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INTRODUCTION

Hexavalent chromium in ground waters is known to be en-
vironmentally hazardous (Blowes et al. 1997; Blowes 2002).
In this oxidation state, chromium is highly toxic and mobile
(Elderfield 1970). Treatment of hexavalent-chromium bearing
waters aims at reduction of Cr6+ to Cr3+, which is non-toxic and
immobile (Kim et al. 2002; Blowes 2002). In a recent study,
Taylor et al. (2000) suggested that dithionate clays can reduce
hexavalent chromium. Smectites containing Fe2+ are consid-
ered to be very useful for immobilizing and reducing hexavalent
chromium. Iron-rich smectites are common as hydrothermal
alteration products of basalts and andesites and thus could serve
as sources for such clays. During the course of a study of sec-
ondary minerals in the Deccan flood basalts of India, we have
come across a green clay mineral whose physical characters
and chemical composition show that it is iron-rich saponite.
As the occurrence of iron-rich saponite is very rare in nature,
we present in this paper the mode of occurrence and XRD,
DTA, TGA FTIR, and solid-state NMR spectroscopic data for
this mineral, and show through XPS study its effectiveness in
reducing hexavalent chromium.

MODE OF OCCURRENCE

The clay mineral under study occurs on the walls of
amygdales and fractures in the aa-type Deccan flood basalts.
It has been sampled from the drill cores recovered from the
bore hole KLR-l (222.5 and 300.15 m depths) drilled near Killari
at the Latur earthquake site, Maharashtra, India (Lat. 18∞ 03'07''
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ABSTRACT

A green-colored clay mineral occurring on the walls of amygdaloidal cavities and along fractures
in the Deccan flood basalts at Killari, Maharashtra, India has been identified as iron-rich saponite,
with chemical composition (Na0.60K0.04Ca0.47)(Mg2.05Fe2

3
+
.95)(Si6.45Al1.55)O20(OH)4. The XRD data of the

Killari sample with d (001) = 1.70 nm and b0 = 0.9275(2) nm conform to that of ferrous saponite.
The FTIR spectra show vibrational bands typical of trioctahedral smectites. Differential thermal and
thermogravimetric analyses show strong endothermic peaks due to dehydroxylation at 390–420 and
1070–1130 K accompanied by weight losses of 17 and 2.3 wt%. A weak exothermic peak at about
1220 K is also observed. These peaks are characteristic of smectites. 29Si and 27Al MAS NMR stud-
ies show that silicon and most of the aluminum in the clay mineral are in fourfold coordination. We
have demonstrated for the first time the usefulness of ferrous-saponite in reduction of hexavalent
chromium. X-ray photon electron spectroscopic (XPS) studies of the fine clay sample treated with
dichromate solution show that this ferrous saponite has the capability of adsorbing and reducing
hexavalent chromium to the trivalent state.

N; Long. 76∞ 33'20''E). The basaltic flows in which the min-
eral occurs belong to the Poladpur Formation (Gupta et al. 1999)
of the Deccan Traps (cf. Mahoney 1988; Subbarao 1999). Other
secondary minerals present in these flows are zeolites (natro-
lite and mordenite) and silica minerals (moganite and chalce-
dony; Parthasarathy et al. 2001). Laumontite, calcite, and
quartz-bearing flows underlie the flows in which the above
assemblage of zeolites and silica have been found.

EXPERIMENTAL METHODS

The clay mineral was obtained from the walls of the amygdules. It is apple
green to dull pale green in color and is soapy to the touch. The clay was ground
in ethanol in a porcelain mortar to avoid any oxidation during sample prepara-
tion and was preserved in airtight polythene micro-centrifuge tubes. The chemical
composition of the samples was determined by electron probe micro-analyzer
(EPMA) and also by using a Hitachi S-520 scanning electron microscope (SEM)
in EDAX mode with a filament current of 110 microamperes and an accelerat-
ing voltage of 20 kV. Ferrous iron content was also independently determined
by the titration method following the procedure suggested by Wilson (1960).
For powder diffraction study, the ground sample was sieved through a 40 mm
filter to obtain uniform sized material. The less than 2 mm size clay fraction was
separated by centrifuging and filtration. Air dried and ethylene glycol treated
samples mounted on low background quartz plates were subject to powder X-
ray diffraction study. Diffraction patterns were obtained with an automated Si-
emens D5000 powder diffractometer from 2q = 1.5 to 35∞, using CuKa radiation
with a wavelength of 0.15406 nm, filtered with a highly oriented pyrolytic graph-
ite (HOPG) monochromator. A NaI detector was used in all of the diffraction
experiments, with a scanning speed of 2∞ 2q/min.

Differential thermal analysis (DTA) and Thermo-Gravimetric (TG) studies
were performed on ~15 mg powder sample using a Mettler Toledo Star System
apparatus. The temperature was measured with platinum sensors. Temperature
precision and accuracy are ±0.1 K. The DTA/TG instrument was calibrated by
studying the melting transition of In, Sn, Zn, Ag, and Ag in the temperature
range from 400 to 1200 K. The analyses were carried out in the temperature
range between 300 and 900 K at a heating rate of 10 K per minute. Triplicate


