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Abstract
This paper carried out the experimental study, through the extraction and
characterization of crude castor oil and the analysis of castor cake (i.e. residue
left after the extraction process), which can be used as fertilizer .Ricinus
Communis (castor), a multipurpose shrub with a variety of applications and
enormous economic potentials for its seed oil, which can be used for industrial
and medicinal purposes. Via transesterification, this oil can also be converted
to biodiesel, which has many industrial purposes. This wide range of
applicability makes castor oil widely popular. The oil was obtained by using
Soxhlet extraction method and hexane as a solvent for extraction via a stage
wise equipment process. The analysis of the crude oils and de-oiled castor
cake was done according to the ASTM standards. All the results were
tabulated and discussed. Good agreements were obtained which mean that
castor oil is a very useful for industrial applications.
Keywords: Biodiesel, Castor oil, De-oiled castor cake, Hexane, Ricinus
Communis, Soxhlet extraction, Transesterification.
INTRODUCTION
Castor oil is a vegetable oil obtained from castor seed and has characteristic properties
and many industrial uses. This plant is easy to grow and is resistant to draught, which
makes it ideal crop globally. It is a colorless to pale yellow liquid with mild odor. The
hot and humid climate is required for the production.
Its boiling point is 313 0C and density is 0.961 kg/m3. It is basically a triglyceride,
which contains approximately 90 percent fatty acid chains of ricinoleate. Oleate and
linoleate are the other components. The castor seed contains ricin, which is a toxic
protein. During extraction that ricin inactivates due to heating process.
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India, Brazil, and China are the major crop producers. India is the main producer of
castor seeds and castor seed oil (around 10 lakh tons of Castor seed and around 5.5
lakh tons of Castor oil). Gujarat, Rajasthan and Andhra Pradesh contribute 96% of the
total castor seed production in India. According to the research, it contains almost 48
percent of oil and 42 percent of oil can be extracted, and remaining oil is in the castor
cake. India is the major exporter of castor oil. Castor plays an important role in
agriculture economics because it enables them to earn substantial foreign exchange
through export of castor beans and oils. European Union, United States, Japan,
Thailand and China are the major castor oil importing markets. The worldwide
demand of castor oil is increasing 3-5 percent per annum. It was estimated that a total
of 1.8 billion metric tons of castor oil was produced on a global scale.
Basic industrial chemicals like fatty acids, fatty amines, fatty alcohols, fatty acid
methyl esters (FAME), and glycerol are formed by hydrolysis of triglycerides. They
can be used directly, or as intermediates in industrial processes. Fatty alcohols and
their derivatives are used as surfactants, emulsifiers, detergents, lubricants, fire
extinguishing foams, plasticizers, heat stabilizers, UV absorbers, and cosmetics.
Castor oil is mixed in with certain foods to keep them fresh. It has properties as a
deodorant, reducing unpleasant smells on the skin.
The residue obtained after the extraction, also known as castor cake contains high
nitrogen content. Therefore it can be used as organic fertilizer. The content of
Nitrogen, Phosphoric Acid, and Potash is 6.4%, 2.55% and 1% respectively. The
protein content of castor cake varies from 21-48 percent.
In this paper, we used soxhlet extraction method and n-hexane as a solvent. The yield
of the oil depends on the solvent, temperature of the setup, and also the run time. The
yield obtained generally from this method of extraction is 30-40% with respect to the
weight of the sample used. Hexane is more suitable solvent because of its properties
like boiling point, high volatility and low sensible heat. Its boiling point is 69 0C and
so it can be easily separated from solvent via distillation process. It has high volatility
and low sensible heat (335 kJ/kg) so it is easy to remove from seed and oil with low
energy requirement.
METHODOLOGY STUDY
The castor seeds undergo various processes before the extraction process. These unit
operations are as follows:
Clearing : The castor seeds had some dirt and materials (for e.g. stones), which was
separated by hand picking.
Drying : A batch of 500 g castor seeds was put for drying in an air dryer oven. After
every 2 hours, the seeds were taken out and weighed until the weight of the seeds
became constant. The temperature of the dryer was maintained at 60oC throughout the
drying procedure.
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Deshelling : The separation of shell from the seeds was carried out in order to get
high oil yield.
Crushing : After deshelling, the deshelled seeds were crushed in order to make paste
of it for extraction.
Determination of moisture content of seeds :A batch of 500 g castor seeds was put
for drying in an air dryer oven. After every 2 hours, the seeds were taken out and
weighed until the weight of the seeds became constant. The temperature of the dryer
was maintained at 60oC throughout the drying procedure. Then, Moisture content =
100*[(W1-W2)/W2 ]The standard value of moisture content found in castor seeds is
observed to be in the range of 5-7% by weight.
Table 1: Drying observations for batch B
Sr. No.
Time(hours)
Weight(g)
1
0
500
2
2
495
3
4
487
4
6
481
5
8
474.5
6
10
474.5
Moisture content = [100*(500-474.5)/474.5)] % = 5.37 %
Extraction of oil:
150 ml of n-hexane was poured in a round bottom flask and 60 g of paste was placed
in a thimble and it was inserted in the centre of extractor. The temperature of soxhlet
was maintained at 69 0C. When the solvent was boiling, the vapours of n-hexane
were passed through the extractor where thimble was placed to extract the oil. Above
the extractor, there was a condenser to condensate the vapours. The condensate then
dropped into the extractor again and falls down into the round bottom flask through
the siphon tube attached to the extractor. This process was continued for 2:00 hours.
After that, the castor cake was removed, weighed and put it in an air dryer oven for
several hours, and again weighed to find out the oil content in the cake. After the
extraction, the distillation was performed to separate the oil and n-hexane. The
temperature of distillation process was maintained at 69 0C.
Weight of crushed seed : 60 g
Volume of hexane used : 150 ml
Time elapsed : 2:00 hours
Oil extracted after distillation : 27.3 g
Weight of castor cake after extraction: 55.35 g
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Weight of castor cake after drying : 51.25 g
Volume of hexane recovered : 120 ml
Temperature at which distillation was performed : 68 0C
Percentage of oil extracted: 37%
Characterization tests of castor oil:In order to determine the grade of the castor oil
obtained, it is necessary to carry out numerous tests according to the given standards
and find out the physiochemical properties of castor oil.
Density: In order to determine the density of the castor oil, 25ml of the sample was
taken in a density bottle. The bottle along with the sample was weighed, from which
the mass of the empty bottle was subtracted. The procedure was repeated twice. From
the weight and the volume of the castor oil, the density was calculated by using the
following formula.
Density = Mass/Volume
Calculations :Mass of empty bottle = 28.683 g
Mass of bottle containing 25ml oil = 52.862 g
Mass of oil = 52.862-28.683= 24.179 g
Volume of oil = 25 ml,
Therefore, density of castor oil = mass of oil (g)/volume of oil (ml) = 24.179/25
= 0.9671 g/ml
Specific gravity :To calculate specific gravity of oil, find the ratio of density of oil to
that of water.Therefore,
Specific gravity of castor oil = density of castor oil/density of water
Density of water = 0.99777 g/cm3 at room temperature.
specific gravity of oil = 0.9664
pH value :
2g of the sample was poured into a dry beaker and 13ml of hot distilled water was
added to the sample and stirred slowly. It was then cooled in a cold-water bath to
25°C. The pH electrode was standardized with buffer solution and the electrode
immersed into the sample and the pH value was read and recorded.The average pH
value of castor oil is 6.86.
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Refractive index :
Refracto meter was used in this determination. Few drops of the sample were
transferred into the glass slide of the refracto meter. Water at 30°C was circulated
round the glass slide to keep its temperature uniform. Through the eyepiece of the
refracto meter, the dark portion viewed was adjusted to be in line with the intersection
of the cross. At no parallax error, the pointer on the scale pointed to the refractive
index. This was repeated and the mean value noted and recorded as the refractive
index.
Refractive index = 1.46
Acid value:
25 ml of diethyl ether and 25 ml of ethanol was mixed in a beaker. The resulting
mixture was added to 10 g of oil in a 250 ml conical flask and few drops of
phenolphthalein were added to the mixture. The mixture was titrated with 0.1M
NaOH to the end point with consistent shaking for which a dark pink color was
observed and the volume of 0.1M NaOH (V0) was noted.
Then Free Fatty Acid (FFA) was calculated as:
FFA = V /W *2.82*100
0

0

Where,
100 ml of 0.lM NaOH = 2.82 g of Oleic acid
W0 = sample weight
Then,
Acid Value = FFA*2
Calculations:
Volume of NaOH, V0 (mg) - 24.2 * 10^-3mg
Weight of castor oil, W0 (g) - 10g
Free Fatty Acid (FFA) = V0/W0*2.82*100
= 24.2*10^-3*2.82*100/10
= 0.68244 mg of NaOH/g of oil
Now,
Acid Value = FFA*2
= 0.68244*2
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= 1.36 mg of NaOH/g of oil

Saponification value :
To determine this value, 2g of the sample was weighed into a conical flask, 25ml of
0.1N ethanolic potassium hydroxide of was then added. The content was constantly
stirred and was allowed to boil for 1 hour. A reflux condenser was placed on the flask
containing the mixture. Few drops of phenolphthalein indicator was added to the
warm solution and then titrated with 0.5M HCl to the end point until the pink colour
of the indicator just disappeared. The same procedure was used for blank sample.
The formula to calculate saponification value (S.V.) is given by :
S.V = 56.1N(V0-V1)/M
Where,
V0 = Volume of the solution used for blank test.
VI = Volume of the solution used for determination.
N = Actual normality of the HCl
M = Mass of the sample.
Calculations :
Volume of the solution used for blank test = 53.3ml
N = 0.5
Saponification value (S.V) = 56.1N(V0-V1)/M
= 56.1*0.5*(53.3-40.4)/2
= 180.9 mg of KOH/g of oil
Castor cake analysis:
After completion of the extraction process, castor cake was remaining. This cake was
dried and then sent to the agriculture lab for the analysis of the nitrogen, phosphorous,
potassium, and fat content. The lab, named National Food and Agriculture Research
and Analysis (NAFARI), is located in Pune, Maharashtra.
From the analysis of castor cake, we can determine if the cake is suitable to be used as
an organic fertilizer in the agriculture industry.
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RESULTS
Table 2: Physical properties of castor oil compared with ASTM standards and
standard castor oil
Property

Property for the
Property of standard
standard castor oil refined castor oil ranges
Moisture content (%)
5.37
5-7
Percentage of oil extracted (5)
37
30-40
Density (g/ml)
0.961
0.95-0.98
Specific gravity
0.9587
0.9587-0.968
pH
6.11
6.11-6.34
0
Refractive index at 28 C
1.4686
1.476-1.479
Saponification value (mg KOH/ g oil)
185.83
175-187
Acid value (mg NaOH/g oil)
1.148
0.4-4.0
Table 3: Properties of castor cake obtained after extraction
Sr. No. Parameter
Results
Test methods
1
Nitrogen (g/100g)
3.52
IS : 7219
2
Fat (g/100g)
39.54
IS : 12220
3
Potassium (mg/100g)
936.79
IS : 15121 (8.7)
4
Phosphorous (mg/100g)
1293.58
IS 14828
According to the IS, the minimum values for Nitrogen, phosphorous, potassium, and
fat content by weight percent are 4%, 1%, 1% and 0.7% respectively.
CONCLUSION
From the market research, it can be concluded that the crop production of castor seeds
is a field with high scope in the future, with India being the largest producer and
exporter of the product. Having said this, it is necessary to implement innovations in
the technology for production of castor seeds, followed by production of castor oil.
Castor oil, having a huge array of applications, is in high global demand. The
techniques for production of castor oil have been improved over the years, since the
traditional method of manual squeezing of oil from seed paste. The most widely used
method for extraction of oil is solvent extraction, mainly the Soxhlet extraction due to
its advantages like high yield and convenience of operation. The most widely used
solvent for extraction is hexane, or its isomeric mixture with iso-hexane.
In our laboratory study, crude castor oil was extracted from the crushed seed in a
soxhlet extractor, by using n-hexane as solvent. Deshelled seeds gave an yield of 40%
whereas seeds with their shells on gave only 30% yield.
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The oil obtained was analyzed for its physiochemical properties and it was found that
the oil obtained meets the standard criteria specified by ASTM. Hence, it is suitable
for industrial or domestic use. The castor cake, or castor meal obtained after
extraction was analyzed for its nitrogen, phosphorous, potassium, and fat content.
Post analysis, it was found that the cake contains 3.5% nitrogen, 39.54g fat content,
936g potassium, and 1293g phosphorous. This meets the IS standards and hence
castor cake can be used as organic fertilizer.
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