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The main challenge in using Zeolit Alam Lampung (ZAL) as a catalyst lies in controlling its acidic na-
ture which is influenced by the content of alkali metals, alkaline earth metals, transition metals, and Si/Al
ratio. Controlling by reducing and adding metals with higher acidity is necessary. This research involved
two stages: ZAL Swelling formation followed by adding Cu, Ni, and Fe metals to make a Cu-Ni-Fe/ZAL
Swelling catalyst. The acid distribution analysis using the NH,-TPD profile test showed that the Cu-Ni-
Fe/ZAL swelling catalyst exhibited higher Lewis-type acidity and more uniform distribution compared to
Brgnsted acid. The addition of Cu, Ni, and Fe metals can modify the acidity strength of ZAL Swelling to
form Cu-Ni-Fe/ZAL Swelling catalysts with Lewis and Brgnsted sites at lower temperatures (120-550 °C)
compared to ZAL Swelling (120-750 °C). This gives an idea about the optimization of the arrangement
of Lewis and Bronsted acid sites to present amphoteric features.
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INTRODUCTION

Indonesia is one of the countries that has diversity and is
rich in mining materials, especially natural zeolite. Natural
zeolite is one of the mined materials with various physical
properties, including thermal stability, high porosity, ion
exchange capability, and regular crystal structure'?. The
natural potential of natural zeolite is the concern of the
Indonesian government and foreign businesses to develop
investment in this natural resource sector. Some natural
zeolite-producing areas are Sumatra (Lampung, North
Sumatra), Java (West Java, Central Java, East Java), East
Nusa Tenggara, and Sulawesi®. Lampung Natural Zeolite
(ZAL) is a natural zeolite that has a crystal structure of
clinoptilatite*. According to data from the Directorate of
Regional Potential Development in 2012, the potential
of zeolite natural resources in the province of Lampung
Indonesia amounted to 31,173,505 tons®.

Natural zeolite is one of the natural materials widely
used as catalysts, which depends on the number or
distribution of catalyst-active sites possessed by natural
zeolites® 7. Utilizing zeolite as a catalyst cannot be sepa-
rated from the role of alumina (Al) and silica (Si), the
main constituent compounds. AP* and Si** compounds
in a natural zeolite framework are anions, while alkali
and alkaline earth metals (Na, Mg, K, Ca), as well as Fe
and Cu transition metals are variable cations in natural
zeolite structures®. Indonesia is one of the countries with
natural zeolite resources, one of which is Zeolit Alam
Lampung (ZAL).

As a catalyst, the zeolite active site is strongly influ-
enced by the acidic functional groups, both Bronsted and
Lewis’®, so the success of zeolites as catalysts can not be
separated from the combination of the two acids'’. The
active acid site center of zeolite is strongly influenced
by the number of Si and Al atoms and the influence of
alkali and alkaline earth metal cations in the natural
zeolite. Several methods are used to modify natural
zeolites as catalysts to increase the active site, among
others, by dealumination and alkali treatment, which can
regulate the amount of Lewis/Broensted acid sites!™!3.

Acidic properties are chemical properties that must
be considered in developing natural zeolites as catalysts.
The reaction conversion, the yield of the desired product,
the life of the catalyst, and the ease of regeneration are
highly dependent on the acidity value or Determination
of The Acidity Value (Pka) of the catalyst. The Pka
value is greatly influenced by how acid sites are spread
out. Consequently, the acidity of the zeolite is intrica-
tely linked to both its crystal structure and its chemical
composition, specifically regarding the presence of metals
and metal compounds. One of the active acid sites of
particular concern is the distribution of Al subsumed into
Si sites, where the Si/Al ratio will influence the charge
balance of cations and heteroatoms®.

The process of preparation and control of acid sites
is an essential part of preparing ZAL as a catalyst, and
this cannot be separated from the intrinsic acidity in
ZAL linked to Brgnsted acid sites. The hydroxyl group
Si-O (H)-Al is formed from protons directly bound to
O atoms, connecting Al atoms and Si atoms on each
side, resulting in the structure of Brgnsted acid sites".
Lewis acid sites are formed due to the presence of the
Al(OH)Si bridge in Si-O— (H+ )-Al— or resonance
form SiOH—Al (Derouane et al., 2013). Substituting
alkali and alkaline earth metals with metals that are
more basic in naturally occurring zeolites can alter or
regulate Lewis acidity. This cannot be separated from
changes in the electrophilicity index, which changes the
characteristics of the zeolite'*'7. Adding alkali metals or
alkaline soils increases zeolite’s acidity value, where this
event encourages the formation of Lewis acidic sites'.

The addition or reduction of metal in both natural and
synthesized zeolites affects the properties of Brgnsted
and Lewis acid sites. Adding Fe, Cu, and Co metals
to ZSM-5 zeolite by impregnation method resulted in
a significant decrease in Brgnsted acid sites, but the
number Lewis acid sites increased". The addition of Zr**
on zeolite Y increased the density of strong Brgnsted
acidity by 244.7% from previously only 0.085 mmol/
gr. In addition to increasing Brgnsted acidity, adding
Nil0%/YBCZ heteroatoms increased Lewis acid sites



on zeolite Y from a Brgnsted to Lewis (B/L) ratio of
7.6 to 5*°. One method that can be used to produce an
amphoteric catalyst is by combining Lewis and Brgnsted
acids. Mixing metal chlorides like FeCl,;, CrCl;, ZnCl,,
and CuCl,, which act as Lewis acids, with Brgnsted
acid compounds such as H,SO,, H;PO,, and HCI will
increase H+ ions*!. Phosphate group compounds which
are Brgnsted acid sites combined with TiO, (Lewis acid
sites) are bifunctional catalysts that can control the course
of the reaction®.

Incorporation of heteroatoms in zeolite frameworks is
a method to modify surface acidity, pore structures, and
particle size. The commonly used zeolite heteroatom syn-
thesis method to regulate Lewis acid sites and Brgnsted
acid sites is currently by isomorphous substitution®-2*.

Replacement or reduction of alkali or alkaline earth
metals in natural zeolites, in addition to changing the
structure of Brgnsted acid sites or Lewis acid sites, also
influences thermal stability and pore structure. In ad-
dition to affecting the distribution of active sites, silica
(Si) and alumina (Al) content also affect the thermal
stability of the zeolite. Zeolites with a high Si content
will have high thermal stability, while an increase in Al
content will decrease thermal stability'®. The process
of reducing alkali, alkaline earth, and transition metals
in natural zeolites does not rule out the possibility of
producing an extra-large pore due to ealumination and
desilication that occurs®,

The addition of metal not only affects the acidity prop-
erties of a catalyst but also influences the course of the
reaction, leading to the products that will be produced
from a catalyst. Ni, Zn, Cu, and Al metals in pyrolysis
of biomass result in an increase in gas products, Al
which affects the Lewis acid, Cu, which is more weakly
acidic, tends to produce coke products, while Zn and
Ni which are more Brgnsted acid produce monocyclic
aromatic hydrocarbons?’.

This research aims to analyze changes in functional
group characteristics, morphology, pore diameter, Ther-
mal Gravimetric Analysis, and acid distribution profile
of ZAL into a Cu-Ni-Fe/ZAL amphoteric Swelling cata-
lyst. Developing an amphoteric catalyst is inseparable
from the complexity of a reaction on a big aromatics
hydrocarbon that requires a catalyst that can regulate
the reaction product at low temperatures. Regulation of
heteroatom content and pore structure on ZAL is also
a concern in developing Lewis acid and Brgnsted acid
sites. In this study, the amphoteric properties of ZAL
were obtained by reducing more basic alkali and alkaline
earth metals to produce Swelling ZAL, followed by the
addition of more acidic Cu, Ni, and Fe metals to gener-
ate Swelling ZAL structures with a combination of more
evenly distributed Lewis acid and Brgnsted acid sites,
while maintaining the crystalline quality of Cu-Ni-Fe/
ZAL Swelling. This research will observe the changes
in functional groups, crystal structure, the distribution
of Cu Ni and Fe metals, the surface arca formed, the
thermal stability, and the acid distribution profile of the
Cu-Ni-Fe/ZAL Swelling catalyst.

Pol. J. Chem. Tech., Vol. 26, No. 4, 2024 9

MATERIALS AND METHODS

Materials

The natural zeolite is Zeolit Alam Lampung (ZAL)
from Bratachem Sub Branch Palembang, Cu(NO;), - H,0,
Ni(NO;), - 6H,0 50 and Fe(NOs); - 9H,0 from Merck
Indonesia.

Preparation of ZAL Swelling

The manufacture of ZAL swelling starts with ZAL
100 gr 100 mesh mixed with C,sH;, in a ratio of 1:10,
which is then stirred using a magnetic stirrer at 2500
rpm with a temperature of 80 °C for 30 minutes. Then,
the filtration stage was continued, and the mixture dried
in the oven for 12 hours at 150 °C.

Preparation of Cu-Ni-Fe/ZAL Swelling Catalyst

10 grams of ZAL Swelling was mixed with 50 grams
of Cu(NO,), - 3H,0, 20 grams of Ni(NO,),. 6H,0, and
50 grams of Fe(NOs); - 9H,O to achieve a mixture
pH of 2.5. Furthermore, stirring was carried out using
a magnetic stirrer at 2500 rpm for 5 hours, followed by
filtration and drying at 150 °C for 12 hours. Calcination
was carried out at a temperature of 300 °C for 3 hours
to obtain the structure and increase the effectiveness
of the catalyst.

Characterization of Catalyst

Functional cluster structure analysis using Fourier
Transform Infra-Red (FTIR) Nocole iS10 Non-ATR,
X-Ray Diffraction (XRD) analysis using X-Ray Diffrac-
tion SHIMADZU XRD-7000, the sample was placed
at Cu-Ka 30kV 10mA with a scan speed of 10.0 deg/
min, 20 range 4°-90°. SEM EDX morphology analysis,
and Mapping using JSM-6510 Series Scanning Elec-
tron Microscope — JEOL Ltd, with an enlargement of
5000 x 5 wm.

Morphological analysis and elemental analysis were
performed by Scanning Electron Microscopy (SEM) with
field emission and Energy-dispersive X-ray Spectroscopy
(EDX), (JED-2300, JEOL), operating at 20 kV with
various magnifications were used to observe the surface
morphology and element distribution Brunauer-Emmett-
Teller (BET) analysis was performed using Quanta-
chrome® ASiQwin™ — Automated Gas Sorption Data
Acquisition and Reduction, using Nitrogen gas (N,). The
out gas time was 3 hours and the out gas temperature
was 300 °C.

Thermal Gravimetric Analysis (TGA) and Differential
Thermal Analysis (DTA) analysis using SIMULTANE-
OUS TG-DTA (Hitachi brand, STA-200RV). samples
were heated up from room temperature to 550 °C at
a rate of 20 °C min~'in a flow (100 cm?® min™") of ni-
trogen. The mass loss in the TG curve (30-500 °C) was
chosen for the conversion factor calculations, as it is
this stage that is connected with desorption of surface-
-adsorbed water, and removal of water molecules from
the channels/void system of the sample structure.

Temperature-programmed desorption of ammonia
(NH;-TPD) analysis using Micromeritics Chemisorb
2750. This analysis aims to measure the acid distribution
profile of the sample. Where at the retreat stage the
sample is heated at 350 °C for 60 min in He gas con-
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ditions (inert). Followed by the NH; Adsorption stage
(5% in He, v/v) carried out at a temperature of 100 °C
for 30 minutes, then imurged with He gas (inert) at
the same temperature, for 30 minutes. NH3 desorption
is performed at 100-800 °C with a temperature raising
rate of 10 °C/min.

RESULTS AND DISCUSSION

FTIR Analysis

The FT-IR spectra of ZAL and ZAL Swelling in Fig. 1
(a) and Fig. 1 (b) show a significant decrease in the %
transmittance of ZAL Swelling, indicating an overall
increase in the content of Si and Al atoms, in addition
to a decrease in the content or concentration of alkali
and alkali earth metals and transition metals (T) bound
to Si and Al groups. This condition is evidenced by the
decrease in the % transmittance intensity of ZAL Swell-
ing compared to ZAL in the range of 400400 cm™ and
680-850 cm™' which respectively shows the presence of
low vibrations in Si-O-I, Al-O-T, and the presence of
open pores in O-Si-O and O-AI-O which is marked by
a peak shift from 792.72 cm™ in ZAL to 748.87 cm™ in
ZAL Swelling”>'. The hydroxyl group, in the range of
1499-1617 cm™ and 3000-3800 cm™, shows a decrease
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Figure 1. FT-IR Spectra Profile; (a) ZAL; (b) ZAL Swelling;
(c) Cu-Ni-Fe/ZAL Swelling Catalysts

in %transmittance of O-H-T (metal) by 70% in ZAL
Swelling compared to ZAL*'5,

Figure 1(b) and Fig. 1(c) show the FTIR spectra formed
by ZAL Swelling and encapsulated Cu-Ni-Fe metal (T)
on zeolite swelling (Cu-Ni-Fe/zeolite swelling). Encap-
sulated is characterized by changes in zeolite framework
bonds, where there is a 50% change in % transmittance
in Si-O-T and Al-O-T bonds in the 400-500 cm™ range.
In the range of 680-850 cm™ there is a change in the %
transmittance of symmetric O-Si-T or O-Al-T by 40% and
a peak shift from 795.78 cm™ in ZAL Swelling to 738.98
cm™! in (Cu-Ni-Fe/ZAL Swelling). Asymmetric O-Si-T and

O-Al- T peak shifts from the previous 1007 cm™ shifted
to 906.36 cm™ ¥, In addition, there is also a change in
% transmittance in the asymmetric O-Si-T and O-Al-T
groups by 40% compared to ZAL Swelling. Si-OH and
Al-OH structures do not show a shift, and the peak in-
dicates this at 1651.75 cm™. At 2500 cm™, deformation
of the water molecule structure occurs. From the results
of this FTIR spectra analysis, Cu-Ni-Fe/ZAL Swelling
shows a change in the framework-bond, especially in the
structure of Si-O-T, Al-O-T, O-Si-T, O-Al-T which shows
Cu, Ni and Fe metals are bound to the structure. The
Si-OH (cyanol) and Al-OH clusters in the 16001700 cm™
range do not show changes in framework bonds.

XRD Analysis

Figure 2 shows XRD diffraction patterns of crystalline
ZAL, ZAL Swelling, and Cu-Ni-Fe/ZAL Swelling. XRD
results of ZAL and ZAL Swelling show a decrease in
the quality of crystals and crystal damage characterized
by a decrease in peak intensity and loss of crystal peaks
around the 20 area at 9, 13, 25, 27, and 71. These XRD
results also show the influence of swelling agents that
influence the formation of single phases®. From the
results of the XRD, the crystals derived from ZAL are
triclinic form with a crystal density of 3.361 g/cm?, while
the ZAL Swelling shows an orthorhombic crystal form
with a crystal density of 2.062 g/cm?.
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Figure 2. XRD Spectra Profile of ZAL; ZAL Swelling; and
Cu-Ni-Fe/ZAL Swelling Catalysts

XRD results of Cu-Ni-Fe/ZAL Swelling show the frac-
tion peaks reflected at 20 = 9.82, 13.08, 25.66, 26.36,
2742, 27.52, 27.6, 30.32, 36.42 for Cu-Ni-Fe/ZAL Swell-
ing. In comparison, ZAL Swelling diffraction peaks
reflected at 20 = 9.74, 13.33, 17.29, 19.76, 22.32, 25.63,
26.32, 26.60, 27.66, 28.01, 29.99, 35.84. The overall trend
intensity shows an increase in crystal growth from 100%,
and the condition of the increase in trend intensity shows
the addition of new crystals derived from the addition
of Cu-Ni-Fe metal. In Cu-Ni-Fe/ZAL Swelling, there is
a significant increase in peak intensity of 18% and 50%
at 20 in areas 22 and 35, respectively. In addition, there
is a decrease in peak intensity in the addition of Cu-Ni-
Fe metal seen at 20 in areas 27 and 30, and this shows
a decrease in the quality of Si and Al around these areas.
The decrease in peak intensity shows the influence of
acid originating from Cu-Ni-Fe which is an acidic metal



that results in a change in the zeolite structure into
a single-phase form®=". The peak analysis shows that
the crystal structure of SiO, is tetrahedral while AlO,
is cubic. These XRD results indicate a change in crystal
form from orthorhombic with a crystal density of 2.289
gr/cm® to triclinic combined with tetragonal for Cu-Ni-Fe/
Zeolite swelling with a crystal density of 2.167 gr/cm’.

SEM-EDX-Mapping Analysis

The SEM EDX results in Table 1 show a decrease in
the mass % of the atomic elements of ZAL Swelling
compared to ZAL, where a high decrease occurs in the
atoms of Al, Na, and Ca, which are 43%, 40%, and 61%,
respectively. This decrease is due to the reaction between
the swelling agent C;;H;, with alkali and alkaline earth
metals through substitution and addition reactions. The
change in the Si/Al ratio in ZAL Swelling has decreased
by 10% compared to ZAL which has a Si/Al ratio of
5.9. This not-too-significant decrease in the Si/Al ratio
shows that the structure and crystallinity of ZAL Swelling
are maintained.

Table 1. EDX Analysis Results

Element %o Mass
ZAL ZAL Swelling Cu-Ni-Fe/ZAL Swelling
Na 3.45 3.60 0.00
Mg 0.89 1.14 0.80
Al 11.82 12.95 5.05
Si 69.50 68.09 54.61
K 4.34 5.31 3.65
Ca 3.79 3.91 0.97
Fe 3.04 2.24 9.44
Cu 3.18 2.77 14.12
Ni 0 0 11.36

In the Cu-Ni-Fe/ZAL Swelling catalyst, the most sig-
nificant mass % increase occurred in Cu and Fe atoms,
which increased by 68.5% and 54.9%, respectively.
Meanwhile, atoms such as Ni, previously not present in
ZAL Swelling, are now present at 3.98% by mass. For
Si, Mg, and K atoms, the mass % increased by 23.4%,
7.6%, and 5.7%. These results show that adding a strongly
acidic Cu-Ni-Fe metal solution can significantly remove
Na metal and reduce Ca metal®®*, These two metals are
from the alkali and alkaline earth groups except for Mg
and K, which experienced a not too-significant increase,
or it can be said that no reaction occurred. The Si/Al
ratio results also experienced a significant increase of
10.8 from the previous 5.9 caused by adding acidic Cu,
Ni, and Fe metal solutions*®* 4!,
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The SEM and Mapping results in Fig. 3(a) and
Fig. 3(b) show a drastic change in morphology, where the
ZAL Swelling produces clumps with a larger diameter
and a smoother surface than ZAL. Mapping results in
Fig. 4(a) and Fig. 4(b) also provide a clearer picture of Si
atoms than in ZAL. The addition of Cu-Ni-Fe metal to
ZAL Swelling, where the catalyst Cu-Ni-Fe/ZAL Swelling
decreased crystallinity, is evidenced by the reduction of
carbon atom compounds (C) by 32%. The outer layer of
Cu-Ni-Fe/ZAL Swelling based on SEM results Fig. 3(c)
shows an uneven surface and appears to have a layer.
This condition shows that Cu-Ni-Fe metal has entered
the cage and channel structure of zeolite, replacing the
position of Ca, Na, and extra framework atoms and the
framework of AI* %,

The surface is dominated by Si atoms, which are evenly
distributed throughout the surface of ZAL Swelling. SEM
Mapping Results Figure 4(c) shows that overall the Cu-
-Ni-Fe atoms are evenly distributed and some parts look
brighter. This shows the dominance of Ni and Fe atoms
bound to Cu atoms. most of the others are dominated
by blue which is the Fe atom at the top while Ni and
Cu are in the next layer. This position is because Fe is
more insoluble than Ni and Cu.

BET Analysis

Brunauer, Emmett, and Teller (BET) analysis using
NH; gas in Table 2, ZAL Swelling experienced an increase
in average pore radius of 36% compared to ZAL, which
was only 70.66 A. In addition, there was a decrease in
total pore volume by 2% and an increase in pore radius
from 15.27 A to 19.12 A in ZAL swelling. These results
indicate that ZAL has generally experienced swelling due
to interaction with the swelling agent. The use of Swelling
agent C,sH;, consisting of aromatic structure and open
chain can provide swelling influence accompanied by
removal of alkali and alkaline earth metals® ** 45 4647,

ZAL Swelling that has been encapsulated Cu-Ni-Fe
metal (Cu-Ni-Fe/ZAL Swelling) The results of Table 2
show an increase in the value of total pore volume but
a decrease in average pore radius. This change is due
to some space in ZAL Swelling being successfully filled
by metal, or the metal is encapsulated in the pore and
volume of zeolite®®. These results also show that the
addition or increase in volume leads vertically, causing
a narrowing of the pore radius. In addition, the acidic
nature of Cu-Ni-Fe metal allows it to break the Al
bond*> . This is evidenced by the increase in total pore
volume and surface area compared to SEM-EDX data.

(a) (b)

Figure 3. SEM profile of (a) ZAL, (b) ZAL Swelling, (c) Cu-Ni-Fe/ZAL Swelling
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Figure 4. SEM Profile Mapping (a) ZAL, (b) ZAL Swelling, (c) Cu-Ni-Fe/ZAL Swelling

Figure 5 is a curve of the size distribution of pore
radii using nitrogen adsorption where the y-axis shows
the size distribution of pore radii while the x-axis is the
pore radius. From the profile in Figure 5, it shows that
the size of the pores is not uniform. Where the distribu-
tion of pore radius sizes of 20 to 60 A (mesopores) for
ZAL Swelling is 54.54% while Cu-Ni-Fe/ZAL Swelling
is 70%. This indicates that Cu-Ni-Fe/ZAL Swelling is
more mesoporous than ZAL Swelling (Leong et al.
2018; Shiraishi 2003;%.

The isotherm graphs of adsorption-desorption results of
N, gas Fig. 6, from Cu-Ni-Fe/ZAL Swelling, are included
in the type IV classification, where it has a multilayered
layer or multilayer®?. This result can be compared with
the spectra mapping produced by Cu-Ni-Fe/ZAL Swell-
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ing, where there is color degradation on the surface of
the zeolite.

Weight Loss Analysis

The TGA test results on ZAL and ZAL Swelling in
Figure 7(a) show the relationship between temperature
changes and weight loss. At temperatures of 100-130 °C,
there is a partial loss of water content, where ZAL and
Z AL Swelling experience weight loss of 5.69% and 4.76%,
respectively. The decrease or % weight loss continues

Table 2. Texture Properties of ZAL, ZAL Swelling, Cu-Ni-Fe/ZAL Catalyst Swelling

BJH Pore Size Distribution Adsorption Data

1

Total pore volume (cc/g)

Average pore radius (A)

Surface Area Pore Volume Pore Radius Dv(r)
ZAL 0.102 70.66 19.64 m?/g 0.097 cclg 15.27 A
ZAL Swelling 0.097 95.84 17,07 m3g 0.095 cc/g 19.12 A
Cu-Ni-Fe/ZAL Swelling 0.101 39.51 29,74 m3g 0.087 cc/g 17.04 A




until the temperature is 540 °C. The weight loss in
ZAL Swelling looks more stable than in ZAL, and this
condition is influenced by the average pore radius of
35.64% larger, the total pore volume, which is 5.55%
smaller than ZAL shows an increase in mesoporosity,
and a higher Si/Al ratio®,

The weight loss profile in Fig. 7(b) shows that from
250 °C to 130 °C, water molecules are removed in ZAL
Swelling and Cu-Ni-Fe/ZAL Swelling. This is charac-
terized by a weight loss of 5.71% and 5.95% for ZAL
and Cu-Ni-Fe/ZAL Swelling. Removal of bound water
molecules and impurity compounds continues up to
a temperature of 375 °C. At this temperature, the same
weight loss of 8.89% was observed for ZAL Swelling
and Cu-Ni-Fe/ZAL Swelling.

At temperatures above 375 °C to 490 °C, the decrease
in weight loss Cu-Ni-Fe/ZAL Swelling is smaller than
that of ZAL Swelling. Cu-Ni-Fe/ZAL Swelling slightly
formed hydroxyl bonds of water molecules. This condition
is indicated by an increase in the Si/Al ratio, where ZAL
Swelling is 5.3 while Cu-Ni-Fe/ZAL Swelling is 10.81,
which influences thermal stability™ 5. The increase in
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Cu-Ni-Fe cations in Cu-Ni-Fe/ZAL Swelling pores pro-
vides better thermal stability resistance characterized by
a % weight loss of only 0.86% at 375-490 °C%.

Acidity Profile Analysis

The acid distribution profile of ZAL and ZAL Swell-
ing from the TPD spectra results in Fig. 8(a) low range
temperature, which is the Lewis acid area (100-550 °C),
showing the peak area of ZAL Swelling (200-230 °C)
is slightly higher than the peak area produced by ZAL.
Meanwhile, in the Bronsted acid sites area (650-750 °C),
the peak area of ZAL is higher. This indicates that ZAL
Swelling has a higher Bronsted acid strength than ZAL.

The increase in Bronsted acid sites is inseparable from
the loss of some alkali and alkaline earth metals that
are more like Lewis acids™®. his result is also comparable

Table 3. Total Acid Strength

No. | Sample Acidity (mmol/gr)
1 ZAL 2.0106
2 | ZAL Swelling 2.0443
3 Cu-Ni-Fe/ZAL Swelling 2.2595
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to the data displayed in the SEM EDX FTIR results,
where some alkali and alkaline earth metals such as Na,
Al, Ca, Mg, and Fe have decreased mass % in ZAL
Swelling. The decrease in Si/Al ratio in ZAL Swelling
compared to ZAL by 9.71% did not have a significant
effect on the decrease of Bronsted acid sites.

The addition of Cu-Ni-Fe metals to ZAL Swelling based
on TPD spectra data Fig. 8(b) shows the acid distribution
profile of ZAL Swelling and Cu-Ni-Fe/ZAL Swelling for
each temperature change. From the measurement chart
above, there are 2 peaks, namely at low temperature
which shows weak acid and high temperature which
shows strong acid™ %% %, Weak acid which is a Lewis
acid both ZAL Swelling and Cu-Ni-Fe/ZAL Swelling is
in the temperature range of 190-220 °C, while strong
acid which is the area of Brgnsted acid is for Cu-Ni-Fe/
ZAL Swelling is at a temperature of 440-460 °C while
in ZAL Swelling is at 690-710 °C. The results of TPD
spectra low range temperature show the peak area of
Cu-Ni-Fe/ZAL Swelling is much higher than the peak
area produced by ZAL Swelling providing information
that Cu, Ni, and Fe metals can increase the strength of
Lewis acid®. The strength of the distribution of Lewis
acid sites owned by Cu-Ni-Fe/ZAL Swelling is slightly
more even than the Lewis acid sites owned by ZAL
Swelling®. In this situation, the strength of the acid
distribution is closely related to the acid strength of the
Lewis acid site distribution.

In the strong acid or Brgnsted acid area, Cu-Ni-Fe/
ZAL Swelling (100400 °C) has a lower peak area tem-
perature than the peak area temperature owned by ZAL
Swelling. This indicates that the distribution of Brgnsted
acid sites owned by Cu-Ni-Fe/ZAL Swelling is much
more even®. The condition of the distribution of Lewis
acid sites and Brgnsted acid of Cu-Ni-Fe/ZAL Swelling
is comparable to the SEM EDX Mapping results, which
show an even distribution of Cu-Ni-Fe metal. The peak
area of Cu-Ni-Fe/ZAL Swelling is lower than that of
ZAL Swelling, and this result shows that adding Cu-Ni-Fe
metal can regulate the acid strength of both Lewis acid
and Bregnsted acid from ZAL Swelling®. Overall, the
resulting TCD spectra profile of Cu-Ni-Fe/ZAL Swelling
illustrates that the temperature area that should be the
Lewis acid site area of ZAL Swelling (100-550 K), now
has 2 profiles of both Lewis acid site and Bronsted acid
site. The presence of 2 acidic area profiles of the Cu-
Ni-Fe/ZAL Swelling catalyst in the temperature range
of 100-550 K indicates this catalyst is amphoteric. The
NH3-TPD profile resulting from the Cu-Ni-Fe/ZAL
Swelling catalyst provides optimization of Lewis and
Brgnsted acid areas exhibiting amphoteric properties®.

The removal and reduction of several types of metals
that are strong bases such as Na, Mg, K, and Ca have
an impact on reducing alkaline properties. While redu-
cing the content of Si tends to limit the strong acid or
Brgnsted acid of ZAL. Cu, Ni, and Fe metals, which are
periodically weakly alkaline, tend to affect the increase
of Lewis acid.

CONCLUSION

The change of ZAL structure to ZAL Swelling influen-
ced the increase of average pore radius in ZAL Swelling

by 36% and was accompanied by the reduction of Al,
Na, and Ca atoms by 43%, 40%, and 61%, respectively,
compared to ZAL. In addition to producing an extensive
framework, this ZAL Swelling structure increases acid
strength and better distributes Bronsted acid sites than
Lewis acid sites. Adding Cu, Ni, and Fe metals to ZAL
Swelling, which produces Cu-Ni-Fe/ZAL Swelling cata-
lyst, has higher acidity properties of Lewis acid sites and
a more even distribution than Bronsted acid sites. This
proves that the addition of Cu, Ni, and Fe metals can
regulate the acidic strength of ZAL Swelling. Besides,
the TCD Spectra profile testing using the NH;-TPD
method shows that the temperature area of Lewis acid
sites and Brgnsted acid sites of the catalyst Cu-Ni-Fe/
ZAL Swelling is in the area of Lewis acid sites on ZAL
Swelling. This indicates that the Cu-Ni-Fe/ZAL Swelling
catalyst is amphoteric.
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