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Abstract 

 

Nowadays various vegetable, especially non-edible, oils are considered as the most promising 

source of biofuel for future generations.  Among these, oil obtained from a highly productive tree 

locally known as kemiri sunan (Reutealis trisperma) is now being developed as one of the non-

edible oil feedstocks for biodiesel production. However, the oil possesses a relatively high Iodine 

value, typically about 120 g-I2 / 100 g oil.  Such oil will produce biodiesel with not only poor 

thermal as well as oxidative stability, but also insufficient cetane number.   

 

In the present work, electrochemical hydrogenation was the chosen technique to lower the Iodine 

value of the oil, since it was not only simple and safe to operate, but also required very low 

capital cost. The system used stainless steel coil as the anode, whereas the cathode were nickel 

screen or copper raschig rings.  An electrolyte solution of potassium formate or cuprous 

ammonium formate was utilized.  The unsaturation level of the oil was measured by Wijs 

method (AOCS Cd 1-25).  
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The Iodine value of the original oil, which was initially around 115, could be significantly 

lowered to 55 – 95 at various KCOOH concentrations and reaction times.  However, excessively 

low Iodine value would result in biodiesel with high cloud point (maximum 18 
o
C according to 

SNI standard).  Thus, the process conditions had to be carefully chosen, and the use of 2.5 M 

KCOOH solution within 6 hours was sufficient to bring down the Iodine value to the desired 

(ideal from the cetane number and cloud point requirements) level of 85 g-I2/100 g (equivalent to 

methyl oleate). 

 

Even more promising results using cuprous ammonium formate were obtained, among which 

similar Iodine value decrease could be achieved using 0.6 M electrolyte solution within 6 hours. 

In addition, the use of cuprous ammonium formate could significantly save the electricity energy 

consumption.  However, the benefit had to be compensated by the more tedious purification of 

the processed oil using EDTA solution. 

 

Key Words: Reutealis trisperma; electrochemical hydrogenation; Iodine number; potassium 

formate; cuprous ammonium formate 

 

 

1. INTRODUCTION 

 

Lately, the use of non-renewable fossil fuels as the world primary energy source is slowly 

but certainly being replaced by more environmentally friendly, yet renewable, fuel sources.  The 

awareness of the urgent need of renewable alternative fuel has triggered significant development 

of biomass-based fuels worldwide, including in Indonesia.  Thus, the utilization of plant origin or 

derived oils come from local plantation is increasingly prominent.  One of many potential oils as 

biodiesel feedstock is from the Reutealis trisperma (locally known as kemiri sunan) plantation, 

not only because its oil is non-edible but also the tree is more productive than oilpalm tree.  

There are two, among many, important quality parameters for biodiesel, i.e. the cetane 

number and oxidative stability, which are closely related to the Iodine number (the measure of 

unsaturation) of the oil.  The FAMEs of saturated fatty acids possess a high cetane number as 

well as oxidative stability.  However, the more unsaturated (C=C, either mono- or poly- 

unsaturated) is the oil, the lower the cetane number and oxidative stability.  Therefore, biodiesel 

with high Iodine number or greater than 115 g-I2/100 g is considered as below the minimum 

requirements of cetane number and oxidative stability standards.   Nevertheless, if the Iodine 

number of the biodiesel is too low, then the cloud point of the fuel will be too high / beyond the 

standard value (max 18 
o
C), and hence the ideal Iodine number of the biodiesel is considered at 

around the Iodine number of methyl oleate (85 g-I2/100 g), at which the ester has a cetane 

number of 56,9 and cloud point at -20 
o
C (Soerawidjaja, 2009). 

In kemiri sunan oil, a high content (typically around 50%) of α-eleostearic acid (Figure 1) is 

commonly found.  The α-eleostearic acid, or 9(Z),11(E),13(E)-octadecatrienoic acid, has 3 

conjugated double C=C bonds.  Therefore, this oil has a relatively high I2 number of around 120 

g-I2/100 g.  Unsaturated fatty acids are much more easily oxidized than saturated ones.  

Moreover, the oxidation rate of saturated fatty acid depends strongly on the number of saturated 

bonds within the molecules.  The ratio of oxidation rate of oleic acid (C18:1) : linoleic acid 
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(C18:2) : linolenic acid (C18:3) is  1 : 10 : 20 (White and Miller, 1988). Therefore, biodiesel 

synthesized from kemiri sunan oil will be extremely unstable to oxidation.  In addition, the poly-

unsaturated bonds are highly reactive, and hence, may result in fatty acid chain polymerization 

which in the end would cause fuel injection-nozzle blocking. 

 

 

Figure 1 Molecular Structure of α-eleostearic Fatty Acid 

 

 Therefore, to improve both oxidative and thermal stability of kemiri sunan oil, before being 

processed as biodiesel, the unsaturated content (or I2 number) of the oil should be reduced by 

hydrogenation.  Hydrogenation process may be carried out via several ways, i.e. conventional 

catalytic hydrogenation using high pressure hydrogen gas, catalytic transfer hydrogenation with 

the help of hydrogen donor solution and solid catalyst (Arkad et al., 1987), and electrochemical 

hydrogenation.  In this investigation, catalytic electrochemical (electrocatalytic) hydrogenation 

(Beck, 1979) is utilized for some reasons.  This process not only can be operated at room 

temperature and pressure, but also over the advantage of not using a high pressure hydrogen gas 

so that it may eliminate the high risk as well as expensive capital cost, and therefore it is more 

suitable for small scale industry applications.   

In general, the electrocatalytic hydrogenation process uses a cathode as an electrode as well 

as the catalyst for the chemisorption of reactants.  At the cathode, adsorbed H is generated by the 

electrochemical reduction of water, which then reacts with the adsorbed unsaturated molecules 

(Yusem & Pintauro, 1992) as follows: 

               H2O     +   e
-
         →    Hads  +  OH

-
                            (Eq. 1) 

 2 Hads  +  R-CH=CH-R’     →    R-CH2-CH2-R’                      (Eq. 2)        

Besides the reaction shown  above, a side reaction (the hydrogen gas formation reaction from 

two adsorbed H atoms) which will ineffectively lead to a higher electricity consumption might 

also happen at the cathode.   

                                  2 Hads →  H2 (gas)     (Eq. 3) 

This reaction needs to be avoided by using the optimum voltage, which can be experimentally 

determined. At the other electrode (anode), an oxidation reaction (if inert electrode is used) 

occurs: 

                                 ½H2O →  ¼ O2 + H
+
 +e

-
    (Eq. 4) 

Mondal & Lalvani (2003 & 2008) studied the electrocatalytic hydrogenation of soybean and 

canola oils using Pt mesh as the hydrogenation catalyst as well as the cathode, and utilized 

formate ion (supplied as formic acid) as the mediator for transferring hydrogen attoms.  The 

mechanism of the formate-assisted electrocatalytic hydrogenation cycle can be written as: 
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HCOO
-
   +   oil   +   H2O    oil-H2   +    HCO3

-
    (Eq. 5) 

 HCO3
-
   +   2H

+   
+   2e

-
       HCOO

-
    +   H2O    (Eq. 6) 

  

In this investigation, the hydrogenation of kemiri sunan oil was carried out using potassium 

formate ion as H transfer mediator.  In addition, the use of an electrolyte solution of cuprous 

ammonium formate was tested to hopefully accelerate and thus increase the extent of 

hydrogenation, since the Cu
+
 ions are capable of drawing the unsaturated () bonds of the 

unsaturated fatty acid chains into the aquatic phase, and thus reduced the mass transfer resistance 

of the liquid-liquid hydrogenation process. 

 

  

2. METHODOLOGY 

 

The electrocatalytic hydrogenation was carried out in an electrochemical cell filled with a 

circulated mixture of electrolyte and oil. The electrolyte was either potassium formate ion, or 

cuprous ammonium formate solution in water-methanol mixture  Several different materials 

were tried as anode and cathode.  The cathode was a bed of nickel (formate electrolyte) or copper 

(cuprous amonium formate electrolyte) raschig rings, while a stainless steel coil was used as the 

anode.  Electricity was discharged into the cell through a DC power supply at an optimal 

constant voltage. Figure 2 presents the equipment set-up used for the electrocatalytic 

hydrogenation.   

 

Figure 2 Electrocatalytic hydrogenation cell  

The unsaturation level (I2 number) of the oil was measured  by Wijs method (AOCS Cd 1-

25). Various potassium formate concentrations (between 2.5 – 10 M) were employed within 6 

and 12 hours reaction period with KCOOH : unsaturated bond (calculated from Iodine value) 

mole ratio of 1 : 6.  In the other experimental series, the reactions were carried out between 3 – 9 

hours with several cuprous ammonium formate concentrations (0.1 – 0.6 M) at electrolyte : oil 
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ratio of 3 : 4 v/v.  Meanwhile, the kemiri sunan oil was supplied from local plantation and 

directly produced by mechanically pressing the kernel. 

 

 

3. RESULTS AND DISCUSSION 

In several preliminary tests, the optimum voltage for the electrocatalytic hydrogenation was 

determined from the current vs voltage profile at a certain operating condition.  The current 

flowed through the cell was initially proportional to the given potential difference showing that 

the total transfer rate of electrons was slower than the ionic mass transfer between the electrodes 

and the solution.  However, after a certain voltage, the current did not change significantly as 

now the process had been mass transfer limited.  Just above this optimum / critical voltage, the 

formation of H2 gas (bubbles) at the cathode surface became obvious.  It was important to 

operate the electrocatalytic system under this optimum voltage in order not only to avoid the 

dangerous H2 gas formation, but also to keep the electrical energy consumption minimum. 

The optimum voltage for the Ni cathode and K-formate system was measured at 12 V with 

56.5 mA current flowing through the system.  Surprisingly, the Cu cathode and cuprous 

ammonium formate needed an extremely low optimum voltage of just only 80 mV and 13 mA.  

The cuprous ammonium formate created an almost homogeneous mixture of the oil and the 

electrolyte, and thus the mass transfer resistance within such system was much lower than the 

two-phase mixture in the other.  In addition, the electrical conductivity of copper was almost 5 

times higher than nickel. 

 

3.1 Electrocatalytic hydrogenation with potassium formate ion electrolyte 

The Iodine number of the unprocessed kemiri sunan oil was determined titrimetrically using 

Wijs method and the analysis showed that the initial Iodine number of the original (unprocessed) 

oil was 114.5  1.5 g-I2/100 g.  In general, after being electrocatalytically hydrogenated there 

was a significant  reduction in Iodine number of the processed oil, as shown in Table 1.   

 

Table 1 The Iodine number of processed oil at various potassium formate concentrations  

and reaction times 

 

The results above showed the significant effect of the formate ion concentration on the 

extent of hydrogenation of the unsaturated fatty acids in the oil.  Initially, up to 5 M, the Iodine 

number decreased further as the formate concentration increased.  Increasing concentration of 

electrolyte solution resulted in higher mass (ion) transfer capability between electrolyte solution 

and turpentine oil, so the hydrogenation rate might be increased.  Among those conditions under 

 
Reaction Times 

(hours) 

Formate Ion Concentration 

2.5 M 5 M 7.5 M 10 M 

Iodine 

Number of the 

processed oil  

(g-I2/100 g) 

6   94.8 61.2 78.7 94.2 

12   61.5 55.0 54.0 73.7 
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investigation, the use of 2.5 M KCOOH solution within 6 hours reaction period was sufficient to 

bring down the original Iodine value to the desired level. 

However, beyond 5 M there was a turning point at which excessive formate ion 

concentration caused the rate of hydrogenation was, surprisingly, inhibited.  The inhibition might 

be due to less active site on the catalyst (Ni surface) was available for the bonding of the 

unsaturated group of the oil at higher mediator concentration (Mondal and Lalvani, 2008).  

Moreover, at a fixed KCOOH : unsaturated bond mole ratio of 1 : 6, higher formate 

concentration translated to less volume of electrolyte being circulated.  As a result, the inter-

phase contact area between the oil and the ion in the 2-phase reaction (Eq. 5) was considerably 

decreased so that the rate of hydrogenation diminished at high formate concentration.  In 

addition, less water (needed in the formate regeneration reaction, i.e. Eq. 6) was available at 

higher formate concentration.  Therefore, at the second stage of investigation we tried to not only 

improve the mediator formulae but also use a fixed oil : electrolyte volume ratio. 

 

3.2 Electrocatalytic hydrogenation with cuprous ammonium formate electrolyte 

 

As expected, the use of cuprous ammonium formate solution could also reduce the Iodine 

number of the oil (Table 2) to the desired level of around 85 g-I2/100 g within 6 hours reaction 

period by using a much lower concentration of electrolyte, i.e. only 0.6 M, in comparison with 

the previous system.   

 

Table 2 The Iodine number of processed oil at various cuprous ammonium formate 

concentrations and reaction times 

 Reaction 

Times 

(hours) 

Concentration of electrolyte solution (M) 

 0.1 0.3 0.6 

Iodine Number of 

the processed oil  

(g-I2/100 g) 

3 115.7 110.5 108.4 

6 113.1 98.8 86.7 

9 110.5 84.5 67.6 

 

The data above showed that the 0.6 M electrolyte was the most effective in reducing the 

Iodine number of the oil.  On the other hand, the 0.1 M electrolyte practically brought no effect 

to the Iodine number of the oil even after 9 hours reaction.  Higher concentration of the Cu
+
 ions 

would lead to more double bonds were drawn (bonded) to the electrolyte phase, in which the 

formate ion could mediate the H transfer (Eq. 5).  Meanwhile, a similar outcome could also be 

obtained by using lower concentration of electrolyte (0.3 M) but with a prolonged reaction time 

of 9 hours.  However, it should be noted that using 0.6 M electrolyte for 9 hours would lead to 

processed oil with excessively too low Iodine number of 67.6, which in the end, producing 

biodiesel with too high cloud point.  
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The processed oil colour was dark green instead of originally brownish yellow colour.  It 

was suspected that some of the copper metal ions were left behind due to liquid-liquid 

equilibrium had been established between the oil and the electrolyte phase.  Several purification 

steps were therefore carried out to eliminate the impurities.  Initially, the oil was separated from 

the electrolyte phase by centrifugation.   Subsequently, the oil was contacted with 5% Na-EDTA 

solution to extract any remaining metal impurities responsible to the unusual colour of the oil.   

The EDTA acted as a complexing agent capable of making a strong coordinated bonding with 

the copper metal ions in the oil phase.  The colourless EDTA solution slowly turned into blue 

after successfully capturing the metal impurities, and finally the processed oil itself was back to 

its original colour. 

Moreover, as earlier described, a much lower voltage was required to electrocatalytically 

hydrogenated the unsaturated groups of the oil, and hence significant reduction in the electrical 

consumption would be acquired by adopting this new system. Table 3 compared the conditions 

under which the Iodine number of kemiri sunan oil could be dropped from initially 114.5 g-

I2/100 g to around the ideal value (85 g-I2/100 g) within 6 hours reaction period.   

 

Table 3  The energy usage comparison between potassium formate  

and cuprous ammonium formate systems 

 
Potassium Formate 

(Ni cathode) 

Cuprous Ammonium Formate 

(Cu cathode) 

Electrolyte solution (M) 7.5 0.6 

Reaction time (hours) 6 6 

Iodine number of the processed oil 

(g-I2/100 g) 
78.7 86.7 

Electrical energy consumption 

(W.s) 
21,967 33 

 

The usage of cuprous ammonium formate electrolyte clearly offered a significant advantage 

in reducing electrical energy consumption from 21,967 W.s (in potassium formate system) to just 

only 33 W.s, indicating the ability of the cuprous ion to form coordinate bonding with the 

unsaturated groups of the oil so that more homogeneous mixture was obtained.   However, the 

advantage was balanced by the need of further purification of the processed oil with EDTA 

solution as previously explained. 

 

 

4. CONCLUSION 

 

In the present work, electrochemical hydrogenation was chosen and successfully applied to 

lower the Iodine number of the kemiri sunan oil, from originally about 115 g-I2/100 g to the ideal 

value of 85 g-I2/100 g (methyl oleate).   

The Iodine value of the original oil could be significantly lowered to 55 – 95 at various 

KCOOH concentrations and reaction times.  However, the process conditions had to be carefully 
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chosen, so that the final Iodine value of the oil would not fall below the ideal value in order to 

meet both cetane number and cloud point requirements.  Among those conditions under 

investigation, the use of 2.5 M KCOOH solution within 6 hours reaction period was sufficient to 

bring down the original Iodine value to the desired level. 

Even more promising results using cuprous ammonium formate were obtained, among 

which similar Iodine value decrease could be achieved using 0.6 M electrolyte solution within 6 

hours.  In addition, the use of cuprous ammonium formate could significantly save the electricity 

consumption, indicating the ability of the cuprous ion to form coordinate bonding with the 

unsaturated groups of the oil so that more homogeneous mixture was obtained.  However, the 

benefit had to be compensated by the more tedious purification of the processed oil using EDTA 

solution. 
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