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INTRODUCTION

Kaolinite and its polytype, halloysite, are extremely impor-
tant industrial minerals (Murray and Keller 1993). Many of
the bulk properties of kaolinite and halloysite are determined
by the surface properties of the kaolinite. For example in in-
dustry, solid loadings and viscosity are important and the pres-
ence of adsorbed surface species can affect these properties.
The presence of minor amounts of other clay minerals can also
affect the surface properties of the halloysite: for example the
presence of smectite and illite influences the viscosity and sol-
ids loadings (Guven 1992). If organics such as lignins and hu-
mic acids are adsorbed on the surface, the flow properties of
the kaolinite may be so affected that the kaolinite becomes a
ball clay i.e. the clay becomes plastic. The importance of know-
ing not only the mineral science of the kaolinite but the adsorbed
species cannot be underestimated. The use of small molecules
such as potassium and cesium acetates enables the study of the
modification of kaolinite and halloysite surfaces (Frost et al.
1998a, 1998d). Modification of the surfaces may be then stud-
ied using X-ray diffraction, which measures the expansion in-

crease in d-spacing of the lattice upon intercalation, combined
with vibrational spectroscopy that indicates the extent of inter-
calation through changes in intensity and band position.

Halloysite differs from kaolinite in that the surfaces are
curved or rolled due to the misfit of the octahedral gibbsite-
like sheets and the siloxane sheets. On a molecular scale the
siloxane and hydroxyl surfaces of kaolinite and halloysite are
identical. Intercalation of halloysites with potassium acetate
provides a means to compare the surfaces of a low defect ka-
olinite and a halloysite. The difference between kaolinite and
halloysite lies in the morphology and in the stacking of the
layers. Halloysites show disordered stacking sequences. Ka-
olinites with high Hinckley indices show regular stacking.

The infrared and Raman spectra of kaolinite and halloysite
are well defined with four peaks in the infrared spectrum and
five in the Raman. The infrared spectrum of kaolinite is com-
posed of the inner hydroxyl-stretching vibration and one in-
phase and two out-of-phase vibrations. These bands are
observed at 3620, 3650, 3670, and 3695 cm–1. The Raman spec-
trum of kaolinite shows an additional band at 3684 cm–1, which
is attributed to transverse/longitudinal optical splitting (Farmer
1998). For halloysites, the spectra are not so well defined and
although peaks are observed at 3620 and 3695 cm–1, the out-* E-mail: r.frost@qut.edu.au
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ABSTRACT

Changes in the hydroxyl surfaces of potassium acetate-intercalated halloysite were studied over
ambient to predehydroxylation temperature range using a combination of X-ray diffraction and Raman
spectroscopy. XRD shows that the halloysite is completely expanded to 13.80 Å. Upon heating the
intercalation complex to 50 °C under nitrogen, two expanded phases are observed with d-spacings
of 11.47 and 8.95 Å. Upon thermal treatment, the 11.47 Å phase is stable in both the heating and
cooling cycles. The ~9.0 Å phase undergoes an expansion at 100 °C to 9.2 Å. Upon exposure to air,
the intercalated kaolinite returns to a 13.80 Å phase.

The completely intercalated halloysite showed a band at 3602 cm–1 attributed to the inner surface
hydroxyl hydrogen bonded to the acetate ion together with bands at 3620 and 3695 cm–1 assigned to
the inner hydroxyl and the inner surface hydroxyls, which do not react with the acetate. Mild heating
of the intercalation complex to 50 °C caused a rearrangement of the surface structure with Raman
bands being observed at 3606 and 3597 cm–1. Further thermal treatment at 100 °C caused these
bands to shift to 3615 and 3601 cm–1. At the predehydroxylation temperature for potassium acetate
intercalated halloysite (300 °C) two bands were observed at 3602 and 3612 cm–1. Above this tem-
perature no hydroxyls are spectroscopically evident. Upon cooling to room temperature, the Raman
spectra of the hydroxyl surfaces are altered with two bands observed at 3604 and 3596 cm–1.


