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Utah metahalloysite untreated and dehydrated at temperatures ranging between
100°C and 600°C has been subjected to X-ray diffraction studies in order
to understand the structural changes accompanying dehydration. Variability
of the interlayer spacing has been studied quantitatively from the basal reflec-
tions by adopting the method due to Mitra and Bhattacherjee (1969). The
two-dimensional bands have been studied by applying Warren’s (1941) theory.
It is observed that the variability of interlayer spacings goes on decreasing
with dehydration. The average layer size as determined from the two-
dimensional (hk) bands by applying Warren’s formula goes on increasing
upto 350°C. It is concluded that Warren’s model of a stack of disordered
layers cannot satisfactorily explain the observed results with respect to meta-
halloysite.

INTRODUCTION

Halloysite is an end member of the kaolin group of clay minerals and
is composed of kaolin layers like kaolinite. It shows the same alumina silica ratio
with water content higher than that of kaolinite. The composition of the fully
hydrated form approximates to 2Al, (Si,0;) (OH), 2H,0.

X-ray studies by various authors have shown that the effect of dehydration
on these two extreme members of kaolin group are discernably different. While
X-ray reflections from basal planes of kaolinite become more and more broadened
with the increase in the extent of dehydration (Brindley and Nakahira 1959 and
Mitra and Bhattacherjee 1969), those from halloysite become sharper (Brindley
et al. 1948).

This difference in the behavior of halloysite with respect to kaolinite has been
attributed to the highly disordered stacking of kaolin layers in halloysite. It has
been usually accepted: (Brindley and Robinson 1946) that the layers are stacked
with approximate regularity in the layer sequences while the layers among them-
selves are randomly oriented. On the basis of this planar model of disordered
structure, Brindley and Robinson (1948) have given a qualitative explanation of the
observed X-ray reflections from metahalloysite dehydrated to different temperatures.

It is well known that crystals having layer type of lattices are prone to develop
structural defects. Mitra (1963) has shown the different types of structural defects

*Paper presented at the Symposium on ‘Crystal structures and crystal defects’ held at Indian
Institute of Technology, Kharagpur, March, 1970,

Vol. 39 A, No. 1



DEHYDRATION TRANSFORMATION IN METAHALLOYSITE 55

present in kaolinite and suggested methods for the quantitative estimation of these
defects. Mitra and Bhattacherjee (1969) have made a detailed quantitative study
of these defects at different stages of dehydration in kaolinite and arrived at certain
definite conclusions regarding the structural changes accompanying such dehydration
transformation of kaolinite into metakaolin. It then becomes interesting to follow
quantitatively the structural changes accompanying dehydration in metahalloysite
almost in the same line as was done in the case of kaolinite by Mitra and Bhattacherjee
(1969). The results of such investigations may lead to some valuable information
regarding this transformation. The present paper aims at achieving this goal.

EXPERIMENTAL DETAILS

Finely powdered samples of pure metahalloysite from Utah were selected
for the present investigation. The average chemical composition of the sample has
already been reported (Bhattacherjee 1971). The sample was dehydrated in a
platinum crucible for eight hours each at temperatures of 100°C, 200°C, 350°C, 500°C
and 600°C respectively in an electric muffie furnance.

Differential thermal analysis of the specimen of metahalloysite was carried
out by adopting a method similar to that described by Mitra and Bhattacharjee (1969).
Since the thermogram has been shown elsewhere by Bhattacherjee (1971) it has
not been reproduced here. However, the thermogram showed a comparatively broad
endothermic peak extending from about 100°C upto 200° with the maximum at
145°C and a sharp endothermic peak at 540°C followed by an exothermic peak at
about 965°C.
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FiG. 1. Variation of interplanar distance corresponding to the first nearly symmetrical peaks
of metahalloysite
Throughout the present investigation a ‘Norelco’ X-ray diffractometer was
used. CuK . radiation was obtained by using copper target and aluminium-nickel
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balanced filter. The lines were identified and the interplanar distances were measured
from the X-ray powder photographs of the samples. The powder photographs were
taken with a 114.6 mm Debye Scherrer Cemera with 20 hrs exposure.

The line profiles from different samples were recorded using the automatic
chart recorder at a scanning speed of 1/4° (26) per minute. However, weak reflections
were recorded by adopting fixed count method. Samples for diffractometry were
prepared in the form of rectangular cakes by using collodion as adhesive as was
done by Mitra and Bhattacherjee (1969). The background was determined by the
method of Mitra and Misra (1966). Order of accuracy achieved in the case of inter-
planar distance measurement was about 0.2 per cent while that of intensity measure-
ment was about one percent. These accuracy was sufficient for the present study.

The variation of interplanar distance corresponding to the first nearly
symmetrical peaks (001) is shownin Fig. 1. The d-values decrease gradually from
about 7.42 A.U. for untreated sample to about 7.22 A.U. at 350°C and reaches a
minimum (~7.20 A.U.) at about 500°C—a value that approximates closely to the
interplanar distance corresponding to the basal reflection (001) for kaolinite.
Brindley et al. (1948) also observed similar variations.

RESULTS AND DISCUSSION
(a) Nature of the line profile

The observed diffraction pattern in the present case like Brindley and Robinson
(1948) was found to consist of two different types of profiles, namely (A) nearly
symmetrical peaks (001) from the basal planes usually encountered in the diffraction
patterns of distorted crystals and (B) the two-dimensional (hk) highly asymmetric
broad bands with high background. These two-dimensional (hk) bands were found
to rise sharply on the small angle side and decline slowly resulting in a tailed high
angle termination.

All the observed line profiles were corrected for geometrical effects by Stokes
(1948) deconvolution method. Geometrical line profiles for this purpose were
constructed by applying the method described by Mitra (1963). Line profiles corres-
ponding to different reflections from the samples dehydrated at different temperatures
upto and including 600°C were investigated.

(i) Profiles of type A (00l). —Among the nearly symmetrical basal reflections
only the first one (001) was found to be suitable for quantitative analysis. All
other peaks were eitlier mixed up with other reflections or too broad and diffuse to
be quantitatively studied. All these first reflection peaks (00l) from the samples
untreated as well as dehydrated upto and including 600°C were found to be slightly
asymmetrical. The sharpness of the line profile was found to increase with dehydra-
tion upto 350°C. After 350°C the peak became broad and diffuse. The asymmetry
of the peak was also found to increase more and more with dehydration till at 600°C
the diffraction pattern disappeared into a diffuse and weak distribution of intensity.

(i) Profile of type B (hk.) —The asymmetric bands were found to become
somewhat sharpened by heat treatment with little qualitative change accompanying
the process. However, for samples treated at 500°C and 600°C respectively, these
bands were observed to disappear into a weak and diffused background.
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(b) Effect of dehydration on the nearly symmetrical (001) peaks

It has been observed by Mitra (1963) and Mitra and Bhattacherjee (1969)
that the broadening of the basal reflections from kaolinite is due to the variability of
interlayer spacing which goes on varying with the extent of dehydration. Presuming
this defect to be present in metahalloysite, the extent of this defect at different stages
of dehydration has been estimated from the (00]) reflection for reasons stated earlier.

Values of g, the mean fractional change in the interlayer distance and r, the
proportion planes affected by the variation for all the samples have been measured
from their (00]) reflection by adopting a single line technique similar to that
described by Mitra and Bhattacherjee (1969). g and v have been determined from

1 .
g=—p-cot’! ( %ﬁ ) and y=PBp/sin® (zlg) where pp = ;— (1—cos 2rlg), the integ-

ral width of the defect profile, A is the distance of the peak from the centroid of the
diffraction profile, and / is the order of the reflection. Values of Pp and the particle
size were determined from the slopes and intercept respectively of the linear plots of
Wcos 6
AS

against ﬁ%ﬁ (Fig. 2) utilising the equation :

Weosb_ 1 A% A
AS ~w2Pl m2dz Scos
due to Mitra and Bhattacherjee (1969). Here W is the total variance of the
line profile in 29 unit corrected for geometrical effect, S is the range of variance in

radian and %:%%—%D where P is the particle size, d is the interplanar dis-
tance and 0 is the semi-angle of deviation corresponding to the reflection under study.
Tables 1 and II show the results of the measurements.

Table I shows that the particie size does not vary appreciably with dehydration
upto 350°C and remains constant around 200 A.U. At 500°C the particle size
decreases sharply to 95 A.U. It still further decreases to 77 A.U. at 600°C. This
clearly shows that above 350°C the sample breaks up into small fragments. The sharp
fall in the value of particle size at 500°C clearly indicates that the collapse of the
structure has already started and the process continues unabated even at 600°C and
above till all the crystallites become almost amorphous. This feature is further
evidenced by the endothermic peak at 540°C in the thermogram (Bhattacherjee 1971).
Thus it is found that the collapse of the structure takes place somewhere around
400°C as was observed for kaolinite by Mitra and Bhattacharjee (1969).

Table II shows that both g and Y are fairly large at room temperature. After
dehydration at 100°C, both these parameters are found to be decreased. They
increase further at 200°C. Thereafter, with further dehydration, these two para-
meters go on decreasing gradually. In this respect, the behaviour of metahalloysite
above 200°C is very much different from that of kaolinite. In the case of kaolinite,
g and y go on varying non-linearly with dehydration (Mitra and Bhattacherjee 1969).
Whereas in case of metahalloysite, both g and Y decrease steadily above 200°C with
further dehydration. Thus, while in kaolinite, lattice disorder is accompanied by
dehydration, in metahalloysite dehydration appears to cause ordering of the lattice.
There seems, however, to be an apparent contradiction in the behaviour of kaolin
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layers with dehydration. This may be due to the curvature of the kaolin layers in
halloysite. This point is further discussed in the following sections.

0OI-REFLECTION OF METAHALLOYSITE
304 AT TEMPERATURES (Q) 30° (b) 100°C
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Fic. 2, Plots of W cos 0/As against A/s cos 0 corresponding to (00I) reflection at (a) 30°C
(b) 100°C (c) 200°C (d) 350°C (e) 500°C (f) 600°C.

(c) Effect of dehydration on the asymmeiric bands (hk)

In the course of the present investigation, the average layer size L from the
(hk) bands has been calculated by applying Warren’s (1941) approximate formula

L= 1.84# where B, is the angular width at half maximum intensity of the
2

ﬁ% cos @
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bands and 6 the semi-angle of scattering. The results of such measurements
are shown in Table III which shows an interesting feature. The particle size L
measured in the light of Warren’s formula corresponding to the first asymmetric
band (02, 11) is found to increase with dehydration at 100°C, then decrease at
200°C and finally increase again with further dehydration at 350°C. Similarly,
corresponding to (24, 31, 15) band the crystal size goes on increasing steadily with
dehydration upto 350°C. However, for (06, 33) asymmetric band the particle size
remains the same upto 100°C, thereafter decreases at 200°C and finally again
increases at 350°C. Thus, the overall effect of dehydration on the asymmetric peaks
is slight increase in sharpness of the bands and the consequent increase in particle
size corresponding to all the bands upto 350°C above which temperature these bands
disappear into a diffuse background.

TaBLE I

Particle size as determined from the siope of-

W co
3 SS b vs 5 —CA(;;’ graphs corresponding ro (001) peaks

Temperature (°C) Particle size (in A.U.)
30 204
100 21
200 200
350 230
500 95
600 77
TasLe 1L

Variation of g and Y with dehydration

Temperature (°C) (AU.) g v
30 7.42 464 297
160 7.32 412 .205
200 7.22 438 315
350 7.22 377 .283
500 7.21 .336 .268
600 7.25 .324 223

The increase in particle size is difficult to explain. Grain growth with heat
treatment at relatively low temperatures as used here and at atmospheric pressure
is possible only when the bond strength holding the atoms is such as to permit inter-
site migration as in metals. The metallic bonds permit atomic migration relatively
easy through the mechanism of diffusion. In clay minerals, however, the S§i-O
and Al-O(OH) bonds are very strong. The only weak linking bonds are those
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of O(OH) bonds between the layers. At comparatively low temperatures where
dehydration takes place only these bonds are likely to snap. Thus, we may expect
diminution of particle size with dehydration, and not its increase. Thus, it appears
that Warren’s model of a lattice of disordered layers is unable to explain the varia-
tions in the diffraction pattern of metahalloysite with dehydration. Hence, the
explanation is to be sought elsewhere.

TasLE 111
Crystal size ( L) and half intensity width ( B% ) of different asymmetric bands corresponding to different
temperatures

hk (According to
Brindiey & Temperature °C g l(degree) L(A.U.)
Robinson 1948) 2

02, 11 30 1.2 139
02, 11 100 1.1 150
02, 11 200 1.1 144
02, 11 350 1.12 148
24,31, 15 30 1.9 96
24, 31,15 100 1.4 131
24,31, 15 200 1.2 152
24,31, 15 350 1.05 172
06, 33 30 1.3 146
06, 33 100 1.3 146
06, 33 200 1.5 126
06, 33 350 1.3 146

As discussed by Mitra (1963) and supported by electron microscopic studies by
several authors (Bates er al. 1950 and 1958) halloysite can be considered to have
curved lattice. Hence the inability of Warren’s theory to explain the observed
reflections may be attributed to the inadequacy of the model assumed. A detailed
study of these reflections by a suitable theory and model of curved lattice for halloysite
may provide a satisfactory explanation. Work on these lines is already in progress.
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