CHEMISTRY & CHEMICAL TECHNOLOGY

Chem. Chem. Technol., 2023,
Vol. 17, No. 3, pp. 625—635

Chemical
Technology

CRACKING OPTIMIZATION OF PALMITIC ACID USING Fe®"
MODIFIED NATURAL MORDENITE FOR PRODUCING
AVIATION FUEL COMPOUNDS

Abdulloh Abdulloh!, Ulfa Rahmah', Ahmadi Jaya Permana', Achmad Affan Mahdy’,
Titah Aldila Budiastanti!, Mochamad Zakki Fahmil' ™

https://doi.org/10.23939/chcht17.03.625

Abstract. Natural mordenite from Turen village Malang
district Indonesia has been modified to Fe’*-mordenite for
heterogenous catalyst in cracking process of palmitic acid
to produce Aviation fuel components. Cation exchange
method has been used in mordenite modification using
FeCls. The Fe’*-mordenite was characterized by structure
analysis, Fe content, Si/Al ratio, number of acid sites, pore
size, pore volume, and surface area. The catalytic per-
formances, conversion, and selectivity were measured at
583 K by GC-MS for 1, 2, and 3 hours. The high content
of Fe in mordenite has larger Bronsted-Lewis’s acid site,
pore volume and surface area than the natural mordenite.
The crystal structure of Fe*'-mordenite is still the same
with natural mordenite. The Fe’*-mordenite also has a
smaller pore size than the natural mordenite. In cracking
process of palmitic acid, Fe’-mordenite performed
61.94% of conversion and 92.90 %, which produced
aviation fuel compounds, namely alkanes, alkene,
cycloalkane and aromatic.

Keywords: aviation fuel, mordenite, cation exchanged,
acid site, palmitic acid.

1. Introduction

Population growth in Indonesia has caused the
need for facilities and infrastructure, including the mobil-
ity with air transportations. On accompanying those con-
dition, many researches were developed on producing
biodiesel as renewable source and its modification on
increasing the product efficiency.' In aviation aspect, air-
transport mobility also increases the demand of aviation
fuel especially aviation turbine fuel (avtur).” Avtur needs
in 2016 are 4.8 million KL increased in 2017 and 2018
respectively to 5.4 million KL and 5.72 million KL. The
Indonesian government must import avtur because domes-
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tic production is insufficient to meet those needs. The
number of imported avtur by the government in 2018 was
1.87 million KL.? In general, aviation fuel imports by the
Indonesian government can cause an imbalanced balance
of government finances and inflation. It also has a nega-
tive impact on aircraft traffic, passenger traffic, cargo
traffic, postal traffic, medical services, and tourism. This
is because imported aviation fuel causes avtur prices and
airplane ticket prices to be expensive, so that air transpor-
tation service users are reduced. To overcome this prob-
lem, the Indonesian government through PT. Pertamina
increased the aviation fuel production and since 2018 the
aviation fuel import was reduced, even in middle 2019 the
aviation fuel import was stopped.® Therefore, the research
of avtur production from natural resources are urgently
needed.

Avtur is a multicomponent fuel with a Cg-Cy¢ car-
bon chain length developed from kerosene. Avtur contains
70-85 % mixture of hydrocarbon (HC), alkane and alkene
compounds with straight, branch or cyclic chains and 20-
25% aromatic compounds ring-6.° Some researchers
report that compounds of avtur component or bioavtur can
be synthesized from free fatty acids (FFA) by catalytic
cracking reactions using zeolite-based catalysts. Accord-
ing to Sousa et al. in 2018, bioavtur can be obtained from
deoxygenation, cracking and isomerization of FFA from
the hydrolysis of palm kernel oil using B-zeolite catalyst
for 5 hours at 623 K with conversion of 72 %.° Oleic acid
has been used as a reactant for bioavtur synthesis by the
hydrodeoxygenation and catalytic cracking reaction using
a NiMo/zeolite catalyst for 1.5 hours at 648 K with con-
version of 36.32 %.” In our previous work, avtur compo-
nents, namely alkanes and alkenes with carbon chains C,-
Cy5, was synthesized from palmitic acid by catalytic
cracking reactions using catalyst a-Fe,Os/zeolite Y at 653-
673 K for 3 hours with conversion of 85,89 %.*

FFA and zeolite for bioavtur synthesis are found
easily in Indonesia. One of the many FFAs in Indonesia is
palmitic acid which is abundant in palm oil (£43.5 %)
production up to 36.59 million tons.” On the other hand,
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natural zeolites are distributed in Indonesia and in East
Java, especially in Pacitan, Ponorogo and Malang which
have deposits of 2.6, 1.3, and 19.36 million tons, respec-
tively.'” Based on the geological resource center in 2008,
more than 50 natural zeolite forming minerals are known
and the most found are mordenite. To improve the activity
of mordenite as a catalyst, mordenite is usually modified
with transition metals, one of which is iron. The potential
for iron in East Java is large, especially in Tulungagung
with 14.69 thousand tons.'® In this research preparation of
Fe**-mordenite from natural mordenite of Turen as a cata-
lyst for compounds synthesis of avtur component by de-
carboxylation and catalytic cracking reactions palmitic
acid is done.

2. Experimental

2.1. Materials

The materials in this study are: natural mordenite
from Turen Malang, HF 40 % (Sigma Aldrich), HCI 37 %
(Sigma Aldrich), NH4CI 99 % (Sigma Aldrich), AgNOs
99,8 % (Sigma Aldrich), n-hexane, ethanol, N, gas, dis-
tilled water, FeCl; 98 % (Sigma Aldrich), pyridine and
palmitic acid 98 % (Merck).

2.2. Characterizations

The instruments were the Spectrometer X-Ray
Fluorescence (XRF), spectrometer X-Ray Diffraction
(XRD), surface area analyzer (SAA), spectrophotometer
Fourier transform infrared (FTIR), dan gas chromatogra-
phy-mass spectrometry (GC-MS), thermocouple, oven,
furnace, desiccator, reflux, magnetic stirrer, hotplate, and
some glassware that is commonly used in laboratories.

2.3. Preparation and Characterization of
Fe**-Mordenite Catalyst

Turen Malang mordenite sample was crushed to
100 mesh. Furthermore, a qualitative test with XRD is
carried out to ensure that the sample used contains mor-
denite. The catalyst preparation is carried out by several
processes, namely the process of purification of natural
mordenite and cation exchanged. In the purification stage,
50 g of mordenite was added to 100 mL of 1 % HF solu-
tion while stirring for 30 minutes. The solids are formed,
then separated from the HF solution and washed with
distilled water until it is free of fluoride ions (washed
water has a pH=7). Solid then was added to 100 mL of
6 M while stirring for 30 minutes at a temperature of
323 K. The formed solid is then washed by distilled water
until it is free of CI ions (it is not white precipitate if
washed water added AgNO; solution). The next step was
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cation exchanged. A total of 5 g of purified mordenite was
put into 100 mL of NH4Cl 1IN while stirring 3 hours per
day for a week at 363 K and closed so that not to evapo-
rate. The formed solid was washed until free of Cl* ions.
The solid was then dried at 378 K overnight and is called
H'-mordenite."' For the preparation of Fe* -mordenite, 5 g
of H-mordenite was added into 100 mL FeCl; 1 M while
refluxed at 363 K for 24 hours. The formed solid was
filtered and washed by distilled water until free of CI”
ions. Fe**-mordenite was then calcined at 773 K under N,
gas.

Fe’*-mordenite was characterized, including crys-
tallite phase by XRD, functional groups by FTIR, elemen-
tal composition by XRF, type and number of acid sites by
pyridine-FTIR method, surface area and size of the pores
by SAA.

2.4. The Activity Test of Fe**-Mordenite
Catalyst

The catalyst activity test was carried out by the
fractionated cracking method."? A total of 5 g of palmitic
acid and 0.25 g of Fe*'-mordenite catalyst were put into
the reaction flask which was equipped with a 60 cm long
fractionation column, condenser, and thermocouple.
Cracking reaction was carried out by fractional distillation
at 583 K. Observing the reaction products every hour up
to 3 hours, the mixture was sampled as much as 0.1 mL
and dissolved in 10 mL mixture of n-hexane-ethanol (1:1).
The reactants and reaction products are separated easily
from the catalyst by centrifugation. Furthermore, the lig-
uid was analyzed by GC-MS.® The procedure was re-
peated for natural mordenite catalysts and H'-mordenite
to determine the performance of Fe’*-mordenite in the
decarboxylation and catalytic cracking reaction of
palmitic acid.

3. Results and discussion

3.1. Fe**-Mordenite Catalyst

Fe’*-mordenite catalyst has a crystalline structure.
The diffraction pattern of Fe’-mordenite catalyst was
similar to the natural mordenite of Turen Malang which
has similarities with mordenite synthetic in ICSD No: 00-
049-0924 (Fig. 1). This shows that purification of mor-
denite (using HF and HCl solutions) and cation exchanged
reactions (using NH4Cl and FeCl; solutions) does not
change the crystal structure of mordenite. However, the
process caused slight shifting of peak position, this was
observed from the change in peak position at an angle of
20 from 6.50 to 6.41° and Aspacing from 13.61 to 13.76 A
(Table 1).
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Fig. 1. Matching of the diffraction patterns mordenite, syn (00-
049-0924) with (a) natural mordenite Turen Malang,
(b) H™-mordenite, and (c) Fe*"-mordenite
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Purification of natural mordenite is carried out to
remove quarts and adsorbed metal atoms as well as to
increase Si/Al ratio. The percentage of some metal ele-
ments decreased, and the Si/Al ratio increased as shown
on Table 2. The metal elements Ca and Fe change signifi-
cantly. This shows that most of the charge balancing
cations in the Turen Malang natural mordenite are Ca”
and Fe'" ions. The percentage of all metal elements is
reduced during the catalyst preparation process, except Fe
has fluctuations. The amount of Fe decreased from
14.20 % to 9.62 % after the cation exchanged reaction
using NH4Cl solution and increased to 31.50 % after the
cation exchanged reaction using FeCls solution. This re-
sult indicates that Fe ions in the framework of natural
mordenite replace Al position by an isomorphic substitu-
tion reaction. The amount of Fe ions in the mordenite
framework increase significantly from 9.62 % to 31.5 %
after cation exchange.

Table 1. Position of angle 20 and dping 0f the sample by XRD analysis

Natural mordenite H -mordenite Fe’-mordenite
20 (deg) opacing [A] 20 (deg) opacing [A] 20 (deg) dypacing [A]
6.50 13.61 6.66 13.28 6.42 13.76
9.86 8.97 10.06 8.79 9.71 9.11
13.50 6.56 13.50 6.56 13.49 6.56
19.67 451 19.67 451 19.63 4.52
22.32 3.98 22.34 3.98 22.31 3.99
25.67 347 25.70 347 25.70 347
26.64 3.35 26.71 3.34 26.47 3.37
Table 2. The percentage of elements of the sample by XRF analysis
Composition ( %)
Element Natural mordenite H -mordenite Fe’-mordenite

Si 55.00 74.70 57.40
Al 6.80 6.80 5.90
Ca 16.60 4.28 2.46
K 4.40 3.03 1.72
Cr 1.05 0.00 0.00
Mn 0.14 0.08 0.07
A\ 0.08 0.03 0.00
Ti 1.60 1.33 0.83
Fe 14.20 9.62 31.50
Cu 0.13 0.13 0.13

Cation exchanged reactions also cause the rising
number of acid sites to increase as shown in Fig. 2. The
cation exchanged by the Fe’* ion caused the number of
Bronsted acid sites to increase from 8.39 mmol/g to
79.40 mmol/g and the Lewis acid site increased from
11.21 mmol/g to 26.77 mmol/g (Table 3). The number of
Brensted acid sites increases because the H' ion from the
dissociation of water molecules which bound to cations or
hydrate cations is increasing like in reaction (1). Fe'"
cations have the greater polarization power than in natural

mordenite since the greater ratio of charge to the cation
radius (z/r) and the z/r value of Fe’* cation.”® As for the
number of Lewis acid sites increases because the number
of empty orbitals increases."

[Fer0) | —= {[Fet,0050m) " + 17} (1)

The presence of water in mordenite is observed by
the absorption band at the wave number ~1630 cm’
which is the bending vibration of H-OH trapped in the
mordenite framework. Especially for H'-mordenite, water
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molecules also interact with H' ions (absorption band
1440 cm™). Bending vibration of the -OH group is also
shown by the absorption band at the wave number
~3600 cm (Fig. 3).">' In addition to vibrations caused
by water molecules, the FTIR spectrum also shows the
presence of Si-O or Al-O vibrations in the ~450 cm™ and
Si-O-Al vibrations at ~1060 to 1097 cm™. Vibration of Si-
O — Al bonds is shown at the 798 cm™." Changes in
cation and Si/Al ratio ultimately cause the surface area
and pore size to change. Surface area increased from
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149.66 m*/g to 197.71 m*/g and pore size reduced from
9.47 nm to 7.36 nm (Table 4). Based on the size of the
porosity of the Malang natural mordenite and Fe’'-
mordenite catalyst including mesoporous material.

Table 3. Number of acid sites of sample
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Fig. 3. The spectrum of FTIR analysis results
of samples (a) natural mordenite Turen Malang,
(b) H -mordenite, and (c) Fe*"-mordenite
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Fig. 2. IR spectrum results from acid site analysis
using pyridine-FTIR method on (a) natural mordenite,
(b) H -mordenite, and (c) Fe*"-mordenite

Table 4. Si/Al ratio, surface area, pore size, and pore volume

Sample . Surface area Pore size (nm) Pore volume
Si/Al 2 3
(m’/g) (mm’/g)
Natural mordenite 7.80 149.66 9.47 67
H'-mordenite 10.59 180.63 8.73 65
Fe’ -mordenite 9.38 197.71 7.36 99

3.2. The Activity of Fe*’-Mordenite
Catalyst in the Compound’s Synthesis
of Avtur Component

The activity of Fe’-mordenite catalyst is deter-
mined based on the amount of conversion of palmitic acid
to the product and the selectivity of the reaction product,
namely the aviation fuel component hydrocarbons. Based
on the chromatogram analysis of samples during the 1 h
reaction, there were 5 peaks (Fig.4) and according to
NIST database search 14.L MS spectrum, the 5 peaks
were 1-pentadecene compound, pentadecane, ethyl hexa-
decanoate, hexadecanoic acid, and 5-dodecyldihydro-
2(3H)-furanone which has a similarity index (SI) value of
>90 (Table 5). Ethyl hexadecanoate and hexadecanoic
acid are the [UPAC names of ethyl palmitate and palmitic
acid. Ethyl palmitate is the result of esterification of

palmitic acid with ethanol. This reaction occurs when a
sample containing a mixture of palmitic acid, the reaction
product and catalyst is put into a solvent containing a
mixture of n-hexane-ethanol before the catalyst separation
process. From Table 5, ethyl hexadecanoate and hexa-
decanoic acid have a total area of 72.97 %. This amount
indicates the amount of palmitic acid that has not reacted.
In contrast, the total area of 1-pentadecene, pentadecane
and 5-dodecyldihydro-2(3H)-furanone is the amount of
conversion of palmitic acid to the product, which is
27.03 %. Of the three compounds which are avtur compo-
nent compounds are 1-pentadecene and pentadecane with
a total area of 22.77 %.

Pentadecane is obtained from the decarboxylation
reaction of palmitic acid, according to the reaction
mechanism shown in Fig. 5. Initially, there is a bond
between the carbonyl group in palmitic acid and the Lewis
acid site contained in the Fe’'-mordenite catalyst. Then
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the ion arrangement and release of hydrogen atoms occur.  produce I1-pentadecene. The 5-dodecyldihydro-2(3H)-
Furthermore, the Ca atom will bind to the hydrogen that  furanone compound is the result of the oxidative reaction
has been released to produce pentadecane. Some penta-  of lactonization of palmitic acid, as reported by Duhamel
decane then experiences a dehydrogenation reaction to  and Muiiiz'® (Fig. 6).
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Fig. 4. Chromatogram of the sample of the reaction of cracking
of palmitic acid by Fe’-mordenite catalyst at 1 hour

Table 5. The compound in the sample for the catalytic cracking reaction of palmitic acid with Fe**~-mordenite at 1 hour

RT Area
(minute) Compound SI (%)
15,76 1-Pentadecene 94 344
15,96 Pentadecane 92 19.33
24,19 Ethyl hexadecanoate 99 34.09
24,69 Hexadecanoic acid 99 38.88
26,16 5-Dodecyldihydro-2(3H)-furanone 99 4.26
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Fig. 6. Oxidative lactonization of palmitic acid
to 5-dodecyldihydro-2(3H)-furanone
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Fig. 7. Chromatogram of palmitic acid cracking reaction sample during two hours reaction

The amount of avtur component compound pro-
duced by the cracking reaction of palmitic acid with Fe*'-
mordenite catalyst is increasing after the reaction lasts
2 hours. Based on sample chromatograms from GC-MS
analysis (Fig. 7) and NIST 14.L database search for MS
spectrum (Table 6), there are 7 avtur component com-
pounds with SI values >90 which have a total area of
47.75 %, namely pentadecane, 1-pentadecane, tetradec-

ane, 1-tetradecene, tridecane, cylopentadecane, and decyl
benzene. In addition, there are 4 compounds with SI val-
ues >90 which have a total area of 14.26 %, namely, 1-
tetradecanol, 1-hexadecanol, heptadecane, and
5-dodecyldihydro-2(3H)-furanone. This shows that the
amount of conversion of palmitic acid and avtur compo-
nent compounds obtained from this reaction increased to
62.01 % and 47.75 %, respectively.

Table 6. NIST database search results 14.L spectrum of MS samples when cracking reaction of palmitic acid 2 hours

RT Area

(minute) Compound SI (%)
11.16 Tridecane 94 1.36
13.36 1-Tetradecene 97 2.37
13.55 Tetradecane 98 2.18
15.65 1-Tetradecanol 90 2.19
15.79 1-Pentadecene 95 18.07
15.99 Pentadecane 90 11.44
16.10 Cyclopentadecane 90 9.68
16.34 1-Hexadecanol 95 5.59
20.37 Decyl-benzene 95 2.65
20.88 Heptadecane 98 341
24.19 Ethyl hexadecanoate 99 12.32
24.71 Hexadekanoic acid 99 25.67
26.16 5-Dodecyldihydro-2(3h)-furanone 98 2.35

There were 13 compounds found in the sample
when the reaction lasted 2 hours, there were 8 compounds
that had not been obtained during one hour reaction,
namely heptadecane, decyl-benzene, hexadecanol, cyclo-
pentadecane, tetradecane, 1-tetradecene, 1-tetradecanol,
and tridecane. 1-Tetradecene is the result of the pentadec-
ane cracking reaction, according to the reaction mecha-
nism shown in Fig. 8. At the beginning of the reaction,
pentadecane interacts with the Lewis acid site (L®) con-
tained in the Fe’’-mordenite catalyst to produce
3-pentadecillium. Furthermore, the 3-pentadecylium ion
undergoes a termination reaction 3 to produce 1-tetradece-

ne. In the next step, 1-tetradecene interacts with the Bron-
sted acid site to produce 2-tetradecallium ions and un-
dergo H transfer to form tetradecane. With the same
mechanism, some tetradecane undergoes cracking reac-
tions resulting in tridecane. 1-tetradecene also undergoes a
hydration reaction with water derived from cation hy-
drates to form 1-tetradecanol. In addition, in conjunction
with the catalytic cracking reaction an isomerization reac-
tion can occur producing cyclic compounds and aromatic
compounds."’ Cyclopentadecane is obtained from the 1-
pentadecene isomerization reaction (Fig.9) and decyl-
benzene is obtained from the 1-hexadecene isomerization
reaction (Fig. 10). 1-Hexadecene also undergoes a hydra-
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tion reaction producing 1-hexadecanol. The formation of
decyl benzene, 1-hexadecanol, and heptadecane (com-
pounds having more than 15 carbon chains) indicates the
alkene dimerization reaction. Abbot and Wojciechowski*
reported that alkenes can undergo a dimerization reaction
together with a cracking reaction. 1-Pentadecene (C;s) can
undergo dimerization reaction to form 1-triacontene (Cs)
and experience cracking reaction to produce 1-tridecene
(C13) and 1-heptadecene (Cy7) can undergo transfer of H
to form tridecane and heptadecane or produce 1-
tetradecane (C;3) and 1-heptadecene (C;7) can undergo
transfer of H to form tridecane and heptadecane or pro-
duce 1-tetradecane (C,4), and 1-hexadecene (Cig).
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Fig. 8. Formation 1-tetradecene and tetradecane
from pentadecane

The amount of avtur component compound and
palmitic acid conversion increases when the reaction lasts
3 hours. Based on the chromatogram GC-MS analysis
results (Fig. 11) and NIST 14.L database search on the
MS spectrum (Table 7), the total conversion of palmitic
acid and avtur component compounds were 98.47 % and
61.94 %, respectively. Avtur component compounds pro-
duced with SI values >90 are dodecane, tridecane,
1-tetradecene, tetradecane, 1-pentadecene, cylopentadec-
ane, and decyl-benzene. The avtur non-component compo-
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unds produced are 1-dodecanol, 1-tetradecanol, 1-
hexadecanol, heptadecane, 2-heptanodecanone which
have SI values >90 and hexacosane which have SI values
of 86. Of the 13 compounds, there are 4 compounds that
have not been produced when the reaction lasts 2 hours,
namely dodecane, 1-dodecanol, hexacosane, and
2-heptadecanone. Dodecane compounds are the result of
the tridecane cracking reaction or the result of the penta-
decane cracking reaction through the mechanism of 2-
pentadecillium formation (Fig. 12). 1-Dodecanol is the
result of a 1-dodecene hydration reaction. Hexacosane is
obtained from the dimerization reaction between
1-tetradecane and 1-dodecene. The 2-heptadecanone is the
result of a Claisen's condensation reaction between
palmitic acid and acetic acid which is the result of crack-
ing palmitic acid (Fig. 13) followed b?f a decarboxylation
reaction, as reported by Thomas et al.”

L&
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D- 0

cyclopentadecane

Fig. 9. Isomerization 1-pentadecene to cylopentadecane
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Fig. 10. Isomerization 1-hexadecene and dehydrogenation
decyl cyclohexadecane to decyl benzene
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Fig. 11. Chromatogram of samples during the cracking reaction of palmitic acid 3 hours
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Table 7. Resulted searching NIST 14.L database of spectrum of MS samples at the cracking reaction of palmitic acid
3 hours

RT Area
(minute) Compound SI (%)
8.98 Dodecane 95 1.53
10.97 1-Dodecanol 91 1.77
11.16 Tridecane 94 4.1
13.36 1-Tetradecene 97 4.39
13.55 Tetradecane 98 5.25
15.65 1-Tetradecanol 90 6.05
15.81 1-Pentadecene 94 28.36
15.99 Hexacosane 86 11.55
16.14 Cylopentadecane 91 14.05
16.36 1-Hexadecanol 95 10.44
20.38 Decyl-benzene 95 4.26
20.88 Heptadecane 95 5.27
23.89 2-Heptadecanone 95 1.45
24.63 Hexadecanoic acid 99 1.53
i /\ . - Table 8. The activity of Fe**-mordenite catalyst
L /\)\ in the cracking reaction of palmitic acid
H . cH J
C"st)\( B i A Time reaction (h)
CH, LH CH; Parameter ] > 3
pentadecane J Conversion ( %) 27.03 62.01 98.47
Avtur (Cg-Cy6) (%) 22.77 47.75 61.94
Selectivity ( %) 84.24 77.00 62.90
Ciohr™en Ciolhi” N+ N Pentadecanc ( %) 1933 11.44 0.00
dodecane J e
Table 9. The catalyst activity of Fe**-mordenite compared
on _ MO A to natural mordenite and H'-mordenite during
CoHy; ~——  Ciothy .
a 3 h reaction
1-dodecanol 1-dodecene Natural H- Fe¥-
Parameter . . .
mordenite mordenite mordenite
Fig. 12. Formation dodecane, 1-dodecene, Conversion 100.00 100.00 98.47
and 1-dodecanol from pentadecane (%)
Avtur  (Cy- 68.77 15.46 61.94
H:0: H:0: Cio) (%)
CHH%U A, CIIHZ“M Selectivity 68.77 15.46 62.90
OH OH (%)
Palmitic aci Pentadecane 32.77 15.46 0.00
almitic acid
i (%)
OH HC C<I5 19.53 0 61.94
C11H24/m + )\ (%)
OH

3 hours, it was showed that the amount of palmitic acid

decreases with increasing reaction time. Added to palmitic

o Ol acid, pentadecane as a result of the decarboxylation reac-
)J\ — ;\ tion of palmitic acid also decreases with increasing reac-
oH P om tion time. This shows that pentadecane is an intermediate
product. Pentadecane can undergo catalytic cracking reac-
tions which subsequently produce alkanes and alkene with
Fig. 13. Formation -tetradecene shorter chains. Pentadecane undergoes a dehydrogenation
and acetic acid from palmitic acid reaction to produce 1-pentadecene. With increasing reac-

1-tetradecene l Based on observations of the reaction for 1, 2, and

acetic acid
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tion time, the resulting alkene compounds undergo an
isomerization, dimerization, and hydration reaction. This
causes the selectivity of Fe’*-mordenite catalyst decrease
along increasing reaction time (Table 8). However, the

156042
i
480

13.627
11.225

13.4 ‘

o
et

J" !Uu JU M‘JAJ

1 l,ww_w’lm

activity of Fe’*-mordenite catalyst for catalytic cracking
reaction of palmitic acid produces hydrocarbons that have
carbon chains shorter than 15 betters than H'-mordenite or
natural mordenite in Turen Malang (Table 9).

20.469
23.971 26902  28.808

u/ﬂw
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T T T T

T T T T T T T
00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 26.00 27.00 28.00 29.00

Retention time (minute)

Fig. 14. Chromatogram of samples during the cracking reaction of palmitic acid 3 hours by natural mordenite

Table 10. Resulted searching NIST 14.L database of spectrum of MS samples at the cracking reaction of palmitic acid

3 hours by natural mordenite

RT Area
(minute) Compound SI (%)
11.23 Tridecane 94 1.98
13.43 1-Tetradecene 97 1.74
13.63 Tetradecane 96 2.98
15.91 1-Pentadecene 94 26.33
16.09 Pentadecane 95 32.77
16.48 1-Hexadecanol 94 4.09
20.47 Decyl-benzene 93 2.97
20.97 Heptadecane 98 7.53
23.97 2-Heptadecanone 93 2.78
26.99 Linoleic acid 92 10.96
28.81 Others 42 5.86
16.p48
25.062
15.850
I 2l AJJ A

L B o e B e B AL AL B o o o e B o
00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 26.00 27.00 28.00 29.00

Retention time (minute)

Fig. 15. Chromatogram of samples during the cracking reaction of palmitic acid 3 hours by H'-mordenite

The activity of Fe’"-mordenite catalysts in palmitic
acid cracking is slightly decreased compared to natural
mordenite and H'-mordenite catalysts. However, the type
of avtur compound produced is greater than natural mor-

denite catalyst and H'-mordenite. Based on the chroma-
togram GC-MS analysis results (Fig. 14) and NIST 14.L
database search of the MS spectrum (Table 10) of the
sample when natural mordenite catalyst activity test lasted
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3 hours, obtained 6 avtur component compounds (decyl-
benzene, pentadecane, 1-pentadecene, tetradecane, 1-
tetradecane, and tridecane) which have a SI value of >90
and 4 avtur non-component compounds (1-hexadecanol,
heptadecane, 2-heptadecanone, and linoleic acid) which
have a SI value of 90. The H'-mordenite catalyst only
produces one avtur component compound (pentadecane)

Abdulloh Abdulloh et al.

which has SI value >90 and one non avtur component
compound (heptadecane) which has SI value >90 (Fig. 15
and Table 11). From the activity of Fe'-mordenite, H'-
mordenite and natural mordenite catalysts, it can be stated
that catalytic cracking reactions are more appropriate
using metals or metal ions supported by supporting cata-
lyst materials.

Table 11. Resulted searching NIST 14.L database of spectrum of MS samples at the cracking reaction of palmitic acid 3

hours by H'-mordenite

RT Compound SI Area

(minute) (%)

15.85 1-Tetradecanol 4.07 91
16.05 Pentadecane 15.46 93
20.96 Heptadecane 0.98 98
25.06 Others 74.62 45
26.54 Others 4.87 53

4, Conclusions

The Fe*'-mordenite catalyst has a mordenite struc-
ture, including mesoporous material with a pore size of
736nm, pore volume of 99 mm’/g, surface area
198.71 mz/g, Si/Al ratio 9.38, Lewis’s acid site
26.77 mmol/g, and Brensted acid site 81.66 mmol/g. Fe’*-
mordenite catalyst can be used to convert palmitic acid
into avtur component compound with 61.99 % conversion
and 62.90 % selectivity.
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ONTUMI3ALIS KPEKIHTY AJILMITHHOBOJ
KHCJIOTH 3 BAKOPUCTAHHSIM ITPAPOTHOTO
MOPIEHITY, MOJUPIKOBAHOT'O Fe**,
JIUISI BAPOBHUIITBA CITOJIYK ABIAIIIMHOT'O
MAJIUBA

Anomauyin. Ipupoonuii mopoenim i3 cena Typen, okpye
Manane, Indonesis, 6ye mooudirxosanuti do Fe’ -mopoenimy 3 me-
MO0 00EPIHCAHHSL 2eMEPOLEHHO20 KAMANI3amopa NPoYecy KPeKinzy
nanbMimuHogoi Kuciomu Onsi GUPOOHUYMEA KOMNOHEHMIE asia-
yitinoeo nanusa. s moouikayii mopoenimy 3a donomozoio FeCl;
6110 3acmocosano KamionooGminHuil Memood. Fe'*-yopoenim Gyno
0XApAaKmepu3068aHo  CMPYKMypHum — ananizom, emicmom Fe,
cnigsionouiernsim Si/Al, KibKicmo KUCIOMHUX YeHMpIE, PO3MIPOM
nop, 06’emom nop i nioweio nosepxi. Egpexmuenicmo xamaniza-
mopa, KOHEepCiio ma ceneKmugHicmy GU3HAUANU 30 MeMnepamypu
583 K 3a 0Oonomoeolo 2azo80i Xpomamo-mac-cnekmpomempii
npomsicom 1, 2 i 3 200un. Mopoenim i3 eucoxum emicmom Fe mae
6invute kucromuux yenwmpie bpencmeoa-Jlvioica, binvwi 06’em nop
i nIoWYy NOBEPXHI NOPIGHAHO 3 NPUPOOHUM MopOeHimoMm. Pasom 3
mum, Kpucmaniuna cmpykmypa Fe' -mopoenimy maxa o, sk y
npupoonozo  mopdenimy. Fe' -mopoenim makoxc mae meruuii
Po3Mip nop, HidC npupoOHuil moploenim. Y npoyeci Kpekxiney
NanbMIMUHOBOI KUCIOMU Feﬁ—Mopc)eHim 3abe3nequs KoHeepcilo
61,94 % ma euxio cnonyx asiayivinoco namusa 92,90 %, a came
ANIKAHIB, ANIKEHIB, YUKTIOAIKAHIB I APOMAMUYHUX PEUOBUH.

Knrouosi cnosa: asiayiiine nanuso, Mopoenim, KamioHHuu
O0OMIH, KUCTOMHULL YeHmp, NATbMITUHOBA KUCIOMA.



