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Abstract. Some crystallochemical properties of OH- and Cl-forms of
sodalite obtained by direct synthesis from pure components and by way of
transformation of kaolinite in an alkaline medium were compared, and the
differences between these forms were noted.

It has been found that the presence of CIl— ions in the crystal lattice of
sodalite increases the degree of its crystalline perfection. This fact has been
attributed to the crystal field symmetry round these anions.

The thermal behaviour of the two forms has also been found to be dif-
ferent. The calcination of OH-sodalite is attended with a considerably greater
weight loss than the calcination of Cl-form. This can be partly accounted for
by the hydrophilic nature of OH-form and the thermal dissociation of OH groups,
and partly by the presence of a phase with the structure close to cancrinite in the
reaction products, i.e. a phase with larger channel diameters. Slow dehydration
of the Cl-from of sodalite at 200—400°C leaves nothing but water molecules,
referred to as residual H:0, strongly coordinated by sodium cations, in cavities
of the sodalite framework. The electric field of cations is responsible for the
dissociation of H20 molecules with the formation of H;Ot ions. The presence of
the latter was detected with spectroscopic methods.

It has also been found that the OH- and Cl-forms of sodalite show different
stability in an aqueous medium. Intense washing of OH-sodalite with water
results in the partial removal of Na+ ions and transformation of this form into

hydrosodalite (H,O-sodalite).

INTRODUCTION

Sodalite belongs to the group of feldspathoids, i.e. framework alu-
minosilicates, the structure of which is more readily accessible to fo-
reign ions and molecules than the structure of feldspars. The lattice of
feldspathoids has cavities into which fit complementary cations, as well
as non-stoichiometric “excess” cations and anions and water molecules.
On account of their ion-exchange and sorption properties, these minerals
have also been assigned to zeolites.

* TInstitute of Geology and Mineral Deposits, Academy of Mining and Me-
tallurgy in Cracow (Krakow, al. Mickiewicza 30).
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The framework of sodalite is made up of alternate [SiO,]4 and
[AlIO,]>~ tetrahedra linked by sharing oxygen atoms in such a way that
they form a truncated octahedron bounded by tetra- and hexagonal
rings, respectively 1.5 and 2.3 A in diameter. There are cavities in
this framework, and CI~ anions usually fit into their centre. Na* cations,
compensating for the framework negative charge that results from the
Si/Al substitution in the tetrahedra, and balancing the CI- charge, are
distributed in the hexagonal rings and surround these anions (Lons,
Shultz 1967; Taylor, Henderson 1978).

Synthesis from strongly alkaline solutions gives hydroxysodalite
(OH-sodalite), which contains OH~ groups and water molecules in place
of excess CI~ anions (Barrer et al. 1968). Up till now the studies of
sodalite have concentrated mainly on the description of its structure,
while its crystallochemical properties or the presence and effect of non-
-stoichiometric ”excess” cations and anions on these properties have
aroused less interest (Barrer et al. 1968: Barrer, Cole 1970; Shipper,
Lauthouwers 1972). The reason for this is presumably the fact that the
size of the ”cage” as well as of the channels and windows in the struc-
ture of sodalite severely limits the possibilities of exchange and diffusion
of these non-stoichiometric ”excess” cations and the modification of
their composition. It should be made clear that non-stoichiometric ”ex-
cess” cations are here understood to mean those Na+ ions that are
present in the structure of sodalite not because they have to compensate
for the negative charge on its framework resulting from the Si/Al sub-
stitution, but because they balance the charge on CI~ anions that are
in the centre of the sodalite cage. Barrer (1970) defines these ions as
salt ”inclusions” in the structure of sodalite.

There have been attempts to exchange the ”excess” ions without
changing the structural parameters of sodalite (Barrer et al. 1968: Bar-
rer, Cole 1970). Na* cation can only be exchanged for Lit as the’ ionic
radii of other cations are too large. More difficult still is ani
because the diffusion of so large ions from inside the sodali
virtually impossible. Different anionic forms of sodalite

1 : have been
o}];;tamed, but this has been accomplished not by ion exchange but by
the introduction of various anions into the mixture of initi
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MATERIALS AND METHODS

Investigations were carrie
Cl-sodalite obtained by synth

Table 1
The list of samples and the conditions of synthesis
Sample | Xind. of non- / Intensity of washing
A pl stoichiometric Starting materials R
kY ions
! A silica sol cold washed
i 4 CI_ } + sodium aluminate
S AR + NaOH + NaCl + H,0 fot washed
o silica sol cold washed
S e i Cl_ | + sodium aluminate
S Na o [ + NaOH + H,O hot washed
K — 3a Na+ Cl- | | kaolinite (Kalno) cold washed
K — 3P [ 3Nad" 2l i) ShiNAOHS B0 hot wash::d
K — 14a Na+t Glestl kaolinite (Kalno) cold was
K — 14b | Na* Cl- [ | + NaOH + NaCl + H;0 hot washed
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Fig. 1., X-ray di_ff.rqc—
tograms of artlf'lcml
OH- and Cl-sodalite
a — S-17a (cold washed
OH-form), b — S-17b (hot
washed OH-form), ¢ —
S-16a (cold washed Cl-formj,

d — S-16b (hot washed
Cl-form), S — sodalite: C —
cancrinite
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(Lower Silesia). The conditions of synthesis were described in a paper
of Tokarz (1978). After the completion of synthesis, all sam-
ples were separated from solution and cold washed with distilled water.
Then the samples dried at room temperature were divided into two
parts, one of which was at once subjected to investigations while the
other was intensely hot washed again with distilled water and dried
%L glooriq temperature. The list of samples and their symhbols are given in
able 1.

The.products of syntheses were identified with X-ray and IR spec-
troscopic methods as sodalite (figs. 1, 2). Samples K-3a, b and K-14a, b
haye alsp been found to contain a small admixture of unaltered mica
(illite) (fig. 2).

X-ray .powder patterns were recorded with a TUR-M-61A diffracto-
_mete{‘,' using Fe-flltgl*ed CoK, radiation (A=1.78892 A). Minerals were
1dent1fle$i on the basis of ASTM data. Also crystallite size was determined
by Laue’s method involving half-width measurements.
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Fig. 2. X-ray diffrac-
L tograms of OH- and Cl-
2 sodglite obtained by al-
kalxr}e transformation of
kaolinite from the Kal-
no deposit (Lower Sile-
; sia)
a — K-3a (cold washed
OH=form); s == K-3b (hot
washed OH=FORM) AT

K-14a  (cold ‘washed Cl-

form)i g aais K-14b  (hot
L 5 s o : washed Cl-form), § — so-
30 T dalite; C — cancrinite; M —
mical/illite
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Infrared absorption spectra were obtained with a C. Zeiss UR-10
spectrometer, using two measuring techniques that required two dif-
ferent kinds of samples. In one case samples prepared in KBr discs were
used, and spectra were recorded between 400—1800 and 3000—3800
em~t. In order to investigate the behaviour of sodalite during calcination
at 20—600°C, samples were prepared in the form of thin self-sup-
porting films obtained by pressing the material to be studied, and pla-
ced in a high-temperature vacuum absorption cell ensuring a vacuum of
10~ mm Hg. Spectra were recorded at room temperature after the
samples had been heated at 150, 300, 450, 500 and 580°C. Each sample
was heated at the given temperature until the succesively recorded
spectra did not show any changes in shape. Infrared spectra were
recorded in the ranges 1300—1800 and 3000—3800 cm™1.

The following methods of chemical analysis were used: gravimetric
analysis for SiO,, complexometric titration with EDTA for AlyO,, Vol-
hard titrimetry for Cl, and flame photometry for Na. Water content
was calculated from TG curve.

RESULTS

Due to the application of the above methods, it was possible not
only to identify the products of synthesis but also to observe differences
or similarities between the investigated samples and forms of sodalite.
As regards the crystallite size, it has been found that under the compa-
rable conditions of synthesis, the crystallite size in the Cl-form of soda-
lite is larger than in OH-sodalite. These differences have been noted
irrespective of the fact whether the sample has been obtained by syn-
thesis from pure chemical components o by way of transformation of
kaolinite.

Infrared absorption spectroscopy was used to observe subtle diffe-
rences between the structures of OH- and Cl-sodalite, as well as to
describe the processes occurring during intense washing of these forms
with water.

The spectra of OH-sodalite obtained from pure chemical components
(sample S-17a, fig. 3a) show absorption bands associated with basal
vibrations of the Al-Si-O sodalite framework (435, 465, 665, 710, 738
and 1000 cm™!) and, at higher wave numbers, absorptions caused by
bending vibrations of water molecules (1660 cm™1). The broad baqd
appearing between 3000 and 3650 cm~! has been attributed to symmetric
and antisymmetric O-H stretching vibrations in water molecules. On
the slope of this band there is a peak at 3639 cm™!, presumably caused
by OH— groups occupying the cages.

The intense hot washing of sample S-17a produces pronounced chan-
ges in infrared absorption (sample S-17b, fig. 3b), involving a redgction
in the relative intensity of the 435 cm™' band and a change in the
mutual intensity of bands of the doublet between 700 and 750 ety
The position of bands of this doublet slightly changes, viz. the peak at
740 cm™! (sample S-17a) shifts to 735 em~! (sample S-l?b). Intense wa-
shing with water also results in the marked increase in the intensity
of bands at 1660 cm~! and between 3000 and 3650 cm™, arising from
vibrations of water molecules. Simultaneously the intensity of the

3630 cm~! band decreases.
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Fig. 3. Infrared spectra of artificial OH- and Cl-sodalite obtained using KBr discs
technique

a — S-17a (cold washed OH-form), b — S-17b (hot washed OH-form), ¢ — S-16a (cold washed
Cl-form), d — S-16b (hot washed Cl-form)

The differentiation of OH-sodalite spectra, depending on the inten-
sity of washing with water, has been attributed to the reactions of hy-
drolysis causing partial removal of Na® cations loosely bound to the
framework and their replacement by protons. The phenomenon of
hydrolysis was also observed by Ward (1971) for some cationic forms
of zeolites. The results of chemical analyses also lend support to this
inference because it has been found that the content of non-stoichio-
metric “excess” Na' cations in OH-sodalite samples intensely hot washed
with water decreases compared with the cold washed samples (Table 2).

Infrared spectra of the products of transformation of kaolinite (sam-

ple K-3 and K-14, fig. 4) differ markedly from the spectra of products
obtained by synthesis of sodalite from pure com

and S-17, fig. 3). The latter display additional absorptions from (CO,)2-
anions at 1412 and 1475 cm™! and bands arisi i

vibrations in the region between 500 and 700 ¢m~—1 (560, 620, 635 and
695 cm™1). A pronounced change has also been noted in the shape of
the doublet caused by v, vibrations of sodalite (435 and 465 cm™1), due
to additional absorption in this range. This change has been attributed
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The chemical composition of the samples (%)

Table 2

Stoichio-[Non-stoi- T

Sample No Sio, Al,Oy [ Na,O| Cl1 | H,O | Si/Al| metric chiox'ne- cear
Na+ tric

S —17a 34.44 29.59 | 24.12 = 11.70| 1.03 13.34 4.55 17.89
S —17b 33.73 29:0181899.20, = 12.96| 1.01 13.30 FouT 16.47
S — 16a 36.03 29.49 | 25.71| 8.92 T 1.08 13.28 5.79 19.07
S — 16b 35.72 29.37 | 25.22| 8.43 2.15| 1.07 13.24 5.47 18.711
K — 3a 34.88 30.81 | 21.18 = 11.93| 0.99 13.89 1.82 15.71
K — 3b 32.25 28.88 | 18.95 = 12.80| 0.98 13.02 1.04 14.06
K — 14a 35.88 27.87 | 24.62( 8.8 3.10] 113 12.56 5.71 18.27
K — 14b 36.00 28.33 | 24.92| 8.8 3.20| 1.12 12.78 5.711 18.49
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Fig. 4. Infrared spectra of OH- and Cl-sodalite obtaineg by flk}fli};e ';ransformatlon
% ini it (KBr discs technique
of kaolinite from the Kalno deposi ir, Mty
-f , b — K-3b (hot washed OH-form), ¢ —
Lt il O%l-;:::r:), d — K-14b (hot washed Cl-form)
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to the formation of a crystalline phase structurally.resembhng cancrinite.
The absorption bands of this phase appear in varying amounts whenever
(CO,)>~ ions are present in the reaction medium. The lack of distinct
correlation between the intensity of bands from carbonate 1ons'and the
intensity of washing indicates that this absorption does not arise from
a separate, soluble carbonate phase of the soda or trona type. On the
basis of the intensity of the discussed absorption bands, the content of
this phase in OH-sodalite samples obtained by way of transformation
of kaolinite in the alkaline medium has been determined at 10—15%.
In X-ray diffraction patterns (figs. la, b and 2a, b) reflections with the
following du. values have been assigned to this phase: 5.45, 4.64, 4.11,
3.21, 3.02, 2.95 2.73, 2.607, 2.498, 2.249, 2.166, 2.099 A. They are close
to the respective values for cancrinite. The diffraction patterns, on the
other hand, show no reflections attributed by Barrer and Cole (1970) to
the supposed sodalite variety containing sodium carbonate as excess
salt”. Additional syntheses, in the course of which Na,CO; in an amount
of 40 g/l of alkaline solution was introduced into the reaction medium,
have confirmed the possibility of formation not only of sodalite but
also of a separate phase that could be cancrinite with the disturbed
structure. It is feasible that this structure accomodates both (COj)%~
and OH~ ions, which leads to disturbances both in the shape of absorp-
ftion bands displayed by this phase and in the position of reflections in
X-ray diffractograms.

The most probable cause of formation of a larger amount of this
additional phase in OH-sodalite samples obtained by transformation of
kaolinite, is the higher concentration of (CO3)2~ ions during crystalliza-
tion. This is due to the fact that the transformation of kaolinite to
scdalite in an alkaline solution is a much longer process than the syn-
thesis of sodalite from pure chemical components. Therefore, the amount
of CO, absorbed by sodium hydroxide solution from air is greater and
this, in turn, promotes the crystallization not only of OH-sodalite but
also of phases capable of incorporating (CO,)?>~ ion in their structure.

Besides the absorption bands mentioned above, sodalite samples
obtained by way of transformation of kaolinite sometimes display weak
bgnds at 535, 560 and 928 cm™ and a weak inflexion between 3600 and
3700 cm™ (fig. 4c, d). Their growth has been attributed to the presence
of relics of unaltered kaolinite.

i (isiﬁxghlzsae; tcoax:cl}"ll:dfocr);ta tlir;mt}(l)? }}l)ire}?;ence of C.I_ ions in the react@on

: ghly crystalline forms of Cl-sodalite.
'.I‘h1S fact has been borne out both by infrared spectroscopic and X-ra
investigations. The bands typical of the structure of Cl-sodalite are in}:
tenge, narrow (not diffuse) and well resolved (figs. 3c, d and 4c, d)
Neither cold nor hot washing of Cl-sodalite samples with water af%ecté
the shape or position of absorption bands. The intensity ratio of th
438 and 468 cm™! bands remains constant during the washin d 2
does that pf the 715 and 740 cm™! doublet. It is worth notin tl'gxgltan dso
Z‘:&h .condltionts. of ?%r(l)tk)lzesis, the phase structurally resemblir%g cancl:‘?nii(l;

incorporating 3)®~ ions within i ]
{)ortmdbecathlse the 620, 635 and 695 cml‘tls ‘kf;ra;glseW\:/)}I;l;chd(;le:v:ol‘;e;’rllrt;t%cgiy
uted to this phase, are missing in the spectra’ Onl :
between 1400 and 1500 cm™, and in some sam lesy a‘llsry el
% ’ (o} e §
may testify to the presence of trace amounts of thIi)s phase. at 630 cm™1,
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In X-ray diffraction patterns (figs Ic, d and 2c, d) reflections arising
from the lattice plans of Cl-sodalite have a higher intensity than in the
case of OH-sodalite. The measurements of crystallite size have also fully
confirmed the larger diameter of crystallites in Cl-sodalite samples
(Table 3).

From the above considerations it appears that the most reliable data,
allowing a fast identification of the discussed forms of sodalite, are yielded
by infrared absorption spectroscopy. Additional information on the crystal
chemistry of OH- and Cl-forms of sodalite was given by infrared spectro-
scopic investigations utilizing a high-temperature vacuum absorption cell.
Due to its use, it was possible to follow changes in the infrared absorption
of samples in response to the increasing calcination temperature. Figure 5
shows spectra of a Cl-sodalite sample (K-14a) calcined at 150, 300, 450,

Table 3
The crystallite size of OH- and Cl-sodalites
Sample No Diameter of crystallites (uwm)
S —17b 0.11
S — 16Db 0.29
K — 3b 0.07
K — 14b 0.13

500 and 580°C at a pressure of 1073 mm Hg. Spectra were recorded after
the sample had been cooled to room temperature. The investigations pro-
vided information on the manner of binding of water to this form of
sodalite. Most diagnostic in this respect is the region of bending vibrations
of water molecules between 1500 and 1750 ecm™!. It is known that most
of them are coordinated by Na' cations. The interaction between these
cations and water molecules changes markedly with the increasing calci-
nation temperature. On this basis, three forms of occurrence of water
can be distinguished.

One form is represented by weakly bound water molecules that are
located outside the inner coordination sphere of Na* cations, or are very
loosely bound to these cations. They fill cavities in the framework of
Cl-sodalite, displaying a broad absorption band with a peak at 1640 em™,
which is most pronounced in unheated sample (fig. 5a). This band de-
creases continuously in intensity as the temperature increases, until it
dissappears completely at 450°C (fig. 5b, ¢, d).

The second kind of water molecules are those strongly bound to Na*
cations, and therefore occurring within the inner coordination sphere.
Their bending vibrations are responsible for the strong absorption at
1600 cm~!. Thermal stability of this water is somewhat higher as the
1600 cm—! band does not change in intensity in the range of 20—300°C
(fig. 5a, b, c), and only the heating at higher temperatures results in de-
hydration and desorption of these water molecules. At 450°C the inten-
sity of the 1600 cm™! band is insignificant (fig. 5d). The two ways of
water binding correspond well to the splitting of the dehydration peak
in the range of 100—400°C, visible on DTA and DTG curves (Tokarz —
priv. comm.).
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Fig. 5. IR-spectra of K-14a sample (Cl-sodalite) \representing
various degree of calcination
a — room temperature, b — 150°C, ¢ — 3800°C, d — 450°C, e — 500°C, f —
580°C, g — after rehydration. Sample prepared in form of thin selfsuppor-
ting film. Spectra recorded using vacuum cell

The band appearing at 1685 em™!, particularly pronounced after pre-
liminary dehydration of the sample at 300°C (fig. 5¢c, d, e, f), gives rise
to a large number of controversies. The present authors are of the opinion
that it is to be attributed to the presence of HzO" jons formed as a result
of the dissociation of residual water molecules most strongly bound to
Na* cations. The attribution of this absorption, as well as of the very
broad band occurring between 3000 and 3600 cm™1, refers to earlier pa-
pers (Kubisz 1968; Fijal, Olkiewicz 1978). An alternative explanation for
the development of the 1685 cm™! band may also be the presence of
overtones of the basal bands of sodalite. Hewever, this band has not
been recorded in the spectra of OH-sodalite (fig. 7).

The lattice of Cl-sodalite calcined at temperatures higher than 500°C
_partly collapses (becomes somewhat distorted). This leads to a decrease
in the channel diameter and hinders rehydration. The shape of spectrum
(fig. 5f) substantiates ‘the hypothesis that the entrapped residual water
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molecules bound to Na' cations, which are in this case strong Lewis
centres, undergo intense dissociation, presumably with the formation of
H,0" jon. ‘The absorption occurring close to 3630 cm™! (fig. 5a—f) is
caused by O—H stretching vibrations of hydroxyl groups present in the
structure of mica (illite). This mica constitutes an insignificant admixture
in the initial kaolinite, which virtually is not subject to transformation
during synthesis (Tokarz 1978).

Similar conclusions emerge from the analysis of infrared spectra of
a Cl-sodalite sample obtained by synthesis from pure chemical components
(S-16a) and calcined at the same temperature intervals but at less intense
evacuation, i.e. at low water vapour pressure. Under these conditions, de-
hydration proceeds at a considerably slower rate. Nevertheless, the pre-
vious observations concerning three forms of water occurrence in the
structure of Cl-sodalite have been confirmed (fig. 6). The farly intense
absorption band between 3000 and 3800 cm ! is owing to the presence
of both molecular water, strongly bound to Na' cations, and pressumably
H,O" groupings, as well as to O—H vibrations of hydroxyl groups. In
particular, the 3725 ecm™! band is to be attributed to Si—OH silanol
groups, whereas the bands centered at 3540 and 3630 cm™! may be caused
by stretching vibrations of both OH™ groups formed as a result of disso-
ciation of residual water on Na® cations and OH ~ groups coordinated by
Al3* lattice cations in places where the bonds have been disrupted (Ward
1971).

Spectra of Cl-sodalite obtained using the vacuum absorption cell also
confirm the presence of (CO3)2~ anions in the samples. It has been found
that hydration has a marked effect on the shape and breadth of vy bands
between 1350 and 1500 cm~! arising from carbonate ions bound in the
framework of the cancrinite-like phase (fig. 6). Due to the progressive
loss of water, the symmetry of band from (CO3)*~ ions increases markedly
so that after calcination at 150°C and higher temperatures there is only
a single narrow band with a peak at 1440 em~! in the spectra. Its position
does not change after calcination at higher temperatures.

Infrared spectra of OH-sodalite (K-3a, fig. 7) show that dehydration
of this form of sodalite proceeds in a somewhat different way compared
with the Cl-form. The spectra have revealed the presence of only two
kinds of water molecules occurring in the structure of this mineral. The
band at 1655 em-! corresponds to loosely bound water molecules occu-
pying vacancies in the framework. These molecules are readily removed
as the calcination temperature increases so that the sample outgassed at
'150°C contains only their trace amounts (fig. 7b). At 300°C the 1655 cm™!
band disappears (fig. 7c).

The other kind of H,O molecules is represented by water strongly
bound to Nat cations, displaying absorption at 1590 ecm~1. This kind
of water, as in the Cl-form of sodalite, shows considerably higher thermal
stability for the 1590 cm ! band does not virtually change in iptensity up
to 300°C (fig. 7c). At higher temperatures the band decreases in intensity
and disappears at 580°C (fig. Te). '

It is interesting to note that no absorption that could be attributed
to HsOt ions (close to 1700 em™?!) has been observed for the OH-form
of sodalite. : .

An analysis of the spectrum in the region of higher wave numbers
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Fig. 6. IR-spectra of S-16a sample (Cl-sodalite) representing
various degrees of calcination
@ — room temperature, b — 150°C, ¢ — 300°C, d — 450°C, e — 500°C, f —
580°C. Sample, prepared in form of selfsupporting film. Spectra recorded
using vacuum cell

yields data on the progressing dehydration of the framework i i
reflected in the rapid reduction in the intensity of the broa’dwglig?uéz
band occurring between 2600 and 3750 ¢cm™! and caused by S};mmetric
and antisymmetric O—H vibrations in water molecules. The progressing
dehydration of the sample is responsible for the bands arising from OH~
valency groups at 3600—3750 c¢cm~!. The peak at 3625 cm—! has been
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Fig. 7. IR-spectra of K-3a sample (OH-sodalite) representing
various degrees of calcination
a — room temperature, b — 150°C, ¢ — 300°C, d — 450°C, e — 580°C.
Sample prepared in form of selfsupporting film. Spectra recorded using
vacuum cell

associated with the insignificant admixture of mica (illite) that did nczt
undergo transformation during synthesis (fig. 7c, d, e). Ihe _3665 em™!
band, appearing initially in the spectra recorded after calcination at 1(?0
and 300°C and disappearing almost completely after heafcmg at 450°C
(fig. b, ¢, d), has been attributed to O—H stretching vibrations of hydro-
xyl groups balancing the charge on Na® cations.
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Though the presence of water molecules strongly bound to Na™ cations
is a potential source of acidity, the (H,0%) protons formed undpr thgse
conditions become instantly neutralized as a result of the reaction with
OH- groups of this form of sodalite. Hence the bands from H;O" ion
are absent in the spectra of this sample.

The spectra shown in fig. 7 also document the presence of (COs)*"
anions in the reaction products, the absorption from these ions being
fairly intense. The symmetry of bands produced by these ions changes
markedly as the dehydration proceeds, as was to case in the Cl-form
of sodalite. The content of the cancrinite-like phase containing carbonate
ions in its structure is higher, which is evidenced by more intense
absorption in this spectral region.

DISCUSSION

The above investigations have greatly extended our understanding
of the function of non-stoichiometric ”excess” cations and anions in the
structure of OH- and Cl-sodalite. The presence of Cl~ ions in the reaction
medium during crystallization promotes the formation of sodalite exhibit-
ing a high degree of ordering of the structure. This is reflected in the size
of Cl-sodalite crystallites being formed, the diameter of which is always
greater than that of OH-sodalite crystallites (Table 3). This regularity
can be accounted for by the fact that the electric field round CI~ ions
is characterized by high symmetry while the field round OH- ions is
asymmetric. Assuming that these anions fit into the specified cavities in
the lattice of sodalite during its crystallization, the presence of Cl~ ions
in the reaction medium will stimulate the growth of a better ordered
and more symmetric structure.

Another difference between the OH- and Cl-forms of sodalite is the
different course of dehydration of these forms. The water content in
OH-sodalite, determined over a temperature range of 20—400°C, is three
to four times higher than in Cl-sodalite. The water content determined
from TG curve for OH-sodalite varies from 11.7 to 12.9% while for
Cl-sodalite it is 1.7—3.2% (Tokarz — priv. comm.). The high degree of
hydration of OH-sodalite (samples S-17 and K-3) is to be associated both
with the strongly hydrophilic nature of this form of sodalite and with
the presence of the phase structurally close to cancrinite, which has much
larger cages. These cavities can be filled by proportionally greater amounts
of water than in the case of OH-sodalite.

The way in which the OH- and Cl-forms of sodalite give off water
during calcination indicates that dehydration is not a continuous process
but involves several distinct stages. This information is provided by in-
frared spectra obtained using the high-temperature absorption cell. It has
been found that both forms of sodalite contain two kinds of water: 1) wa-
ter loose}y bound to Na* cations and filling up cavities in the framework
of sodalite; 2) water strongly coordinated by Na* cations, displaying

absorption close to 1600 em~1; this water.is removed from OH-sodalite

over the temperature range between 200—450°C
between 200 and 550°C, Senmupiios b0

The calcination of OH-sodalite involves thermal dissociation of hydro-
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xyl groups of this form, which results in the formation of Lewis-type
acid-basic centres. There form cations having coordinations numbers of
three, which are acid centres, and coordination-unsatisfied oxygen ions
that are basic contres. These reactions proceed over a wide temperature
range from 350 to 800°C, presumably according to the following scheme:

A
Si Al

Si Al o (1)
NN T e
0 00 (-)0 0 00 0
OH "~ Na* H Na
0 00 0 o\/oo\ /oo\ /oo\ 0
9 \s,'/ \A{/ K e Gy Al Si Al S H 0 )
N N NG AN A )
0 00 0 0 00 00 .
l ()]
H Na Na Na

From infrared spectroscopic investigations it appears that H,©O: 10nS
form in Cl-forms of sodalite as a result of thermal dissociation of residual
water molecules in the strong electric field of sodium cations by which
they are coordinated. These ions display absorption at 1685 cm~! and
a broad band between 2600 and 3600 cm™! coinciding with O—H vibra-
tions of water molecules. The absence of bands from HzO* ions, parti-
cularly close to 1680 cm™, in the spectra of OH-forms of sodalite can
be accounted for by the reaction that takes place between the protons
being formed during their dissociation and the structural OH™ groups.

The effect of washing of hydroxysodalite samples with water confirms
the presence of two kinds of Na® cations in the structure, one corre-
sponding to Na' cations that compensate for the negative charge on the
lattice, resulting from the Si/Al substitution in the tetrahedra, the other
being “excess” Na* ions fitting into cavities in the framework of hydro-
xysodalite. Cations of the first kind are strongly bonded to the 'frame—
work, and therefore little susceptible to hydrolysis, whereas cations of
the second kind can be readily removed from the structure if samples
are washed, especially hot washed, with water for a sufficient length of
time. The mechanism of this process can be explained by the following
scheme:

Na*/OH--sodalite —~ H,0 H;O"/OH™ -sodalite —— H,0-sodalite
(hydroxysodalite) (transient form) (hydrosodalite)

The H,O* ion, present at the transitional stage, becomes instantly neu-
tralized, entering into reaction with the structural OH group. In this
way hydrosodalite forms; containing water molecules in cavities. i

From infrared spectroscopic investigations and ch.emlgal analyses it
appears that this reaction failed to proceed to completlor} in .the samPIes
studied. This is presumably due to the existence of diffusion barriers
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impeding the removal of ”excess” Na' cations from the structure of hydro-
xysodalite, especially in the case of well crystallized forms of this mine-
ral, in which the diffusion distance is respectively longer. It has been
noticed that the removal of “excess” Na' cations, which are loosely
bound in the structure of sodalite, is attended by a change in bond
symmetry of the Al—Si—O framework of sodalite. The band centered
close to 435 ecm~-1 and caused by v, vibrations of SiO%- tetrahedra may
in this case be regarded as a measure of the content of Na't cations in
the structure. As a result of washing with water, the surface area of this
band diminishes systematically.

_Though the conditions used during the synthesis of sodalite favour
primarily the crystallization of this mineral, it cannot be ignored that
simultaneous crystallization of certain amounts of a phase structurally
resembling cancrinite takes place. Its amount largely depends on the
presence of (COy)?  ions in the reaction medium. On the other hand,
a kind of inhibitor impeding the formation of this additional phase is the
presence of Cl= ions in the reaction medium during crystallization, all
the experiments having confirmed the lower content of this phase in the
case of syntheses carried out in the presence of Cl~ anion in the solution.

Translated by Hanna Kisielewska
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Jerzy FIJAL, Marek TOKARZ

KRYSTALOCHEMICZNE WELASNOSCI SYNTETYCZNYCH OH-
I CI-FORM SODALITU

Streszczenie

Poréwnano niektére krystalochemiczne Sei i
; } zne wie -

dalitu otrzymanych przez be TR
chemicznych, jak tez poprzez

! : Cl-form so-
zposredn}a synteze z czystych skladnikéw
przeobrazenie kaolinitu w $rodowisku alka-
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licznym. Zwrécono przede wszystkim uwage na szereg réznic miedzy ty-
mi formami.

Zaobserwowano wplyw obecnosci jonéw Cl~ w sieci krystalicznej so-
dalitu na podwyzszenie krystalicznosci tego mineralu, co przypisano wyz-
szej symetrii pola wokol anionéw Cl~ niz OH™.

Odmienne jest tez termiczne zachowanie sie obu form. Znacznie wigk-
szy ubytek masy towarzyszy kalcynacji OH-sodalitu w poréwnaniu z for-
ma chlorkowa tej substancji. Nalezy to tlumaczyé¢ po czesci hydrofilnym
charakterem formy OH, jak tez dysocjacjg termiczng grup OH, a takze
obecnoécia w produktach reakcji fazy o strukturze bliskiej kankrynitowi
(faza ta zawiera kanaly o wigkszej niz sodalit $rednicy). Powolny proces
odwadniania formy chlorkowej sodalitu, w temperaturach 200—400°C,
pozostawia w lukach strukturalnych jedynie mocno koordynowane przez
kationy sodowe drobiny wody, tzw. HyO resztkowa. Wplyw pola elektrycz-
nego kationéw prowadzi do dysocjacji drobin H;O z wytworzeniem jonow
H,0", ktorych obecno$¢ udowodniono metodami spektroskopowymi.

Stwierdzono tez odmienng stabilno$é form OH- i Cl- sodalitu w $ro-
dowisku wodnym. Intensywne przemywanie woda OH-sodalitu prowadzi
do usuniecia czeéci jonéw Nat w wyniku hydrolizy i przejécie tej formy
w tzw. hydrosodalit (H,O-sodalit).

OBJASNIENIA FIGUR

Fig. 1. Dyfraktogramy rentgenowskie syntetycznych probek OH- i Cl-sodalitu
a — prébka S-17a (przemywana na zimno), b — prébka S-17b (przemywana na go-
raco), ¢ — probka S-16a (przemywana na zimno), d — prébka S-16b (przemywana
na goraco). S — sodalit, C — kankrynit

Fig. 2. Dyfraktogramy rentgenowskie prébek Cl- i OH-sodalitu otrzymanych przez
transformacje kaolinitu ze zloza Kalno
a — prébka K-3a (przemywana na zimno), b — prébka K-3b (przemywana na goraco),
¢ — probka K-l4a (przemywana na zimno), d — probka K-14b (przemywana na go-
raco). S — sodalit, C — kankrynit, M — mika/illit

Fig. 3. Spektrogramy absorpcyjne w podczerwieni syntetycznych OH- i Cl-form so-
dalitu (technika prasowanych pastylek z KBr)
a — probka S-17a (przemywana na zimno), b — prébka S-17b (przemywana na gorg-
co), ¢ — probka S-16a (przemywana na zimno), d — prébka S-16b (przemywana na
gorgaco) :

Fig. 4. Spektrogramy absorpcyjne w podczerwieni OH- i Cl-form sodalitu otrzy-
manych przez transformacje kaolinitu ze zloza Kalno
a — probka K-3a (przemywana na zimno), b — prébka K-3b (przemywana na go-
raco), ¢ — probka K-14a (przemywana na zimno), d — probka K-14b (przemywana
na goraco)

Tig. 5. Spektrogramy absorpcyjne w podczerwieni probki K-14a (Cl-sodalit) repre-
zentujace rézne stadia kalcynacji
a — temperatura pokojowa, b — 150°C,
580°C, g — po rehydratacji ;

Fig. 6. Spektrogramy w podczerwieni probki S-16a (Cl-sodalit) reprezentujace réz-
ne stadia kalcynacji
a — temperatura pokojowa, b — 150°C,
580°C. Widma rejestrowano w kuwecie préozniowej st
no$nej btonki

Fig. 7. Spektrogramy absorpcyjne w podczerwieni probki K-3a (OH-sodalit) repre-
zentujace rézne stadia kalcynacji
a — temperatura pokojowa, b — 150°C, ¢ — 300°C, d — 450°C, e — 580°C. Widmlf1
rejestrowano w kuwecie prézniowej, stosowano preparat w formie samono$nej bton

¢ — 300°C, d — 450°C, e — 500°C, £—

¢ — 3800°C, d — 450°C, e — §00°C, £ —
osujac preparat w formie samo-
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Eocu PUSAJ, Mapex TOKAZK

KPUCTAJNIOXMMUYECKME CBOVICTBA CUHTETUMYECKUX
OH- U Cl-®#OPM COJAJIUTA

Pezwome

CpaBHMBaeTCs HEKOTOPBIE KPUCTAJJIOXMMUYECKue cpoitcrBa On- n
Cl-bopM copasuTa, MOJyHYEHHBIX IIyTEM HEIOCPeACTBEHHOTO cuHTE3a U3
YMCTHIX XUMMUECKUX 9JeMEHTOB, a TakiKe IIyTeM IIPeoopa3oBaHMsA KaOJy-
HuTa B mesJouHOM cpejie. ObpalljaeTca TpezK/je BCero BHMMaHME Ha PAX
pasamunit MeRy 3TMMMU PopMaMu.

KomncraTnpoBaHo BausaHue npucyrersua nonos Cl B KPUCTANLINIECKO]
cery cojaJMTa Ha IOBBLIIIEHVE KPUCTAJNJIMYHOCTM 9STOro MMHepasa, |TO
NpUNMUCLIBA€TCA OO0Jiee BBHICOKOM CUMMETPUM IIOJIA BOKPYT aHMOHOB @)=
yem OH—.

PasHbIM SBJSETCS TaK¥Ke TepMuueckoe IoBefenyue obeux ¢opm. 3Ha-
YyTeNbHO 00JIee BBICOKMII YOBITOK MacChl COIPOBOXK/JAeT KaJbUVHAIVIO
OH-conamuta B cpaBHenun ¢ Cl-popmoir. 1o caeayer 06BACHATH B 4acTH
rupoduIbHEIM XapakrepoM Gopmbl OH M Tepmmdeckoi jamccoumaryeit
rpynnel OH, a Takzke HajmuumeM B HPOJAyKTax peaximyu ¢asbl CO CTPYK-
TYypoil GaM3KOI KaHKPBIHUTY (9Ta ha3a COAEep KUT KaHaJbl, JUaMeTp KO-
TopeIX OoJsiblile 4Yem comaimTa). MenneEHBI mpouecc 00e3BOKUBAHUA
Cl-cbopmer comammTa B Temiepatypax 200—400°C, ocraBisger B CTPYKTYp-
HBIX Ipofesax TOJBKO CUJIBHO KOOPAMHUPYEMble HaTPMEBBIMU KaTHOHAMM
9acTUIBI BOABI, TH3 ocTaTouHyio H,O. Bimanue 91eKTpMUecKOro moJsd Ka-
TUOHOB NPMBOAUT K AUCCOLMAIMU YaCTUI] BOJBI ¢ OOpa30BaHMEM MOHOB
HsO", Hammume KOTODBIX MOKA32HO CIEKTPAJbHBIMU METOAaMIMA.

KoHncratnpoBano takzke pasHyio crabuiabHocTs popm OH- m Cl-coma-
JMTa B BOJHON cpene. VIHTeHcMBHaA nmpombiBKa Bozoit OH-comanura mpu-
BOJAMUT K yCTPaHeHMIo 4actyu moHoB Na' B pesyJibrarte IMaposm3a u mepe-
X0/ 910¥ bopmbl B TH3 ruapocomasmt (H,O-conammt).

OB'bACHEHUE PUT'YPBI

Pur. 1. PeuTreHoBcKyue AMMPAKTOIPDAMMBI CMHTETMYECKUX npod OH- n Cl-copamura
a — mnpoba K-3a (XonojaHas IpOMbIBKa), b — mpoba K-3b (ropayas TIPOMBIBKA)
¢ — mpoba S-16a (xonmoxmHas TIpoMBIBKA), d — mpoGa S-16b (ropsAvYas TpPOMBIBKA).
S — copamur, ¢ — KaHKPUHUT

Pur. 2. PeurreHoBcKve audpakrorpamviel npob Cl- u OH-comanura MOy UeiiibIX
nyreM TpancdhopMaumMmn KaoJaMHUTA U3 MECTOPOK Aeuuyu KaabHo

¢ — mnpoba K-3a (XONOAUasg NPOMBIEKA), b — mnpoda K-3b (ropAYasg NIPOMbIBKA)
¢ — mnpoba K-14a (xoXNojHasg NPOMbIBKA), d — npota K-14b (ropauas npOMhIBKa)‘
S — copmanut, ¢ — KaHKPMHUT, M — cuiona/uanur :

Dur. 3. UK-cnexTpsbl cuHTeTMyeckux OH
- n Cl-dopm comammra (T 1 i
BaHHBIX Tabierok u3 KBr) b

@ — mpoBa S-17a (XONOAHAA IPOMbIBKA),

¢ — mnpoba S-16a (xonojgHas NpOMBIBKA),
Dur. 4. VIK-cnexktper OH- u Cl-coganura oJ1y

JMHUTa U3 MecTopoxkenns KansHo

b — mnpo6a S-17b (ropAvas TNpoOMBIBKA),
d — mnpoba S-16b (ropauas NPOMBbIBKA)

UeHHBIX ITyTeM TpaHcdopMalumUm Kao-
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Ddur. 5.
Pdur. 6.
<Poar.

10

a — mnpoba K-3a (xonoaHas npoabiega), b — mnpoda K-3b (ropa4as MPOMBIBKA).
¢ — mnpoGa K-l4a (xosofHast npoMbiBka), d — rmnpoda K-14b (ropAYas TIPOMbBIBKA)
.

VIK-criekTpbl npobpr K-14a (Cl-copanut) mpejcTaBiAiolme pa3nble cTaann
KaJbLUyHaLUn

a — Tmemmeparypa KoMHaTHad, b — 150°C, ¢ — 300°C, d — 450°C, e — 500°C, f —
580°C, g — Ilocle peruaparaunmmn

VIK -criekTpbl mpobbl S-16a (Cl-copanuTa )IpezCTaBIAIIIME Pa3HBIE cragun
KaJblLMHaLUN

a — Ttemmeparypa KomHatHag, b — 150°C, ¢ — 300°C, d — 450°C, e — 500°C, f —
580°C. CHEeKTPbl PEruMcTpUMpoOBaJMCh B BaKyyMKamepe NpUMEeHAA Ipernapar B dopme
CcaMOHOCHOIT iIJICHKIL

UK-cnexkTpbl mpobbr K-3a (OH-copannT) mpejacTaBiAoNe pa3Hble CTajmMn
XaJabUMHaUUN

@ — Temieparypa KomHaTHas, b — 150°C, ¢ — 300°C, d — 450°C, e — 580°C. Cmex-
TphI PErMCTPHPOBANNCH B BaKyyM-KamMepe TIPUMEHAA npermrapar B ¢opMe CaMOHOCHOM
TIJIEHK M



