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Epoxidized Ximenia americana seed oil may be well suited in the partial replacement of petroleum 
products in synthesis of polyol. However, a process is needed to obtain this material from X. americana 
seed oil at sufficient conversion and scale to assess products. Therefore, X. americana seed oil was 
extracted using hot-water process and finally epoxidized in a solvent-free process in a three neck flask 
with the use of acetic acid as oxygen carrier, sulphuric acid as a catalyst and hydrogen peroxide. The 
studied parameters were iodine value conversion and oxirane oxygen content at varying time from 0 to 
6 h and different temperatures 40 to 80°C. Epoxidized X. americana seed oil with up to 95.95 
conversions was produced at a time of 6 h and temperature of 80°C. The result shows that the 
conversion of iodine value increased with reaction time and temperature. The highest amount of 
oxirane oxygen content of 3.60% was achieved at 4 h reaction time and temperature of 60°C. 
Interestingly, the oxirane oxygen content increased with reaction time and temperature then decreased 
after having achieved the optimal point. 
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INTRODUCTION 
 
Polyurethanes were first discovered by Professor Otto 
Bayer in 1973 and are used in a wide variety of 
applications (Chian and Gan, 1998). They have been 
exploited as coating, thermoset and thermoplastic 
materials, adhesives and rigid or non-rigid foams (Guo et 
al., 2006; Lligadas et al., 2006; Wang et al., 2009). 
Hence, the worldwide demand for polyols is projected to 
increase each year. Polyurethanes are generally 
produced from the reaction between polyol and diiso-
cyanate (Pechar et al., 2006). Polyols are normally 
derived from petroleum feedstocks and are known as 
petroleum-based polyols (Tu et al., 2007). As the demand 
for polyols is increasing whilst the amount of petroleum is 
declining, alternative raw material for the production of 
polyols are needed.  

In recent years, the price of crude oil has escalated 
raising many concerns over the stability and the 
sustainability of petroleum resources. The rising cost of 
crude oil also impacts the cost of polyurethane products 
because majority of the raw materials, such as polyols 
and isocyanates used in foams are petroleum derivatives 
(Flora, 2011). Finding an alternative feedstock for 
polyurethane has become highly desirable for both 
economic and environmental reasons. Natural oils have 
been shown to be a potential bio-renewable feedstock for 
polyurethane (Barret et al., 1993; Heidbreder et al., 1999; 
Petrovic et al., 2005). 

The hope is that using renewable resources as 
feedstock for chemical processes will reduce the 
environmental  footprint  by   reducing   the   demand   on 
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non-renewable fossil fuels currently used in the chemical 
industry and reduces the overall production of carbon 
dioxide, the most notable greenhouse gas. There is 
resurgence of interest in the use of annually renewable 
feedstock like vegetable oil for fuel and industrial 
applications. The use of agricultural feedstock allows us 
to manage our own carbon cycle more efficiently and 
reduce carbon (IV) oxide (CO2) emissions (Cheng and 
Rayson, 1999). 

Most of bio-based polyols for polyurethanes are 
synthesized from vegetable oils (Desroches et al., 2012). 
A vegetable oil polyols can be used as a replacement for 
conventional polyols, reacting with isocyanates to 
produce flexible slabstock polyurethane foam (PUF), 
elastomer and coating (Narine et al., 2007a, b). Polyol 
from vegetable oils and lactic, glycolic, or acetic acids, 
provide bio-based building blocks for further 
polyurethanes syntheses by reaction with diisocyanates. 
The obtained polyurethanes are partially bio-based and 
may be applied as binders and coatings (Boutevin et al., 
2012). The use of petrochemical polyols is 
disadvantageous in terms of production, energy and 
costs. From both economic and environmental point of 
view, it is desirable to replace petroleum polyols with 
renewable resources (Veenendaal, 2007; Petrovic, 
2008).  

The potential for polyols derived from vegetable oils to 
replace petrochemical-based polyols began garnering 
attention beginning around 2004, partly due to the rising 
costs of petrochemical feedstock and partially due to an 
enhanced public desire for environmentally friendly green 
products (Niemeyer et al., 2006). Over the last few 
decades, polyol derived from petroleum oil as feedstock 
has been used to produce polyurethane to fulfill the 
world’s needs for this polymer. Recently, a number of 
studies have been conducted to investigate the use of 
vegetable oils as a renewable and sustainable feedstock 
to replace the use of petroleum oil. Many researchers 
have concluded that vegetable oil can be exploited as an 
alternative raw material to substitute for petroleum oil to 
produce polyol. Examples include soybean oil, safflower 
oil, olive oil, canola oil, cottonseed oil, palm oil and 
rapeseed oil (Petrovic et al., 2003). It has been reported 
that that High-functionality polyols for application in 
polyurethanes were prepared by epoxide ring-opening 
reactions from epoxidized sucrose esters of soybean oil 
in which secondary hydroxyl groups were generated from 
epoxides on fatty acid chains (Pan and Webster, 2012). 
Vegetable oil-based polyol is a sustainable material 
which can be efficiently produced. Ximenia americana 
seed oil is a potential feedstock source.  

X. americana “Wild plum or Plum” in English or locally 
called “Tsada” in Hausa and “Chabbuli “in Fulani is a 
medicinal plant that is bushy and spiny shrub, 4 to 5 m 
high with an open crown. The fruits are green but turn 
golden yellow or red when ripe. The fruit when eaten is 
refreshing  and  has  an  almond  acid  taste. The  plant is  
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found from Senegal to Cameroon including Northern 
parts of Nigeria (Arbonnier, 2004). X. americana is widely 
spread in tropical Africa and tropical America. It is a 
medium size deciduous tree which is widely cultivated for 
its yellow, pleasant acid fruits and as a live fence. The 
tree has large pencils with small white flowers and plum 
like fruits, which is up to 3.5 cm long. The tree has leaves 
with common stalk in the range of 30 to 60 cm long. The 
leaves are 5.8 cm long and are almost paired up in 
opposite direction. The flowers are green and usually 
found between March to April and July to August. The 
fruit are ellipsoid and are usually 2.5 to 3.5 cm long. They 
are normally found between April to May and July to 
August and December (Keay, 1989).  

The aim of this research work is to assess the potential 
of X. americana seed oil as a chemical feedstock in the 
polyurethane industry by chemically modifying the X. 
americana seeds oil through epoxidation process.  
 
 
MATERIALS AND METHODS 
 
Sample collection and preparation 
 
The fruits of X. americana were collected locally from the forest 
around Yola metropolis. The voucher specimen was identified and 
authenticated by Dr. D. A. Jauro of Forestry Department, School of 
Agriculture and Agricultural Technology, Modibbo Adama University 
of Technology, P.M.B. 2076, Yola. The fruits were then washed, air-
dried at room temperature and cracked to remove the hard shell in 
other to obtain the seed. The seeds were washed with distilled 
water and air-dried at room temperature, after which they were 
crushed/pounded using mortar and pestle to paste. The pounded 
materials were stored in a closed container pending use in the 
extraction processes. 
 
 
Extraction of Ximenia americana seed oil 
 

The crushed seeds were manually/traditionally treated with hot 
water and continuously stirred in other to get the oil. The seed oil 
obtained was stored in closed container prior to epoxidation. 
 
 
Experimental procedure 
 
The epoxidation process was adapted from Goud et al. (2007). 
Iodine value was determined by applying the Wijs method (Ketaren, 
2005; Siggia, 1963; Sudarmaji et al., 1997). The oxirane content 
was determined by the method adapted from Siggia (1963).  

The calculation of chemicals required for the epoxidation reaction 
using acetic acid as the oxygen carrier is summarized below. Based 
on the literature, a typical fatty acid composition profile (Eromosele 
and Eromosele, 2002) for X. americana seed oil is presented in 
Table 1. 

Total mole of X. americana seed oil (XASO) is expressed as 
concentration of double bonds (DB) in the oil                  (nt): 
 
Volume of XASO (V) = 200 ml. 
 

Density of XASO ( ) = 0.867 g/ml (Eromosele et al., 1993). 

 

Mass of XASO (M) = .V = (0.867) (200) = 173.4 g. 
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Table 1. Fatty acid composition and their molecular weights present in X. americana seed oil. 
 

Fatty acids Molecular formula Composition (wt %) Molecular weight (g/mol) 

Linoleic (C18H32O2) 1.34 280.45 

Linolenic (C18H30O2) 10.31 278.43 

Arachidonic (C20H32O2) 0.60 304.47 

Eicosatrienoic (C20H34O2) 3.39 306.48 

Erucic (C22H42O2) 3.46 338.57 

Nervonic (C24H46O2) 1.23 366.62 

Oleic (C18H334O2) 72.09 282.46 

 
 
  
                               (0.0134) × (173.4)  
 n Linoleic acid =                                   = 0.008285 
                   280.45  
  
                                 (0.1031) × (173.4)  
 n Linolenic acid =                                   =  0.064208 
                     278.43 
 

 
  
                                       (0.006) × (173.4)  
 n Arachidonic acid =                                    =  0.003417 
                         304.47 
 

 
  
                                         (0.0339) × (173.4)  
 n Eicosatrienoic acid =                                    =  0.019180 
                              306.46 
 

 
 
                            (0.0346) × (173.4)  
 n Erucic acid =                                    =  0.017721 
                   338.57  
 
                                 (0.0123) × (173.4)  
 n Nervonic acid =                                    =  0.005818
                      366.62  
 
                           (0.7209) × (173.4)  
 n Oleic acid =                                     =  0.442555 
               282.46  
       
    

  = 0.56 
 

 
 
 
Acetic acid 

 
Mole ratio of acetic acid to DB = 0.5:1. 
 
Glacial acetic acid (99.5 wt%), molecular weight = 60.05, density = 
1.05 g/ml. 
 

Mole of acetic acid (0.5)  = (0.5)(0.561) = 0.281 mol. 

 
Mass of acetic acid = (0.281)(60.05) = 16.87 gram. 
 

Mass of glacial acetic acid  

 

 Volume of glacial acetic acid required =  = 16.15 ml 

Hydrogen peroxide  

 
Mole of hydrogen peroxide to DB = 1.5:1 
 
Hydrogen peroxide (6 wt%), molecular weight = 34.01, density = 
1.10 g/ml. 
 
Mole of hydrogen peroxide = (1.5) (0.561) = 0.842 mol. 
 
Mass of hydrogen peroxide = (0.842)(34.01) = 28.64 gram. 
 
Mass of hydrogen peroxide solution = 

g.  

 

 Volume of hydrogen peroxide needed =   = 434 ml. 

 
 
Sulfuric acid catalyst 
 
Mass of sulfuric acid in the mixture is 3% of total mass of hydrogen 
peroxide and acetic acid. 
 
Sulfuric acid (98 wt. %), molecular weight = 98.08, density = 1.84 
g/ml. 

Mass of sulfuric acid =  

=  == 1.37 g. 

 

Mass of sulfuric acid solution =  = 0.74 mol. 

 
 
Determination of Iodine value and conversion  

 
In order to determine conversion of iodine value, the iodine value of 
X. americana seed oil was calculated using the following equation: 

 

 
 
Where: S = Volume of Na2S2O3 solution required for titration of the 
sample (ml), B = Volume Na2S2O3 solution required for titration of 
the blank (ml), W = Weight of sample used (g), M = Molarity of the 
Na2S2O3 (0.1M). 
 
Initial value of X. americana seed oil (IV0) expressed as iodine 
value at t = 0 (h) 



 

 
 
 
 

 
 

40°C 
 

50°C 
 

60°C 
 

70°C 
 

80°C 

 
 
Figure 1. Effects of reaction time (t) on reaction conversion (X) 

at different temperatures. 

 
 
 
M = 0.10 M, W = 0.20 g, B1 = 19.65 ml, B2 = 19.50 ml, B3 = 19.65 

ml,  BAV = 19.60 ml.  

S1 = 4.30 ml, S2 = 4.35 ml, S3 = 4.25 ml,  SAV = 4.30 ml. 

 

IV0 =   = 97.08 g I/100 goil. 

 
Conversion of iodine value (% x):  
 
% X = (IV0 - IV / IV0)(100%) 
 
Where:  IV0 = Initial Iodine Value, IV = Iodine value at certain 
condition. 
 
1) Calculation at T = 40°C. 
 
a) Reaction time (t) = 1 h 
 

W = 0.2 g, S1= 7.7 ml, S2= 7.5 ml, S3= 7.6 ml. SAV= 7.6 ml 
 

IV =  =76.14 g I2/100 g oil 

 

 % X = =  

 
b) Reaction time (t) = 2 h 

 
W = 0.20 g, S1 = 8.7 ml, S2 = 8.7 ml, S3 = 8.7 ml, SAV 8.7 ml. 
 

IV =  

 

% X =   . 

 
c) Reaction time (t) 3 h  
 
W = 0.20 g, S1 = 8.90 ml, S2 = 8.90 ml, S3 = 8.90 ml, SAV 8.90 ml. 
 

IV =  
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 %X =   . 

 
d) Reaction time (t) = 4 h  
 

W = 0.20 g, S1 = 10.8 ml, S2 = 10.9 ml, S3 = 10.7 ml, SAV 10.80 ml. 
 

IV =  

 

 % X =   . 

 
e) Reaction time (t) = 5 h 
 

W = 0.20 g, S1 = 13.20 ml, S2 = 13.10 ml, S3 = 13.20 ml, SAV 13.16 
ml. 

 
IV =  

 

 % X =   . 

 
f) Reaction time (t) = 6 h. 
 
W = 0.20 g, S1 = 14.50 ml, S2 = 14.55 ml, S3 = 14.50 ml, SAV 14.52 
ml. 
 

IV =  

 

 %X =   . 

 
The reaction conversion at 40°C and other reaction temperatures 
(50, 60, 70 and 80°C) are summarized in Figure 1. 
 
 
Determination of oxirane oxygen content 
 
The number of oxirane groups indicated by the percentage of 
oxirane oxygen content was calculated using the equation below: 
 

 
 
Where: S = Volume of Na2OH used for sample (ml), B = Volume 
Na2OH used for blank (ml), M = Molarity of the NaOH = 0.1M, W = 
Weight of sample used (g), Volume NaOH used for blank (ml). 

B1 = 18.7 ml, B2 = 19.00 ml, B3 = 18.8 ml,  BAV = 18.83 ml.  

 
1) Calculation of T = 40°C. 
 
a) Reaction time (t) = 1 h. 
 

W = 0.2 g, S1 = 17.8 ml, S2 = 17.6 ml, S3 = 17.8 ml,  SAV = 17.73 

ml.  
 

% Oxirane =  =  0.88%. 
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Figure 2. Effects of reaction time (t) on oxirane content (%) at 

different temperatures. 

 
 
 
b) Reaction time (t) = 2 h 
 

W = 0.2 g, S1 = 17.1 ml, S2 = 17.2 ml, S3 = 17.0 ml,  SAV = 17.1 ml.  

 

% Oxirane =    = 1.38%. 

 
c) Reaction time (t) = 3 h 
 

W = 0.2 g, S1 = 16.7 ml, S2 = 16.7 ml, S3 = 16.7 ml,  SAV = 16.7 ml.  

 

% Oxirane =    = 1.70%. 

 
d) Reaction time (t) = 4 h 
 

W = 0.2 g, S1 = 16.4 ml, S2 = 16.3 ml, S3 = 16.4 ml,  SAV = 16.37 

ml.  
 

% Oxirane =    = 1.97%. 

 
e) Reaction time (t) = 5 h 
 

W = 0.2 g, S1 = 15.90 ml, S2 = 16.0 ml, S3 = 15.8 ml,  SAV = 15.9 

ml.  
 

% Oxirane =    = 2.34%. 

 
f) Reaction time (t) = 6 h 
 

W = 0.2 g, S1 = 15.70 ml, S2 = 15.50 ml, S3 = 15.65 ml,  SAV = 

15.62 ml.  
 

% Oxirane =    = 2.57%.  

 
The amount of oxirane oxygen content at 40°C and other reaction 
temperatures (50, 60, 70 and 80°C) are summarized in Figure 2. 

 
 
 
 
RESULTS AND DISCUSSION 
 
The iodine value and the oxirane oxygen content are the 
important properties in the characterization of epoxidized 
vegetable oils. The iodine value indicates the remaining 
unsaturation after epoxidation reaction, while the oxirane 
oxygen content indicates the epoxy groups present in the 
products. In the preparation of polymer, epoxy resins with 
a lower iodine value and higher oxirane oxygen content 
are desired. The iodine values of 6 treatments were 
reduced. The reductions in iodine values indicated the 
consumption of the unsaturation during epoxidation, but 
they did not represent solely conversion to epoxy groups 
because epoxy rings degradation generates side 
products. 

The effects of reaction time and temperature on iodine 
value and reaction conversion are shown in Figure 1. The 
result indicated that the conversion of iodine value in the 
XASO increases linearly with the rise of reaction time and 
temperature and at a faster rate with temperature than 
with reaction time. Unsaturated double bonds present in 
the oil are converted to oxirane rings through the 
epoxidation reaction as indicated by the decrease in the 
iodine value. This value in the XASO represents the 
concentration of double bonds and it decreases with 
reaction time. Therefore, the reaction conversion 
increases with reaction time and temperature. 

The effect of reaction time and temperature on oxirane 
content is shown in Figure 2. The result shows that an 
oxirane content increase with reaction time and 
temperature and then that value reaches the maximal 
level. Following this, the oxirane content decreases with 
reaction time and temperature. This finding supports 
previous research with the utilization of cottonseed oil as 
a raw material to produce epoxidized oil (Dinda et al., 
2008). The result can be explained by the fact that 
through epoxidation reaction, double bonds in the oil 
were converted to epoxidized oil. Maximum oxirane 
content of 3.60% was achieved at 4 h reaction time and 
temperature of 60°C. Hence, the results of this study 
indicate that the optimal operating condition for 
epoxidation reaction was achieved at a reaction time of 4 
h and a temperature of 60°C. 

Another important finding was that at higher reaction 
times and temperature than the optimal conditions, it will 
result lower oxirane content. A possible explanation for 
this observation might be that higher reaction times and 
temperature favour a high rate of oxirane ring opening 
thereby producing epoxidized oil with lower oxirane 
content (Purwanto et al., 2006). Therefore, side reaction 
products may be formed as the oxirane ring may be 
decomposed due to reaction mixture contain materials 
that are likely to react with the oxirane rings such as 
sulfuric acid, acetic acid and water (Milchert and 
Smagowicz, 2009).  
   Reaction temperature higher than 60°C result in a lower 
lower  oxirane  content  indicated by a reduced amount of 



 

 
 
 
 
oxirane content with reaction time. This result may be 
explained by the fact that epoxidation reaction using 
peroxy acid in this case peroxyacetic acid is highly 
exothermic (Millchert and Smagowicz, 2009). Hence, 
higher temperature during the epoxidation may cause the 
decomposition rate of epoxy groups to be higher than the 
formation rate. As a result, lower epoxy groups will be 
produced. 
 
 
Conclusion 
 
This research report has considered the possibility to use 
X. americana seed oil as a potential feedstock for polyol 
production to increase its economic value. The optimal 
condition for epoxidation reaction using peroxyacetic acid 
was achieved at a reaction time of 4 h and temperature of 
60°C. That means, if we epoxidized X. americana seed 
oil following these conditions then subjected the 
epoxidized oil to hydroxylation reaction, definitely the 
polyol to be obtained shall be the one with high hydroxyl 
value (most important requirement for good polyols). 
 
 
RECOMMENDATION 
 
It is recommended that further research should be under-
taken to perform hydroxylation reaction of the epoxidized 
oil to produce polyol, to perform the epoxidation reaction 
using a metal catalyst, and to monitor the unsaturation 
and epoxy groups in the epoxidized oil by fourier 
transform infrared (FTIR) spectroscopy. 
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