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Abstract

The most commonly used method for biodiesel pagjmm is via transesterification of vegetable using
alkaline catalysts. Biodiesel yield and oil convensare affected by operating conditions includihg catalyst
formulation and concentration. Application of alkal catalysts can also lead to undesired soap famarhis
study evaluated the alkaline catalyst effects adlieisel yield and soap formation in transestergyimethanol with
waste cotton seed oil and waste mustard oil aewdfft catalyst concentrations. It was observed riethoxide
catalysts led to better biodiesel yields. The metie catalysts not only accelerated the reactianalso elevated
the conversion equilibrium. Based on experimenfalnoization, the operating conditions for maximigicotton
seed and mustard biodiesel yield and minimizingosfmamation were potassium methoxide as catalyst.5%
(1.365 gm) for cotton seed biodiesel and 1.5% @ &®) for mustard biodiesel, reaction temperatdiré0®C, and
methanol-to-oil molar ratio of 5:1 for both thesiExperimental verification gave 78.9% biodieseld/from waste
cotton seed oil and 87.9% biodiesel yield from wastistard oil.

Keywords:. Biodiesel, Alkaline catalyst, Transesterificati®daste cotton seed oil, Waste mustard oil.

Introduction
Several ways have been researched and

demonstrated for preparing biodiesel from waste

vegetable oils, but base-catalysed transesteiditaits

stil the most widely used method in biodiesel

production.

The most commonly used alkaline catalysts in
the biodiesel industry are potassium hydroxide (KOH
which is inexpensive, easy to handle in transpioriat
and storage, and are preferred by small produgéksl
oxide solutions of sodium meth oxide (NaOghbr
potassium meth oxide (KOGHin methanol, which are
now commercially available, are the preferred gatal
for large continuous-flow production processes. In
transesterification, the effective species of gaialis the
meth oxide radicals (CH30-). The activity of a ¢yt
depends upon the amount of meth oxide radicals
available for the reaction. For sodium or potassium
hydroxide, meth oxide ion is prepared by reacting
hydroxide and methanol:

OH + CH:OH ——» CHO +

1)
This reaction also yields water that remains in
the system. Hydrolysis of triglycerides and alkgtezs

H,0
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may occur due to the presence of water, which éurth
leads to the formation of

free fatty acids and thus to wundesired soap.
Saponification will also occur if a strong baseg.ge.
NaOH or KOH in the system by reacting with esterd a
triglycerides directly. On the other hand, the wate
problem can be avoided if sodium and potassium meth
oxide solutions, which can be prepared water-fere,
applied.

The extent of transesterification and side
reactions depends upon the types of feedstocklysata
formulation, catalyst concentration, reaction terapge,
and methanol to oil ratio. Free fatty acid and moes
content in the reactant mixture also play importahgs
in biodiesel production .In the transesterificatio
vegetables oils and animal fats, each mole of
triglycerides reacts stoichiometrically with 3 melef a
primary alcohol and yields 3 moles of alkyl esters
(biodiesel) and 1 mole of glycerol (by-product).€eTh
actual mechanism of the transesterification reactio
consists of sets of equilibrium reactions in sedad all
of the reactions are reversible.
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Figure 1
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Where R is a long hydrocarbon chain, sometimegddditty acid chains.

Materialsand M ethods
Materials

The waste cotton seed and waste mustard oil
used in this study was collected from a local saatop
in Patiala, Punjab, India. The biodiesel from tla¢hbthe
oils was extracted at Mechanical Engineering Resear
and Development Organization, Ludhiana. Water bath
shaker is used for transesterification of wastéoooseed
oil and waste mustard oil. The effect of process
parameters shown in Table 1 were studied to

standardize the transesterification process famesing
recovery of ester as well as recovering ester ofeki
possible viscosity. In order to standardize thecpss
parameters, four levels of catalyst (KOH) conceitdra
(1%, 15% 2%, and 2.5%) were set. The
transesterification was done at 5:1 molar ratio #meh
allowed to settle for 1 hour in order to obtain imaxm
recovery of ester with lowest possible kinematscosity.
Total 8 ester samples were prepared to study feetedf
the four levels of catalyst concentration on esteovery
and subsequent measure of their kinematic viscosity

Table 1 Process parameters selected for standar dization of transesterification process (waste cotton seed oil and waste mustard

ail)

Optimizing parameter

Level selected

Preheating Temperature (°C)

Molar Ratio

Catalyst concentration

Reaction time (Minutes)

Reaction Temperature (°C)

Settling Time

60°C

5:1

1%, 1.5%, 2%, 2.5%

60 minutes

60°C

1 hr
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Results and Discussions

Effect of catalyst on the yield of biodiesel: - The effect

of KOH concentration was studied in the range of 1-
2.5% (weight of KOH/weight of oil).The reaction
temperature was kept constant al@0it was found that

the ester recovery increases as the amount ofysatal
decreased from 2.5-1%. Ester recovery decreases
drastically as KOH concentration increases abov&o2.

ISSN: 2277-9655
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whereas ester recovery increase as KOH concemtratio
reduces to almost 1%. This lesser recovery at KiQh
concentration may possibly be due to high soap
formation. It also shows that the lowest molaraaif
alcohol to oil, lesser amount of KOH can be used.

The effect of composition of KOH dmetyield
of biodiesel prepared from waste cotton seed @hsyn
in below Table 2

Yield of Biodiesel obtained from waste cotton seed oil

Amount of oil {(gms) conc. of KOH
(gins)
a1 1% (0.91 g)
o1 1.5%(1.365 g)
91 2% (1.82g)
91 2.5%(2.275 g)

Methanol (gms) Amount of Yield

18.2 77.12
18.2 71.82
18.2 64.18
18.2 53.94

The effect of composition of KOH on the yield obHiesel prepared from waste mustard oil is showreiow Table 3

Yield of Biodiesel obtained from waste mustard oil

Amount of oil (gms) Conc. Of KOH
87 1% (0.87 g)
87 1.5%(1.305 g)
87 2%(1.74 g)
87 2.5%(2.175g)

Methanol (gms) Amount of yield (gms)
17.4 83.23
17.4 76.49
17.4 65.54
174 58.82

Effect of catalyst on the properties of biodiesdl: - The
varying concentration of KOH affects the vyield of
biodiesel. When the biodiesel was prepared frombwil
the transesterification process, generally two erbgs
were checked. These properties were FFA Value (Free
Fatty Acid) and Viscosity. Viscosity is an importan
property of a bio diesel. With extremely low visities

may not provide sufficient lubrication for the pusnand

http: // www.ijesrt.com

Injector plungers. They can promote abnormal wear a
cause injector and injector pump leakage. Higher
viscosity is also not desirable as too viscous fuel
increases pumping losses in injector pump and tiojsc
which reduces injection pressure resulting in poor
atomization and inefficient mixing with air ultiney
affecting the combustion process. So the viscdsitgn
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important property to check because it was neihéow end of the reaction. The FFA content of the ravwwll
nor too high. determine the quantity of biodiesel as the finalduct.
The second property was FFA Value. If the oil A very low content of FFA (<0.2) can give a full(1%
has a high water or free fatty acid (FFA) contdm t yield [1]. So these two properties were importaot t
reaction will be unsuccessful due to saponification check when biodiesel is extract from oil.
(saponification is defined as the reaction of aerewith The effect of KOH concentration on FFA value and
a metallic base and water) commonly known as making Viscosity of cotton seed biodiesel is shown in helo
soap, and make separation of the glycerol diffiatilthe Table

Properties of cotton seed biodiesel

Amountof yield (gms) conc. of KOH FFA wvalue WViscosity
T.12 1% 0.141 4.2
71.82 1.5% 0.112 3.6
64.1 2% 0.090 3

53.94 2.5% 0.0564 2.5

The effect of KOH concentration on FFA value andddisity of mustard oil biodiesel is shown in belbable 5

Properties of mustard biodiesel

Amount of vield (gms) Conc. Of KOH FFA Value Viscosity
83.23 1% 0.129 4.9
76.49 1.5% 0.0126 3
65.54 2% 0.0705 32
58.82 2.5% 0.0282 2.5
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Conclusions

The recovery of esters by transesterification of
waste cotton seed oil and waste mustard oil with
methanol are affected by varying the composition of
catalyst.
The recovery of cotton seed methyl ester at lowest
kinematic viscosity (3.6 cSt) was 71.82 gram frofn 9
gram is possible at the following standardized
concentration of catalyst.
a) Molar ratio: - 5:1
b) Reaction time: - 60 minutes
c¢) Catalyst concentration:- 1.5%
d) Reaction temperature:-8D
e) Settling time: - 1 hour

The recovery of mustard methyl ester at lowest
kinematic viscosity (3.7 cSt) was 76.49 gram froih 8
gram is possible at the following standardized
concentration of catalyst.
a) Molar ratio: - 5:1
b) Reaction time:-60 minutes
c¢) Catalyst concentration: - 1.5%
d) Reaction temperature: - €D
e) Settling time: - 1 hour.

References

[1] Satishchandra Shamrao Ragit, Dr S.K.
Mohapatra, Dr. k. Kundu, Process
standardization, characterization and
experimental investigation on the performance
of biodiesel fuelled C.I engine,Biomass and
Bioenergy,35 (2011) 961-1026.

[2] Knothe, van Gerpen and Krahl, The Biodiesel
Handbook, National Center for Agricultural
Utilization Research Agricultural Research
Service U.S. Department of Agriculture Peoria,
lllinois, U.S.A, Department of Mechanical
Engineering lowa State University Ames, lowa,
U.S.A, University of Applied Sciences Coburg,
Germany 2005.

[3] National Center for Agricultural Utilization
Research, Agricultural Research Service, US
Department of Agriculture, 24 January (2005)
1-10.

[4] Jon van grapen, Biodiesel processing and
production, fuel processing technology, 86
(2005) 1097-1107.

[5] Alternative Fuels and Advanced Vehicles Data
Center- U.S Department of energy.

[6] Fangrui Ma, Milford A.Hanna, Biodiesel
production: a review, Bioresource Technology
70 (1999) 1-15.

http: // www.ijesrt.com

ISSN: 2277-9655
Impact Factor: 1.852

[7] S.Saka, D.kusdiana, Biodiesel fuel from
rapeseed oil as prepared in supercritical
methanol, Fuel 80 (2001) 225-231.

[8] Gemma Vicente, Mercedes Martinez, Jose
Aracil, Integrated biodiesel production: a
comparison of different homogeneous catalysts
systems, Bioresource Technology 92 (2004)
297-305.

[9] Y. Zhang a, M.A. Dube , D.D. McLean,M.
Kates , Biodiesel production from waste
cooking oil: 1. Process design and technological
assessment, Bioresource Technology 89 (2003)
1-16.

[10]Fengxian Qiu, Yihuai Li, Dongya Yang,
Xiaohua Li , Ping Sun, Biodiesel production
from mixed soybean oil and rapeseed oil,
Applied Energy 88 (2011) 2050-2055

[11]Weiliang Cao, Hengwen Han, Jingchang Zhang,
Preparation of biodiesel from soybean oil using
supercritical methanol and co-solvent, Fuel 84
(2005) 347-351.

[12]Nobutake = Nakatani, Hitoshi  Takamori,
Kazuhiko  Takeda, Hiroshi  Sakugawa,
Transesterification of soybean oil using
combusted oyster shell waste as a catalyst,
Bioresource Technology 100 (2009) 1510-
1513.

[13]Xuejun Liu, Huayang He, Yujun Wang |,
Shenlin Zhu, Xianglan Piao, Transesterification
of soybean oil to biodiesel using CaO as a solid
base catalyst, Fuel 87 (2008) 216-221.

[14]0Osmano Souza Valente, Vanya Marcia Duarte
Pasa, Carlos Rodrigues Pereira Belchior, Jose
Ricardo Sodre, Physical-chemical properties of
waste cooking oil biodiesel and castor oil
biodiesel blends Fuel 90 (2011) 1700-1702.

[15]David Y. Z. Chang Jose Ricardo Sodre,
Physical-chemical properties of soyabean oil
and its blends, Fuel 80 (2006) 212-221.

[16]Gerhard Knot he, Kevin R. Steidley, Kinematic
viscosity of biodiesel fuel components and
related compounds. Influence of compound
structure and comparison to petro diesel fuel
components, Fuel 87 (2008) 1743-1748.

[17]Narayan Khatri, Effect of physical properties of
bio-diesel on combustion,performance and
emissions of DI enginAsst. Professor,
Mechanical Engg., University of Petroleum.
Fuel 85 (2006) 2377-2387.

(C) International Journal of Engineering Sciences & Research Technology
[2027-2031]



