ANy ESKISEHIR TECHNICAL UNIVERSITY JOURNAL OF SCIENCE AND TECHNOLOGY
> % A- APPLIED SCIENCES AND ENGINEERING

1+ Eg,

* Eony
- &
v e !53)‘\

*
‘6 2019, Vol: 20, pp. 114 - 119, DOI: 10.18038/estubtda.647910

INVESTIGATION OF THERMAL AND STRUCTURAL PROPERTIES OF NITRIC,
HYDROCHLORIC AND SULPHURIC ACID-TREATED ZEOLITE

Cagatay EZBER?, Meryem AKBELEN?"

! Graduate School of Science, Eskisehir Technical University, Eskisehir, Turkey
2* Department of Physics, Faculty of Science, Eskisehir Technical University, Eskisehir, Turkey

ABSTRACT

In this study, in order to consider the effect of the hydrochloric acid (HCI), nitric acid (HNOs3) and sulphuric acid (H2SOa)
treatments on thermal and structural properties, zeolite was modified with 1 M acid solutions at 70 °C during 4 h using batch
method. The structural and thermal properties of zeolites were studied by X-ray diffraction (XRD), X-ray fluorescence (XRF),
thermogravimetric analysis (TG), differential thermogravimetric analysis (DTG) and differential thermal analysis (DTA).
Quantitative XRD analysis show that the natural zeolite mainly consists of mordenite and clinoptilolite with varying amounts
of quartz, feldspar and clay mineral. TG-DTG and DTA curves of all zeolite samples were obtained in the temperature range
between 30 and 1000 °C. Based on the TG results, the total mass losses for all acid-treated samples (8.51-8.44 %) are less than
that of the natural (Z) sample (10.14 %). SiO2/ Al2Osratio of the natural zeolite sample (Z) increased from 5.6 t0 9.8, 9.7 and
8.8 in the Z-N, Z-H and Z-S samples, respectively, indicating the removal of the significant amount of aluminum from the
zeolite structure.
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1. INTRODUCTION

Zeolites are hydrated aluminosilicates with three-dimensional framework constructed from SiO.or AlO4
tetrahedra joined by sharing common oxygen atoms. The net negative charge due to the substitution of
Si** by AI** in tetrahedral positions is balanced by the exchangeable K*, Na* and Ca?* cations within
these pores. Clinoptilolite ((K2,Naz,Ca)s[AleSiz072]) a member of the heulandite group (HEU) of
zeolites and its structure is characterized by three different types of pore channels with sizes of (7.2A x
4.4A), (4.0Ax5.5A)and (4.1A x 4.0A), respectively [1, 2]. 10-membered channel (A) and 8-memmered
channel (B) are parallel to each other and to the c-axis. The other 8-membered channel (C) running
along the a-axis intersecting both A and B channels [3]. Mordenite (NagAlgSisOgs.nH20) is one of the
high silica natural zeolites. It has a one-dimensional ellipsoidal 12-ring channels (6.5A x 7.0A) with
side pockets involving 8-ring channels (2.6A x 5.7A) [4, 5]. The characteristics of natural zeolites can
be changed by acid activation (HCI, HNO3 and H.SQ.) [6-20]. Partial dealumination of the zeolites lead
to improve in the thermal stability and increase in the hydrophobicity.

Abundant deposits of zeolitic tuffs have been discovered in many countries. Volcano-sedimentary
zeolite occurrences are common in Turkey. The Heulandite-Clinoptilolite group of zeolite deposits is
major occurrences, especially in Gordes and Bigadic. In addition, the natural zeolite reserve in Turkey
is estimated to be about 50 billion tons [21]. The aim of this study is to investigate the effect of acid-
treatment on structural and thermal properties of the natural zeolite sample (Z) and its acid-treated forms
(Z-N, Z-S and Z-H) using XRD, XRF and TG-DTG-DTA analysis.
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2. MATERIALS AND METHODS
2.1. Materials and chemicals

Zeolite sample from Sivas-Yavu region of Turkey was ground to less than 45 um. Acid treated forms
of zeolite were prepared with 1 M HCI, 1 M H2SO. and 1 M HNO:s acid solutions in a shaker for 4 hours
at 70 °C. After this process, solutions were filtered and the sample was washed several times with
deionized water at boiling point and then dried at room temperature. Before the experimental processes,
all samples were dried for 16 hours in a 110 °C oven and then stored in a desiccator. The resulting acid-
activated samples are referred to below as Z-H, Z-S and Z-N, respectively, denoting their 1 M HCI,
1 M H,SOand 1 M HNO; treatments. The organic chemicals like HCI, H.SO. and HNO3 were provided
by Merck (Darmstadt, Germany), and all solutions were prepared using deionized water.

2.2. Characterization

Chemical compositions were determined on powdered samples fused with lithium tetraborate using X-
ray fluorescence analysis (XRF — Rigaku ZSX Primus instrument). The XRD diffractograms were
obtained with a Rigaku, RINT-2200 model instrument, using CuKo. radiation (A=1.54 A), 40 kV and 30
mA power supply over the scan range of 20 = 3 to 70° with an incremental step size of 0.02°. The TGA-
DTG-DTA experiments carried out with a Setsys Evolution Setaram analyzer using a rate of 10°C/min
from 30°C to 1000°C. Approximately 30 mg was used in each run.

3. RESULTS AND DISCUSSION
3.1. Chemical Analysis

The chemical composition of the zeolite samples in terms of % mass of oxides is determined in Table
1. Asseenin Table 1, the major cations of natural zeolite were Si, Al, Ca, Fe in addition to small amounts
of Na, Mg and K. Ca in zeolites originated from feldspar and mordenite as well as clinoptilolite. A
significant decrease in the Na, Ca and Mg cations, along with Al, was detected as a result of treatment
the zeolite with 1 M HCI, 1 M H2SO, and 1 M HNOs acid solutions. Na cations were completely
removed from the structure of the zeolite treated with 1 M HNOs acid solution. It was also seen that
SiO; content, which is insoluble in acid solution, increased considerably after acid treatments (Table 1).

SiO,f Al,Osratio of Z sample increased from 5.6 to 9.8, 9.7 and 8.8 in the Z-N, Z-H and Z-S samples,
respectively, indicating the removal of the significant amount of aluminum from the zeolite structure.
Similar changes were obtained in the literature before [7, 9, 12, 22].

Table 1. Chemical analyses in oxides (%) for natural and acid treated zeolite samples

Chemical

analysis (%) z Z-H ZN Z-S
SiO2 68.232 78.078 77.981 77.485
Al203 12.126 8.026 7.899 8.746
CaO 4.872 1.336 1.354 1.432
Fe203 2.194 1.659 1.771 1.706
MgO 0.767 0.356 0.332 0.346
K20 0.745 0.608 0.649 0.653
Na.O 0.709 0.281 _ 0.305
TiO2 0.293 0.323 0.401 0.390
P20s 0.080 _ _ 0.014
SO3 0.025 0.021 _ 0.041
Others 0.004 0.004 0.002 0.004
LOI 9.953 9.308 9.611 8.878
Si02/ Al203 5.6 9.7 9.8 8.8
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3.2. X-ray Analysis

In order to investigate the influence of 1 M HCI, 1 M H,SO. and 1 M HNOs treatments on the crystal
structure of zeolite, the XRD patterns of all the samples (Z, Z-N, Z-S and Z-H) are given in Figure 1.
The XRD patterns of the samples indicate the presence of mordenite (d = 13.50, 6.55, 5.09, 4.50 and d
= 3.45 A) and clinoptilolite (d = 8.97, 7.85, 4.63 and 3.96 A) as the major zeolite phases [8, 23]. In
addition, it contains quartz (d = 4.26 and 3.33 A) and feldspar (d = 3.18 A).

While a significant decrease in the intensities of clinoptilolite peaks at d = 8.97 and 3.96 A is seen in the
XRD pattern of acid-treated samples, it is observed that the intensities of the quartz peaks at d = 4.26
and 3.33 A are highly increased [6, 7, 11]. This could be attributed to partial dealumination and the
partial collapse of the zeolite structure (Figure 1). These results confirm the XRF data (Table 1). On the
other hand, the intensity of the mordenite phase appeared to be hardly affected by acid treatment.

Intensity (a.u.)
N
(Z

10 20 30 40 50 60 70
20 (degrees)
Figure 1. XRD patterns of natural and acid treated zeolite samples (M: mordenite; C: clinoptilolite; F: feldspar; Q: quartz; Cm:

clay mineral)

3.3. Thermal Analysis

The TG-DTG-DTA curves of zeolite samples (Z, Z-N, Z-S and Z-H) are shown in Figure 2. The DTA
curve of the natural zeolite (Z) sample showed three endothermic peaks at 170 °C, 481 °C and 693 °C.
The DTA curves of the Z-H, Z-S and Z-N samples displayed on broad endothermic peak at temperature
range between 153 and 158 °C as a result of a single step dehydration process (Figure 2). Endothermic
peak temperatures increased in the sequence Z-H (153 °C) — Z-N (156 °C) — Z-S (158 °C). The
decomposition temperatures of Z-H, Z-S and Z-N samples shifted to lower temperatures compared with
natural zeolite.
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The temperature intervals and mass loss data obtained by TG-DTG analysis are given in Table 2. TG
analysis of all the zeolites exhibited that the mass loss was continuous during heating up to 700 °C. In
the temperature range from 30 to 200 °C, the major and rapid mass loss (2.90-2.73 %) is due to the
elimination of physisorbed water, the water residing in the zeolite cavities and loosely bonded water
associated with extra-framework cations. This removal showed a high peak in the DTG curve (Figure
2). In the range between 200 and 500 °C, more tightly bonded water is removed. At the higher
temperatures, the isolated OH groups are lost. Based on the TG results, the total mass losses for all acid-
treated samples (8.51-8.44 %) are less than that of the natural (Z) sample (10.14 %). This can be assigned
to the loss of exchangeable cations and dealumination due to the acid treatment with hydrochloric,
sulphuric and nitric acid solutions.
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Figure 2. TG-DTG-DTA curves of natural and acid treated zeolite samples
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Table 2. Mass loss (%) of the natural and acid treated zeolites used at different temperature ranges

Sample 30 - 100 - 200 - 300 - 400 - 500 - 600 - 700 - Total Mass
100°C 200°C 300°C 400°C 500°C 600°C 700°C 1000°C  Loss (%)

Z 0.31 2.52 2.79 1.80 1.16 0.73 0.68 0.15 10.14

Z-H 0.12 2.73 1.77 1.18 1.06 0.69 0.44 0.45 8.44

Z-N 0.34 2.56 1.79 1.17 1.06 0.71 0.43 0.40 8.46

Z-S 0.24 2.49 1.85 1.26 1.15 0.71 0.43 0.38 8.51
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4. CONCLUSIONS

o |t was determined that the acid treatment caused the significant changes in chemical composition
of zeolite depending on the types of acid solutions.

o The XRD pattern of the zeolite sample indicated that it contained mordenite and clinoptilolite as
the major zeolite minerals with smaller amounts of quartz, feldspar and clay mineral. After
treatments with hydrochloric, sulphuric and nitric acid solutions, the most characteristic
clinoptilolite peaks of the zeolite samples substantially decreased, but the intensity of the
diffraction peaks corresponding to quartz increased considerably. This could be attributed to
partial dealumination and partial removal of exchangeable cations of the structure.

o All acid-treated zeolite samples showed a similar thermal behavior to natural zeolite. DTA curves
of acid-treated zeolite samples exhibited thermal stability up to high temperatures. The acid-
treated samples showed a single endothermic peak at temperature ranging between 153 and 158
°C as a result of a single-step dehydration process. In addition, in the TG curves of acid-treated
zeolite samples, the total mass losses were lower than that of the natural zeolite sample. Partial
dealumination lead to increase in the hydrophobic nature of the zeolite.

e The fact that natural zeolites are low-cost and abundant resources makes these materials very
attractive for many fields of application. Consequently, the determination of thermal and
structural properties of natural and modified zeolites has great importance.
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