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ABSTRACT: For years research has been carried out on biodiesel and it has been found as a promising alternate
source for fossil fuel. In the production of biodiesel, long chain triglycerides are converted into short chained esters.
Various vegetable oil sources may be chosen to produce biodiesel. Edible oil may be easily trans esterified into biodiesel
as compared to nonedible sources such as Jatropha, Pinnataand Rubber seed oil because of their high free fatty acid
(FFA) content. Competition of edible oil source as food vs. fuel makes edible oil not an ideal feedstock for biodiesel
production. Silk cotton (CeibaPentendra) seeds are easily available as a waste from the mattress makers. Dry seeds
contain approximately 23% (w/w) oil. Oil from these seeds may be extracted by solvent extraction method or by hot
pressing of the seeds. Free fatty acid (FFA) content of this oil is very high, because of which, esterification is to be
performed in two stages; at first with an acidic catalyst and then by a basic catalyst. Various fuel properties such as
calorific value, kinematic viscosity, density, pour point, cloud point, flash point etc. of methyl ester of this oil has been
evaluated and it has been found that these values are within ASTM6751-08 standard. FTIR and GC-MS tests were also
performed. It has been found that the seed used in the study has a good potential to be utilised as a source for biodiesel.
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Introduction:
CeibaPentendra (Kapok or Silk Cotton)is a fast growing deciduous plant belonging to Malvaceae family. It is
grown in India, Malaysia and also in other parts of Asia. This tree is native to Mexico, Caribbean and to
tropical West Africa. The leaves of the tree contain five to nine numbers of leaflets. The seeds of the tree are
contained in a pod. Seeds are surrounded by yellowish silky fibre. Each pod contains about 120-175 numbers
of seeds [1]. The fibres are generally used in pillow, mattress and in soft toys. Oil from the seeds may be
extracted by hot pressing or using the method of solvent extraction.

Fig1:CeibaPentandratree with its flower
(Source: http://www.treesflowers.com, accessed on 20/03/2017)
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S. Vedharaj et al. [1] investigated various properties and engine performances using blends of 25%, 50% 75%
and 100% of the Kapok biodiesel with petroleum diesel. HwaiChyuanOng et al. [2] performed engine test and
found acceptable results. A.S. Silitonga et al. [3] characterised various physical properties and fatty acid
composition.

EXTRACTION OF CEIBA PENTENDRA SEED OIL (CPO):
Approximately 5kg of this seed were collected. The seeds were already dry but they are again sundried for any
surplus moisture. Oil from this seed was extracted using solvent extraction method. 500g of this sundried
seeds were crushed in a mixture grinder.

(a) (b)

Fig No.2: (a) CeibaPentandra seed (b) Grounded CeibaPentandra seed

The crushed seed were split into 5 small samples. N-hexane was used as the solvent. The samples prepared
were kept in the glass flasks and n-hexane was poured in it to the sufficient amount. They were kept overnight
intact. Before filtration, the samples were heated up to 500C with continuous stirring and kept at that
temperature for 15 minutes. The oil from the seeds got dissolved in n-hexane. When the temperature of the
samples dropped down to room temperature, the solution of oil in hexane was separated by using filter paper.
The dissolved Kapok oil was separated from the solvent in a rotavapor (rotary evaporator). Temperature of the
rotavapor was kept at 650C and vacuum was maintained inside to separate all the remaining hexane. The
recovered hexane was again put into the samples to recover any leftover oil in the samples. After recovery of
the oil, it was heated to 1100C and kept at that temperature for 5 minutes to remove any moisture in it. When
the temperature reached room temperature, the oil was again filtered to remove any particulate in it.

The oil yield was calculated by using the following formula

Yield% = × 100%
The oil extracted was found to be approximately 23% wt/wt of the dry seeds.

Acid value of CeibaPntandra oil (CPO) was found to be 29.42 mg of KOH/ g of the oil.

Esterification and Transesterification of CeibaOentandra Oil
CPO cannot be transesterified directly by basic catalyst esterification. A basic catalysed transesterification
reaction involves heating the oil to a desired temperature and a solution of KOH or NaOH in methanol or
ethanol is added to the oil and stirred at a fixed rpm. When the reaction is completed the sample is allowed to
settle in a separatory funnel. The esters (biodiesel) occupy the upper position and glycerol is drained out of the
funnel. A transesterification reaction may be written as follows.
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CH2 ─ COOR1 CH2OH R1COOCH3

│ │

CH ─ COOR2 +  3CH3OH
/⎯⎯⎯⎯⎯⎯⎯ CHOH + R2COOCH3

│ │
CH2 ─ COOR3 CH2OH R3COOCH3

Vegetable oil Methanol Glycerol Methylester

CeibaPentendra seed oil (CPO) has very high free fatty acid (FFA) content. The FFA content should be less
than 2mg of KOH/g of the oil for base catalysed methanolysis [4]. Acidity of this oil was found to be 29.42mg
of KOH/ g of the oil. So the FFAs were converted to esters by Fischers esterification method. Reaction of
methanol with FFA in presence of a strong acid may be written as follows:

R─COOH          +     CH3OH ⎯⎯⎯⎯⎯⎯⎯ RCOOCH3 +   H2O

(Free fatty acid) (Methanol) (Methyl ester)     (Water)

A sample of CPO of known mass was taken and heated to 600C on the other hand a 0.75% v/v solution of
H2SO4 in methanol was prepared [5]. The molar ratio of methanol to the oil should be 9:1 [5]. The
temperature was kept the same and the solution was stirred by using a magnetic stirrer, the r.p.m. was
maintained at 700 for two hours. After completion of the reaction, the reaction products were poured into a
separatory funnel. Approximately after five hours, the layer formation of the oil was visible. The bottom layer
now contains CPO with very low FFA and the impurities along with H2SO4 occupy the top layer. CPO was
collected from the separatory funnel from bottom of the funnel.

After this pre-treatment, CPO was fed into a conical flask for Transesterification. A solution of NaOH in
Methanol was prepared by dissolving two pallets (appx 2g) of NaOH in methanol. Excess amount of NaOH
will result in the formation of soap and an emulsion of soap in oil will restrict the separation of the oil from
glycerol. The molar ratio of methanol to oil was taken as 9:1 [6]. With constant stirring rate of 600 r.p.m. and
a constant temperature of 600C, the reaction was allowed to occur for an hour. When the reaction was
completed, reaction products were poured in a separatory funnel. Two distinct layers of methyl ester of the oil
at the top and glycerol at the bottom were visible after some time. CeibaPentandra methyl ester thus formed is
as shown in Fig No. 3

(a) (b)

Fig 3: (a) CeibaPentandra oil methyl ester above the layer glycerol in a separatory funnel

(b) CeibaPentandra oil methyl ester.
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The transesterified oil was washed with water to remove excess methanol from it. Washing was followed by
elimination of any moisture in the oil sample by heating the samples to about1100C. Methanol should be
removed for better fuel characteristics and better performance by the fuel.

PROPERTIES OF THE BIODIESEL AND ITS BLEND:
To confirm the esterified oil, whether it fits to be used as a biodiesel or not, it has to go through a number of
tests. Various physical and chemical parameters evaluated in this study are: density, viscosity, flash point,
calorific value, pour point, cloud point and acid value

Table 1:Standard data as per BIS IS 15607: 2005, ASTM D6751-08 and CEN EN 14214-03 and data for
the methylesters of test seed oils:

Table 2: ASTM D975, Petroleum Diesel Properties and Properties of Biodiesel Blends:
Parameters ASTM D975

[60]
Petroleum
Diesel

CPOME10 CPOME20 CPOME

30

Density at 150C 820-860 830 834 843 855

Kinematic
Viscosity at
400C

2-4.5 2.2 2.4 2.7 3.2

Flash point 0C 60-80 66 71 81 92

Calorific Value
MJ/kg

- 46 45.8 45.1 44.3

Parameters CPOME BIS
IS15607 – 2005
[58,59]

ASTM
D6751 – 08
[59]

CEN EN14214
– 03
[30]

Density at 150C kg/m3 878 860-890 - 860-900

Kinematic Viscosity at
400C cSt

4.8 2.5-6.0 1.9-6.0 3.5-5.0

Flash point (closed cup),
0C, minimum

132 120 93 120

Calorific value MJ/kg 41 - - -

Pour point 0C -2 - - -

Cloud point 0C 7 - - -

Acid value

mg of KOH/ g of FAME

0.32 0.5 0.5 0.5
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Table 3: Kinematic Viscosity and Density of Parent Oil and Its Methylester:

Parameters CPO CPOME

Density at 150C 904 878

Kinematic viscosity at 400C (cSt) 42 4.5

FTIR Interpretation of CeibaPentandra Oil and its Methylester:
FTIR charts of CeibaPentandra oil and its methylester are shown in Fig No. 4and 5 respectively. As said
earlier, raw CPO has very high free fatty acid content and a peak of 1711cm-1 may be observed. The
adsorption band 1711cm-1 indicates the presence of carboxyl (─COOH) group in the parent oil which is
completely absent in the biodiesel [7, 8]. A new wavenumber 1196 cm-1 and 1436 cm-1 may be observed in
Fig No. 5 which may be taken as an indication for the formation of new methyl ester with ─O─CH3 stretching
[9, 10, 11]. This particular peak is absent in the raw CPO. 1171cm-1 region in the biodiesel spectrum indicates
─C─O─CH3. Some impurities were present in the biodiesel as alcohol (─OH) in the form of methanol added
during esterification reaction and soap (─COO-) which was produced due to very high FFA content of the oil
[11, 12]. These impurities were further cleaned as stated in verse 3.3. Wave number 1742cm-1 present in Fig
No. 4 and in Fig No. 5 may be related to the presence of ─C ═ O which is typical for a biodiesel [10].

Fig4:FTIR of Ceiba Petandra Oil Methylester



865 Mridul Deka, Pradeep  Kumar Mahanta, Diganta Hira

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386

Volume 4, Issue 10
October 2017

Fig5:FTIR of RawCeibaPetandra Oil

GC-MS analysis of Ceiba Pentandra Oil:
Gase Chomatography and Mass Spectrometry (GC-MS) of the CPO revealed that the oil constitues of

the components shown in Table 4.
Table4: Fatty Acids present in Ceiba Pentandra oil

Fatty Acids IUPAC Name Chemical Formula

Oleic Acid cis-9-Octadecenoic acid C18H34O2

Palmitic Acid C16H32O2

Linolic Acid cis-9,cis-12-Octadecadienoic
acid

C18H32O2

Cyclopropyl Fatty Acid 9,10-methylene-hexadecanoate C18H34O2
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FIG 6:Spectrum of Methyl Oleat present in CeibaPentandraoilmethylester
(NIST MS No. 333597)

CONCLUSIONS:
From all the above studies it may be concluded that CPO may be used as a cheap and easy source for biodiesel
production since it is readily available as an waste of the mattress makers shop. Kinematic viscosity of the oil
may be easily lowered down from a value asigned as 42 cSt to 4.5 cSt. All other properties of the biodiesel
produced are within the prescribed limits which makes Ceiba Pantendra a viable source for biodiesel.
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