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Abstract This study underlines the utilisation of different micro- and nano-porous materials 
(clays, molecular sieves-zeolites) in depollution of industrial gases. The most commons 
polluted gases that results in industry are CO, CO2, SO2, NOx, VOC (volatile organic 
compounds), NH3 etc. Two of the most appropriate materials (low costs, good adsorption 
properties) that can be used in gas separation are based on different types of clays or 
zeolites.  The major advantage of using clays and zeolites in gas separation is their potential 
ability for the successive regeneration and the lower temperature of reaction. This paper 
presents the results of the most recently studies regarding industrial gases depollution using 
porous materials based on clays and zeolites. 
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1. INTRODUCTION 
 
Due to the intense industrial activity there were signalled increased quantities of polluted agents in industrial 
gases. There are known the noxious effects on environment and on human health of those; so, it is important to 
design adsorbent materials that can retain these gases before their liberation in the atmosphere and of some 
efficient methods of solid-gas contacting. Also, there were used a lot of natural or synthetically adsorbent 
materials for inorganic and/or organic species retaining: clays, zeolites, active charcoal etc. [1-3].Yang and 
Baksh [4] were the pioneers in studies of the gas separation process by using clays minerals. Gas adsorption by 
chemically modified clays or zeolites has also been studied by Yang and Cheng [5] Venaruzzo et al [6], Volzone 
and Ortiga [7] and others [8-13]. 
 
 
2. UTILIZATION OF CLAYS IN GASES SEPARATIONS 
 
Clay minerals represent the major constituents of the clays raw materials and had been classified in seven groups 
according to their structure and crystal chemistry [14]: 1-the kaolinite and serpentine group, 2-the group of 
micas, 3-the vermiculite group, 4-the group of smectites, 5-the phyrophilite and talc group, 6-the group of 
chlorites and 7-the palygorskite and sepiolite group. Technological properties of clay raw materials depend 
strongly on the properties of the clay mineral present, total mineral composition, size distribution, degree of 
consolidation and processing conditions [14].  Clays appear to be the most interesting micro(nano) porous 
materials in terms of availability, widespread and properties [15]. 
 
Clay’s minerals have a vast area of utilisation in environment protection because of their role as sorbents and 
retention-insulation materials. There were studied the adsorption properties of clays from the kaolinite group 
(typically two-sheet phyllosilicates) [7]. According to the literature, the mineralogical composition of the natural 
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kaolinitic clay has a great influence on gases adsorption (O2, N2, CO, CH4, CO2 etc). Also, the treatment with 
mineral acids can improve the adsorption capacity of the natural kaolinite. 
 
Another group of clays studied were the chemically modified bentonitic clays, utilized as adsorbents of CO, CO2 
and SO2 gases [6]. Bentonites are smectitic clays (strongly expanding three-sheet phyllosilicates) with high 
adsorption capacities. According to the literature, the gases (CO and CO2) retention is much higher (in bentonite 
cases) if the clay has a higher content of smectitic compounds, had a higher BET surface and a higher 
micropores volume. Treating the clay with a concentrated mineral acid (HCl or H2SO4) it can increase the 
number of Lewis and Bronsted sites and obtained a higher adsorption capacity for polluted gases.  
 
Pillaring is a new method of clays internal structures chemically modifying that consist in intercalation and 
fixation (by calcinations) of bulky molecules (pillars), modifying the interlayer distance and creating a 
permanent porosity. The pore size (interlayer free spacing) can be changed by introducing pillars of different 
sizes. There were developed studies regarding the adsorption characteristics of hydrogen sulphide on 
montmorillonites modified with iron by pillaring techniques. Also, Nguyen-Thanh et al [10] concluded that the 
presence of iron species on the surface of clay matrix reveals a promising capacity for H2S adsorption. Heylen et 
al. [16] relieve some methods that increase the adsorption capacity of Fe-PILC (pillared clays with iron) for 
CCl4, CHCl3, CH2Cl2 and CH4, at 0oC. The first modification method consist on preadsorption of butylamonium 
ions between the clay sheets, the result is the increasing of the porosity and the adsorption capacity of the 
modified material. Another method is based on the incorporation of the Zr species into the Fe pillars forming Fe-
Zr pillars with a higher interlayer free space. 
 
Morissay F.A. et al studies relived that the capacities of the clay mineral particles to adsorb the VOC gases are 
significant (up to 15% of the original mass) and these capacities are relative to the specific surface of the 
particles [17]. 
 
 
3. UTILIZATION OF MOLECULAR SIEVES IN GASES SEPARATIONS 
 
Due to the free spaces of the zeolitic framework that have the same dimensions like the critical dimensions of 
some molecules, the zeolites were surnamed “molecular sieves” [22]. There were performed a lot of studies of 
adsorption of CO2 on various natural (mordenite, ferrierite, clinoptilolite, chabazite) and synthetic zeolites 
(ZSM-5, 5A etc); the result of these studies showed that chabazite to be a more promising adsorbent from CO2 
separation than 4A or other synthetic zeolites [19]. 
 
The adsorptive behaviour of CH4 and CO in the pores of Ω-zeolite was investigated by Yamazaki et al [18]. 
They concluded that CO was preferentially adsorbed into the smaller pores and CH4 was scarcely adsorbed in the 
smaller pores at temperature lower than 214 K. 
 
Triebe and Tezel [20] studied the adsorption of N2, CO, CO2 and NO on various molecular sieves (H-mordenite, 
synthetic zeolites 4A and 5A, natural clinoptilolite and activated carbon) using the gas chromatographic method 
to determine the potential for separation of these air contaminants from atmospheric air. The results of this study 
showed that the clinoptilolite yielded the strongest adsorption of NO, CO and N2 in 323-473 K field. Also, they 
had demonstrated that CO2 was strongly and irreversible adsorbed on the clinoptilolite and the diffusion of N2 in 
clinoptilolite was three times greater than that of CO under the same conditions.  
 
Ackley et al [21] tried to demonstrate that the utilization of the natural zeolites on gas separation is much 
advantageous in spite of the synthetic zeolites. Also, they present in their study [21] the great advantages and the 
small disadvantages of natural zeolite utilization: variable chemical composition and purity but a great thermal 
stability, higher stability to acid environments that many common synthetic adsorbents, low costs. Table 1 
present the structural properties of the common natural zeolites with potential in gas separation processes. 
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Table 1. Structural properties of selected natural zeolites [21] 
Natural zeolite Si/Al Major cations Kinetic pore 

diameter, nm 
Max H2O 

capacity, kg/kg 
Total pore volume, 

% 
Chabazite 1.5-4 Na, Ca, K 0.43 0.28 48 
Clinoptilolite 4-5.2 Na, Ca, K 0.35 0.14 34 
Erionite 3-4 Na, , K, Ca 0.43 0.20 36 
Ferrierite 4.3-6.2 K, Ma, Na 0.39 0.12 24 
Mordenite 4.4-5.5 Ca, Na 0.39 0.15 26 
Phillipsite 1.3-3.4 K, Na, Ca 0.26 0.22 30 

 
 
4. CONCLUSIONS 
 
Natural clays and zeolites present adsorption properties and can retain polluted gases from atmosphere and from 
industrial gases. For the enhancement of their adsorption capacity it can be used a lot of methods (that are 
presents in this paper) that modify the internal structure of the initial solid material. Utilised like native materials 
or chemically modified natural materials or artificial synthesized, clays and zeolites are materials with unlimited 
potential of environment protection utilization, for the separation of the polluted gases from atmosphere or for 
the purification of industrial gases before theirs reaching in the atmosphere.  
 
 
 
REFERENCES 
 
[1]. Yang R.T. – Gas Separation of Adsorption Processes, Butterworth Publisher, Boston, 1987. 
[2]. Kapoor A., Yang R.T., Kinetic separation of methane-charbon dioxide mixture by adsorption on molecular 
sieve carbon, Chemical Engineering Science, 44, 1723-1733. 
[3]. Volzone C., Thomson J.C., Melnitchenko A., Ortiga J., Palethorpe R.S., Selective gas adsorption by 
amorphous clay mineral derivative, Clays and Clay minerals, 47, 647-657. 
[4]. Yang R.T., Basksh M.S.A., Pillared clays as a new class of sorbents for gas separation, AlChE Journal, 37, 
679-686. 
[5]. Yang R.T., Cheng L.S. / Acces in Nanoporous Materials, Plenum Press, Ed. By T.J.Pinnavia and M.F. 
Thorpe, New York, 1995, p.73. 
[6]. Venaruzzo J.L., Volzone C., Rueda M.L., Ortiga J., Modified bentonitic clay minerals as adsorbents of CO, 
CO2 and SO2 gases, Microporous and Mesoporous Materials 56, 2002, 73-80. 
[7]. Volzone C., Ortiga J., Removal of gases by thermal-acid leached kaolinitic clays: Influence of mineralogical 
composition, Applied Clay Science 32, 2004, 87-93.  
[8]. Melnitchenko A., Thompson J.G., Volzone C., Ortiga J., Selective gas adsorption by methal exchanged 
amorphous kaolinite derivatives, Applied Clay Science 17 (2000), 35-53. 
[9]. Volzone C., Rinaldi J.O., Ortiga J., Retention of gases by hexadecyltrimethylammonium-montmorillonite 
clays, Journal of Environmental Management 79, 2006, 247-252. 
[10]. Nguyen-Thanh D., Block K., Bandosz T.J., Adsorption of hydrogen sulphide on montmorillonites 
modified with iron, Chemosphere 59, 2005, 343-353. 
[11]. Roux A., Huang A.A., Ma Y.H., Zwiebel Imre, SO2 adsorption on mordenite, AlChE Symposium 
Series  - Gas Purification by adsorption, Edited by Imre Zwiebel, Broughton D.B. and Camp T.D., no.134, vol. 
69, p.46-53. 
[12]. Natural gas purification by 5A molecular sieves and its design method, AlChE Symposium Series  - 
Gas Purification by adsorption, Edited by Imre Zwiebel, Broughton D.B. and Camp T.D., no.134, vol. 69, p.96-
101. 
[13]. Kulcsar G., Vodnar I., Contributii la studiul adsorbtiei bioxidului de azot pe silicate de aluminium (I): 
Capacitatea de adsorbtie a caolinului chinezesc, Studia Universitatis Babes-Bolyai , Series Chemica, fasciculus 
1,1964, p.47-53. 
[14]. Jiri Konta, Clay and man: Clay raw materials in the service of man, Applied Clay Science 10(1995) 
275-335. 



 
 
MOCM 12 – Volume 4 – ROMANIAN TECHNICAL SCIENCES ACADEMY - 2006             184 
 
 
[15]. A. Azzouz , D. Nistor , D. Miron , A.V. Ursu , T. Sajin , F. Monette, P. Niquette , R. Hausler, 
Assesment of acid-base strength distribution of ion-exchanged montmorillonites through NH3 and CO2 – TPD 
measurements, Thermochimica Acta, 2006, in press.  
[16]. Heylen I., Vansant E.F., The difference in adsorption capacity between Fe-PILCs and modified Fe-
BuA- and Fe-Zr-PILCs, Microporous Materials 10 (1997), p.41-50. 
[17]. Kinetics of volatile organic compound sorption/desorption on clay minerals, Journal of Contaminant 
Hydrology 36 (1999), p. 291-312. 
[18]. Yamazaki T., Nishimura H., Ozawa S., Adsorption behaviour of some gas molecules in Ω-zeolite 
pores, Microporous and Mezoporous Materials, 38(2000), 187-196. 
[19]. Inui T., Okugawa Y., Yasuda M., Relationship betweep properties of various zeolites and their CO2 
adsorption behaviours in pressure swing adsorption operation, Industrial Engineering Chemical Research, 1988, 
27, 1103-1109. 
[20]. Triebe R.W., Tezel F.H., Adsorption of nitrogen, carbon monoxide, carbon dioxide and nitric oxide on 
molecular sieves, Gas Separation and Purification, 1995,  9(4), 223-230. 
[21]. Ackley M.W., Rege S.U., Saxena H., Application of natural zeolites in the purification and separation 
of gases, Microporous and Mesoporous Materials, 61(2003), 25-42. 
[22]. Azzouz A., Sajin T., Materiale zeolitice in tehnologii noi, Editura Tehnica-Info, Chisinau, 2002., p.3. 
 


