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X-ray diffraction study of ground talc 
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A structural analysis of talc ground under dry atmospheric conditions for different grinding 
times has been made by X-ray diffraction. The Si04 tetrahedra are found to remain unchanged 
in the ground talc samples by analysing the radial distribution function. On the other hand, 
with an increase of the grinding time a change in oxygen coordination number around 
magnesium has been quantitatively confirmed. This variation is attributed to the change of a 
hydroxyl induced by the prolonged grinding. 

1. Introduct ion  
Recently the structural changes of various inorganic 
substances induced by the usual grinding technique 
has received much attention, from the viewpoint not 
only of a better understanding of the mechanochem- 
ical effects but also of the relatively new method for 
producing several interesting materials. In these re- 
gards, clay minerals, which are often used as raw 
material for various ceramic products, are known to 
display strong mechanochemical effects with charac- 
teristic structural changes on applying prolonged 
grinding (see e.g. [1]). This has led to an increasing 
demand for characterizing the structure of ground 
clay minerals. However, clay minerals are inclined to 
adopt a so-called amorphous structure by grinding, 
due to their lack of internal structural order. There- 
fore, the structural changes in clay minerals induced 
by prolonged grinding have not been fully revealed 
yet, although a few structural investigations have been 
carried out (see e.g. [2]). 

Among many clay minerals, talc [Mg3Si4Olo(OH)2] 
is relatively simple in its chemical composition and is 
reported to show distinct mechanochemical effects 
[3]. Thus, in order to understand the structural 
changes of talc induced by prolonged grinding, a struc- 
tural investigation of ground samples with different 
grinding times was performed in this work by apply- 
ing radial distribution function analysis to measured 
X-ray scattering intensities, as commonly used for 
structural study of disordered systems such as liquids 
and glasses. The results are described below. 

2. Experimental procedure 
The talc sample used in this study was prepared from 
a compact mineral of white colour from Kaijo in 
China. The dry grinding experiments were carried out 

by a planetary mill, with a mill pot made of stainless 
steel. Stainless steel balls of 16 mm diameter were 
employed as grinding media. The bulk talc sample was 
first ground in an agate mortar for about 30 min to 
obtain the starting powdered samples. It is worth 
mentioning from the preliminary X-ray diffraction 
analysis that the diffraction pattern of the original 
powdered talc agreed well with previous results [3] 
and JCPDS card No. 19-770, and no significant struc- 
tural change was detected in this stage of sample 
preparation. 3.5 g powdered talc samples and stainless 
balls were charged in the mill pot and then ground 
under dry atmospheric conditions for the desired 
duration of time: for 60, 120 and 240 min. The soapy 
feel of the starting powdered samples changed into a 
rough feel with increased grinding time. This change 
suggests a structural breakdown of the original talc 
samples. Additionally the colour of the ground talc 
samples, on the whole, changed slightly to black, 
indicating contamination by a small amount of stain- 
less steel fragments. Such changes of the ground ma- 
terial, of course, depend on several factors, for example 
grinding speed, grinding media and sample volume 
and quality~ The details of the effects of these opera- 
tional parameters, including the grindability of talc 
samples, on the structural breakdown by using vari- 
ous grinding mills are given in a separate paper [4] 
and are therefore not duplicated here. 

X-ray diffraction profiles for the ground talc sam- 
ples were measured using MoK~ radiation with a 
singly-bent pyrolytic graphite monochromator with a 
diffracted beam in the wave vector range of Q = 5 to 
153 nm- 1. Here Q = 4re sin 0/?~ where 0 is half of the 
angle between incident and diffracted beams and X the 
wavelength of the incident beam. After applying cor- 
rections for absorption, polarization and Compton 
scattering [5, 6] to the measured intensity data in the 
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usual manner [7], the X-ray scattering intensities were 
converted into electron units by the generalized 
Krogh-Moe-Norman method [8] with the densities 
measured by the Archimedes method with toluene, 
and then the reduced interference function i(Q) was 
obtained. In this work, the observed intensity data at 
Q less than 5 nm -1 were smoothly extrapolated to 
zero at Q = 0 nm- 1. The effect of this extrapolation or 
of truncation up to Q = 153 nm- 1 for the broad peaks 
observed in a disordered system is known to make no 
critical contribution to the radial distribution function 
(RDF) calculated from the interference function by 
Fourier transformation, if only the Q value exceeds 
about 70 nm- 1 [9]. 

3. Data processing 
The method for analysing the X-ray diffraction pat- 
terns of disordered systems is very common and has 
already been described in detail [5-7]. Consequently, 
only the essential features are given below. 

The electron RDF can be readily estimated by 
applying Fourier transformation to the reduced inter- 
ference function in electron units, i(Q), which is dir- 
ectly obtained from experiments. These are defined by 

f2 2 

RDF.xp. = 27t2rp.~Zj 
tic 

IO  ~naax 0(2 Q2 
+ O i(O ) e - sin (Or) dO (2) 

where Ie,/N is the intensity of unmodified scattering in 
electron units per unit of composition andf~,s are the 
atomic scattering factor and the average scattering 
factor per electron, respectively. 9o is the average 
number density of electrons and Zj is the atomic 
number of element j. In the present case, the unit of 
composition is composed of five major elements of Si, 
Mg, O and H and the structural unit is considered to 
be (1/21)[Mg3SigOlo(OH)2]. The contribution of ab- 
sorbed water and the impurity originating from stain- 
less steel fragments induced by dry grinding are not 
taken into account in the present structural analysis, 
because the total weight corresponding to both ab- 
sorbed water and stainless steel impurity is of the 
order of 3.0-4.0 wt % at most and thus their contribu- 
tion to the scattering intensity is negligibly small. 
The term exp[ - 0tZQ 2] is a convergence factor, usu- 
ally introduced to minimize the truncation error and 
weigh down the uncertainties in the higher wave 
vector region. However, a zero value of~ is assumed in 
the present calculation of the experimental RDF, al- 
though this artificial parameter is known not to be 
critically selected. The calculated radial distribution 
function (RDF~xp.) in the low r region below the 
nearest-neighbour peak should be zero, because the 
atoms do not approach one another inside the atomic 
diameter. Therefore, the interference functions de- 
scribed in this work include corrections so as to 
remove such spurious oscillations in the low r region 
in the usual manner [6]. 

5298 

On the other hand, the electron RDF can also be 
calculated for particular distances r u and coordination 
numbers N u of i-j pairs by using the equation 

Nij fQo max 

-- (~2 ~2 - ., �9 

This equation, using the concept of pair functions, was 
originally employed by Mozzi and Warren [10] under 
the name of Pair Function Distribution (PDF). The 
correlation distance is readily determined from the 
position of the corresponding peak in the experi- 
mental RDF data. In addition, the so-called coordina- 
tion numbers can be estimated by finding the quantity 
of N u which will bring the calculated RDF using 
Equation 3 to the best fit with the experimental RDF. 
In this process, the value of ~ = 0.07-0.08 is employed 
on the basis of previous studies on various oxide 
glasses [11]. It should, however, be noted that the 
present approach by applying Equation 3 is effective 
for only a few near-neighbour correlations such as 
Si-O, Mg-O and O-O. 

4. Results and discussion 
Fig. 1 shows the X-ray scattering intensity patterns of 
the ground talc samples as a function of grinding time. 
The basic profiles of the intensity patterns of these 
three samples appear to be no closer to that of the 
original talc structure than that of a common dis- 
ordered structure like a glass. However, a few small 
spikes are detected at Q = 7, 14, 19, 24, 41 and 
47 nm-1 in a sample ground for 60 rain, and this 
implies that a small amount of the original talc struc- 
ture still remains in that sample, although such in- 
cidental observation vanishes on further grinding. 
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Figure 1 X-ray scattering intensity patterns of ground talc samples 
as a function of the grinding time, obtained by MoK~ radiation. 
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Figure 2 Reduced interference function, Qi(Q), of ground talc sam- 
ples as a function of grinding time. 
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Fig. 2 shows the reduced interference function Q i(Q) 
of the ground talc samples with variation of the 
grinding time. The reason for the introduction of the 
factor Q is to complement the resolution of the small 
oscillating behaviour observed in the high Q region. 
The general features of the reduced interference func- 
tion Qi(Q) for three ground talc samples are almost 
identical, and very close to those of oxide melts and 
glasses [6]. These basic profiles observed in the pre- 
sent three samples imply that a considerable fraction 
of the local ordering unit structures, such a s  S i O  4 

tetrahedra, remains although its distribution appears 
to vary with grinding time. It may also be noted that 
their oscillating behaviour slightly differs from the 
metallic melt and glass cases where the damping 
behaviour of the function Qi(Q) is rapid and mono- 
tonic [6]. 

The RDFs of the ground talc samples are shown in 
Fig. 3, which correspond to the Fourier transform of 
the Qi(Q) functions in Fig. 2. The general features 
of the RDFs are again found to be almost independent 
of the grinding time, although the damping behaviour 
of RDFs at the larger values ofr has some relevance to 
the increment of grinding time. The first two peaks in 
the RDFs of all ground samples appear almost com- 
pletely resolved and the subsequent oscillations are 
reduced so as to converge to the average number 
density value at larger values of r. This behaviour of 
RDFs is consistent with the contrast between the 
narrow distribution of local ordering unit structures 
and a loss of positional correlation at a few near- 
neighbour 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�9 

Original crystalline talc is known to have a three- 
layered structure, in which a sheet of octahedrally 

Figure 3 Electron radial distribution functions (RDFs) for ground 
talc samples as a function of grinding time. The solid line is the 
experimental data  and the dotted line is the calculated sum of a few 
pair functions. The arrows indicate positions of some pairs observed 
in crystalline talc [12]. 

coordinated magnesium is sandwiched between two 
sheets of linked tetrahedrally coordinated silicon. For 
convenience of discussing the structural features of 
ground talc, several interatomic distances in crystal- 
line talc are calculated and their averaged values are 
shown in Fig. 3 [12]. Taking into account these 
atomic pairs in crystalline talc structure, it is probably 
reasonable to identify the first peak at around 0.16 nm 
with Si O pairs, the second one around 0.21 nm with 
Mg O pairs, and the third one around 0.27 nm with 
O-O pairs. The peak around 0.32 nm corresponds to 
the mixed correlation of several atomic pairs such as 
Si Si, Si Mg and Mg Mg pairs. Therefore the inter- 
atomic distances and coordination numbers of the 
first three correlations were estimated by means of the 
pair function method�9 The results are summarized in 
Table I with the measured densities of the ground talc 
samples. The dotted lines in Fig. 3 denote the calcu- 
lated RDF with the structural parameters listed in 
Table I. 

The most striking results are as follows. The num- 
ber of oxygens around silicon in the present ground 
talc samples is well-confirmed to be four. Thus, the 
SiO 4 tetrahedra remain unchanged as the local 
ordering unit structures in the present samples�9 On the 
other hand, the coordination number of Mg-O pairs 
estimated here decreases with an increase of the grind- 
ing time. It is also worth mentioning that the estim- 
ated distance (0.212 nm) of Mg-O pairs is slightly 
longer than that observed in the crystalline talc struc- 
ture (0.207 nm), although the coordination number is 
smaller than six in the crystalline case. Taking into 
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T A B L E  I Comparison of distance (r) and coordination number (N) for ground talc samples determined in this work together with the 
density values measured by the Archimedes method; variations of r and N are of the order of + 0.002 and _+ 0.2, respectively 

Grinding Si-O M g - O  0 - 0  Density 
time (min) 

r (nm) N (atom) r (nm) N (atom) r (nm) N (atom) (Mg m -  3) 

60 0.163 4.0 0.212 4.6 0.265 4.9 2.48 
120 0.163 4.0 0.212 4.1 0.265 4.9 2.38 
240 0.163 4.0 0.212 3.9 0.268 5.8 2.31 

account the suggestion that the distance of Mg-O 
pairs in crystalline talc is compressed by the effects of 
the neighbouring tetrahedral silicon sheet [12], it is 
feasible to consider that the breakdown of such sheets 
of coordination polyhedra forms a looser environ- 
mental structure around magnesium. The present 
Mg-O distances in the ground talc samples are also 
comparable to the Mg-O distance (0.212 nm) found in 
magnesium orthosilicate melt [13]. 

The present RDF analysis for the ground talc sam- 
ples suggests that the crystalline talc structure is col- 
lapsed by dry grinding and changes its structure 
towards that of disordered atomic arrangements like 
glasses and 'liquids. This includes the characteristic 
variation of the environmental structure around 
magnesium, where magnesium of the MgOg(OH)2 
octahedra in the crystalline talc changes its oxygen 
coordination number towards reduction. Therefore, 
the change in the role of a hydroxyl induced by 
prolonged grinding [3] may be attributed to the 
variation of the environmental structure around mag- 
nesium. The structural information on the ground talc 
samples obtained in this work is insufficient to build 
up a full structural model of the ground talc. Never- 
theless, the present authors maintain the view that the 
prolonged dry grinding of crystalline talc readily in- 
duces its structural breakdown, accompanying the 
change in role of a hydroxyl towards the reduction of 
the oxygen coordination number around magnesium. 
It would be useful to carry out some further structural 
studies of various ground clay minerals, in order to get 
a definite view on the role of hydroxyl and to test the 
present concluding remarks on a wider base. 
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