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Article history: Silica-rich sodalite zeolite has been synthesized by ultrasound treatment and
hydrothermal temperature variation. This study aimed to determine the effect of
ultrasound treatment and hydrothermal temperature variations on the
crystallinity, hydrophobicity, and structural properties of silica-rich sodalite
zeolite. The synthesis was conducted by reacting a sodium aluminate and sodium
silicate solution by varying Si/Al ratios of 20, 30, 40, 60, 80, and 90. The next step
was to characterize the product. The product with the best crystallinity was used
as a reference to determine the effect of ultrasound and hydrothermal
temperature. The reaction gel was treated with and without ultrasound and
hydrothermal using autoclave at loo, 150, and 200°C for 24 hours. The last step
was the product characterization using XRD, FTIR, and GSA. The XRD showed
similarity peaks at 2 = 14.058°; 24.410 ; 31-73°; 34- 75°; 42.88°. The best
crystallinity was silica-rich sodalite zeolite with a Si/Al ratio of 30. Meanwhile ,
silica-rich sodalite zeolite peaks were obtained at 2 = 14.16°, 24.66°, 31-99°,
35-13°, and 43-39° by ultrasound treatment and hydrothermal temperature
variation (100, 150, and 200°C). Ultrasound treatment revealed the presence of
other peaks besides sodalite at 2 = 19.05° and 27°, where these peaks were
referred to as SAPO-56. In conclusion, the degree of crystallinity increased with
increasing temperature, decreasing Si-OH/Si-O-Si showed increased
hydrophobic properties. Increasing the hydrothermal temperature of 150 and
200°C with and without ultrasound treatment increased the surface area
significantly to 114.137 m2/g and 160.717 m2/g, and the pore volume of sodalite
with a Si/Al ratio of 30 to 0.318 cc/g and 0.274 cc/g.
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1. Introduction
Sodalite is an essential host molecule for creating a

simple periodic arrangement of various types of synthetic
zeolites. Sodalite is not only a framework for zeolite A
(LTA) but also a skeleton building unit for other zeolite
types such as Hexagonal MFI (EMT), Faujasite (FAU),
Franzinite (FRA), Giuseppettite (GIU), Linde Type N
(LTN), Marinellite (MAR), and Tschortnerite (TSC) [1].
The morphology of silica sodalite is cubic crystal,

spherical aggregates, disoriented octahedral-faced
cubes, and imperfect spherical threaded balls, depending
on the experimental conditions [2], The increase in Si
concentration is responsible for the morphological
changes of silica sodalite in which octahedral and
dodecahedral modifications are dominant. In addition,
the increasing Si concentration causes the silica sodalite
size to become less uniform. High-silica sodalites exhibit
identical properties such as large surface area and pore
volume (related to the skeleton’s density) and
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hydrophobicity. Therefore, high-silica sodalites are
widely used as adsorbents, heterogeneous base catalysts,
and matrix membranes [3].

The Si/Al ratio significantly influences the
framework composition, and this condition will affect the
phase change process from sol to gel. The amount of silica
and alumina in the solution will affect the phase of
crystal, crystallization rate, and the concentration of OfT
ions [4]. The internal structure of the zeolite can be
controlled by adjusting the Si/Al ratio, such as Si/Al with
ratio of 1.1and 1.3, which produced sodalite and analcime,
and the ratio of 2 and 2.5 produced analcime [5].

High-alumina zeolite has several weaknesses. The
synthesis using a low Si/Al ratio will affect the properties
of the resulting zeolite, such as skeleton shape, pore
volume, surface area, hydrophobicity, and low adsorption
capacity [5]. Theoretically, a high Si/Al silica ratio shows
identical properties such as surface area, large pore
volume (related to the skeleton’s density), and
hydrophobicity (the higher hydrophobicity, the greater
adsorption capacity) [6], Therefore, high-silica zeolites
are widely applied as adsorption, catalysts, and
membranes [7].

Zeolite can be synthesized using various methods,
including hydrothermal [8, 9, 10], alkaline desilication
fusion [11, 12], ultrasound [13, 14, 15], microwave [16, 17,
18], and template addition [19, 20, 21]. This study used
ultrasound and hydrothermal methods [22] for producing
silica-rich sodalite zeolite. The hydrothermal method is
relatively simple without using complicated and
expensive equipment. Besides that, that method also has
several advantages, such as a fast heating rate, a rapid
reaction process, better yield, high purity, and high
efficiency of energy transformation. The ultrasound-

assisted porous material synthesis method is simple with
a short synthesis time and does not require complicated
facilities. When ultrasound energy acts on a liquid
medium, the microbubbles in the liquid expand and then
burst.The bursting of bubbles produces a mixingeffect on
a micro-scale, accelerating the dissolution and
nucleation processes and crystal growth [23].

The hydrothermal method for preparing sodalite has
been widely studied by several research papers. Kumar
and Jena [24] synthesized hydroxy sodalite from fly ash
using a hydrothermal process with a temperature of 150°C
for 20 hours. Luo et al. [25] synthesized sodalite using fly
ash from Mianyang at ioo°C for 12 hours, and the zeolite
product was used for lead adsorption. A similar study was
conducted by Li et al. [26], using the temperature of i6o°C
for 24 hours, where the sodalite product was used for
nitrogen adsorption. Sari et al. [9] synthesized sodalite
with Na20/Al203 ratios of 10, 20, 30, and 40 at ioo°C for 24
hours, and the best sodalite was produced at a ratio of 20.

Mu et al. [22] synthesized SSZ-13 zeolite using
hydrothermal and ultrasound methods by varying time
processes. The best products were obtained for 30

minutes and a temperature of i6o°C. The result indicates
that ultrasound shortens the crystal formation time and
requires a low temperature. A similar study conducted by
Behin et al. [27] successfully synthesized NaP zeolite from
clinoptilolite by varying ultrasound time to produce NaP
zeolite with uniform crystals. Dere Ozdemir and Piskin
[28] reported that a crystallinity of 79.64% could be
obtained by synthesizing zeolite A from fly ash using the
ultrasound method for 2 hours at no°C. That result
indicates that the ultrasound method can improve
crystallinity. Khoshbin and Karimzadeh [11] synthesized
ZSM-5 by varying ultrasound times. The optimum
conditions for obtaining ZSM-5 were at 190°C for 20
minutes.

According to the background explanation , one of the
challenges in the zeolite synthesis process is the long
crystallization time. The ultrasound-assisted was chosen
as one of the pretreatment methods that can shorten the
formation time of zeolites and other microporous and
mesoporous materials [22]. This study aimed to produce
the silica-rich sodalite zeolite using ultrasound
pretreatment followed by hydrothermal crystallization at
too, 150, and 200°C. For comparison, samples treated
with hydrothermal methods were also prepared.

2. Methodology
2.1. Materials and equipment

The materials used were sodium silicate ( Na2Si03
solution, Merck), aluminum hydroxide (powder (Al(OH)3,
Merck), sodium hydroxide ( NaOH pellets, Merck), and
distilled water. The equipment used in the synthesis and
analysis were pH meter (Macherey-Nagel), analytical
balance (Ohaus), autoclave, hotplate (JlabTech), oven
(Shimadzu), Ultrasound (Pro+ ), XRD (Philip Analytical
JOEL JDX-3530), FTIR Spectroscopy (PerkinElmer
Spectrum Version 10.03.06), and GSA (Quantachrome
NovaWin).
2.2. Experiment

2.2.1. Determination of Si/Al ratio by hydrothermal
method

As a preliminary step, silica-rich sodalite was
synthesized by hydrothermal method with Si/Al ratios of
20, 30, 40, 60, 80, and 90. Mole ratio 0.14 NaOH: 0.0058
Al(OH)3: xNa2Si03:1.15 H20 with x was varied accordingto
the Si/Al ratio. NaOH was dissolved in hot distilled water,
and then Al(OH)3 was added until dissolved. The sodium
aluminate solution was added to the sodium silicate
solution dropwise. After forming the aluminosilicate gel,
the hydrothermal process was continued in an autoclave
at 200°C for 24 hours. The product was washed until a
neutral pH , dried, and characterized by FTIR and XRD.
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2.2.2. Determination of the temperature and
ultrasound treatment effects on silica-rich
sodalite

appeared at nearly the same 2 diffraction angle indicate
the same type of mineral as each other [32].

The silica-rich sodalite zeolite with a Si/Al ratio of 30
diffractograms showed a diffraction angle (2 ) 14.058°;
24.410; 31-73°; 34-75°; 42.88°, which was similar to the
standard RRUFF ID R040636 at 2 13.90; 24.42°; 27.94°;
30.146°; 35-03°; 36.76°; 42.53°. The sodalite peaks in this
study correspond to the sodalite obtained by the stirring
aging treatment for 72 hours by Pourali and Samadi-
Maybodi [33]. The peaks of synthesized sodalite were also
in accordance with the sodalite obtained by transforming
kaolin using 3 M NaOH and a hydrothermal time of 24
hours [8], It can be concluded that the sample has a
crystalline phase if its diffractogram has sharp and high-

intensity peaks. This is agreed with the research by
Vongvoradit and Worathanakul [34] that temperature
and crystallization time affected the crystallinity of
SUZ- 4. The higher intensity showed the high
crystallinity and the narrower FWHM (full width half
maximum) at a 2 angle.

According to this information, the order of
crystallinity in Figure 1 was Si/Al ratio of 30 > 40 > 20,
where the peaks corresponded to sodalite. Meanwhile,
Si/Al ratios of 60, 80, and 90 were amorphous phases.

The next stepwas the synthesis of silica-rich sodalite
zeolite with a Si/Al ratio of 30 (the product with the best
crystallinity from the previous step). After gel formation,
the hydrothermal process was performed at too, 150, and
200°C for 24 hours, respectively. After that, the
synthesized solids were neutralized and dried. These
products were coded as TS 100, TS 150, and TS 200.
Meanwhile, ultrasound treatment wasapplied prior to the
hydrothermal process at each temperature variation
using ultrasound at a frequency of 40 kHz, 100 W for 30
minutes. Ultrasound treatment products werecoded as US
100, US 150, and US 200. As a final step, all synthesis
products were characterized by FTIR and XRD, and the
best product was characterized by GSA.

3. Results and Discussion
The aluminate and silicate species reaction caused

the solution to become viscous like a gel. The gel
formation indicates a strong interaction due to the
polymerization of silicate ions and aluminate ions. The
formation of zeolite crystals occurs when condensation is
accompanied by polymerization in a supersaturated
solution. The solid phase is formed as an amorphous gel,
and the solution phase as a supersaturated solution is in
equilibrium. The amorphous gel will dissolve and
undergo structural rearrangement to form species that
are the seeds of the crystal nucleus and in the nucleation
stage [29]. At that stage, the Si/Al ratio affects a change
from sol to gel [30].

At this stage in the solution, there is an equilibrium
between the remaining amorphous gel crystal core seeds
and the supersaturated solution. If the remaining gel
dissolves, crystal growth will occur until the gel is
completely dissolved. The gel underwent a hydrothermal
process in an autoclave at a variation temperature of 100,
150, and 200°C for 24 hours. The hydrothermal process
aimed to homogenize the crystals formed and perfect the
growth of zeolite crystals [4]. The hydrothermal process
involves water and heat, where the mixture is heated to a
high temperature in a tightly closed vessel. This situation
is intended so that there is an equilibrium between water
vapor and solution; thus, no water evaporates, and the
composition of the solution remains. At this
hydrothermal stage, a condensation reaction occurs,
which allows the formation of new bonds such as Al-O-Si
and Si-O-Si [31].

3.1. Silica-rich Sodalite Crystallinity

The XRD diffractograms of silica-rich sodalite with
Si/Al ratios of 20, 30, 40, 60, 80, and 90 by the
hydrothermal method are shown in Figure 1. The
diffractogram with a clear peak separation pattern, high
peak intensity, and sharpness of the peak indicates that
the product has excellent crystallinity. The peaks that
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Figure 1. Diffractogram of the synthesized product with
Si/Al ratio variation using the hydrothermal method and
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Figure 2. Diffractogram of silica-rich sodalite zeolite
with and without ultrasound treatment and
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The diffractogram pattern in Figure 2 of all samples
shows a similar 2 diffraction angle. The diffraction angle
(2 ) of samples was similar to RUFF 060436 standard
sodalite at 2 = 14.160, 24.66°, 31-99°, 35-13°, and 43- 39°
successively according to the crystal plane (110), (211),
(310) , (222), and (330) [19]. Based on Figure 2, there are
differences in peak sharpness of silica-rich sodalite
zeolite without and with ultrasound treatment. Silica-
rich sodalite without ultrasound had better crystallinity
than ultrasound with increasing temperature. As a result
of ultrasound treatment, silica-rich sodalite zeolite
exhibited a lower crystallinity because the intensity of the
diffraction peak appeared to decrease and become
broader. Even at a temperature of 200°C, the crystallinity
dropped drastically. However, the sodalite was evident by
peaks at diffraction angles of 2 = 19.05° and 27°. When
combined with 2 = 43.39°, it referred to the peak of
SAPO-56. The decrease in crystallinity maybe due to the
energy given being too high, causing the crystal growth to
be damaged. In the ultrasound treatment, peaks appeared
at 2 = 19.05° and 27°, whereas these peaks did not appear
in the treatment without ultrasound, so it is possible that
the higher the temperature will form stable crystals.

Stable crystals do not quickly change to a metastable
phase that is easily soluble when washed. The zeolite
crystal formation stage occurs during the heating
(hydrothermal) process. Amorphous gels undergo
rearrangement to form a different structural
arrangement that is more regular , resulting in the
formation of a crystal nucleus embryo. At the metastable
state (easy to change), an equilibrium is reached between
the crystalline nucleus embryo, the residual amorphous
gel, and the supersaturated fluid. If the residual
amorphous gel dissolves once more, there will be crystal
growth of the nucleus embryo until the remaining
amorphous gel is depleted and stable crystals are
formed [35]. A mineral must be highly stable and have a
low energy structure to persist for an extended period. A
physical system’s general stability condition corresponds
to a minimum free energy G (of Gibbs) [36].

The mechanical effect of ultrasound treatment
increases the dissolution of solid particles suspended in
the liquid phase. This results in an amorphous
aluminosilicate gel in the form of a precipitate. The
slowing of nucleation in the intermediate aluminosilicate
gel prevents the formation of zeolite crystals, although
ultrasound treatment enhances dissolution. Late
sonication (conventional heating followed by UST
irradiation) successfully synthesized zeolite [37, 38].

Another research studied the synthesis of NaP zeolite
using ultrasound ati50-29oWfor 3-6 hours followed by
hydrothermal at ioo°C for 12 hours and 24 hours. The
results showed that the formation of NaP zeolite occurred
by applying150 W ultrasound for 3 hours. In addition, the
increasing energy and time only showed a slight effect on
the formation of zeolite. Moreover , the crystallinity of the
powder decreased gradually with increasing irradiation
time. Ultrasound-induced shock waves and cavitation

into the reaction medium stabilizes the particles at a
smaller size to prevent the growth of particles into large
crystalline solids. In addition, the fast heating/cooling
rate during bubble evolution leads to the reduction of the
crystallinity of nanoparticles to the formation of an
amorphous structure. In conclusion, increasing the
temperature resulted in lower crystallinity of the
synthesized zeolite [39]. The decrease in crystallinity due
to ultrasound treatment also occurred in the synthesis of
Na-Aby Vaiciukyniene et al. [13].

3.2. Functional Group of Silica-rich Sodalite

The characterization using Fourier transform infra-

red (FTIR) was intended to determine the functional
group of the synthesized sodalite zeolite. The FTIR
analysis was conducted at 400-4000 cm-1. Meanwhile,
the specific peak of the sodalite zeolite was in the range of
the wavenumber 400-1300 cnr'. The FTIR spectra
pattern of the synthetic product at various Si/Al ratios of
20, 30, 40, 60, 80, and 90 is shown in Figure 3.

Figure 3 shows that all samples have absorption
bands at -585 cnr1, indicating single four-rings of
sodalite building blocks. Wavenumber -1037 cm 1

indicates the presence of Si-O-T stretching vibrations.
Based on these findings, there is a typical absorption of
sodalite zeolite, although the absorption is not as strong
as it should be due to the early stages of nucleation. This
also indicates that the zeolite synthesized at each Si/Al
ratio is sodalite zeolite, but the crystallinity has not
entirely formed yet. The absorption at a wavenumber of
-450 cm 1 that appears in each product is a bending
vibration of the T-O-T bond, where T is Si or Al atom [4].
According to Shukla and Pandya [40], an absorption band
at 550 cnr1 near 450 cnr1 indicates sodalite formation.

Product with Si/Al ratios of 30, 60, 80 , and 90 had
adsorption bands on wavenumbers of 793cnr1, 793cm"1,
796 cnr1, and 797 cnr1, respectively. The absorption
indicates the T-O-T bond symmetry stretching vibration.
Meanwhile, the T-O-T bond symmetric stretching
vibration absorption band appears at 713 cnr1 for the
ratios of 20 and 40. Absorption in the area of 1600-
1650 cnr1 is H-O-H bending vibration. In addition, there
is also stretching of the -OH group in silanol (Si-OH) at
-3700 cnr1[25].

Si/Al 20
Si/Al 40

Si/Al 30
Si/Al 60

?
3
I
I
1 7Y .-

4000 3600 3200 2800 2400 2000 L 1600 1200 800 _ 400
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Figure 3. FTIR spectra of the synthesized product with
Si/Al ratio variation using the hydrothermal method
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The FTIR spectra of silica-rich sodalite with a Si/Al
ratio of 30 prepared under ultrasound and hydrothermal
treatment by varying hydrothermal temperatures of 100 ,
150 , and 200°C are presented in Figure 4. Figure 4 shows
that the spectra of all synthesized products are similar.
The difference lies in several peaks that appear at certain
absorptions. Besides that, the difference in the absorption
intensity of the peaks also indicates a difference in zeolite
formation. The sharper the absorption intensity, the
more structures or functional groups formed.

The absorption band of silica-rich sodalite zeolite at
all hydrothermal temperatures and ultrasound treatment
shows a specific area of sodalite at 500-650 cnr1, which
is single four-rings (S4R) sodalite. The absorption band
at1630-1640 cnr1corresponds to the O-H group of water
molecules absorbed by the zeolite. The strain vibration of
the -OH group is shown at 3100-3800 cnr'. In the

sodalite framework, the -OH group causes hydrogen
bonds to silica at 3400 cnr1 [41].

TS 100 US 100 TS 150

US 150 TS 200 US 200
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a
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Figure 4. FTIR spectra of silica-rich sodalite zeolite with
and without ultrasound treatment
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Figure 5. Deconvolution of silica-rich sodalite zeolite with and without ultrasound treatment
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The spectra of all silica-rich sodalites with a Si/Al
ratio of 30 prepared under both treatments showed
similarities. Therefore, a quantitative analysis was
investigated by comparing the derivative curves of the
FTIR spectra on the mainframe of sodalite. The derivative
curve was obtained using Fityk software with Gaussian
calculations to find the derivative curve. The derivative
curves for the six spectra are presented in Figure 5.

Furthermore, the area of Si-OH deconvolution
(deconvolution peak II) is compared to the area of Si-O-T
(deconvolution peak III), the ratio of Si-OH/Si-O-Si is
obtained. The ratio of Si-OH/Si-O-Si is presented in
Figure 6. Figure 6 shows that the Si-OH/Si-O-Si ratio
decreases with and without ultrasound treatment when
the hydrothermal temperature increases. The trend
indicates that the Si-OH group will continue to react and
form a Si-O-Si framework when the increasing
temperature. Increasing the hydrothermal temperature
without ultrasound treatment will accelerate crystal
formation. Temperature provides energy to enhance
crystallization; thus, a higher temperature causes Si-OH
to decrease while the number of Si-O-Si increases. This is
in line with Potapov and Zhuravlev [42] on the
dependence of silanol Si-OH concentration at a
temperature of 200-i200°C. Likewise, when employing
ultrasound treatment, ultrasound waves can control the
nucleation process to increase the rate of crystal
formation.When ultrasound energy plays a role in a liquid
medium, the microbubbles contained in the liquid will
enlarge and then burst. The bursting of bubbles will
accelerate the process of nucleation and crystal growth.
Therefore, it can be understood that the ratio of Si-
OH/Si-O-Si with ultrasound treatment is always higher
than without ultrasound treatment at each of the same
temperatures.

treatment and 11.47% with ultrasound. Meanwhile, with
the increase in temperature from 150 to 200°C, the ratio
decreased by 4.78% without ultrasound and 6.98% with
ultrasound.

Meanwhile, ultrasound treatment only reduced the
Si-OH/Si-O-Si ratio at the same temperature by 1-

4.45%. Thus, increasing the temperature reduces the Si-
OH/Si-O-Si ratio effectively. As specified by Yin et al. [43],
a high hydrothermal treatment temperature can obtain
crystallinity and hydrophobic properties.

The more Si-OH groups formed, the more
amorphous the phase becomes, causing it to be more
soluble in water. In contrast, it can be ascertained that the
increasing number of hydrophobic Si-O-Si groups [44]
will lead to the formation of more crystalline phases,
resulting in the formation of a more structured
framework [7]. In conclusion, zeolites can generally be
synthesized without or with ultrasound-forming
crystals.

3.3. Nitrogen Adsorption of Silica-rich Sodalite Zeolite

The gas sorption analyzer (GSA) analysis was only
performed on silica-rich sodalite samples with a Si/Al
ratio of 30, hydrothermal temperatures of 150 and 200°C
because the Si-O-Si framework is more dominant than
Si-OH, and prepared with and without ultrasound
treatment. The pattern of the adsorption-desorption
isotherm is shown in Figure 7.

250
TS 150
TS 200

US 150
•US 200

200!
S 150

100

> 500.3

0.25 0

1 0.0 0.2 0.4 0.6 0.8 1.0
0.2 Relative Pressure (P/P0)

3?
Figure 7. The adsorption-desorption isotherm pattern of
silica-rich sodalite zeolite with and without ultrasound

treatment

Figure 7 shows that silica-rich sodalite zeolite with a
Si/Al ratio of 30 is a porous material characterized by
hysteresis in its adsorption-desorption isotherm pattern.
The pattern also provides information that the ability to
adsorb nitrogen gas of silica-rich sodalite with
ultrasound treatment at hydrothermal temperatures of
150°C (US150) and 200°C (US 200) is higher than without
ultrasound treatment (TS 150 and TS 200). However, the
US 200 showed that low relative pressures (P/P0 < 0.2)
could absorb more nitrogen gas, while US 150 was lower
and increased significantly at P/P0 > 0.8.

O 0.15

S ...E
0.05

0
80 100 120 140 160 180 200 220

Temperature (°C)

Figure 6. The relationship between Si-OH/Si-O-Si ratio
with and without ultrasound treatment

The hydrophobic properties of silica-rich sodalites
have been shown in Figure 6. A decrease in the ratio of Si-
OH/Si-O-Si indicates a decrease in hydrophilic properties
or an increase in hydrophobic properties. The changes in
silica-rich sodalite’s hydrophilic/hydrophobic properties
can be seen in the ratio of Si-OH/Si-O-Si. Increasing
temperature from 100 to 150°C caused a decrease in the
ratio of Si-OH/Si-O-Si by 14.98% without ultrasound
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[11] Reza Khoshbin , Ramin Karimzadeh, Synthesis of
mesoporous ZSM-5 from rice husk ash with

Surface area Pore volumePore size (A)Sample codes (m2/g) (cc /g)

TS150
US150
TS 200

49.821
114.137
64.319
160.717

33.474 0.092
O.318
O.164
0.274

33.324

33.704
46.332US 200

Table1shows that all sodalite with a Si/Al ratio of 30
has the mesoporous group because pore sizes 33 3—
46.3A, according to IUPAC size 20-500 A, belong to
mesoporous materials. In addition, ultrasound treatment
increased the sample’s surface area and pore volume but
had a more negligible effect on the pore size [45]. In
comparison, the hydrothermal temperature of 200°C
with ultrasound succeeded in increasing the pore size
significantly. Based on the data analysis, the US 150
sample has more pores (more porous), but the size is
smaller than US 200, which is predicted to have a pocket-
like shape with a small pore mouth.

4. Conclusion
Based on the description of the results and

discussion, it can be concluded that the Si/Al ratio of 30
had the highest crystallinity, followed by the ratio of 40
and 20.While the ratio of 60, 80, and 90 indicated that the
zeolite obtained was amorphous. Ultrasound treatment
and increasing hydrothermal temperatures of too, 150,
and 200°C slightly decreased the crystallinity of silica-

rich sodalites. Meanwhile, increasing the hydrothermal
temperature without ultrasound treatment increased the
crystallinity and hydrophobicity of silica-rich sodalite.
Increasing the temperature was more effective than
pretreatment ultrasound in reducing the Si-OH/Si-O-Si
ratio. Increasing the hydrothermal temperature of 150
and 200°C both with and without ultrasound treatment
increased the surface area significantly. Sodalite with the
Si/Al ratio of 30 treated with ultrasound had surface areas
and pore volumes of 114.137 m2/g and 0.318 cc/g (US150),
160.717 m2/g and 0.274 cc/g (US 200), respectively. Thus,
the ability to adsorb nitrogen gas becomes higher.
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