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This study discusses the activation of natural zeolite from Blitar City — East Java
using NaOH solution (0.5 M and 1.0 M). Characteristics of unactivated and
activated zeolites were also investigated, as well as the effect of the activator
(NaOH solution) on functional groups, element composition, pore size, specific
surface area, and total pore volume. FTIR spectroscopy, XRF, and gas
physisorption were conducted to support the study. Experimental data showed
that: (1) the major functional groups were observed at 1250-780 cm™ in the
infrared spectra, in which the unactivated and the activated zeolite were not
significantly different; (2) the elemental composition of zeolite (Si and Al)
tended to decrease after the activation process; (3) the pore size of the activated
zeolite increased while the surface area and total pore volume decreased. Based
on this study, activated zeolite (AZB-1.0) showed the optimum result: the pore
size increased by 4.12847 nm, and the total pore volume did not decrease

significantly by 0.04987 cc/g.

1. Introduction

Several Indonesian areas with a large number of
zeolites are West Java (185.595.160 tons), South Sulawesi
(169.880.000 tons), Lampung (43.800.000 tons), West
Sulawesi (26.400.000 tons), West Sumatra (16.200.000
tons), and East Nusa Tenggara (6.115.000 tons) [1, 2, 3].
Generally, the types of natural zeolites in Indonesia are
mordenite and clinoptilolite [4]. Zeolite is a crystalline
arrangement of aluminosilicate TO, (T = Si, Al). It has a
pore size of less than 2 nm or micropores. The
arrangement has a tetrahedral structure as the main
building unit, with each oxygen atom shared with
another tetrahedron [5, 6]. In addition, zeolite is a
framework composed of cavities and channels with size
dimensions varying between 3 & and 30 A&, in which the
channel size determines the physical and chemical
properties and some applications of this material [7].

The three main components of a zeolite are an
alumina-silicate framework, exchangeable cations, and
water content [7]. The amount of water content in the
zeolite framework varies due to the crystallization
conditions and the cations exchanges through the
cavities and channels. The negative charge on the

specific framework of the zeolite occurs when Al3*
cations replace Si4* cations which bind to four oxygen
atoms [5]. Therefore, cations of alkali or alkaline earth
metals such as Na*, K*, Ca?*, and Mg>* are needed to
balance the charge on the framework [5, 8].

Natural zeolite is one of the minerals with low
production costs and abundant quantities with excellent
thermal stability and high surface area [2, 9]. On the
other hand, the structure that composes the framework
contains several metal impurities that close the pores,
cavities, and channels [10]. Therefore, it will inhibit the
diffusion between molecules and reduce its ability as an
adsorbent for liquid and gaseous wastes [9, 11, 12],
catalysts [13, 14, 15], drug delivery [16], separator media
[5], and ion exchange resin [15].

There are several ways to overcome these
limitations, such as physical activation, chemical
activation, and modifying the structure of the zeolite
[17]. Physical activation is a process of reducing the
particle size of zeolite or heating it at high temperatures
to increase its ability, such as the surface will get bigger
and water molecules will be removed from the zeolite
framework. In addition, chemical activation involves
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mixing zeolite with acid or base solution to remove
impurities like metal-oxide and change pore size,
acidity, and Si/Al ratio [18, 19, 20].

Several researchers have researched various kinds of
natural zeolites in Indonesia. Some examples are the
activation process of zeolite from Bayah using a
hydrochloric acid solution with a concentration of 6 M
increased the Si/Al ratio [21]. Then another example is
the modification of natural zeolite from Blitar to be used
as a biodiesel catalyst and the modification of natural
zeolite from Ende to be used as a biodiesel catalyst from
commercial cooking oil [22, 23], and another one, the
activation of natural zeolite Blitar using NaOH with a
concentration of 0.02 M, 0.05 M, and 0.1 M for water
adsorption. However, studies show no significant
changes to the characteristics (pore size, components,
XRD pattern, and morphology) of the zeolite after the
activation process [22, 24].

On the other hand, activating zeolite using a high
concentration of 2 M NaOH can change its composition
significantly. The high concentration of NaOH causes
dealumination and desilication. It has been reported that
the Si-0-Sibond is relatively easier to break than the Si-
0-Al bond in the presence of OH- due to the negative
charge of the AlO," tetrahedra [25]. Therefore, this study
will examine natural zeolites from Blitar using higher
concentrations of 0.5 M and 1.0 M to obtain better
characteristics of zeolite in terms of elemental
composition, pore size, specific surface area, and total
pore volume from previous studies. This study aims to
determine the effect of activation by NaOH solution on
the characteristics of zeolite.

2. Methodology

2.1. Materials and Instrumentations

The materials prepared were 34 grams of mordenite
type of natural zeolite from Blitar [22], NaOH (Merck)
solution with concentrations of 0.5 M and 1.0 M, and
distilled water. The equipment used in this research was
a Universal pH indicator (Merck), analytical balance
(OHAUS PIONEER series), Erlenmeyer flask 250 mL,
beaker 250 mL, stirring rod, funnel, a set of mortar and
pestle, sieve with a size of 100 mesh, electric shaker
(WiseShake), oven (Fisher Scientific Isotemp 655F),
furnace (Carbolite RHF 1500), FTIR spectroscopy (IR-
Spirit-T, Shimadzu), XRF (PANalytical Minipal 4), and
Gas Sorption Analyzer (Quantachrome Novatouch LX-4).

2.2. Experiments
2.2.1. Sample Preparation

Natural zeolite was ground by mortar and pestle and
then sieved using a 100 mesh sieve. Zeolite was taken as
much as 34 grams and put into a 250 mL Erlenmeyer
flask. A 120 mL NaOH solution with 0.5 M and 1.0 M
concentrations was prepared and mixed into the
Erlenmeyer flask. After that, it was stirred using a shaker
at 150 rpm for 4 hours and allowed to stand for 24 hours
at room temperature. The mixture was washed and
rinsed using distilled water until it reached a pH of 7 or
neutral (tested using a universal pH indicator). Then it

was dried in an oven at 100°C for 3 hours and heated
using a furnace at 500°C for 6 hours. The two samples
were called AZB-0.5 and AZB-1.0. The initial letter A
means activated, while the number represents the
concentration of the alkaline solution employed.

Add NaOH
solutlon e 00
... I- “&"-I -
”... Stlrnng

Zeolite Grinding
process Filtered
by 100 mesh sieve

Actlvated zeolite
Drying and heating

Actlvatlng process
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Figure 1. Schematic of the zeolite activation method

2.2.2. Sample Characterization

The functional groups of the samples were
characterized using FT-IR (Fourier transform infrared)
spectrometer type IR-Spirit-T in the range of 4000-
400 cm™ under a vacuum state. The composition of
elements in the sample was characterized using XRF
PANalytical Minipal 4. The final characterization was
done by gas physisorption using Quantachrome
Novatouch LX-4 with a nitrogen adsorption-desorption
process. The sample was heated to 300°C at 10.0°C/min
and held for 60 minutes.

3. Results and Discussion

The unactivated and activated zeolites differ in their
IR spectra, especially in the fingerprint area. Both groups
of samples differ in the percentage of metal elements
according to XRF measurement results. In addition, their
surface area, total pore volumes, and pore size are also
different base on gas physisorption measurement
results.

3.1. The Yield of Unactivated and Activated Zeolite

The activation process using a NaOH solution with a
concentration of 0.5 M and 1.0 M as much as 120 mL in
34 grams of natural zeolite caused the yield to decrease
by up to 7%. The decrease in zeolite yield was due to the
presence of some impurities that covered the pores,
cavities, and channels of the zeolite dissolved in the
NaOH solution. The solution could also cause the surface
of the zeolite to erode, affecting the final mass to be
smaller than the initial mass of the zeolite. The zeolite
mass and yield data in this study are presented in Table
1.

Table 1. The yield of unactivated and activated zeolite

No Materials Mass of activated zeolite (g) Yield (%)

1. NZB 34.0333 -
2. AZB-0.5 30.9217 91%
3. AZB-1.0 30.4339 89%

The decrease in zeolite yield was due to the
dissolution of some metal oxides contained in the pores
or channels where base activation is one of the
modification techniques that aim to reduce the
percentage of silicon (Si) thus that the zeolite has larger
pores and becomes more hydrophilic [18, 26].
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3.2. Functional Group of Unactivated and Activated
Zeolite

The band position and spectrum intensity produced
by FT-IR spectroscopy (Figure 2) show the functional
groups of unactivated and activated zeolite. The FT-IR
spectra of zeolite show several bands at 3435.74 cm™,
3445.73 cm™, and 3445.73 cm™ associated with O-H or
HOH stretching vibrations from silanol groups [5, 27].
Then, the bands at 1647.27 cm~ and 1648.70 cm™ are
from the O-H bending vibration [27]. The spectra of
unactivated and activated zeolite exhibit bands at
1222.26 cm and 1223.69 cm™?, respectively. They are the
asymmetric vibration band of the 0-Si-O or 0-Al-O
bonds [1]. Asymmetric stretching vibration bands of Si-
0 or Al-O are also observed at 1052.54 cm™, 1045.41 cm~
1 and 1046.84 cm™ [18]. The shift of the peak to a lower
wavenumber is caused by activation with alkaline
solutions such that the Si-O-Si and Al-O-Al covalent
bonds in the aluminate and silicate groups are affected
[18]. Furthermore, the stretching vibrations of the O-Si-
O or 0-Al-O symmetrical stretching vibrations occur at
780.14 cm™ and 778.71 cm™, the bending vibrations of
the Al-OH band at 694.57 cm™ [22], Si-O or Al-O
symmetric stretching vibrations at 620.40 cm™ and
621.83 cm™ [21], and Si-O or Al-O bending vibration
bands at 443.55 cm™, 452.11 cm?, and 453.54 cm [23]
are characteristic for zeolites. Restructuring of quartz,
siloxane, and silanol structures in the zeolite framework
was caused by alkaline activation treatment and
confirmed by a decrease in intensity and a shift in wave
number from 780 cm- to 778 cm™ [18].
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AZB-0.5 (Activated Zeolite Blitar 0.5 M)
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300

250

200 4

344573 1648.70 122369 ‘

|

344573 1648.70

150 o

778.71

122360 621 53‘
1045410 45014

Transmittance (%)

100 4

50 4 ’
| 164727
3435 74 1222.2

composition of the zeolite was analyzed using X-ray
Fluorescence and listed in Table 2.

Some metal compositions are still present in the
activated zeolite structure (such as iron and calcium)
because of the strong interaction between the zeolite and
these metals, so the removal of the metal becomes
challenging [5, 28]. Afterward, base activation can affect
the charge on the zeolite framework, where the Si-0-Si
and Al-O-Al bonds break and form aluminates and
silicates to make the charge negative. The higher
concentration of NaOH used, the more negative the
charge in the zeolite framework and the more silicate
and aluminate groups formed due to the more silanol,
aluminol, and siloxane groups used [18].

Table 2. Major and minor components on the
unactivated and activated zeolite

Element NZB (%) AZB-0.5 (%) AZB-1.0 (%)
Al 8.4 8.2 8.2
Si 56.4 55.5 55.3
Fe 16.9 16.8 17.5
Ca 10.5 10.7 10.7
K 5.11 5.32 5.28
Ti 0.98 1.04 1.0
\ 0.03 0.04 0.02

Mn 0.35 0.33 0.37
Cu 0.12 0.14 0.13
Zn 0.03 0.07 0.07
Sr 0.78 0.78 0.78

Si/Al 6.71 6.77 6.74

T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers (cm™)

Figure 2. FT-IR spectra of unactivated and activated
zeolite from Blitar

3.3. The Effect of the Addition of an Alkaline Solution
on the Chemical Composition of Zeolite

The compositions of unactivated and zeolite
activated by the concentration of 0.5 M and 1.0 M NaOH
solution changed. The decrease in compound
composition in activated zeolite was due to the
dissolution of Si, Al atoms, and some impurities from the
zeolite structure. The percentage of the chemical

3.4. Gas Physisorption Analysis

The total pore surface area was determined by the
BET (Brunauer-Emmett-Teller) method, and the pore
size distribution was determined by the BJH (Barrett-
Joyner-Halenda) method. The pore size distribution was
classified into three parts according to the rules made by
IUPAC. The first is microporous (d < 20 &), the second is
mesoporous (20 A < d < 500 A), and the last is
macroporous (d > 500 &) [29]. This classification is based
on nitrogen gas adsorption at the boiling point of
nitrogen gas by porous materials with a wide range of
pore sizes.

The graphic pattern of the relationship between
pore volume and pore diameter distribution shows that
unactivated zeolite and activated zeolite with NaOH (0.5
M and 1.0 M) have different pore volumes and pore
diameter sizes from the zeolite (Figure 3). Activated
zeolite shows that the pore volume in the mesoporous
and microporous ranges has decreased. The volume of
the zeolite micropores decreases due to the breaking of
the Si-O-Si and Al-O-Al covalent bonds, causing the
mesoporous volume to become larger due to the change
in pore size from micropores to mesopores [30].
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Figure 3. BJH desorption graph of unactivated and activated zeolites

The decreased capacity of the pore volume is caused
by the alumina compound dissolving and precipitating
on the surface when the zeolite is immersed in NaOH
solution for four hours. The deposition of alumina
compounds on the surface of the zeolite and drying of
the zeolite at high temperatures will form alumina oxide
compounds in the pores of the zeolite so that the volume
capacity of the zeolite becomes smaller than the
unactivated zeolite [26].

The relationship between alkaline solution
activation, average pore size, and specific surface area
shows that the activation process causes the pore size to
increase. However, the surface area decreases due to the
breaking the covalent bonds of Si-O-Si and Al-0-Al
compounds in the zeolite framework. The difference in
pore size and specific surface area in the sample is due
to the characteristics of the NaOH solution, where the
pores are eroded in the zeolite activation process,
affecting the pore size to increase and the specific
surface area to decrease as a result of several pores
merging into one part [26, 31]. The decrease in the
specific surface area of zeolite is also caused by large
pores being more dominant than tiny pores and
relatively large pores forming a hierarchical connection
system between pores [32].

Si-0-Si and Al-0-Al covalent bonds are broken due
to activation and washing processes, causing the
percentage of Si and Al compounds in the zeolite
structure to decrease. On the other hand, the activation
process causes the formation of aluminates and silicates
because of the silanol, aluminol, and siloxane groups
used [18]. Then the chemical reaction in Si-OH
compounds will be attacked by OH- ions and form Si-O-
and H>0. Si-OR will react with H>O and form Si-OH and
ROH; this reaction is known as the hydrolysis process.
Si-O- compounds will react with Si-OR to form new
bonds, namely 0-Si-O, known as the condensation
process [33]. Table 3 shows the differences in the results
of surface area, pore volume, and pore diameter between

unactivated zeolite (NZB), activated zeolite NaOH 0.5 M
(NZB-0.5), and activated zeolite NaOH 1.0M (NZB-1.0).

Table 3. BET characterization of unactivated and
activated zeolites

a

Material Sext Vinicro” Vineso” Viw'  Pore size®
(m*g") (ccg’) (ccg? (ccg?)  (nm)
NZB 31.462  0.00578 0.04944 0.05522  3.51028
AZB-0.5 21.9152  0.00193 0.04291 0.04484 £4.09164
AZB-1.0 241587  0.00155 0.04832 0.04987  4.12847

@ Multipoint BET, ® t-method, ©Vieti-Vimicroy @ at P/Po = 0.93698,
¢ Average pore size

The shape of the adsorption and desorption
isotherms is essential to indicate the presence or absence
of mesopores in the material. The International Union of
Pure and Applied Chemistry (IUPAC) has classified six
types of isotherms for gas/solid adsorption-desorption
based on the shape of the adsorbate-adsorbate pair.
Then the curves for N, adsorption and desorption of
unactivated zeolite (NZB), Activated zeolite 0.5 M (AZB-
0.5), and Activated zeolite 1.0 M (AZB-1.0) are presented
in Figure 4. These three samples have the fourth type of
adsorption and desorption isotherm. This fourth type of
isotherm describes the process of multilayer adsorption
and capillary condensation in the mesopores. Then
capillary condensation is known as a process that has a
strong influence on the molecular transport process
through the pores [5, 34, 35]. In addition, hysteresis
loops are classified by IUPAC into four types. The shape
of the three curves represents the third type of hysteresis
loop. This type has a narrow loop hysteresis, where the
adsorption and desorption curve gradient will increase
gradually when the relative pressure gets higher, which
means the adsorption volume increases rapidly.
Adsorption saturation does not occur when the
equilibrium pressure approaches the saturation vapor
pressure, which usually exhibits a plate-like shape of
pores leading to the formation of slit pores (squeezed
pores with openings at both ends).
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Figure 4. The N, adsorption-desorption of unactivated and activated zeolites

4. Conclusion

To some extent, the concentration of NaOH affects
the character of the activated zeolite. The spectroscopic
FTIR test showed a slight shift in wavenumber, which
was not much different between unactivated and
activated zeolite. XRF test showed differences in the
percentage of compounds by 0.2% for Al, 0.9-1.1% for
Si, 0.1-0.6% for Fe, and 0.2% for Ca. The results of the
gas physisorption test using the BET/BJH method also
have differences where the zeolite has an increase in
pore diameter size from 3.51028 nm to 4.09164 nm and
4.12847 nm after activation with 0.5 M and 1.0 M NaOH
solution. The specific surface area decreased from 31.462
m?/g to 21.9152 m2/g (NaOH 0.5 M) and 24.1587 m?/g
(NaOH 1.0 M). The total pore volume decreased from
0.00578 cc/g to 0.00193 cc/g (0.5 M NaOH) and 0.00155
cc/g (1.0 M NaOH). The BJH graph of N, desorption from
activated zeolite showed that mesopores were more
dominant than micropores due to the change from
micropores to mesopores, and the pattern of N,
adsorption-desorption graphs showed that the sample
obtained was hierarchical zeolite. Based on FTIR, XRF,
and BET-BJH, it can be concluded that the activated
zeolite (AZB-0.5 and AZB-1.0) showed damage to the
zeolite Blitar structure after the activation process.
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