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ABSTRACT 

Biolubricants are molecules produced from renewable sources (such as vegetable oils), and are an alternative to petroleum-based 
lubricants. Castor oil is composed mainly of ricinoleic acid (about 90%), which has promising characteristics for producing 
biolubricants (estolides). From the hydrolysis of castor oil, the ricinoleic acid of castor oil-free fatty acid (COFFA) can be esterified 
in the presence of biocatalysts (lipases), to obtain estolide. Thus, the aim of this work is the production of estolide using the 
commercial lipase of Diutina rugosa (Lipomod 34MDP) and the developing of capping reactions to reduce the acidity of the final 
product and to obtain a capped estolide. The COFFA esterification reaction generated a product with approximately 30% acidity. 
The capping reactions were conducted using alcohols with different chain lengths (anhydrous ethanol, isobutanol, methanol, 2-
ethylhexanol, hydrous ethanol (95%), (iso)octanol, dodecanol, 1,3-propanediol, and isopropanol). After 24 h, the best conversions 
were obtained using anhydrous ethanol (66%), isobutanol (60.8%), and methanol (59.5%). 
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1 INTRODUCTION 

Biolubricants derived from vegetable oils are an alternative to the use of lubricant molecules derived from petroleum, 
as they are biodegradable organic esters, presenting similar physicochemical properties to lubricants of mineral origin ¹. Castor 
oil (Ricinus communis L.) is a promising raw material for the synthesis of these molecules, since the fatty acid composition is 90% 
ricinoleic acid, giving excellent properties to the biolubricant as high molar mass, high viscosity, high miscibility in alcohol, low 
melting points (5°C) and very low solidification points (−12°C to −18°C), which contributes to the industrial application of its 
derivatives ². Esterification between the functional carbonyl, present at the carboxylic terminal of ricinoleic acid, and the hydroxyl 
of another ricinoleic acid is capable of forming molecules known as estolides, with excellent properties to be used as a base oil 
for the formulation of biolubricants ³,4. 

The estolide synthesis involves esterification of fatty acids and most studies use acid catalysts, such as sulfuric acid 
and perchloric acid, and/or high temperatures (200 °C) and pressures. However, in addition to the generation of acidic effluents, 
the use of strong acids can lead to the breakdown of functional groups, releasing sulfonated acid groups that decrease the pH, 
affecting the functioning of the fluid 5. Therefore, the use of biocatalysts appears to be an interesting alternative for obtaining 
estolides to conventional chemical methods 6. As enzymatic methods are very specific, almost no reaction co-products are formed, 
which reduces the industrial effluents and the energy consumption of the process, since enzymes act in mild reaction conditions 
of temperature, pH, and pressure 7. 

However, the major challenge in the synthesis of estolides is the presence of a fatty acid at the end of the chain formed 
after the polymerization process, which can generate a product with a high acidity index that is not recommended for lubricating 
properties. To reduce the acidity index, a conversion of the free estolides into estolide esters (capping reactions) can be realized 
in which an esterification reaction is carried out at the free terminals of the estolide with an alcohol or fatty acid, obtaining a capped 
or finished estolide 8. Most of the works found in the literature report the use of chemical catalysts in capping reactions 9,10. 
However, the objective of the present work is also use of the commercial Diutina rugosa lipase in capping reactions to obtain a 
capped estolide. 

 

2 MATERIAL & METHODS 

Castorbean oil hydrolysis 
 

The castorbean oil hydrolysis was conducted in a 2 L-scale reaction using a mechanical stirred reactor. Castor oil was 
hydrolyzed using the ratio of castor seeds/sodium acetate buffer (100 mM; pH 4)/castor oil of 1:5:5 (w/v/v). The reaction was 
performed at 200 rpm and 30°C 6. After 24h, COFFA (castorbean oil-free fatty acid) was recovered by ethyl acetate extraction. 
The ethyl acetate was removed with a rotary evaporator and the COFFA content was determined by acidity.  
 
 
Esterification reactions 
 

The reactions were solvent-free and carried out in duplicate in 10-mL batch reactors with magnetic stirring and 
thermostated for 24 h. The estolide medium was composed of substrate COFFA (4 g), Lipomod 34 MDP (1.6 wt.%), 14% of water 
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content, and the reaction was carried out at 45°C 11. The capping reactions were conducted using alcohols with different chain 
lengths in magnetic stirring and thermostated reactors (40°C), in a molar ratio of 1:1 (alcohol:estolide) and 4% Lipomod 34 MDP. 
Different alcohols were tested such as anhydrous ethanol, isobutanol, methanol, 2-ethylhexanol, hydrous ethanol (95%), 
(iso)octanol, dodecanol, 1,3-propanediol, and isopropanol. The reaction progress was monitored by taking samples at fixed 
intervals to analyze the acidity or fatty acid ethyl ester content 6. 

 

3 RESULTS & DISCUSSION 

The hydrolysis of COFFA generated a product with 87% acidity and only 2.5 % free ricinoleic acid. However, as the 
acidity attained in estolide reaction was about 30 % after 24 h, capping reactions were carried out using alcohols with different 
chain lengths in a molar ratio of 1:1 (alcohol:estolide) and 4 wt. % of Lipomod 34 MDP. After 24 hours, the alcohols that were able 
to generate the highest conversion were anhydrous ethanol (66%), isobutanol (60.8%), and methanol (59.5%) (Figure 1). 

 

Figure 1 Conversions obtained in the capping reactions in a molar ratio 1:1 (alcohol: estolide) and 4 wt.% of Lipomod 34MDP, at 40ºC. 

 

An increase in the molar ratio was carried out in the reactions using anhydrous ethanol and hydrous ethanol. 
Statistical analyses were performed with a significance level of p<0.05% following the Turkey test. For anhydrous ethanol, 
there was a statistical difference only in the results obtained between the molar ratios of 2:1 and 3:1. As there is no statistical 
difference between the molar ratio of 1:1 and 2:1, the use of a molar ratio of 1:1 is more interesting, as it uses less solvent in 
the reaction medium (Figure 2). On the other hand, for hydrous ethanol, a statistical difference was observed between all the 
molar ratios studied. Thus, a molar ratio of 2:1 seems to be the best condition using hydrous ethanol (Figure 3). The final 
acidity obtained in the reactions using anhydrous ethanol (molar ratio of 1:1) and hydrous ethanol (molar ratio of 2:1) was 
10.3% and 13.1%, respectively.  

 

Figure 2 Conversions obtained in capping reactions in molar ratios of 1:1, 2:1, and 3:1 (ethanol: estolide) and 4 wt. % of Lipomod 34MDP, at 
40ºC. A) Reactions with anhydrous ethanol. B) Reactions with hydrous ethanol (95%). 
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4 CONCLUSION 

• Results obtained show that the use of castor bean seed as a biocatalyst is promising for obtaining COFFA; 

• The results showed the capacity to produce estolide using Lipomod 34 MDP as a biocatalyst; 

• The best alcohols used in capping reactions were ethanol (anhydrous), isobutanol, and methanol, respectively; 

• As anhydrous ethanol is the most promising alcohol in capping reactions compared with the other alcohols evaluated, 
subsequent reactions will be evaluated with this alcohol.  
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