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A structural analysis of dickite prepared by dry grinding with different grmding time has been made by Xeray
diffraction. The 8i0, tetrahedra are found to remain unchanged in the ground dickite samples hy analysing the ra-
dial distribution function (RDF). On the other hand, with an increase of the grinding time a change in axygen caor-
dination number around aluminum has been quantitatively confirmed. This variation may be attributed to the

change of hydroxyl induced by the prolonged grinding.
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1. Introduection

ecently the structural changes of various inorganic sub-
R stances induced by a usual grinding technique have re-
ceived much attention from the viewpoints not only of the
better understanding of the mechanochemical effects but
also of the relatively new method for producing several in-
teresting materials.'® In these regards, the structural beha-
vior of various minerals relevant to the mechanical grind-
ing process has been extensively studied, including their
transformations and solid state reactions,”

Clay minerals, which are often used as raw materials
for various ceramic products, are known to display
strong mechanochemical effects and easily change from
crystalline to noncrystalline state where they are subject
te a long time grinding. In particular, kaolin minerals
ware reported to show proncunced mechanochemical ef-
fects,"® However, their structural changes induced hy
grinding have not been fully elucidated yet, although
some spectroscopic data were available.® This has led to
an increasing demand for direct determination of the fun-
damental local ordering unit structure of ground kaolin
minerals. In this study, we investigate the structure of
dickite [AlS1L,0(0H),] with different times of grinding hy
applying radial distribution function analysis to measur-
ed X-ray scattering intensities, as commonly used for
structural study of disordered systems such ag liquids
and glasses.

II. Experimental

A dickite sample used in this study was taken from
Byokozan Mine of the Okayama Prefecture in Japan,
The bulk dickite sample was firstly crushed in a stain-
less steel mortar and pestle for 80 minutes {o obtain a
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powdered sample under 100 um in size. A preliminary X-
ray diffraction analysis indicates that the diffraction pat-
tern of this powdered dickite agrees with the result com-
piled in the JCPDS card No. 19-770 and no significant
structural change was detected at the stage of sample
preparation. A further grinding experiments were car-
ried out by a planetary mill equipped with a mill pot
made of stainless steel. Stainless steel balls of 16 mm di-
ameler were employed as grinding media. The powdered
dickite samples of 3.6 g and the balls were charged in
the mill pot and then ground under several dry at-
mospheric conditions with the duration of 30, 60, 120
and 240 minutes. Soapy feel of the starting powdered
samples theanged into rough feel with increment of the
grinding time. This change happens commonly in pro-
longed grinding of clay minerals and suggests the aggre-
gation of the ground fine minerals and a subseguent in-
crease in particle size.*” In addition, the color of the
ground dickite samples, on the whole, changed slightly
to black, indicating some contamination from stainless
steel pot and halls.

Xray diffraction profiles for the ground dickite sam-
ples were measured using Mo Ko radiation with a singly-
bent pyrolytic graphite monochromator in a diffracted
beam in the wave vector @ range from 5~150 nm™. Here,
Q=4nsin/A where 8 is the one half of the angle batween
incident and diffracted beams and A is the wavelength of
incident beam. After applying corrections for absorption,
polarization, and Compton scattering” to the measured
intensity data,” the X-ray scattering intensities were con-
verted into electron units by the generalived Krogh-Moe-
Norman method* with the density measured by the Ar-
chimedes method with toluene, and then the interference
function i(Q) was obtained. In this work, observed in-
tensity data at @ less than 5 nm' were smoothly ex-
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trapolated to zero at Q=0 nm*. The effect of this ex-
trapolation or truncation up to Q=150 nm™ [or the broad
profiles observed in disordered system is known to make
no critical contribution to the radial distribution function
caleulated from the interference function by the Fourier
transformation.'

ITI. Data Processing

The method for analyzing the X-ray diffraction pat-
terns of disordered systems containing more than one
kind of atem is very common and has already been des-
cribed in detail > Consequently, only the essential fea-
tures with a few equations necessary for data analysis
are given below.

The electron RDF can be readily estimated by ap-
plying Fourier transformation te the interference func-
tion in electron umits, i(§}), which is directly obtained
from experiment as follows;

. Ten 5 "
I(Q)=]:“¥l—2ff} 17 (1)
RDF,, =210 Y 2+ [0, (0)eosin(Qr)dQ (2)

where L/N is the intensity of unmodified scattering in elec-
tron units per unit of composition, f and f. are the atomic
scattering factor and the average scattering factor per elec-
tron, respectively. The atomic scattering factors were taken
from International Tahles for Xeray Crystallography IV and
corrected for anomalous dispersion™ p, is the average
number density of electron and Z is the atomic number of j-
element. In this study, the chemical composition is con-
gidered to be ALQ:+25i0,4+nH,0 and other chemical con-
stituents were ignored. The amount of water molecule, here
the number n, were estimated with the successive ignition
values obtained from heating of 1423 K. The amount of im-
purity (metallic Fe) caused by the abrasion of mill pot and
grinding media may be of the order 4.0 wt% at most, and
its contribution to the X-ray diffraction patterns can be iso-
lated from the halo patterns arising from the ground dick-
ite samples hecause this crystalline impurity displays
sharp Bragg diffraction peaks. The effect of such isolation
to the final RDF resulis should he negligibly small. The
term of exp[-0’QF] is a convergence factor, which is usually
introduced to minimize the truncation error and weigh
down the uncertainties in larger Q region. However, o is as-
sumed to be wzero in the present calculation of the ex-
perimental RDF, although this artificial parameter is
known not to be critically selected.

On the other hand, the electron RDF can be calculated
for particular distances r, and coordination numbers N,
of 19 pairs using the following equation.

if
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This equation, using the concept of pair functions, was
originally employed by Mozzi and Warren'™ under the
name of Pair Funetion Distribution (PFD}. The corre-
lation distance is readily determined from the position of
the corresponding peak in the experimental RDF data.
In addition, the coordination numbers can be estimated
by finding the guantity of N, which will bring the ecal-
culated RDF using Eq. (3) to be best fitted with the ex-
perimental RDF. In this process, the value of w=0.05-0.08
iz emploved on the basis of previous studies for various
oxide glasses™ It should be, however, noted that the
present approach by applying Eq. (3) is effective only for
a few near-neighbor correlations such as Si-O, Al-O and
0-0.

IV. Results and Discussion

Fig. 1 shows the X-ray scattering intensity patterns of
the ground dickite samples. The basic intensity profiles
of these zamples appear to be not closer relation to the
original dickite structure than the common disordered
structure like glasses. However, a few small spikes are
detected at Q=7, 14, 19, 24, 41 and 47 nm" in a sample
ground for 30 min. This implies that a small amount of
the original dickite structure still remains in the ground
sample, although such peaks disappears by further grind-
ing. Fig. 2 shows the reduced interference functions Qi(Q)
of the ground dickite samples with variation of the grind-
ing time. The reason for the introduction of the factor @
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Fig. 1. X-ray scattering intensity patterns ol ground dickite

samples as a function of the grinding time, obtained by Mo
Ko radiation.
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is to complement the resclution of the small oscillating
behavior observed in the large Q region. The general fea-
ture of the reduced interference function Qi(@) for these
samples is very close to those of oxide melt and glasses.™
These basic profiles observed in the present four samples
imply that a considerable fraction of the local ordering
unit structures, such as 8i0; tetrahedra, remains al-
though its distribution appears te be different with the
grinding time, [t may also be noted that their oscillating
behavior slightly differs from the metallic melt and glass
cases where the damping behavior of the function Qi(®)
iz rapid and monotonic.

The RDFs of the ground dickite samples are shown in
Fig. 3, which correspond to the Fourier transform of the
Qi(Qy functions in Fig. 2. In this calculation, a few small
spikes found in a sample ground for 30 min are included,
because the essential profile of Qi(Q) seems to be the one
similar to the typical disordered system. The general fea-
tures of the RDFs are again found to be almost in-
dependent on the grinding time, although the damping
behavior of RDFs in the larger distance of r has some
relevance to the increment of the grinding time. The
first peak in the RDFs of all ground samples appears al-
most completely resolved and the subsequent oscillations
are reduced so as to converge to the average number den-
sity value at larger values of r. This behavior of RDFs is
consistent with the contrast between the narrow dis-
tribution of local ordering unit structures and a loss of
positional correlation at a few near-neighbor distances
away from any starting point. Information of such local
ordering unit structures could be obtained by fitting the
respective peaks by the pair function method.

Original erystalline dickite is known to have the fwo-
layered structure, in which a sheet of octahedrally coor-
dinated aluminum is linked with tetrahedrally coor-
dinated silicon sheet. For convenience of discussing the
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Fig. 2. Reduced interference function of Qi@ of ground
dickite samples as a function of grinding time,
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structural features of ground dickite, several interatomic
distances in crystalline dickite are calculated and their av-
eraged values are shown in Fig. 3."" Taking into account
these atomic pairs of crystalline dickite, it is probably
reasonable to identify the first peak at around 0.16 nm
with both Si-0 and Al-O contribution and second one
around 0.26 nm with (-0 pairs. The peak around (.32
nm corresponds to the mixed correlation of several atomic
pairs such as Si-81. 5i-Al and Al-Al pairs. It is worth men-
tioning that the first correlation peaks at around 0.16 nm
of the sample ground for 80 tnin shows distinct shounlder
at larger r region, and this shoulder disappears with the
increment of grinding time. This variation clearly in-
dicates some kind of change in local ordering unit struc-
ture is caused by the strong mechanochemical effects,
which may be clarified by analyzing experimental RDFs
with the pair fonction method as follows.

Since the resolution of the first peak in RDFs is not
good enough to separate two correlations of 8i-O and Al-
O pairs, the most feasible values for oxygen coordination
number were estimated by reproducing the experimental
data using the pair function distribution egquation. Then,
the estimated interatomic distances and coordination
numbers of the first three correlations are summarized
in Table I. The dotted lines in Fig. 3 are an example of
caleulated RDF using the case of the ground dickite for
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Fig. 3. Electron radial distribution functions (RDFs) for
ground dickite samples as a function of grinding time. The
solid line is the experimental data and the dotted line is an
example of the caleulated sum of a few pair functions. The
arrows indicate positions of some pairs cbserved in cry-
stalline dickite.'”
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Table 1. Comparision of Distance (r) and Coordination Number (N) for the Ground Dicldte Samples Determined in this Work,
The Variations of r and N are of the order of 0.002 and 0.2, Respectively.

Crinding time 8i-0 Al-O 0-0 Density
(min) r (hm) N (atom} r (nm) N (atom) T (nm) N (atom) {gfem®)

30 0.162 4.0 0.187 4.9 D.266 5.5 2.33

60 0.1682 4,0 (0.184 4.4 0.265 5.8 2.28

120 0.162 4.0 0.181 4.1 0.266 5.8 2.26

240 0.162 4.0 L180 4.0 (.266 A.7 221

240 min. The number of oxygens around silicon in the
present ground dickite samples are confirmed to be four.
Thus, the SiQ, tetrahedra remain unchanged as the local
ordering unit structures in the present ground samples.
The number of Al-O pairs around Al estimated here de-
creases with the increment of the grinding time and the
interatomic distances follow this change, Therefore, it is
plausible to consider that the hreakdown of such sheets
of coordination polyhedra results in a more loose local
structure around aluminum. Dehydration may occur
simultaneously, which changes the original AlOH)}O,
coordination to AlQ,, as shown in a formation of meta-
kaolin by heating.® This variation could be well con-
sistent with the results of magic-angle-spinning nuclear
magnetic resonance (MAS-NMR), suggesting the de-
velopment of tetrahedally coordinated alwminum with
the progress of grinding.® The easy dehydration reaction
at relatively low temperature of ground dickite samples
detected in TG-DTA analysis, also explicitly indicates
the local change around aluminom.

The structural information of the ground dickite sam-
ples obtained in this work is insufficient to build up the
full structural model of the ground dickite. Nevertheless,
the present study could shows that the prolonged dry
grinding of crystalline dickite readily induces a struc-
tural breakdown, resulting from the change in role of hy-
droxyl towards the reduction of the oxygen coordination
number around aluminum. It would be useful to carry
out some further structural studies using energy disper-
sive X-ray diffraction facility in order to get more precise
information on the aluminium distributien and the role
of hydroxyl.
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