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Thermal stability of the stilbite-type framework: crystal structure of the
“dehydrated sodium/ammonium exchange form
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Abstract

The erystal structure of dehydrated Na/NHy exchanged stilbite. (NHy)q 76Na2 asKo1s

Cil()AU(,A[().w,Sig(,,_ﬁ:O?g XH:O: 1l =

13.57. b = 18.26, ¢ = 11.32A, B = 126.96° has been

refined in space group C2/m. The framework characteristics are consistent with those of
the hydrated natural form and the dehydrated hvdrogen form. Only slight displacements of

the fundamental structural units exist, but 10
O-T bridges between them occurs. The cations are located at the six-ri

o breaking of one of the T-O bonds of the T~

ng site and the flat

eight-ring site, and residual water molecules at the boat-shaped eight-ring. The framework
distortions are cation-induced and readily affect the cuboid polyhedron of the framework
which is formed by joining adjacent structural units. .

Introduction

Stilbite-type minerals are zeolites with a two-dimen-
sional interconnected channel system. Ten-membered
rings of (Si, Al) O4 tetrahedra (free diameter 4.1 X 6.2A,
Meier and Olson, 1978) limit the pore size of the largest
channels. These intersect with smaller channels with
eight-ring apertures (free diameter 2.7 X 5.7A, Meier and
Olson, 1978). The inner surface should therefore be

‘readily accessible to small molecules and these minerals

could have a potential use as molecular sieves or cata-
lysts. This would require an “activation’’ at elevated
temperatures to remove the adsorbed water molecules.

Unforiunateiy, in the preserce of exchangeable cations,

stilbite contracts on heating and the framework is de-
stroyed (Passaglia, 1980). Contraction and destruction are
related to the attractive force of the extra-framework
cations. When a crystal of an isostructural phase, Na-
barrerite is heated to 250°C (Albe-ti and Vezzalini, 1978),
the framework is very much distorted and T-O-T bonds
are broken. A similar behavior, but with a much smaller

fraction of broken T-O-T bonds. occurs in dehydrated

stellerite, the Ca variety of stilbite (Alberti et al., 1978).

Jacobs et al., (1979) characterized the hydrogen form
as the most stable. This was confirmed by a structural
study of the mineral after ammonium exchange and
dehydration (Pearce et al., 1980). Only very minor differ-

ences were found between the framework parameters of

the hydrated form (Slaughter, 1970; Galli, 1971) and those
of the dehydrated hydrogen form. By a reduction of the
cation-framework interactions, which become progres-
sively pronounced as the water ligands are removed, a
collapse of the framework can be prevented. Not only
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protons, but also cations such as K' and Rb*' with a
sufficiently low ionic potential (Passaglia, 1980) may
““stabiiize” the stilbite-type framework. The K and Rb
forms do not undergo appreciadle contraction and their
destruction occurs only at fusion, i.e., at about 1000°C. .
" As the dehydrated Ca-form exhibits a smaller fraction
of broken T-O-T bonds (Alberti er al., 1978) than the
dehydrated Na-form (Alberti et al., 1978), the number of
cations might be an important parameter. A further .
reduction of the number of cations is attempted here in
the study of a dehydrated Na-H-stilbite form. It will be
shown that the framework-contraction and the frame-
work-destruction steps can be separated.

Methods and results
Crystals of natural stilbite (STI) from the Faroe Islands

~ (Denmark; Virginia Polytechnic Institute and State Uni-

versity Sample number B179) were exchangedina IN 1:1
NaCl:NH, CI solution for five months. The exchange
solution was renewed three times during this period.
Ele:tron microprobe analyses were made on crystals of
the same batch. (The analysis was made at the Depart-
ment of Geophysical Sciences, The University of Chicago
under the following conditions: solid-state detector,
Reed-Ware data reduction, beam current:100 nA, no
corrections for water-or Na loss, total wt.% between 80.2
and 82.3). Calibration factors for the different elements
were determined using Anq glass for Ca, Si, Na and Al,
and asbestos microcline for. K. Taken strictly at face
value, when calculated to 72 oxygens with sufficient NH,4
added to balance the charges, the unit cell of Na-NH,STI
contains before dehydration:




a. Framework

0(1)=T(1)-0(3)

Qtw

T(1)-0(1) 1.640(3) 109.5(2)
~-0(3) 1.648(3) -0(4) 111.8(2)
-0(4) 1.644(3) -0(7) 106.4(2)
=0(7) 1.648(3) 0(3)=-T(1)-0(4) 110.4(2)

mean ' 1.645 - =0(7) 109.8(2)

0(4)=T(1)-0(7) 108.8(2)

T(2)-0(2) 1.626(3)

-0(5) 1.637(3) 0(2)-T(2)-0(5) 109.3(2)
-0(6) 1.627(3) -0(6) 111.3(2)
-0(7) 1.631(3) -0(7) 106.9(2)
mean 1.630 0(5)-T(2)-0(6) 110.2(2)
-0(7) 109.9(2)

T(3)-0(4) 1.645(3) 0(6)-T(2)-0(7) 109.1(2)
-0(6) 1.650(3)
~-0(8) 1.650(3) 0(4)-T(3)-5(6) 109.7(2)
-0(9) 1.626(1) -0(8) 111.3(2)

mean 1.643 ~-0(9) 107.1(2)

‘ “0(6)-T(3)-0(8) 110.9(2)

T(4)-0(3) 1.619(3) _ -0(9) 106.7(2)

- =0(5) 1.620(3) 0(8)-T(3)-0(9) 110.9(2)
-0(8) 1.624(3) ‘

-0(10) 1.628(2) 0(3)-T(4)-0(5) 108.6(2)

. mean : 1.623 -0(8) 111.2(2)

' » -0(10) 110.3(1)

T(5)-2 0(1) 1.627(3) 0(5)-T(4)-0(8) 111.0(2)
-2 0(2) 1.626(3) -0(10) 110.1(1)

mean. 1.626 0(8)-T(4)-0(10) 105.4(2)

- T(5)-0(1)-T(1) 146.0(2) 0(1)=-T(5)-0(1) 109.6(2)

T(2)-0(2)~T(5) 145.7(2) 2 ~0(2) 109.6(2)

T(1)-0(3)-T(4) 151.8(2) 2 -0(2) 109.7(1)

T(1)-0(4)-T(3) 144.5(2) 0(2)-T(5)-0(2) 108.5(2)

T(2)-0(5)-T(4) 151.0(2)

T(2)-0(6)-T(3) 146.7(2) T(2)'-0(2) 1.75(1)

T(1)-0(7)-=T(2) 147.2(2) =0(%) 1.58(1)

T(3)-0(8)-T(4) 138.7(3) -0(6) 1.80(1)

"T(3)-0(9)-T(3) 165.9(3) ,
T(4)-0(10)-T(4) 141.5(3) T(1)'-0(1) 1.74(1)
' ' -0(3) 1.57(1)
-0(4) 1.81(1)
b. Cations
Na(1)-0(7) 2.238(14) Na(2)-2 0(10) 2.811(4)
-0(7) 2.269(14) -4 0(8) 3.179(3)
-0(1) 2.749(14)
-0(2) - 2.800(14) Na(3)-2 0(4) 2.999(6)
-0(1) 2.892(14) -2 0(6) 3.054(6)
-0(2) 2.943(14) -2 0(9) 3.265(8)
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