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Abstract— The epoxidation of soybean oil at temperature of 600C was provided the best result in terms of attaching the –OH 

functionality. Temperatures below and above 600C it is likely the attaching reaction did not proceed sufficiently fast. The considerable 

yield below 40%, implies the oil is not completely converted, it is not possible by conventional methods, because the epoxide 

decomposes at the temperature required.  The objective of this work was the development of catalyst toward the conversion of 

epoxide and polyol with reaction temperature at 50,60, and 700C. The influence of different type of catalyst were studied, the effect of 

alcohols with different molecular configuration was determined which leads to selective addition of alcohols to the epoxide oils.  
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I. INTRODUCTION 

The preparation of polymers from renewable resources is of 

significant economic and scientific importance. Vegetable oils 

have a number of excellent properties that can be utilized in 

producing valuable polymeric materials. The oils are 

characterized by their oxirane number and hydroxyl value.
1-3

 

Vegetable oils are part of larger family of chemical compounds 

known as fats or lipids, which made up predominantly of 

triesters of glycerol with fatty acids called triglycerides. The 

chemical structures of lipids are combination and permutations 

of fatty acids that can be esterified through hydroxyl groups of 

glycerol. The composition of fatty acids contained in the 

vegetable oils determines the further use of oils; which can be 

transformed into polyol through double bonds epoxidation and 

oxirane ring opening. 
4-6 

 

Soybean, palm, and sunflower contain mainly long chain 

fatty acids (C18) which are used as raw materials for polymer 

applications. Triglycerides offer two reactive sites, the double 

bond in the saturated fatty acid chain and the acid group of the 

fatty acid chain. The majority of derivatization reactions is 

carried out the carboxylic group, whereas oleochemical 

reactions involving the alkyl chain or double bond.
7
  

The preparation of polyols from oils has been the subject of 

many studies, but limited attention has been paid to the effect 

of different alcohol of small molecular weight, used as the ring 

opening reagents with soy epoxide oil.
8-9

 

 

Epoxide known as oxirane; cyclic ethers with three 

membered ring. The highly strained ring in the molecules 

makes more reactive than others ethers which highly 

susceptible to ring opening reactions; a cleavage of one of 

the cabon-oxygen bonds, which can be initiated by either 

electophiles or nucleophiles, or catalyzed by either acids or 

bases. Epoxidation with percarboxylic acids is generally 

catalyzed by soluble mineral acids like sulfuric, tungstic or 

molybdic acids.
10

 The reactions catalyzed by clays are 

carried out under mild conditions, the separation of the spent 

catalyst is achieved by filtration, and the product is 

recovered by mere evaporation of solvent. In particular, the 

microporous structure and surface acidity is of great interest 

of carrying out reactions.
11

 

In the present work, the soy-based polyols were 

synthesized by using epoxy ring opening reaction with 

different small molecular weight alcohols. These epoxy ring 

opening reaction gave a range  of different structures, which 

when converted to polyurethanes imparted different 

properties to the final products. 
 

II. EXPERIMENTAL 

A.Materials 

Soybean oil of  RBD (Refined, Bleached, Deodorized) 

was obtained from  Variatama Jakarta with specifications of 

Iodine value 53,89 gram Iod/100 gr sample, viscosity 
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65,5278 cps, acid value 0,024 mgr KOH/ gr sample, and 

with atomic weight of 0.538. Hydrogen peroxide from  

Brataco Chemika, acetic acid from Merck Germany, and 

sulphuric acid from Tedia Company, Inc. All materials were 

used as received without further purification.  

Soy polyols were synthesized from soy epoxides, with 

alcohols; methanol, butanol, ethylene glycol (Ethyl Gly) 

using acid liquid catalyst. The performance of bentonite as a 

catalyst for throughout the reactions; epoxidation and 

hydroxylation was chosen as a comparative analysis. The 

work was done for butanol 1 using acid catalysis named as  

(but 1) otherwise with bentonite  was named as (but 2). The 

mechanism  reaction of nucleophilic attack can be seen on 

scheme 1.  

 

 
Scheme 1. Acid catalyzed nucleophilic attack 

a. Epoxide activation  b. Nucleophilic attack 

The reaction conditions were summarized in Table 1.  

 

TABLE I 

     THE COMPOSITION of POLYOL SYNTHESIS 

 

 
    The reaction duration is 2 hr with temperature 1170C 
   The ratio of epoxy/alcohols based on stoichiometric calculations (mol/mol)     

 

III. RESULTS AND DISCUSSIONS  

The pleminary work was to determined the optimal 

catalyst concentration which was done in three variables.It 

was found the optimal concentration was 1% of the  

 

 
Fig. 1. Catalyst for epoxidation at 600C  

total weight of epoxide and alcohol, but the result differ to 

other edible oil; canola and linseed oil which is related to the 

composition of unsaturated fatty acid in the oil. 

Synthesis of Epoxide 

A. The Effect of time reaction and temperature 

The reaction of alcohols with soybean were done at 

temperature of 50,60, and 70
0
C. It was found reaction 

temperature of  60
0
C was the best result in terms of attaching 

the –OH functionality to the soybean oil which was 

confirmed through the oxirane number of epoxide. 

Temperatures below and above 60
0
C it is likely the 

polymerization/attaching reaction did not proceed 

sufficiently fast. It is clearly approved by 30 minutes and 

150 minutes of reaction either 50 and 60
0
C mostly a lower –

OH functionality can be attributed to the further reaction of –

OH group. In the case of the reaction of alcohol with 

soybean oil, a temperature 60
0
C with 90 minutes of reaction 

of CH3COOH/H2O2 1:6.5 (mol/mol) was selected for the 

study, which was confirmed through FTIR analysis. From 

the spectrum occurs at a wavelength band widening 3388.93 

and 3356.14 cm 
-1

 after the formation of polyols.  
 

 
    Fig 2.Spectrum IR soy polyol 

 
In the figure below compares the conversion of epoxide 

using a concentration equal to three variables namely the 

reaction temperature 50,60,70
0
C. The indicator used was  

oxirane numver (%). It is clearly can be seen that the 

conversion of epoxides was best at reaction temperature of 

50
0
, otherwise epoxide conversion at temperature of 70

0
 C 

tends to be low. 

 

 
Fig 3. Epoxidation with peracetic acid with temperature reaction 

50, 60, and 700C 

 

The catalytic results of homogeneous acids for the 

epoxidation conversion using three variable concentrations 

        Catalyst

No Methanol Butanol Ethyl Gly Liquid Solid

(ml) (ml) (ml) (ml) (ml)

1 13.08

‐ ‐

0.25

‐

2 10.9

‐ ‐

0.26

‐

3

‐

14.8

‐

0.3

‐

4

‐

4.935

‐

0.19

‐

5

‐ ‐

10.1 0.25

‐

6

‐ ‐

16.84 0.25

‐

7

‐

24.6

‐ ‐

0.39

8

‐

16.84

‐ ‐

0.3
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were 1:4.3, 1:4.4, and 1:6.4 at temperature 50
0
C The 

concentration ratio of 1:6.4 and 1:4.3 was  the maximum  

conversion achievement at reaction time 150 minutes. 

 

 
   Fig. 4 Epoxidation with peracetic acid at 500C 

   The concentration was a ratio of acetic acid to H2O2 

 

The activity of the acid liquid catalyst on epoxide 

conversion are presented in figure 5, the reaction was carried 

out at 60
0
C using three variable concentrations. At all 

concentrations the best conversion was achieved at 90 

minutes of reaction. 
 

 
Fig 5. Epoxidation with peracetic acid at 600 C 

The concentration was a ratio of acetic acid to H2O2 

 
 

The comparative result of fig 4 to fig 5 above, has made 

up a conclusion  the reaction occur for epoxide conversion 

with the same liquid acid catalyst was the best at 60
0
C. 

 

B. Effect of concentration  

The table 1 summarizes the various ratios of alcohols 

taken previously in terms of volume (ml) of the oil taken. 

From the analysis of the products obtained it can be 

concluded that the reaction either reaches equilibrium or 

completion after a certain point and does not proceed any 

further in spite of having a larger concentration of alcohols 

in the oil. 

One possible explanation for this is that there might be a 

steric hindrance after a point which does not allow the 

further interaction between the double bonds of the oil and 

the double bond present both in alcohols.  

The considerable yield below 40%, this implies that the oil 

is not completely converted, it is not possible by 

conventional methods, because the epoxide decomposes at 

the temperature required.  The higher activity of butanol 2  

campared  to butanol 1 can be rationalized in terms of the 

higher acid strength of  bentonite to acid liquid catalyst.  

The poor selectivities obtained with the bentonite is 

important to remark, it can be either because of the small 

pore size of solid catalyst or forming by-product exist from 

the epoxide ring opening reactions; quantitatively ketone 

production by temperature condition at 110
0
C,  presented  in 

fig 6. 

 

 
Fig 6. Hydroxylation of epoxide with alcohols. Reaction time 120 minutes 

 

In table 2 shows  the time reaction were significantly  

influence to the polyols oxirane number. Logically all 

epoxides reactions will cause the open nucleophilic ring 

which formed a  decreased oxirane number. In the polyol 

(but 1) and (but 2) even it was synthesized by using Nú 

butanol, but it has different response in the reaction scheme 

because the role of the two catalysts. 
 
 

TABLE 2 

THE EFFECT of TIME of REACTION  to REDUCTION POLYOL 
OXIRANE NUMBER  

 

 

*oxirane number of epoxide is 6.7 mgr KOH/gr   
  

Hydroxylation of butanol 1 and butanol 2 result a polyol; 

which were distinguished by the use of catalysts; acid liquid 

and acid solid. From this results it is clearly the decrease in 

oxirane number using bentonite catalyst is greater than liquid 

acid catalysts. This imply the bentonite which is a solid acid 

catalyst also took part in the reaction, thus forming more 

active site of OH. 

In summary, in conjuction of fig 6 and table 2 these results 

indicate the conversion epoxidation of vegetable oils using 

mono alcohol: methanol and butanol with peracetic acid and 

catalyzed by homogeneous acids, has to minimize the 

contact of the newly formed polyol with the acidic centers of 

the catalyst because it may be assume will produce epoxide 

rearrangement as second by-product which can influence to 

misintrepettation, of the inclining of oxirane number. 
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 alcohol
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1 hr 2 hr 1 hr 2 hr 1 hr 2 hr 1 hr 2 hr

0.042 2.47 1.95 0.17 0.12 0.47 1.03 0.45 1.03

0.043 0.36 0.65 0.19 0.09 0.46 0.33 0.46 0.33

0.045 0.11 0.27 0.2 0.18 0.25 0.3 0.25 0.3

0.046 0.17 0.14 0.17 0.14 0.38 0.6 0.38 0.6
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IV. CONCLUSIONS 

The higher activity of butanol 2  compared  to butanol 1 

can be rationalized in terms of the higher acid strength of  

bentonite to acid liquid catalyst. The poor selectivities 

obtained with the bentonite is important to remark, it can be 

either because of the small pore size of solid catalyst; The 

considerable yield below 40%, implies the oil is not 

completely converted, it is not possible by conventional 

methods, because the epoxide decomposes at the 

temperature required.   
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