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ABSTRACT

Controlled Rate Thermal Analysis (CRTA) has been used under both low
water vapour pressure (10 mbar) and low transformationrate (5.33x10°s?)
to investigate the dehydroxylation kinetic of talc samplefrom Luzenac. The
decomposition is first controlled by diffusion process in three dimensions
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(D4) uptoa =0.70thenfor 0.7 <a < 1, it becomes governed by first order
mechanism (F1). The apparent activation energy determined experimentally

was found constant at 417 +20 kJ.mol .
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INTRODUCTION

Talc, ahydrated magnesium silicate, isanatural
product, which hasfound awide-spread application
such as rubber, paper, pharmaceutical, cosmetic,
ceramic refractory and ceramic porcelain industries.
Generadly, it is associated with minor amounts of
chlorites, dolomites, ca cites, magnesitesand quartz¥.

From the structure point of view, talc
Mg,S 0, (OH),, isatri-octahedral clay minera with
no layer charge. It consists of two tetrahedral silicate
SO, sheets separated by an octahedral MgO,(OH),
sheet. Each tetrahedron sharesthree cornerswith the
adjacent tetrahedrons. Therefore, three oxygen atoms
of eechtetrahedron belong s multaneoudy totwosilicon
atoms while the fourth oxygen atom belongsto one
tetrahedrd only. Theratio of thesliconto oxygen atoms

is2:5, thus corresponding totheformula[Si,O, ]*. The
charge of the anion layersiscounter-balanced by the
appropriate numbersof magnesium cations(Figure1).

Figurel:talcstructure
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Tdccrygdlizesinthemonodinic sysemwith space
group C2/cor Cc. Thevaluesof thelattice constantsin
thedirection of thecrysta lographic axes of theunit cell
area=527A;b=9,12A; c = 18,85A; a =y =90°
and g = 100°,

From thermal behaviour point of view the
dehydroxylation of talc takesplace near 1120K. The
stoichiometric balance of its dehydroxylation can be
writtenfollowingtherdation:

Mg, (Si,0,),(OH),—3MgSiO,(sd)+SiO,(sd)+H,0(g) (1)

Tdc

The three product of reaction are enstatite
(MgSIO,), amorphoussilica(SiO,) and water.

Numerous studieswere carried out onthestructure
changes associated with heating talc to high
temperature, using conventional thermoanalytical
technique(DTA, TGA with linear heating and
isotherm)9 but few oneshad interested onitskinetic
dehydroxylation(é 101417, 19

In order to deduce the mechanism of the talc
dehydroxylation, Avgustinik and col.[®! examined the
dehydroxylation of onotski talc (900 mesh) under
isothermal conditions (673-1273K). Analysis of the
results showed that dehydroxylation isbest described
by Jander’s law D3 with activation energy of 176kJ.
mol™.

Boskovic and col .*4 completed and confirmed the
above study. It was found by TG analysis under
isothermal conditions (673-1373K) and argon
atmosphere that talc dehydroxylation isadiffusion
controlled (D3 or D4). Theactivation energy associated
iS209kJ. mol .

Some authors!*® 17: 19 pointed out that the
dehydroxylation of talc obeyed random nucleation
kinetic model. Greenwood™” has studied the kinetics
of dehydroxylation of talc at water vapour pressure of
lkbar. He found that his experimental data can be
adequately modelled by afirst order ratelaw F1.

J.R.Ward examined thedehydroxylation of talc
inthetemperature range of 1100-1160K by means of
isothermal weight changedeterminationsrealised under
Argonflow. Hefound that thereactionfollowsfirst order
kinetics F1 with activation energy of 422kJ. mol .

K. Boseand J. Ganguly™ havestudied thekinetic
dehydroxylation of natural talc and synthetic one, at
atmospheric pressure (1bar) asafunction of grainsize

(1-15um) and temperature (1050-1250K). He treated
theexperimenta dataintermsof second order reaction
Kineticswith activation energy of 372kJ. mol%; therate
of talc dehydroxylation increases while grain size
decreases.

Aswe can seefrom these early studiesredlized by
meansof conventiona thermoandytica technique(TG
with isothermal heating) dehydroxylation of talc was
highly dependent on experimental factors(grainsize,
temperature dehydroxylation and nature of talc...)
specialy nature of atmospherewhich madeit difficult
to compare results from different authors. An other
important experimental factor that had not been takes
in consideration in most previous studiesisthewater
vapour pressure. Aswell pointed by Flanaganand a 1@,
theactual residud pressureover thesample, in spiteof
permanent evacuation, is highly sample mass and
temperature dependent : in the case of thedehydration
of dehydrated nickel oxaatecarried out at 110°C, they
observe amass dependency of theactud vacuumdown
toamassaslow as3mg.

Inany case, if thewater vapour pressurehad played
amgjor roleon kaolinite dehydroxylation?Y it makes
sense to try to carefully control it during the whole
experiment of talcdehydroxylation. Thiscanbeachieved
by using Controlled rate thermal analysis (CRTA ),

Theam of the present work isto contributeto the
study of thekinetic dehydroxylation of talc under low
water vapour pressure (10*mbar). As pointed out by
Galwey in hiscomprehensive survey of the thermal
dehydration of crystalline solidg?, only measurements
withavery careful control of theexperimenta conditions
(and specidly, of course, of thewater pressure) can be
expected to bring anew and concrete knowledgein
thisfield. Thisiswhat we have aimed to achievewith
thehelp of CRTA.

EXPERIMENTALAND METHODS

Sample

The Talc sample used in this investigation was
supplied by Talc de Luzenac (France). The
physicochemical characterization and mineral ogical
composition of this sample were carried out by K.
Belgacem et al.?4. It contains 84% of talc and 16% of
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Figure?2: theoretical a.versusT kinetic curvesasaobtained with theassumption of a constant transfor mation rate

chlorite. Theaverageof grainszeis10um and its nitrogen
surfaceareais2,47m2.g™.

Controlled transfor mation Ratethermal analysis
(CRTA)

The Controlled Rate Thermal Analysis (CRTA)
experimentswere carried out on an apparatusbuiltin
house.

Dehydroxylation of samplewas carried out using
controlled ratethermal analysistechniquewhich may
beisobaric and isokinetici?d. Under these conditions,
variation of temperatureasafunction of timeisobtained.
Theability toreduceat will therate of dehydroxylation
allows one to sufficiently reduce the pressure and
temperature gradientswithin the samplewhich arethe
principa sourceof experimental irreproducibility.

In heterogeneouskinetics, the change of thedegree
of advancement of reactionvs. timeisusualy described
with help of mathematica functionsf (o) likethoselisted
by Sharp and a.”®! for anumber of limiting cases.

For an elementary process, characterized by the
functionf(a), theratelaw can bewritten:

da

A (oz)exp[_RETA ] @

8/Where“a” is the degree of reaction, “A” is the
pre-exponential factor, Risthegasconstant, T isthe
temperature (K) and “Ea” is the Arrhenius activation
energy for the elementary given process.

Since the above experiment is carried out in
“isokinetic” conditions, we can state:

da
—=constant=C
dt

When using CRTA, afirstideaof thekinetic law
involved is easily obtained by comparing the
experimenta curveso vs T with the set of isokinetic

theoretical curvesbuilt by Criado and a.?® and which
easlly plitintothreegroups, onthebas sof their genera
shape (Figure2).

Process “F1” corresponds to the case when the
transformation rate of each singleparticle, islimited by
arandom nucleation (or germination), itself followed
by a very rapid growth of the nuclei (or germs).
Processes R2 and R3 correspond to an interfacial
reaction. Processes D2, D3 and D4 correspond to the
casewhenthetransformation rateislimited by diffusion
through thelayer of solid product and processA2 and
A3 correspondsto nucleation and nuclel growth.

Activation energy (Ea)

Theexperimenta activation energy Eaof areac-
tion can be obtained directly during asingleratejump
experiment using aset-up described e sewhere?] where
thereaction rateis changed between two valueswith
periodical use of a second diaphragm (assessed by
means of an automated vacuum valve) alowingto op-
erate at two dternate pumping rates.

Thusfor asinglevaueof o duringareaction, with-
out any presumption of the reaction mechanism and
whilst keeping al other parametersidentical (sample
mass, res dud pressure) an expression of theactivation
energy, at agivenvaueof o, can be obtained:

_ RxT,xT, &
Ea_—_l_z__l_1 In[cl] ©)
WhereT1and T2 arethetemperaturescorrespond-

ingtotheratesC1land C2.

In our study, the activation energy was measured
using two CRTA curves obtained under the samere-
sidua water vapor pressure and at two different rates.
Here again, temperatures can beeva uated for the same
valueof o and an activation energy deduced using the
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equation 3.

Inspiteof thissmplificationwhichdirectly results
from the experimental conditions, afew assumptions
areto bemadeto carry out the data processing. Here
they are:

1) therate of dehydroxylation of talcisassumedto
be expressed by the product of thef(a)) function by a
term only depending ontemperatureand pressure, which
weshdl call the*“apparent rate coefficient”, ka(T,p).

2) The dependence of ka(T,p) on temperature is
assumed tofollow theArrheniuslaw:

4)

3) The apparent pre-exponential factor A (p) and
the apparent Arrheniusenergy of activation E, areas-
sumed not to depend on temperature.

Ka(T ) = Aa(p)expl——2]

RESULTSAND DISCUSSION

Figure 3reportstheexperimenta CRTA curvesob-
tained after thermolysisof 114mg of sample between
25°C and 1000°C under residual water vapour pres-
sure 10 mbar. Thisthermogram exhibitstwo decom-
position steps.
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Figure3: experimental CRTA curveof talc sampleobtained
under water vapour pressure 102 mbar

Thefirst decomposition step (1), having the minor
length, was attributed to the removal of the hydroxyl
group from brucitelayer of chloriteand the second step
(I1) wasattributed to theloss of water fromtalc Sructure
and mica?¥, Thetotal thermolysisoccurswithin 83h
which correspondsto aconstant rate of 3.35x10°s?,

Activation ener gy

Theexperimenta activation energy cal culated dur-
ing thethermal decomposition of the studied sample
was determined from two CRTA curvescarried out at
residual water vapour pressure of 103 mbar and con-
stant rates equal to C1 =3.35x10%s? and C2 =
1.38x10°s* which correspond to arateratio of 4,11
(Figured).

InFigure 5 arereported the different values of the
experimental Eaasafunction of thedegreeof reaction
a. The apparent activation energies measured can be
considered asconstant withmainvalueequa to 417 +
20kJ. mol.
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Figure4: Two CRTA curvesobtained under two different
rates(C1and C2) and samewater vapor pressure(10°mbar)
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Figure5: Variation of the measured activation ener gy with
thedegreeof reaction along thetwo steps
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It ispossibleto observetwo different domains of
variation of the activation energy with degree of reac-
tion clearly separated at a = 0.4, i.e. for T = 923K.
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However, for T < 923K, Eaincreaseswith degree of
reaction until reaching thevalue 911kJ. mol-thenin-
creases again to aconstant valuemainly equal 417kJ.
mol. Thus we will consider that this temperature
(T=923K) corresponds to the beginning of thetalc
dehydroxyletion.

Kinetic analysis of the dehydroxylation process
of talc

Theisokinetic experiment intheform of thedegree
of reaction, o, asafunction of temperature correspond-
ing to thetal c dehydroxylation processisreportedin
Figure6.

Thedegreeof reaction o, which varies linearly with
time (isokineticcurve), wasca culated such that thelimits
Oand 1 correspond respectively to T = 923K and where
theresidua water vapor pressure startedtodrop (T =
1266K). Thusthe dehydroxylation of talc occurs, un-
der theseconditions, in thetemperature range between
923K and 1266K with acongtant rateequd t05.33x10-
b5,

Thesigmoid shape of the CRTA curverepresented
in Figure 6 resembl es those of the theoretical of the
isokinetic curves obtained for diffusion controlled
mechanism. An anomaly can benoticed hereisthat the
point of inflection of the CRTA curvecorrespondstoa
degree of transformation o= 0.29 which differs from
therangewherethisinflection pointisnormally found
between 0.47 and 0.60 for smplediffusion controlled
processes?®l,
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Figure6: avsT experimental CRTA curvecorrespondingto
talcdehydroxylation obtained under P, ., =10*mbar and C =
5.33x10s™.

1500

= Fyl] Peper

Thekinetic analysis of the obtained CRTA curve
wascarried out assuming that thedehydroxylation occurs
according to asinglee ementary process, characterised
by afunctionf(c), by following In[f(a)] as a function of
1/T. TABLE 1 liststhe rate laws of these processes
and givesthelinear correlation coefficient r and the
activation energy deduced.

TABLE 1: Linear regression coefficientsr and Arrhenius

parameter sobtained for kineticlawsapplied tothe CRTA
curveoftalc.

Kinetic law Ea/kJ.mol™ Aal/s? r
A2 90 0.4732 0.5693
A3 60 0.0103 0.3143
F1 183 26738 0.9225
R2 92 0.3775 0.9225
R3 122 15.624 0.9225
D1 125 4.3834 0.8003
D2 191 6626.55 0.9273
D4 225 8701542 0.9642

It can beseethat all elementary processcitedinthe
literature (D2, D4 and F1) giveasatisfyingvaueof r.

Consderingthevaueof r, it followsthat D4 isthe
most probabl e e ementary mechani sm but the deduced
activation energy (225kJ. mol) istoo low with respect
to Eameasured experimentally (417kJ. mol ™).

Thisobservationindicatesthat the dehydroxylation
process doesnot occur according to asingleeementary
process. Itisthuspossibleto retain the hypothesisof a
complex mechanismwith theparticipation of adiffusion
process, most probably in three dimensions D4, for
which thevalue of Eameasuredis417kJ. mol .

To check thecomplex mechanism, amoredaborate
method using Origin 7.5 program was attempted. It
congstsinfitting theexperimenta CRTA curveby the
theoretical curves corresponding to D4, D2, F1, R2
and R3 elementary processes. From the value of Ea
obtained experimentally, the programiteratesuntil a
minima difference between experimenta and cdculated
curvesisobtained.

AscanbeseeninFigure?, thebest fit wasachieved
with acombination of D4 and F1. Fromthisresult, the
dehydroxylation of talc can be split intotwo parts. The
first part of the transformation would seem to be
dominated by athreedimens ond diffusonmechanism
(D4) up to o = 0.70. The second part (0.7 < o < 1)
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Figure7: Comparison of theexperimental CRTA curve of
talc dehydroxylation with that computed from the kinetic
analysisassuming D4 and F1 processes.
would seem to be controlled by first order processF1.
Althoughthediffusion processwhich occursinthree
dimensions seems opposed to the two-dimensional
structure of talc thismay bepartially justified if one
condder thediffusion betweenthecrystdlitesand within
crystdlitedefect.

1200 1300

CONCLUSION

The apparent activation energy measured expei-
mentaly by meansof two CRTA curvesat resdud water
vapour pressure 10°mbar was found constant at 417
+ 20 kJ. mol. Thisisin agreement with that measured
by J.R. Ward, under argon atmosphere and i sother-
mal conditions(422kJ. mol ™).

Both the resultsobtained experimentally and from
the fitting suggest that the dehydroxylation occurs
according to two elementary processes (diffusionand
first order) which arefound in mgority of workg®10.14
11, The diffusion was best described by three
dimensional process (D4) upto o.=0.70 and for o>
0.70 the thermal transformation of talc becomes
controlled by arandom nucleation (F1).
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