63 Egypt. J. Chem. 59, No. 6, pp. 1045-1060 (2016)

Production of Biodiesel Production from Castor
Oil Using Modified Montmorillonite Clay

N.A. Negm?, GH. Sayed!, F.Z. Yehia’, O.LH. Dimitry?
AM. Rabie? and EAM. Azmy?

!Chemistry Department, Faculty of Science, Ain Shams University
and 2Petrochemicals Department, Egyptian Petroleum Research
Institute, Nasr City, Cairo, Egypt.

N THIS study, castor oil was used to produce biodiesel via
I transesterification reaction in present of methanol. The reaction
was performed using novel modified montmorillonite catalyst
(heterogeneous catalyst). The prepared catalysts were characterized by
the HR-TEM, XRD, IR, and N,-adsorption. The transesterification
reaction was carried out using different oil /methanol molar ratios
(1:3), (1:6), (1:9), and (1:12). Various amounts of catalyst were used
ranged from 1 to 7 wt.% and reaction time from 1 to 5 hr in
temperature range of 40 to 70°C. The optimized conditions of the
transesterification reaction of castor oil were pointed at 12:1
methanol to oil molar ratio and 5 wt.% catalyst at 60 °C for 5 hr. The
catalyst was reusable for 7 times. The fuels produced were
characterized and found to have closed properties to conventional
petroleum diesel.

Biodiesel is a mixture of fatty acid methyl esters (FAME) obtained from
vegetable oil by the transesterification reaction. In recent years, many researchers
were concentrated their effort to develop biodiesel from alternative and
renewable sources to replace commercial petroleum products(l). Biodiesel has
received increasing attention due to it’s a renewable energy resource, less
polluting, superior lubricity, high cetane number, high flash point and high
biodegradability, and its natural resources opposed to conventional diesel®. The
suitable properties of plant oils and animal fats (renewable and low sulfur,
nitrogen and heavy metal content), which are made up of triglycerides with long
chained fatty acid groups 16 to 24 carbon atoms in length, make them ideal
sources for the production of biodiesel ®*. From a list of 75 plant species®
containing oil in their seeds or kernels, 26 species have potential sources for
biodiesel production. Some examples of non-edible oil seed crops as palm ©,
cotton seeds oil™, Jatropha oil ® and waste cooking oil ®studied as feedstocks
for production of biodiesel. Studies on castor oil suggested that their uniquely
high content of ricinoleic acid, with a hydroxyl group, is the reason for castor oil
with high viscosity and density. It is also characterized by its high stability and
high hygroscopicity. Ability of castor oil to solubilize in alcohol, affects the
transesterification reaction?. Heterogeneous catalysts are feasible economically
due to the reusability of catalyst for both batch and continuous process and cost
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effective due to easy separation ‘2. Thus, the present study focuses on
exploiting trasesterification of castor oil as a source of biodiesel by using
modified montmorillonite catalyst as heterogeneous catalyst. The optimization of
trasesterification reaction was studied including several reaction parameters. The
obtained biodiesel was characterized and compared by the ASTM or EN
standards.

Material and Methods

Materials used

Castor oil was extracted from its dried seeds. Chemicals used for the
synthesis of catalyst and production of biodiesel were: montrorillonite, dodecyl
amine, tetraethyl orthosilicat (TEOS), trimethoxy phenyl silane, 1, 2-
dichloroethane, dichloromethane, chlorosulfonic acid, n-hexane, 2-propanol,
methanol, were obtained in their analytical grade from ADWIC chemicals
company, Egypt.

Extraction of castor oil

The oils were obtained by mechanically pressing of the dry seeds. The
obtained virgin oils were centrifuged to remove the contaminated solids and
water ),

Synthesis of Montrorillonite (MMT) catalyst

Acidic MMT (5 g) is swelled in 250 ml distilled water for 2hr. Then, the
swelled MMT and 135 g of dodecyl amine dissolved in 2-propanol (200 ml)
were charged in 500 ml round flask under mechanical stirring for 2 hr. TEOS (50
ml) was then added to the reaction matrix and aged for 4 hr at roomtemperature.
At the end of the reaction, a white precipitate was obtained. The product was
filtered, washed by acidified distilled water, dried in oven at 75 °C, and finally
air calcined at 600 °C for 5 hr. The product was denoted as Si-MMT.

Phenyl functionalized Si-MMT catalyst was synthesized by post grafting
reaction using trimethoxyphenylsilane. Si-MMT (5 g) was dispersed in n-hexane
(100 ml) for 30 min in 500 ml round flask and then trimethoxyphenylsilane (2.5
g) was added to reaction medium under stirring and refluxed for 6 hr. After
cooling to room temperature, the precipitate was filtered off, washed by excess
dichloromethane and finally dried under vacuum at 50 °C for 2 hr. The product
was denoted as Si-MMT-Ph.

Si-MMT-Ph catalyst (6 g) was dispersed in 1,2-dichloroethane (100 ml) as a
solvent and chlorosulfonic acid (3 g) were charged in added in 250 ml round
flask at 0 °C and vigorously stirred for 12 hr at 50 °C. Then, the reaction medium
was concentrated by evaporating the solvent using rotatory evaporator. The
obtained precipitate was filtered off, washed several times by1, 2-dichloroethane
and dried in vacuum oven at 50 °C. The product was denoted as Si-MMT-Ph-
SOzH.
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Tranesterfication of oil

Tranesterfication reaction of castor oil was carried out in a round bottom
flask (250 ml). Generally, the transestrification reaction was preceded by mixing
the methanol, oil and catalyst. Then, the matrix was heated in autoclave under
stirring condition for the desired reaction time. At the end of the reaction, excess
methanol was removed under reduced pressure. Then, the reaction matrix was
allowed to cool to roomtemperature, centrifuged to separate the different phases.
After centrifugation, three layers were separated: the upper phase is the obtained
biodiesel; the middle phase which contains the produced glycerol, and the lower
phase contained the catalyst in glycerol. The obtained biodiesel was collected
and stored in refrigerator for further analysis.

Castor oil and biodiesel specifications

The following data were determined for castor oil: fatty acid composition,
saponification value, iodine value, acid value, photometric color, water content,
and oil percent in castor seeds. The characteristic specifications of the produced
biodiesel including: kinematic viscosity (at 40 °C), iodine value, density, cetane
number, pour point, cloud point, flash point, and fire point were determined.
These properties were determined according to ASTM specifications *4-2Y,

Results and Discussion

Catalyst characterization

XRD patterns of MMT, Si-MMT and MMT-Ph-SO3H are shown in Fig. 1.
The diffraction pattern of K10-MMT s indicative of a main contribution of the
mineral family corresponding to a typical smectite MMT. Compared to the MMT
sample, Si-MMT and MMT-Ph-SO3H showed an obvious shift in 20 values at
8.85° towards lower angles, and there is a slight decrease in the relative
intensities of the XRD reflections of MMT. That supports the grafting of
trimethoxyphenylsilane between MMT galleries.
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Fig. 1. XRD powder patterns of MMT, Si-MMT and SiMMT-Ph-SO3H samples.
The HRTEM images of MMT, Si-MMT and MMT-Ph-SO3H materials are
shown in Fig. 2. The results showed that MMT is composed of stacking layers in
agreement to the typical layered materials.
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Fig. 2. HRTEM of MMT, Si-MMT and Si-MN OsH materials.

The BET isotherm curves of MMT, Si-MMT and MMT-Ph-SOsH are shown
in Fig. 3 and the data listed in Table 1. MMT shows Type IV isothermwith large
H3 hysteresis loop illustrative of layered materials, in accordance with acid
activated montmorillonite-based materials??. The presence of H3 hysteresis loop
indicates that MMT has an irregular porous structure.
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TABLE 1. Surface properties of various samples prepared.

Surface area . Pore volume
Sample i Pore radius (A _
p (ngl) ( () (Cm3gl)
75,147 & 24.5
MMT 220 (Board) 0.342
S-FMMT 795 17.2 0.96
MM T-Ph-SO3H 260 17 0.39
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Fig. 3. Nitrogen adsorption isotherms and pore size distribution of MMT, Si-MMT

and Si-MMT-Ph-SO3;H samples. Curves are plotted offset for clarify.

The FT-IR spectrum of the sample is shown in Fig. 4. The spectrum of Si-

MMT is similar to pure MMT.

The Si-MMT-Ph-SO;H showed broadband at 3100 cm™ is due to stretching —
C=C, the band at 888 cm™ and 875 is resulted from phenyl moieties, indicates
the presence of phenyl rings. Moreover, the asymmetric and symmetric
stretching vibration bands at 1330, 1183 cm? are represented SO, in SOzH

group are seen, indicating successful sulfonation.
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Fig. 4. FTIR spectra of MMT, Si-MMT and Si-MMT-Ph-SO3H samples.

Optimization of traseserification reaction.

The catalytic activity of the synthesized catalyst montmorillonite (MMT) was
evaluated for the transesterification reaction of castor oil at the identified
reaction conditions, such as the reaction temperature of 60 °C, methanol to oil
molar ratio of 12:1, reaction time of 300 min, agitator speed of 800 rpm and
catalyst loading of 5 wt%. Catalyst shows the best catalytic performance in the
transesterification reaction and provides the maximum biodiesel yield of 89.8 %
in the 300 min.

The reaction parameters were varied to obtain the optimized transestification
reaction conditions in order to obtain the maximum yield from biodiesel with
least economic cost reaction and provide the maximum biodiesel.

The studied reaction parameters were: - oil to methanol ratio, catalyst percent
ratio, reaction time, and reaction temperature.

The transesterification reaction of castor oil was performed at 60 °C for 5 hr
in the present of 5% catalyst ratio relative to oil at 800 rpm. While, reaction was
performed at different oil-to-methanol ratio of: 1:3, 1:6, 1.9, 1:12, using
Montmorillonite catalyst (MMT).

100

90 _- \ —m— MMT catalyst \ =
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30 =
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20

Biodiesel yield %

. . . T .
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Fig. 5. Effect of Oil to methanol molar ratio on biodeisel yield in transesterification

reaction of castor oil using 5 wt.% MMT catalyst at reaction temperature 60
°C, reaction time 300 min and stirring speed of 800 rpm.

From Fig. 5, it is clear that the gradual increase of oil to methanol ratio
increases the conversion ratio of castor oil into their corresponding biodiesel.
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The maximum conversion ratio of castor oil was 89.8% which obtained at 1:12
ratio of oil —to-methanol. The obtained results are in agreement with the reported
results?22%,

The effect of the used catalysts concentration on the tranestrification reaction
of castor oil was varying by increasing the catalyst wt.% from 1% to 7%, relative
to oil weight. The results of castor oil tranestrification showed that the gradual
increasing of the catalyst concentration is gradually increasing the yield percent
of the biodiesel. The maximum yield obtained was 89.8% at 5% of MMT,
respectively. Increasing the catalyst concentration more than 5% has no
considerable effect on the yield percent (Fig. 6).
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Fig. 6. Effect of catalyst amount on biodeisel yield in transesterification reaction of
castor oil using oil to methanol molar ratio 1:12 at reaction temperature 60
°C, reaction time 300 min and stirring speed of 800 rpm.

The gradual increase of biodiesel yield % by increasing the catalyst

concentration is attributed to the increase of catalytic active sites participated in
the reaction.

From Fig. 6, the optimum catalyst concentration which is suitable for castor
oil is 5 % relative to the weight of the used oil. These results are in good
agreement with the published datareported on the use of heterogeneous catalysts
in tranestrification reaction of castor oil 6-2%),

The transestrification reaction of vegetable oils is catalyzed by the effect of
temperature. Generally, increasing the reaction temperature leads to increase the
reaction rate and the reaction yield. The influence of temperature increasing was
studied at the following condition: - 5wt. % of catalyst, 1:12 oil to methanol ratio
for 300 min at 800 rpm in case of Castor oil in a temperature range of (40-70 °C),
and 5wt.% of catalyst (Fig. 7).
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The increase of reaction temperature increases the yield % of biodiesel. The
maximum vyield % was 89.8% MMT catalyst at 60 °C. While, increasing the
reaction temperature above 60 °C to approximate 70 °C leads to decrease the
biodiesel yield %. The maximum yield % was 86.4%. The obtained results are in
parallel with the reported date ?**Y. From Fig. 7, it can be concluded that the
optimum temperature of trasestrification reaction for castor oil are 60 °C using
the synthesized MMT catalyst.

The conversion of vegetable oils into biodiesel using heterogeneous catalysts
was increased by increasing the time of reaction. At a certain time (maximum
time), the yield % of biodiesel reached the maximum and no further increase can
be obtained, Fig. 8. 234,
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Fig. 7. Effect of temperature on biodeisel yield in transesterification reaction of
castor oil using5wt.% MMT, oil to methanol molar ratio 1:12, reaction time
300 min and stirring speed of 800 rpm.
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Fig. 8. Effect of reaction time on biodeisel yield in transesterification reaction of
castor oil using 5wt.% MMT catalyst at reaction temperature 60°C, oil to
methanol molar ratio 1:12 and stirring speed of 800 rpm.

It is clear that the increasing of the reaction time increases the yield % of the
produced biodiesel. The maximum yield % was obtained after 300 min.

Normally, the reaction proceeded to the right side diracion of biodiesel
formation and at the longer time starts to reverse the product to the backward
reaction of trasestrification reaction®”). That results in reduction of the
biodiesel yield % ©& 3. From Fig.8, the optimized time of transestrification
reaction of castor oil at 300 min.

Catalyst reusability

The reusability is an important characteristic in using heterogeneous
catalysts. That is due to the economic impact of the catalyst used decreases the
whole cost of the operation.
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Fig. 9. Reusability profile of the MMT catalysts.

It is clear from Fig. 9, that the MMT catalysts have good reusability during
the transesterfication reactions of castor oil; the first trial gave biodiesel yiled
89.8%. Repeating the reaction using the same used catalyst after activation for
two times gave identical products %. Further using of the catalyst after activation
is gradually. Decreasing the yield % of the biodiesel to reach to 85 at the
seventh round. Higher rounds showed a significant depression in the vyield
% of the biodiesel.

Physicochemical properties of the synthesized biodiesel

The physicochemical properties of the biodiesel were analyzed and compared
to those reported in literature, and are found to be within the limits set by the
ASTM D-6751 and the European Standard EN 14214(Table 2).

The physicochemical properties of the biodiesel were analyzed and compared
to those reported in literature, and are found to be within the limits set by the
ASTM D-6751 and the European Standard EN 14214 (Table 2).

This shows that the castor oil used in this study has immense potential to be
used in large scale biodiesel production using the modified montmorillonite clay.

Conclusion

1- Modified montmorillonite clay showed good activity in traseserfication of
castor oil.
2- Castor oil can be used as efficient and economic source of biodiesel.
3- Montmorillonite Modified clay has excellent reusability.
Egypt. J. Chem. 59, No. 6 (2016)
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4- The fuel obtained the castor oil and synthesized catalyst
standard properties according to ASTM and EU standards.
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TABLE 2.The physicochemical properties of the biodiesel.

has acceptable

L Biodiesel

Property Test method Test limits Value
Specific gravity ASTM-14214 0.860-0.900 0.9183
Kinematic viscosity at 40°C ASTM D445 4.0t06.0 6.89
Flash point, °C ASTM D93-94 100-170 176
Cloud point, °C ASTM D2500-91 -3to 15 -6
Pour point, °C ASTM D97-93 -5t0 10 -18
Bolling point, °C 315-350 356
Cetane number ASTM D613 48 - 65 54
Sulfur, wt% ASTM D5453-93 0.0 - 0.0024 0.001

=

2. Shashikant, V. G. and Hifjur, R., Biomass Bioenergy. 5, 28 (2011).
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