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Abstract In this study, the zeolitic tuffs having clinop-
tilolite obtained from Bigadic region of western of Ana-
tolia, Turkey were investigated as regards to whether it is
possible to be transformed into amorphous phase from
them. At first, the zeolite tuffs rich in clinoptilolite were
characterized using XRD, DTA, TG, DSC, and FTIR
standard methods. All the samples were heated at 110 °C
for 2 h and then were expanded within 5 min between the
temperatures 1200 and 1400 °C. In addition, porosity and
density were determined. The resistance values of all the
samples were measured in acidic and basic media. These
samples were also analyzed. As a result of this study,
zeolitic tuffs in clinoptilolite were transformed into amor-
phous phase, and especially in chemical industry were
found convenient.

Keywords Zeolitic tuff - Clinoptilolite -
Thermal treatment - DTA - TG - FTIR

Introduction

Natural zeolites are found in volcanic ashes as well as
sediment rocks. They are associated with clay minerals,
borates, carbonates, and soda minerals similar to many of
those found in other parts of the world [1]. The reserve of
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zeolite in Turkey is about 50 billion tons. Zeolite tuffs rich
in clinoptilolite are found especially in Bigadi¢ (Balikesir).
The most important natural zeolites which are also quite
abundant are clinoptilolite, mordenite, analcite, and
chabazite [2]. Clinoptilolite, one of the most common
natural zeolite mineral, is a member of the heulandite
group [3, 4]. Zeolites are hydrated aluminosilicates of
alkali and alkaline earth elements with unique crystal
structures consisting of a three-dimensional framework of
Si0,4 and AlQy tetrahedral [5]. The isomorphic substitution
of Si by Al leads to a negative charge density in the zeolite
lattice. This charge is neutralized by introducing exchan-
ged monovalent, divalent or trivalent cations in the struc-
tural sites of the zeolite [6]. The mobile non-framework
cations are placed in cavities in the channel walls and
coordinated with the water molecules within the channel.
Zeolites which are also known as moleculer sieves, are
crystalline solids having pores with diameters of 3-10 A
[7, 8]. Owing to their chemical, physical, and structural
properties, zeolites act as a molecular sieve and also as an
ionic exchanger [9, 10]. FITIR spectra of clinoptilolite are
divided into two classes. The first class of vibrations arising
due to internal vibrations of the TO, tetrahedron are called
asymmetry stretch O-Si(Al)-O, symmetry stretch, and
T—O double ring, which are observed at 1251-950, 750-650,
500420 cm ™' wavelengths, respectively. The second class
of vibrations, namely, T-O double ring, pore opening,
symmetry stretch, and asymmetry stretch related to the
linkages between the tetrahedral are observed at 650-500,
420-300, 750-820, and 1150-1050 cm™" wavelengths,
respectively. In addition, H-bonded H,0, H-O, and iso-
lated OH stretching are at 3400 and 3700 cm™' wave-
lengths, respectively [11-13]. Ion exchange process causes
formation of new bond and structure of zeolites which can
change due which could be detected by FITIR [13, 14].
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Clinoptilolite contains three channels, limited by a sys-
tem of tetrahedral rings: two channels of eight and ten
tetrahedral parallel to ¢ axis of the structure, and a third
channel formed by eight-member rings and connected to
the other two channels. The large central cavities and entry
channels of zeolites are filled with water molecules form-
ing hydration spheres around the exchangeable cation. In
the zeolite framework, each aluminum atom introduces one
negative charge on the framework which must be balanced
by an exchangeable cations (Ca®", Ma?*, Na™, K™, etc.).
The exchangeable cations located within the framework
play a crucial role in adsorption and thermal properties of
the zeolites [4]. Since water is selectively adsorbed by
natural zeolite, it hinders the adsorption of the other mol-
ecules [4]. The water may be removed usually by heating
to 350 or 400 °C for a few hours or overnight [15]. Zeo-
lites’ unique market position is sustained by the continuous
development of their ion exchange and adsorption prop-
erties, especially through their surface treatment [16—18].
Natural zeolites are used for making lightweight aggre-
gates. The high water content of zeolites makes them as
very interesting materials for production of lightweight
aggregates [19]. This feature sensibly reduces the bulk
density and makes it easier to work with and transport this
product. In this study, natural zeolitic tuffs were used to be
transformed into amorphous phase.

Experimental

The zeolitic tuffs rich in clinoptilolite were obtained from
Bigadi¢ reserves (Balikesir) region, Turkey. They were
crushed into small pieces from rock forms and then pow-
dered in a mortar. The zeolitic tuff samples of smaller than
125 mm sizes (14 meshes, ASTM 11-70) were calcinated
at 110 °C for 2 h. These are observed to expand within
5 min in the temperature range of 1200-1400 °C. The
mineralogical composition of materials mainly consists of
clinoptilolite. The associated minerals for natural Bigadic
zeolitic tuff rich in clinoptilolite is quartz [20]. The
chemical composition of zeolitic tuffs rich in clinoptilolite
is given in Table 1. The quantitative clinoptilolite content
of the sample is 90% in sample mass. In addition, deter-
mination of pH, porosity, hardness, and density of the
samples was accomplished. XRD analyses of the samples

Table 2 Mechanical properties of natural and expanded zeolitic tuffs

Table 1 Chemical composition of natural zeolitic tuff

Constituent Mass/%
SiO, 71.81
Al,O3 12.26
Fe,03 0.80
Na,O 0.50
K,0 1.70
CaO 341
MgO 1.37
P,05 0.01
H,0 8.12

were performed using Rigaku RINT-2200 diffractometer in
a scanning range of 5-40° (20) at a rate of 2° (20) min~".
Cu K, radiation was used. TG-DTA curves were measured
from 30 to 1000 °C at a rate of 10 °C min~' with Setsys
Evolution Setaram thermal analysis apparatus. DSC was
carried out on a Setaram DSC-151R analyzer. Sample
powder was scanned with a heating rate of 5 °C min~"' up
to 550 °C. The scanning electron photograph (SEM) was
obtained on a ZEISS EVO 50 EP electron microscope. The
FTIR spectra in the 4000-500 cm ™' range were recorded at
room temperature using Bruker IFS 66 V/S spectrometer
equipped with Opus software. Spectra were collected at
4 cm ™! resolution. Samples were prepared by the standard
KBr pellet methods. The KBr was dried at 200 °C for 24 h,
and then 100 mg KBr was homogenized with 1 mg zeolite

samples.

Results and discussion

Comparative experimental results of natural and expanded
zeolitic tuffs are given in Table 2. The density of expanded
samples is found to expand approximately three times
compared with that of natural zeolite. The pH, porosity,
hardness, and density range values of the natural zeolitic tuff
were found to be 8.5, 0.34, 3 on the Mohs scale, and 1.7—
2.1 x 10> kg m™ respectively. The density of expanded
samples obtained was between 0.5 and 0.98 x 10° kg m >
The resistance tests of expanded samples were done in acidic
and basic media. It is noticeable from Table 2 that the
density of expanded zeolitic tuff is lower, and it is highly

Sample Density/kg m~>/10? Porosity/% Acid resistance/% Alkali resistance/%
Natural zeolitic tuff 1.7-2.1 34 12.9 16.9
Expanded zeolitic tuff 0.5-0.98 60 0.8 4.1
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Fig. 1 X-ray powder diffraction pattern of zeolitic tuffs: a natural
and b expanded
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Fig. 2 DTA-TG curves of natural zeolitic tuff

resistant in acidic and basic media. The hardness of the
expanded natural zeolitic tuff is determined to be about 6 on
the Mohs scale. The X-ray diffraction diagram depicted in
Fig. 1a exhibits characteristic clinoptilolite peaks at
20 = 9.87, 22.4 and 30° [21]. As seen from Fig. 1b, the
surface of expanded zeolite was transformed to amorphous
phase, and it was also evidenced by XRD analysis. The water
concentrations in the samples were determined from the TG
curve mass loss (Fig. 2). The DTA curve of natural Bigadic
zeolite sample displays a single endothermic peak at 128 °C
as a result of a single step dehydration process. The total
mass loss for sample determined by TG analysis is 11.72%.
Most of the physisorbed water was lost between 30 and
200 °C, and in the broad interval between 200 and 500 °C,
more strongly associated water was lost. The DSC curve of
natural zeolitic tuff shows two endotherms at 91 and 441 °C
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Fig. 3 DSC curve of natural zeolitic tuff
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Fig. 4 FTIR spectra of zeolitic tuff dehydrated at various fixed
temperatures (110, 350 and 900 °C)

(Fig. 3). The FTIR spectra were recorded after dehydration
of natural zeolitic tuff, at various fixed temperatures for 6 h
(110, 350, and 900 °C) (Fig. 4). The band at 1050-
1200 cm ™' region as shown in Fig. 4 is assigned to the T-O
stretching vibration. Moreover, the peaks that appeared
around 1100-1200 cm™' were due to the OH™ bending
bands. That the natural zeolitic tuff contained H,O mole-
cules in its structure could not be determined even when it
was heated up to 900 °C. SEM micrograph of the expanded
zeolitic tuff is presented in Fig. 5.
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Fig. 5 SEM micrograph of the expanded zeolitic tuff

Conclusions

The occurrence in Turkey of huge zeolite deposits moti-
vated this study to appraise the behaviour of zeolitic tuff as
raw materials. In this study, natural zeolitic tuffs were used
for being transformed to amorphous phase. The density of
the expanded zeolitic tuff was determined to be in the
range of 0.5-0.98 x 10° kg m—>. The density of expanded
zeolitic tuff is found to be lower than that of natural zeolitic
tuff, and it is also found that it is highly resistant in acidic
and basic media. The usage of expanded zeolitic tuffs is
advantageous, especially in chemical industry, by virtue of
its convenience. In addition, the expanded zeolitic tuff can
be used in the production of lightweight materials, glass
etc. without any gas releasing materials.

Acknowledgements The authors thank Dr. M. Sakizc1 and B.
Erdogan (Anadolu University Department of Physics, Eskisehir,
Turkey) for the measurement of the XRD, DTA, TG, DSC and FTIR
standard methods.

References

1. Birsoy R. Activity diagrams of zeolites: implications for the
occurrences of zeolites in Turkey and erionite worldwide. Clay
Clay Miner. 2002;50:136—44.

2. Mumpton FA. Natural zeolites: a new mineral commodity. In:
Sand LB, Mumpton FA, editors. Natural zeolites: occurrence,
properties, use. Elmsford: Pergamon Press; 1978. p. 3-27.

@ Springer

10.

11.

12.

13.

14.

15.

16.
17.
18.

19.

20.

21.

. Breck DW. Zeolites: molecular sieves. New York: Wiley-Inter-

science; 1980.

. Cakicioglu-Ozkan F, Ulkii S. Diffusion mechanism of water

vapour in a zeolitic tuff rich in clinoptilolite. J Therm Anal
Calorim. 2008;94:699-702.

. Dyer A. An introduction to zeolite molecular sieves. New York:

Wiley; 1988.

. Breck DW. Zeolite molecular sieves. New York: Wiley; 1984.
. Breck DW. Zeolites molecular sieves: structure, chemistry, and

use. New York: Wiley; 1974.

. Erdogan B, Sakizc1 M, Yériikogullar1 E. Investigation of clin-

optilolite rich natural zeolites from Turkey: a combined XRF,
TG/DTG, DTA and DSC study. J Therm Anal Calorim. 2009.
doi:10.1007/s10973-009-0118-0.

. Barrer RM. Zeolites and clay minerals as sorbents and molecular

sieves. London: Academic Press; 1978.

Erdogan B, Sakizc1 M, Yoriikogullar1 E. Characterization and
ethylene adsorption of natural and modified clinoptilolites. Appl
Surf Sci. 2008;254:2450-7.

Conception-Rosabal B, Rodrigues-Fuentes G, Bogdanchikova N,
Bosch P, Avalos M, Lara VH. Comparative microbiological
activity of silver modified natural clinoptilolites. Microporous
Mesoporous Mater. 2005;86:249-55.

Afzal M, Yasmeen G, Saleem M, Butt PK, Khattak AK, Afzal1 J.
TG and DTA study of the thermal dehydration of metal-
exchanged zeolite-4A samples. J Therm Anal Calorim. 2000;62:
277-84.

Akdeniz Y, Ulkii S. Thermal stability of Ag-exchanged clinop-
tilolite rich mineral. J Therm Anal Calorim. 2008;94:703-10.
Costaldi P, Santona L, Coza C, Giuliano V, Abbruzzese C, Nastro
V, et al. J Mol Struct. 2005;734:424.

Yoriikogullart E, Yilmaz G, Sakizc1 M, Erdogan B. The usability
of natural zeolites for lightweight aggregate production. In:
Heinrich JG, Aneziris C, editors. Proceedings of the 10th ECERS
Conference. Baden-Baden: Goller Verlag; 2007. p. 1276-8.
Crini G, Morcellet M. Synthesis and applications of adsorbents
containing cyclodextrins. J Sep Sci. 2002;25:789-813.

Zeocem, a.s., 0904 34 Bystré 282, Slovakia. www.zeocom.sk.
Chmielewska E, Sabova L, Jesenak K. Study of adsorption
phenomena ongoing onto clinoptilolite with the immobilized
interfaces. J Therm Anal Calorim. 2008;92:567-71.

Torii K. Utilization of natural zeolites in Japan, in natural zeo-
lites, occurrence, properties, use. In: Sand LB, Mumpton FA,
editors. Natural zeolites: occurrence, properties, use. Elmsford:
Pergamon Press; 1978, p. 441-50.

Dikmen S. Adsorption of natural gas (methane) on natural zeo-
lites. MS thesis, Institute of Pure and Applied Science, Anadolu
University, Turkey; 1998.

Gottordi G, Galli E. Natural zeolites: mineral and rock. Berlin:
Springer Verlag; 1985. p. 266-7.


http://dx.doi.org/10.1007/s10973-009-0118-0
http://www.zeocom.sk

	Thermal treatment of zeolitic tuff
	Abstract
	Introduction
	Experimental
	Results and discussion
	Conclusions
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


