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Abstract: Problem statement: Waste used Cooking Oil (WCO) harmfully affected éovironment and
human’s health can be a feedstock for producinglibsel. Approach: The conversion of Fatty Acid and
Free Fatty Acid (FFA) of WCO with 15.0% w/w FFA dent to biodiesel was studied through
transesterification reactionghis work investigated the effects of alcohol aatatyst quantity, reaction time
and temperature on the FFA conversion and biodmeeluction and also determines the optimum caoliti
Results: The optimum use of 5% w/w potassium hydroxide (K@#italyst at 70°C for 2 h yielded 88.20%
FFA conversion and 50% biodiesel recovery of WCOr the reaction rate analysis, based on Arrhenius
equation, the activation energy of 47.07 kJ.rhahd the pre-exponential factor of 7.58%1@in* were obtained
using pseudo first-order model. In addition, thedpiced biodiesel was blended with diesel in theiwetric
proportions of 5:95 (ExB5), 20:80 (ExB20) and 50(E&B50) and characterized by FT-IR, in order tmpare
to biodiesel blend sold in local gas station (B6jvas observed that the ExB5 has exhibited theedamrctional
group as of the BSConclusion: The produced biodiesel may be used in diesel esgingther properties are
tested for compatibility. This provides one moreich for alternative energy and commercialization.
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INTRODUCTION Acid Ethyl Esters (FAEEs) and glycerol (Encirgaral .,
2007) where B R, R; represent long chain of fatty acid.
Waste used Cooking Oil (WCO) is a residue froma  Generally, there are five main types of chains in
variety of sources, e.g., restaurants, food ingaistr  vegetable oils and animal oils, i.e., palmitic,asie,
domestics, which not only harms human’s health bupleic, linoleic and linolenic (Chhetet al., 2008). When
also causes environmental problems. However, WC@he triglyceride is decomposed, stepwise to digiyes
can be used as a raw material for biodiesel pramtuct Monoglyceride and ultimately to glycerol, one mofe
By this manner, the production of biodiesel from @/C fatty acid ester is liberated in each step. Methasio
to partially substitute petroleum diesel is an rakiive preferably used for th.e transgsterlflcatlon c_iueiﬂdpw
way for environment protection and energy security.  c0St @nd advantages in physical and chemical pieper
General vegetable oils or animal fats comprise théée" polarity *.”.‘d small mole_cule (Sanl_l an(_j C_anakc
main constituent of Triglycerides (TGs) with lower 008). In addition, it can easily react with trigyides
density compared to water and may be solid or dii and catalyst can be dissolved faster than othehals.
normal room temperature. TGs are esters of satlrate

and unsaturated monocarboxylic acids with the thilry CH, -0-CO-Ry R,-CO0-CHy  CHp-OH
alcohol glyceride. These esters are collectiveljfeda | catalyst

triglycerides, which can react with alcohol in @gence (H-0-CORz + 3CH;0H —s  F2-COOCH; o+ CH-OH
of catalyst, widely known as transesterificatiomqass ‘
(Balat and Balat, 2010). Figure 1 shows that a
triglyceride reacts with short chain alcohols suah Triglycerides  Methanol Methyi ester Glyceral
methanol and ethanol in the presence of a catédyst

produce Fatty Acid Methyl Esters (FAMES) or Fatty Fig. 1: The transesterification of triglyceride winethanol

CH, -0-CO-R R3-COOCH:  CH,-OH
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THz-D-CO'Rl THz-OH MATERIALSAND METHODS
‘CH'O'CO'Rz b Ho —— THOCOR L coon Reagents and materials: The WCO used throughout
CH, O-CO-R, CHy-0-CO-Ra the test was obtained from the canteen of Kasetsart
University Siracha Campus and was filtered to reenov
Triglyceride Water Diglyceride FF& suspended particles before use. The WCO’s acid
number was measured by titration (Marchettial.,
Fig. 2: Triglyceride hydrolysis to diglyceride 2007) and the FFA content of 15.0% w/w was obtained
All other chemical reagents were of analytical grad
RCOOR! + H0 = RCOOH + R©OH Equipment: The experiment was conducted using
round bottom flask as a reactor. The reaction flaak
RLOOH * KoR = RCODK -+ H0 placed on a hot plate equipped with a magneticestir
that has a maximum heating capacity of 600°C and
Fig. 3: Saponification of free fatty acid alkyl est stirring speed of 2000 rpm. A thermometer was fixed

by the use of a stand and immersed into the flask f
verifying and controlling the temperature of thet ho

Unlike new oil, WCO may contain small amounts plate

of water and Free Fatty Acids (FFAs). FFAs are
generated through the hydrolysis of triglyceridesmy  Transesterification: The 50 g WCO used for all the
the high temperature cooking process. The FFA ainte experiments were heated up to a desired temperature
is directly related to the acid number of WCO tbah  the hot plate. After the oil reached the desired
become a serious issue when feedstocks with high FFtemperature, the prepared potassium hydroxide—
are used to produce biodiesel (Chongkhastgal., methanol solution was poured into the flask; this
2007). FFA values vary in various sources of WCOsnoment was as the reaction starting time. When the
obtained under different cooking, collection anatage  reaction reached the preset reaction time, theirtgeat
conditions. Water, either originated from the ailsd and stirring were then stopped. All the reaction
fats or formed during the saponification reaction,Products were allowed to settle overnight as tcaenk
retards the transesterification through the hydiely Separation. Two distinct liquid phases were formed
reaction. It can hydrolyze the triglycerides to 9uring separation, in such a manner that the cestier
diglycerides and further form FFA. A typical hydysis ~ Phase presented at the top and the glycerol phiabe a
reaction is shown in Fig. 2. For alkali-catalyzed bottom. The glycerol phase was removed V‘_’h”e the
transesterification, the alkali catalyst will readth the crude WCOQ methy| ester_layer was washed with warm
FFA to form soap (Encinagt al., 2007). Figure 3 shows water at 50°C for three times. The WCO methyl ester

e . . was then soaked with deionized water at room
the saponification reaction of the catalyst (patass

' . . temperature until the water became neutral, findtlgd
hydroxide) and the FFA, forming soap and watersThi with anhydrous NgSO, (Komintarachat and Chuepeng,

reaction is undesirable as the soap lowers thel Yiél 5509y and filtered in this phase. The resultant WCO
biodiesel and inhibits the separa_ti_on qf e_stersnftbe biodiesel were subjected to Gas Chromatography (GC)
glycerol (Gerpen, 2005). In addition, it bindstwihe  for jgentification of product yield and titratiomrf acid
catalyst, meaning that more catalyst will be neeledl  yajue and FFA conversion, according to Eq. 1 and 2,
the process will, therefore, involve a higher cost. respectively (Parkt al., 2008):

The main aim of this research work is to study the
transesterification of TGs of WCO and the , . 56xXVxFxM
esterification of FFA to produce biodiesel. The Acid value = g @)
conversion of FFA to biodiesel will be determined,
depending up on parameters affected the biodiesengAconVersiOIn %) (FFA i - FFALL) %10 @
production process such as catalyst concentration, FFA,
methanol-to-WCO ratio, temperature and reactioretim
The optimal process operating conditions forWhere:
transesterification reaction will then be identfie 56 = Molecular weight of potassium hydroxide

Ultimately, the subsequent WCO biodiesel as a l@ddnd (KOH)
fuel with diesel will be compared to biodiesel Wen V = The volumetric KOH standard solution in the
sold in the local gas station. titration
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F = Concentration coefficient of the KOH standard 100 100
solution “ %
g = Sample weight (g) ]

60 1 60

nversion (wi%)

Gas chromatography: The quantitative analysis of the
WCO biodiesel was carried out using a temperature £ 4
programmed Varian CP-3800 gas chromatograph. OneZ

Biodiesel yield (wt%)

—o-Conversion |

microliter of the clean treatment upper oil layeasn 20 ° 20
dissolved in 10 mL n-heptane and pl internal o ds ‘ . ‘ ‘Hl'lﬂd .
standard solution (heptadecanoic acid methyl ester, 0 2 10 o “ o0
conforming to EN 14103 standard) for GC analysis. O Methanol WCOweight ratio (%)

each run, the Ll sample was injected into the GC at
the temperature of 140°C and held for 5 min. ThésGC Fig. 4: Effect of methanol/WCO weight ratio on th&A

oven was heated at 10°C.linate to 250°C. Helium was conversion and biodiesel yield, 5.0 wt% KOH,°Z0
used as a carrier gas, operated at 10 bar premsdirz0 temperature, 2 h reaction time
mL.min™* flow rate. The injector and the Flame lonization
Detector (FID) were set up to the operating terpegaof 100 100
250°C. Calibration standards were prepared fromacavk
concentration of methyl esters solution. The stalwla & o ¢ 80 =
were used to plot a calibration curve in deternginine z z
methyl esters (Madras al., 2004). 7] 192
£ 13
Fourier Transform Infrared spectroscopy (FTIR) = o 1405
determination: The WCO biodiesel content in a = | Lo
blended fuel was determined by infrared spectrogcop 7 —o—Conversion | 20
Initially, the measurement of absorbance was , o vield .
performed using 16 scans in the range of 4000'cm 1 3 5 7

down to 400 crt with 4 cm™* resolution. The WCO KOH/WCO weight ratio (%)

biodiesel-diesel mixtures were tested in the voluime

proportions of 50:50 (ExB50), 20:80 (ExB20) and%:9 Fig. 5: Effect of KOH/WCO weight ratio on the FFA
(ExB5). All absorbance measurements were performed conversion and biodiesel yield, 60 wt% methanol,
with a Fourier Transform Infrared Spectrometer ()71 70°C temperature, 2 h reaction time

JASCO model 4100.

RESULTS 100 100

Effects of methanol content: Methanol is an important
reactant used in the process of esterificationFe& Bnd
transesterification of fatty acids; it merges with
triglycerides and FFA to form methyl esters. Theafof
methanol-to-WCO weight ratio on the conversion BAF
and biodiesel obtained is shown in Fig. 4, at 5t w 20 ¢ —o—Conversion | 20
KOH, 70°C reaction temperature and 2 h reactior.tim . —?—Y'lfld

FIFA conversion (wi%)
Biodiesel yield (wl%)

2 b

3 4 5
Effects of catalyst amount: The amount of catalyst can

affect the transesterificatiofSantos et al., 2009),
resulting in different FFA conversion and biodiesel
yield as shown in Fig. 5.

Reaction time (h)

T

g. 6: Effect of reaction time on the FFA conversiand
biodiesel yield, 60 wt% methanol, 5.0 wt% KOH,

Effects of reaction time: The effects of reaction time 70°C temperature

were investigated using the optimal parameters ] .

obtained from the investigation of methanol andEffectsof reaction temperature: In studying the effect
catalyst amount effects. The time was varied frara o Of reaction temperature (Fig. 7), the experimenesew

to five hours as the results are shown in Fig. 6. conducted using the obtained optimum amounts of
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catalyst and methanol/WCO weight ratio, while riarct 100 100
time was maintained at 2 h. The reaction tempezatur - L lw s
affected on the biodiesel yield were varied from 50 2 3
100°C in the condensed flask to avoid methanol ghas £ 6o 160 3
changed (methanol boiling point at 64°C). Figure 8 § 40 e — 20 -?
shows the optimum point for biodiesel yield and FFA = 2
conversion at 70°C reaction temperature. = 20t —o-Conversion{ 20
—o- Yield
WCO Dbiodiesel and commercial biodiesel 0 : 0
comparison: Figure 9a shows the Infrared (IR) 50 70 90
spectra of WCO before and after treatment (B100). Reaction temperature (°C)

The IR-spectra of WCO biodiesel-diesel blends and._. . .
commercial Biodiesel (B5) in Fig. 9b-d shows an Fig. 7: Effect of reaction temperature on the FoAwersion

absorption peak measurement (Aligkel., 2007). and biodiesel yield, 60 wt% methanol, 5.0 wt% KOH,

2 h reaction time
DISCUSSION

'
35}

>
[

It has seen in Fig. 4 that the use of low methanol %026 0.0028 0.003 0.0p3

amount of 0.5 wt% led to the FFA conversion become

incompleted and resulted in a low yield of biodieSae 4 °

yield increased and reached optimum reactions at -

methanol amount of 60 wt%. At higher methanol
amount, the FFA conversion increased but the yield . |
decreased. This is due to the transesterificati@s w
reversible (Shwet al., 2010) as the additional methanol
accelerates considerably an adjustment of the new
equilibrium. A high amount of methanol interferdw t LTE)
separation of glycerol due to an increase in ddjub '

(Maceiraset al., 2009) while the glycerol remaining in the Fig. 8: Arrhenius plot for transesterification ratenstant of

Ink

solution drives the reaction equilibrium back, i&sg in WCO methyl ester with 60 wt% methanol, 5.0 wt%
the lower yield of biodiesel (Kotwat al., 2009). KOH, 2 h reaction time
038 0.8
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Fig. 9: Spectra comparison of WCO biodiesel-diédehds and commercial B5 biodiesel blends: (a) B WCO (b) B5 and
ExB5, (c) B5 and ExB20 and (d) B5 and ExB50
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In Fig. 5, at the KOH/WCO weight ratios of 1 and The plot of In k versus 1/T in Fig. 8 with the st
3, the WCO incompletely converted to biodieselthis  of activation energy confirms the pseudo first-orde
experiment, the maximum conversion of FFA andreaction kinetics.
biodiesel yield occurred at KOH/WCO weight ratio of The apparent activation energy in the reaction
5. When the amount of KOH/WCO weight ratio temperature range from 323-373 K was 47.07 kJ‘mol
exceeded 5 wt%, the conversion of FFA decreasedcind the corresponding pre-exponential factor was
Although higher amounts of KOH were added, the7 58x13° min. The obtained activation energy was
biodiesel yield decreased as the reverse reactayd  comparable to that in the published work which used
et al., 2007). In addition, more soap was observed, aswo step HSO, and NaOH catalysts {(E= 49.3
the excess KOH favored the saponification reactionkj mol?) (Jain and Sharma, 2010) and calcium and
This was observed at the catalyst concentratiod.@f |anthanum  oxides catalys{E.= 87.8 kJ.madf)
wt%. . . (Yanet al., 2009) transesterification of vegetable oils.
It was observed from Fig. 6 that at 1 h reactionThe E, from this work represents an energy required for
time, the FFA conversion and biodiesel yield seemeghe transesterification of WCO that is favorable fo
not to reach their completion. This may be dueh® t piggiesel production from high FFA oils.
esterification reactions are faster than transiistron It was observed from Fig. 9b-d that WCO biodiesel
reactions (Leungt al., 2010). However, biodiesel yield for all proportions and B5 showed many overlap peak
increased as the time was lengthened to 2 h. W&h t 1o prominent peaks from 1850-1450 Emave number
longer reaction period of up to 3 h, the decreaseld  orespond to carbonyl group of ester (C=0) abiwrpt
and more soap formation were observed duringnap; et al., 2006) The ester absorbance shown in high
washing. This occurred as a result of the hydrelgsi  inensity for all the WCO biodiesel blends and ExB5
esters which tends to cause more fatty acids to for oo, quite perfect in overlapping to the commeiB&!

soap (Penaet al., 2009). The optimum yield was e the range of 4000-400 Shwave number.
observed at the reaction time of 2 h.

In Fig. 7, at 100°C, the yield slightly inclined,
owing to high temperatures favoring the side reactif
transesterification, i.e., hydrolysis and sapoatiicn o
(Pena et al., 2009). The saponification was also The transesterification of WCO over KOH catalyst
observed during washing with warm deionized water. to biodiesel was studied and presented. The operati
has to be noted that lower temperatures may requirdarameters such as methanol content, catalyst amoun
longer reaction time for the completion of the teag reaction time and reaction temperature were found t
as found by the slow forming of the phase changeaffect the reaction. The optimum FFA conversion and
However, at higher temperature, it may require aiodiesel yield were obtained at 60 wt%
shorter time to complete due to the fast forming ofmethanol/WCO weight ratio, 5 wt% KOH, 2 h reaction
phase change. time and 70°C reaction temperature. At this cooditi

In order to quantify the temperature effect on thethe reaction gave comparatively low activation gger
reaction and evaluate the apparent activated ermfrgy The infrared absorbance measurement to determéne th
the reaction, the experimental results were furtheproduced WCO biodiesel performance and its blends i

analyzed in terms of the kinetics of WCO methyeest the volumetric WCO biodiesel: diesel proportions of
As the operating parameters for the reaction wieeslf 5:95 (ExB5), 20:80 (ExB20) and 50:50 (ExB50) were
at 60 wt% methanol, 5.0 wt% KOH and 2 h reactiondetermined by FTIR. The spectra obtained indicated
time, the reaction data were fitted to a first-ordwdel ~ peaks of WCO biodiesels and B5 overlapped the

in the form of Arrhenius rate equatioain and carbonyl (C=0O) absorption peak. The results of IR
Sharma, 2010) as: spectra make this proportion WCO biodiesel

compatible to the B5 biodiesel blends sold in Tdradl.
This can be considered as an alternative

CONCLUSION

E,

k=AxeRT ©)) environmentally-friendly fuel for diesel engines.
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