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Abstract

With depleting conventional energy sources thergrgent need to look for alternatives for auttimeofuel especially from
Non-edible feedstocks. Present work investigateMEAfatty acids methyl esters) synthesis commonigwn as Biodiesel
from non-edible feedstock Karanja using heterogaesewatalyst calcium oxide (CaO). Study was investid considering
effects of oil-methanol mole ratio, concentratidncatalyst and temperature of reaction. Our restdtsfirm that higher mole
ratio was useful to enhance FAME yield. The findingf work confirm that molar ration of 1:8 was aoptim for catalyst
loading of 2.0% and reaction temperature of@®0The maximum yield of FAME was found 92.4%. Therkvconfirms the
FAME obtained from Karanja has a potential altausafor petro-based diesel. Novel protocol devetbjire present work
address the issues of downstream processing ofeBildsynthesis and considerable amount of wastevggnerated can be
avoided.

Keywords: FAME, Non-edible Oil, Biodiesel, Synthesis

DOI: http://dx.doi.org/10.4314/ijest.v13i1.7S

Citethisarticleas:
Gole V.L., Gupta A., Yadav M. 2021. Heterogeneaaisiyzied fame synthesis from renewable feedstimtérnational Journal of Engineering, Science and
Technology, Vol. 13, No. 1, pp. 48-53. doi: 10.4314/ijest.iil3S

Received: December 1, 2019; Accepted: Februar@®l 2Final acceptance in revised form: March 32120

This paper was earlier presented at the InternaltiGonference on Energy, Environment & Materialeices (ICE2M), 1-3 December 2019 and substantially
improved for this Special Issue. Guest Editor: Bri Niwas Singh, Professor (HAG), Department ofciieal Engineering, Indian Institute of Technology
Kanpur, 208016 (U.P.) India, former Vice-Chanceldadan Mohan Malviya University of Technolo@orakhpur (April 2017 to July 2020).

1. Introduction

Energy demand in India is increasing on mullitfdasis. That too requirement of automotive fuelimcreasing with
globalization and changing lifestyle. Demand ofrpdiase diesel is increasing and estimated presede oil demand is 90
billion metric tons per annum. Recent data reledsegetroleum-planning analysis wing of oil minjsof Indian government
about the fuel consumption stated that demand lmuaey 2019 was increased by 2.7% and reached.foniiflion tons and was
higher compare to previous quarter. India is mge80% crude oil demand through imports and largentuum of economy is
spent on same (Colombo et al., 20Pétroleum Planning and Analysis Cell All India Sudy on Sectoral Demand of Diesel &
Petrol, 2013;White Paper on Alternative Fuels for Vehicles Vision & Recommendations Alternative Fuelsin India, 2019). Hence,
there is urgent need to explore the never/renevwsthleces for automotive sector.

India has targeted to reduced crude oil depareddy 10% up to 2022. Waste cooking oil considea ggobable option for
FAME synthesis, commonly known as biodiesel to eohigoal of 2022fhite Paper on Alternative Fuels for Vehicles Vision &
Recommendations Alternative Fuels in India, 2019). Biodiesel synthesis from other non-ref#de/aources need to be explored.
From the Indian context Karanja, Jatropha, Nagclaf@alophyllum Innophyllum Linn), Neem oil are catesed as possible
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bases for biodiesel synthesis. Oil obtained froes¢hfeedstocks are primarily used for medicinabpse, but residue remain after
extraction of essential product can be used fothegis of fatty acids methyl esters (Halder et 2014; Patel & Sankhavara,
2017; Takase et al., 2015). Karanja (known as pomgg@innta) is fast rising average size tree witle ®f 30-40 ft and spread
awning shade. It can be grown semi-arid region timmdand wide range conditions of India. The diffiet type soil such as salty,
alkaline, hefty, types of soils, due this natureaib be grown all parts of India. Shrunk of Karaejamall in diameter and height is
more than 1.65 meter. It has long leaves of si2@ &m extended and 4-7 cm widespread and orgaimz2a pairs. Flowers are
generally pea-shaped type with 15-19 mm lengthy@dading, well-lit purple or white in color. Kernglare sunlit brown in hue
with size 1-1.5 cm (Bankogtlli¢ et al., 2017; Halder et al., 2014; Harsha Hebbat.e2018; Patel & Sankhavara, 2017; Takase
et al., 2015). The physico-chemical properties afdtja are shown in Table 1.

One tree can give 9-90 kg of seed pod which yieloldo 35-40% oil. Kernels of tree due content oitl ield 30-40% oil,
normal Karanja produce 8-24 kg kernels. The typocahposition of air-dried kernels consists of 22428il, 17-18% protein, 6.6-
6.8% starch, 7-8% fiber and ash,2.3% (Halder g@all4; Patel & Sankhavara, 2017)

Table 1: Physicochemical Karanja lard properties

Properties Value
Water/moisture 0.05%
Explicit gravity 0.94
Density 0.94 g/cc
C-residue 0.80%
Ash 0.05%
Flash-point 2120
Fire-point 2146C
Acid-value 16.8
lodine-value 86.5
Boiling-point 3306C
Cloud point 260C
Caloric-value, (kcal kg) 8742
Cetane-number 38
Saponification-value 85.7
Unsaponifiable-matter 0.9%

Table 2: Composition of Fatty acid in Karanja lurd

Fatty-acid %
Palmitic-acid 11.6
Stearic-acid 7.5
Oleic-acid 51.6
Linoleic-acid 16.6
Eciosanoic-acid 1.4
Dosocansnoic-acid 4.4
Tetrasanoic-acid 1.1
Residue 5.8

Oil is essential and notable product gained fRongamia-Pinnata which is thick, yellow-reddisbsan having calorific-value
40.8 MJ/kg. Mechanical-expeller commonly employed 6il-extraction. Obtained oil is non-edible witiffensive in smell.
Common application oil is medicinal purpose, laraplfand can be potential source for biodiesel sgith Other applications of
oil are fuel as cooking, emollient, water-paintdieén, leather-dressing, candle, tanning industnies aoap-manufacturing. Other
potential applications of Karanja are body oiljdas, creams, hair-tonics, sham-poos and, pestidlBankové-Ili¢ et al., 2017;
Patel & Sankhavara, 2017). The typical compositibfatty-acid present in Karanja-oil is shown inbl&a2.

Biodiesel obtained from Karanja oil has numeradgantageous such as a) good lubricating and gsergce, b) renewable in
nature, c) highly- bio-degradable with miinor bumgitoxicity, d) grown and cultivate in all partsaduntry, e) bust rural economy
using waste and barren land, f) compare to pegsdlligives off negligible emissions of sulphatasematic-hydrocarbons with
minor emission of carbon-monoxide (CO) and partited, g) no or minor modification required for oiland internal
combustion engines, h) carbon chain consist of morabers of oxygen which helps in controlling enaissi) modern engine
can run on B100 biodiesel with minor modificationexisting engines with minimum loss of engine pavith minor wearing and
tearing (Dhanasekar et al., 2019; Harsha Hebbar,e2018; Kavitha et al., 2019; Madhu et al., 2016

Transesterification is most commonly technigaecufor biodiesel synthesis. If there are largentjtyaof initial- free-fatty-acid
(FFA) existing in oil, then acid-esterification meatment used for reduction of FFA content. Acdle is measure free fatty acid
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typical this value needs to be reduced below 2%woid saponification during alkaline transesteafion. Hydrolysis- and -
generation of left-over by-products further hamiler reaction and product yield may be lowered S§igpnitly. It required large
guantum of water for downstream-processing to reameaste and lengthier duration for reaction-conmmhetBankovié—lli¢ et al.,
2017; Harsha Hebbar et al., 2018; Kavitha et #1192 Madhu et al., 2016) There are number of &tres are available for
feedstock with large quantum of free fatty acidsoltare listed below:

» Esterification using different ion exchange resinsieterogeneous catalyst

» Distillation

» Acid esterification in presence of catalyst sucl@phuric-acid, methane-sulfonic-acid, ferric-hafe

* Neutralization using alkali- followed by soap-segiam in decanter

» Use of polar-liquids for extraction with combinatiof acid-esterification

Major limitations associated with esterificatiame higher amount of chemical requirement, wasiteeval and lengthier-
duration for reaction completion. Hence, there ligent need to look of potential alternative fornehation of FFA in oil
(Dhanasekar et al., 2019; Madhu et al., 2016). fdgeneous catalyst can overcome the limitation®cased with acid
esterification followed by transesterification. Mpjadvantage associated with this heterogeneoatystto reduced wastewater
generation for downstream processing. Calcium ox&ddene better option as heterogeneous catalysbifidiesel synthesis
(Bankovi—lli¢ et al., 2017; Harsha Hebbar et al., 2018; Kavithal., 2019; Madhu et al., 2016). It is commonbgaoned from
waste such as eggshells and mollusk shell.

Present work investigate FAME synthesis from afga. Process parameters such as oil-methanol mal®, catalyst -
concentration and temperature of reaction. Analysdisproduct was carried out using HPLC (High-pemfance liquid-
chromatography).

2. Materials-Method

2.1 Materials

Raw Karanja oil was procured from Pune localkearFatty-acid oil-composition is shown in TableMethanol(HPLC grade),
Sulfuric acid (98%), Hexane(HPLC grade), and Caiti®Oxide was obtained from M/s New-neeta, ChemicBlsme. HPLC
internal-standards viz methyl-linoleate and metbiglate was received gift from ICT, Mumbai.
2.2 Reactor

The reaction was carried out in 5.21 cm (ID) d@®d cu cm volume. Glass-reactor fortified withlugfcondenser.Reactor
temperature was maintained by keeping glass reactamstant temperature bath. Water bath is mad&Medico Instruments,
Mumbai and temperature of reactor can regulatetinvit 2°C. Pitch type of blade-glass stirring having 1.2hies dia- was used
to attain even mixing reactants. Experimental se¢gpesentation is desiccated in Figure 1.

"

Condenser
Stirrer I
Glass
reactor
Speed
Regulator
l Water
bath

e @

Figure 1: Schematic of experiment Set up

90 mL of Karanja-oil was placed in reactor amehgat to 11 to remove initial moisture-content oil and wasetved using
Karl-Fisher-Titration Unit. For preparation of caim oxide and was heated for known temperaturedD6tQ for 4-5 hrs to remove
volatile matter and moisture using Muffle furna¢éeated oil cooled to 8C was mixed with known quantity of calcinated
calcium oxide and methanol was added. Reactionumgxtvas heated, and samples were withdrawn ataegfltime followed
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quick quenching in ice bath to Kkill reaction. Cablesamples were transferred to separating funnelvetdayer consist of
heterogenous catalyst and glycerol was detachefetdpyer consists of FAME was eroded with hotilliést water to remove
catalyst-traces and other impurities. Sample waseldeunder vacuum in rotary vacuum evaporator move traces of moisture.
Further quantification of FAME was verified usindg?HC.
2.3 Analysis

Transesterification samples were analyzed udiPrgC (Hitachi) with C18 Phenomenex-column (25cmxdng Sum particle-
size) using UV-visible detection at 210nm. Linedtiein of methanol- and -hexane was maintained fiahaing samples. The
mobile-phase contains of 90% methanol- and 10%rexand flowrate of 1 ml mih Sample was prepared by using 10yl of
sample diluted-with 10mL of methanol. Calibratiamee was prepared using internal-standards of méitioleate and methyl-
oleate known concentration and area under the su@@ncentration of unknown samples were calculeaditiration curve.

3. Results and Discussion

Calcium oxide has hydro-philic nature and rermammethanol-phase. Methoxy ions are generatesudace of catalyst. lons
generations results of methanol molecule adsormimh subsequent transfer to organic-phase at tssing point between the
two-phases and reaction progress. Progress ofiondot presence of CaO as catalyst depends on reitndsification between
heterogeneous phases of solid catalyst and imneséiduid phases(Bankoé4lli¢ et al., 2017; Halder et al., 2014; Patel &
Sankhavara, 2017; Takase et al., 2015). Sincedster$fication is reversible in nature and forwaeath of -reaction is always
desirable for achieving higher product yield (Dhsaiear et al., 2019; Madhu et al., 2016). Parametbrgrocess such as oil-
methanol mole ratio, catalyst-concentration andoenaiture of reaction temperature have great infleem the product yield.

3.1 Qil-methanol mole ratio effect

Stoichiometrically, 3 moles of GJ®H require for 1 mole FAME production. Excess matilanay require to maintained forward
path of reaction (Banko&tlli¢ et al., 2017; Patel & Sankhavara, 2017). Expertmerere performed using oil-methanol mole-
ratio of 1:4, 1:6, 1:8 and 1:10 and catalyst-cotradion of 2% and temperature of reaction a8C6®as kept constant for all
experiment runs and results are dissipated in Eigur
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Figure 2: Effect of oil-methanol mole-ratio FAMEeyd

It has been observed that FAME yield was increasiity increase in oil-methanol mole-ratio 1:4-1:&hfurther rise in
mole-ratio has marginal incremental effect of FAMteIld. Hence, 1:8 molar ratio was considered asmaph for further
experimental investigations. The initial increaseproduct yield with mole-ratio may be attributdthtt the higher moles are
favorable to keep the forward-path of reversibleet®n. Higher molar ratio than optimum value is fievorable, glycerol
produced as side product during reaction may misurplus methanol and reaction- can be revertethalt lead to decrease in
yield of desired product. Separation of methanoirfifinal product increase the downstream processist) (Bankovi—lli¢ et al.,
2017; Harsha Hebbar et al., 2018; Kavitha et 811,92 Madhu et al., 2016). Hence, too methanol ts@wommended for synthesis
of fatty acids methyl esters.

3.2 Catalyst-concentration effect

Study of catalyst-concentration effect on FAME $wdis is important to avoid the separation of gatafrom the final
product. Excessive catalyst concentration may hindée of reaction. Higher concentration reducee émulsification rate
between the heterogeneous phases involved in oeattixture (Dhanasekar et al., 2019; Harsha Hebbat., 2018; Kavitha et
al., 2019; Madhu et al., 2016). Stirring may ndeab maintain desire emulsification rate.

Experiments were performed varying concentratiooadélyst as 1, 2 and 3% weight of catalyst/wedgjtdil (w/w) and results
have been shown in Figure 4. FAME yield increaséith Wwme and catalyst-concentration. It has beesndhat product yield
increase with rise in catalyst-concentration frorto 2% w/w, additional rise in catalyst-concentatidoes not yield substantial
increase in FAME yield. Hence 2% catalyst conceiutnaoptimum for further investigation.
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Figure 3 Effect of catalyst-concentration on FAMEIg

Activity of catalyst is mainly related with basstrength and increase with catalyst loadingagtimum value. Studies in
literature reported that Mg/Cl catalyst loadingpass outside an optimal value then catalyst agtdiininish due to development
of newer feebler basic sites. The increase in FANHd observed to optimum catalyst loading, higleading can attribute to
likely formation of agglomerate catalyst particlétarsha Hebbar et al., 2018; Kavitha et al., 2008)e important point to note
here that additional catalyst use may require nemirgy for separation process. Hence, optimumsgitaklection is desirable.
Work on trans-esterification of soybean-oil in Cp@sence shown 100% conversion of soybean waswaustar catalyst loading
of 3% (w/w) (Takase et al., 2015). They also reparthat CaO use as heterogeneous- catalyst redwaestteam processing
requirement for catalyst separation from final pretd
3.3 Reaction- temperature effect

Reaction- temperature effect on trans-estetifinawas investigated using varying reaction- terapge as 4, 50C, 60°C
and 65C at previously optimize catalyst concentratior2@sw/w) and mole- ratio of oil-methanol as 1:8. Btéan- temperature
effect on FAME yield has been shown in Figure 4 MByield increased with increase in reaction- terapge 40-66C, with
further increase in temperature td&Shown marginally decrease FAME yield.
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Figure 4: Reaction temperature effect on FAME yield
The optimize results fatty acids methyl esters fiGananja using calcium oxide shown in Table 3.

Table 3 Optimized result

Parameter Value
Reaction TemperaturéQ) 60
Catalyst-Concentration (Yowt Wt | 2
Oil-methanol mole-ratio 1:8
Reaction- time (min) 100

Table 3 shows that reaction time required for sgsithis marginally higher compare to homogenoualiatiatalyst. Most of the
studies shown that reaction time for homogenoualysttbiodiesel synthesis is 60 to 90 min. The nmalty higher reaction time
required due to kinetics for heterogeneous natfinreeaction. However, there are considerable adgamas of heterogeneous
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catalyzed reaction such as lesser downstream miogesequirement for separation of catalyst fromalfiproduct and lesser
wastewater generation improving quality of product.

4, Conclusions

Fatty acids methyl ester was obtained from ndible feedstock from Karanja oil. Heterogeneouslgat calcium oxide is
explored as potential heterogeneous catalyst fathegis of FAME. There was marginal higher molaioreequired for synthesis
compared to conventional alkaline homogenous csttalyajor advantageous of using heterogenous citalduced the
downstream processing for separation of catalgshffinal product and wastewater generation for animg purity product was
considerable product. The outcome of this studynsd novel technique for synthesis of valuable pobdatty acids methyl
esters. Experimental protocol developed in presestk can be explore as new and innovative pathytthesis FAME in
forthcoming.
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