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Abstract
Vegetable oils are biodegradable, renewable, non-toxic and show excellent lubricating performance due to 
the presence of long chain fatty acids in their composition. Because of the worldwide interest in the 
environmental issues and harmful effects caused by mineral oil based lubricants, environmentalists and 
engineers have made attempts to explore the possibilities of using vegetable oils as environmentally 
friendly lubricants for wide range of applications. In this work the tribological properties of selected 
vegetable oils, namely castor oil and sesame oil in the presence of 12-hydroxystearic acid as anti-wear 
additive were investigated using four-ball tribometer. The viscosity, acid value, peroxide value and iodine 
value of these vegetable oils were determined experimentally. Results show that addition of 12-
hydroxystearic acid to the selected vegetable oils especially castor oil considerably improved their anti-
wear performance during the rubbing process. The improved anti-wear performance of the vegetable oils 
in the presence of additive may be attributed to the formation of protective layer as a result of 
tribochemical reaction on the metal surface. 
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1. Introduction 
There has been an increasing demand for eco-
friendly “green” lubricants and additives 
nowadays due to concerns about environmental 
issues and loss of mineral oil based lubricants to 
the environment. In many countries there have 
been quite a lot of developments on the 
environmentally acceptable lubricants. There are 
well defined guidelines and legislations for 
environmentally friendly lubricants. For example 
according to the Blue Angel Guideline of 
Germany the biodegradability of base stock must 
be 80% and additive non toxic. Similarly, 
Austrian water protection regulation requires the 
chain saw lubricants to be at least 90% 
biodegradable, possess low water solubility and 
contain no halogen or nitrile additives [1].  
Mineral oil based lubricants contain many kinds 
of additives such as antioxidant agent, antiwar 
agents, detergents, dispersants, anti-forms, 
extreme pressure agents, friction modifiers, and 

viscosity improvers. Some of these additives are 
toxic and harmful to the environment [2,3]. Due 
to the environmental pollution and problems 
various government and non government 
organizations strongly recommend to replace 
mineral oil based lubricants by environmentally 
friendly lubricants as soon as possible. 
Environmentally friendly lubricants are readily 
biodegradable nontoxic and have a minimum 
impact on the environment. Biodegradable 
lubricants are suitable for various kinds of 
applications such as outboard, two cycle engine 
oils, chain saw oils, wire rope lubricants, 
hydraulic oils for forest and agricultural 
equipment, etc. [4]. Vegetable oils, due to their 
high biodegradablity, low toxicity, excellent 
lubricity and renewability are attractive and 
promising candidates to replace mineral oil 
based lubricants. They also acquire most of the 
properties required for lubricants such as high 
viscosity index, low volatility, and are also good 
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solvents for fluid additives [5].  
Vegetable oils contain long fatty acid chains 

in their compositions. The long chain fatty acids 
and presence of polar groups in the vegetable oil 
structures make them amphiphilic in nature and 
therefore allow them to be used as base stock for 
lubricants [6]. They have better anti-corrosion 
properties because of their better affinity to 
metal surfaces. The triacylglycerol molecules 
orient themselves in such a way that the polar 
end is directed towards the metal surface making 
a close packed monomolecular or 
multimolecular layer on the surface and thus 
inhibited metal-to-metal contact reducing 
corrosion during the sliding [7,8]. 

In summary, vegetable oils displays many 
desirable characteristics that give them edge over 
petroleum based lubricating oils and make them 
attractive as base oil for lubricants for a wide 
range of applications. The tribological properties 
of vegetable oils can further be enhanced by 
using suitable additives. 

In this paper we are going to evaluate the 
tribological properties of vegetable oil [castor 
oil] in the presence of 12-hydroxystearic acid as 
anti-wear additive using four-ball machine. 
2. Experimental Methods and Materials 
2.1. Base stock and chemicals  
Vegetable oils [castor oil and sesame oil] were 
purchased from the local market and were used 
without any further treatment as base stock. All 
the chemicals used in the experiments were of 
Merck A.R. grade.
2.2. Viscosity measurement 
Viscosity of the selected vegetable oils [castor 
oil, sesame oil] was measured using viscometer 
having viscometer constant of 0.091cSt/sec at 
30oC temperature.  
2.3. Acid value measurement 
Acid value of the selected vegetable oils [castor 
oil, sesame oil] was determined by using the 
American Oil Chemist Society (AOCS) standard 
method (Ca 5a-40) [9].  According to this 
method about 2g of the given oil sample was 
mixed with 25cm3  ethanol followed by two 
drops of phenolphthalein indicator in a titration 
flask and then titrated against 0.01N aqueous 
solution of potassium hydroxide [KOH] until 

pinkish colour appeared. Then from the titration 
data acid value was calculated.  
2.4. Iodine value measurement 
Iodine value of the given vegetable oil samples 
[castor oil, sesame oil] was determined by 
AOCS standard method (Cd 1-25) [10]. 
According to this method oil solution was made 
by dissolving 20g of the given oil sample in one 
dm3 of chloroform. About 10cm3 of this solution 
was taken and mixed thoroughly with about 
25cm3 of iodine monochloride solution [0.2M 
iodine monochloride solution in acetic acid] in a 
250cm3 titration flask and was kept stoppered in 
dark for one hour with gentle stirring. After one 
hour 10cm3 of 2.5M potassium iodide [KI] 
aqueous solution was added to this reaction 
mixture followed by 50cm3 of distilled water and 
titrated against 0.1M sodium thiosulfate 
Na2S2O3.H2O aqueous solution till light brown 
colour was appeared. To this reaction mixture a 
few drops of starch as indicator were added and 
again titrated against 0.1M sodium thiosulfate 
Na2S2O3.H2O aqueous solution until the bluish 
colour was disappeared. Similar experiment was 
run without containing oil sample under the 
same experimental conditions. From the titration 
data iodine value was calculated. 
2.4 Peroxide value measurement 
Peroxide value was also determined by AOCS 
standard method (Cd 8b-90) [11] for the given 
vegetable oil samples. About 2.5g of the selected 
vegetable oil sample was mixed with 20cm3 of 
acetic acid and chloroform solution [3:2] 
followed by addition of 1cm3 standard aqueous 
solution of potassium iodide [KI] and 35cm3
distilled water with constant stirring. Few drops 
of starch indicator were added to this reaction 
mixture and then titrated against 0.01N standard 
aqueous solution of Na2S2O3.5H2O until the 
yellow color was disappeared. Similar 
experiment was also performed under the same 
conditions without the oil sample. The peroxide 
value was calculated from the titration data. 
2.5 Measurement of wear 
Four-ball machine [ASTM, D2266] was used to 
evaluate the anti-wear properties of the selected 
vegetable oils [castor oil, sesame oil] under 
applied load of 63.74N. Anti-wear performance 
of the given oil sample can be estimated from 
the size of wear scar diameter obtained from the 
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lower three stationary balls of the tribometer 
during the experiment. The steel balls and 
appropriate parts of the four-ball machine were 
washed properly with toluene before starting 
each experiment and were dried in the oven at 
about 50oC.  These washed balls were then fitted 
in the four-ball machine where the top ball held 
in a special chuck at the lower end of the vertical 
spindle of a  electric motor moving with constant 
speed, is rotating in the cavity of three identical 
balls in contact and clamped in a steel cup, 
containing the test fluid.. The four ball machine 
was then run for specific time duration under 
desired load and temperature. After completion 
of experiment, these balls from the four-ball 
tribometer were collected and washed in an 
ultrasonic bath for about two minutes and dried.  
The wear scar diameter on each of the three 
lower balls was measured with optical 
microscope and recorded in millimeter. 
3. Results and Discussions
The results of the tribological evaluation of the 
selected vegetable oils based lubricants are 
discussed in the following section. 
3.1 Additive free oil sample 
The anti-wear performance of the selected 
vegetable oils was assessed by measuring the 
wear scar diameter on the three lower stationary 
balls of the four-ball tribometer as shown in the 
Fig 2. The figure shows that castor oil has good 
anti-wear performance as compared to sesame 
oil. Vegetable oils are generally triglycerides of 
fatty acids which make them desirable fluids for 
lubrication. Castor oil is roughly 87% 
triglyceride of ricinoleic acid 
[CH3(CH2)5CH(OH)CH2CH=CH(CH2)7COO)3(OC)3H5 ] which is unique because there is a 
double bond at the C9  and hydroxyl group at the 
C11 as shown in Fig 1. It is the hydroxyl group of 
the ricinoleic acid which makes castor oil highly 
polar fluid and is used as base fluid for many 
applications like lubrication. Due to high 
polarity castor oil shows greater affinity to 
adsorb on the metal surface to form a thick 
protective film reducing both wear and friction 
as compared with sesame oil where the fatty 
acids do not have hydroxyl groups in their 
structure.

Moreover, it is well known that oil with 
high acid value, low iodine value, high viscosity 
and high peroxide value show good anti-wear 

properties. Castor oil under investigation meets 
all these requirements showing better 
performance as compared with other vegetable 
oils.

Fig.1. Structure of the major component (90%) of

castor oil

Fig.2. Variation of WSD of the selected vegetable 
oils as a function of sliding distance

Table 1 some important parameters of the tested 
vegetable oils 

No Castor Oil Sesame Oil

Viscosity/cSt sec-1
60 43.35

Acid Value/mg KOH g-1
1.12 1.03

Iodine Value 87 112

Peroxide value/meq kg-1
7.2 6

3.2 Effect of additive on anti-wear properties of 
oil sample 

12-hydroxystearic acid was used as anti-wear 
additive for the given vegetable oils [castor oil, 
sesame oil] and then the tribological properties 
were assessed by four-ball tribometer under 
specific experimental conditions as shown in the 
Fig 3. It is clear from the figure that 12-
hydroxystearic acid improved the anti-wear 
performance of the selected vegetable oils to 
considerable amount. Moreover, castor oil 
blended with 12-hydroxystearic acid showed 
excellent anti-wear performance as compared 
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with the sesame oil and additive free castor oil. 
12-hydroxycarboxylic acid contains carboxyl 
group as well as hydroxyl group in its molecule. 
Due to the presence of these functional groups, 
12-hydroxystearic acid possesses high polarity 
showing greater adsorption affinity for the steel 
surfaces. It has been found that with 
hydroxycaroxylic acids chemically polymerized 
molecules are produced on the steel surface 
which play an important role in friction and wear 
reduction on the metal surface during sliding 
[12]. Moreover, in the case of 12-hydroxystearic 
acid carboxyl and hydroxyl groups are apart 
from each other in the molecule which resulted 
in greater affinity to adsorb on the metal surface 
at both the functional groups producing a thick 
layer as a result of tribochemical reaction on the 
metal surfaces. 

12-hydroxystearic acid showed excellent 
performance in castor oil as compared to the 
sesame oil under similar experimental 
conditions. This may be attributed to the 
chemical composition of the castore oil which is 
different from the other vegetable oils. Castor oil 
is a triglyceride in which approximately ninety 
percent of fatty acid chains are ricinoleic acids. 
Oleic and linoleic acids are other significant 
components. Ricinoleic acid contains hydroxyl 
functional group in its molecule. This functional 
group causes ricinoleic acid (and castor oil) to be 
unusually polar. This polar mass of the castor oil 
provide good competitional ground for the 12-
hydroxystearic acid and therefore shows greater 
affinity to adsorb at both the functional groups 
producing a thick and strong protective film on 
the surface as compared to the sesame oil. 
 Furthermore, the chain length of additive 
molecules also plays an important role in the 
anti-wear performance of various kinds of 
lubricants. Hydroxycarboxylic acids have a  long  

Fig.3. Variation of WSD of selected vegetable oils 
 as a function of additive concentration 

straight alkyl chain and therefore show excellent 
anti-wear characteristics. It is supposed that 
these acid molecules align themselves as a 
straight chain resulting in a close packing on the 
surface, providing a strong and thick protective 
layer on the metal surface as compared with 
short chain fatty acids [13, 14].

Fig.4. Variation of wear rate as a function of 
additive concentration 

Fig 4 shows the variation of wear rate with 
respect to additive concentration. It is clear from 
the figure that 12-hydroxystearic acid causes 
decrease in the wear rate. However, in the case 
of castor oil minimum wear rate was observed at 
0.4wt% whereas for the sesame oil decrease in 
the wear rate was observed in the range of 0.2 to 
0.4wt% under the same conditions.  
4. Conclusions 
Castor oil showed good lubricating properties as 
compared with the sesame oil under similar 
experimental conditions. Addition of 12-
hydroxystearic acid improved the anti-wear 
performance of castor oil as compared with the 
sesame oil and additive free castor oil. The 
excellent performance of the 12-hydroxystearic 
acid in the castor oil might be attributed to the 
formation of protective layer on the steel surface 
consisting of polymers produced by the 
tribochemically generated intermolecular 
esterification of 12- hydroxystearic acid on the 
metal surface. 
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