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ABSTRACT

A practical method to determine and qualify common mineral impuritiesintalc (chlorite) using Controlled transfor-
mation Rate Thermal Analysis (CRTA) has been investigated. The vacuum conditions and low rate of decomposi-
tion used in the present study has enabled to understand and quantify the decomposition in terms of the different

brucite and talc sheets of the present mineral sample with chlorite impurity.
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1.INTRODUCTION

Thetalcisatri-octahedral layered mineral com-
posed of hydrated magnesium silicate with the chemi-
cal formulaMg,Si,O, (OH),. Thetalc structure con-
sstsof two tetrahedral silicate SO, sheets separated
by an octahedral MgO,(OH), sheet, asisshowninfig-
ure 3. Each tetrahedron sharesthree cornerswith the
adjacent tetrahedrons. Therefore, three oxygen atoms
of each tetrahedron belong smultaneously totwo sili-
conatomswhilethefourth oxygen atom bel ongsto one
tetrahedral only. Theratio of thesiliconto oxygen at-
omsis2:5, thuscorresponding totheformula[S,O, ]*
. Thechargeof theanion layersiscounter-ba anced by
the appropriate numbers of magnesium cations. Talc
has found awide-spread application such asrubber,
paper, pharmaceutical, cosmetic, ceramicrefractory and
ceramic porcelainindustries*3. Itstherma decompo-
Stion behaviour isof considerableinterest.

The stoichiometric balance of thedehydroxylation
of puretac can bewritten by thefollowing equation:

Mg, (S,0,),(OH),=3MgSIO,(s)+SO,(9)+H,0(@) (1)
Talc

The three products of reaction are enstatite
(MgSO,), amorphoussilica(SO,) and gaseouswater.
However, indudtrid talcisfoundintheform of massive
foliated or globular aggregates, associ ated with minor
amountsof chlorites, dolomites, cacites, magnesitesand
quartz, in compositions and concentrations which
depend on the paragenesisof themineral.

Theinfluence of these mineral impuritiesin the
mechanical, thermal and e ectrical behaviour of thetalc
composite is an important issue consequently; the
characterisation of thedifferent talcsisnecessary task
for thefabrication of talc composites.

Intensive studiesby conventiond thermo andytica
techniques(thermogravimetricandysis(TG), differen-
tia thermogravimetricandyss(DTG) and differential
scanning calorimetry (DSC)) were carried out onthe
talc sructure changes at varioustemperatures>®. The
andysed samplesoriginated fromlocationsthroughout
theworld: U.S.S.R® 6101923 Germany!’618, Francg?%],
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Spain®, U.SAl"812 Jgpan™, Taiwan(*®, Pakistan(?!
and Indid?. Thisfact explainsthat the descriptions of
thetherma decomposition of talc are conflicting.

Many factorscan have asignificant effect onthe
results obtai ned by thermoanalytical methods, first the
different chemical composition of samples(it must be
noted that talc mineralsoccurringin naturearerarely
chemicaly pure substances) and thetypeof instrument
influencesthe shape of thethermograms; for thisitis
problematic to compare the shape of two curves
recorded under different experimenta conditions(e.g.,
samplesize, geometry of the samplehol der, measuring
and recording instruments) as well as assured high
standardization and reproducibleanaytica conditions
(e.g., furnaceatmosphere, particle size of the mineral
powder, techniqueof packing thesample, inert materid,
and heating rate). Furthermore conventional thermal
andys's, which subjectssamplesto alinear hegtingrate,
can haveamagor influence on theinformation content
of the TG curve and the nature of the heat treated
products.

To minimize as much as possible theinfluence of
these parameters this study uses the method of
Controlled transformation Rate Thermal Analysis
(CRTA)EL¥, This method enables a control of the
reection ratealowingasufficient decreaseintherateto
diminishthe pressureand temperaturegradientswithin
thereaction sample. Rouquerol®Y hasalready shown
the necessity to control not only the temperature, but
also the water vapour pressure above the sampleto
obtain reproducible results and thus to a more
reproduci bleexperiment. Thepossibility of loweringthe
rateof transformationa will makesit possibleto ensure
the sample amore homogeneous temperature. Under
these conditionsall the grains constituting the sample
react a thesametime. Thisresultsinabetter separation
of intermediatestagesin thetherma decompositionand
agreater sengitivity of the detected phenomena

The present investigation using CRTA was
undertakento clarify the dehydroxylation stepsof two
samples of talc. Severa intermediate sampleswere
immediately analysed by XRD, FTIR and MEB with

TABLE 1: Chemical composition (Weight %), of talc-fr and
talc-tn

Oxides S|Oz MgO A|203 Fe0; CaO P,Os K,O T|02 MnO L|20
talc-fr 54.83 33.6 2.94 0.87 0.64 0.017 0.005 0.004 0.002 0.001
talc-tn 4221 33.6 122 15 0.70 0.017 0.017 0.014 0.005 0.003
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theaimto understand the decomposition mechaniams.

2.EXPERIMENTAL

Samples

Two tal cscoming from the Luzenac Europe SA,
France, (hereafter talc-fr) and the Tunisian centra
pharmacy, Tunisia, (hereafter talc-tn) were used as
starting materials. Beforeto be used inthisstudy, the
two tal c were characterized as purity and morphol ogy.
The chemical composition was determined by
inductively coupled plasma-atomic emission
spectrometry (ICP-AES) (Liberty 200, Varian, Clayton
South, Australia). The powder samplewasdissolved
by ass sted acid treestment. Andyticd wavelengthswhich
showed minimum spectrd interferencesand maximum
sengitivity weresdected. Themicrostructure of thetac
powderswasinvestigated usng aPhilips XL 30 scanning
electron microscope. Nitrogen gasadsorption-desorption
measurements using anitrogen adsorption poros meter
(Quanta-Chrome, Autosorb-1) wereperformedfor talc
powders to obtain their specific surface. Sample
Controlled Thermal Analyseswererecorded by using
aTA Instrument, model Q500 and an gpparatus home
built® respectively. Thetotality of evolved gasesis
continuoudly analysed by aRIBER mass spectrometer
coupledtothegpparatusfor SampleControlled Thermd
Andyss.

3.RESULTSAND DISCUSSION

3.1. Chemical analysis

The chemical composition of the two talcs analysed
by ICP-AESispresentedin TABLE 1.

Thetdcscontain chloriteasimpurities. Theamounts
of chloriteare 16 % intheta c-fr and 66.3%inthetac-
tn respectively. Some oxides as Cr,O, and BaO are
not present intheanayzed talcs.

3.2. Microstructural and morfological character-
ization

Both samplesof theta c have practically the same
specific surface, measured by adsorption of nitrogenin
77 K, equal to 2.45 m*gtand the same grain size
around 10 pm.
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Figurel(a): CRTA curveof talc-fr under 2102 mbar water
vapour; (b): CRTA curveof talc-tn under 2-102mbar water
vapour pressure

3.3.Controlled ratethermal analysisCRTA

The CRTA curvesof theta c-fr and talc-tn samples,
recorded under identical experimental conditions
(residual pressure, mass, rate) are showninfigurela
and figurelb respectively.

Inthismethod, production rate of the gassous phase
can be permanently controlled (adjusting the heating
rate) so that the pressurelevel abovethe samplecould
be kept at areferencevaueof 2.10 mbar. Thecurve
| showsthevariation of the pressure and the curvell
showsthevariation of the sampletemperaturevs. time.
According to mgjor changes suggested by the shape of
the CRTA diagram, we can divide the decomposition
process of thetal c-fr into two steps (Figure 1a). The
first step occurs between 500 and 650°C (segment ab
on the curve ll, figure 1a). The second step occurs
between 650 and 850°C (bc on the curve Il, figure
1a). The CRTA curves of sampletalc-tn (Figure 1b)
reveal ed al so two decomposition steps between 470-
650°C (a’b’) and 650-850°C (b’c’).
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Figure 2(a): Thermogravimetric curve of talc-fr; (b):
Thermogravimetric curveof talc-tn

In order to obtain moreinformation onthethermal
decomposition of In order to obtain moreinformation
on the therma decomposition of talc samples, a
continuousevolved gasanalys swas carried out during
CRTA. According to these resultg*4%, the decompo
sition steps noted on the CRTA curves correspond to
the compl ete deshydroxylation of talc samples. Along
the thermolysis, the sampleisrounded by the water
vgpour generated by thetal c decompodtion. Inthiscase,
the gascomposition abovethe sampledoesnot greatly
change. The vapour pressure is kept in a quasi-
equilibrium state becauseitsrate of production during
the dehydration is maintained equal to its rate of
elimination from thereactor. Under these conditions,
thelength of each dehydration stepisproportionally
with the massof water lost. Thus, the CRTA curveas-
obtained isanalogueto athermogravi metric curves
(Figure2a, 2b).

Intermedi ates sampl es obtained at theend of each
decomposition step werecharacterized by XRD, FTIR,
SEM and BET methods. In this aim, the CRTA
experiment and the reaction were stopped at the
temperaturesdetermined fromtheinitia curvesandthen
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Figure4: Crystallmestructureofthechlorite

are restarted under identical conditions of rate and
pressure. The results of the intermediates samples
characterization showed thet thefirst decomposition step
can beattributed to theremoval of the hydroxyl group
fromthebrucitelayer of chlorite and, the second step
of thethermolysis can beattributed to theloss of the
water from theta c and, themicalayer of chlorite/® 49,
In order to explain the dehydroxylation of thetalc
itisnecessary to takeacloser look at the structure of
both minerals(tal¢/chlorite) and d so the arrangement
of the hydroxyl groups. Bothtalcand chloritearetriocta
hedric minerals with sheet structure and theoretical
formula Mg, SiO,0, (OH), and (M U5y FE, Al)
(8, Al) O, (OH),, respectively. Theelementa layer
of talciscomposed of an octahedral plane of brucite
(Mg(OH) ) with therefore only onetype of -OH site
confined between two external tetrahedral silicate
sheetd®*, Chlorite (Figure4), however iscomposed
of dternating ta ¢ (containing two hydroxyl (OH) groups
separated by a bridging oxygen) and brucite layers
(containing Six hydroxyl (OH) groupsarranged next to
each other)®37,
The“talc” can release water from two OH groups.
By heating themineral, thewater isremovedindistinct

—== Pyl Paper

steps dueto the bonding energy differences.

Nevertheless a closer inspection of the relative
length of thetwo stepsin the CRTA curvesrevealsa
1:2 ratio for parts (ab) and (bc) respectively for the
sampletal c-fr (figure 2a) and aratio of |oss of mass of
2:1forstage(a@’b’) and (b’c’) respectively for the sample
tac-tn(figure 2b). The chemica and XRD analysisof
theinitid product indicated achlorite content of 16%in
talc_frand of 66,33% of talc-tn.

The CRTA curve (figure 2a) thusreflects 1:2 ratio
dlotted to:

- Thefirst stepisduetolossof water from the brucite
sheets in chlorite. Thus 16%x6 (OH groups per
brucite sheet (i.e. 96)).

- The second step is due to water loss from thetalc
layersin chloriteand inthetacitsalf (i.e. 16x2-OH
groupsin chloritein addition to 84%x2 OH groups
inthetalc (i.e. atotal of 200)).

The CRTA curve (figure 2b) thus reflects this
percentageand 2:1 ratio perfectly :

- Thefirst sagedueto the deshydroxylation of thelay-
ersbrucitic of chlorite, corresponds at the beginning
of anumber of hydroxyl proportional to:
6x(m .0 1S6x6,63m

- The second stageis dueto the deshydroxylation of
thelayersmica(OH) of chloriteand of those of talc
(OH), it correspondsat the beginning of anumber of
hydroxyl proportiond to:

(2xm . IJ+(2xm )=2x6,63m _ +2x3,37m

Thereport/ratio of thewater masseslost duringthe
two stagesisin concord with the percentage found by
chemicd andyss.

Thisstudy thusshowsthepossibility to characterise,
via CRTA, a minera talc sample in terms of talc
decomposition and thequantification of impuritiessuch
aschlorite/®4,

4. CONCLUSION

In the light of the results of this study we can
understand at the moment the visible contradictions
existingintheliterature concerning thethermolyse of
thetdc. Firgt of dl, let usnotethat thebiggest confusion
comesfrom thefact that theword “talc” is used with
twodifferent meanings
- Thiswordindeed indicatesaminera ogicd spacewhich
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thecomposition and the structureareclearly defined,

- Italsoindicatestheminerd of tac, isdwaysimpure.

Themineral talcsstudied have propertieswhich

depend ontheir origin; thisexplainsthedispersa of the

resultsontheir therma behaviour. Thetherma behaviour

of thetal csshown two dehydration steps corresponding
to deshydroxylation of brucitic and micalayer.
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