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Abstract.' Indarung clay (Padang city, Indonesia) has
been successfully enriched with Ca*" and Cu*" ions. XRF,
XRD, FTIR, and SAA analyses confirmed that calcination
process had no significant effect on improving its perfor-
mance so that the clay was simply heated at 383 K before
use. Measurements using AAS showed that the clay is
enriched with Cu®" ions more easily than Ca®" ions. The
catalytic activity test carried out for the transesterification
of crude palm oilshowed that under the same reaction
conditions Cu’" enriched Indarung clay yields most
methyl ester to compare with other four catalysts (Ca*"
enriched clay, parent clay, Ca-nitrate and Cu-nitrate).

Keywords: clay, transesterification, crude palm oil,
methyl ester, heterogeneous catalyst.

1. Introduction

Currently we are faced with the problem of
unstable crude palm oil (CPO) prices, and Indonesia,
which is known as one of the largest CPO producers in the
world, is also affected by this problem.In order to increase
the economic value of CPO, the process of converting this
material into a methyl ester, which can be used as
biodiesel, is considered to be able to help solve the above
problems while providing solutions to the world's
increasing energy needs.' Chemically, the conversion of
triglyceride-containing CPO, a polyester, to a monoester
form known as methyl ester requires a catalyst. Up to now
the most widely used catalyst is a typical homogeneous
catalyst, namely the base from alkaline and alkaline earth.
The problem that always arises in the use of homogeneous
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catalysts is the difficulty in purifying the methyl ester
product.” Therefore, the use of heterogeneous catalysts is
a necessity, because it provides easy separation of
products and can be used repeatedly. Among many
heterogeneous catalysts, the use of inorganic natural
materials such as clay, zeolite and bentonite are attractive
because of their very low price and availability. The
combination of those natural inorganic substances with
the alkaline catalysts has been widely used. A number of
researchers have conducted experiments to determine the
activity of alkaline, alkaline earth, and transition metals
supported by natural inorganic minerals, especially to
catalyze organic reactions.Some of them are calcium-
montmorillonite,” sodium hydroxide-kaolinite,® potassium
hydroxide-kaolinite with cobalt and co-catalyst EsNHSO,,”
barium-montmorillonite,’ calcium-MgAl,’ potassium hyd-
roxide-bentonite,® sodium-bentonite,” palladium pillared
montmorillonite,10 cadmium—mangan—montmorillonite,11 and
other applications in the use of magnesium oxide (MgO)-
supported Al metal for the synthesis of chalcones with the
aim of enlarging pores and increasing its catalytic activity.'?

In this work the idea is how to enrich natural
inorganic compounds with more active catalytic site,
namely metal ions so that the catalytic ability can be imp-
roved. Among the natural inorganic compounds described
above, clay is found to be more environmentally friendly,
easier to obtain, and also relatively cheaper. Based on all
the explanations above, in this article we present the use
of a clay obtained from Indarung region of Padang city,
(Indonesia), which then was enriched with Ca® and
Cu’"ions separately to catalyze the conversion of CPO to
methyl ester.

2. Experimental

2.1. Materials

Natural clay was obtained from Indarung, a suburb
of Padang city, West Sumatera Province, Indonesia Re-
public. The sources of Ca*" and Cu®" ions for clay enrich-
ment are calcium(Il) nitrate tetrahydrate (Ca(NOs),-4H,0)
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and copper(Il) nitrate trihydrate (Cu(NO;),-:3H,0) pur-
chased from Merck. The raw materials for producing
methyl esters are crude palm oil (CPO, obtained from one
of the oil-producing company) and methanol, purchased
from Merck.

2.2. Methods
2.2.1. Clay preparation

Indarung clay samples were heated at 383 K for
4 h. After cooling, the samples were crushed and filtered
with a 180 um sieve to obtain a powder. The filtered clay
powder was furtherly coded as h-clay (heated-clay)
andthen characterized by XRF, XRD, FTIR, and SAA.

2.2.2. Clay calcination

The h-clay sample was washed with distilled water
and centrifuged for 15 min at the stirring speed of
3000 rpm, then dried at 383 K for 2 h. After cooling, it
was heated again at 423 K for 2 h. Then 100 g of the
sample was calcined at 973 K for 8 h. After being cooled
again, it was crushed and filtered with 180 pm filter paper.
The samples were labeled as c/h-clay (calcined h-clay)
and characterized using XRF, XRD, FTIR, and SAA.

2.2.3. Clay enrichment

Prior to the enrichment process, a h-clay sample
was prepared by washing with distilled water and drying
at 383 K. It was then crushed and filtered with a 180 um
sieve. 20 g of the clay powder was mixed with 200 mL of
0.26M calcium nitrate and stirred at 500 rpm for 24 h at
room temperature. The next 20 g of the h-clay were also
prepared with the same procedure but with the reaction
being run at a higher temperature, i.e. 343 K. The solids
were separated through filtering, then were heated at
383K for 2h. Ca*-enriched clays prepared at room
temperature and 343 K were labeled as Ca/h-clay®" and
Ca/h-clay™, respectively. The same procedure was carried
out for the enrichment of h-clay with Cu*" ions with
similar volume and concentration, which were labelled as
Cu/h-clay®" and Cu/h-clay”. The filtrate resulted from the
screening was analyzed using AAS and all solid samples
were dried and then characterized using XRD.

2.2.4. Transesterification of CPO

A set of equipment consisting of a 500 mL three-
neck flask connected with a reflux condenser and equip-
ped with a thermometer was mounted on a hot magnetic
stirrer. The reaction conditions were made constant for all
types of catalysts tested with the oil/methanol mole ratio
of 1:6, the catalyst/methanol mole ratio of 1:10, and
reaction temperature of 338 K. All reactions were carried
out under 750 rpm stirring for 4 h. Firstly, the catalyst and
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methanol were heated to 323 K under continuous stirring.
Subsequently, 60 mL of CPO was added to the three-neck
flask, which had previously been heated at 373 K until no
more water bubbles remained. After allowing the
temperature drop to 323 K, the catalyst, methanol, and
CPO were mixed. For all catalytic examination, the
transesterification reaction was carried out for 4 h at
338 K with the stirring speed of 750 rpm. At the end of
the reaction, the flask was allowed to cool to room
temperature and the catalyst was separated from the
product mixture by filtration. Biodiesel products are
separated from glycerol using separating funnels followed
by washing with hot distilled water (323 K) with the
water : biodiesel ratio of 1:1 (v/v). It was then followed by
shaking for 5 min to form a white liquid. The mixture was
allowed to stand so the water collected at the bottom and
the desired methyl ester was in the upper layer. The upper
layer was released from the remaining water by heating to
a temperature above the boiling point of water (383 K)
until there were no more water bubbles. The amount of
methyl ester product obtained in the form of yield is
formulated as:

Top layer prochict x % FAME of top layer product

CPO mass used

Yield (%) = x100% (1)

3. Results and Discussion

3.1. Effect of Calcination

3.1.1. Elemental analysis

Based on elemental analysis using XRF (Table 1),
it can be explained that the main compositions of
Indarung clay are Si, Al, and Fe. The calcination of the
Indarung h-clay sample labeled as c/h-clay at 973 K
caused only slight change in the composition represented
by the Si/Al mole ratio. The process underwent an
insignificant change, namely only 1 % from 2.58 to 2.55.
However, this indicates that Indarung clay was very
thermally stable in terms of its chemical composition
resistance. From the same analysis, it can be seen that the
clay samples are dominated by silica and alumina which
are always found in all types of natural clays.”? The Ca
content in h-clay was found to be almost one hundred
times higher than the Cu content, which indicates that the
clay has potential both as a catalyst and as a cation
exchange.

3.1.2. Crystal analysis

XRD patterns of the h-clay and c/h-clay samples
are depicted in Fig. 1. Referring to the International
Center for Diffraction Data (ICDD) standards, Indarung
clay has been shown to contain two types of minerals that
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characteristic for most clays. The sample is kaolinite
appearing at the angle of 20° and illite at the angle of 60°.
Other types of determined minerals are quartz, which is
the most dominant mineral and occurs at the angle of 27°,
hematite at 41°, and bentonite at 54°.'*"7 The c/h-clay
diffractogram in Fig. 1b shows that the calcination process
at very high temperatures in general does not affect the
crystallinity pattern of the clay sample, where the h-clay
and c/h-clay diffraction patterns were found to be quite
identical with a slight difference.

3.1.3. Chemical bonding analysis

Fig. 2 shows the appearance of the Si—O stretching
vibration at 663 cm™ and the Si-O-Si bending vibration at
780 cm”  for both h-clay and c/h-clay types. The
comparative broadband between 700-900 cm’ for h-clay
and c/h-clay indicates the presence of edge oxygen
sharing of the AlO4 group from the kaolinite group.19 It
was found that the vibrations of organic functional groups
such as the C=C bond appeared at 1049 cm’ and the C-H —
at 1369 cm™”. After changing to c/h-clay, the organic
absorption bands dissappear.”

3.1.4. Specific surface area analysis (SAA)

Measurement of the specific surface area of h-clay
and c/h-clay with SAA equipment using BET calculations
showed interesting results — the h-clay original surface
area of 42.3 m”/g decreased to 20.4 m*/g after calcined at
the temperature of 973 K. This phenomenon can be
explained by the fact that both clay samples are typical
isotherm II with a layered structure and after calcination
there is an increase in the number of layers resulting in a
decrease in the specific surface area.”’ So, based on the
results of measurements with XRF, XRD, FTIR, and SAA
both for h-clay and c/h-clay, we decided to use only the h-
clay for the next process.
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Fig. 1. XRD pattern of h-clay (a) and c/h-clay (b)
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3.2. Enrichment of h-Clay

3.2.1. Loading capacity of h-clay to Ca**
and Cu®

Based on the measurement of Ca and Cu levels
with AAS, the enrichment process of Indarung clay with
Cu®" cations is easier than with Ca®" cations (Table 2).
Theoretically it can be explained by the difference in the
ion radius sizes; Cu’'ion size is relatively smaller, it is
around three-quarters of the of the calcium ion size.” It is
predicted that Cu®" ions can more easily penetrate the
pores of the clay framework, namely between the
aluminate and the silicate sheets. The next finding was
that the process of Indarung clay enrichment with these
two ions occurred more easily at room temperature than at
higher temperatures (343 K). As explained in the previous
section, when clay is treated at higher temperatures, it
tends to form more layers making it more difficult for ions
to access the negative sites between these layers.”

3.2.2. Crystal analysis

In the application of clay as a catalyst and catalyst
support, there is a very important factor, namely the
stability of the crystal structure both against high
temperatures and to the entry and exit of the catalytically
active central metal cations. We discussed the thermal
stability of Indarung clay as written above, in this section
we show the chemical resistance of Indarung clay after
being enriched with Ca®" and Cu®" cations separately. It
can be concluded (cf. Figs. 1b, 1c and Fig. 3a) that the
enrichment process can be achieved without affecting the
crystallinity of the parent clay making two materials
(Ca/h-clay and Cu/h-clay) as good candidates for
heterogeneous catalysts.

18 a. h-Clay
: b. c/h-Clay

Transmittance (%)
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Fig. 2. FTIR spectra of h-clay (a) and c/h-clay (b)
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Table 1. Comparison of elemental composition between h-clay and c/h-clay
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Sample Elements, %
Si Al Fe K P Ca Ti Mg Ag Eu Cu
h-clay 59.80 22.40 10.70 2.80 1.00 0.95 0.90 0.50 0.60 0.06 0.01
c/h-clay 57.67 21.80 12.00 3.00 0.00 1.00 1.10 2.20 0.90 0.06 0.01

Table 2. The capacity of h-clay to be enriched with Ca®" and Cu*" at two different temperature

- — S
Metal Sample Loading capacity ions metals (% w/w)
Room temperature Temperature 343 K
Ca™ Ca/h-clay 5.36 243
Cu’ Cu/h-clay 10.96 5.84
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Fig. 3. XRD pattern of h-clay (a), Ca/h-clay (b) and Cu/h-clay (c)

3.2.2. Test for catalytic activity

The catalytic test for the transesterification reaction
of CPO to obtain methyl ester was carried out for all
catalysts prepared, which are h-clay, Ca/h-clay, and Cu/h-
clay with two other catalysts (Ca-nitrate and Cu-nitrate).
as a comparison (Table 3). For all catalytic reactions
carried out, the reaction conditions are specified as
following: CPO/crystal methanol molar ratio 1:6,
catalyst/methanol ratio 1:10, temperature 338 K, reaction
time 4 h, the stirring speed 750 rpm. The mixing of the
catalyst with methanol is done first to facilitate the
formation of methoxide anions, which will attack the
carbonyl triglycerides so that they are simplified into a
monoglyceride form. The methyl ester product was
calculated based on Eq.(1) in the GC/MS baseline data.
Based on the results shown in Table 3, it can be explained
that the enrichment process of Indarung clay with Cu**

cations gives the best results when compared to Ca-nitrate
and h-clay, which was then assumed that the presence of
Cu®" ions also increases the catalytic activity of h-Clay in
producing FAME, from 31 to 56 % (almost twice).

Although the increase in catalytic activity is not as
good as Cu/h-clay, Ca/h-clay still shows better catalytic
activity than Ca-nitrate and h-clay. Theoretically, it can be
explained that clay has layers and pores with a large
enough surface area, besides acting as a catalyst, it also
helps the process of distributing Cu”" and Ca®" ions evenly
to increase the number of catalytic active sites. In this
study, the Ca-nitrate catalyst gave the most selective
product, namely FAME with saturated alkyl chains, while
other four catalysts gave both FAME with saturated and
unsaturated chains. For further research, we will focus our
efforts on producing clay-based catalysts that can direct
the FAME product to its mostly saturated form so as to
meet the required biodiesel standards.”
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Table 3. The results of activity and selectivity of several catalysts tested in this study

4, Conclusions

Based on XRF and XRD analysis it can be
concluded that the main elements of Indarung clay are Si,
Al, and Fe with a Si/Al molar ratio of 2.6; it consists of
kaolinite, illite, and bentonite as distinctive clay minerals
along with quartz and hematite. Furthermore, the results
of XRF, XRD, FTIR, and SAA analysis of the clay before
and after calcination show that Indarung clay does not
require heating at a high temperature and it is enough to
heat it to 383 K to remove moisture before being used as a
catalyst or catalyst support for Ca*" and Cu®". Based on
measurements of Ca and Cu levels by AAS it was found
that the enriching of clay with Ca®" and Cu®" ions is
sufficient to be carried out at room temperature without
the need for heating at higher temperatures. It was also
found that clay absorbs Cu more easily than Ca ions. All
the catalysts tested under the same reaction conditions
were shown to be catalytically active to produce methyl
esters from CPO wherein Cu enriched clays gave the best
results under the same reaction conditions. In terms of
selectivity, all the catalysts tested proved to produce two
types of methyl esters: saturated and unsaturated, except
for Ca-nitrate, which produces only saturated chain
methyl ester compounds.

Nomenclature

h-clay — heated clay
c/h-clay — calcinated/heated clay

Catalyst | Yield, % Methyl ester Molecular formula Molecular structure Saturated:unsaturated
methyl esters
Palmitic acidmetyl ester C1,H;,0, R
Cu-nitrate 48 51:49
Oleic acid methyl ester C,oH360,
J J
s
Ca-nitrate 31 Nonanoic acid methyl ester C,0H00, MO 100
Methyl Nonanoate
Palmitic acid methyl ester C;H;4,0, - YVM:W
Ca/h-clay 5 " = : 49 :51
Elaidic acid methyl ester C,oH360, /ﬁMM)VM
Stearic acid methyl ester C1oH;350, YT T
Cu/h-clay 56 . ’ 45:55
Elaidic acid methyl ester C,oH360, /YMWAN
b i a
Palmitic acid methyl ester C,7H;,0, 2 S
h-clay 31 o - J 40 : 60
Elaidic acidmethyl ester C,oH360, <
h — hour

XRD — X-ray diffraction

FTIR — Fourier transform infrared

AAS — atomic absorption spectroscopy

SAA — surface area analysis

GC-MS — gas chromatography-mass spectroscopy
CPO - crude palm oil

FAME - fatty acid methyl ester

XRF — X-ray fluorescence
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3BATFAUEHA Ca* i Cu®* TJIMHA SIK KATAJII3ATOP
JIJIST ONEP)KAHHSI METHJIOBUX ECTEPIB 3 CUPOI
IMAJIBMOBOI OJIII B IABOPATOPHUX
MACILITABAX

Anomauin. Ilposedeno 36acauenns enunu (InoapyHe,
Inoonesis) tlonamu Ca’" i Cu’*. 3a donomozoro ananizie XRF,
XRD, FTIR ma SAA niomeepOcero, wo npoyec npoicapro-
6AHHA He MAE 3HAYHO20 GNIUSY HA NOKPAWEHMS XAPAKmepuc-
MUK, Momy nepeo GUKOPUCAHHAM 2TIUHY NPOCMO HASPIBANU OO0
383 K. Pesynomamu AAC nokazanu, wo enuna necute 30a2a-
YyEMbCs Cu’”, nixe tionamu Ca’*. Bemanosneno, wo npu nepe-
ecmepuixayii cupoi’ nanemoeoi oii, npo8edeHol 3a 0OHAK08UX
VMO8, HAUBUWULL BUXIO MEMUN08020 ecepy 00CAAEMbCS Npu
BUKOPUCMAHHI K Kamanizamopa eiuxy, 30a2aueHoi Cu2+,
NOPIGHAHO 3 THUUMU YOmMuUpMa Kamarizamopamu (2iuna, 30aza-
yena Ca’", cupa enuna, Himpam xaavyio ma Cu-Himpam).

Knruosi cnosa: enuna, nepeecmepugpicayis, cupa nao-
MO8a 071is1, MeMUNOBULL ecmep, 2emepo2eHHULL Kamarizamop.






