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revised edition, see Methane oxidation over zeolite catalysts prepared from geothermal fluids, Microporous Mesoporous Mater. 285 (2019) 56-60.

3. XRD results Figure 1 – the authors claim the presence of zeolite A in the sample after 20 mins but the peaks differ from those after 40 mins and 60 mins. Why, for example, are there no zeolite A peaks below 10° after 20 mins?
The authors will need to provide a much better explanation of the XRD results. The same applies for Figures 2 and 3.
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(1) References or standard spectrum should be cited for the phase attribution of XRD.

(2) There are still some misspellings errors in this manuscript, e.g. “SiO2” in the first sentence of the third part. Please check the manuscript more carefully.
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1) The literature related to the materials analysis and data’s distribution is not well illustrated. Especially model structural design, proceed architecture, as well as the authors’ references to be analyzed in the real issue, should be
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2) Please provide the basic verification for the results that repoted in table 1 Chemical composition of geothermal powder.

3) Tabulate the results that reported in the tables 1-3 for comparison, especially, the performance indicator that can be used to verify the system description in the idea situation.

4) More detailed information should be considred in the processing architecture, such as the eliminated condition for the process of synthetic zeolite 2 h ageing of SEM image.

5) The result of the experiment that reported in Figs. 8-9 are not quantified and compared with the similar engineering issues also.
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Abstract: Zeolite A was successfully synthesized from geothermal waste by 
microwave-hydrothermal and conventional-hydrothermal. Geothermal waste was 
used as an alternative silica source for the synthesis of zeolite A. The reaction of 
geothermal waste with natrium aluminate and natrium silicate under microwave-
hydrothermal (M-H) and conventional-hydrothermal (C-H) reaction led to the 
successful transformation of zeolite A. The microwave-hydrothermal (M-H) and 
conventional-hydrothermal (C-H) were done with the variation of ageing and 
synthesis time. The products were characterized using X-Ray Diffraction (XRD), 
Fourier transformation infrared spectroscopy (FTIR), and scanning electron 
microscopy (SEM). In M-H process, zeolite formed at relatively low temperature 
(100 oC) in a short holding time (40 min). The crystallization of zeolite A was 
promoted with an increase of ageing and synthesis time. It was found that using 
M-H method, zeolite A was formed in shorter holding time. Zeolite A that was 
produced by M-H process has a smaller and more homogeneous crystal size than 
C-H method.  

Keywords: Geothermal waste, microwave-hydrothermal, conventional-
hydrothermal, zeolite A 

1 Introduction 
Indonesia is once of the country that has a high potential for geothermal energy. Indonesia has about 

28 GW potential of geothermal energy and electricity production based on geothermal sources. In the 
production of geothermal energy, geothermal power plants produce geothermal waste (geothermal sludge 
and geothermal brine) in large quantities. The geothermal waste is a byproduct from geothermal power 
plants, in which the water and steam extracted from the underground are used to generate electricity [1,2]. 

Zeolites are crystals consisting of aluminate and silicate frameworks. Zeolites have the ability to act 
as catalysts, adsorbents and so on. As a consequence of their properties, zeolites have many potential 
applications in the fields of petrochemical reactions, water purification, and the purification of gasses [3-
5]. Zeolite A is one of kind of zeolites. Due to its large ion exchange capacity, mechanical strength and 
particular crystal shape, zeolite A used to substitute sodium tripolyphosphate in the area of detergent and 
water softening.  

In the synthesis of zeolite A, sodium silicate and sodium aluminate are the most commonly used Si 
and Al resources. One of problem on zeolite synthesis is the availability and cost of raw material specifically 
the silica source. In order for reducing the production cost of synthesized zeolite, many researchers have 
been purposed alternative materials as silica source. Some natural minerals and wastes, such as natural 
clinoptilolite, oil shale ash, municipal solid waste ash, rice husk ash and coal fly ash were used to replace 
sodium silicate in the synthesis of zeolite A for the cost-saving and environmental protection purposes [6-
11]. Geothermal waste has high potential to be used as an alternative silica source for the synthesis of zeolite 
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A due to its silica contents. In our previous study, by a conventional-hydrothermal process, geothermal 
waste has successfully converted into zeolite A and sodalite [12]. Colloidal silica extracted from geothermal 
fluid was successfully synthesized to produced low Si/Al zeolite Y with similarity characteristics compared 
to zelite Y prepared from a conventional silica sol, Ludox [13]. Hydrothermal at temperature 150 oC for 5 
hours with concetration of NaOH 3 M produced Zeolite X with octahedral crystal shape and having a 
specific surface area of 68.985 m2/gr and a pore volume of 0.109 cc/gr.  The zeolite synthesized from this 
geothermal waste and processes was successfully used as a catalyst for enhanced biohydrogen production 
[14, 15]. Colloidal silica extracted from geothermal fluids can be used as silica source for zeolite synthesis 
[16].  The purity and yield of zeolite A synthesized from natural minerals and wastes using hydrothermal 
treatment were limited to the SiO2 extraction from them. In order to increase the yield of SiO2 and synthetic 
zeolite, several methods, such as: calcining, alkali and acid activation were conducted to treat these raw 
materials before the synthesis process of zeolite [12,17].  

Several synthesis methods have been purposed for increasing yield and purity of zeolite synthesis. 
Besides conventional hydrothermal, some authors have been purposed synthesis zeolite by microwave 
hydrothermal. Numerous papers on the subject of microwave-hydrothermal (M-H) synthesis of zeolites 
have been published [9,18,19].  These papers concluded that application of microwaves on the zeolite 
synthesis, give the significant reduction in crystallization time due to faster and homogeneous heating 
compared to conventional-hydrothermal (C-H). However, the fast temperature rise induced in the reacting 
solution by microwaves affects the nuclei formation leading to the crystallization of undesired phases or, 
sometimes, to the precipitation of amorphous solids [20,21]. Ageing the solution or adding seeds were 
proved to bring a beneficial effect to nucleation in microwave synthesis of various zeolites [22]. Chu et al. 
(1998) were the first to show that microwave heating could be used for the rapid synthesis of zeolites, 
crystallization of zeolite NaA was obtained in 12 min but the product was contaminated with 
hydroxysodalite (HS), even if the mixture was aged for 2 h at room temperature before microwave heating 
[22]. Slangen et.al.(1997) were able to obtain pure zeolite A in 5 min crystallization, but after 20 h of ageing 
at room temperature. Whereas, zeolite A with little hydroxysodalite could be obtained in as little as 4 h of 
ageing [23]. In a laboratory scale, the microwave zeolite synthesis usually consists in a batch reaction run 
in an autoclave made of a material transparent to microwaves, irradiated at 2.45 GHz in a multimodal oven 
cavity, like the customary household microwave ovens [19, 25]. 

This study used geothermal waste as silica sources to produce synthesized zeolite A. Zeolite A was 
synthesized from the calcined geothermal waste.  The calcined geothermal waste was added into alkali 
solution and aluminium source and followed by microwave-hydrothermal (M-H) and conventional-
hydrothermal (C-H) method. The effects of ageing and crystallization time, on the formation of zeolite A, 
were also investigated. 

2 Materials and Methods 
Geothermal sludge was obtained from Geo Dipa Energy Co. Ltd. (Wonosobo, Central Java, Indonesia). 

Then, geothermal waste was dried under the sunlight and sievec with a 320 mesh of sieving machine. This 
process resulted as receive geothermal powder. The powder was calcined by burned at temperature 850 oC 
for 3 hours at atmospheric condition using Carbolite furnace. Calcining process was carried out to burn 
unexpected or volatile materials. The chemical compositions of geothermal waste before and after calcining 
were characterized by atomic absorption spectroscopy (AAS) using Shimadzhu type AA-6650 and the 
results presented in the form of stable oxides as shown in Tab. 1.  

The first step for zeolite synthesis is making sodium silicate. In this research, sodium silicate was made 
from 3 gr of geothermal waste mixed with 30 mL of NaOH 5 M. This mixtures were stirred at a temperature 
of 100 oC for 20 min. Sodium aluminate was made from 20 g of NaOH 5 M dissolved in distilled water to 
yield 100 ml of 5 M NaOH and then added 9 gr of Al(OH)3 gradually while stirring at a temperature of 100 
oC for 20 min. The two suspensions: 30 mL of sodium silicate and 30 mL of sodium aluminate were mixed 
and stirred using a magnetic stirrer with 200 rpm for 2 and 5 hours ageing time at room temperature. The 
moment the silica was added was taken as the beginning of ageing. The ageing time thus includes the 
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dissolution of silica into alumina solution [22]. From this step resulted precursor gel for zeolite A synthesis. 

 

Table 1: Chemical composition of geothermal powder 

Compound 
Before Calcining 

(wt. %) 

After Calcining 

(wt,%) 

Al2O3 0.055 0.142 

Fe2O3 0.192 0.451 

Na2O3 0.609 0.760 

SiO2 49.100 80.043 

 

A household-type microwave oven 2.45 GHz (Panasonic NN-SM320M) with maximum output power 
450 Watt was used for the microwave synthesis. For measuring the temperature of the process, the 
thermocouple was inserted into the microwave. The precursor gel was poured into a Teflon(R) box and 
placed into the microwave and heated at 100ºC for 20, 40 and 60 min. Teflon(R) autoclave with controllable 
heating was used for conventional hidrothermal process. Conventional hydrothermal was done by pouring 
the precursor gel into the Teflon(R) autoclave and heated until 100 ºC with holding time 3, 4 and 5 hours. 
Synthesized products were washed with aquabidest and filtered with whatmann 42 paper to separate 
between solid and filtrate. The solid powder was dried in the oven at a temperature of 80 oC for 4 hours. 
The powders were analyzed by Rigaku X-ray diffractometer using CuKα radiation (40 kV, 30 mA), 8201PC 

Shimadzu FTIR (Fourier Transform Infra-Red) and JEOL JSM 6300 SEM (Scanning Electron Microscope). 

3 Results and Discusions 
Tab. 1 shows that the geothermal powder before calcining contains 49.10% SiO2, and after calcining, 

the amount of SiO2 increase up to 80.04 %. Calcining process causes unexpected and volatile materials 
were burned out. Calcined geothermal wasted produced Si/Al ratio 1.79 as shown on Table 2. The ratio of 
Si/Al allows the formation of zeolite A, which according to the literature that zeolite A has a ratio of Si/Al 
with range 1-3.5 [21]. Sulardjaka et.al (2014) has reported that the geothermal powder before calcining 
contains silica in amorphous form,  there is no dominant peak from the diffractogram. However, the peaks 
are found at 21.91 and 20.88 in the calcined geothermal powder. It indicates that there are transformation 
of amorphous silica into primary cristobalite [12]. The calcining process until 850 oC for 3 hours, some of 
the silica transforms into cristobalite phase, but the amorphous silica phase is still dominant phase [26,27]. 
SiO2 in amorphous form in geothermal waste is potential as a silica resources for zeolite synthesis. 

 

Table 2: Si/Al ratio of synthetic mixture 

Sample Element Average (wt. %) 

Precursor gel 
Al 5.86 

Si 10.48 

 

XRD diffraction pattern of synthesized products from microwave-hydrothermal of geothermal waste 
for 2 h and 5 h ageing time shown at Fig. 1 and Fig. 2 respectively. Phases produced from conventional-
hydrothermal is shown in Fig. 3. Based on the diffractogram pattern as shown in Fig. 1, Fig. 2 and Fig. 3, 
they has accordance with diffractogram from JCPDS data number 11-0401 (hydroxy-sodalite) and 31-1269 
(zeolite A). It shows that the synthetic zeolite in all of variation contains crystal of zeolite A and sodalite. 
Microwave-hydrothermal for 2 h ageing time, holding time for 20 minutes, phase zeolite A is dominant 
phase, increasing holding time to 40 and 60 minutes, phase zeolite A also increases and sodalite phase is 
formed. X-Ray diffraction of microwave-hydrothermal of geothermal waste for 5 h ageing with 20, 40 and 
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60 minutes show that at ageing for 20 and 40 minutes, zeolite A phase is dominant. The rise of hoding time 
to 60 minutes, increases phase of zeolite A and produces sodalite phase. 

 

 
Figure 1: X-Ray diffraction of microwave-hydrothermal of geothermal waste for 2 h ageing with the 

variation of holding time 

 

 
Figure 2: X-Ray diffraction of microwave-hydrothermal of geothermal waste for 5 h ageing with the 

variation of holding time 

 

Fig. 3 shows X-Ray diffraction of conventional-hydrothermal of geothermal waste for 2 h ageing 
with 3, 4, 5 hours holding time. At holding time for 3 hours, produced zeolite A and less sodalite phase. 
The rise of holding time, increase zeolite A and sodalite phases. Holding time for 5 hours hyroxy-sodalite 
phase is dominant. The microwave-hydrothermal (M-H) and conventional-hydrothermal (C-H) of 
geothermal waste produced synthetic zeolite. Zeolites A and sodalite were produced in all of the variation 
of microwave-hydrothermal process.  Along with increasing M-H time, it increases the production of zeolite 
A and sodalite. However, along with increasing C-H time, it decreased the zeolite A phase and increased 
the phase of sodalite. In zeolite A synthesis, formation of building units and nucleation of zeolite using the 
building units occur, followed by crystal growth by adsorption of building units on the surface of zeolite 
nuclei and crystal. At the longer holding time, the impurity phase of zeolite A is formed. There has been a 



 

 
FDMP, 2020, vol, no                                                                                                                                                       5 

 

transformation from zeolite A →  sodalite. The surface-to-core extension of crystallization, sodalite 
nanoplates were crystallized within the amorphous cores of zeolite A.  At longer holding time, sodalite 
nanoplates increased in size and breaking the cubic shells of zeolite A in the process, leading to the phase 
transformation from zeolite A to sodalite [27-29].  

 

 
Figure 3. X-Ray diffraction of conventional-hydrothermal of geothermal waste for 2 h ageing with 

variation of holding time 

 

The average of crystal grain size of sinthesized zeolites can determine from the results of XRD graphs, 
it could be calculated using Scherer formula [30, 31].  

 

L =
57.3 x k x γ

β x cos  
                                        (1) 

Where: 

L = crystal grain size (nm),  

k = oxide constant  (0.94),  

λ = X-ray wavelength (1.5406 Å),  

β = the value of FWHM (deg),  

θ = angle of crystal diffraction peak position (deg),  

57.3 = correction factor from degree to radian. 

 

The results of crystal grain size calculation using Scherer formula is shown in Figure 4. The cristal 
size of zeolite A produced from M-H are: 13.43 nm (ageing 2 h) and 14 nm (ageing 5 h). C-H with 2 h 
ageing produced zeolite  A with crystal size 53.94 nm and sodalite with crystal size 35.4 nm.  Sodalite with 
crystal size 10.78 nm (ageing 2 h) and 11.38 nm (ageing 5 h) were also formed from M-H. M-H produces 
smaller and more homogeneous crystal size of zeolite A and sodalite due to faster and homogeneous heating 
compared to conventional-hydrothermal (C-H). Ageing time with variation of 2 h and 5 h on M-H method 
affect nucleation and crystallization of synthetic zeolite. The ageing of precursor gels resulted in 
acceleration of the crystallization and crystal size diminution of the synthesis product, the ageing process 
directly influence to the concentration and number of formed nuclei [32]. Fast crystallization on M-H 
method affect the significant reduction of crystallization time, 3 or 4 times, shorter than C-H method. It was 
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also observed that the time and temperature of microwave heating had significant effects on the prepared 
zeolite particles. The shortening of synthesis times in microwave heating is caused by two different 
mechanisms, i.e., the rapid heat-up of the sample and a better heat transfer which results in rapid and 
thorough heating of the synthesis mixture. This thorough heating can easily result in rapid and thorough 
heating of the synthesis mixture and effect on faster crystallization [33, 34]. 

 

 
Figure 4: Crystal size of zeolite A and hydroxy-sodalite 

FTIR analysis was conducted to identify functional group on the synthetic zeolite. FTIR data were 
analysed based on The Nicodom FTIR Spectra Libraries. FTIR data were obtained from references such as 
the general FTIR vibrational region 300-400 cm-1 (vibrations of the external opening of the pores caused 
by breathing motion of the ring hole 12) , vibration region 420-500 cm-1 (Si-O/Al-O bending vibrations) 
vibration region 500-650 cm-1 (double ring D4R/ D6R external vibration) which shows the formation of 
zeolite A, vibration region 650-850 cm-1 (symmetric stretching vibrations of O-Si-O or O-Al-O) vibration 
region 900-1250 cm-1 (asymmetric stretching vibrations of O-Si-O or O-Al-O) vibration region 1600-1700 
cm-1 (O-H bending vibration) which showed the presence of zeolitic water (H2O) and vibration region 3400-
3700 cm-1 (O-H stretching vibration of Si-OH) [21]. FTIR spectra of zeolite synthesis results at 3 variations 
can be seen in Fig. 5, Fig. 6 and Fig. 7. 
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Figure 5: FTIR spectra of zeolite produced from microvawe-hydrothermal synthesis for 2 h ageing 

There are wavenumber 555.5 cm-1 and 563.21 cm-1  for 40 and 60 min 2 h ageing; M-H. Existence of 
the absorption band in the region around 500-650 cm-1 shows the double ring D4R or D6R. It can be 
concluded that zeolite A was only formed in variation 40 and 60 min 2 h ageing; M-H. There is only 
wavenumber 563.21 cm-1 for 60 min 5 h ageing; M-H. It can be concluded that zeolite A was only formed 
in variation 60 min 5 h ageing; M-H. There are wavenumber 555.5 cm-1 and 555.5 cm-1 for 3 and 4 h, 2 h 
ageing; C-H. The FTIR analysis is match with the XRD analysis that zeolite A was only formed in variation 
3 and 4 h, 2 h ageing; C-H. 

 

 
Figure 6: FTIR spectra of zeolite produced from microvawe-hydrothermal synthesis for 5 h ageing 
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Figure 7: FTIR spectra of zeolite produced from conventional-hydrothermal synthesis for 2 h ageing 

 

Scanning electron micrograph of the M-H process with 2 h ageing with holding time 20 min, 40 min 
and 60 min are shown in Fig. 8.a., 8.b. and 8.c respectively.  It is shown that on variation 20 min, the form 
of grain is not regular or amorphous and zeolite A has not been formed yet. But, on variation 40 and 60 
min, zeolite A and sodalite has been formed. Zeolite A has cubic form and sodalite has spherical form with 
an array of long fibers that surround it. Same with M-H with ageing 2 h, M-H with ageing time 5 h and 
holding time 20 min The zeolite A has not been formed, it is shown in Fig. 6.d. that the form of grain is not 
regular or amorphous. The spherical form appears on variation 40 min (Fig. 6.e). It reveals that amorphous 
silica transforms into a crystal of zeolite. On variation 60 min (Fig. 6.f.), the image shows the formation of 
many cubes which is a form of zeolite A and sodalite, which has the formation of spherical with an array 
of long fibres that surround it. The grain size of zeolite A and sodalite approximately 1 μm. 

 

 
(a) (b) 
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 (c) (d) 

 

 

 

 

 

  
 

 (e) (f) 

Figure 8: SEM image of synthetic zeolite for 2 h ageing; M-H (a) 20 min  (b) 40 min (c) 60 min  

and 5 h ageing; M-H (d) 20 min  (e) 40 min (f) 60 min 

 

Result of the SEM on the variation 2 h ageing; C-H as shown in Fig. 9. On variation 3 h, It’s shows 

the formation of zeolite A and sodalite with a grain size about 5 μm and 10 μm respectively (Fig. 9.a. and 
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Fig. 9.b.). Fig. 9.c. shows that formation of zeolite A and sodalite is not clear on variation 4 h, and only 
sodalite phase appears on variation 5 h because zeolite A has been transformed into sodalite (Fig 9.d.). M-
H produces smaller and more homogeneous grain size of zeolite A and hydroxy-sodalite due to faster and 
homogeneous heating compared to conventional-hydrothermal (C-H). The formation of sodalite as a side 
product in the synthesis of NaA is not very surprising and can be explained by inadequate mixing. Prolonged 
heating then results in dissolution and regrowth of crystals of that composition,e.g., when a NaA mixture 
moves into a HS range, eventually, all NaA will be transformed into sodalite. However, when the synthesis 
mixture stays in the NaA region, the only sodaliteS that can nucleate is in the inhomogeneous pockets [32].  

 
Figure 9: SEM image of synthetic zeolite 2 h ageing; C-H  (a) 3 h; zeolite A  (b) 3 h; sodalite 

(c) 4 h (d) 5 h 
4 Conclusions 

Zeolite A was successfully synthesized from geothermal waste by conventional-hydrothermal (C-H) 
and microwave-hydrothermal (M-H). Geothermal waste consists of 80.04 % SiO2 and 0.142 % Al2O3, the 
silica content of geothermal waste is a high potential as an alternative silica source for synthesizing zeolite 

  
a b 

  
c d 
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A. The rise of M-H time will increase the crystallinity of zeolite A and sodalite but the rise of C-H time 
will decrease the crystallinity of zeolite A and increase the crystallinity of sodalite. Fast crystallization on 
M-H method affect the significant reduction of crystallization time 3 or 4 times shorter than C-H method 
and produces smaller and more homogeneous crystal size compared to C-H method. 
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Abstract: Zeolite A has been successfully synthesized from geothermal waste 
with natrium aluminate and natrium silicate using conventional (C-H) and 
microwave heating (M-H) for the hydrothermal treatment. The products obtained 
for different aging times have been characterized using X-Ray Diffraction (XRD), 
Fourier transformation infrared spectroscopy (FTIR), and scanning electron 
microscopy (SEM). It is shown that with the M-H process, zeolite can be formed 
at relatively low temperature (100 °C) in a relatively short time (40 min). The 
crystallization of zeolite A has been found to be generally promoted by an increase 
of aging and synthesis time; however, it has also been observed that relative long 
aging times can transform it into sodalite. Zeolite A produced through the M-H 
process generally displays a smaller and more homogeneous crystal size with 
respect to that obtained with the C-H method.  

Keywords: Geothermal waste, microwave-hydrothermal, conventional-
hydrothermal, zeolite A 

1 Introduction 
High potential of geothermal energy promising an alternative resource in power plant generation. In 

the production process, wastes are produced (geothermal sludge and brine) in large quantities, and are the 
byproducts from power plants, in which the water and steam extracted from the underground are used to 
generate electricity [1,2]. 

Zeolites are crystals consisting of aluminate and silicate frameworks, with the ability to act as catalysts, 
adsorbents, etc. As a consequence of their properties, they have many potential applications in the fields of 
petrochemical reactions, water and gas purification [3-5]. Zeolite A is a type of zeolites, and due to its large 
ion exchange capacity, mechanical strength, and particular crystal shape, it is used in the substitution of 
sodium tripolyphosphate in the aspect of detergent and water softening.  

In the synthesis of zeolite A, sodium silicate and sodium aluminate are the most commonly used Si 
and Al resources. One of the problems in zeolite synthesis is the unavailability and cost of raw material, 
specifically the silica source. In order to reduce the production cost of synthesized zeolite, many alternative 
materials, such as silica source have been proposed. Some natural minerals and wastes, such as clinoptilolite, 
oil shale, municipal solid, rice husk and coal fly ash were used to replace sodium silicate in the synthesis 
of zeolite A for cost-saving and environmental protection purposes [6-11]. Geothermal waste has high 
potential to be used as an alternative silica source for the synthesis of zeolite A, due to its silica contents. 
In previous study, by a conventional-hydrothermal process, geothermal waste was successfully converted 
into zeolite A and sodalite [12]. Colloidal silica extracted from geothermal fluid was synthesized to low 
Si/Al zeolite Y, with similarity characteristics compared to those prepared from a conventional silica sol or 
Ludox [13]. Hydrothermal process at 150 oC for 5 hours with 3 M of NaOH produced Zeolite X with 
octahedral crystal shape, having a specific surface area of 68.985 m2/gr and a pore volume of 0.109 cc/gr. 
The synthesized zeolite was successfully used as a catalyst for enhancing biohydrogen production [14, 15]. 
The colloidal silica extracted from geothermal fluids is used as silica source for zeolite synthesis [16].  The 
purity and yield of zeolite A synthesized from natural minerals and wastes using hydrothermal treatment 
were limited to the SiO2 extraction. In order to increase the yield of SiO2 and synthetic zeolite, several 



 

 

2                                                                                                                                                       FDMP, 2020, vol, no  

methods, such as calcining, alkali, and acid activation were conducted to treat these raw materials before 
the synthesis process [12,17].  

Several synthesis methods have been proposed for increasing the yield and purity of zeolite, besides 
conventional hydrothermal, some synthetic zeolites by microwave hydrothermal were produced. Also, 
numerous studies on the subject of microwave-hydrothermal (M-H) synthesis of zeolites have been 
published [9,18,19]. This research explained that the application of microwaves on zeolite synthesis, yield 
significant reduction in crystallization time due to faster and homogeneous heating, compared to 
conventional-hydrothermal (C-H) method. However, the fast temperature rise induced in the reacting 
solution by microwaves affects the nuclei formation, leading to the crystallization of undesired phases, or 
to the precipitation of amorphous solids [20,21]. The addition of seeds or ageing the solution were proved 
to bring a beneficial effect to nucleation in microwave synthesis of various zeolites [22]. Chu et al. (1998) 
was the first to show that microwave heating is used for the rapid synthesis of zeolites, and the 
crystallization of zeolite NaA was obtained in 12 min, contaminated with hydroxysodalite (HS), even when 
the mixture was aged for 2 hrs at room temperature before the M-H treatment [22]. Slangen et.al.(1997) 
obtained pure zeolite A in 5 mins crystallization, and after 20 hrs of ageing at room temperature. While the 
product with little hydroxysodalite was obtained in as short as 4 hrs of ageing [23]. In a laboratory scale, 
the microwave zeolite synthesis usually consists a batch reaction carried out in an autoclave made of a 
material transparent to microwaves, irradiated at 2.45 GHz in a multimodal oven cavity, similar to the 
customary household type [19, 25]. 

This study used calcined geothermal waste as silica sources in synthesizing zeolite A. This waste was 
added into alkali solution and aluminum source, followed by microwave-hydrothermal (M-H) and 
conventional-hydrothermal (C-H) method. The ageing effects and crystallization time, on the formation of 
zeolite A were also investigated. 

2 Materials and Methods 
Geothermal waste from geothermal power plant was dried under the sunlight and sieved with a 320-

mesh sieving machine. The powder was calcined by burning at 850 oC for 3 hours at atmospheric condition 
using Carbolite furnace. Calcining process was carried out to burn unexpected or volatile materials. The 
chemical compositions of geothermal waste before and after calcining were characterized by atomic 
absorption spectroscopy (AAS) using Shimadzhu type AA-6650 and the results were presented in the form 
of stable oxides as shown in Tab. 1.  

The first step for zeolite synthesis was making sodium silicate. In this research, sodium silicate was 
made from 3 gr of geothermal waste mixed with 30 mL of NaOH 5 M. These mixtures were stirred at 100 
oC for 20 min. Then, sodium aluminate was made from 20 g of NaOH 5 M dissolved in distilled water to 
yield 100 ml of 5 M NaOH, and then added 9 gr of Al(OH)3 gradually, while stirring at 100 oC for 20 min. 
The two suspensions: 30 mL of sodium silicate and 30 mL of sodium aluminate were mixed and stirred 
using a magnetic stirrer at 200 rpm for 2 and 5 hours ageing time at room temperature. The moment the 
silica was added, it was taken as the beginning of ageing. This included the dissolution of silica in alumina 
solution [22], from this step resulted precursor gel for zeolite A synthesis. 

 

Table 1: Chemical composition of geothermal powder 

Compound 
Before Calcining 

(wt. %) 

After Calcining 

(wt,%) 

Al2O3 0.055 0.142 

Fe2O3 0.192 0.451 

Na2O3 0.609 0.760 

SiO2 49.100 80.043 
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A household-type microwave oven 2.45 GHz (Panasonic NN-SM320M) with maximum output power 
450 Watt was used for microwave synthesis. For measuring the temperature of the process, the 
thermocouple was inserted into the microwave. The precursor gel was poured into a Teflon(R) box and 
placed into the microwave and heated at 100ºC for 20, 40, and 60 min. The Teflon(R) autoclave with 
controllable heating was used for conventional hydrothermal process. This was performed by pouring the 
precursor gel into the Teflon(R) autoclave and heated until 100 ºC with holding time 3, 4, and 5 hours. The 
synthesized products were washed with aquabidest and filtered with whatmann 42 paper to separate 
between solid and filtrate. The solid powder was dried in the oven at 80 oC for 4 hours. The powders were 
analyzed by Rigaku X-ray diffractometer using CuKα radiation (40 kV, 30 mA), 8201PC Shimadzu FTIR 

(Fourier Transform Infra-Red) and JEOL JSM 6300 SEM (Scanning Electron Microscope). 

3 Results and Discusions 
Tab. 1 shows that the geothermal powder before calcining contains 49.10% SiO2, and after, it increases 

up to 80.04 %. Munfarida et. al. has reported that using EDX analysis geothermal waste form power plant 
has SiO2 containing 35.09 % and Al2O3 about 0.05 % [26]. Calcining process causes unexpected and volatile 
materials to burned out. While the calcined geothermal waste produced Si/Al ratio 1.79 as shown on Table 
2. This ratio allows the formation of zeolite A, which according to the literature that this product has a ratio 
of Si/Al ranging from 1-3.5 [21]. Sulardjaka et.al (2014) reported that the geothermal powder before 
calcining contained silica in amorphous form, there was no dominant peak from the diffractogram. However, 
the peaks were found at 21.91 and 20.88 in the calcined geothermal powder. This indicated that there was 
transformation of amorphous silica into primary cristobalite [12]. During the calcining process until 850 oC 
for 3 hours, some of the silica transformed into cristobalite phase, and the amorphous silica phase was still 
dominant [27,28]. SiO2 in amorphous form in geothermal waste has potential as a silica resources for zeolite 
synthesis. 

 

Table 2: Si/Al ratio of synthetic mixture 

Sample Element Average (wt. %) 

Precursor gel 
Al 5.86 

Si 10.48 

 

XRD diffraction pattern of synthesized products from microwave-hydrothermal of geothermal waste 
for 2 hrs and 5 hrs ageing time were shown at Fig. 1 and 2 respectively. The phases produced from 
conventional-hydrothermal were shown in Fig. 3. The diffractogram pattern as shown in Fig. 1, 2, and 3, 
correlated with that from JCPDS data number 11-0401 (hydroxy-sodalite) and 31-1269 (zeolite A). This 
showed that the synthetic zeolite in all the variation contained crystal of zeolite A and sodalite. During the 
microwave-hydrothermal for 2 h ageing, holding time for 20 mins, phase zeolite A became the dominant. 
While increasing the holding time to 40 and 60 mins, the zeolite A also increased and sodalite phase was 
formed. X-Ray diffraction of microwave-hydrothermal of geothermal waste for 5 hrs ageing showed that 
at the ageing of 20 and 40 mins, zeolite A phase was dominant. The rise of holding time to 60 mins, 
increased the zeolite A and produced sodalite phase. 
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Figure 1: X-Ray diffraction of microwave-hydrothermal of geothermal waste for 2 hrs ageing with the 

variation of holding time 

 

 
Figure 2: X-Ray diffraction of microwave-hydrothermal of geothermal waste for 5 hrs ageing with the 

variation of holding time 

 

Fig. 3 showed X-Ray diffraction of conventional-hydrothermal of geothermal waste for 2 hrs ageing 
with 3, 4, 5 hours holding time. At the holding time of 3 hours, zeolite A and less sodalite phase were 
produced. The rise of holding time, increased zeolite A and sodalite phases. The holding time for 5 hours 
hydroxy-sodalite phase was dominant. The microwave-hydrothermal (M-H) and conventional-
hydrothermal (C-H) of geothermal waste produced synthetic zeolite. Zeolites A and sodalite were produced 
in all of the variation of microwave-hydrothermal processes. The increasing M-H time, elevated the 
production of zeolite A and sodalite. However, the increasing C-H time, decreased the zeolite A phase and 
raised that of sodalite. In zeolite A synthesis, the formation of building units and the nucleation of zeolite 
with it, was followed by crystal growth by adsorption of the units on the surface of the zeolite nuclei and 
crystal. At the longer holding time, the impurity phase of zeolite A was formed. There has been a 
transformation from zeolite A → sodalite. At the surface-to-core extension of crystallization, sodalite 
nanoplates were crystallized within the amorphous cores of zeolite A.  At the longer holding time, sodalite 
nanoplates increased in size and breaking the cubic shells of zeolite A in the process. This led to the phase 
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transformation from zeolite A to sodalite [28-30].  

 

 
Figure 3. X-Ray diffraction of conventional-hydrothermal of geothermal waste for 2 hrs ageing with 

variation of holding time 

 

The average of crystal grain size of synthesized zeolites was determined from the results of XRD 
graphs, this was calculated using Scherer formula [31, 32].  

 

L =
57.3 x k x γ

β x cos  
                                        (1) 

Where: 

L = crystal grain size (nm),  

k = oxide constant (0.94),  

λ = X-ray wavelength (1.5406 Å),  

β = the value of FWHM (deg),  

θ = angle of crystal diffraction peak position (deg),  

57.3 = correction factor from degree to radian. 

 

The results of the crystal grain size calculation using Scherer formula was shown in Figure 4. The 
crystal size of zeolite A produced from M-H were 13.43 nm (ageing 2 hrs) and 14 nm (ageing 5 hrs). The 
C-H with 2 hrs ageing produced zeolite A with crystal size of 53.94 nm, and sodalite of 35.4 nm.  The 
sodalite with crystal size of 10.78 nm (ageing 2 hrs) and 11.38 nm (ageing 5 hrs) were also formed from 
M-H. The M-H produced smaller and more homogeneous crystal size of zeolite A and sodalite, due to faster 
and homogeneous heating compared to the C-H. Ageing time with variation of 2 and 5 hrs on the M-H 
method affected nucleation and crystallization of synthetic zeolite. The ageing of precursor gels resulted in 
the acceleration of the crystallization and crystal size diminution of the synthesis product. This ageing 
process directly influenced the concentration and number of formed nuclei [33]. The fast crystallization on 
M-H method affected the significant reduction of its time, 3 or 4 times, shorter than that of C-H method. It 
was also observed that the time and temperature of microwave heating had significant effects on the 
prepared zeolite particles. The shortening of synthesis times in microwave heating was caused by two 
different mechanisms, i.e., the rapid heat-up of the sample and a better heat transfer which resulted in the 
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rapid and thorough heating of the synthesis mixture. This easily resulted in rapid and vivid heating of the 
synthesis mixture and effect a faster crystallization [34, 35]. 

 

 
Figure 4: Crystal size of zeolite A and hydroxy-sodalite 

FTIR analysis was conducted to identify the functional group on the synthetic zeolite. The data were 
analyzed based on the Nicodom FTIR Spectra Libraries. These data were obtained from references, such 
as the general FTIR vibrational region 300-400 cm-1 (vibrations of the external opening of the pores caused 
by breathing motion of the ring hole 12), 420-500 cm-1 (Si-O/Al-O bending vibrations), 500-650 cm-1 
(double ring D4R/ D6R external vibration) which showed the formation of zeolite A, 650-850 cm-1 
(symmetric stretching vibrations of O-Si-O or O-Al-O), 900-1250 cm-1 (asymmetric stretching vibrations 
of O-Si-O or O-Al-O), 1600-1700 cm-1 (O-H bending vibration) which showed the presence of zeolitic 
water (H2O), and 3400-3700 cm-1 (O-H stretching vibration of Si-OH) [21]. The FTIR spectra of zeolite 
synthesis which resulted at 3 variations was shown in Fig. 5, 6, and 7. 

 

 
Figure 5: FTIR spectra of zeolite produced from microwave-hydrothermal synthesis for 2 hrs ageing 
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There were wavenumber 555.5 cm-1 and 563.21 cm-1  for 40 and 60 mins of 2 hrs ageing using the M-
H method. The existence of absorption band in the region around 500-650 cm-1 showed the double ring 
D4R or D6R. It was observed that zeolite A was only formed in variation for 40 and 60 mins of 2 h ageing 
using the M-H method. There was only wavenumber 563.21 cm-1 for 60 mins of 5 hrs ageing with M-H. It 
was also found that zeolite A was only formed in variation for 60 mins of 5 hrs ageing with M-H. There 
were wavenumbers of 555.5 cm-1 and 555.5 cm-1 for 3 and 4 hrs of the 2 hrs ageing with C-H. The FTIR 
analysis was matched with the XRD test, that zeolite A was only formed in variation 3 and 4 hrs of the 2 
hrs ageing with C-H. 

 

 
Figure 6: FTIR spectra of zeolite produced from microwave-hydrothermal synthesis for 5 hrs ageing 

 

 
Figure 7: FTIR spectra of zeolite produced from conventional-hydrothermal synthesis for 2 hrs ageing 

 

Scanning electron micrograph of the M-H process for 2 hrs ageing with holding time of 20, 40, and 60 
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mins were shown in Fig. 8.a., 8.b., and 8.c, respectively.  It was shown that on variation 20 mins, the 
formation of grain was not regular, while amorphous and zeolite A has not been formed yet. However, on 
variation 40 and 60 mins, zeolite A and sodalite were formed. Zeolite A has cubic while sodalite has 
spherical form with an array of long fibers that surrounded it. The same with M-H for the ageing of 2 and 
5 hrs and the holding time of 20 mins. The zeolite A formed, as shown in Fig. 6.d. that the formation of 
grain was not regular or amorphous. The spherical form appeared on variation of 40 mins (Fig. 6.e), and 
showed that amorphous silica transformed into a crystal of zeolite. On variation of 60 mins (Fig. 6.f.), the 
image showed the formation of many cubes, in the form of zeolite A and sodalite, has spherical form with 
an array of long fibers that surround it. The grain size of zeolite A and sodalite we're approximately 1 μm. 

 

 
(a) (b) 

 
 (c) (d) 
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 (e) (f) 

Figure 8: SEM image of synthetic zeolite for 2 hrs ageing with M-H (a) 20 min  (b) 40 min (c) 60 min  

and 5 hrs (d) 20 min  (e) 40 min (f) 60 min 

 

The result of the SEM on the variation of 2 hrs ageing with C-H was shown in Fig. 9. On variation 3 
hrs, the formation of zeolite A and sodalite with a grain size of about 5 μm and 10 μm, respectively were 
observed (Fig. 9.a. and Fig. 9.b.). Figure 9.a. showed that there was a cubic formation of zeolite A. Figure 
9.b. showed sodalite phase. While Fig. 9.c. indicated that the formation of zeolite A and sodalite was not 
clear on variation 4 hrs, and only sodalite phase was observed, because zeolite A has been transformed into 
sodalite (Fig 9.d.). The M-H produced smaller and more homogeneous grain size of zeolite A and sodalite, 
due to faster and homogeneous heating compared to C-H. The formation of sodalite as a side product in the 
synthesis of NaA was explained by the inadequate mixing. The prolonged heating resulted in the dissolution 
and regrowth of crystals composition, e.g., when a NaA mixture moved into a HS range, eventually, all 
NaA were transformed into sodalite. However, when the synthesis mixture stayed in the NaA region, the 
only sodalite that nucleated was in the inhomogeneous pockets [33].  
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Figure 9: SEM image of synthetic zeolite 2 hrs ageing with C-H  (a) 3 hrs zeolite A  (b) 3 hrs sodalite 

(c) 4 hrs (d) 5 hrs 
 

4 Conclusions 
Zeolite A was successfully synthesized from geothermal waste by conventional-hydrothermal (C-H) 

and microwave-hydrothermal (M-H) methods. This waste consists of 80.04 % SiO2 and 0.142 % Al2O3, 
while its silica content has high potential as an alternative source for synthesizing zeolite A. The rise of M-
H and C-H time increased and decreased the crystallinity of zeolite A and sodalite, respectively. The fast 
crystallization observed using the M-H method affected the significant reduction in duration to 3 or 4 times 
shorter, producing smaller and more homogeneous crystal size compared to the C-H method. 
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Zeolite A Synthesized from Geothermal Waste Using Conventional and 

Microwave Heating for the Hydrothermal Treatment  

 

Abstract: Zeolite A has been successfully synthesized from geothermal waste 
with natrium aluminate and natrium silicate using conventional (C-H) and 
microwave heating (M-H) for the hydrothermal treatment. The products obtained 
for different aging times have been characterized using X-Ray Diffraction (XRD), 
Fourier transformation infrared spectroscopy (FTIR), and scanning electron 
microscopy (SEM). It is shown that with the M-H process, zeolite can be formed 
at relatively low temperature (100 °C) in a relatively short time (40 min). The 
crystallization of zeolite A has been found to be generally promoted by an increase 
of aging and synthesis time; however, it has also been observed that relative long 
aging times can transform it into sodalite. Zeolite A produced through the M-H 
process generally displays a smaller and more homogeneous crystal size with 
respect to that obtained with the C-H method.  

Keywords: Geothermal waste, microwave-hydrothermal, conventional-
hydrothermal, zeolite A 

1 Introduction 
Geothermal energy is heat that generated or comes from the sub-surface of the eart. The geothermal 

energy produces heat and can used as a resource in power plant generation. In the production process, 
wastes are produced (geothermal sludge and brine) in large quantities, and are the byproducts from power 
plants, in which the water and steam extracted from the underground are used to generate electricity [1,2]. 

Zeolites are crystals consisting of aluminate and silicate frameworks, with the ability to act as catalysts, 
adsorbents, etc. As a consequence of their properties, they have many potential applications in the fields of 
petrochemical reactions, water and gas purification [3-5]. Zeolite A is a type of zeolites, and due to its large 
ion exchange capacity, mechanical strength, and particular crystal shape, it is used in the substitution of 
sodium tripolyphosphate in the aspect of detergent and water softening.  

In the synthesis of zeolite A, sodium silicate and sodium aluminate are the most commonly used Si 
and Al resources. One of the problems in zeolite synthesis is the unavailability and cost of raw material, 
specifically the silica source. In order to reduce the production cost of synthesized zeolite, many alternative 
materials, such as silica source have been proposed. Some natural minerals and wastes, such as clinoptilolite, 
oil shale, municipal solid, rice husk and coal fly ash were used to replace sodium silicate in the synthesis 
of zeolite A for cost-saving and environmental protection purposes [6-11]. Geothermal waste has high 
potential to be used as an alternative silica source for the synthesis of zeolite A, due to its silica contents. 
In previous study, by a conventional-hydrothermal process, geothermal waste was successfully converted 
into zeolite A and sodalite [12]. Colloidal silica extracted from geothermal fluid was synthesized to low 
Si/Al zeolite Y, with similarity characteristics compared to those prepared from a conventional silica sol or 
Ludox [13]. Hydrothermal process at 150 oC for 5 hours with 3 M of NaOH produced Zeolite X with 
octahedral crystal shape, having a specific surface area of 68.985 m2/gr and a pore volume of 0.109 cc/gr. 
The synthesized zeolite was successfully used as a catalyst for enhancing biohydrogen production [14, 15]. 
The colloidal silica extracted from geothermal fluids is used as silica source for zeolite synthesis [16].  The 
purity and yield of zeolite A synthesized from natural minerals and wastes using hydrothermal treatment 
were limited to the SiO2 extraction. In order to increase the yield of SiO2 and synthetic zeolite, several 
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methods, such as calcining, alkali, and acid activation were conducted to treat these raw materials before 
the synthesis process [12,17].  

Several synthesis methods have been proposed for increasing the yield and purity of zeolite, besides 
conventional hydrothermal, some synthetic zeolites by microwave hydrothermal were produced. Also, 
numerous studies on the subject of microwave-hydrothermal (M-H) synthesis of zeolites have been 
published [9,18,19]. This research explained that the application of microwaves on zeolite synthesis, yield 
significant reduction in crystallization time due to faster and homogeneous heating, compared to 
conventional-hydrothermal (C-H) method. However, the fast temperature rise induced in the reacting 
solution by microwaves affects the nuclei formation, leading to the crystallization of undesired phases, or 
to the precipitation of amorphous solids [20,21]. The addition of seeds or ageing the solution were proved 
to bring a beneficial effect to nucleation in microwave synthesis of various zeolites [22]. Chu et al. (1998) 
was the first to show that microwave heating is used for the rapid synthesis of zeolites, and the 
crystallization of zeolite NaA was obtained in 12 min, contaminated with hydroxysodalite (HS), even when 
the mixture was aged for 2 hrs at room temperature before the M-H treatment [22]. Slangen et.al.(1997) 
obtained pure zeolite A in 5 mins crystallization, and after 20 hrs of ageing at room temperature. While the 
product with little hydroxysodalite was obtained in as short as 4 hrs of ageing [23]. In a laboratory scale, 
the microwave zeolite synthesis usually consists a batch reaction carried out in an autoclave made of a 
material transparent to microwaves, irradiated at 2.45 GHz in a multimodal oven cavity, similar to the 
customary household type [19, 25]. 

This study used calcined geothermal waste as silica sources in synthesizing zeolite A. This waste was 
added into alkali solution and aluminum source, followed by microwave-hydrothermal (M-H) and 
conventional-hydrothermal (C-H) method. The ageing effects and crystallization time, on the formation of 
zeolite A were also investigated. 

2 Materials and Methods 
Geothermal waste from geothermal power plant was dried under the sunlight and sieved with a 320-

mesh sieving machine. The powder was calcined by burning at 850 oC for 3 hours at atmospheric condition 
using Carbolite furnace. Calcining process was carried out to burn unexpected or volatile materials. The 
chemical compositions of geothermal waste before and after calcining were characterized by atomic 
absorption spectroscopy (AAS) using Shimadzhu type AA-6650 and the results were presented in the form 
of stable oxides as shown in Tab. 1.  

The first step for zeolite synthesis was making sodium silicate. In this research, sodium silicate was 
made from 3 gr of geothermal waste mixed with 30 mL of NaOH 5 M. These mixtures were stirred at 100 
oC for 20 min. Then, sodium aluminate was made from 20 g of NaOH 5 M dissolved in distilled water to 
yield 100 ml of 5 M NaOH, and then added 9 gr of Al(OH)3 gradually, while stirring at 100 oC for 20 min. 
The two suspensions: 30 mL of sodium silicate and 30 mL of sodium aluminate were mixed and stirred 
using a magnetic stirrer at 200 rpm for 2 and 5 hours ageing time at room temperature. The moment the 
silica was added, it was taken as the beginning of ageing. This included the dissolution of silica in alumina 
solution [22], from this step resulted precursor gel for zeolite A synthesis. 

 

Table 1: Chemical composition of geothermal powder 

Compound 
Before Calcining 

(wt. %) 

After Calcining 

(wt,%) 

Al2O3 0.055 0.142 

Fe2O3 0.192 0.451 

Na2O3 0.609 0.760 

SiO2 49.100 80.043 
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A household-type microwave oven 2.45 GHz (Panasonic NN-SM320M) with maximum output power 
450 Watt was used for microwave synthesis. For measuring the temperature of the process, the 
thermocouple was inserted into the microwave. The precursor gel was poured into a Teflon(R) box and 
placed into the microwave and heated at 100ºC for 20, 40, and 60 min. The Teflon(R) autoclave with 
controllable heating was used for conventional hydrothermal process. This was performed by pouring the 
precursor gel into the Teflon(R) autoclave and heated until 100 ºC with holding time 3, 4, and 5 hours. The 
synthesized products were washed with aquabidest and filtered with whatmann 42 paper to separate 
between solid and filtrate. The solid powder was dried in the oven at 80 oC for 4 hours. The powders were 
analyzed by Rigaku X-ray diffractometer using CuKα radiation (40 kV, 30 mA), 8201PC Shimadzu FTIR 

(Fourier Transform Infra-Red) and JEOL JSM 6300 SEM (Scanning Electron Microscope). 

3 Results and Discusions 
Tab. 1 shows that the geothermal powder before calcining contains 49.10% SiO2, and after, it increases 

up to 80.04 %. Munfarida et. al. has reported that using EDX analysis geothermal waste form power plant 
has SiO2 containing 35.09 % and Al2O3 about 0.05 % [26]. Calcining process causes unexpected and volatile 
materials to burned out. While the calcined geothermal waste produced Si/Al ratio 1.79 as shown on Table 
2. This ratio allows the formation of zeolite A, which according to the literature that this product has a ratio 
of Si/Al ranging from 1-3.5 [21]. Sulardjaka et.al (2014) reported that the geothermal powder before 
calcining contained silica in amorphous form, there was no dominant peak from the diffractogram. However, 
the peaks were found at 21.91 and 20.88 in the calcined geothermal powder. This indicated that there was 
transformation of amorphous silica into primary cristobalite [12]. During the calcining process until 850 oC 
for 3 hours, some of the silica transformed into cristobalite phase, and the amorphous silica phase was still 
dominant [27,28]. SiO2 in amorphous form in geothermal waste has potential as a silica resources for zeolite 
synthesis. 

 

Table 2: Si/Al ratio of synthetic mixture 

Sample Element Average (wt. %) 

Precursor gel 
Al 5.86 

Si 10.48 

 

XRD diffraction pattern of synthesized products from microwave-hydrothermal of geothermal waste 
for 2 hrs and 5 hrs ageing time were shown at Fig. 1 and 2 respectively. The phases produced from 
conventional-hydrothermal were shown in Fig. 3. The diffractogram pattern as shown in Fig. 1, 2, and 3, 
correlated with that from JCPDS data number 11-0401 (hydroxy-sodalite) and 31-1269 (zeolite A). This 
showed that the synthetic zeolite in all the variation contained crystal of zeolite A and sodalite. During the 
microwave-hydrothermal for 2 h ageing, holding time for 20 mins, phase zeolite A became the dominant. 
While increasing the holding time to 40 and 60 mins, the zeolite A also increased and sodalite phase was 
formed. X-Ray diffraction of microwave-hydrothermal of geothermal waste for 5 hrs ageing showed that 
at the ageing of 20 and 40 mins, zeolite A phase was dominant. The rise of holding time to 60 mins, 
increased the zeolite A and produced sodalite phase. 
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Figure 1: X-Ray diffraction of microwave-hydrothermal of geothermal waste for 2 hrs ageing with the 

variation of holding time 

 

 
Figure 2: X-Ray diffraction of microwave-hydrothermal of geothermal waste for 5 hrs ageing with the 

variation of holding time 

 

Fig. 3 showed X-Ray diffraction of conventional-hydrothermal of geothermal waste for 2 hrs ageing 
with 3, 4, 5 hours holding time. At the holding time of 3 hours, zeolite A and less sodalite phase were 
produced. The rise of holding time, increased zeolite A and sodalite phases. The holding time for 5 hours 
hydroxy-sodalite phase was dominant. The microwave-hydrothermal (M-H) and conventional-
hydrothermal (C-H) of geothermal waste produced synthetic zeolite. Zeolites A and sodalite were produced 
in all of the variation of microwave-hydrothermal processes. The increasing M-H time, elevated the 
production of zeolite A and sodalite. However, the increasing C-H time, decreased the zeolite A phase and 
raised that of sodalite. In zeolite A synthesis, the formation of building units and the nucleation of zeolite 
with it, was followed by crystal growth by adsorption of the units on the surface of the zeolite nuclei and 
crystal. At the longer holding time, the impurity phase of zeolite A was formed. There has been a 
transformation from zeolite A → sodalite. At the surface-to-core extension of crystallization, sodalite 
nanoplates were crystallized within the amorphous cores of zeolite A.  At the longer holding time, sodalite 
nanoplates increased in size and breaking the cubic shells of zeolite A in the process. This led to the phase 
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transformation from zeolite A to sodalite [28-30].  

 

 
Figure 3. X-Ray diffraction of conventional-hydrothermal of geothermal waste for 2 hrs ageing with 

variation of holding time 

 

The average of crystal grain size of synthesized zeolites was determined from the results of XRD 
graphs, this was calculated using Scherer formula [31, 32].  

 

L =
57.3 x k x γ

β x cos  
                                        (1) 

Where: 

L = crystal grain size (nm),  

k = oxide constant (0.94),  

λ = X-ray wavelength (1.5406 Å),  

β = the value of FWHM (deg),  

θ = angle of crystal diffraction peak position (deg),  

57.3 = correction factor from degree to radian. 

 

The results of the crystal grain size calculation using Scherer formula was shown in Figure 4. The 
crystal size of zeolite A produced from M-H were 13.43 nm (ageing 2 hrs) and 14 nm (ageing 5 hrs). The 
C-H with 2 hrs ageing produced zeolite A with crystal size of 53.94 nm, and sodalite of 35.4 nm.  The 
sodalite with crystal size of 10.78 nm (ageing 2 hrs) and 11.38 nm (ageing 5 hrs) were also formed from 
M-H. The M-H produced smaller and more homogeneous crystal size of zeolite A and sodalite, due to faster 
and homogeneous heating compared to the C-H. Ageing time with variation of 2 and 5 hrs on the M-H 
method affected nucleation and crystallization of synthetic zeolite. The ageing of precursor gels resulted in 
the acceleration of the crystallization and crystal size diminution of the synthesis product. This ageing 
process directly influenced the concentration and number of formed nuclei [33]. The fast crystallization on 
M-H method affected the significant reduction of its time, 3 or 4 times, shorter than that of C-H method. It 
was also observed that the time and temperature of microwave heating had significant effects on the 
prepared zeolite particles. The shortening of synthesis times in microwave heating was caused by two 
different mechanisms, i.e., the rapid heat-up of the sample and a better heat transfer which resulted in the 
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rapid and thorough heating of the synthesis mixture. This easily resulted in rapid and vivid heating of the 
synthesis mixture and effect a faster crystallization [34, 35]. 

 

 
Figure 4: Crystal size of zeolite A and hydroxy-sodalite 

FTIR analysis was conducted to identify the functional group on the synthetic zeolite. The data were 
analyzed based on the Nicodom FTIR Spectra Libraries. These data were obtained from references, such 
as the general FTIR vibrational region 300-400 cm-1 (vibrations of the external opening of the pores caused 
by breathing motion of the ring hole 12), 420-500 cm-1 (Si-O/Al-O bending vibrations), 500-650 cm-1 
(double ring D4R/ D6R external vibration) which showed the formation of zeolite A, 650-850 cm-1 
(symmetric stretching vibrations of O-Si-O or O-Al-O), 900-1250 cm-1 (asymmetric stretching vibrations 
of O-Si-O or O-Al-O), 1600-1700 cm-1 (O-H bending vibration) which showed the presence of zeolitic 
water (H2O), and 3400-3700 cm-1 (O-H stretching vibration of Si-OH) [21]. The FTIR spectra of zeolite 
synthesis which resulted at 3 variations was shown in Fig. 5, 6, and 7. 

 

 
Figure 5: FTIR spectra of zeolite produced from microwave-hydrothermal synthesis for 2 hrs ageing 
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There were wavenumber 555.5 cm-1 and 563.21 cm-1  for 40 and 60 mins of 2 hrs ageing using the M-
H method. The existence of absorption band in the region around 500-650 cm-1 showed the double ring 
D4R or D6R. It was observed that zeolite A was only formed in variation for 40 and 60 mins of 2 h ageing 
using the M-H method. There was only wavenumber 563.21 cm-1 for 60 mins of 5 hrs ageing with M-H. It 
was also found that zeolite A was only formed in variation for 60 mins of 5 hrs ageing with M-H. There 
were wavenumbers of 555.5 cm-1 and 555.5 cm-1 for 3 and 4 hrs of the 2 hrs ageing with C-H. The FTIR 
analysis was matched with the XRD test, that zeolite A was only formed in variation 3 and 4 hrs of the 2 
hrs ageing with C-H. 

 

 
Figure 6: FTIR spectra of zeolite produced from microwave-hydrothermal synthesis for 5 hrs ageing 

 

 
Figure 7: FTIR spectra of zeolite produced from conventional-hydrothermal synthesis for 2 hrs ageing 

 

Scanning electron micrograph of the M-H process for 2 hrs ageing with holding time of 20, 40, and 60 
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mins were shown in Fig. 8.a., 8.b., and 8.c, respectively.  It was shown that on variation 20 mins, the 
formation of grain was not regular, while amorphous and zeolite A has not been formed yet. However, on 
variation 40 and 60 mins, zeolite A and sodalite were formed. Zeolite A has cubic while sodalite has 
spherical form with an array of long fibers that surrounded it. The same with M-H for the ageing of 2 and 
5 hrs and the holding time of 20 mins. The zeolite A formed, as shown in Fig. 6.d. that the formation of 
grain was not regular or amorphous. The spherical form appeared on variation of 40 mins (Fig. 6.e), and 
showed that amorphous silica transformed into a crystal of zeolite. On variation of 60 mins (Fig. 6.f.), the 
image showed the formation of many cubes, in the form of zeolite A and sodalite, has spherical form with 
an array of long fibers that surround it. The grain size of zeolite A and sodalite we're approximately 1 μm. 

 

 
(a) (b) 

 
 (c) (d) 

 

  
 

  
 



 

 
FDMP, 2020, vol, no                                                                                                                                                       9 

 

  
 

 (e) (f) 

Figure 8: SEM image of synthetic zeolite for 2 hrs ageing with M-H (a) 20 min  (b) 40 min (c) 60 min  

and 5 hrs (d) 20 min  (e) 40 min (f) 60 min 

 

The result of the SEM on the variation of 2 hrs ageing with C-H was shown in Fig. 9. On variation 3 
hrs, the formation of zeolite A and sodalite with a grain size of about 5 μm and 10 μm, respectively were 

observed (Fig. 9.a. and Fig. 9.b.). Figure 9.a. showed that there was a cubic formation of zeolite A. Figure 
9.b. showed sodalite phase. While Fig. 9.c. indicated that the formation of zeolite A and sodalite was not 
clear on variation 4 hrs, and only sodalite phase was observed, because zeolite A has been transformed into 
sodalite (Fig 9.d.). The M-H produced smaller and more homogeneous grain size of zeolite A and sodalite, 
due to faster and homogeneous heating compared to C-H. The formation of sodalite as a side product in the 
synthesis of NaA was explained by the inadequate mixing. The prolonged heating resulted in the dissolution 
and regrowth of crystals composition, e.g., when a NaA mixture moved into a HS range, eventually, all 
NaA were transformed into sodalite. However, when the synthesis mixture stayed in the NaA region, the 
only sodalite that nucleated was in the inhomogeneous pockets [33].  
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Figure 9: SEM image of synthetic zeolite 2 hrs ageing with C-H  (a) 3 hrs zeolite A  (b) 3 hrs sodalite 

(c) 4 hrs (d) 5 hrs 
 

4 Conclusions 
Zeolite A was successfully synthesized from geothermal waste by conventional-hydrothermal (C-H) 

and microwave-hydrothermal (M-H) methods. This waste consists of 80.04 % SiO2 and 0.142 % Al2O3, 
while its silica content has high potential as an alternative source for synthesizing zeolite A. The rise of M-
H and C-H time increased and decreased the crystallinity of zeolite A and sodalite, respectively. The fast 
crystallization observed using the M-H method affected the significant reduction in duration to 3 or 4 times 
shorter, producing smaller and more homogeneous crystal size compared to the C-H method. 
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1 Introduction 

Geothermal energy is heat that generated or comes from the sub-surface of the eart. The geothermal 
energy produces heat and can used as a resource in power plant generation. In the production process, 
wastes are produced (geothermal sludge and brine) in large quantities, and are the byproducts from power 
plants, in which the water and steam extracted from the underground are used to generate electricity [1,2]. 

Zeolites are crystals consisting of aluminate and silicate frameworks, with the ability to act as catalysts, 
adsorbents, etc. As a consequence of their properties, they have many potential applications in the fields of 
petrochemical reactions, water and gas purification [3–5]. Zeolite A is a type of zeolites, and due to its large 
ion exchange capacity, mechanical strength, and particular crystal shape, it is used in the substitution of 
sodium tripolyphosphate in the aspect of detergent and water softening. 

In the synthesis of zeolite A, sodium silicate and sodium aluminate are the most commonly used Si and 
Al resources. One of the problems in zeolite synthesis is the unavailability and cost of raw material, 
specifically the silica source. In order to reduce the production cost of synthesized zeolite, many alternative 
materials, such as silica source have been proposed. Some natural minerals and wastes, such  as 
clinoptilolite, oil shale, municipal solid, rice husk and coal fly ash were used to replace sodium silicate in 
the synthesis of zeolite A for cost-saving and environmental protection purposes [6–11]. Geothermal 
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ABSTRACT 

Zeolite A has been successfully synthesized from geothermal waste with natrium aluminate and natrium silicate 
using conventional (C-H) and microwave heating (M-H) for the hydrothermal treatment. The products obtained 
for different aging times have been characterized using X-Ray Diffraction (XRD), Fourier transformation infrared 
spectroscopy (FTIR), and scanning electron microscopy (SEM). It is shown that with the M-H process, zeolite can 
be formed at relatively low temperature (100°C) in a relatively short time (40 min). The crystallization of zeolite A 
has been found to be generally promoted by an increase of aging and synthesis time; however, it has also been 
observed that relative long aging times can transform it into sodalite. Zeolite A produced through the M-H process 
generally displays a smaller and more homogeneous crystal size with respect to that obtained with the C-H method. 
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waste has high potential to be used as an alternative silica source for the synthesis of zeolite A, due to its silica 
contents. In previous study, by a conventional-hydrothermal process, geothermal waste was successfully 
converted into zeolite A and sodalite [12]. Colloidal silica extracted from geothermal fluid was synthesized 
to low Si/Al zeolite Y, with similarity characteristics compared to those prepared from a conventional silica 
sol or Ludox [13]. Hydrothermal process at 150oC for 5 h with 3 M of NaOH produced Zeolite X with 
octahedral crystal shape, having a specific surface area of 68.985 m2/gr and a pore volume of 0.109 cc/gr. 
The synthesized zeolite was successfully used as a catalyst for enhancing biohydrogen production [14,15]. 
The colloidal silica extracted from geothermal fluids is used as silica source for zeolite synthesis [16]. The 
purity and yield of zeolite A synthesized from natural minerals and wastes using hydrothermal treatment 
were limited to the SiO2 extraction. In order to increase the yield of SiO2 and synthetic zeolite, several 
methods, such as calcining, alkali, and acid activation were conducted to treat these raw materials before 
the synthesis process [12,17]. 

Several synthesis methods have been proposed for increasing the yield and purity of zeolite, besides 
conventional hydrothermal, some synthetic zeolites by microwave hydrothermal were produced. Also, 
numerous studies on the subject of microwave-hydrothermal (M-H) synthesis of zeolites have been 
published [9,18,19]. This research explained that the application of microwaves on zeolite synthesis, yield 
significant reduction in crystallization time due to faster and homogeneous heating, compared to 

conventional-hydrothermal (C-H) method. However, the fast temperature rise induced in the reacting 
solution by microwaves affects the nuclei formation, leading to the crystallization of undesired phases, or 
to the precipitation of amorphous solids [20,21]. The addition of seeds or ageing the solution were   proved 
to bring a beneficial effect to nucleation in microwave synthesis of various zeolites [22]. Chu       et al. [23] 
was the first to show that microwave heating is used for the rapid synthesis of zeolites, and the crystallization 
of zeolite NaA was obtained in 12 min, contaminated with hydroxysodalite (HS), even when the mixture 
was aged for 2 h at room temperature before the M-H treatment. Slangen et al. [24] obtained pure zeolite A 
in 5 mins crystallization, and after 20 h of ageing at room temperature. While the product with little 
hydroxysodalite was obtained in as short as 4 h of ageing. In a laboratory scale, the microwave zeolite 
synthesis usually consists a batch reaction carried out in an autoclave made of a material transparent to 
microwaves, irradiated at 2.45 GHz in a multimodal oven cavity, similar to the customary household type 
[19,25]. 

This study used calcined geothermal waste as silica sources in synthesizing zeolite A. This waste was 
added into alkali solution and aluminum source, followed by microwave-hydrothermal (M-H) and 
conventional-hydrothermal (C-H) method. The ageing effects and crystallization time, on the formation of 
zeolite A were also investigated. 

2 Materials and Methods 

Geothermal waste from geothermal power plant was dried under the sunlight and sieved with a 320-
mesh sieving machine. The powder was calcined by burning at 850oC for 3 h at atmospheric condition using 
Carbolite furnace. Calcining process was carried out to burn unexpected or volatile materials. The chemical 
compositions of geothermal waste before and after calcining were characterized by atomic absorption 
spectroscopy (AAS) using Shimadzhu type AA-6650 and the results were presented in the form of stable 
oxides as shown in Tab. 1. 

The first step for zeolite synthesis was making sodium silicate. In this research, sodium silicate was made 
from 3 gr of geothermal waste mixed with 30 mL of NaOH 5 M. These mixtures were stirred at 100oC for 
20 min. Then, sodium aluminate was made from 20 g of NaOH 5 M dissolved in distilled water to yield 
100 ml of 5 M NaOH, and then added 9 gr of Al(OH)3 gradually, while stirring at 100oC for 20 min. The 
two suspensions: 30 mL of sodium silicate and 30 mL of sodium aluminate were mixed and stirred using a 
magnetic stirrer at 200 rpm for 2 h and 5 h ageing time at room temperature. The moment the silica 
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was added, it was taken as the beginning of ageing. This included the dissolution of silica in alumina solution 
[22], from this step resulted precursor gel for zeolite A synthesis. 

 

Table 1: Chemical composition of geothermal powder 
 

Compound Before Calcining (wt. %) After Calcining (wt,%) 

Al2O3 0.055 0.142 

Fe2O3 0.192 0.451 

Na2O3 0.609 0.760 

SiO2 49.100 80.043 

 
A household-type microwave oven 2.45 GHz (Panasonic NN-SM320M) with maximum output power 

450 Watt was used for microwave synthesis. For measuring the temperature of the process, the thermocouple 
was inserted into the microwave. The precursor gel was poured into a Teflon(R) box and placed into the 
microwave and heated at 100°C for 20, 40, and 60 min. The Teflon(R) autoclave with controllable  heating 
was used for conventional hydrothermal process. This was performed by pouring the precursor gel into the 
Teflon(R) autoclave and heated until 100°C with holding time 3 h, 4 h, and 5 h. The synthesized products 
were washed with aquabidest and filtered with whatmann 42 paper to separate between solid and filtrate. 

The  solid powder was  dried  in the  oven at  80oC  for  4 h. The  powders  were analyzed by Rigaku X-ray 
diffractometer using CuKα radiation (40 kV, 30 mA), 8201PC Shimadzu FTIR (Fourier Transform Infra-
Red) and JEOL JSM 6300 SEM (Scanning Electron Microscope). 

3 Results and Discusions 

Tab. 1 shows that the geothermal powder before calcining contains 49.10% SiO2, and after, it increases 
up to 80.04 %. Munfarida et. al. has reported that using EDX analysis geothermal waste form power plant has 
SiO2 containing 35.09% and Al2O3 about 0.05% [26]. Calcining process causes unexpected and volatile 
materials to burned out. While the calcined geothermal waste produced Si/Al ratio 1.79 as shown on   Tab. 
2. This ratio allows the formation of zeolite A, which according to the literature that this product has a ratio 
of Si/Al ranging from 1–3.5 [21]. Sulardjaka et al. [12] reported that the geothermal powder  before 
calcining contained silica in amorphous form, there was no dominant peak from the diffractogram. 
However, the peaks were found at 21.91 and 20.88 in the calcined geothermal powder.  This indicated  that 
there was transformation of amorphous silica into primary cristobalite. During the calcining process until 
850oC for 3 h, some of the silica transformed into cristobalite phase, and the amorphous silica phase was 
still dominant [27,28]. SiO2 in amorphous form in geothermal waste has potential as a  silica resources for 
zeolite synthesis. 

 

Table 2: Si/Al ratio of synthetic mixture 
 

Sample Element Average (wt. %) 

Precursor gel Al 5.86 
 Si 10.48 

 
XRD diffraction pattern of synthesized products from microwave-hydrothermal of geothermal waste for 

2 h and 5 h ageing time were shown at Figs. 1 and 2 respectively. The phases produced from conventional- 
hydrothermal were shown in Fig. 3. The diffractogram pattern as shown in Figs. 1, 2, and 3, correlated with 
that from JCPDS data number 11-0401 (hydroxy-sodalite) and 31-1269 (zeolite A). This showed that the 
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synthetic zeolite in all the variation contained crystal of zeolite A and sodalite. During the microwave- 
hydrothermal for 2 h ageing, holding time for 20 mins, phase zeolite A became the dominant. While 
increasing the holding time to 40 and 60 mins, the zeolite A also increased and sodalite phase was  formed. 
X-Ray diffraction of microwave-hydrothermal of geothermal waste for 5 h ageing showed that at the ageing 
of 20 and 40 mins, zeolite A phase was dominant. The rise of holding time to 60 mins, increased the zeolite 
A and produced sodalite phase. 

 

Figure 1: X-Ray diffraction of microwave-hydrothermal of geothermal waste for 2 h ageing with the 
variation of holding time 

 
 

 

Figure 2: X-Ray diffraction of microwave-hydrothermal of geothermal waste for 5 h ageing with the 
variation of holding time 

 

Fig. 3 showed X-Ray diffraction of conventional-hydrothermal of geothermal waste for 2 h ageing with 
3 h, 4 h, 5 h holding time. At the holding time of 3 h, zeolite A and less sodalite phase were produced. The 
rise of holding time, increased zeolite A and sodalite phases. The holding time for 5 h hydroxy-sodalite phase 



FDMP, 2021 5 
 

¼ 

 
was dominant. The microwave-hydrothermal (M-H) and conventional-hydrothermal (C-H) of geothermal 
waste produced synthetic zeolite. Zeolites A and sodalite were produced in all of the variation of 
microwave-hydrothermal processes. The increasing M-H time, elevated the production of zeolite A and 
sodalite. However, the increasing C-H time, decreased the zeolite A phase and raised that of sodalite. In 
zeolite A synthesis, the formation of building units and the nucleation of zeolite with it, was followed by 
crystal growth by adsorption of the units on the surface of the zeolite nuclei and crystal. At the longer 
holding time, the impurity phase of zeolite A was formed. There has been a transformation from zeolite  A 
→ sodalite. At the surface-to-core extension of crystallization, sodalite nanoplates were crystallized within 
the amorphous cores of zeolite A. At the longer holding time, sodalite nanoplates increased in size and 
breaking the cubic shells of zeolite A in the process. This led to the phase transformation from   zeolite A 
to sodalite [28–30]. 

 

Figure 3: X-Ray diffraction of conventional-hydrothermal of geothermal waste for 2 h ageing with variation 
of holding time 

 

The average of crystal grain size of synthesized zeolites was determined from the results of XRD graphs, 
this was calculated using Scherer formula [31,32]. 

L 
57:3 × k × g 

b × cos 

 
(1) 

where: 

L = crystal grain size (nm), 

k = oxide constant (0.94), 

λ = X-ray wavelength (1.5406 Å), 

β = the value of FWHM (deg), 

θ = angle of crystal diffraction peak position (deg), 

57.3 = correction factor from degree to radian. 

The results of the crystal grain size calculation using Scherer formula was shown in Fig. 4. The crystal 
size of zeolite A produced from M-H were 13.43 nm (ageing 2 h) and 14 nm (ageing 5 h). The C-H with 2 h 
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ageing produced zeolite A with crystal size of 53.94 nm, and sodalite of 35.4 nm. The sodalite with crystal 
size of 10.78 nm (ageing 2 h) and 11.38 nm (ageing 5 h) were also formed from M-H. The M-H produced 
smaller and more homogeneous crystal size of zeolite A and sodalite, due to faster and homogeneous heating 
compared to the C-H. Ageing time with variation of 2 h and 5 h on the M-H method affected nucleation 
and crystallization of synthetic zeolite. The ageing of precursor gels resulted in the acceleration of the 
crystallization and crystal size diminution of the synthesis product. This ageing process directly influenced 

the concentration and number of formed nuclei [33]. The fast crystallization on M-H method affected the 
significant reduction of its time, 3 or 4 times, shorter than that of C-H method. It was also observed that the 
time and temperature of microwave heating had significant effects on the prepared zeolite particles. The 

shortening of synthesis times in microwave heating was caused by two different mechanisms, i.e., the rapid 
heat-up of the sample and a better heat transfer which resulted in the rapid   and thorough heating of the 
synthesis mixture. This easily resulted in rapid and vivid heating of the synthesis mixture and effect a faster 
crystallization [34,35]. 

 

Figure 4: Crystal size of zeolite A and hydroxy-sodalite 
 

FTIR analysis was conducted to identify the functional group on the synthetic zeolite. The data were 
analyzed based on the Nicodom FTIR Spectra Libraries. These data were obtained from references, such as 
the general FTIR vibrational region 300–400 cm-1 (vibrations of the external opening of the pores caused 
by breathing motion of the ring hole 12), 420–500 cm-1 (Si-O/Al-O  bending  vibrations),  500–650 cm-1 
(double ring D4R/ D6R external vibration) which showed the formation of zeolite A, 650–850 cm-1 
(symmetric stretching vibrations of O-Si-O or O-Al-O), 900–1250 cm-1 (asymmetric stretching vibrations 
of O-Si-O or O-Al-O), 1600–1700 cm-1 (O-H bending vibration) which showed  the presence of zeolitic 
water (H2O), and 3400–3700 cm-1 (O-H stretching vibration of Si-OH) [21]. The FTIR spectra of zeolite 
synthesis which resulted at 3 variations was shown in Figs. 5, 6, and 7. 

There were wavenumber 555.5 cm-1 and 563.21 cm-1 for 40 and 60 mins of 2 h ageing using the M-H 
method. The existence of absorption band in the region around 500–650 cm-1 showed the double ring D4R 
or D6R. It was observed that zeolite A was only formed in variation for 40 and 60 mins of 2 h ageing using 
the M-H method. There was only wavenumber 563.21 cm-1 for 60 mins of 5 h ageing with M-H. It was also 
found that zeolite A was only formed in variation for 60 mins of 5 h ageing with M-H. There were 
wavenumbers of 555.5 cm-1 and 555.5 cm-1 for 3 h and 4 h of the 2 h ageing with C-H. The FTIR analysis 
was matched with the XRD test, that zeolite A was only formed in variation 3 h and 4 h of the    2 h ageing 
with C-H. 
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Figure 5:  FTIR spectra of zeolite produced from microwave-hydrothermal synthesis for 2 h ageing 
 

Figure 6:  FTIR spectra of zeolite produced from microwave-hydrothermal synthesis for 5 h ageing 
 

Scanning electron micrograph of the M-H process for 2 h ageing with holding time of 20, 40, and    60 
mins were shown in Figs. 8a, 8b, and 8c, respectively. It was shown that on variation 20 mins, the formation 
of grain was not regular, while amorphous and zeolite A has not been formed yet. However, on variation 
40 and 60 mins, zeolite A and sodalite were formed. Zeolite A has cubic while sodalite has spherical form 
with an array of long fibers that surrounded it. The same with M-H for the ageing of 2 h and 5 h and the 
holding time of 20 mins. The zeolite A formed, as shown in Fig. 6d. that the formation   of grain was not 
regular or amorphous. The spherical form appeared on variation of 40 mins (Fig. 6e),  and showed that 
amorphous silica transformed into a crystal of zeolite. On variation of 60 mins (Fig. 6f), the image showed 
the formation of many cubes, in the form of zeolite A  and  sodalite, has  spherical  form with an array of 
long fibers that surround it. The grain size of zeolite A and sodalite we’re approximately 1 μm. 
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Figure 7: FTIR spectra of zeolite produced from conventional-hydrothermal synthesis for 2 h ageing 
 

The result of the SEM on the variation of 2 h ageing with C-H was shown in Fig. 9. On variation 3 h, the 
formation of zeolite A and sodalite with a grain size of about 5 μm and 10 μm, respectively were observed 
(Figs. 9a and 9b). Fig. 9a showed that there was a cubic formation of zeolite A. Fig. 9b showed sodalite 
phase. While Fig. 9c indicated that the formation of zeolite A and sodalite was not clear on variation 4 h, 
and only sodalite phase was observed, because zeolite A has been transformed into sodalite (Fig. 9d).  The 
M-H produced smaller and more homogeneous grain size of zeolite A and sodalite, due to faster and 
homogeneous heating compared to C-H. The formation of sodalite as a side product in the synthesis of NaA 
was explained by the inadequate mixing. The prolonged heating resulted in the dissolution and regrowth of 
crystals composition, e.g., when a NaA mixture moved into a HS range, eventually, all NaA were 
transformed into sodalite. However, when the synthesis mixture stayed in the NaA region, the only sodalite 
that nucleated was in the inhomogeneous pockets [33]. 
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Figure 8: SEM image of synthetic zeolite for 2 h ageing with M-H (a) 20 min (b) 40 min (c) 60 min and 5 h 
(d) 20 min (e) 40 min (f) 60 min 
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Figure 9: SEM image of synthetic zeolite 2 h ageing with C-H (a) 3 h zeolite A (b) 3 h sodalite (c) 4 h (d) 5 h 
 

4 Conclusions 

Zeolite A was successfully synthesized from geothermal waste by conventional-hydrothermal (C-H) and 
microwave-hydrothermal (M-H) methods. This waste consists of 80.04% SiO2 and 0.142% Al2O3, while its 
silica content has high potential as an alternative source for synthesizing zeolite A. The rise of M-H and C-H 
time increased and decreased the crystallinity of zeolite A and sodalite, respectively. The fast crystallization 
observed using the M-H method affected the significant reduction in duration to 3 or 4 times shorter, 

producing smaller and more homogeneous crystal size compared to the C-H method. 
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