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ABSTRACT 
Environmental pollution from excessive petroleum-based lubricants is risky, their disposal is 
hazardous hence regarding pollution free environment and diminishing petroleum reserves has 
brought in attention towards the use of vegetable oils as an alternative to petroleum oil-based 
lubricants. Neem seed can serve as a very good alternative to the petroleum based lubricant due 
to it biodegradability, availability and environmental friendliness. In this research, the neem 
seeds were extracted with solvent extraction method using n-Hexane as extraction solvent and its 
yield was determined to be 40.1% at 65oC and 0.335 mm particle size. The physico-chemical 
properties of extracted neem oil were determined using the ASTM standard procedures. The 
results obtained was found to have a low acid value 20.10 mg/KOH/g, low iodine value 
56.47g/100g but relatively high specific gravity 0.902, density 902 kg/m3, kinematic viscosity at 
40oC and 100oC was found to be 109 mm2/s and 22.6 mm2/s respectively, pour point 12oC, cloud 
point 9oC and flash point 265oC. The neem oil has kinetic viscosity at 100oC, acidic value, 
density and specific gravity compared to the SAE 20W50, whereas the SAE20W50 is better than 
the neem oil in other measured property (iodine value). The bio-lubricant obtained from Neem 
oil produced using transesterification process with methanol as alcohol and potassium hydroxide 
(KOH) as reaction catalyst and its yield was determined to be 82%. It is therefore recommended 
that there is need to additive that should be used to improve the quality of the bio-lubricant. 
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1.0 INTRODUDTION 
Neem (Azadiracta Indica)seed is a tree of 
the mahogany family, melicae which is 
abundantly grown in various parts of Asia 
and Africa, it grows on almost all types of 
soil and It is typically grown in tropical and 
semitropical regions (Kovo, 2008). The tree 
is well known for its medicinal features. 
Most of the parts such as leaves, bark, 
flower, fruit, seed and root have applications 
in the field of medicine (Muthu et al., 2010). 

There are several methods by which neem 
oil can be extracted from the seeds these 
include  
supercritical fluid extraction, solvent 
extraction and mechanical extraction but 
extraction of the oil using solvent has many 
advantages because it produces high yield 
and less turbid oil than mechanical 
extraction (Orhevba and Attamah, 
2016).Bio-lubricant is a lubricant made from 
vegetable oil that can reduce environmental 
pollution (Wagner et al, 2001). Aji and 
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Kyari (2015) compared bio-lubricant to the 
conventional lubricants and found that bio-
lubricants is more preferable due to its rapid 
biodegradability and low environmental 
toxicity.Bio-lubricants have been anticipated 
as they have useful physicochemical 
properties, but they also have unsuitable 
properties that make petroleum-based 
lubricants the evident option (Jain and 
suhane, 2012).As the petroleum reserves are 
decreasing, there is a need to find an 

alternative that renewable, and suitable for 
future demand (Masripan, 2020). Therefore, 
using vegetable oil (Neem oil) as a bio-
based lubricant could significantly reduce 
the dependencies on petroleum-based 
lubricant due to its abundance, low material 
cost, good performance and environmental 
friendly.The objective of the study was to 
extract, characterize and formulate a bio-
lubricant from the neem (Azadiracta Indica) 
seeds. 

 
2.0 Materials and methods 

2.1 Materials 
The sample used for this investigation was 
Neem (Azadiracta Indica) seed found in the 
North-Eastern part of Nigeria. The seed was 
sourced from Neem Plantation Centre in the 
University of Maiduguri, Borno. The study 
was conducted in the Department of 
Agricultural and Environmental Resources 
Engineering, University of Maiduguri, 
Borno, Nigeria.  
 
2.2 Oil Extraction 
2.2.1 Preparation of Neem Seed 
After obtaining the Neem (Azadiracta 
Indica) seed, the seed were de-pulped to 
obtain the seeds that were washed 
thoroughly to remove the dirt and impurity. 
These seeds were decorticated by 
winnowing to remove the hull from the 
seeds. The weight of the seeds (W1) was 
measured and then placed in the oven at 
50oC until constant weight (W2) was 
obtained using Liauwet al. (2008) method 
for drying. The dried seeds were crushed in 
a mortar and the sample was placed on a 
standard sieve screen (335µmm of size) to 
obtain the required particle sizes. 
 
 

2.2.2 Determination of Oil Yield 
Percentage 
The following relationship for calculating 
the percentage of oil yield was used as 
adopted by Bilal et al. (2013).  
% 𝑂𝑖𝑙 𝑦𝑖𝑒𝑙𝑑 =

  

      
𝑥10… (1) 

 
2.3 Physico-chemical properties 
2.3.1 Colour 
The colour and the odourof the extracted 
neem (Azadiracta Indica) seed oil were 
determined visuallyaccording to the method 
adopted byOgalaet al.(2018). 
 
2.3.2 Density 
The weight of a small empty beaker (Wb) 
was determined using an electronic 
weighing balance. The beaker was then 
filled with the known volume of oil (V) and 
the weight of the beaker and oil was 
determined (Wbo). The density was 
calculated as reported by Bilal et al. (2013).  

𝐷𝑒𝑛𝑠𝑖𝑡𝑦 =  ……. (2) 

Where; 
Wbo = Weight of beaker and oil (g) 
Wb = Weight of empty beaker (g) 
V = Volume of the oil (cm3) 
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2.3.3Specific Gravity 
A density bottle was used in determining the 
density of the oil. A clean and dry bottle of 
25ml capacity was weighed and assigned as 
Wx, and then filled with the oil; a stopper 
was inserted and reweighed to give a weight 
recorded as WY. The oil was substituted 
with the water after washing and drying the 
bottle and weighed and was recorded as WZ. 
The expression for specific gravity was 
given (Umaru and Aberuagba, 2012) 

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑔𝑟𝑎𝑣𝑖𝑡𝑦    …… (3) 

Where; 
WX = Weight of empty beaker (g) 
WY = Weight of empty beaker and oil (g) 
WZ = Weight of equal volume of water (g) 
 
2.3.4 Acid Value 
10 ml of isopropyl alcohol was neutralized 
with 0.1% potassium hydroxide (KOH) to 
prevent the alcohol becoming acidic, as this 
will affect the results. Then, 1ml of the oil 
was added to 10 ml pre-neutralized 
isopropyl alcohol, and the resulting solution 
was titrated again 0.1% KOH using 
phenolphthalein as the indicator. The 
quantity of KOH added up to the point when 
the reaction turned pink was measured, and 
the acid value was calculated (Umaru and 
Aberuagba, 2012).  

𝐴𝑉 =
.     

 ……… (4) 

Where;  
V = Volume of standard alkali used; (cm3) 
N= normality of standard alkali used (Eq/L)  
Woil = Weight of oil used (g) 
 
2.3.5 Iodine Value  
1 gram of oil was placed in a conical flask 
followed by 3µmL of Hanus Solution and 

the flask stopper, and the confessed mixed 
are placed in the drawer for exactly 50 
minutes. Potassium iodide solution (1mL of 
15% w/v) was added to the flask washing 
down any iodide that may be found on the 
stopper. This was extracted against 0.14m 
Na2S2O3 until the solution became light 
yellow. Starch indicator (1%, 2mL) was 
added and the titration continued until the 
blue color just disappeared. A blank 
determination was carried out under the 
same conditions; the titer value was 
recorded and the I.V was calculated as 
reported by kovo, (2008). 

𝐼𝑜𝑑𝑖𝑛𝑒 𝑉𝑎𝑙𝑢𝑒 =
.  ( ) 

𝑥100….. (5) 

Where;  
B = Volume of sodium thiosulphate used in 
blank titration (cm3)  
A = Volume of sodium thiosulpate used in 
titration with oil (cm3) 
N = Normality of sodium thiosulphate 
(Eq/L) 
Woil = weight of oil used (g) and 0.1269 is 
the Iodine number. 
 
2.3.6 Saponification Value 
2 grams of oil was placed in a conical flask 
and 25ml of 0.5m ethanol alcoholic 
hydroxide solution added. A reflux 
condenser was attached and the flask content 
refluxed for 30mins on a water bath with 
continues swishing until it simmered. The 
excess potassium hydroxide was titrated 
with 0.5m hydrochloric acid using 
phenolphthalein indicator while still hot. A 
blank determination was carried out under 
the same condition and the S.V was 
calculated as reported by kovo, (2008). 

𝑆𝑎𝑝𝑜𝑛𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝑉𝑎𝑙𝑢𝑒 =
.  ( ) 

 .... (6) 
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Where,  
B = Volume of standard ethanol potassium 
hydroxide used in blank titration (cm3) 
A = Volume of standard ethanol potassium 
hydroxide used in titration with the oil (cm3)  
N = Normality of standard acid (Eq/L)  
Woil = weight of oil used (g) 
 
2.3.7. Free Fatty Acid 
0.1 gram of oil is dissolved in 50ml of 
solvent mixture then titrated, with shaking 
with the KOH solution to the end of the 
indicator, the pink color persists for at least 
10s.Then the free fatty acid was calculated 
as reported by Bilal et al., (2013). 

% 𝐹𝐹𝐴 =
    .

  
 …….. (7) 

Where;  
N = molarities of base 
 
2.3.8. Flash Point 
15 ml of the sample of the fuel was heated in 
a 250 ml conical flask on a hot plate and a 
flame was passed over the surface of the 
liquid at the flash point temperature, the 
vapour that ignited the temperature was 
recorded as the flash point temperature, this 
was repeated for three times (ASTM, 2007). 
 
2.3.9. Pour Point 
25ml of the oil sample was measured into a 
test tube. A thermometer was placed in the 
oil sample and test tube was inserted in a 
beaker filled with ice. The temperature for 
which the oil begins clogging was observed 
and recorded (ASTM, 2007).  
 
2.3.10. Cloud point 
25ml of the sample was measured into a test 
tube. A thermometer was placed inside the 

oil sample. The sample was cooled at a 
specified rate and examined at 3°C intervals 
for flow. The temperature corresponding to 
the first formation of a cloud was observed 
and recorded (Bilal et al., 2013). 
 
2.4 Oil Transesterification  
Transesterification is the reaction of 
triglycerides to fatty acid alkyl esters and 
low molecular weight alcohols such as 
methanol and ethanol in the presence of 
catalyst (Demirbas, 2011) for the production 
(synthesis) of bio lubricant. The two process 
are as follows: 
 
2.4.1 Methyl Ester Synthesis  
This was achieved by transesterification of 
the oil sample with methanol using 
Potassium Hydroxide as catalyst in the 
following way. 87.20g of the oil was trans 
esterified with methanol. The weight ratio of 
oil-to-methanol used was 3:1, the amount of 
catalyst used was 0.5% w/w of the oil and 
the reaction was conducted at a temperature 
of 60°C for 2 hours (Ghazi et al., 2010).  
 
2.4.2 Bio-lubricant Synthesis  
This was achieved by transesterification of 
the Methyl Ester with Ethylene Glycol in 50 
ml batches using 0.5 M Sodium Methoxide 
(prepared simply by dissolving fresh clean 
sodium in 30% methanol) as catalyst. The 
weight ratio of oil-to-methanol used was 
3.5:1, the amount of catalyst used was 0.8% 
w/w of the total reactants and the reaction 
was conducted at a temperature of 70°C for 
one hours thirty minutes 2.5 hours (Ghazi et 
al., 2010). 
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3.0 RESULTS AND DISCUSSION 

Physico-chemical properties of the oil extracted from neem (Azadiracta Indica) seed were 
presented in the table below. 
 
Table 1: Oil Yield and Bio-lubricant Produced for Neem (Azadiracta Indica) Seed 
Crop Extraction Method Oil Yield (%) Bio-lubricant (%) 
Neem (Azadiracta Indica) Solvent extraction 40.10 82 
From Table 1, n-hexane was used in the 
extraction of the oil from Neem (Azadiracta 
Indica) seed and this gave an average 
maximum yield of 40.1% at 65°C and 
0.355mm particle size. This shows that 
Neem is a good source of oil compared to 
other seeds like Mahua seed, Jatropha seed 
etc which contains about (35-40) %, (25-35) 
%, respectively and can easily serve as a 

source of raw materials in process industries 
(Jain and Suhane, 2012). The 
transesterification process with methanol as 
alcohol and potassium hydroxide (KOH) as 
reaction catalyst has been shown to be 
appropriate for bio-lubricant production 
from neem oil due to its high percentage oil 
yield is 82% which may be reasonable yield 
levels. 

 
Table 2: Physicochemical Analysis of Extracted Oil from Neem Seeds 
Properties Neem (Azadiracta Indica) Seed 
Oil Yield 40.10 % 
Acid Value 20.10 mgKOH/g 
Free Fatty Acid 11.11 mgKOH/g 
Saponification Value 201.25 mgKOH/g 
Density 902 kg/m3 
Specific Gravity 0.902 
Iodine Value 56.47 g/100g 
Viscosity at 40oC 109 mm2/s 
Viscosity at 100oC 12 mm2/s 
Pour Point 12 0C 
Cloud Point 9 0C 
Flash point 265 0C 
Colour Yellow 
Odour Garlic 
 
From Table 2, the acid value and free fatty 
acid of Neem (Azadiracta Indica) seed oil 
was determined to be 20.10 mgKOH/g and 
11.11 mgKOH/g respectively. The Neem oil 
has low acid value and free fatty acid than 

castor oil as reported by Dibalet al. (2017). 
The lower the acid value the better the oil as 
a lubricant as the high acid value oil is likely 
to corrode and wear machine parts that are 
lubricated. 
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The saponification value of Neem 
(Azadiracta Indica) seed oil is 201.25 
mgKOH/g. The results obtained show that 
the Neem oil has higher saponification value 
when compared favorably with the value of 
Jatropha curcas oil (198.76 mgKOH/g) as 
reported by Bilal et al.(2013), pepper fruit 
(159.33 mgKOH/g) by Nwinukaet al.(2009) 
and peanut oil (-168.30mgKOH/g)by 
Michael et al. (2014). These high 
saponification value shows that the oil will 
be more suited for soap and cosmetics 
making than for use as a lubricant, thus it 
may be necessary to modify the oil before it 
can be used as a lubricant. 
The physical analysis of Neem (Azadiracta 
Indica) seed oil shows the specific gravity 
and density to be 0.902 and 902 kg/m3 
respectively. These values were compared 
with specific gravity and density of SAE 
20W50 are 0.878 and 878 kg/m3 
respectively. The Neem oil observed show 
that it is denser than the SAE 20W50 while 
both oils are less dense compared to water 
and would therefore float in water.  
The iodine value obtained from Neem 
(Azadiracta Indica) seed oil 56.47 g/100g is 
lower than that that of SAE 20W50 
80.00g/100g. The iodine value of Neem oil 
was seen to be higher than that of Moringa 
oil 35.85g/100g by Aliyu and Momoh(2011) 
but lower than for melon oil 83.75 g/100g 
and groundnut oil 59.64g/100g as reported 
by Jayadaset al.(2007) and Michael et 
al.(2014) respectively. Both vegetable oils 
and mineral oil are classified as non-drying 

oils since their iodine value is below 100 
g/100g (Aliyu and Momoh, 2011). 
From the results Neem (Azadiracta Indica) 
seed oil has a kinematic viscosity of 109 
mm2/s at 40oC while SAE 20W50 has 
kinematic viscosity of 236.9 mm2/s at 400C. 
The kinematic viscosity of Neem oil has a 
higher flow capability than the commercial 
mineral oil SAE 20W50. The Neem oil will 
perform less than SAE 20W50 as a 
lubricant. However, the SAE 20W50 
viscosity at 100oC was found to be 99.1 
mm2/s which is slightly higher than that of 
Neem oil at 22.6 mm2/s. This means that the 
Neem oil will show less variation in 
viscosity at higher temperature compared to 
the SAE 20W50. 
The flash point of the Neem (Azadiracta 
Indica) seed oil was found to be 265oC 
which is higher than the standard value for 
SAE 20W50 of Soybean (255oC) and 
Jatropha (240oC) as reported by Masripanet 
al.(2020). The high flash point (227oC) 
confirms the absence of risk of fire during 
handling and storage (Djibrilet al., 2015). 
The pour point and cloud point of the Neem 
(Azadiracta Indica) seed oil are 12oC and 
9oC respectively. The SAE 20W50 value of 
pour point and cloud point is -24.1oC and -
18.9oC has a lower pour point than that of 
the Neem oil. The SAE 20W50 oils have 
good cold flow properties than neem seed 
oil. It was found out that the extracted oil 
color and odour was found to be yellow and 
garlic respectively. 

 
4.0 CONCLUSION 

The study of Neem (Azadiracta Indica) seed 
oil on physio-chemical properties for 

suitability as a base stock to produce bio-
lubricant has been successfully carried out. 
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The properties such oil yield, acid value, 
free fatty acid, saponification value, density, 
iodine value, viscosity, pour point, flash 
point, cloud point, colour and odour was 
determined. The bio-lubricant obtained from 
Neem oil produced using transesterification 
process with methanol as alcohol and 

potassium hydroxide (KOH) as reaction 
catalyst and its yield was determined to be 
82%. The Neem oil was found to be 
biodegradable and will offers a solution to 
the quest for renewable, environmentally 
friendly lubricant base stock.
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