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Abstract

This study uses broiler chicken eggshells to enhance catalytic activity of clay obtained from Pasaman
Barat (West Sumatra, Indonesia) in lab-scale biodiesel production. The eggshell is a source of calcium
oxide (CaO) which operates as a catalyst when mixed with the clay (Ca-Clay). Two other catalysts were
also prepared as comparisons by 1) heating the clay at 800 °C for 6 hours (P-Clay), 2) mixing the P-
Clay with KOH (K-Clay). An X-ray Fluorescence (XRF) showed the elemental composition of Ca-Clay
contained Ca, Si, Al, and Fe. An X-ray Diffraction (XRD) showed the formation of highly crystalline
CaO in the Ca-Clay with the main peak at 20 = 37.27°. The Fourier Transform Infra Red (FTIR) spec-
trum showed an absorption peak in the range of 700-900 cm-! indicating Ca-O stretching demonstrat-
ing successful incorporation of the CaO into the clay. The catalytic activity test showed the Ca-Clay
had a higher catalytic performance than P-Clay and K-Clay in terms of the yield of biodiesel produced
(73%). Copyright © 2020 BCREC Group. All rights reserved
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1. Introduction oil is a promising alternative fuel for a diesel en-
gine. However, the use of unrefined vegetable
oil may cause trouble in a diesel engine because
of its high viscosity and low volatility. This
problem can be solved through transesterifica-
tion with short-chain alcohols to produce fatty
acid methyl ester, which is known as FAME or
biodiesel [1].

Biodiesel has similar qualities and character-
istics to fossil diesel but burns more cleanly.
Several years of commercial use have proven
that it can be used successfully in diesel en-

In recent times, diesel engines have been a
subject of much research focusing on reducing
emissions and improving their economy. Petro-
leum-based middle-distillate fuel has many dis-
advantages so alternative and renewable fuels
are being developed. Proposals for practical en-
vironmentally friendly fuel production abound
using the non-fossil fuel sources ethanol and
vegetable oil. It has been shown that vegetable
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[3]. A comparison between the physicochemical
properties of diesel and biodiesel is presented
in Table 1. Transesterification is a chemical re-
action between triglycerides and short-chain al-
cohols in the presence of a catalyst to produce
mono-esters as shown in Figure 1. When meth-
anol is used in transesterification, it is termed
methanolysis. In transesterification, triglycer-
ide is converted into mono-esters and glycerol
while the esterification reaction uses free fatty
acids and methanol [2].

One of the most important variables affect-
ing the yield of esters is the molar ratio of alco-
hol to triglycerides. The stoichiometric ratio for
transesterification requires three moles of alco-
hol and one mole of triglycerides to produce
three moles of fatty acid alkyl esters and one
mole of glycerol. Because the transesterifica-
tion reaction is reversible, large amounts of al-
cohol are necessary to shift the reaction to the
right. For maximum conversion to esters, a 6:1
molar ratio is used. The molar ratio does not af-
fect acid, peroxide, saponification, and iodine
methyl ester values. However, the high molar
ratio of alcohol to vegetable oils disrupts glycer-

(0]

ol separation because there is an increase in
solubility. When glycerol remains in solution, it
helps shift the balance back to the left, then de-
creasing the yield of ester [4]. Transesterifica-
tion decreases the viscosity of the vegetable oils
to a value that can be handled by diesel en-
gines by reducing the length of the molecular
chains by 1/3. The Cetane number or combus-
tion speed is consequently increased enhancing
the heating value [5].

Three kinds of catalysts are commonly used
in biodiesel production to speed the reaction to-
ward equilibrium; conventional bases, acids,
and more recently enzymes. Acidic and basic
catalysts can be categorized as homogeneous or
heterogeneous catalysts [6]. Acid-based cata-
lysts, such as: H2SO4 and HCL, and basic cata-
lysts, such as: KOH and NaOH, are all homo-
geneous and are used in current commercial bi-
odiesel production. Acid-based homogeneous
catalysts operate at high temperatures, are dif-
ficult to recycle, corrosive, and also require con-
siderable time to reach equilibrium during bio-
diesel production. Base-based homogeneous
catalysts have high catalytic performance and
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Figure 1. Mechanism of the transesterification reaction.

Table 1. Specification of diesel and biodiesel fuel [39]

Fuel Properties Diesel Biodiesel
Fuel standard ASTM D975 ASTM PS 121
Fuel composition C10— C21 HC C12-Co2 FAME
Kinematic viscosity @40°C (mm?2/s) 1.3-4.1 1.9-6.0
Density @15°C (kg/m3) 848 878
Water (ppm by wt.) 161 0.05% max
Sulfur (wt.%) 0.05 max 0-0.0024
Boiling point (°C) 188-343 182-338
Flash point (°C) 60-80 100-170
Cetane number 40-55 48-65
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result in high-quality product but separating
the base catalyst from product and waste is ex-
pensive and not environmentally friendly.
Moreover, a homogeneous base catalyst needs
high-quality vegetable oil to prevent side reac-
tions like saponification and hydrolysis.

The problems with these homogenous cata-
lysts are a motivation to develop heterogeneous
catalysts, which can be more effective and envi-
ronmentally friendly. A heterogeneous catalyst
can reduce production costs and also enhance
sustainability. Since the catalyst is in a differ-
ent phase than the reactant/product, usually a
solid, product separation and the catalyst re-
covery 1s quite easy. Depending on the form of
the catalyst used, and the preparation method,
heterogeneous catalysts require high trans-
esterification pressure and temperature for
high yields. Also, the physical and structural
properties of catalysts need to be adequately
formulated during preparation to maximize re-
sults [3]. Compounds used in heterogeneous
base catalysts that have been developed to syn-
thesize biodiesel include alkaline earth metal
oxides, zeolite, hydrotalcite, and mixed transi-
tion metal oxides [7]. Synthesis of catalysts us-
ing silica hybrids with transition metals, such
as: silica-Co [8] and Silica-Mn [9], have been
tested.

Clay minerals have diverse applications
based on clay’s unique surface properties. The
porous heterostructure of clay minerals lends it
to industry application based on its catalytic
performance and absorption [10]. In biodiesel
production, clay functions as a molecular sieve
that is used to facilitate the reactions of esteri-
fication or transesterification, while also facili-
tating the recyclability of the catalyst [11]. The
properties of this material mainly depend on
the structure and composition of certain clay
minerals. For example, specific surface area
and other surface properties of clay minerals
control the catalytic process [12]. In addition,
clay does not interfere with the quality of bio-
diesel, it 1s a natural resource and produces no
industrial waste [13]. CaO on its own can cata-
lyze the transesterification reaction but is not
stable in the reaction medium [14]. However,
Ca0-Si10:2 has been used successfully as a cata-
lyst in the reaction of producing biodiesel [15].
Chicken eggshells, being rich in Ca could po-
tentially be used to produce CaO to support a
clay catalyst which is also SiOz rich.

The present work aims to determine the
characteristics of broiler chicken eggshell waste
and natural clay samples from Pasaman Barat
regency, to characterize a material made from

CaO from eggshell waste mixed with natural
clay and determine its catalytic activity in the
transesterification reaction of vegetable oil to
make biodiesel.

2. Materials and Methods
2.1 Materials

Natural clay was collected from Pasaman
Barat regency, Sumatra Barat Province. The
broiler chicken eggshell was collected from An-
dalas University cafeteria. The vegetable oil
used for the transesterification study was pro-
cessed palm oil purchased from the local mar-
ket. Potassium hydroxide (KOH) (Merck),
methanol (Analysis Grade) (Merck) and NaOH
(Merck) were also used.

2.2 Catalyst Preparation
2.2.1 Eggshell

The eggshell was rinsed with water, and the
membrane and surface dirt removed. Then it
was rinsed again with distilled water. Egg-
shells were then dried using an oven (110 °C
for 1 hour), crushed by mortar and pestle then
passed with a 90 pm sieve. After that, the sam-
ple was calcined at 800 °C for 10 hours [16].
The sample before and after calcination was
characterized by XRF and XRD.

2.2.2 Clay

Clay was heated at 110 °C for 2 hours,
crushed and sifted to 180 pm. In this study, the
original clay was named O-Clay. The O-Clay
was washed in distilled water, then centri-
fuged. The solids were separated and dried at
110 °C for 3 hours, then crushed and sifted.
The clay powder was heated again at 150 °C for
3 hours and cooled [17]. 35 g of O-Clay was cal-
cined at 800 °C for 10 hours [2], then crushed
and sifted at size 180 pm. This sample was
named parent clay (P-Clay), which was then
characterized by XRD, XRF, and FTIR.

2.2.3 Ca-Clay

20 g of P-Clay was weighed and mixed with
0.4 M NaOH in a 250 mL glass beaker. The
mixture was stirred and heated at 65 °C for 6
hours. The precipitate was separated by filtra-
tion with Whatman 41 filter paper and rinsed
with distilled water several times. The precipi-
tate was dried at 110 °C for 3 hours, then
crushed and passed through a 180 pm sieve.
The sample was calcined at 500 °C for 6 hours
and labeled Activated-Clay. The composition
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was prepared by mixing 10 g of Activated-Clay
and 8.24 g of CaO (1 g Activated-Clay: 15 mmol
Ca0) in 100 mL of water. The mixture was
washed with 100 mL distilled water and stirred
for 24 hours at 65 °C. The mixture was filtered
with filter paper, then heated to remove water
at around 110 °C. The mixture was calcined at
800 °C for 6 hours [2]. The final mixture was la-
beled Ca-Clay and characterized by XRF, XRD,
and FTIR.

2.2.4 Reference catalyst (K-Clay)

15 g of P-Clay was weighed and dissolved in
a 0.5 M 150 mLL KOH solution (with a ratio of
clay: KOH = 1:10 m/v), stirred with a magnetic
stirrer for 24 hours at 65 °C. The precipitate
was separated by filtration with Whatman 41
filter paper and rinsed with distilled water sev-
eral times. The precipitate was dried at 110 °C
for 3 hours, then crushed and passed through a
180 pm sieve to obtain the maximum specific
surface area. The sample was calcined at 500
oC for 6 hours [17]. The samples were labeled
K-Clay and then characterized by XRF, XRD,
and FTIR.

2.2.5 Characterization of catalyst

The physicochemical properties of the syn-
thesized catalysts were studied by X-ray Fluo-
rescence (XRF) (NEXCG Rigaku), X-ray Dif-
fraction (XRD) (X'Port PAN Analytic), Fourier
Transform Infra-Red (FTIR) (Thermo Scien-
tific: Nicolet 1S10).

2.2.6 Reaction procedure

Commercial palm oil with a free fatty acid
level of 0.4527% [17] was used.
Transesterification of this oil (which contains
triglycerides) into biodiesel (methyl ester) was
carried out in a 250 mL three-necked flask
connected to condenser for the reflux process
equipped with a temperature indicator on top
of a magnetic stirrer hotplate. The molar ratio
of palm oil and methanol used in this study
was 1:6, and the amount of catalyst used 1%,
3%, or 5% of the weight of palm oil. At first, the
catalyst and methanol were heated to 50 °C
with continuous stirring. 108 mL of palm oil
was added to the three-neck flask, which had
been heated to 110 °C until there were no more
bubbles from the water content the
temperature was allowed to drop to 50 °C. The
catalyst, methanol, and palm oil were then
mixed. The transesterification reaction was
carried out for 4 hours at 60 °C with continuous
stirring. At the end of the reaction, the flask

was cooled to room temperature, and the
catalyst was separated from the mixture using
filter paper. Biodiesel products were separated
from glycerol using a separating funnel.
Biodiesel was washed with hot distilled water
(50 °C) with a volume ratio of 1:1 and shaken
for 5 minutes forming a white liquid. The
mixture was allowed to settle and the water
was collected at the bottom. Biodiesel was
heated at a temperature above the boiling
point of water (110 °C) until there were no
more water bubbles [17]. The main chemical
components contained in the product were
analyzed using GC-MS and Viscosity (ASTM
D-445-10). The content of FAME in the
biodiesel produced was analyzed by GC using a
DBwax capillary column (Agilent JW
Scientific) and Flame Ionization Detector (FID)
as in Suryaputra [18] The injector
temperature was 250 °C at splitless condition
and FID was set at 300 °C. Yield was
calculated in Equation (1).

Mass of Biodiesel x % FAME in sample
Mass of Palm Oil

Yield (%) = x100%

1

3. Results and Discussions
3.1 Broiler Chicken Eggshell Waste

Based on the XRF analysis of eggshell, the
amount of calcium found in broiler chicken egg-
shell waste was 70% and did not show a signifi-
cant change after calcination. The other ele-
ments found in broiler chicken shells included
Mg, Al, Zr, Si, S, Zn, and K. The main composi-
tion of the eggshell was CaCOs, which decom-
posed to CaO during calcination. This transfor-
mation was proved by the changes in the XRD
pattern as shown in Figure 2. After calcination
at 800 °C, the color of eggshell powder became
bright white (Figure 3) which is typical of CaO
[19].

The XRD patterns in Figure 2 showed the
pure broiler chicken eggshell powder before
and after calcination. The patterns showed
that the samples have a high crystallinity com-
pared with the standard data of CaCOs (ICSD
158258) and CaO (ICSD 51409). The CaCOs
has a main peak at 20 = 29.33¢ and supporting
peaks are at 20 = 22.99; 35.93¢; 39.37°, and
47.47°. On the other hand, CaO has a main
peak at 20 = 37.27¢. The presence of several ad-
ditional peaks showed the presence of Ca(OH)2
in the calcined sample due to the reaction be-
tween CaO and H:20 in the air, however, the
presence of Ca(OH)2 was negligible.
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3.2. pH Analysis of Clay

The calcination at 800 °C was intended to
remove the organic compounds from the clay,
and this treatment changed the color of the
clay to red (P-Clay). The increase in pH of P-
Clay (Table 2) indicated that the organic com-
pounds have been dissipated releasing H* ions
from the clay. Theoretically, some organic com-
pounds can detach from clay starting from 100
oC [20].
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Figure 2. Diffractogram of (A) pure broiler
chicken eggshells and (B) after calcined at 800
°C compared with the standard data (C) CaO
and (D) CaCOs.
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Figure 3. Eggshell powder (a) before calcined

and (b) after calcined at 800 °C.

P-Clay was mixed with KOH to increase its
catalytically active surface. This resulted in an
increase in sites facilitating the occurrence of
cation exchange as evidenced in the clay XRF
data (Figure 4), and by the increase of pH val-
ue during the impregnation of K* ions. XRF
measurements showed an increase in potassi-
um levels indicating that the cation was suc-
cessfully embedded in P-Clay. In the interlayer
of the P-Clay K* ions replaced the remaining
H+* ions. Modification of clay with CaO in-
creased its pH value to 12.324, because CaO
reacts readily with air to form Ca(OH)2, which
1s a strong base.

3.3 XRF Analysis of Clay Catalyst

Based on XRF data (Figure 4), composition
of clay in Pasaman Barat is dominated by iron
(66.9%), silicon (20.5%), and aluminum
(7.85%). The other elements found in clay sam-
ples were titanium, magnesium, calcium, po-
tassium, sodium. After calcination, this compo-
sition changed, 1iron content decreased to
51.9%, while silicon and aluminum increased
to 31.56% and 10.4%. The KOH impregnation
process in the P-Clay sample was evidenced by
the XRF analysis results which showed an in-

80
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Content (%)

Ca K Na Ti Mg

®O-Clay | 7.8 | 205 | 669 | 09 | 1.06 | 0.8 0.6 0.3

mP-Clay | 104 | 315 | 519 | 1.3 1.5 1.5 0.6 0.5

mK-Clay 9.1 285 | 445 1.6 13 1.6 0.6 0.5

Ca-Clay| 3.5 94 | 272|578 | 04 0 0.3 0.8

Element

Figure 4. XRF data of clay composition.

Table 2. Characteristics of natural clay and modified clay.

Characteristic 0O-Clay P-Clay Ca-Clay
Color
pH 4.948 6.712 9.712 12.324
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crease in potassium from 1.5% to 13.0%. Mean-
while, mixing P-Clay with CaO increased in
calcium from 1.3% to 57.8%. The solubility in
water and the atomic radius were the main fac-
tors that result in the low levels of potassium
elements in K-Clay compared to calcium in Ca-
Clay. K20 is more soluble in water compared to
CaO, and this causes some impregnated potas-
sium in the clay to detach. Moreover, the size of
a potassium atom is relatively larger than cal-
cium, thus it is more difficult for potassium to
enter the pores in the clay particles.

3.4 FTIR Analysis of Clay Catalyst

Infrared spectroscopy was carried out to as-
sess the chemical changes in the clay samples
by identifying the presence of inorganic func-
tional groups in the clay structure through ab-
sorption bands of the FTIR spectrum. This
spectrum shows peaks corresponding to the
typical vibrations of the functional groups pre-
sent. Two regions of the spectrum where exam-
ined; the fingerprint area with a frequency of
400-1300 cm ! and functional group area with a
frequency of 1300-4000 cm-! [21]. The stretch-
ing O-H vibrations in silicate layers appear in
the 3400-3750 cm-! region. Bending H-O-H vi-
bration occurs in the area between 600-950
cml. Si-O and Al-O are stretching in the tetra-
hedral and octahedral layers found in the range
between 700-1200 cm-l. Bending vibration for
S1-0-Si and Al-O-Al bonds is predominantly
found in the area between 150-600 cm-!, while
interlayer vibration is found in the region be-
tween 50-150 cm-! [22]. The spectra obtained in
this study are in the range of 600-4000 cm-! re-
gion.
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Figure 5. Spectra FTIR (A) O-Clay, (B) P-Clay,
(C) K-Clay dan (D) Ca-Clay.

Figure 5A shows the absorption bands of O-
Clay. Characteristics of the OH group appears
on absorption bands around 3700-3400 cm-!
[23] and hydroxyl stretching vibration at 3612
cm-l. The OH groups are located between octa-
hedral and tetrahedral sheets in the clay inter-
layer, so OH groups form weak hydrogen bonds
to the Si-O-Si bond [24]. The absorption band
at 3450-3100 cm' is associated with O-H
stretching vibration of H20-H20, because the
0O-Clay contains absorbed water [25,26]. The
absorption band, 1900-2624 cm-! is related to
the OH vibration of the hydroxyl molecule pre-
sented in all-natural hydrate silicates [27]. The
wavenumber at 1632 cm-! is a bending vibra-
tion of H-O-H because of the vibration defor-
mation in the absorbed H20 group [28]. Si-O
stretching vibration in the tetrahedral layer is
indicated by a sharp absorption band at 1012
cm-1, which is characteristic of SiO2 [29]. Bend-
ing vibration from the core hydroxyl is shown
in the absorption band 903 cm-! which is a re-
sult of the bond between a proton and coordi-
nated oxygen from Al3* on an octahedral side
which produces vibration deformation from Al-
OH-AIl and also shows the presence of montmo-
rillonite crystals in the sample. In the natural
clay spectra, Si-O vibrations at wavenumber
799 cm-! indicate the presence of quartz miner-
als in the clays. The bending vibration of Si-O-
Al is at a wavenumber 680 cm-! [27,28,30].

Figure 5 showed the changes in the pattern
of absorption bands after each addition. The
change in absorption patterns in the range of
2750-3750 cm-! can be attributed to O-H vibra-
tions, indicating the release of water molecules
during the heating process [20]. This fact is al-
so supported by the loss of the 900-1000 cm-!
absorption band, which is a bending vibration
of Al-O-H. This absorption band is replaced by
a new band at 786 cm-!, which is typical for oc-
tahedral coordination Al3*, which changes to
tetrahedral coordination [31,32].

Figure 5D, showed the clay’s ability to ab-
sorb COgz, as evidenced by the quite sharp ab-
sorption band 1300-1500 cm-1, which is stretch-
ing C-O vibration of absorbed CO: [16]. The
presence of Ca(OH): is indicated by the emer-
gence of stretching absorption bands from O-H
at 3641 cm! and also the Ca-O stretching in
700-900 cm-! absorption band [18,33] that is
supported by XRD data in Figure 6. These re-
sults indicate that neither CaO or KOH addi-
tion significantly alter the FTIR pattern of P-
Clay.
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2 FeOOH.nH20 — Fe203 + (n+1)H20 2

3.5 XRD Analysis of Clay Catalyst

Clay naturally contains minerals such as
kaolinite, illite, smectite, quartz. The types of
minerals in a clay can be identified with XRD
based on the position of two theta according to
the ICSD standard. XRD showed that the sam-
ples contained goethite, quartz, illite, montmo-
rillonite, and muscovite as shown in Figure 6.
Goethite was found to be the main component
with 66.9% iron content, and this value concurs
with XRF data (Figure 4). The high peak inten-
sity of the XRD pattern at 20 = 26.5° showed
that natural clay has high crystallinity. Howev-
er, additional intensity peaks near this angle
were due to the presence of minerals quartz,
montmorillonite, muscovite, and illite. When
the clay was heated at 800 °C, the goethite
changes into hematite based on the reaction (2)
[34]:

The impregnation of K+ from KOH did not
alter the basic XRD pattern of P-Clay (Figure
6b) but slightly reduced the intensity of hema-
tite peaks (20 = 24.120; 33.120; 35.6°; 40.88°)
and montmorillonite peaks (20 = 13.83¢;
19.659). The decrease in intensity may occur
due to the substitution of Fe3+ cations with K+,
and then this has an impact on the structure of
hematite mineral crystals, which is supported
by XRF data. Figure 6d showed several peaks
with low intensity at 20 = 32.17°; 37.33°, 53.81°,

and 64.09° corresponding to CaO. In addition,
Ca(OH)2 peaks at 20 = 18.09°; 28.790; 34.19¢,
47.230; 50.95° have high intensity as the CaO
reacts quickly with water vapor in the atmos-
phere forming Ca(OH): as is also demonstrated
in the FTIR spectra in Figure 6 [35].

3.6 Transesterification Reaction
3.6.1 Catalytic activity

The catalytic activity test was only carried
out for P-Clay, K-Clay, and Ca-Clay (Figure 7).
All three types of modified clay demonstrated
catalytic activity Concentration of 1%, 3%, and
5% were tested. In a transesterification cata-
lyst reaction, clay has a role in forming the
methoxide anions, which bind to triglycerides,
then convert triglycerides to diglycerides, and
diglycerides are then converted into mono-
glycerides.

In general, Ca-Clay showed higher catalytic
activity than P-Clay and K-Clay. Ca-Clay’s ex-
cellent catalytic activity is due to the oxygen on
the surface binding with H* from methanol
which results in OH- formation. There was a
high concentration of Ca in Ca-Clay (57.8 %),
so the surface contained a large amount of
Ca0. The low catalytic activity of K-Clay is due
to the high concentration of embedded K
(Figure 4) which means it has a high tendency
to form Al-O-K from KOH and Al-O-H during
the calcination process. The formation of Al-O-
K reduces its catalytic activity and lowered bio-
diesel yield [36].
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Figure 6. Difractogram of a) O-Clay, b) P-Clay, ¢) K-Clay, dan d) Ca-Clay.

Copyright © 2020, BCREC, ISSN 1978-2993




Bulletin of Chemical Reaction Engineering & Catalysis, 15 (3), 2020, 669

Less P-Clay per volume of oil substrate was
required to catalyze the transesterification
compared to the other clays. The amount of cat-
alytic activity is determined by the ability of
the catalyst to convert methanol to methoxide
[37]. An overview of the catalytic mechanism is
showed in Figure 8.

3.6.2 Psychochemical properties of biodiesel
product

GC-MS results indicate that the fatty acid
methyl ester (FAME) produced in the trans-
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Figure 7. Biodiesel yield over various catalysts

esterification reactions mediated by all catalyst
combinations trialed (Table 3) had carbon
chains 17-21 and were up to the biodiesel
standard, 12-22 (Table 1). However, the varia-
tions in the areas of the GC-MS peaks showed
that the FAME yield varied greatly with the
5% Ca-Clay catalyst producing the highest
FAME yield. Table 4 shows that the range of
viscosity values was up to ASTM D-445-10
standards at 1.9-6.0 mm?2/s. These values all
exceed the minimum standard indicating the
transesterification reactions were carried out
at appropriate reaction temperatures and for
sufficient reaction times [38,39].

Biodiesel density measurements were car-
ried out using a pycnometer and compared
with the ASTM standard range for biodiesel
density of 0.86-0.90 g/cm3. None of the biodiesel
produced was within the ASTM standard. The
biodiesel produced by the 5% Ca-Clay catalyst,
however, was close to the ASTM standard.
This is due to the presence of other large com-
pounds, such as free fatty acids, glycerol, and
fatty acids [38].

4. Conclusions

Broiler chicken eggshells contained 70% cal-
cium in the form of CaCOs. Natural clay from
Pasaman Barat contained 66.9% iron, 7.8%
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Figure 8. The catalytic cycle of CaO in the surface of the clay.
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Table 3. GC-MS result of biodiesel product.

Catalyst Retention Molecule 0
Concentration Time Compound Name Formula %o Area
1% C ! 16.015 Methyl palmitate C17H3402 34.95

atalyst
OP.01ayy 17.830 Methyl elaidate Ci9H3602 40.94
18.043 Methyl stearate C19H3802 3.75
39 C 1 16.015 Methy] palmitate C17H3402 27.91
atalyst
OP-Clayy 17.8217 Methyl elaidate C19H3602 36.42
18.049 Methyl-15-Methyl Hexadecanoate C18H3602 1.95
5% Catalvst 16.015 Methyl palmitate C17H3402 22.90
atalys
OP_ Clayy 17.822 Methyl elaidate C19Hz3602 29.55
18.039 Methyl stearate C19H3502 2.23
1% Catalyst 16.015 Methyl palmitate C17H3402 12.96
K-Clay 17.826 Methyl oleate C19H3602 21.93
3% Catalyst 16.013 Methyl palmitate C17H340: 15.07
K-Clay 17.819 Methyl Octadec-10-Enoate C19H35602 20.56
5% Catalyst 16.015 Methyl palmitate C17H3402 15.48
K'Clay 17.817 Methyl oleate CI9H3602 24.36
1% Catalyst 16.020 Methyl palmitate C17H3402 27.91
Ca-Clay 17.833 Methyl oleate C19H3602 31.91
13.790 Methyl myrlstate ClSHSOOZ 0.82
3% Catalyst 16.026 Methyl palmitate C17H3402 41.76
Ca-Clay 17.839 Methyl elaidate C19Hz602 47.40
18.049 Methyl stearate C19H3802 4.35
13.789 Methyl myrlstate ClSHSOOZ 0.94
5% C 1 16.034 Methyl palmitate Cl7H3402 42.63
atalyst
OCa-Cla;I 17.846 Methyl elaidate C19H3602 47.60
18.048 Methyl stearate CIQHSSOZ 4.37
19.908 Arachidic acid methyl ester C21H4202 0.38

Table 4. Biodiesel specification with catalyst variation.

Catalyst Concentration (%) Density (g/mL) Viscosity @40 °C (mm?2/s)

1 0.93004 8.31
P-Clay 0.93203 8.12

5 0.93040 8.01

1 0.93087 9.69
K-Clay 3 0.93343 8.89

5 0.93504 8.44

1 0.93140 8.10
Ca-Clay 3 0.93070 7.80

5 0.93034 7.58
Biodiesel Standard 0.86-0.9 [38] 1.9-6.0 [39]
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aluminum, and 20.5% silicon, with the domi-
nant crystalline composition being goethite.
Mixing and heating of CaO broiler chicken egg-
shells with natural clay of West Pasaman at
800 °C increased the calcium content of the clay
to 57.8%. while decreasing iron (27.2%), alumi-
num (3.5%), and silicon (9.4%). Goethite crys-
tals were changed into hematite, and CaCOs
from the eggshells changed into CaO. Cata-
lysts produced from heated clay, from KOH en-
hanced clay and CaO enhanced clay produced
FAME chains of appropriate lengths for bio-
diesel. The catalytic activity of Ca-Clay per-
formed better than P-Clay and K-Clay with a
biodiesel yield of around 73%. On the other
hand, smaller quantities of P-Clay were re-
quired to catalyze the oil substrate. As a result,
the utilization of broiler chicken eggshell con-
tributes to proper disposal of waste and pro-
vides a cheap catalyst in the transesterification
reaction after purification to remove glycerol,
and fatty acids so reducing the viscosity.
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