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SORPTION PROPERTIES OF SYNTHETIC
OH- AND CI-FORMS OF SODALITE

@nitial materga] used.for synthesjs. The samples were subjected 10 thermal activation, and the result-
ing changes in sorption properties were discussed. The binding mechanism of molecules of different
adsorbates to the surface of sodalites was studied.

INTRODUCTION

As a continuation of the earlier studies of crystallochemical propetties of synthetic
OH- and Cl-sodalite (Tokarz 1978; Fijal, Tokarz 1981), the sorption properties
of this mineral were investigated. There are very few papers dealing with this subject
because such investigations have hardly ever been carried out on sodalites. The
reason for this is presumably the fact that the “windows” in the structure of sodalite
have a small diameter (about 1.5 and 2.3 A), which limits severely the possibility of
incorporation of large-size adsorbate molecules into this structure. It seems, however,
that sodalite could be used as a selective molecular sieve to separate small molecules.

EXPERIMENTAL

The investigations were carried out on some of the samples studied and described
earlier by Fijat and Tokarz (1981). These were OH- and Cl-sodalites obtained by
synthesis under hydrothermal conditions from pure chemical components, and
through transformation of kaolinite. In the latter case, kaolinite was derived from
the Jegtowa and Kalno deposits. The list of samples and the general conditions of
synthesis are given in Table 1. Additional information on the synthesis conditions
can be found in the papers of Tokarz (1978) and Fijal, Tokarz (1981).
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Table |
Sodalite samples investigated for sorption properties
Sample symbol RS e nuir:;:;mhlomclr ¥ Starting materials

5-16 Na* Cl Silica sol

{- sodium aluminate

{ NaOH +NaCl+H,0
S§-17 Na* OH" Silica sol

- sodium aluminate

- NaOH+4H,0
S-41 Na* OH~ Kaolinite (Jeglowa)

+ NaOH+H,0
K-3 Na* OH~ Kaolinite (Kalno)

4 NaOH+H,0
K-14 Na* (<3 Kaolinite (Kalno)

+ NaOH +NaCl+4H,0

Sorption isotherms were determined using volumetiic equipment. Sorption mano-
stats (Ciembroniewicz, Lason 1972) were used to determine argon sorption and
desorption isotherms at the liquid nitrogen temperature, i.c. at 77.5 K. At this
temperature the pressure of saturated argon vapour is 2.66 Pa. The isotherms for
water and methanol sorption were obtained at 298 K using microburettes for liquids
(Lason, Zyla 1963). At this temperature the pressure of saturated water vapour
and methanol is 0.316 Pa and 1.64 Pa, respectively.

The choice of adsorbates was determined both by the kinetic diameter of their
molecules and the degree of their polarity. Due to his, it was possible to estimate
the pait of physical adsorption and chemisorption in the total amount of sorption.
Physical adsorption takes place as a result of non-specific interaction between the
adsorbent surface and non-polar argon molecules, whereas chemisorption is caused
by the interaction between the active acid-basic surface centres and polar adsorbate
molecules,

From the isotherms obtained for argon, methanol and water vapour adsorption
the number of adsorbate molecules necessary to coat the adsorbent surface with
a monomolecular layer (V,,) was calculated using the BET equation (Brunauer
et al, 1938). Then the specific surface area was determined for the samples studied,

using the formula:

S=V,. 8
where: S — specific surface arca of adsorbent, m?/g,
V, — number of adsorbate molecules in monolayer,
s — suiface area occupied by one adsorbate molecule, A?,

The value of specific surface arca obtained by means of a polar adsorbate for
adsorbents that have active centres on their surface, is questionable. In such a case,
the amount of sorbed molecules corresponds to the number of active centres rather
than b;:ing a direct measure of specific surface area, It is to be assumed that the Ve
value in the BET equation gives then information on the degree of saturation of the
polar centres on the adsorbent surface, but does not say whether a monomolecular
adsorbate layer ha)s formed on this surface. When the number of polar centres on
the adsorbent surface increases markedly, the specific surface area caleulated from
the sorption of polar substances is close to the actual value.
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Table 2

Sorption investigations for OH- and Cl--sodalite
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Sorption measurements also help to determine thf Strucufiri11:fcorr):er:;6n§i}:;
i ining the pore volume an
structure can be described by determining ] ot
i i i d that such calculations are mor
effective radius. Recent studies havg .conﬁrme tha U !
accurate if the 2nd variant of Dubinin-Raduszkiewicz method is adopted (Oscik

1978).

RESULTS

¢ tion were carried out
Measurements of argon, methanol and water vapour sorp
on sy(:lthetic OH- and Cl-sodalites. The samples were outgassed for 1'2 hou;s at
393 and 593 K at a vacuum of 10~° mm Hg. The results are presented in the form
f isotherm in Figures 1—6 and in Table 2. : i
: ]";'(l)w K-3 samplég, representing the OH-form of sodalite thalned by way of hyd.ro-
thermal transformation of kaolinite from the Kalno deposit, shows the best sorption

4

20,0 4

10%[cm?/q)

~ 18,0

a

16,0 -

14,0 1

12,0 1

10,0 4

8,0 4

6,0 1

4,0 1

20 4
10 4

T T T 1 § T T T T T ‘;
01 0,2 0,3 0,4 0,5 0,6 0,7 0,8 e R
Fig. 1. Sorption isotherms of argon, water vapour and methanol by OH-form qf
sodalite — sample K-3 (in parentheses the outgassing temperature of the sample is
given)
1—H,0 (593 K), 2— H,0 (393 K), 3 — CH,0H (393 K), 4 — CH,0H (593K), 5 — argon (593 K),
6 — argon (393 K)
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properties of all the samples studied. As appears from the argon, methanol and water
vapour sorption isotherms (Fig. 1), water vapour sorption in the initial range of
relative pressures is about 4.5 times higher than methanol sorption. This difference
increases to about 5 times for relative pressures close to the pressure of saturated
vapours. The adsorbate volume V,, in the monolayer is 7.38 x 10=2 cm?/g for water
vapour and 1.61x10-2 ¢cm3/g for methanol.

When the sample was outgassed at 393 K, the shape of adsorption curves is
similar to that of type II isotherms according to the BET classification (Oécik 1979).
At relative pressures p/p, = 0.0—0.9 such samples show methanol sorption higher
by 1.0—1.5x10-2 cm?/g than water vapour sorption. However, under the con-
ditions of maximum saturation with adsorbate vapours (p/ps=0.95), the amounts
of adsorbed water vapour and methanol are nearly the same, being close to 0.1 cm?/g.

Argon sorption of the K-3 sample is the lowest. The adsorbate volume in the
monolayer is 0.6 10~2 cm3/g. From the shape of the argon sorption isotherm is
appears that there is no specific interaction between the non-polar adsorbate and
the adsorbent surface.

The S-41 sample represents the same OH-form of sodalite but the initial kaolinite
used for synthesis was derived from the Jeglowa deposit. The general shape of
sorption isotherms (Fig. 2) is similar to that of the isotherms obtained for the K-3
sample. The only differences have been noted in the initial range of relative pressures.
The slopes of isotherms are less steep, indicating that the number of adsorbent-
-adsorbate ionic bonds has decreased. The amount of water vapour adsorbed by
the sample outgassed at 593 K is 6—7 times greater than the amount of adsorbed
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Fig. 2. Sorption isotherm of argon, water vapour and methanol by OH-form qf
sodalite — sample S-47 (in parentheses the outgassing temperature of the sample is
given)
1 —H,0 (593 K), 2— H,0 (393 K), 3 — CH;0H (393 K), 4 — CH;OH (593 K), 5 — argon (593 K),
6 — argon (393 K)
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ole range of relative pressures. The values of V,, are 5.29 x
r:itg??ogn(évg.r;:elo\ﬁ cm’/g,grespectively: As was the case in the K-3 sample, the
low-temperature argon sorption is insignificant (Fig. 2), aqd the value of V,, is
0.3 % 10~2 cm?/g. This value does not depend on the outgassing temperature, being
the same for temperatures of 393 and 593 K. ;

The S-17 sample was obtained by synthesis from pure chemical components.
From the shape of sorption isotherms detcrmmgd for this sample it is impossible
to establish with confidence the equilibrium relative pressure at which the adsorbent
surface becomes completely saturated by the monomolecular. layer of adsorqu
water vapour. The amounts of water adsorbed at a given relative pressure p/p, lie
between the respective values obtained for the samples K-3 and S-41. The value
of V,, for the S-17 sample is 5.53x 10~ cm?/g.
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Fig. 3. Sorption isotherms of water vapour and methanol by Cl-form of soda]ite — sample
K-14 (in parentheses the outgassing temperature of the sample is given)
1 — H;0 (393 K), 2 — H;0 (593 K), 3 — CH,;0H (593 K)

The K-14 sample represents the Cl-form of sodalite, and the material used for
its synthesis was the same as for the K-3 sample. From the shape of sorption isotherms
and the value of ¥, it appears that this sample shows low sorption capacity with
respect to water vapour and methanol (Fig. 3). There are no essential differences
in the amount and manner of water vapour and methanol sorption on this adsorbent.
Only the outgassing of the sample at a lower temperature (393 K) causes a nearly
twofold increase in its maximum sorption capacity with respect to water vapour
compared with the samples outgassed at 593 K. The low adsorptive capacity of
this sample is also reflected by the V,, values that give the volume of adsorbed argon
monolayer (Table 2).

To answer the question whether the initial material used for synthesis affects
the sorption properties of Cl-sodalite, measurements of argon, methanol and water
vapour sorption were carried out on the S-16 sample, which was obtained by synthesis
from pure chemical components. Prior to measurements, the sample was outgassed
at 593 K. The shape of the determined isotherms (Fig. 4) is different, which indicates
that the sample adsorbs more methanol than water vapour. The V,, value is 2.32 %
#1072 ¢cm?®/g for methanol and 0.62 % 10-2 cm?®/g for water, Argon sorption is
very low — 0.08x 102 cm?/g.

'Sorr‘1e addi‘tional information on the nature of adsorbent-water vapour inter-
action is proyndgd by the sorption-desorption curves (Fig. 5). The hysteresis loops
are open, indicating that a certain amount of water is strongly bound to the adsorbent

surfapg and fails to be removed from the surface of sodalite under the desorption
conditions used.
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Fig. 4. Sorption isotherms of water vapour and methanol by Cl-form of sodalite — sample
S-16 outgassed at 593 K
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Fig. 5. Sorption and desorption isotherms of water vapour — samples K-3 and K-14 (in
parentheses the outgassing temperature of the sample is given)

1 — sample K-3 (593 K), 2 — sample K-3 (393 K), 3 — sample K-14 (593 K)
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Fig. 6. Pore volume distribution vs. their effective radius, for OH- and CI-fprm of sodalite (in P&~
rentheses the outgassing temperature of the sample is given)
1 — sample K-3 (393 K), 2 — sample K-3 (593 K), 3 — sample K-14 (593 K)

Apart from determining the specific surface area and the degree of polarity of
the adsorbent surface, sorption studies also provide the data necessary for the
determination of pore distribution in the adsorbent structure. To this end, the
relation between the volume of pores and their effective radius is used. The calcu-
lations were carried out adopting the 2nd variant of Dubinin-Raduszkiewicz
method (Oscik 1978) and using the desorption part of the low-temperature argon
sorption isotherm. Figure 6 presents the pore volume distribution vs. the effective

radius (AA—I:= f(r)). The radius corresponding to the maximum on the distribution

curve is assumed to be the radius of pores dominant in the structure of the given
adsorbent.

The OH-form of sodalite, represented by the K-3 sample, displays a maximum
on the distribution curve which depends on the outgassing temperature. It is evident
from the plot that the higher outgassing temperature causes the general increase in
the volume of transitional pores and the displacement of the dominant radius towards
micropores (r=50 A).

The Cl-form of sodalite fails to display a pronounced maximum on the distri-
bution curve, and the function f(r) has low values.

DISCUSSION

The aim of the present investigation was to determine the adsorptive capacity
of the OH~ and Cl-forms of sodalite. It has been found that these forms behave
differently with respect to the adsorbates used. The majority of OH-sodalite samples
show far better sorption properties with respect to water vapour than Cl-sodalites.
It seems that the low sorption capacity of Cl-sodalite is due to the fact that this
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form is hardly subject to hydrolysis during intense washing with water (Fijal, Tokarz
1981). Under the same conditions, OH-sodalite undergoes pronounced hydrolysis.
During this reaction, the non-stoichiometric “excess” Na* cations, loosely bound
in the structure of OH-sodalite, are removed. These ions are then replaced by pro-
tons, which instantly react with the structural OH~- groups to form water molecules.
Water formed in this way is removed from the structure of OH-sodalite when it is
outgassed at 593 K, making accessible the channels that have been blocked before
by Na* cations. The size of hexagonal rings leading to the interior of the structure
(about 2.3 A) allows water molecules of kinetic diameter 2.2 A to penetrate freely
through them. To illustrate the sorption capacity of the two forms of sodalite, the
percentage of adsorbed water in the sample volume was calculated. It has been found
that 1 g of OH-sodalite occupies a volume of about 0.45 m? and can bind about
0.2 cm?® of water, while 1 g of Cl-sodalite binds only 0.028 cm? of water, occupying
the same volume. In the initial range of relative pressures p/p,=0.0—0.1, the rapid
increase in the amount of adsorbed water has been noted for all the OH-sodalite
samples. Such a shape of isotherms is typical of the sorption in micropores. From
X-ray structural studies (Fijal, Tokarz 1981) it follows that the degree of order and
crystallinity of OH-forms of sodalite is lower than that of Cl-sodalite. The calcu-
lated pore volume distribution indicates that mesopores play an insignificant part
in the total sorption. The maximum on the pore volume distribution vs. effective
radius curve is displaced towards micropores. Therefore, it is to be assumed that
water molecules place themselves fiist of all in the narrow channels in the structure
of sodalite, and not in the meso- or macropores existing between the crystallites of
this mineral.

Water vapour sorption on the OH-sodalite samples outgassed at 393 K is much
lower. The shape of the isothesms indicates that at low pressures p/p,, the increase
in the volume of adsorbed water is very slow. It can be presumed, therefore, that
water molecules do not penetrate into the channels in the structure of sodalite but
are only adsorbed on the surface of crystallites. This is presumably due to the fact
that the outgassing of samples at 393 K fails to remove water formed during the
hydrolysis of OH-sodalite from the channels.

The Cl-sodalite samples show yet lower sorption capacity with respect to water
vapour. The adsorption isotherms obtained for these samples are similar in shape
to the type III isotherms according to the BET classification. This not only shows
that water molecules have weak affinity for the surface of Cl-sodalite crystallites,
but also indicates that Cl~ ions of kinetic diameter 1.8 A are not removed from
the structure during washing with water but still block the access to the interior
of the Cl-sodalite structure.

The isotherms determined for methanol sorption on synthetic OH- and Cl-
-sodalites show that only the samples heated at 393 K adsorb some methanol. Heat-
ing at a higher temperature (593 K) usually decreases the amount of adsorbed metha-
nol. The §-16 sample alone (Cl-sodalite) shows higher methanol than water vapour
sorption after heating at 593 K.

Irrespective of the outgassing temperature, the samples studied show practically
no argon sorption on the surface or inside the structure.

From the foregoing discussion it follows that synthetic OH- and Cl-sodalites,
and particularly OH-sodalites obtained through transformation of kaolinite, may
be used as molecular sieves in the processes requiring the separation of water from
organic compounds.
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CONCLUSIONS

1. The OH-form of sodalite has definitely better sorption properties thgm the
Cl-form. This is due to the hydrolysis of OH-sodalite, which renders additional
channels in the structure of this mineral accessible to sorption.

2. There is a marked correlation between the outgassing temperature of OH-so-
dalite and its adsorptive capacity with respect to water vapour. Water adsorbed
by OH-sodalite may occupy up to 45% of its initial volume. 3

3. The sorption properties of OH-sodalite depend on the provenance of kaolinite
used for its synthesis.

4. The Cl-sodalite sample obtained by synthesis from pure chemical components
shows higher sorption capacity with respect to methanol than the samplc? obtained
from natural kaolinite. Both samples have similar water sorption capacity.

5. The pore volume distribution vs. effective pore radius curve plotted for OH-
-sodalite displays a maximum corresponding to the dominant radius r= 100 A.
The outgassing of the sample at 593 K results in the general increase in the volume
of transitional pores and causes the dominant radius to shift towards micropores

(r=50 A).
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Marek TOKARZ, Andrzej WEODKOWSKI

WLASNOSCI SORPCYJINE SYNTETYCZNEGO
OH- I CI-SODALITU

Streszezenie

Wykonano badania chlonnogci sorpeyjnych formy Cl- i OH-sodalitéw wzgledem
argonu oraz par metanolu i wody. Wyznaczono objetosci poszezegblnych adsor-
batow pgtrzcbnc do pokrycia powierzchni sodalitu warstwg monomolekularng
oraz obliczono powierzchni¢ whasciwa poszezegblnych jego form. Stwierdzono
zalezno$¢ whasnosci sorpeyjnych sodalitu od materiaty wyjéciowego ktéry zostal
uzyty do syntezy. Przeprowadzono termiczng aktywacje probek i wykazano zmiany
ich wilasnosci sorpeyjnych. Przeanalizowano mechanizm polaczen czgsteczek stoso-
wanych adsorbatow z powierzchnig réznych form sodalitu.
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OBJASNIENIA FIGUR

Fig. 1. Izotcrmy adsorpcji argonu, par wody i metanolu przez OH-forme sodalitu — prébka K-3
(w nawiasach podano temperaturg odgazowania préobki)

' — H;0 (593 K), 2 — H;0 (393 K), 3 — CH;0H (393 K), 4 — CH;0H (593 K), 5 — argon (593 K)
6 — argon (393 K) :
Fig. 2. Izotermy adsorpcji argonu, par wody i metanolu przez OH-forme sodalitu — probka S-41
(w nawiasach podano temperaturg odgazowania préobki)
! — H,0 (593 K), 2 — H,0 (393 K), 3 — CH,0H (393 K), 4 — CH,0H (593 K), 5 — argon (593 K)
6 — argon (393 K) {
Fig. 3. Izotermy adsorpcji par wody i metanoly przez Cl-forme sodalitu — probka K-14 (w na-
wiasach podano temperature odgazowania probki)
1 — H;0 (393 K), 2 — H;0 (593 K), 3 — CH30H (593 K)
Fig. 4. Izotermy adsorpcji par wody i metanolu przez Cl-forme sodalitu — préobka S-16 odgazo-
wywana w temperaturze 593 K
! — CH30H, 2 — H,0
Fig. 5. lIzotermy adsorpcji i desorpcji par ‘'wody przez probki K-3 i K-14 (w nawiasach podano
temperatur¢ odgazowania probki)
I — prébka K-3 (593 K), 2 — prébka K-3 (393 K), 3 — prébka K-14 (593 K)
Fig. 6. Funkpja rozkladq objetosei porow wzgledem ich efektywnych promieni dla OH- i Cl-form
sodalitu (w nawiasach podano temperature odgazowania probki)
1 — prébka K-3 (393 K), 2 — prébka K-3 (593 K), 3 — prébka K-14 (593 K)

Mapex TOKAK, Anonceii BJIOJKOBCKH

INOIJIOMAIOUME CBOVICTBA UCKYCCTBEHHOT'O
OH- U CI-COJIAJIUTA

Pesome

ITposeseno uceneopanns nornomaiowmx ceoiicts mMoaudukauuit Cl- u OH-
CO/IAJIUTOB B OTHOLICHUM APIrOHA, 4 TAKKE NAPOB METAHONA U BOJLL ONpeaeseHo
00BEMBI  OT/IEbHBEIX  a6COP6ATOB, HEOOXOAMMBIC ISl TOKPBHITHA IIOBEPXHOCTH
COMIAIUTA MOJICKYJIAPHBIM CJIOEM, 4 TAKKE PACYATAHO YJAEILHYIO MOBEPXHOCT
OT/ENBHbIX €ro (hopm. OGHAPYKEHO 3aBUCHMOCTDH TIOIJIOLIAIOIIMX CBOUCTE CO/la-
JIMTA OT MCXOJIHOTO MaTepuaja, KOTOpbIA npumeHsicis B cuntese. [lposeneno
TCPMUYCCKYIO AKTUBALMIO OOPA3LOB M J0KA3aHO U3MEHCHME WX IOIJIOIIAOIILUX
cBoiicTs.  [1poananu3upoBan MEXaHM3M COCAMHEHHMHA MOJIEKYJl YHOTPEGIAEMBIX
afcopbaToB C IMOBEPXHOCTBIO PA3IMYHBIX (DOPM COAAIUTA.

OBBACHEHUS K OUT'YPAM

Dur. 1. Usorepmel aacopbumu aprosa, napos Boasl 1 Meranosna #a OH-moauduxanuy comanura,
obpasen K-3 (B ckobkax ykasaHa Temreparypa jerazaumu obpasia)
1 — H,0 (593 K), 2 — H,0 (393 K), 3 — CH30H (393 K), 4 — CH;OH (593 K), 5 — apron (593 K), 6 —
apron (393 K)

Dur. 2. Vsotepmpr ancopbumu aprosa, nmapos Bojsl u Meranona va OH-momudukawmun cogamra,
obpaser S-4/ (B ckobkax ykazaHa TeMIepaTypa erazaiumu obpasia)
1 — H,0 (593 K), 2 — H,0 (393 K), 3 — CH;0H (393 K), 4 — CH,OH (593 K), 5 — apron (593 K), 6 —
apron (393 K)
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@ur, 6.

. Wsorepmsi ancopbumu napos Bozkl ¥ Metanosna Ha Cl-Momuduxaumun conammra, obpasen

K-14 (8 cxobxax yxazana TemnepaTypa Aerazauuu obpasua)
1 — H;0 (393 K), 2 — H;0 (593 K), 3 — CH;0H (593 K)

. Wisorepmpr azicopbimu napos Bozsl ¥ Metanona Ha Cl-momdykaumy conanmra, obpasers

S-16, nerasupoeansbiit B Temrepatype 593 K
1 — CH;0H, 2 — H,0

. Msorepmer azcopbumm u pecopbummu mapos Bozsl Ha obpasuax K-3 u K-14 (B cxobkax

ykaszaHa Temrepartypa jerasaumu obpasua)

1 — obpaszen K-3 (593 K), 2 — obpasen K-3 (393 K), 3 — obpasen K-14 (593 K)

DynKums pacnpenesieaus obremMa Mapoe 1Mo OTHOWICHUIO X uX 3GGEXTUBHBIM pammycam
wis OH- n Cl-momudukaumit copamra (B CkOOKax yka3aHa TEMIEPATypa HEra3’aliu
obpazua)

1 — obpasen K-3 (393 K), 2 — obpaszen K-3 (593 K), 3 — obpaseu K-14 (593 K)



