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Abstract

Biodiesel is an environmental-friendly petroleum product currently being adopted by Oil and Gas companies
in the formulation of drilling fluids. Its production cost is mostly related to the price of its raw materials.
This work investigated suitable methods of biodiesel production from cheap high acid value feedstock oil
(AV: 83.07mgKOH/g) using three steps. First, acid esterification at the optimum condition of: 35vol%
(ethanol to oil ratio) 1.1vol%( HCI to oil ratio) at 65°C for 5 hours which reduced the acid value to 3.36
mgKOH/g of esterified oil, followed by ethanolic de-acidification. using 60% of the mass of the esterified oil
as the volume of the base (0.1NKOH) needed plus 5% alkali excess at 50°C for 10min. the acid value
was reduced to 0.56 mg KOH/g de-acidified oil. Lastly, transesterification at the optimum condition of:
35wt% ethanol, 1.5wt% KOH at 70°C after 6 hours. The biodiesel yield obtained was 91.25%. The biodiesel
was characterized by determining some of its basic physico-chemicals properties. The flash point was
measured as 185°C, its specific gravity was 0.86, the acid value and viscosity were 0.44 mgKOH/ g oil
and 4 centipoises respectively.
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1. Introduction

In early 1990s, people became conscious of the problems related to the use of diesel oil
based drilling mud. Although it provides good lubrication and wellbore stability, minimises
formation damage and risk of differential sticking in addition to high temperature stability
and faster rate of penetration. It causes environmental hazards by disposal of oil-contaminated
drill cutting produced from the drill well [*1,

For this purpose, governments and Environmental Protection Agency (EPA) have imposed
tighter regulations to ensure the use of environmental-friendly drilling mud 231, Consequently,
researchers in the field and Oilfield companies have over the past few decades tasked with
the challenge to develop oil based drilling mud, base on additives which are less detrimental
to effect the environment and the ozone layer. To overcome the hazardous effect of diesel
fluid and others mineral oils and vegetable oils have been used in the drilling mud formulations.
However, in recent years, biodiesel production from the vegetable oil has become vogue 451"

Biodiesel has been found to exhibit comparable properties to petroleum fuels with additional
advantages such as being derived from a renewable source, non-toxic and biodegradable L],
Biodiesel has more favorable combustion emission profile, such as low emissions of carbon
monoxide since carbon dioxide as its main combustion product can be recycled by photosynthesis,
thus minimizing the impact of its combustion on the greenhouse effect, reflecting its environ-
mentally friendly features. Biodiesel also has a relatively high flash point and exhibits good
lubricating properties 71,

Biodiesel is derived from vegetable oil or animal fats and consists of long chain alkyl (methyl,
ethyl, or propyl) esters. Triglycerides or triacylglycerols are the main components of fats and



oils, and can be defined as a hydrophobic ester of glycerol reacting with fatty acid. They are
relatively viscous and less denser than the water at room temperature. Many researchers
have developed methods to increase the density or reduce the viscosity of triacylglycerols
through emulsification, pyrolysis, transesterification and leaning. The common method used
for this purpose is the transesterification.

Transesterification process is the reaction of a triglyceride (fat/oil) with an alcohol in the
presence of catalyst(base) to form esters and glycerol 81, Preferably, short chain alcohol are
used such as methanol and ethanol to form respectively Fatty Acid Methyl Esters (FAMESs) or
Fatty Acid Methyl Esters (FAEEs) 1.

Currently, biodiesel consumption is increasingly becoming more attractive worldwide, although
the main challenge is related to the cost of raw materials. Indeed, it has been reported that
slightly 60-95% of the total cost of the biodiesel production arises from the initial cost of the
raw materials [*°1,

To address the issue of cost of biodiesel, low-priced feedstock oils (non-edible oil) in some
cases with high acid value such as waste vegetable oil, tung oil, Jatropha curcas L., and acidified
oil are used to produce biodiesel instead of used edible palm, soybean or rapeseed oils which
are more expensive and rather available for human consumption. The acidity of the waste
vegetable oil is attributed to the hydrolysis of the triglyceride to diglyceride/monoglyceride/
glycerol and free fatty acids while frying process at high temperature.

For the transesterification process, FFAs should be first removed otherwise they will de-
activate the base-catalyst by reacting with the base to form soaps (saponification reaction).
Thus, decreasing the yield of the biodiesel production, rendering the process unprofitable [*1],
Feedstock with acid value greater than 2 mg KOH/g oil are not recommended for the base
catalyzed transesterification. Esterification should first be carried out to reduce the FFAs
content by converting the acid content to esters prior to transesterification reaction.

Ghadge et al. [*21in their work observed that after the initial esterification of the mahua
oil, the acid value was still very high, a second esterification was then necessary to further
reduce the acidity to an acceptable level. Ding et al. [*3! also reached at the same conclusion,
but after the first esterification the acid value was 3.76mgKOH/g, alkali-de-acidification was
performed at the optimum condition of 0.5N alkali plus 15% excess alkali at 60°C after 40
min and the soapstock was removed by mechanical separation, the acid value was 0.86mg
KOH/g.

In this research work, the optimum condition of the esterification of FFAs contained in the
feedstock (AV:83.07mg KOH/g oil) was studied. Followed by ethanolic de-acidification, prior
to transesterification process.

2. Experimental
2.1 Materials and reagents

The Waste Vegetable Oil (WVO) was supplied by Wuhan Mejie Feiyou Chuli Limited Liability
Company (Wuhan, china), was dried for 3h in the oven at 103°C to remove water, and hot-
filtered to remove others solid impurities. Acid value of oil was determined according to the
china standard method GB/T5530-2005 [**] and the value calculated using the following
formula.

_ 56.1[Base]v

w
where AV is acid value, V is volume of base, [base] is concentration of base, w is mass of oil
sample. The initial WVO acid value was found as 83.07 mg KOH/g oil.
Ethanol, hydrochloric acid, KOH and de-ionized water were of analytic grade and used
without any further purification.

AV

2.2 Acid-catalyzed esterification procedure

The aim of this step was to reduce the FFAs produce during frying process as shown in



scheme 1 (mechanism of triglyceride hydrolysis to diglyceride) in the oil by converting it
into esters using ethanol, hydrochloric acid respectively as a reagent and catalyst as
described by the mechanism in scheme. 2
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Scheme 1 General mechanism of triglyceride hydrolysis to diglyceride
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Scheme 2 General mechanism of esterification reaction-

Forty millilitres (40 mL) of WVO was mixed with the desired quantity of hydrochloric acid
and mixed with ethanol in a three-necked flask equipped with a reflux condenser, placed in a
water bath. The reaction mixture was stirred under reflux condition at atmospheric pressure.
Volume ratios of diluted hydrochloric acid catalyst were: 0.5, 0.7, 0.9, 1.1 and 1.3% (v/v) to
volume of WVO. The volume ratio of ethanol were: 15, 20, 25, 30, 35 and 40%(v/v) to the
volume of the WVO. The reaction time and temperature were: 2, 4, 5, 6 hours and 55, 65,
70, 75°C respectively. The reaction mixtures were cooled to room temperature, it was then
transferred in the separating funnel and allowed to settle overnight. Water and excess ethanol
were settled at the bottom of the funnel and later drained out. The oil was washed three



times with de-ionized water (50°C) for further purification, it was then dried, the acid value
of the EO was determined while the percentage conversion was estimated by the relationship
stated below.
AV, — AV
$(%) = —wvo — 2 TE0 100

WVO
2.3 Ethanolic de-acidification of the esterified oil

In order to enhance the yield of the transesterification, the AV of the EO should be less
than 2 mgKOH/g prior to transesterification, however, the AV of the EO after acid-catalyzed
esterification was 3.32 mgKOH/g EO. Therefore, ethanolic de-acidification was necessary to
reduce the free fatty acid content in the EO as followed.

The required volume of the base(0.1NKOH) for the de-acidification was first determined
by titration using phenolphthalein indicator at 50°C. Hence, 60% mass of the oil was estimated
as the volume of the base necessary for the de-acidification. The ethanolic de-acidification
was then carried out by weighing 5g of the EO dissolved in ethanol and adding the required
volume of base plus 5% excess to ensure complete neutralization. The mixture was stirred
slowly at 50°C for 10 min, transferred into the separating funnel for the separation by gravity.
The lower layer was drained off, the oil left in the funnel was then washed out with a warm
(50°C) de-ionized water for further purification. The AV of the dried de-acidified oil (DAO) was
obtained as 0.56 mg KOH/g DAO

2.4 Base-catalyzed transesterification

Following a favorable acid value of the DAO, the transesterification reaction of the DAO
was then performed. As described in Scheme 3
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Scheme 3 General mechanism of transesterification reaction

To achieve optimum vyield, reactions conditions were investigated by varying the time, the
temperature of the reaction, the mass ratio of KOH to DAO and mass ratio of ethanol to DAO.
It should be noted that, because of the low polarity of ethanol, KOH was first dissolved in
10vol% de-ionized water (based on DAQ). During this step, 40 g of the DAO was used, the
amount of KOH catalyst was varied from 1 to 2.5% (w/w), ethanol from 15 to 45% (w/w),
reaction time 2 - 7 hours and temperature from 55 to 75°C. The reaction was performed



under constant stirring in a three-neck flask under reflux conditions whilst the temperature
regulated using a water bath. The reaction was terminated at desired, cooled to room
temperature and poured in the separating funnel to effect separation. After about 8 hours,
two layers were then formed, the glycerol at the bottom was drained off, upper layer biodiesel
was washed several times with warm de-ionized water, dried with Na,SQ,, then filtered to
remove solid particles. The yield of the product was calculated according to the formula
stated below.

Biodiesel yield(%) = %xloo

DAO
2.5 Evaluation of the properties of the oil and the biodiesel samples
2.5.1 Acid value

The acid value of the sample was determined according to China standard method
GB/T5530-2005. The procedure is outlined as follows: 0.5g of the oil sample was weighed
and completely dissolved in a neutralized ethanol at 50°C after adding a few drops of
phenolphthalein, stirred and titrated against 0.1N KOH. The acid level was then determined
using the formula above.

2.5.2 Specific gravity

The specific gravity was determined using JA5003N digital precision electronic analytical
balance, according to ASTM D4052 at 15°C using the specific gravity bottle. The steps are
outlined as follow: an empty bottle was weighed, filled with water and reweighed. The water
was poured out and dried. The same procedure was followed using the different oil samples [*5],

2.5.3 The viscosity

The viscosity was estimated using Brookfield DV3T rheometer equipped with a temperature
controller at 40°C in accordance with ASTM D455. The oil sample was poured into a tem-
perature regulating container and the viscosity was then determined using spindle 61161,

2.5.4 Moisture content
Moisture content can be defined as the weight loss of the sample, dried at 103°C for 12 hours[*71,
2.5.5 Flash point

The flash point was estimated using Pensky-Martens closed cup method ASTM D93. The
oil was poured into a container and tightly closed. Equipped with a thermometer, the tempe-
rature was increased gradually until a flash appeared and the temperature was immediately
noted [*8],

2.5.6 Free fatty acid
By the same method as that of acid value determination, the %FFA was determined by
applying the formula, since it is related to the acid value.
%FFA= 28.2x [Base]xV
W
3. Results and discussion
3.1 Acid catalyst-esterification

Acid catalyst-esterification was crucial because of the relatively high acid value of the
WVO in order to avoid soap formation during transesterification. This step considerable reduced
the oil acidity from 83.07 mg KOH/g oil to 3.36 mg KOH/g EO.



3.1.1 Effect of hydrochloric acid ratio on the esterification

The hydrochloric acid used as a catalyst was varied at different volume ratio: from
0.5%vol to 1.3%vol whilst other parameters were kept constant, ethanol ratio 25%vol, the
temperature of 65°C and the reaction time at 4 hours. As shown in Fig.1, as the amount of
HCI was increased the acid value decreased. The optimum value was attained as 1.1%vol of
HCI resulting in acid value of 13.46 mgKOH/g oil, corresponding to 83.79% conversion. Thus,
any further increase in the catalyst amount up to 1.3% did not reduce the FFAs content in
the WVO.

3.1.2 Effect of alcohol ratio on the esterification

The amount of ethanol was varied from 15% to 40%(v/v). Others variables were kept
invariant: hydrochloric acid ratio 1.1%, reaction time 4 hours, reaction temperature 65°C. In
the Fig. 2, it was observed that as the amount of ethanol was increasing, the acid content of
the oil was gradually reducing. The percentage conversion of 91.89% was obtained using 35%
ethanol ratio. Beyond this, no further decrease in the FFAs content of the WVO was achieved
up to 40% of the ethanol ratio. Hence, the optimum ethanol ratio was established at 35%.
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3.1.3 Effect of the reaction time on the esterification

The optimum time required for the esterification was also investigated by varying reaction
time as: 2, 4, 5. 6 hours, while maintaining other parameters constant as: ethanol ratio of
35% (v/v) to the volume of the oil, hydrochloric acid ratio of 1.1%(v/v) to the volume of the
oil, and the temperature of 65°C. Fig. 3 shows a decrease of FFAs of the WVO with increasing
reaction time up to 5 hours which resulted in 96.00% FFAs removal to 3.32mg KOH/g oil.
Therefore, the ideal reaction time was obtained as 5 hours and further increase in time did
not affect free acids reduction.
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3.1.4 Effect of the reaction temperature

The reaction temperature was found to be a relevant variable during the esterification
process. In Fig.4, the temperature was varied from 55 to 75°C whilst, others parameters
were retained constant as follow: 1.1% of hydrochloric acid ratio, 25% of ethanol ratio and
the reaction time was 5 hours. As reaction temperature was increased, a maximum acid
conversion was 91.89% at 65°C. Further increase of the temperature proved unprofitable
since the acidity removal decreased to 72.98% probably due to evaporation of ethanol from
the reaction mixture, as the system approached the ethanol boiling point (78.5°C). The
product quality decrease as the reaction appeared relatively darker [*3! therefore the optimum
reaction temperature was established as 65°C.

3.2 Base-catalyzed transesterification

In order to maximize the yield of transesterification reaction the acid value of esterified oil
(EO) was favourably reduced through de-acidification, as presented in the early discussion.

3.2.1 Effect of the amount of KOH on the biodiesel yield

The amount of catalyst was varied during the process from 0.5 to 2.5%(w/w) to the DAO
ratio as shown in Fig.5. Whilst maintaining a reaction time, ethanol to oil ratio and the tempe-
rature of 4 hours, 25%(w/w) and 65°C, respectively. The yield of biodiesel was found to increase
from 77.50% at 1% (w/w)KOH to 86.25% at 1.5%KOH to DAO ratio. As presented in Fig.9.,
further increase of base concentration was noticed to decrease the yield, due to the sapo-
nification reaction which interfered with the transesterification process. Therefore, 1.5%(w/w)
was considered ideal of KOH required.

3.2.2 Effect of the ethanol to oil ratio

The ratio of ethanol to oil was also examined by varying the ethanol concentration from
15 to 45%(w/w) ethanol to oil ratio. Whilst, using 1.5%(w/w) amount of base at 65°C and
reaction time of 4 hours. From Fig.6, at 15% ethanol ratio, the biodiesel yield was 75% but
increased to 87.5% at as ethanol ratio increased to 35%(w/w), whilst further increase of the
ethanol ratio produced insignificant change in biodiesel yield. The optimum concentration of
ethanol was achieved as 35% ethanol to oil ratio.
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3.2.3 Effect of the temperature

The temperature was also a relevant parameter during the transesterification process. Fig.7,
shows its effect on biodiesel yield as it was varied from 55 to 75°C, at constant 1.5%KOH
and 35% ethanol, and reaction time of 4 hours. At 55°C, a biodiesel yield of 73.75% was
obtained. As the temperature progressively increased, the yield also increased to 88.75% at



70°C but reduced significantly to 75% at 75°C due to the evaporation of ethanol since its
boiling point is about 78.5°C.

3.2.4 Effect of the reaction time

Reaction time was observed to affect the biodiesel yield as shown in fig.8, by varying the
time from 2 to 7 hours, whilst maintaining temperature at 70°C, ethanol to DAO ratio of 35%
(w/w) and KOH concentration of 1.5% (w/w). As transesterification progressed for reaction
time of 4 hours, the yield was 88.75% and increased to 91.25% after 6 hours but subsequent
increase of time to 7 hours was inconsequential. Thus, achieving the optimum reaction time
of 6 hours.
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3.3 Properties of Biodiesel and oil samples

High acidity of biodiesel can cause metal corrosion. The acid value as well as the %FFA of
the biodiesel synthesized in this work were determined and compared to standard values.
The acid value and %FFA were respectively 0.44 mgKOH/g oil and 0.28 mgKOH/g oil. These
values were within the recommended values of EU and US Standard (AV < 0.5mgKOH/g oil)
and China Standard(AV < 0.8 mgKOH/g oil). The specific gravity of biodiesel was found to be
0.86, higher than that of tested white oil (0.84) used in some oil based drilling mud. It was
however, slightly lower than that of diesel (0.87) used by Odin et al. [**! in their work. The
spe-cific gravity is an important parameter in the drilling operation, a higher value suggests
a greater ability to suspend cuttings and easier emulsification property. Compared to the
white oil, the moisture content of the biodiesel was (0.04%) as shown in Fig. 9 thus,
satisfied the intentional standards, China/US/UE standard (<0.05max).
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Fig. 9 Comparative study of some relevant parameters of biodiesel, white oil and waste vegetable oil



The flash point of the biodiesel was estimated as 185°C using Pensky-Martens closed cup
test (ASTM D93). The value was relatively higher than that of white oil (170°C), however,
biodiesel value is within the range of the international standards, EU (>130°C) and China
and US (>170°C). The viscosity of the fuel reflects its lubricating effect, the biodiesel fuel
viscosity was 4 cP, relatively lower than that of white oil (4.5cP), but also fall within the
international standards, China/US (1.9-6 cP) and EU (3.5-5 cP).

3. Conclusion

Biodiesel was successfully synthesized from a low-priced and high acid feedstock. Esterification
reaction was first carried out at the optimum condition of: 1.1%(v/v) HCl, 35%v/v ethanol at
65°C for 5 hours, to reduce the acid value from 83.07mg KOH/g oil to 3.36 mg KOH/g of esterified
oil. Ethanolic de-acidification was then used to further reduce the acid value to 0.56mg KOH/g
DAO. Finally, transesterification reaction was carried out at the optimum condition of:1.5w%KOH,
35w% ethanol at 70°C after 6 hours to obtain biodiesel yield of 91.25%. Its specific gravity was
0.86, the viscosity was measured as 4 cP. The high flash point(185°C) of the fluid was attributed
to the water content(0.04%). The properties obtained conformed to China/US/UE international
standard. Compared to the white oil, biodiesel synthesized from this feedstock can be a promising
alternative.
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Nomenclature

wvo Waste vegetable oil Weaees Mass of free acid ethyl ester
EO Esterified oil Whpao Mass of de-acidified oil

DAO De-acidified oil w Weight of the oil sample

) Conversion of free fatty acid, % 4 Volume of base used

AVivo Acid value of the waste vegetable oil Na»SO, Sodium sulfite anhydrous
AVeo Acid value of the esterified oil KOH Potassium hydroxide

%FFAs Free fatty acid percentage HCI Hydrochloric acid

FAEEs Free acid ethyl esters
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