MINERALOGICAL MAGAZINE, SEPTEMBER 1979, VOL. 43, PP. 429-31

The thermal expansion of aluminate- and
aluminogermanate-sodalites
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SYNOPSIS

DISCONTINUITIES occurring in the expansion
behaviour of aluminosilicate-sodalites with large
cavity anions such as I~ and SOZ2~ are thought to
occur when the coordinate of the cavity cation
becomes 0.25 (Henderson and Taylor, 1978). We
also suggested that further thermal expansion work
could explore how the disposition of sodalites in a
diagram such as fig. 4 of Henderson and Taylor
relates to the presence or absence of discontinuities.

We have now studied the expansion of three
more sodalites which were expected to show dis-
continuities, namely one aluminogermanate-
sodalite (Nag(Al;GesO,,4)1,) and two aluminate-
sodalites (Srg(Al;,0,4)(CrO,), and Sr,Bag(Al,,
024)(504)2). Srs(All 2024)(Cr04)2 was thought to
have an ~ ¢ A cubic cell at room temperature but
the occurrence of broadened and split reflections in
our sample suggests that this is not the case.
Stepwise heating experiments on our sample
showed the presence of a reversible, presumably
displacive, transformation at 4o0+2 °C above
which the X-ray reflections were sharp.

All three sodalites showed significantly smaller
expansion rates than for aluminosilicate-sodalites
having similar degrees of structural collapse. The
lower mean expansion coefficient (0-500 °C) for
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Nag(AlgGes0,,)I, of 12.5x 10 °C™! compared
with that for Nag(Al¢SisO, )], of 15.1 x 1078C™*
is particularly significant as the only chemical
difference between these two phases is substitution
of Ge for Si. In addition none of the three sodalites
showed the discontinuities expected and this sug-
gests that the low expansion rates do not allow the
cavity cation to reach a coordinate of 0.25 over the
temperature range investigated.

Our earlier concept of the mechanism of expan-
sion of the sodalite structure assumed that the
expansion of the cavity cation-cavity anion bond
forced the cavity cations against and between the
framework oxygens so untwisting the partially
collapsed structure (Henderson and Taylor, 1978).
It now appears that this concept was over-
simplified and that the expansion characteristics of
sodalites depend on the nature of the tetrahedrally
coordinated framework cations present as well as
on the cavity cations and anions.
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The thermal expansion bebaviour of the aluminosilicate-sodalites has been inter-
preted by means of a computer model of the cubic sodalite structire (Henderson
and Taylor, 1978). It was concluded that a discontimuity should only be expected
for it i i large cavity antons, for example 1™ and
502", and that the discontinuity occurs when the coordinate of the cavity cation
becomes 0.25. It was suggested that further thermal expansion work might
explore how the disposition of sodalites ina diagram such as figure 4 of

expansion coefficients, Aa / @,2T), for the raage 0 to 500°C. Student's t-tests
showed that the c-regression coefficients for sodalites 2 and 3 were not signifi-
cantly different from zero and so the expansion data for these specimens is more
appropriately fitted by a straight line, 2 =24 (1 +bT). Accordingly, linear
regression data are also given for these specimens in Table II.

Many tites do not bave a cubic ~8% unit cell (lalstead and
Moore, 1962; Saalfeld and Depmeier, 1972; Depmeler, 1979 which complicates
the thermal expansion behaviour by giving rise to displacive transformations
(Depmeier, 1977). The aluminate-sodalites used in this study were selected
because they apparently had cubic ~9R unit cells and, therefore, any discontin-
uities observed could ot be caused by transformations to &n ~ A cubic structire.
However, during the course of the work it became clear that specimen No. 2 was
not truly cubic. The effect was noted at diffraction angles above 60° 20 Cu Ky and
consisted of splitting of certain reflections giving rise to broadened peaks or

u K with too high relative intensities (figure 2). Three

Henderson and Taylor (1978) relates to the or abgence of imities.

This paper is one such siudy and examines the expansion behaviour of two
1 dalites and one dalit

Experimental procedure. The specimen of S1g{Al13 0y ) (CTO4)p was provided by
Professor F.A. Hummel of ia State U ity and the i of
Nag {Al;GegOpy)iy by Dr. D.dJ. Schipperof Philips, Eindhoven, The specimen of
BryBag(Aly5034)(804)y was synthesised from an appropriate mixture of commer -
cial ite and barium and gy 1-purpose 1 grade stron-
tlum sulphate by heating twice at 1400°C for 4 h. The experimental procedure
for determining the expension curves is given by Henderson and Taylor {1975)
and the anzlysis of the date follows the procedures used by Henderson and

Taylor (1978).

Results, The compositions of the sodalites and their cell parameters at room
temperature and elevated temperatures are given in Table I. Thermal expansion
curves are shown in figure 1.

Tsble I. Cell of sy sodalite at room
and elevated tewperatures

The arrangement of the entries in the Table is : temperature (°C), cell
edge X (estimated standard deviation x 10% &)

Nag AlgGegOz)lp: 20, 9.1827(11); 20 after 700, 9.1834(7); 20 after 1015,
9.1842(8); 150, 5.1948(13); 305, 9.2133@); 410, 9.2286(6); 510, 9.2437
4); 615, 9.2616(L7); 710, 9.2764@5); 755, 9.2861(17); 805, 9.2944(15)
860, 5,30486); 910, 9.3175(11); 950, 9.3312(17) 1015, 9,3524(20).

Srg{Al150,,)(CrOy)y: 20, 9.4409(15); 20 after 1020, 9.4371(15) 150,
9.4510(11); 300, 9.4621(16); 400, 9.4669(14); 495, 9.4726(13); 600,
9.4806(17); 705, 9.4849@); 805, 9.4906(17) 910, 9.4889Q17); 1020,
.5066(16).

SryBag(Al1505,4)(80,) : 20, 9.5465@27); 20 after 905, 9,5436(10); 150,
9.854224); 285, 9.5584(19); 400, 9.5657(21); 505, 9.5732@26) 610,
9.5773R0); 705, 9.5878(20); 805, 9.5920@6); 905, 9.5982(21).
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Fig. 1. Thermal expansion relationships for:
1) NogiAlgGegOpq)lz, @) Srgial3054)(CrOP; 2nd @) St;Bagihlyp0p )80

Teble . Regression data for thermal expansion curves

Spectmen 6 6 3 9 A
Number 8, & 10b 10§, 19, 108, R 58, & 10% ¢
1 9.1825  7.63 +0.89 9.80 + 0.87 0.9990  0.0028 12.6
2 9.4385 7.85+0.61 -0.95:0.64 0.9976  0.0018 7.4
2% 9.4397 6.95 + 0.18 0.9969  0.0019 6.9
3 9.5444 5.24 + 0.72 1.15+0.84  0.9966 0.0018 5.8
3* 9.5432 6.29 +0.21 0.9955 0.0019 6.3

% and S are the standard errors of the regression coefficients b and ¢; R is the
mulﬂpleccorrehﬁon coefficient; SE the sm%dnrd errgr of the estimate; and o the
mean linear expansion coeffictent between 0 and 500 C.

* linear fits,

‘The thermal expansion curves were fitted by least aquares to a second
order polynomial and subsequently modified to the form: a =8, (1+bT +
cT” ). The values of 24, band ¢ are given in Table I with mean

2
diffraction peaks were examined: 444 which showed no effect, 620 which showad

622 reflection:

AL

26°C 39°C 36°C 44°C 60°C 148C
444 reftection:

AAAA A A

20°C 36°C 85*C 20°C 35°C 48°C
Fig. 2. Profiles of the 444, 620 and 622 X-ray diffraction peaks of SISNIZOL’AJ‘
{Cr04); st different temperatures. The profile of the 444 reflection does not change,
that of the 620 reflections loses its broadening, and that of the 622 reflection
shows resolution of the Ou Ko and o4, components.

broadentng and 622 which ped an lous CuKety At the first
tfemperature on the expapsion curve, 150°C, the broadening or spiitting bad dis~
appeared and the 622 reflection was resolved into Cu Koty and a¢, componenta with
normal relative intensities (figure 2).  The 444, 620 and 622 peaks were, there-
fore, scanned at and res to locate the terapera-
ture at which specimen No. 2 became truly cubic. The transformation tempera-
ture was found to be 40° + 2°C, with practically no bysteresis. Although not
explored in detail this transformation appears to bave little, if any, effect on the
expansion behaviour.
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Wig. 3. Mean linear expansion coefficients (0 to 500°C), Sa/@AT), for various
sodalites &s a function of the roum -temperaturs tilt angle, ¢, of the framework
tetrahedra. The value of £ was obtained from fignre 7 of Taylor and Henderaon
2978). The data points for the il dal (open 1s) fall in the
shaded area. Symbols : o halide-beering aluminosilicate-sodalites, & noseans,

© heliynes, e aluminat Aa

Discontimuities were not observed in the expansion curves over the tempera-—
ture ranges stadied (figure 1). The mean expansion coefficients for these sodalie
tes (Table D) are lower than those of most i 13 1 {
and Taylor, 1978). It is important to realise that the expansion coefficients of

with dif sized fully ded should be d for
similar degrees of structural collapse rather than for similar room -temperature
cell edges. The need for this arises because of the dependence of the cell edge on
the cosine of the tilt angle, #, of the framework tetrahedra (Taylor, 1872).
Depending on whether ¢ is large or small similar absolute changes in § will have
respectively large or small effects ona Hendsrson and Teylor, 1878) apd hence
on the mean expansion coefficient. Thus, in figure 3, the mean expansion
coefficienta (0 to WOOC, TableID); including values calculated from the data of
Taylor (1968) and Henderson and Taylor (1978), are shown plotted against ¥, the
values for which were estimated from figure 7 of Taylor and Henderson (1978).
‘The mean for the apd .
sodalites are significantly smaller than those for aluminosilicate-sodalites with
similar g values.
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Fig. 4. Mean caloulated expansion coefficionts {0 to 500°C),«, for sodalites
M3 (Ty2024)Xp as a function of the tilt-angle, 6. The caleulations assumed an
expansion in the M-X nond of 2.54% between £° and 500°C, and are more fully
explained in Henderson and Taylor (1978). The open symbols represent
sodalites with (‘\15313024) " frameworks and the closed symbols AlgGegOyy) -
frameworks. (A)M = Li, X=C; (B)M=Na, X =CL; (C) M= Na, X - Br
MU=, X=L E)M=K X=C ("M-K X-Br. -

Discussion apd conclusions, We expected the thermal expansion behaviour of the
) asod ites to be similar ¢o that of the alumino-
silicate sodallles and ao constructed 2 diagram for A1-O and A), Ge-O frame-
work bonds (assuming both digtances to be 1.7473) amalogous to that of figure 4
of Henderson and Taylor (1978). Lines of constunt/catien:anion radius ratio
(Henderson and Taylor, 1978) were plotted on this diagram for three sodalites,
Na, (AlEGesoﬂ)xz with X = Cl, Br, or I. Those for the I- and Br-bearing
8 ites intersect the boundary of the sodalite field at which the coordinate of
the cavity cation becomes 0.25. Thus we expected discontinuities for the I-and
Br-bearing sodalites but not for the Cl-end member. When the I-end member
did not show 2 discontinnity we did not continue the study with the remaiping two
2luminogermanate-sodalites. We also expected the sodalite 8rg(Al1p054)(CrO4),
to have a digcontinuity and were uncerizin as to whether SryBag(Aly024)(§0g)
would show a discontinuity or wot; neither showed a discontinnity.

The absence of discontimities is most likely related to the much lower
of the i and il odalits

with the alimisosilicateodalites (figure 3). Thus the former struchires,
because of their low expansion rates, are unable to achieve & state where the
coordinate of the cavity cation 0.25 in the ranges &
ted, The teason for the lower mean expansion coeffictent compared with the
alminosilicate-sodalites is obscure. The caleulptions leading to figure 7 of
Henderson and Taylor (1978) were repeated for frameworks with Al, Si-O and Al,
Ge~Obonds. The mean expousion coefficients calculated in this way are shown in

figure 4 plotted against the tilt angle, . According to this figure and the assump-
tions made one would expect similar expansion coefficients for aluminosilicate-
and aluminogermanate godalites in similar states of structural collapse. The
similar calculatéd expasion coefficients for Nag(lgSigOsq)ly (Do, figure 4) and
Nag(AlgGegOzq)lz O », figure 4) are particularly puzzling hearing in mind that
the measured expansion coefficient for tbe former phase is significantly larger
than that for the latter {figure 3). Our earlier concept of the mechanism of
thermal ion of the sodalite was the of the cavity catiop~
aaton (C -A) bond forcing the cavity catlon agaiust and between the framework
oxygens and untwisting the partially-collapsed structure (Hendersou and Taylor,
1978). I this is corxect the lower expansion coefficient for Nag(AlgGegOaq)ly
tmplies that the Na-T bond in this sodalite bas a lower expansion coefficient than in
Nag{AlgBigOog)ly. However, it now seems likely that our earlier concept was too
simple and it is appropriate to consider it further.

The room temporature cell edge of Nag(ALgSig0, )l is 9.008 R and it can be
deduced from figure 5 of Henderson and Taylor (1578) that the cell edge at the
discontimity (i.e. the point at which the coordinate of the cavity cation becames
0.25) should be ~3.338, However, the measured cell edge at tue discontinuity is
only 9.1688; the difference of © 18] can be accounted for by the apparent
shortenivg of the T-O distance (~ 2% at the discontimity (Henderson and Taylor,
1978)because of anisotropic thermal motion of the framework oxygens. Apparent
cavity catior and anion radii were also calculated by Henderson and Taylor (1878)
and the resultant apparent C-A bond lengths were shown in their figure 8. These
values fmply a5 expansion of the Na-1 bond by ~25% betwaen 0° and 810°C; in
Tetrospect this value seems to be nnreasonably Jarge. Thus the expansion of the
sodalite structure may not be cansed by expansion of the C-A bond alone. The
different expansion Tates of Nag(dlg8icOag)l; and Nag(AlgGegOy gLy, which
contain the same cavily cation 8nd anion, may be caused by fundemental differences
in the rate of uniWisting of their frameworks which are of different composition.
Thus the thermal expansion behaviour of the sodalite group of minerals seems to
depend on the mtira of the tetrahedral framework cations as well as the cavity
cations and apions.

The identification of the b 8) by which the sodalite framework
expands is clearly a complex problem ard structural data for various sodalite
phases at room and elevated temperatures are essential before further progress
can be made. We are currently determining the structures of Nag (AlgSigO24)Ly,
LigAlgSig0y IC1p, and Ka(AlgSighpg)Tly at rovm temperature znd hope to be
able to extend this work fo higher temperatures.
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