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Thermogravimetric study of the dehydration kinetics of talc
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AssrRAcr

The dehydration kinetics of nearly pure talc, (MgorrFeoo,).Si4oro(OH)r, and of pure
synthetic talc to enstatite and SiO, was studied as a function of temperature between 777
and 917 oC and of grain size by thermogravimetry experiments. In the grain-size range of
I 5- I pm, the rate of dehydration of talc increased with decreasing grain size, but further
decrease ofgrain size did not significantly affect the dehydration rate. This may be caused
by (l) clustering ofthe fine-grained particles as a result ofsurface charging, (2) a tradeoff
between the positive effect of larger surface area and the negative effect of nucleating a
larger number of product phases, or (3) both. The kinetic data can be adequately modeled
by a second-order phenomenological rate law. The rate constant (ft) for the size fraction
of 10-15 pm of the natural talc follows an Arrhenian relation, k: 1.98 x l}toexp(-Q/
RQ/min, where the activation energy Q: 372 + 7 (o) kJ/mol. Compared with talc of the
same grain size, the synthetic talc was found to have a significantly faster dehydration rate.
TEM images showed topotactic growth of enstatite on talc, with a concomitant formation
of tridymite.

INrnooucrroN

The thermal decomposition of talc has received con-
siderable attention over the past 30 years, primarily from
the ceramic industry, since talc is used in a variety of
industrial and consumer applications. In the context of
planetary science and missions, experimental data on the
reaction kinetics of talc and other phyllosilicates over a
wide range of pressure are important for the quantitative
analysis of the time-scale of formation of these minerals
within the solar nebula (Fegley and Prinn, 1988) and oth-
er planetary environments, the depth and rate of release
of HrO into the mantle wedge during subduction pro-
cesses (e.g., Delany and Helgeson, 1978; Peacock, 1990;
Bose and Ganguly, 1993), and the evaluation of the fea-
sibility of the extraction of HrO from asteroidal and Mar-
tian rocks for use as fuel and life support for long-range
planetary missions (Lewis and Lewis, 1987; Ganguly and
Saxena,1989).

There have been very few data so far on the dehydra-
tion kinetics of talc, the major emphasis of earlier works
being on the structural changes associated with heating
talc to high temperatures (e.g., Nakahira and Kato, 1964;
Bo5kovi6 et al.. 1968: Brett et al.. 1970: Daw et al.. 1972'.
Konishi and Akai, l99l). Bo5kovi6 et al. (1968) and Ward
(1975) have carried out thermogravimetric studies of the
dehydration kinetics of talc at I bar, whereas Greenwood
(1963) has studied the kinetics ofdehydration oftalc at
an HrO pressure of I kbar in hydrothermal vessels. Un-
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der Greenwood's conditions, the decomposition of talc
proceeded by means of an intermediate step involving
the formation of anthophyllite according to talc + an-
thophyllite + quartz + HrO + enstatite + quartz +
HrO. Greenwood found that his experimental data can
be adequately modeled by assuming that each step fol-
lows a first-order rate law.

The work of Bo5kovi6 et al. (1968) is unconvincing
since, as emphasized by Ward (1975), they recorded only
one or two points for a given temperature and made no
attempt to distinguish between absorbed and structurally
bound HrO. Ward (1975) studied the kinetics of dehy-
dration ofwhat he called pure-grade talc between 827 and
887 "C at I bar, but he provided no chemical analysis for
it. Assuming that talc breaks down to enstatite and quartz
(+ vapor), which is the stable reaction at I bar, he treated
the experimental data in terms of first-order reaction ki-
netics, but it is not clear how well a first-order rate law
fitted the experimental data. Further, when the loga-
rithms of rate constants given by Ward are plotted vs.
inverse temperature (Fig. l), a sudden break in slope at
around 875 'C is apparent. This indicates that either there
is a change in the dehydration mechanism above 875 "C
or the first-order rate law is invalid over the studied tem-
perature range. Although not stated by Ward (1975), his
experimental activation enthalpy (or energy) fitted only
the data between 826 and 872 "C. The five data at 881-
886 "C were evidently rejected without any justification.

We have reinvestigated the dehydration kinetics of talc
at I bar with the primary objective of testing the validity
of Ward's data and determining the reaction mechanism.
In addition, we have studied the behavior ofboth natural
and synthetic talc, made a preliminary assessment of the
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Fig. I . Arrhenius plot of the dehydration rate constant (k) of
talc in the temperature range 827 -877 t at I bar, as determined
by Ward (1975). The cluster of five data points between 881 and
887 qC seems to have been ignored by Ward in rhe derivation
of the kinetic parameters.

effect ofgrain size on the dehydration kinetics, and tried
to develop a general understanding ofthe kinetics ofther-
mal decomposition of the phyllosilicates.

Expnnrurrvrul, sruDY

Starting rnaterials

Natural talc. The natural talc used in this study came
from Gouverneur, New York. Electron microprobe anal-
ysis of the sample showed it to be essentially a Mg end-
member,  wi th the chemical  formula (MgonrFeoo,) . -
SioO,.(OH), (the analyzed oxide weight percents are SiO,
:62 .89 ,  A l ,O r :0 .019 ,  MgO:  31 .15 ,  and  FeO:  1 .012 ) .
F, Cl, Ca, Ni, K, and Ti were below detection levels. A
block of this material was cored by a diamond coring tool
to obtain powders. This method was preferred over the
more conventional crushing and grinding, since it mini-
mized the sample strain that could affect the dehydration
kinetics. A batch of sample with a grain size of l0- I 5 prm
was separated by the centrifuge procedure described be-
low. It was, however, necessary to grind this size fraction
to obtain smaller grain sizes.

Three grain-size fractions, 10-15, l-2, and <l prl,
were separated from the powdered material following the
procedure of Starkey et al. (1984). The powder was son-
ified in distilled HrO before spinning the suspension in
an ultra centrifuge (IEC B-22M Programmable Centri-
fuge) at revolution rates and durations specified by
Stokes's law of settling velocity for platy minerals, as de-
rived by Hathaway ( I 956). Then the supernatant was de-
canted, and the procedure was repeated until a sufficient
quantity of the desired size fraction was obtained. Optical
and TEM examination confirmed the size fractions, and
X-ray powder diffraction did not show any peaks other
than those for talc. There was, however, significant peak
broadening with decreasing grain size.

Fig. 2. Schematic illustration of the thermogravimetry appa-
ratus built and used for the major portion of the present work.
The thermocouple (ft-Ptl00/oRh) passes through an exterior quartz-
glass tube, which is sealed to the one containing the sample.

Synthetic talc. Talc was synthesized hydrothermally at
2 kbar and 640'C from stoichiometric mixtures of MgO
(99.99o/o Johnson Matthey Puratronic grade) and syn-
thetic cristobalite, which were sealed with excess HrO in
Au capsules 0.5 in. in diameter. The duration of the syn-
thesis experiments varied from 2 to 4 d, and each capsule
contained about I 50-200 mg of the mixture of MgO and
cristobalite. Within the limit of resolution of X-ray dif-
fractometer scans and the optical microscope, the syn-
thesis products were single-phase talc. However, the XRD
peaks of the synthetic talc were somewhat broader than
those ofthe coarse-grained natural talc. Grain sizes ofthe
synthetic talc varied between I and 2 p.m.

The dehydration kinetics of talc was determined at I
bar by thermogravimetric experiments, which involved
monitoring the in-situ weight change of a sample of known
initial weight as a function of temperature and time. The
majority of the experiments were performed in a ther-
mogravimetric apparatus (TGA) built in-house (Fig. 2).
For reasons described below, a limited number of exper-
iments were conducted in a microanalytical TGA at
Princeton University. For experiments using the in-house
apparatus, approximately I g of the talc with a size of
l0-15 pm was placed in an alumina crucible, which was
suspended by a Pt wire from the base ofa digital Sauter
analytical balance. The crucible assembly was enclosed
by a quartz-glass tube with a PtlPt l0o/o Rh thermocouple
immediately adjacent to, but not touching, the crucible.
In order to ensure that the talc sample was free of hygro-
scopic moisture, a small auxiliary furnace, which was
maintained at a temperature of -130 "C, was placed
around the quartz tube, and the weight loss of the sample
was monitored until the weight became constant. At this
stage, the auxiliary furnace was quickly removed, and the
primary furnace, which was preheated to the temperature
of the experiment, was raised such that the crucible was
at the center ofthe hot spot (1.5 in. long) ofthe furnace.
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Fig. 3. Experimental verification of the theoretical anhy-
drous weight (w-), which has been used to calculate a in ther-
mogravimetry experiments.

It took about 2-3 min for the sample to come to thermal
equilibrium, after which the fluctuation in sample tem-
perature was <l "C.

During an experiment, the suspension of the sample
inside the furnace was supported by a needle passing
through a small loop in the Pt wire attached to the sample
crucible and resting on the top of the glass tube. The
sample weight was determined at desired time intervals
by linking the Pt wire to an extension support connected
to the pan of the analytical balance through the bottom
end. The connection between the balance and the loop
was made by a rigid S-shaped hook of controlled length,
and the supporting needle was removed so that the po-
sition of the sample inside the furnace was not disturbed.
The output from the balance was sent through an ana-
logue to digital converter to a personal computer, which
monitored the weight change and also recorded the ther-
mocouple emf output and time.

Initially, the sample was suspended directly from the
analytical balance so that the weight change could be
monitored continuouslv. However. this method had to
be abandoned owing to the creep ofthe weight transduc-
er, usually in experiments >45 min in duration. Thermal
currents rising from the furnace also interfered with the
determination of the weight change of the sample. How-
ever, this problem was nearly eliminated by placing a
bafle at the bottom of the balance and adding a small
fan directed at the top of the glass tube. A small aperture
allowed free passage of the Pt suspension wire.

The maximum possible weight change of the sample
after complete dehydration was about 4.750lo of the initial
weight, and there was about +0.0001 g of statistical fluc-
tuation in the weight as recorded by the balance. Thus, it

Fig. 4. Illustration of the polynomial fit to the data from
thermogravimetry experi ments.

was necessary to use at least I g of sample in each exper-
iment so that the statistical fluctuations were small com-
pared with the recorded weight changes. However, as it
was very time consuming either to synthesize or to sep-
arate grain sizes of l-2 and < I pm from talc in sufficient-
ly large quantities to conduct several experiments in our
apparatus, experiments with these fine-grained materials
were conducted in the microanalytical TGA (Setaram
DSC-TGA I I l) at Princeton University. This equipment
can detect weight changes at the microgram level and
thus requires only - I mg of sample for accurate mea-
surements. However, as a disadvantage, the furnace could
not be preheated to the desired experiment temperature.
Thus, the sample was initially predried at 150 'C and
inserted into the furnace, which was then heated to the
desired experiment temperature. Although the predrying
temperatures differed by 20 "C at the two laboratories,
the weight change due to loss of hygroscopic moisture
was the same (-0.50/o of initial weight) after about l2 h.
The time for the sample to reach a desired experiment
temperature was much longer than in our in-house ap-
paratus, and consequently a longer time-weight segment
had to be subtracted from the total experiment duration,
which constituted a potential source oferror (see below).
A second, and more serious, disadvantage of the micro-
analytical TGA was that the output from the weight
transducer and the thermocouple was fed into a strip chart
recorder. The absence of a digital recording device re-
quired manual reading of the weight loss vs. I data from
the strip chart recorder, which introduced some random
error and was also laborious.

To improve the resolution of the recorder data, the
chart recorder was operated at a comparatively fast scan
rate, resulting in hard-copy output more than 20 feet long
in overnight experiments. These were then read off in
sections 3 feet long in a digitizing tablet of 4 x S fss1,
interfaced to the VAX-8600 computer, using software that
allowed writing the data in a digitized form onto a disk.
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TABLE 1. Values of the parameters of the polynomial function used to fit a vs. f data in the thermogravimetry experiments (a : Co
+ Cjt + C2t2 + ... + C,t,) and of the corresponding rate constant, k, at different temperatures

Cox  C .x  Cux  Range
10" 10e 1012 ol  a

ln
&min

T  t  C o x  C , x  C 2 x  C . x
Expt. Sample* fC) (min) n" 10 10 107 1e

36NT775 Ni10-15 pm
38NT825 N/10-15 pm

PRNCS Sl1-2 pm
PRNC9 N/1-2 pm
PRNCl0 N/0.5 rm
86EE876 N/10-15 pm
73EE900 N/10-15 pm

PRNC3 N/1-2 sm
80EE925 N/10-15 rrm

77EE950 N/10-15 ;lm
83EE977 N/10-15 rm

11042 200 9.42
1853 76 9.31

26 8.15
80 117 9.92

239 165 9-76
245 71 9.95
501 82 9.44

1472 59 9.85
50 6.78

97.3 185 9.92
393 74 1.01

40 6.88
130 73 10.1
89 1 10 9.92

-1.42 0.172
- 13.5 21.1
-4.95 2.53

-734.3 38081.6
-95.026 602.8

-108.38 813.54
-35.0 143.0

-127 1980
-16.8 23.4

-426.4 12860.6
-249.0 6910
-32.4 73.4

-397.0 12200
-360.0 8360.0

-73000
-1.48

-518.0
- l  19293

-201 .15
325.96
-29.8

- 1 7 1 0 . 0
-1 .49

-22626.5
- 1 0400

-6.46
-21 600

-97.8

210511 1914.9
26.57
50.75
2.28

549.0
350.0

20230.4 -0.7042
59.5

- 1 .09

1.0-0.5 -9.75
1.0-0.6 -7 .8
0.6-0.44
1.0-0j3 -2.472
1.0-0.28 -4.47
1.0-0.26 -4.406
1.0-0.47 -6.19
1.0-0.5 -5.3
0.5-0.16

1.0-0 5 -4.36
0.5-0.15
1.0-0.25 -3.57
1.0-0.2 -3.03

775
825

850
850
850
876
900

900
925

950
977

21400
4270

* N : natural, S : synthetic
" Number of data points.

Each scan was digitized at least ten times to reduce the
error introducad by the manual tracing of the digitizing
stylus (the mouse) over the chart recorder trace.

Experimental results

The weight change of talc vs. I was measured at seven
temperatures between 77 5 and 977 "C for the grain-size
fraction of l0-15;"rm and at 850 and 900'C for the two
other size fractions (l-2 ar'd < I pm) of natural talc. In
addition, the dehydration kinetics of the synthetic talc,
which had a grain size of l-2 pm, was also studied at 900
'C. For the presentation and analysis of experimental data,
we define a parameter d as

: w , - w -  ( l )
w o - w *

where lr, is the weight of the sample at time l, and wo and
w- afe its initial (t : 0) and anhydrous (l : oo) weights,
respectively. The parameter a varies between I at I : 0 and
0 at t : oo (i.e., when l00o/o of the reaction is completed).

The w- was calculated from the stoichiometry of talc
to be 4.75o/o of the initial weight of the sample. It was
also checked experimentally by conducting a very long
experiment at 985 "C (Fig. 3). The weight after 48 h was
within l.2o/o of the theoretical anhydrous weight. Thus,
the theoretical value of w- was accepted for calculating
a from Equation l. For the in-house experiments, lro was
taken as the measured weight of the sample after intro-
ducing the sample into the hot spot of the furnace, allow-
ing about 3 min for the stabilization of the system. This
induction time was subtracted from the total duration of
the experiment. For experiments performed in the mi-
croanalytical TGA at Princeton, a longer segment of data,
covering, on the average, the first l0 min, was subtracted
from the total data set.

The thermogravimetric data was smoothed by applying
a polynomial fitting routine from the SPSS software pack-
age, and the polynomial fits were gaphically inspected to
ensure against ill- or overfitting the experimental data.

Figure 4 illustrates a representative raw data set and the
fitted polynomial function, which has the form a : Co +
Crt + Crt2 + . .. + C,r.The parameters Co-C, are given
in Table l. To test the accuracy ofthe results ofthe ther-
mogravimetry experiments, we have made independent
experiments at 900 "C in our in-house TGA and in the
microanalytical TGA at Princeton using the same stock
of material. As illustrated in Figure 5, the results of these
two independent experiments are in excellent agreement
with one another.

The thermogravimetric data of the various size frac-
tions of natural talc and the synthetic talc with a grain
size of l-2 prn at 900 'C are compared in Figure 6. It is
clear that the dehydration kinetics of talc becomes faster
with decreasing grain size in the range of l5-l pm. Fur-
ther decrease ofgrain size showed no noticeable effect on
the dehydration kinetics. This could be caused by a trade-
offbetween the enhancement effect ofincreasing surface
area and the retardation effect associated with the devel-
opment of a larger number of nucleation sites with the
decreasing grain size. Alternatively, it could be the result
of clustering of the very small particles caused by high
electrostatic surface charging. As illustrated in Figure 6,
the dehydration kinetics of synthetic talc is significantly
faster than that of natural talc of the same grain size (l-
2 prn). This implies a difference in the energetic proper-
ties of natural and synthetic materials, which was also
reflected in the phase equilibrium studies (Bose and Gan-
guly, 19921, Bose, I 993), in that the natural talc was found
to have a field of stability - I 0- I 5 "C higher than that of
the synthetic talc. The energetic difference is probably
due to a higher defect density in the synthetic talc.

Tru,NsnnrssroN ELDCTRoN MrcRoscoprc srrJDy:
Rucrrox MEcHANISM

We have carried out transmission electron microscopic
(TEM) and selected-area electron diffraction (SAED)
studies to characterize the products ofthe dehydration of
talc and to understand the reaction mechanism. Indeed,
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Fig. 5. Comparison of the data collected in thermogravime-
try experiments at 900 "C using the apparatus illustrated in Fig.
2 (triangles) and a commercial microanalytical TGA unit, mod-
ified Setaram DSC-TGA I ll (squares).

it was impossible to identify the products of dehydration
by X-ray powder diffraction because of the samples' ex-
tremely fine grain size. Electron diffraction patterns from
monomineralic mounts of talc, a quartz, tridymite, and
orthorhombic enstatite were first indexed to serve as ref-
erence patterns for indexing the diffraction images of the
products of the talc dehydration experiments. Crystal-
lites, appearing as striations in the bright-field image (BFI)
of dehydrated talc, were confirmed to be orthorhombic
enstatite from indexing the corresponding SAED pattern,
with the unit-cell parameters: a : 18.22, D : 8.8, c :
5.lS A. Identification of the silica polymorph in the de-
hydrated product was difficult because of its amorphous
to poorly crystallized nature and because of its lower
abundance compared with enstatite. However, tridymite
was identified in some SAED patterns obtained from de-
hydration products of longer experimental duration.

Superposition of SAED patterns of the unheated talc
and the dehydrated product results in a composite SAED
pattern as illustrated in Figure 7. It shows that the unit-
cell axes of talc and enstatite are topotactically related
according to

a.^,.(5.28 A;11c.",,1S. t z A;

b,^,,(9.17 A;1; b.,",1S.A A;.

These findings are consistent with the TEM observations
ofSantos and Yada (1988), Konishi and Akai (1991), and
Bapst and Eberhart (1970), who noted in addition the
topotactic relation of the d(001),"r" ll d".",. Nakahira and
Ifuto (1964) also arrived at the same conclusion from
electron diffraction studies.

The observed topotactic relation between talc and en-
statite permits the evaluation of the reaction mechanism
involved in the dehydration oftalc. Taylor (1962) distin-
guished "homogeneous" and "inhomogeneous" reaction
mechanisms in the dehydroxylation or dehydration of

DEHYDRATION KINETICS OF TALC

0 . 2

0 . 0

Fig. 6. Comparison of the thermogravimetry data at 900 'C

for natural talc grain-size fractions of 10-15, l-2, and 0.5 pm
and synthetic talc grain-size fractions of l-2 pm.

layered hydrous silicates. In the "homogeneous" mech-
anism, loss of O atoms as HrO molecules is uniform from
all unit cells of the crystal, whereas in the "inhomoge-
neous" mechanism, which is also referred to as the het-
erogeneous nucleation and growth mechanism, there is
no O loss from those parts of the crystal undergoing topo-
tactic transformation. The heterogeneous mechanism in-
volves (l) cation migrations, (2) formation and subsequent
expulsion of HrO molecules in a donor region, and (3) re-
structuring of the O framework within an acceptor region.

As schematically illustrated below, the transformation
of talc to enstatite involves migration of 3Mgz+ cations
from the donor to the acceptor region, in which enstatite
is formed, accompanied by the countermigration of 6H+
to preserve charge balance.

Acceptor 9Mg l2Si 360 6H - t2ME l2si 360
regron t I

Donor I Y

region 3Mg 4Si l2O 2H ' 4Si 80 + 8H 40.

It can be seen that no net transfer ofO is involved in the
formation of enstatite from one unit cell of talc, thus
conforming to the "inhomogeneous" mechanism of Tay-
lor (1962). The Mg2t migrates to the acceptor region, in
which the O framework is maintained virtually intact.
Simultaneously, HrO is lost from the donor region, which
becomes silica rich. Given sufficient time, the amorphous
silica crystallizes to tridymite.

Recently, Konishi and Akai ( I 99 I ) have performed de-
tailed high-resolution TEM studies to document the pro-
cess oftalc dehydration. Their study reinforced the above
observations about dehydration mechanism of talc. In
addition, they concluded that the dehydration of talc to
enstatite and amorphous silica (with subsequent recrys-
tallization to tridymite or cristobalite, depending on the
temperature) involves depolymerization of the sheet
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Fig. 7. Superimposition of the SAED patterns of talc and
its dehydration products, showing topotactic growth ofenstatite
on talc.

structure to a disordered pyribole mixture of different
chain widths, primarily single and double chains. They
postulated that a pair of (010) faults with displacement
of Vz (r * c) forms in adjacent double chains by breaking
Si-O bonds. The unbonded Sio* cations combine with
OH- by dehydroxylation, and new SiOo tetrahedral chains
are formed. Mg2* and H+ migrate through the tunnel
along the c axis of the double chain, with consequent
formation of pyroxene between the two (010) faults (Ko-
nishi and Akai, l99l).

PrrnNounxorrocrcAl RATE r-Aw AND KrNETrc
PARAMETERS

Under constant P-T"conditions, a reaction rate may be
phenomenologically expressed as

rate :

where C is the concentration of reactant per unit volume
at time I, k is the rate constant, and n is the order of the
reaction. This can be equivalently expressed in terms of
any physically measurable property of the reactant that
is proportional to its concentration (cf. Margerison, 1969;
Moore and Pearson, 198 l). In terms of a, Equation 2
reduces to

rate '  
6u= -  
dt :  

ka ' '  (3)

The phenomenological analysis of kinetic data involves
comparison of the data with an explicit form (i.e., with
specific value of n) of Equation 2 or 3. Computationally,
an integrated form of these equations is easier to manip-
ulate than the differential form, since slight perturbations
in the raw data (sampling errors) can cause large changes

697

Fig. 8. Illustration of the quality of fit of the experimental
data to a second-order rate law (tl,: | + kt) for natural talc with
a grain-size fraction of 1 0- I 5 pm at (A) 925 "C (r'z : 0.996) and
(B) 850 "C (r'? : 0.99).

in the derivative between adjacent points. It is found that
the thermogravimetry data can be described very well (r2
: 0.98-0.99) by the integrated form of Equation 3 with

! : !+  u  (41
d d o

which represents an integrated second-order rate expres-
sion. The data were analyzed, in terms of { vs. I by linear
regression using the SPSS software package, with the con-
straint that a : I at / : 0. Figure 8 shows the linear
dependence of { vs. I for two experiments using natural
talc, one for a grain size of l0- I 5 pm at 925 "C, and the
other for a grain size of l-2 ptm at 850 "C.

The thermogravimetric data for the various size frac-
tions of synthetic and natural talc are summarized in Table
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D__tr_q_o B 10- 15 pm
1+++,k+ 1-2 p,m
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Fig. 9. Arrhenius plot of the rate constant for the dehydra-
tion of talc (retrieved by using a second-order rate law) in the
temperature range 725-977 t. Overlapping squares (thick out-
lines) represent pairs ofdata points.

l. Sufficient kinetic data are available for the grain-size
fraction of 10-15 pm of natural talc to enable formula-
tion of the temperature dependence of the dehydration
rate constant. Within the experimental temperature range
of 7 7 5-97 5 "C, the k vs. T data for the size fraction I 0-
l5 pm can be described by an Arrhenian relation,

k :  1 .98 (10 ,4  p#  1^ in  (5 )

where the activation energy Q: 372 + 7 kJ/mol, the
error representing + lo uncertainty. The Arrhenius fit to
the experimental data for the size fraction of 10-15 pm
is illustrated in Figure 9, along with the two values for
the natural talc with a grain size of l-2 pm.

DrscussroN

The second-order rate law for the decomposition of talc
at I bar to enstatite I quartz + HrO, derived from the
results of our thermogravimetry experiments, is in con-
trast to the work of Ward (1975), who suggested a first-
order rate law for the same reaction at I bar. Figure l0
shows a comparison of the same experimental data sets
as in Figure 8 with the first-order rate law, ln a(l) : ln a
(t : 0) - kt. lt is evident that the latter fails to fit our
data. Further, the Arrhenius relation illustrated in Figure
9 does not support the sudden change in activation en-
ergy between 871 and 875 'C (Fig. l) that is implied by
the data of Ward (197 5).

As discussed earlier, Greenwood (1963) found that the
experimental data on the decomposition of talc to ensta-
tite + quartz at I kbar, which involved the formation
and breakdown of anthophyllite as an intermediate step,
can be adequately modeled by a first-order rate law. The
reaction talc + anthophyllite + quartz + HrO is stable
between a few hundred bars and | 2 kbar (Evans and Gug-

Fig. 10. Illustration of the poor fit of the experimental data
used in Fig. 8A to a first-order rate law (ln a : ln ao - kt)
proposed by Ward (1975) for the dehydration kinetics oftalc.

genheim, 1988). It is noteworthy that, according to our
experimental data, the direct breakdown of talc to ensta-
tite + quartz at I bar follows a second-order rate law.
Further, Greenwood (1963) determined an activation en-
ergy of 590 + 75 kJlmol for the decomposition of talc to
enstatite + quartz by means of anthophyllite, a value
much larger than that determined in our work (372 + 7
kJ/mol) for the direct transformation of talc to enstatite
+ quartz at I bar. It is not unlikely that the decomposi-
tion oftalc above the field ofanthophyllite stability, such
as in subduction-zone environments, might follow a sec-
ond-order rate law with an activation energy significantly
lower than that determined by Greenwood.

The dehydration kinetics of several other phyllosili-
cates have been studied earlier. These include serpentine
(Ball and Taylor, 1963; Wegner and Ernst, 1983), mus-
covite (Nicol,1964), pyrophyllite (Brindley, 1975), and
kaolinite (Brett et al., 1970). It appears, from a survey of
these data along with our data for talc, that the dehydra-
tion mechanism of hydrous phyllosilicates as a class fol-
lows a heterogeneous nucleation and growth mechanism,
with a narrow activation energy range of 325-400 kJ/mol.
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