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Abstract- This research investigated the activity of catalysts from biomass waste derived from Palm Empty Fruit Bunch

(PEFB). An important factor for assessing the feasibility of biodiesel production is related to its economic evaluation. The
sludge of Palm Oil (SPO) is generated from palm oil processing industry. SPO was potential as biodiesel feedstock due to its
low price. The investigation of free fatty acid esterification reactions on SPO with methanol was conducted in this research. A

new strategy for preparing a heterogeneous solid catalyst from biomass wastes has been developed. The investigation was

carried out by varying several parameters, i.e.: the molar ratio of methanol to SPO catalyst to oil (8:1 - 14:1), the amounts of

catalyst (0.5 - 5 wt. % SPO), and the reaction temperatures (40 - 60 °C). It is concluded that the optimum conditions of

esterification reactions were acquired at molar ratio of methanol to SPO catalyst to oil 14:1, the amounts of catalyst 5 wt. % of

SPO, and the reaction temperature of 60 °C.
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1. Introduction

The fossil fuel combustion processes emit CO; emission
which is responsible for climate problem. Many attempts
have been conducted to find the renewable energy source for
achieving friendly environment [1]. In this regard, biodiesel
was considered as a potential candidate for sustainable
energy source. Biodiesel was defined as monoalkyl fatty acid
ester which can be possibly extracted from animal fat and
vegetable oil. It has many benefits compared to fossil fuel
such as non-toxic, using renewable feedstock and reduces
sulfur compound on exhaust gas. Palm oil [2, 3], palm fatty
acid distillate [4], sunflower [5], peanut [6], corn [7],
soybean [8], and rapeseed [9] is commonly used as biodiesel
feedstock. To produce biodiesel, vegetable or edible oils [3],
as well as waste animal fats [10], were reacted with methanol
by applying base catalyst. In addition, biodiesel can be
obtained through esterification of raw materials with high
free fatty acid. The acid catalysts were introduced when
esterification reaction was done. The high cost of feedstock
was the main constraint associated with biodiesel production.
In addition, the edible oil as the biodiesel feedstock competes

with the food supply. The production cost of biodiesel can be
suppressed by reducing feedstock cost. Some types of
feedstock including waste cooking oil [11], non-edible oil
[12] and by-products of palm oil industry [13, 14] are
receiving more interest due to the economic reasons.

Indonesia has vast palm oil plantations. The palm oil
industries generate huge amounts of liquid wastes such as
Sludge of Palm Oil (SPO). The SPO price is about a quarter
of the price of refined palm oil. SPO considered as feedstock
for biodiesel production because it contains fatty acids that
allow it to be converted into methyl esters by facilitating the
esterification reactions. The utilization of low-cost SPO as
feedstock will make biodiesel more competitive as fuel in
term of production cost. Meanwhile, reusing by-products will
reduce the negative impact of palm industry, at once it will
become an opportunity to increase the value of these biomass
wastes and realize the environmental sustainability.

Many literatures had studied many materials such as,
alkaline earth oxides [15], metal oxides [16]. modified
polymer [17], zeolites [2,18-19], heteropolyacids [20],
Amberlyst-15 [21], heteropolyacid (H:PW :040.6H-0) [22],
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tungsten oxide zirconia (WOs/ZrQ;) [23], hydrotalcite [24],
ion exchange [25], carbon based material [13], metal
phosphate [26], and metallic zinc and zinc acetate [27] as
solid catalysts for esterification reaction. Some common
problems that faced by using the conventional heterogeneous
acid catalysts have been: the complexity of catalyst
synthesis, high cost production and hydrophilic properties of
the materials.

The development of novel heterogeneous catalysts using
carbon materials from biomass wastes has been intensively
studied in last few years. Toda et al. (2005) conducted
research on sulfonation of carbon material from sugar. Then,
many studies performed research on producing solid catalyst
derived from carbon materials such as sugar [29], various
carbohydrate [30], glucose - starch [31], glycerol [32],
biochar [33], or rice husk ash catalyst [14], coconut-shell
activated carbon [34]. The sulfonated carbon-based catalysts
have polycyclic carbon atoms that formed a strong chemical
bond with the solid surface as active sites. Indeed, the
esterification reactions are mainly promoted by the active
sites. The existence of functional groups such as carboxyl,
phenolic or sulfonic on the carbon surface is capable of
incorporating several hydrophilic molecules, for instance,
methanol and water [35]. The catalyst activity will increase
given the reactant easy to bond with sulfonic groups the
hydrophilic molecules on the catalyst surface. The catalyst
activity will increase as the reactants bonded easily to the
sulfonate group that formed from the incorporation of several
hydrophilic properties on a solid surface.

In this study, the preparations of solid catalyst from Palm
Empty Fruit Bunch (PEFB) biochar for the esterification
reaction of FFAs on SPO were carried out. The
characteristics of the PEFB catalyst were analyzed in terms
of porosity, FT-IR, the total number of ;lc' sites and
elemental analysis. Many parameters, ie. the reaction
temperatures, the molar ratio of methanol to SPO, and the
amount of catalyst were investigated to study the catalyst
activity. To our best of knowledge, the use of Palm Empty
Fruit Bunch biochar as heterogeneous catalysts in biodiesel
production is still rare.

2. Material and Methods
2.1. Catalyst synthesis

Palm Empty Fruit Bunch (PEFB) used as raw materials
were collected from palm oil plantation in Jambi area,
Indonesia. PEFB was first cleaned using distilled water and
put in the oven at 110 °C overnight to remove the moisture
content. Then, the materials were crushed into small particles
and sieved to have uniform size at less than 50 pm. A muffle
furnace was used to obtain PEFB biochar by carbonization
process. The samples were carbonized under nitrogen flow at
atmospheric pressure. The rate of heating was 20 “C/min and
the carbonization process was maintained at 800 °C for 4 h.
At the end of the carbonization process, the furnace was
naturally brought to ambient temperature. Thereafter, the
catalyst was synthesized by preparation of EFB biochar
through impregnation method. As the precursor of Zirconia
metal, in this research used Zirconium (IV) oxychloride

octahydrate (ZrOCl;.8H:0O). In concise, the biochar that
obtained from carbonization of PEFB was mixed with a
solution of ZrOCl,.8H,O. Hereafter, the mixture was heated
up to reflux conditions while constantly stirring for 6 hours.
Subsequently, the prepared PEFB catalyst was removed from
the metals solution using filtration method. To remove the
remaining of the solution in the pore of catalyst, the PEFB
catalyst was dried at 120 °C for 24 h on the oven. To attach
the sulfonic group in solid surface, a certain mass amount of
ammonium sulfate ((NH4):S04) were milled in the porcelain
mortar with the PEFB catalyst. The mass ratio of ammonium
sulfate to PEFB catalyst was 5 to 2. Then, the sulfonated
PEFB catalysts were placed on vacuum desiccator for 12 h at
atmospheric temperature. Finally, the sulfonated PEFB
catalyst was kept in a furnace at 500 °C for 4 h for
calcination process.

From the nitrogen adsorption isotherm data, the surface
area of the catalyst was measured using the Brunauer—
Emmet-Teller (BET) method. The Barret-Joyner-Halenda
method (BJH) method was used to estimate total volume and
average pore diameter. Analysis of functional groups on the
PEFB biochar and catalyst surface was conducted out using
FTIR spectroscopy instrument. The compositions of Zr, C,
H, O and S molecules on PEFB biochar and catalyst were
analyzed by elemental analysis using X-Ray Fluorescence.
The Boehm titration sequence was used to calculate the acid
strength of the catalyst.

2.1. Catalytic Activity

In the present study, a flat bottom flask (250 mL) was
used as the batch reactor. a hot plate and a magnetic stirrer
were installed in the reactor for heating the reactor and
maintaining the homogeneity of the mixture, respectively. In
addition, a condenser and a thermometer were installed in the
batch reactor. The reactor was kept in a water bath to
maintain the temperature at the constant given reaction
temperature. The esterification reaction was conducted
initially by pouring the SPO on the reactor. Then the
temperature of SPO was raised up to 60 °C. When the
temperature of 60 °C was achieved, methanol was added to
the reactor followed by the PEFB catalyst. The mixture was
stirred vigorously in order to obtain uniform mixing. After 4
hours, the esterification reaction was stopped and the reactor
temperature was lowered to the ambient condition. The
product of esterification reaction was removed from the
PEFB catalyst by filtration method. Then, the liquid mixture
was poured in glass funnel followed by adding distilled
water. Furthermore, the mixture was settled overnight to
allow the separation of biodiesel product from aqueous phase
perfectly. The upper layer was fatty acid methyl ester
(FAME) compounds (biodiesel product). The remaining
methanol was removed by evaporation to obtain pure
biodiesel product by using a rotary vacuum evaporator. After
that, the product was kept in the storage for further analysis.
To study tl"peu‘elmclcrs that influenced the free fatty acids
conversion, the molar 'io of methanol to SPO was varied in
this research included the amounts of catalyst (0.5 - 5 wt. %
of SPO), and reaction temperatures (40 - 60 °C) were
studied. To investigate the ability of PEFB catalyst to be

987




INTERNATIONAL JOURNAL of REI\.WABLE ENERGY RESEARCH

A. Hidayat et al., Vol.8, No.2, June, 2018

used repeatedly, the esterification reaction was performed in
three sequent runs using the same catalyst under the optimum
reaction conditions. Before reuse, the PEFB catalyst was
regenerated by washed repeatedly using n-hexane to remove
organic compounds in the pores of solids. Finally, the
catalyst was dried in the oven at 80 °C overnight.

2.2. Analysis of the Sample

The acid value of biodiesel product was determined by
an acid-base titration standard procedure. Prior to titration
analysis, the water by-product and remaining methanol were
evaporated from the sample. Then the purified sample was
weighted accurately and dissolved to neutralized ethanol by
heating. The indicator that employed in this titration analysis
was phenolphthalein. The mixture was stirred until
completely dispersed. Then, the mixture was titrated with
potassium hydroxide solution so that pink colour can be
observed. When the pink color in the mixture persists for at
least 10 second, the titration was finished. The acid value
(AV) was defined bellow:

AV:SG.lexN (1
m
where:

V = volume of the consumed potassium hydroxide
solution titrant in mL

N = exact normality of the titrant (potassium hydroxide
solution)

m = mass of the analyzed sample in gram

The conversion of free fatty acid (Xr) was determined by
equation as follows:

X;-‘=[]- AV’)XIOO @)
AV

T
where AVi is the acid value of the mixture initially and AV, is
the acid value of mixture after reaction.

3. Material and Methods
3.1. Characterization of catalyst

The physical properties as well as acid density of PEFB
biochar and PEFB catalyst are presented in Table 1. The
textural properties of the sample including surface area, total
pore volume and mean pore size diameter were calculated
based on the nitrogen adsorption — desorption data. Table 1
depictes the BET surface area of PEFB biochar was 179.961
m?/g, meanwhile for the PEFB catalyst was 75.852 m%/g. The
decreasion of BET surface area was due to the filling of

Table 1. Characteristics of PEFB biochar and PEFB catalyst.

internal solid pores by zirconia and sulfonate group. It shows
the succesfull of impregnation and sulfonation to form active
site on the surface of PEFB biochar. The same result also had
seen on the total pore volume. The total pore volume of
PEFB biochar was 0.2539 ¢cm?/gram which lower compared
to PEFB catalyst (0.2580 cm?/gram). Meanwhile, the mean
pore size diameter was increased after the PEFB biochar was
to synthesize as a solid catalyst. The mean pore size diameter
was widening from 2.82 to 6.81 nm that indicate the pore
was in mesopore range. Enlargement of catalyst pores will
allow reactant molecules to penetrate into the internal
catalyst. In addition, the method as described by Boehm was
used to determine the quantity of acid site (ie., sulfonate,
carboxyl and phenols functional groups) on the surface of
both PEFB biochar and catalyst. The Boehm method was
carried out by acid—base back titration. As can be observed in
Table 1, the amounts of total acidic groups before and after
sulfonation were 1.1 and 4.6 mmol.g' respectively. The
increasing of total amount of acid groups was due to
successful of the sulfonation process which had attached the
sulfonate, carboxylic and phenolic functional groups on the
surface. Futhermore, the elemental analysis was performed to
calculate the amount of Sulfur atoms(dttached on the surface
of materials. The percentage of contained Sulfur on PEFB
catalyst was 4.3% and its significantly larger compared to
PEFB biochar. A significant increase in sulfur content on
PEFB catalyst indicates that the sulfonic groups are
successfully linked to the catalyst surface.

FTIR spectroscopy was used to investigate the existence
of various functional groups on the catalyst surface. The
spectra of FTIR on PEFB biochar and catalyst were depicted
on Fig. 1. As shown in Fig. 1, the bands appearing at 1040
e attributted to $=0 symmetric stretching vibration while
S=0 asymmetric stretching vibrAhbn was shown at
wavelength of 1080 cmr!. Meanwhile, the vibrational bands
at 1397 cm! confirm the asymmetric SO: stretching in
sulfonate functional groups. The appearance of those
vibrational bands on FTIR spectra was proving the
introduction of sulfonate functional groups durin'callallysl
synthesis. Furthermore, the band found at 1719 cm! was
attributed to the C=0 stretching on carboxyl functional
groups. In the other hand, at wavelength of 1610 cm™, there
is clearly visible the C=C stretching vibration for aromatic
structure. The O-H stretching vibrational band on phenolic
groups was shown at 3440 cm'. The analysis of FTIR
spectra had confirmed that the PEFB catalyst consist of
acidic group such as sulfonate, phenolic, and carboxyl
functional groups.

Sample BET surface area pore size total pore volume Acid density (mmol g 1)
amp (m’g ) (nm) (em’ g SO:H COOH OH Total
PEFB biochar 179961 282 0.2539 - 0.5 06 1.1
PEFB catalyst 75.852 6.81 0.2580 1.9 0.4 23 4.6
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Fig. 1. FTIR Spectra of PEFB biochar and PEFB catalysts.
3.2. Catalytic activity

The Effect of Molar Ratio on FFA Conversion

The esterification reaction is a reaction involving
methanol and fatty acids to generate methyl ester as the main
product. This reaction runs reversible and every mole of free
fatty acid requires one mole of methanol, stoichiometrically.
The maximum conversion of the free fatty acids can be
achieved by shifting the reaction toward the formation of the
product by using excessive reactants. One of the variables
that influenced the free fatty acids conversion is the molar
ratio of the reactant. The molar ratio of the reactants is the
ratio of .e moles amounts of reactants involved in the
reaction. The molar ratio of methanol to SPO used in this
experiment was used between the values of 8:1 to 14:1. Fig.
2 depicts the influence of molar ratio on FFA conversion. It
is clearly shown in Fig. 2 that FFA conversion elevated from
75.1 to 80.4% by increasing the molar ratio from 8:1 to 10:1.
Furthermore, the molar ratio of methanol to SPO of 12:1, the
FFA conversion was 84.8% while the FFA conversion of
872% was achieved at the methanol to SPO molar ratio of
14:1. It is concluded that the increase of the molar ratio of
methanol to SPO has a positive effect on the FFA
conversion.

100

90 4

50 4
70
({11]
50 4
8:1 10:1 12:1 14:1

methanol to SPO molar ratio

FFA conversion (%)

Fig. 2. The effect of molar ratio methanol to SPO on the FFA
conversion (reaction temperature was 60 °C, the reaction
time 4 h and catalyst amount of 5 wt. % of SPO).

The Influence of Catalyst Amount

The catalyst that loaded was varied from 0.5 to 5 wt. %
of initial SPO mass. Fig. 3 exhibits the influence of catalyst
amount on FFA conversion. As shown in Fig. 3, using 05
wt. % of initial SPO mass, the FFA conversion achieves
66.8%. When the amount of catalyst was elevated from 1 to
2.5 wt. % of initial SPO mass, the FFA conversion increased
from 76.3 to 87.2 %. Further increases of catalyst amount up
to 5 wt. % gives FFA conversion attained to 87.2%. From the
data, it was concluded that the FFA conversion increases
with the addition of catalyst to the reactant mixture. The
increasing activity was due to the enhancement of active sites
on the surface because of the rise of catalyst amount. Thus, it
can be summarized that the highest FFA conversion was
reached at the catalyst amount of 5 wt. % of initial SPO
mass.

100
90 4
= R0 4
B
2
3 70 4
-
) j
() 4
0.5 | 25 5
o

Catalyst amounts (wt. % of SPO)

fig. 3. The Influence of catalyst amounts on the FFA
conversion (the reaction temperature was 60 °C, molar ratio
of methanol to SPO of 12:1, and reaction time 4 h).
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The Effect of the Reaction Temperature

Another important variable that has a strong influence on
FFA conversion is reaction temperature. It is worth noting
that the reaction temperature was kept below the boiling
point of the methanol to avoid the reactants evaporation.
Various reaction temperatures were chosen to study the
influence of the reaction temperature on FFA conversion i.e.
40, 50, and 60 °C. Fig. 4 depicts the experimental data results
of the influence of reaction temperature on FFA conversion.

It can be clearly seen in Fig. 4, the FFA conversion was
71.5% at reaction temperature of 40 °C. Furthermore, when
the reaction temperature augmented to 50 °C, the FFA
conversion increases to 78.7%. When reaction temperature of
60 “C the highest FFA conversion was achieved at 87.2%. It
can be concluded that the rise in reaction temperature would
increase the activity of the catalyst and shortened reaction
time. Moreover, the esterification reaction is endothermic, so
that the reaction temperature also has a strong effect on the
FFA conversion.

100
90
g 80
F
B
=
g 70
o
60
50

10 50 60
reaction temperature (°C)
Fig. 4. Thc.:ffccl of reaction temperature on the FFA

conversion (molar ratio of methanol to SPO of 14:1, the
reaction time 4 h and catalyst amount of 5 wt. % of SPO).

100

%0

E 60
2
2

3 40
-

20

0

I'st 2nd 3rd
Cycle

Fig. 5. Comparison of the activity of the PEFB catalyst
during three reaction cycles at three different catalyst
amounts (the reaction temperature was 60 °C, methanol to
SPO molar ratio was 14:1, catalyst amount of 5 wt. % of
SPO and reaction time 4 h).

Reusability

The ability of PEFB catalysts was examined by
conducting a series of successive esterification reactions
under the same operating conditions. Prior to be used on the
subsequent reaction, the PEFB catalyst was removed from
the product by filtration. Then the PEFB catalyst was washed
using n-hexane to separate the remaining organic compound
on the internal pore. Finally, the PEFB catalyst was dried in
the oven overnight at 110 °C. The reusability of catalyst was
carried out on three consecutive reactions. During the
H%EK‘-)H process, the reaction time was maintained at 4 hours,
the molar ratio of methanol to SPO was kept at 14:1, the
reaction temperatures was remained constant at 60 °C and 5
wt. % of initial SPO mass of catalysts was used. Fig. 5
presents the results of FFA conversion after the catalyst was
used repeatedly for three times. As indicated in Fig. 5, the
conversion of FFA decreases to 664 and 51.3% in the
seccond and third reactions. The decreasing of catalyst
substantially was caused by leaching of active site from solid
surface.

In Table 2, recently reported literatures on esterification
reaction of FFAs using several heterogeneous catalysts with
different feedstocks. From the table. the Zirconia/natural
zeolite catalyst introduced in the present work is comparable
to other research works in term of reaction temperature,
alcohol to oil ratio and catalyst amount. In addition, it can be
concluded that esterification reaction of FFA using the
Zirconia/natural  zeolite catalyst gives a high FFA
conversion.
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Table 2. Comparison several catalysts on esterification reaction of FFAs using different feedstocks.

Feedstock Catalyst Optimum reaction conditions Conversion (%)  Reference
Palm fatty acid Sulfonated sugarcane T =60 °C, t=4h, Methanol/oil = 12:1, 92 [4]
distillate using bagasse Catalyst amount= 10wt.%

Palm fatty acid Sulfonated coconut T =60°C,t=4h, Methanol/oil = 12:1, 87 [13]
distillate using shell biochar Catalyst amount= Twt.%
Palm oil sludge  ZrO+S04> - Rice husk T =60 °C, t =4 h, Methanol/oil = 12:1, 83.1 [14]
ash Catalyst amount= 10wt.%
Waste cooking Ca0/510; based on T=60°C,t=1,5h, Methanol/oil = 14:1, 96 [36]
oil eggshell/PEFB Catalyst amount= 8% w/w
Jatropha curcas ~ Palm empty fruit bunch T = 65°°C, t =45 mins, methanol to oil >98 [37]
(PEFB) impregnated ratio= 15:1, 15 wt.% of KOH doped on
with KOH PEFB ash
Palm oil sludge  Sulphuric acid (H2S04) T=60°C,t=1h, Methanol/oil = 8:1, 83.72 [38]
Catalyst amount= 0.75% wt/wt of H.504
Palm oil sludge  Zirconia/natural zeolite T =60 °C, t=4h, Methanol/oil = 14:1, 872 This study

Catalyst amount=Twt.%

4. Conclusion

In this work, the performance of PEFB catalyst has been
investigated on the esterification of SPO with high FFA. The
PEFB catalyst activity was significantly sensitive to (1) the
molar ratio of methanol to SPO, (2) the amounts of PEFB
catalyst, and (3) reaction temperature. The highest activity of
the PEFB catalyst was observed when the reaction was
conducted at 60 °C, the methanol to SPO molar ratio of 14:1
and the amounts of PEFB catalyst of 5 wt. % of initial SPO
mass. The significant decrease in PEFB catalyst activity was
found after three consecutive reactions due to leaching of
acid sites. The PEFB as catalysts was an alternative
technology to suppress biodiesel production cost and as a
strategy to replace the acid homogeneous catalysis in the
synthesis of biodiesel.
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