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Catalyst plays an important role in the production of biodiesel from waste oils. Heterogeneous
catalysts are gaining importance owing to the advantages in terms of separation and reusability
over the traditionally used homogeneous catalyst. Catalyst from renewable sources such as
biomass has been introduced to make the process fully 'green'. The carbon based materials are
considered as ideal catalysts due to desirable features such as low material cost, high surface
area and thermal stability. In the present work, a strong solid acid catalyst, prepared by sulfonating
carbonized rice husk, was proved to be an efficient and environmental friendly catalyst for the
esterification of waste cooking oil and methanol. A detailed kinetic study was carried out using
first order kinetics. The kinetic parameters were obtained and activation energy was determined
from the Arrhenius plot. The activation energy of 23.08 kJ mol-1 was obtained under the optimum
catalyst concentration of 6 wt %, stirring speed of 600 rpm and oil to methanol ratio 1:20 and at
338 K.
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INTRODUCTION

Fatty acid methyl esters (FAME), also known as

biodiesel, have been considered a interesting

petrol-fuel replacement that can help meet the

exceeding energy demands for the transport sec-

tor expected in future years (Al-Zuhair, 2007).

Biodiesel is conventionally produced via transes-

terification of triglycerides (TG) with short chain

alcohols (e.g., methanol) using homogeneous

base catalysts including Sodium Hydroxide

(NaOH) or Potassium Hydoxide (KOH) and other

heterogeneous protocols (Melero et al., 2009).

Various overviews of the latest technologies and

heterogeneous catalysts employed for biodiesel

production were recently compiled (Melero et al.,

2009; Serio et al., 2008; Hara, 2008). Two of the

most promising feedstocks to overcome the

inherent economic, as well as food versus fuel,



This article can be downloaded from http://www.ijerst.com/currentissue.php

110

Int. J. Engg. Res. & Sci. & Tech. 2014 Rajiv Arora et al., 2014

issues regarding the use of virgin oils for biodiesel
production are microalgae and waste vegetable
oils and/or animal fats (Luque et al., 2008;
Narashimharao et al., 2007). Whereas
microalgae have shown promising oil yields per
unit of land, as well as potentially high oil content
in species (ranging between 20-60%) (Luque et
al., 2008; Pienkos et al., 2009; Luque, 2010;
Williams et al., 2010; Mata et al., 2010), waste
oils and fats have low market values in compa-
rison to other feedstocks and can be obtained as
recycled materials from other industrial sectors
(Luque et al., 2008; Narashimharao et al., 2007;
Echim et al., 2009). Biodiesel production from
waste oils and fats has been shown to be more
efficient than any related biodiesel production,
regardless of the utilized feedstock (Luque, 2010;
Zhang et al., 2003). Nevertheless, the use of such
raw materials as biodiesel feedstock requires
extra processing due to the high free fatty acid
(FFA) content in the oils (generally 10-15% or
even greater), which normally require neutrali-
zation and/or pretreatment steps prior to their
utilization in transesterification reactions. Interes-
tingly, there have been some examples in which
heterogeneous solid acids were employed as
catalysts for simultaneous esterification of FFA
and transesterification of TG for biodiesel-like
biofuel production from waste oils (Williams et
al., 2007; Kulkarni et al., 2006).

These cases, however, tended to involve un-
usual reaction conditions and/or expensive and
not particularly recyclable catalysts under a wide
range of conditions. Some novel family of poly-
saccharide-derived acidic mesoporous carbo-
naceous materials that showed excellent activity,
selectivity, stability, and reusability in a range of
acid-catalyzed processes including alkylations,
acylations, amidations, and esterifications.
(Budarin et al., 2007; White et al.,2009).

In the present study, production of a solid carbon-

based acid catalyst by a more environment-

friendly, cost-effective and safe means was

sought. Rice husk was employed as raw

materials to prepare the carbon-based sulfonic

acid catalyst through carbonization and sulfo-

nation. The effects of the temperature, methanol/

oil molar ratio, stirring speed and the catalyst

dosage on the ester yield were systematically

investigated and kinetic parameters were

established.

MATERIALS AND METHODS

Chemicals and Catalyst Preparation

The chemicals used were methanol (99% purity),

sulphuric acid (99% purity), Sodium Hydroxide

(NaOH, 99.9% purity) and phenolphthalein

indicator, which were purchased from SD Fine

Chemicals (India). All the chemicals and reagents

were of analytical grade. The waste oil was pur-

chased from local market and the acid value of

the waste oil was found to be 28 mg KOH/gm of

oil. Rice husk (2 g) was heated under N2 flow for

2 h at 773 K in a tube reactor. An amount of 0.8 g

of the carbonized materials and 10ml sulfuric acid

were combined in a 100ml flask and heated in

an oil bath at 363 K for 4 h. After cooling to room

temperature, the mixture was diluted with distilled

water and the black precipitate was collected by

filtration using a water-circulating vacuum pump

and rinsed thoroughly with hot distilled water

(>353 K, 1000 ml) to remove impurities such as

sulfate ions. The resulting black solid catalysts

were dried at 333 K for 4 h in vacuo.

Catalyst Characterization

X-ray Diffraction (XRD) pattern of the catalyst was

recorded using CuKα radiation. The intensity data

were collected over a 2θ range of 2-80°.



This article can be downloaded from http://www.ijerst.com/currentissue.php

111

Int. J. Engg. Res. & Sci. & Tech. 2014 Rajiv Arora et al., 2014

Apparatus and Procedure

The esterification was carried out in a three-

necked glass reactor of 500 ml capacity operating

in a batch mode (Figure 1). A reflux condenser

was used to avoid the loss of volatile compounds.

A temperature controlled magnetic stirrer (REMI

make, model 5MLH plus) was used to carry out

reaction at particular temperature and stirring

speed. In all the experiments, a known amount

of oil, methanol and the catalyst were charged

into the reactor and heated to the desired

temperature. Temperature inside the reactor was

controlled within the accuracy of ±0.5 K. The

reactants charged in the reactor were volumetri-

cally measured. The progress of the reaction was

measured by withdrawing samples at regular

intervals, small enough to consider them negligi-

ble compared to the volume of the reaction mix-

ture.

Analysis of Free Fatty Acid Value Content

To measure the concentration of unreacted acid

in the reaction mixture, each sample was analy-

zed volumetrically by 0.2 N NaOH as titrant and

phenolphthalein as an indicator. The titration gave

the conversion of FFA under all conditions. All

experiments were carried out at atmospheric

pressure. The standard error obtained in analysis

was ± 1-2% for the duplicate set of reactions.

RESULTS AND DISCUSSION

Catalyst Characterization

The XRD pattern of the solid sulfated catalyst

from rice husk char is shown in Figure 2. The

broad and weak diffraction peak (2θ = 8-30°)

attributable to amorphous carbon composed of

aromatic sheets oriented in a considerable

random fashion.

Figure 1: Experimental Setup

Parametric Study

A parametric study was carried out to establish

the optimum parameters for the esterification

reaction between FFA of waste oil and methanol

using carbonaceous catalyst. The parameters

included: catalyst loading (as wt% of oil), molar

ratio of oil to methanol, reaction temperature and

time of reaction. The presence or absence of

Figure 2: XRD Pattern of Solid Acid Catalyst
Obtained from Rice Husk Char
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mass transfer effect was also established by

carrying out experiments at different agitator

speeds.

Effect of Stirring Speed

To determine the optimum stirring speed, four

runs were carried out at stirrer speed of 400, 500,

600, and 700 rpm using acid to alcohol molar

ratio of 1:20, temperature of 338 K, catalyst

loading of 6%, for each run. As shown in Figure

3 there was a slight increase in maximum

percentage conversion for each run when the

stirrer speed was increased from 400 to 600 rpm

but above 600 rpm the deference in maximum

percentage conversion for each run can be

considered to be negligible. This indicates the

absence of external mass transfer limitations

above 600 rpm. Therefore, all experiments were

conducted at 600rpm so as to neglect the effect

of external mass transfer and to avoid the

breakage of catalyst at higher rpm.

FFA as a function of time with different catalyst

loadings is shown in Figure 4. It can be seen from

this figure, with increasing catalyst loading the

conversion increases due to the increase in the

total number of available active catalytic sites for

the reaction. The percent conversion of FFA to

methyl ester becomes almost constant as the

catalyst loading is increased after 6%. Therefore,

the optimum catalyst loading was taken as 6%.

Effect of Catalyst Loading

Experiments were carried out at 4% to 7 wt. %

(weight of the catalyst/weight of waste oil) at a

temperature 338K, molar ratio 1:20 (oil/alcohol)

and stirrer speed of 600 rpm. The conversion of

Figure 3: Conversion at Different rpm With Oil
to Methanol Ratio 1:20, Catalyst

Concentration 6.0 wt% and at Temperature 338K

Figure 4: Conversion at Different Catalyst
Concentration at 600 rpm  With Oil to

Methanol Ratio 1:20 and at Temperature 338K

Effect of Oil to Methanol Molar Ratio

Esterification of FFA with methanol is equilibrium

limited chemical reaction and the position of

equilibrium controls the amount of ester formed.

The esterification reaction is generally slowed

down by the reversible reaction so use of an

excess of methanol drives the equilibrium toward

the formation of an ester and enhances the

forward reaction. The molar ratio of oil to

methanol was varied from 1:10 to 1:25 at a

reaction temperature 338 K, 6 wt% catalyst

loading, and stirrer speed of 600 rpm (Figure 5).

FFA conversion increases with the increase in

the amount of methanol till the acid to methanol

ratio 1:20. Beyond molar ratio1:20, there is

decrease in the conversion of acid and 1:20 molar

ratio was taken as optimum ratio.
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Effect of Temperature

To investigate the effect of temperature on the

esterification rate, the reactions were carried out

in the temperature range of 323 to 338 K while

keeping the molar ratio of acid to alcohol at 1:20

and catalyst loading of 6 wt. % (Figure 6). The

ester conversion was found to increase with an

increase in reaction temperature. Increasing the

temperature is apparently favourable for the

acceleration of the forward reaction, but required

using a pressure above atmospheric level. The

reaction temperature above boiling point of

methanol (338 K) cannot be used since at higher

temperature, it tends to loss methanol. The

maximum conversion achieved at 6% catalyst

loading, 1:20 oil to methanol molar ratio, 600 rpm

and at 338 K is 92.86%.

Effect of Time of Reaction

Figures 3, 4, 5 and 6 also depict the influence of

reaction time on FFA conversion.. The conversion

efficiency increased with reaction time but the

acid values were almost the same after 3 hours.

For economical reasons, the best process is the

one that reaches the highest conversion in the

shortest period of time. Results obtained from the

present experiments reveal that 3 hours is

sufficient for the completion of the reaction.

Kinetics of Esterification Reaction

In absence of internal diffusion & external mass

transfer resistances, the kinetic equation could

be written as (Yadav et al., 2005).

Where

rA = rate of reaction, mol/cm3.sec

k1 = rate constant ,cm3.sec/mol

w =catalyst loading, gm/cm3

[A] = concentration of FFA in waste oil, mol/cm3

[B]= concentration of methanol, mol/cm3

KA, KB ,KC, KD = Adsorption equilibrium

constant for waste oil, methanol, methyl ester and

water respectively.

It is assumed that there is a weak adsorption

of both reactants and products, hence the

denominator term (1+KA+KB+KC+KD) is taken as

1. And equation (i) can be written as

...(ii)

Where k2 = k1KAKB ...(iii)

Since methanol was taken in excess, equation

(ii) becomes a pseudo-first order equation and a

plot of -ln (1-XA) as a function of time is linear

(Figure 7) where XA is the fraction conversion of

Figure 5: Conversion at Different Oil to
Methanol Ratio at 6 wt% Concentration at 600

rpm and at Temperature 338 K

Figure 6: Conversion at Different
Temperatures at 1:20 oil to Methanol Ratio,

6 wt% Concentration and at 600 rpm

– rA = –––––––––––––––––––––––––
k2wKAKB [A] [B]

(1+KA [A]+KB [B]+KC[C]+KD[D])2
...(i)

– rA = K2w[A] [B]
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FFA. The slopes of these lines are k2w[B] from

which Arrhenius plot was used to determine the

apparent energy of activation (Figure 8). The

calculated activation energy was 23.08 kJ/mol,

which was less than the reported values for other

catalysts (Yadav et al., 2005; Srilatha et al., 2009;

Srilatha et al., 2012).

novel method for fatty acid methyl ester

(biodiesel) production via the esterification of

higher fatty acid waste oil with methanol was

proposed, with the advantages in the recycling

of waste biomass and the reduction of waste

residue. The optimum parameters which gave

maximum conversion of 92.86% using 6 wt%

catalyst, 1:20 oil to alcohol molar ratio, at 338 K

in 3 hours. A pseudo-first order kinetic model was

used to analyze the data and the apparent

activation energy was 23.08 kJ/mol.

ACKNOWLEDGMENT

We gratefully acknowledge the support of Dr.

Rajeev Kumar Garg, Head of Chemical Engi-

neering Department, Dr T S Sidhu, Director and

‘Technical Education Quality Improvement

Programme - Phase-II (TEQIP-II)’ of Shaheed

Bhagat Singh State Technical Campus, Feroze-

pur, India.

REFERENCES

1. Al-Zuhair S (2007), “Production of Bbiodiesel:

Possibilities and Challenges”, Biofuels

Bioprod. Biorefin, Vol. 1, pp. 57-66.

2. Budarin V, Luque R, Clark J H and

Macquarrie D J (2007), “Versatile

Mesoporous Carbonaceous Materials for

Acid Catalysis”, Chem. Commun., pp. 634-

636.

3. Echim C, Verhe R, De Greyt W and Stevens

C (2009), “Production of Biodiesel from Side-

stream refining products”, Energy Environ.

Sci., Vol. 2, pp. 1131-1141.

4. Hara M (2009), “Environmentally Benign

Production of Biodiesel Using Hetero-

geneous Catalysts”, Chem. Sus. Chem., Vol.

2, pp. 129-135.

Figure 7: Plots of -ln (1-XA) vs. Time at
Different Temperatures

CONCLUSION

A catalyst prepared from sulfonating carbonized

rice husk showed good dispersion in polar

solvent, because of the incorporation of conjugate

aromatic carbon ring with sulfuric acid groups,

which exhibited better catalytic activity in

esterification of FFA in waste oils. Therefore, a

Figure 8: Arrhenius Plot of -ln k vs. 1/T for the
Reaction of FFA in Waste Oil With Methanol



This article can be downloaded from http://www.ijerst.com/currentissue.php

115

Int. J. Engg. Res. & Sci. & Tech. 2014 Rajiv Arora et al., 2014

5. Kulkarni G, Gopinath R, Meher L C and Dalai

A K (2006), “Solid Acid Catalyzed Biodiesel

Production by Simultaneous Esterification

and Transesterification”, Green Chem., Vol.

8, pp. 1056-1062.

6. Luque R , Herrero-Davila L, Campelo J M,

Clark J M, Hidalgo J M, Luna D, Marinas J M

and Romero A A (2008), “Biofuels: A

Technological Perspective”, Energy Environ.

Sci., Vol. 1, pp. 542-564.

7. Luque R (2010), “Algal Biofuels: the Eternal

Promise”, Energy Environ. Sci., Vol. 3, pp.

254-257.

8. Mata T M, Martins A A and Caetano N S

(2010), “Microalgae for Biodiesel Production

and Other Applications: A Review”,

Renewable Sustainable Energy Rev., Vol. 14,

pp. 217-232.

9. Melero J A, Iglesias J and Morales G (2009),

“Heterogeneous Acid Catalysts for Biodiesel

Production: Current Status and Future

Challenges”, Green Chem., Vol. 11, pp. 1285-

1308.

10. Narashimharao K, Lee A and Wilson K

(2007), “Catalysts in Production of Biodiesel:

a Review”, J. Biobased Mater. Bioenergy, Vol.

1, pp. 19-30.

11. Pienkos P T and Darzins A (2009), “The

Promise and Challenges of Microalgal-

derived Biofuels”, Biofuels Bioprod. Biorefin.,

Vol. 3, pp. 431-440.

12. Serio M D, Tesser R, Pengmei L and

Santacesaria E (2008), “Heterogeneous

Catalysts for Biodiesel Production”, Energy

Fuels, Vol. 22, pp. 207-217.

13. Srilatha K, Lingaiah N, Devi B L A P, Prasad

R B N and Sai Prasad P S (2009),

“Esterification of Free Fatty Acids for Biodie-

sel Production Over Heteropolytungstate

Supported on Niobia Catalysts”, Appl. Catal.

A, Vol. 365, pp. 28-33.

14. Srilatha K, Sree R, Prabhavathi Devi B L A,

Sai Prasad P S, Prasad R B N and Lingaiah

N (2012), “Preparation of Biodiesel from Rice

Bran Fatty Acids Catalyzed by

Heterogeneous Cesium-exchanged 12-

tungstophosphoric Acids”, Bioresource

Technology, Vol. 116, pp. 53-57.

15. White R J, Luque R, Budarin V, Clark J H

and Macquarrie D J (2009), “Tuneable

Porous Carbonaceous Materials from Rene-

wable Resources”, Chem. Soc. Rev., Vol. 38,

pp. 3401-3418.

16. Williams P, Mulcahy F, Ford J T, Oliphant J,

Caldwell J and Soriano D (2007), “Biodiesel

Preparation via Acid Catalysis and Charac-

terization”, J. Undergrad. Chem. Res., Vol.

6, pp. 87-96.

17. Williams P J B and Laurens L M L (2010),

“Microalgae as Biodiesel & Biomass

Feedstocks: Review & Analysis of the

Biochemistry, Energetics & Economics”,

Energy Environ. Sci., Vol. 3, pp. 554- 590.

18. Yadav G D and Bhagat R D (2005), “Clean

Esterification of Mandelic Acid Over

Cs2.5H0.5PW12O40 Supported on Acid

Treated Clay”, Clean Tech. Environ. Policy,

Vol. 7, pp. 245-51.

19. Zhang Y, Dube M A, McLean D D and Kates

M (2003), “Biodiesel Production from Waste

Cooking oil: 1. Process Design and

Technological Assessment”, Bioresour.

Technol., Vol. 89, pp. 1-16.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




