anhydrous ethanol production that is recommendable for 
bio-diesel production.  
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1.  INTRODUCTION  
There has been a growing interest in finding alternative sources of clean and safe energies that can fully (or partially) 
replace fossil fuels, arising from its depleting nature, fluctuating prices of its products and global environmental concerns 
[1]. Bio-diesel has emerged as an alternative source that can substitute wholly (or partly) for petroleum diesel fuel.  Bio-
diesel is a product of transesterification process where a vegetable oil can be reacted with excess alcohol in the presence of 
a catalyst [2], [3]. Methanol is the preferred alcohol in transesterification reaction because of its reactivity, ease of phase 
separation and low cost. However, the use of ethanol had been considered because methanol is toxic [4]. Ethanol is 
readily available hence, it can be synthesized (or isolated) from biological materials and, by implication, is cheaper to 
process when compared to methanol. 
Ethanol can be ordinarily produced by synthetic and fermentation processes [5]. Fermentation is a metabolic conversion 
of carbohydrates such as sugar into an alcohol (or an acid) using yeast, bacteria or a combination thereof [6]. The yeast 
contains an enzyme called zymase (see eq. 1).  
 
 
 
Starches (or cellulose) may be hydrolysed to fermentable sugars by the action of enzymes such as maltase, invertase, 
cellulase etc., before being converted into ethanol [7]. The conversion of starch (or cellulose) into fermentable sugar is 
shown in eq. 2. 
 
 
 
 
Basic physical properties of ethanol are widely reported in the literature. For instance, ethanol is a hygroscopic substance 
that is capable of absorbing moisture. This property can impart negatively on its purity and in turn on transesterification 
[8],[9],[10]. Thus, most of the transesterification technologies suitable for biodiesel production require high purity ethanol 
with less than 1.0 % water [11]. It boils at 78.5 oC and hence more volatile than water. It is flammable and burns with a 
light blue flame, and has excellent fuel properties for spark ignition engines [12]. Anhydrous (or dry) ethanol can be 
obtained as a high purity ethanol consisting of +99.0 % w/w at 15.6oC [13]. Other properties of ethanol include specific 
gravity of 0.7961 at 15.6oC, melting point of  −117.3°C and refractive index of 1.336 [13].  
Ethanol is miscible with water in all proportions and it is separated from water only with difficulty. It forms a constant-
boiling mixture with water (an azeotrope) capable of boiling at 78.15°C [14]. Since the boiling point of the binary 
azeotrope is below that of pure ethanol, anhydrous (or high purity) ethanol cannot be obtained by simple distillation 
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alone, but by other methods such as dehydration, azeotropic distillation, extractive distillation, membrane filtration, 
adsorption processes etc. [13].  
An azeotropic distillation method which uses an entrainer to engage all the water into the ternary azeotrope had been 
reported for use in the production of anhydrous ethanol [15]. Solvents: benzene, n-pentane, cyclohexane, hexane, n-
heptane, isooctane, acetone and diethyl ether can be used as an entrainer in the process. Of these, benzene and 
cyclohexane has been used most extensively. Presently benzene is in disuse due to its carcinogenic nature [15], while 
cyclohexane is capable of forming a ternary azeotrope with the ethanol-water mixture: 7 % water, 17 % ethanol, and 76 
% cyclohexane, and boils at 62.1°C [16].  
Palm wine is an alcoholic beverage obtained from the sap of various species of palm trees and is common in various parts 
of Africa. In Nigeria, it is abundant in the Niger delta area [17]. Palm wine begins fermenting immediately after tapping. 
Within six hours, fermentation yields a wine of up to 2% ethanol content, whose concentration can rise to about 12 % 
within four days [18]. Palm wine contains yeast, predominantly saccharomyces cervisiae, which is responsible for the 
fermentation process. Bio-ethanol can be produced from the fermented sap by simple distillation. The dilute ethanol–
water solutions can be continuously rectified to give ethanol purity of 95.6 % w/w at standard atmospheric pressure. 
However, this type of bio-ethanol cannot be used in transesterification reaction. 
Therefore, the objective of this paper is to produce anhydrous bio-ethanol from palm-wine obtained from the oil-palm, by 
applying the following processes: fermentation, simple distillation and azeotropic distillation. Analytical investigations of 
the anhydrous bio-ethanol that would be produced will be carried out in order to confirm its suitability for the synthesis of 
bio-diesel via transesterification reaction. 
 
2. MATERIALS AND METHODS 
2.1     Materials 
The main material used for this work is fresh palm wine which was obtained from a local tapper in Rivers state, Nigeria. 
The palm wine was collected in a 10 liters container and preserved under ice blocks until it was taken to the University of 
Port Harcourt, Chemical Engineering laboratory. Other materials and equipment used in this work will be mentioned in 
the appropriate section. 
2.2     Method  
The methods adopted for this work includes palm wine fermentation, simple sequential distillation, azeotropic distillation 
and physicochemical property tests.  
2.2.1  Palm wine fermentation 
4 liters of the palm wine was measured into a fermenter which was immersed in a water bath at room temperature. The 
palm wine was exposed to the atmosphere by opening the lid of the fermenter. The fermentation was aided by its natural 
yeast content and lasted for four days. Samples were collected from the fresh and fermented palm wine at daily interval 
for determination of pH, refractive index, specific gravity and percentage alcohol content.  
2.2.2   Simple Sequential Distillation (SSD) of fermented palm wine  
3 liters of the fermented palm wine was measured into a 4 liter capacity distillation flask fitted with a thermometer and a 
condenser (using water as coolant). Boiling chips were added to the distillation flask to prevent bumping. Bio-ethanol 
distillate was collected at 85-90 oC. The specific gravity and purity of the distillate were determined and recorded. 
1350 ml of distillate was recovered from the first distillation and was poured into a 2 liter round bottom flask of a second 
distillation assembly fitted to a fractionating column packed with raschid-rings. A higher purity bio-ethanol was collected 
at 79 oC. The specific gravity and purity of the distillate recovered were also determined and recorded. 
In the third distillation, the procedure for the second was repeated by pouring 430ml of the recovered distillate into a 1 
liter round bottom flask fitted to a fractionating column. A more purified bio-ethanol distillate was collected. The specific 
gravity and percentage purity of the recovered distillate were determined and recorded. 
2.2.3   Azeotropic distillation 
310 ml of the distillate recovered from the SSD and 168ml of cyclohexane [16] were mixed thoroughly into a 500 ml 
round bottom flask and fitted with a condenser. The flask was heated with the aid of a water bath. The distillate was 
collected at 65-73 oC while the bottom was recovered as the anhydrous bio-ethanol. In a similar way, the specific gravity 
and percentage purity of the anhydrous bio-ethanol were also determined and recorded. 
2.2.4.1 Physicochemical Property Tests 
 pH  
The pH was measured using a pH meter which is of the Hanna type, Model Hi9810. The pH of the palm wine undergoing 
fermentation was measured periodically by dipping the pH meter into the samples and recording the displayed values.     
 Refractive index  
The refractive indices of samples from fresh and fermented palm wine and hydrous and anhydrous bio-ethanol were 
measured using the Abbe refractometer (digital type), Model   WAY-S 5901007. The samples were each inserted drop-
wise onto the refractometer screen which was in turn closed. The value was displayed almost immediately. 
 Specific gravity and alcohol content 
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The specific gravities at 15 oC of samples from fresh and fermented palm wine and hydrous and anhydrous bio-ethanol 
were measured using the Mettle-Toledo densimeter, Model DA-100M, while the alcohol content of the fresh and 
fermented palm wine were measured using eq. 3.   

Alcohol content (%) = 100
74.0

21


 SGSG
                                                                                 3 

Where, SG1 = specific gravity for the penultimate day  
             SG2 = specific gravity for the present day.  
 Percentage ethanol purity test 
Measured volumes of analytical grade ethanol (99.5 % w/w)  and distilled water were respectively mixed thoroughly in 
the following ratios: 9:1, 8:2, 7:3, 6:4, 5:5, 4:6, 3:7, 2:8 and 1:9 to obtain different percentage purity of ethanol and its 
related specific gravity which were plotted to form a  standard graph of percentage ethanol purity versus specific gravity. 
Samples of fermented palm wine distillates obtained during the distillation were subsequently measured for specific 
gravity, while their corresponding percentage ethanol purities were traced from the standard graph. 
 Water content of bio-ethanol  
The water content of samples obtained from the hydrous and anhydrous bio-ethanol was measured using the Karl Fischer 
(KF) coulometric method. The coulometer, Metronhm Titrino, Model 831KF was used. This system detects trace amount 
of water by titrating the sample to a bipotentiometric end point which is selective to water. The end-point of the titration 
was detected using the double platinum pin indicator electrode and its estimation by the software was based on the total 
charge passed.  
 Gas chromatographic analysis of bio-ethanol 
The concentrations of the hydrous and anhydrous bio-ethanol samples were measured using the gas chromatographic 
method. The gas chromatograph (GC) used was of the version 6.2, varian-CP 3800 equipped with FID facility, which was 
initially calibrated with absolute ethanol (99.5% w/w) as a standard before the samples were separately injected. The 
injection technique was the micro-syringe type with an injection volume of 5.0 µL. The operating temperatures of 
injection and that of the FID were respectively 250 and 300 oC. Other conditions of the measurement include an oven 
temperature of 70 oC (at 1min hold) with a programming rate of 1oC/min. and  250 oC (at 40 mins. hold). The carrier gas 
was nitrogen at flow rate of 1.4 ml/min. Actual concentrations of the bio-ethanol samples were detected as the displayed 
peaks of the chromatogram. 
 
3. RESULTS AND DISCUSSION  
The results obtained from this work are presented in the Tables and Figures, and will be discussed based on the following 
sub-headings: properties of palm wine fermentation, properties of the distillation processes and gas chromatographic 
analysis and percentage purity of ethanol. 
3.1    Properties of the palm wine fermentation 
A number of physico-chemical properties were measured for the palm wine fermentation process: pH, specific gravity, 
refractive index, alcohol content etc. These properties were used to assess the progress of the fermentation. For instance, 
the pH of the palm wine was observed to have decreased slowly from 6.4 to 5.0 within the 4-day study period (Table 1), 
indicating that the fermented palm wine was slightly acidic. It also implied that the fourth day was a point of complete 
fermentation of palm wine from sugar to ethanol and as well as a starting point for ethanol oxidation to acetic acid. The 
specific gravity was another parameter which showed similar trend with pH wherein it decreased slowly within the study 
period from 1.084 to 0.998. It is also a clear indication of sugar content reduction, thus indicating also the conversion of 
sugar to ethanol. The refractive index and alcohol content for the palm wine fermentation showed similar trends, for 
which both properties increased progressively within the 4-day study period. The refractive index increased from 1.3336 
to 1.3363 while the alcohol content increased from 0 to 11.62 % (Table 1). These findings were corroborated by the works 
of [19] and [20] wherein a maximum alcohol yield was achieved after the third day of fermentation. 
 

Table 1: Properties of palm wine fermentation within a 4-day study period 
Properties Fresh Day 1 Day 2 Day 3  Day 4 

 
pH 6.4 6.1 5.8 5.5 5.0 

 
Specific gravity 1.084 1.062 1.036 1.008   0.998 

 
Refractive index 1.3336 1.3342 1.3350 1.3360   1.3363 

 
Alcohol content, % 0 2.97 6.49 10.27   11.62 

 
              Values = mean from a replicate equal to 5 
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3.2    Properties of the distillation processes 
The fermented palm wine distillation process was carried out in two stages: simple sequential distillation and azeotropic 
distillation processes. The simple sequential distillation (SSD) process was carried out in three stages. The overall SSD 
process yielded a total volume of 310 ml hydrous bio-ethanol as distillate. Other measured physico-chemical properties of 
the hydrous bio-ethanol include specific gravity, 0.8126; water content, 4.351 %; refractive index, 1.3352; bio-ethanol 
purity, 95.0 % w/w etc (Table 2). An associated average loss in volume of 2.12 % was observed. These results corroborate 
the work of [19] wherein 95.0 % w/w bio-ethanol purity was also reported. 
The method of azeotropic distillation (with an entrainer) was adopted for the second step of the distillation. The total 
volume of the bottom product obtained which was anhydrous bio-ethanol was 260 ml. Other measured physico-chemical 
properties of the anhydrous bio-ethanol were specific gravity, 0.7998; water content, 0.6284 %; refractive index, 1.3358; 
associated loss in volume, 1.05 %; bio-ethanol purity, 99.0 % w/w etc (Table 2).  
On comparing the results obtained for both hydrous and anhydrous bio-ethanol, it will be observed that the several steps 
of distillation have greatly improved the bio-ethanol purity which increased from 11.6 % to 99.0 % and miximum water 
content of 0.6284 %. These results are also in close agreement with the reports of [11], [13] and [14], wherein the 
acceptable maximum water content of ethanol for transesterification reaction was ≤ 1.0 %.  

                 
Table 2: Properties of bio-ethanol distillation 

Properties bio-ethanol (hydrous) bio-ethanol (anhydrous) 
 

Water content (%) 4.3510 0.6284 
 

Ethanol purity % w/w 95.0 99.0 
 

Trace compounds (%) 0.6490 0.3716 
 

Specific gravity at 15 oC 0.8126 0.7998 
 

Refractive index 1.3352 1.3358 
 

                Values = mean from a replicate equal to 5 
 
3.3    Gas chromatographic analysis and percentage purity of bio-ethanol 
The results obtained from the gas chromatographic analysis (Figures 1 and 2) for bio-ethanol samples: hydrous and 
anhydrous, respectively showed ethanol peak values of 92.6 % (± 1.5 %) and 98.5243 % (±1.5 %). These values were 
representative bio-ethanol purity measurements for the respective samples. These results also corroborates closely with 
what was obtained from the ethanol-water equilibrium chart, wherein the specific gravity and percentage purity of the 
mixtures of known volumes of absolute ethanol (99.5%v/v) and distilled water were plotted as shown in Figure 3. These 
results were also observed to be in close agreement with the work of [15]. 
 

 
Figure 1: Gas chromatogram (GC-FID) for hydrous bio-ethanol sample. 
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Figure 2: Gas chromatogram (GC-FID) for anhydrous bio- ethanol sample 

 

 
 
4. CONCLUSION 
Based on the results obtained from the physico-chemical and gas chromatographic tests performed on fermented palm 
wine and the produced bio-ethanol distillate, it is confirmed that palm wine is a source of anhydrous bio-ethanol. Also, 
the purity of bio-ethanol was observed to improve considerably depending on the number of distillation steps performed 
as shown in the SSD process. The application of azeotropic distillation method (using cyclo-hexane as entrainer) in this 
work has successfully produced anhydrous bio-ethanol of 99.0 % w/w ethanol purity, which is recommendable as suitable 
alcohol for bio-diesel production. Thus, it can be implied that azeotropic distillation (with cyclo-hexane) is a good 
alternative route for anhydrous ethanol production.  
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