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Partially dealuminated heulandite produced by acidic REECl3 solution:
A chemical and single-crystal X-ray study
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ABSTRACT
Single crystals (0.1–0.5 mm) of natural heulandite from Nasik (India) were treated in 4 M NaCl
solution at 423 K for 12 weeks, yielding almost fully Na-exchanged heulandite (composition:
Na8.44Ca0.09K0.01[Al8.63Si27.37O72]·nH2O). This precursor phase was subsequently treated in a Teflon
autoclave with 0.5 M rare-earth element (REE) solution (0.25 M ErCl3·6H2O and 0.25 M LaCl3·7H2O;
pH of 2.8) for 15 weeks also at 423 K. Er and La in the zeolite were subsequently measured by
inductively coupled plasma (ICP) mass spectrometry yielding only 656 ppm Er and 195 ppm La,
whereas electron-microprobe (EMP) analyses indicated that the Na concentration decreased from
originally 8.44 Na pfu to 0.25 Na pfu. The low REE content may be explained by the relatively small
free diameter of the channel windows and the large size of hydrated REE ions. The low Na concentration is caused by partial dealumination of the tetrahedral framework where Si replaced some Al of
the framework and Al migrated into the structural channel. Dealumination or more generally dissolution phenomena on the crystal surface occurring due to the acidic milieu in the exchange solution
were observed as etch pits on scanning-electron microscope (SEM) images.
X-ray single-crystal data of REECl3-treated heulandite were collected at 100 and 293 K and at
100 K after partial dehydration at 323 and 378 K. Structure refinement using all data sets suggested
the presence of low concentrations of octahedrally coordinated Al3+ that was dissolved from the
framework and incorporated into the channels. T-O distances in the framework, corrected for rotational disorder, are significantly shortened compared with the Na-exchanged precursor heulandite.
This indicates that REECl3-treated heulandite has a significantly lower Al concentration in the framework than the Na-exchanged precursor phase.

INTRODUCTION
Clinoptilolite, (Na,K)6[Al6Si30O72]·20H2O, is one of the most
abundant and economically important natural zeolites (e.g.,
Mumpton 1988). However, clinoptilolite crystals are usually
small, requiring that single-crystal investigations be made on
heulandite, (Na,K)Ca4[Al9Si27O72]·24H2O, which has the same
framework structure.
The crystal structure of heulandite (space group C2/m, a =
17.70, b = 17.94, c = 7.42 Å, and β = 116.40°; e.g., Gottardi
and Galli 1985) contains three types of structural channels confined by tetrahedral ring systems. A and B channels run parallel to the c-axis and are confined by ten- and eight-membered
rings, respectively. C channels, confined by another set of eightmembered rings, run parallel to the a-axis and the [102] direction (Merkle and Slaughter 1968; Koyama and Takéuchi 1977).
The channels are occupied by cations and H2O molecules. The
structure of untreated heulandite samples was investigated by,
e.g., Alberti (1972), Bresciani-Pahor et al. (1980), Alberti and
Vezzalini (1983), Hambley and Taylor (1984), and Armbruster
and Gunter (1991). Exchange studies on heulandite have recently been performed by Bresciani-Pahor et al. (1981), Gunter
et al. (1994), Misaelides et al. (1995), Yang and Armbruster
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(1996, 1998), Godelitsas et al. (1996a, 1996b), and Stolz and
Armbruster (1997).
In the zeolite occurrence at Gibelsbach (Fiesch, Switzerland) the rare-earth elements (REE) distribution between heulandite and accompanying stellerite is significantly different
(Armbruster et al. 1996). Stellerite is characterized by a more
or less flat REE distribution (chondrite normalized), whereas
heulandite is characterized by LREE > HREE. Either these
zeolites have a different selectivity for large (LREE) and small
(HREE) ions or the zeolites were formed in fluids of different
REE3+ composition.
Lanthanides are characterized by their high chemical similarity. They occur mostly as trivalent ions. La3+ is the largest ion
of the lanthanides whereas Er3+ is one of the smallest ions of this
group (Shannon 1976). Godelitsas et al. (1996a) even conducted
exchange experiments with four-valent actinides (e.g., Th4+).
Thorium uptake by heulandite was especially favored in solutions with low Th concentrations. However, thorium precipitated
mainly on the heulandite surface and did not appear to occupy
the structural channels (Godelitsas et al. 1996a).
High concentrations of REE3+ in solution require acidic pHconditions unless a complexing agent is used. Thus, in addition to REE3+, also protons or more generally H3O+ ions may
compete to occupy extraframework positions in the channels.
The chemical behavior of natural zeolites in an acidic aqueous
solution is of environmental, geochemical and technological
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