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Egyptian talc was subjected to different methods of analysis,
Chemtical analysis, differential thermal analysis, thermo-balance
methods and x-ray analysis were used in this study. x-ray qualitative
and quantitative analyses were carried out to identify the raw
mineral. These methods showed that the raw talc is a mixture of
93.7% talc and 6.3% chrysotile. A discussion was made in terms of
the hypothetical formula and the chemical analysis.

The activation energy for the lattice destruction of talc was
studied. The break down of the reaction was described
mathematically. The order of reaction, the frequency and the
activation energy were calcujated and were found to be 0.989,
8933x10% and 58.21 cal./mol. respectively.

Talc is a layer structure mineral'). This is composed of silica layers and brucite
layers. The former consists of Si-O tetrahedra connected at three corners in the
same plane so that a two dimensional network of the hexagonal rings is obtained.
The brucite layers consists of hydroxyl ions in tow planes, above and blew a plane
of magnesium ions which are octahedrally coordinated by the hydroxyls. The
structures of talc can be generated by simple combinations of these two units.

Experimental Results
Egyptian Eastern Desert talc was subjected to the following analysis:
! Chemical Analysis

Different methods of chemical analysis were used in this study. The results of
those methods are shown in the following table:

MgO SiO2 Al;,OJ Fe203 Ca0O Na20 K20 TiOz MnQO  Loss on ignition

29.26 5210 396 2.88 1.87 1.88 117 - - 6.56
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2 . Differential thermal Analysis (D.T.A.) and Thermo-balance (T .B.)

These methods of analysis give the temperature at which the endothermic and
exothermic solid state reactions take place in the materials as they are heated up.
Fig.(1) showed the D.T.A. and T.B. curves for the raw talc under test. There is an
endothermic reaction at 6§20°C followed by exothermic one at 820°C. These are
characteristic of chrysotile, 3MgO. 28i0,. 2H,0. There is an endothermic reaction
at 990°C characteristic of talc.

3. X-ray Diffraction Analvsis

According to D.T.A. results x-ray powder photographs were taken for
specimen preheated at 650°, 8§50°, 1000° and 1400°C using 19 cm Powder camera.
The photograph of the raw talc shows the diffraction patterns of talc together with
few lines due to chrysotile. The diffraction patterns of the sample preheated to
650°C showed the presence of talc and foresterite (2MgQ Si0 ,) whichin turnchanges
into ensteatite (Mg Si0O.) at 850°C. More intense patterns of ensteatite were

observed for the sample preheated to 1 000°C. These results are in agreement with
those of Caillere'?. Protoensteatite (Mg $i0,) and B-cristobalite (Si0,) were
observed at 1400°C,

X-ray quantitative analysis was carried out using a diffractometer. This method
showed that Egyptian talc is a mixture of 93.7% taic, 3IMgO. 4510, HO,, and 6.3%
chrysotile, 3Mg0. 28i0,. ZH,0.

4- Activation Energy
By the action of heat talc breaks down according to the following reaction:
Mg, Si, O, (OH)2 — 3MgO Si0, + SiO2 + H,0

The kinetics of this reaction are governed by the following equation®4).

- =Kn*
dt % M

where K being the specific rate and is given by
K = Z e-E/RT

n. = number of molecules of reactant present at time t,

x = order of reaction, z=frequency constant,

R = gas constant,

T = absolute temperature and

E = activation energy.

If w_ = total weight loss at completion of reaction

w = tota]l weight loss up to time t,

n_= number of reactant molecules present initially, and W =W -W, then equation
(f) becomes:
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Therefore
dw n E
log —_ =1logZ + log ( ) S +)(logwr
dt w 2.3 RT

dw
A plot of log —gt  against log Ww_ at constant temperature should give a straight
line of slope X. For a certam value of w_determined from these straight lines a plot
of log ‘; : against T should give a straight lines of slope E/2.3R.

A known weight of the material is placed in a platinum crucible and is
suspended from the sensitive balance and lies in the hot zone of the furnace. The
temperature was raised with a constant rate until the temperature of the specimen
attained 650°C. The temperature was kept constant until a constant weight of the
speciment was attained. So, the laftice water of chrysotile was expelled out. The
crucible was drawn from furnace and the temperature was raised until it reaches
880°C. The crucible was introduced again and the weight was recorded against
time and at constant temperature tilf a constant weight is attained. The procedure
was repeated again for 900°, 920 and 940°C.

Results & Discussion

The results of chemical composition, D.T.A. and Xx-ray analysis were
considered as a whole to see how far they complement or support each other.
X-ray studies showed that Egyptian talc was composed of a mixture of 93.7% talc
and 6.3% of the chryostile. The ratios of Mgo: SlO H.O in the hypothetical
mixture of talc and chrysotile with proportions of 93. 7 62 3 stand as:

MgO : Si0 : H,0
120.96 : 232 ';8 : 190
The observed ratios stand as, Table [,

29.26 : 52.10 : 6.56

A reasonable explanation is possible if those values are referred to SiOz. The
hypothetical and the observed ratios are as follows:
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Hypothetical . 0519 . 1 . 008
Observed : 0.56] : 1 012
With SiQ. as a reference, there is an excess which may be present as

magnesite, This mineral usually occurs with talc®’. However the excess MgO
amounts only to 2.5% of the total and is not likely (o be identified by x-ray
diffraction or by D.T.A. The excess water may be partly due to adsorbed water and
partly due to organic matter.

w
A curve between r__x 100 and time t was drawn for constant temperature,
w

Fig. (28). 1t is clear that for the values of the reactant temperature the first stage of
composition obeys a linear relationship with time t. One can, therefore conclude
that in the first stages of decomposition, the reaction has neither a retarding nor a
catalytic effect and thus the reaction moves at a constant velocity. This condition is
one of the requirements of the experiment®’. Qur procedure has the advantage of
giving zero-loss at zero time and there is no need to shift the w_ axis(”,

The rate of reaction _ 9% __ at any time t was determined by the slope of the

tanget in the reaction rate curve. A plot of log

‘\.fs log w_ at constant

dt
temperatures of 880°, 900°, 920° and 940°C is shown in Fig. (2b). The slope of
these equi-inclined lines gives the order of reaction, X=0.989~1. The dehydration

reaction is appareantly of the first order type. Fig. (2c) shows a plot of log dd“’

4 . t
\J"l __]0_.__ for various values of log w . The graph gives the activation energy as.

T
58.21 cal/mol. The frequency Z was determined and is equal to 8933x10°.
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Fig.(1) shows the resuits of differential thermal and thermo-balance amalypes.
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Fig.(2) Treatment (a) shows the reilation between —;‘- x100 and time (t).
]
treatment (b) shows the relation between log _:_'.. and log w_at constant temperatures 880°, 900°, 92¢°
w
and 940°C.
dw 4

19
treatment (c) shows the relation between log w and - for various values of logw.
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