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Characteristics of Natural Zeolites using Nitrogen and Methane as Adsorption Probes

Takayoshi SHINDO, Naoko SaruTa, Ryu Nakata, Tatsuya Yamazakit
Shigeaki KiraBavasHI and Sentaro Ozawa

Abstract

Adsorption isotherms of nitrogen and methane were measured on natural clinoptilolite and
montmorillonite/mordenite zeolites as adsorbents. IR spectra of methane adsorbed by the natural
zeolites were also measured. Analyses of isotherms of nitrogen showed that small surface area
(Sger 5 20~26m’e™) and pore volume (V,; 0.060~0.062mlg™) as well as small micro porosity (inter-
nal surface area, Swr ; 3~4m’™, micro pore volume, Vaiw ; 0.008~0.011mlg™), while those of larger
values (Sger; 112m’g?, V,; 0.24mlg?, Sper ; 17m’e™, Vaieo ; 0.048mlg™) for montmorillonite/mordenite
zeolite. Adsorption data of methane on clinoptilolite zeolites and on montmorillonite/mordenite
zeolite were not found to obey a Langmuir-type adsorption equation even in the range of lower
pressures (p < 200mmHg). Isosteric heats of adsorption (q.) of methane on montmorillonite/
mordenite zeolite were larger than those on clinoptilolite zeolites. The values of q. decreased with
an increase in the amount of methane adsorbed, indicating that surfaces of the natural zeolites are
not homogeneous and adsorption of methane is likely to proceed on stronger adsorption sites. IR
spectra of the v cu, for the natural zeolites-methane system suggested that methane molecules are
adsorbed on strong cationic sites which corresponds to Na™ and K" sites for clinoptilolite zeolites

and to Ca® and Na' sites for montmorillonite/mordenite zeolite.
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Table 1 Chemical analysis and cation exchange capacity
(CEC) of natural zeolites

A B c D

Chemical

analysis / %
$i0, 694 697 730 685
TiO, - 0.1 - -
AlLO; 110 122 99 115
FeyO3 0.9 1.1 0.5 09
Ca0 13 0.7 33 0.7
MgO 0.6 1.6 - 03
Nay)O 33 35 5.0 2.7
K,0 32 3.4 0.1 33

CEC/meqg’! 163 19 065 170
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Figure 1 XRD patterns of natural zeolites
@ : Clinoptilolite, C : a-Cristobalite, A : Feldspar,
V : Mordenite, A : Montmorillonite
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Table 2 Characteristics of natural zeolites

Sample  Sgpp/mg! Spxt/ m2g! St/ mig! V,/ mig! Vinicro/ mlg!
A 25 21 4 0.062 0.011
B 20 17 3 0.060 0.008
C 112 95 17 0.24 0.048
D 26 23 3 0.062 0.011
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Figure 2 TG-DTA curves of natural zeolites
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Figure 3 Nitrogen adsorption isotherms for natural

zeolites
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Figure 4 Adsorption isotherms of methane on natural
zeolites

N : 193K, @ : 218K, A : 238K

500 e
e #
I _,_Qw". ]
400 | S~ s
I . ]
o | e
& 300
@, L
E
5
o
~ 200
>
o
100

Figure 5 Langmuir plot of methane adsorption at 193K
M : Sample A, @ : Sample B, A : Sample C, 4 : Sample D
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Figure 7 IR spectra of methane adsorbed on natural
zeolites at 223K
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