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Abstract. Sorption properties of stilbite from Strzegom were investigated, in
which Ca2+ ions had been exchanged for Mg2+. It has been found that sorption ca-
pacity of this stilbite with respect to methanol vapours and argon increased signifi-
cantly. This can be accounted for by the fact that Mg?+ ions close the channels of
zeolite to a lesser degree than larger Ca2* ions.

INTRODUCTION

Stilbite is monoclinic, C2/m, with a chemical formula close to Na;Ca,
[Al;4Si607,]- 32H,0. From the related zeolites (heulandite, clinoptilolite.
epistilbite, ferrierite, brewsterite) it differs, e.g. in a relatively large size
of the cages and channels occurring in the aluminosilicate framework
(Galli, Gottardi 1966; Slaughter 1970). X-ray investigations carried out
on stilbite by Galli and Gottardi (1966) revealed that channels formed by
10-member silicon-oxygen rings extend in the a-direction. Their smallest
diameter is about 4.4 A. Parallel to ¢, there extend 8-member ring chan-
nels of smaller diameter. On this basis, the cited authors presumed that
stilbite may possess some interesting sieve properties. Following their
suggestion, the present authors investigated the process of sorption of
water methanol, benzene vapours and argon on two natural stilbites, from
Strzegom (Poland) and Iceland, in which Ca?* was the main exchange
cation (Zyla, Zabinski 1976). It was found that both stilbites showed con-
siderable water vapour sorption, but sorption of the other sorbates was
insignificant. This is most likely due to the zeolite channels being partly
closed up by large Ca2?+ and Na?* cations. According to Slaughter (1970),
Ca2+ ions are located in the centre of the largest part of the channels
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{cages). They are surrounded by water molecules and are not directly
bonded to the aluminosilicate framework oxygens. :

In order to partly open up the channels of stilbite, large Ca2* ions
(ionic radius 0.99 A) were exchanged for smaller Mg2+ ions (0.6(_5 A), and
then the sorption properties of this zeolite were determined again.

EXPERIMENTAL

Investigations were carried out on a stilbite from Strzegom, described
earlier by Zabinski (1975). The exchange of Ca®* for Mg?* ions was made
by washing the stilbite several times with 2n MgCl, solution. Excess elec-
trolyte was removed by washing with distilled water in a centrifuge un-
til the reaction for chloride ion was negative.

On the stilbite sample prepared in this way isotherms for water, me-
thanol and argon sorption and desorption were determined. Isotherms for
water and methanol vapour sorption were obtained at 298 K using micro-
burettes for liquids (Lason, Zyla 1963). Argon isotherms were determined
at 77 K using sorption manostats (Ciembroniewicz, Lason 1972). The iso-
therms are presented in Figures 1—4.

RESULTS

Figure 1 shows water vapour sorption and desorption isotherms. The
shape of the adsorption isotherm is typical oi the BET isotherm II. It
is interesting to note that water adsorption is a reversible process. The
desorption and adsorption isotherms converge at a relative pressure of
about 0.075.

cm’ cm
020 / e
[ A
i
L -2
015 B () A & S
54 Vi : g il
2ol £ g
:— / E o’ o H
0.10 -
;0.10 7
U
0.08 0.0S/
00 02 3 0 6 05 @ 02 09 p/p 01 0z 03 04 05 08 07 08 09 p/ps
Fig. 1. Adsorption and desorption iso- Fig. 2. Adsorption and desorptioniso-
therms of water vapour on Mg-form therms of methanol on Mg-form of
of stilbite . stilbite .

-

1 — adsorption, 2 — desorption 1 — adsorption, 3 — desorption

T2

Figure 2 comprises isotherms for methanol sorption and desorption.
It will be noticed that a non-closing hysteresis loop appears on them. The
desorption curve at relative pressures p/p, = 0.95—0.20 is almost paral-
lel to the abscissa, which evidences that desorption of the previously ad-
sorbed methanol molecules does not take place. At relative pressures.
p/po lower than 0.2, desorption of these molecules begins, but the desor-
ption isotherm has not a single point in common with the adsorption iso-
therm. Non-closing of the hysteresis loop suggests that a large number of
water molecules, bonded in an energetically preffered way, remain in the
channels of stilbite.

Worth noting is the shape of the argon adsorption isotherm (Fig. 3).
The bulk of argon is adsorbed at low relative pressures, p/p, = 0.005—0.10.
This testifies to a high content of micropores in the porous structure of
stilbite, and a very low content of transitional pores and macropores. The
desorption isotherm coincides over its whole length with the adsorption
isotherm without forming a hysteresis loop. It can be inferred therefore
that the micropore system is fairly homogeneous.

A comparison of adsorption isotherms for the three adsorbates used
(Fig. 4) illustrates well variations in the sorption capacity of the magne-
sium form of stilbite, depending on the kinetic diameter of adsorbate mo-
lecules. This stilbite shows the highest sorption capacity with respect to
water molecules, whose kinetic diameter ranges from 2.20 to 2.80 X This
capacity is lower with respect to methanol vapours (kinetic diameter of
2.98—3.05 A), and the lowest with respect to argon atoms (kinetic dia-
meter of 3.83 A). These observations suggest that the magnesium form of
stilbite possesses sieve properties.

Applying the BET equation, V,, values expressed in mmol/g and in
cm3 of liquid sorbate per gram of adsorbent, as well as specific surface
areas were calculated from adsorption isotherms (Table 1). To obtain com-
parative data, the corresponding
values for natural (calcium) stilbite
are also listed in Table 1. It is evident
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Table 1
Sorptive properties of Mg- and Ca-forms of stilbite
1 Adsorbate RGO b
water vapour methanol argon
Adsorber
Vm Vm S Vm Vin S| Vim Vm S
mmol/g |cm¥g | m?/g | mmol/g cm3/g | m?/g | mmol/g |cm?¥/g | m?/g
Mg-form of 5.56 0.102; 358.0 1.99 0.081 | 216.8 1.89 0.055 | 188.6
stilbite ‘ k
natural stil- 6.56 0.119 ' 413.0 0.131 0.0053| 14.3 0.051 |0.0015 5.1
bite (Ca- l
-form) ‘ [
|

the pores of this zeolite become accessible even to relatively large mole-
cules or atoms. The enlargement of the aperture of channels may be greater
than predicted bg simple comparison of the ionic radii of Ca?* (0.99 A)
and Mg2* (0.66 A) because, as was mentioned earlier in this paper, the
Ca2* ions occupy presumably the central position in the channels of stil-
bite while the Mg2+ ions can be located more eccentrically, closer to the
channel walls. The marked sorption capacity of stilbite with respect to
argon, whose atoms have a kinetic diameter of 3.83 A, confirms the re-
sults of X-ray investigations which revealed a relatively large size of
channels in the structure of this zeolite (the smallest diameter in the a-
-direction is 4.4 A).

The slight decrease in the sorption capacity with respect to water va-
pour compared with calcium stilbite may be due to different hydration
properties of Ca2* and Mg2* ions. The same was noted when magnesium
montmorillonite was compared with its calcium form (Zyta 1972).
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Mieczystaw ZYEA, Witold ZABINSKI
WLEASNOSCI SORPCYJNE MAGNEZOWEJ FORMY STILBITU
Streszczenie

Zbadano wlasnosci sorpeyjne stilbitu ze Strzegomia, w ktorym uprzed-
nio dokonano wymiany jonéw Ca?* na Mg?*. Stwierdzono wybitny wzrost
chlonnoscei sq;‘pcyjnej par alkoholu metylowego i argonu, co tlumaczy¢
mozna tym, iz jony Mg** w mniejszym stopniu przestaniaja przekroj ka-
nalow zeolitu niz wieksze od nich jony Ca2+. :

OBJASNIENIA FIGUR

Fig. 1. Izotermy sorpcji i desorpcji par wody na magnezowej formie stilbitu
1 — sorpcja, 2 — desorpcja

Pig. 2. Izoﬁ;army sorpcji i desorpeji par alkoholu metylowego na magnezowej formie
stilbitu
1 — sorpcja, 2 — desorpcja

Fig. 3. Izotermy sorpcji (punkty) i desorpecji (krzyzyki) par argonu na magnezowei
formie stilbitu. Brak petli histerezy

Fig. 4. Zestawienie izoterm sorpcji par wody (1), alkoholu metylowego (2) i argonu
(3) na magnezowej formie stilbitu

Meuwucaras JKbBIJIA, Buroavo JKABHHCKH
COPBILIUOHHBIE CBOUMCTBA MATHUEBOW ®OPMblI CTUJIBUTA
PesmowMme

Bouin uccnenoBanbl COpOLHOHHBIE CBOHCTBA CTHIOHTA H3 CTKeromsi, B Ko-
TOPOM Mnpezkae HoHbl Ca2t Gl 3aMeHeHbl Mg2*. Bblio o6HapyKeHo (0Jblioe
MORBILIEHHE TONJIOMAoIIe COPOLHOHHOR CMOCOOHOCTH MApoOB MEeTaHoJa H ap-
rona, uto OOBSICHSIETCS TeM, UTO HOHbI Mg2+ B MEHbIICH CTelNeHH 3aropozKaroT
CeueHre KaHaJoB IeoJuTa, yeM Gojiee KpynHble HOHbI CaZt.

OBbSICHEHHS K OUTYPAM

dur. 1. Ms3orepmbl cop6llHE i AecopOUHH BOASHBIX NMapoB Ha MarHHEBOH (opme CTHJIOHTA
1 — cop6uusi, 2 — necopOuHs

®ur. 2. M3oTepMbl copOLHH H JecOpOlHH NapoB MeTAaHOJAa Ha MArHHEBOH dopme cTHAGKTA
1 — copbunsi, 2 — necopOuus

®ur. 3. M3orepMbl cOpOUMH (TOUKH) It AecOpPOLHH (KPeCTHKH) MapoB aproHa Ha MAarHHEBOH
¢dopme ctuabura. OTCYTCTBYeT MeTJsi THCTepesHca

®ur. 4. Conocrapienne H3oTepM CopOILHH BOASHBIX mapoB (/), meraHona (2) u aprosa (3)
Ha MarHueBoH (opme cTHAGHTA



