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Abstract—The “modified chlorite structure” forms by the dehydroxylation of the interlayer octahedral
sheet of magnesian chlorite at around 500°C and results in a structure with a basal spacing near 27

(Brindley and Chang 1974). This process involves drastic textural modifications as indicated by gas
adsorption experiments which reveal the formation of structural micropores. Infrared spectroscopy as
well as thermogravimetry and mass spectrometric analysis show that these micropores are filled with
molecular atmospheric water, carbon dioxide, nitrogen, argon and hydrocarbons which condense once
the samples cool down. A high temperature treatment is needed in order to release the different phases.
A heterogeneous dehydroxylation mechanism is proposed in which micropores are formed in donor
regions and magnesium and oxygen are concentrated in acceptor regions. This leads to a 27 A structure
with micropore zones and enriched interlayer oxide zones alternating along the z-axis of the mineral.
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INTRODUCTION

Among trioctahedral layer silicates, chlorites show
particularly interesting thermal reactions due to the
presence of two distinct hydrous octahedral sheets
(Brindley and Lemaitre 1987). Thus, their thermal
transformation occurs in two steps: 1) dehydroxylation
of the hydroxyl groups of the interlayer octahedral sheet
around 550°C and 2) dehydroxylation of the 2:1 layer
around 800°C. The second reaction is immediately fol-
lowed by recrystallization of high temperature species.
In the case of magnesian chlorites, these high temper-
ature phases are Mg-spinel, forsterite and enstatite. The
dehydroxylation temperature is a function of particle
size (Sabatier 1950) and octahedral composition (Cail-
lére and Hénin 1960). Weiss and Rowland (1956)
showed that the dehydroxylation of the brucite-like
sheet of clinochlore is accompanied by an increase in
intensity of the (001) basal reflection and a loss in
intensity of the (002) and (003) reflections. Concomi-
tantly, the remaining reflections ((001), (004) and (005))
are shifted towards smaller spacings. Brindley and Ali
(1950) studied the thermal modifications of powders
and flakes of Mg-chlorites heated to different temper-
atures and observed modifications of the basal reflec-
tions that confirmed Weiss’s observations. They also
showed that, after dehydroxylation of the interlayer
sheet, about two-thirds of the octahedral cations have
moved from the central plane in the octahedral sheet
to sites previously occupied by hydroxyls. Brindley and
Chang (1974) observed long basal spacings of about 27
A after dehydroxylation, which they interpreted as the
result of short range migration of cations of the inter-

Copyright © 1994, The Clay Minerals Society

https://doi.org/10.1346/CCMN.1994.0420604 Published online by Cambridge University Press

layers info two alternate oxide layers. Differences in
the electrostatic interactions of interlayers with the 2:1
layers were invoked to explain this arrangement. The
modifications observed when chlorites are heated un-
der atmospheric pressure occur in the same way when
hydroxide layer dehydroxylation is performed under
high pressure (Bai ef a/ 1993). The same authors have
shown that back reaction can occur when experiments
are carried out at pressures over 500 bars.

Spectroscopic methods, such as infrared spectros-
copy, were not used to study the thermal modifications
of chlorites, although infrared spectroscopy examines
the environment of adsorbed water, hydroxyl, and cat-
ions. Furthermore, infrared spectroscopy is very sen-
sitive to short range disorder (Farmer 1974a; Bachior-
rini and Murat 1986; Delmastro et al 1989) ie.,
infrared studies of the thermal transformation of di-
octahedral phyllosilicates have revealed the presence
of pentacoordinated aluminum (Heller et al 1962;
Farmer 1974b; Delmastro et al 1989).

Infrared spectra of Mg-chlorites generally exhibit
three OH stretching bands at 3680, 3570 and 3420
cm~!, The first one is assigned to hydroxyls of the 2:1
layer and the other two, to hydroxyls of the interlayer
sheet which are hydrogen bonded to oxygens of the
tetrahedral sheet (Shirozu 1980, 1985). In the 1100-
400 cm~! region the IR spectra can be divided into
three frequency domains:

1) in the 1000 cm~' range absorption peaks are as-
signed to lattice vibrations; _

2) in the 850-650 cm~' range, the vibrations at 827,
750 and 670 cm~! are assigned to tetrahedral Al-O
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Table 1. Chemical composition of chlorites P and M. Table 2. Mineralogical composition of chlorites P and M.
Chlorite P Chlorite M Chlorite P Chlorite M
(weight %) (weight %) (weight %) (weight %)
Sio, 31.22 35.89 Chlorite 94.8 + 1 803+ 1
AlLO, 18.93 16.33 Talc 1.7+1 177+ 1
Fe,0, '1.72 2.20 Quartz 09 x1 0
MgO 33.15 32.90 Dolomite 02 £0.5 0.1 £0.5
CaO 1.18 0.30 Apatite 1.5 £0.5 0.6 +0.5
TiO, traces 0.80 Anatase 0.8 +0.5
P,O;s 0.78 0.30 Zircon traces
P.F. 12.31 11.41 Graphite traces
Total 99.29 100.13 Total 98.3 99.1

vibrations (Farmer 1974c), interlayer (SiAl)O-OH
libration (Shirozu and Ishide 1982) and a combi-
nation of OH libration and two lattice vibrations
(Shirozu and Ishide 1982) respectively;

3) in the 450470 cm~" region peaks are assigned to
lattice vibrations and OH translational vibrations
(Farmer 1974c).

This paper reports on structural and textural changes
that occur when the interlayer octahedral sheet of Mg-
chlorites dehydroxylates. By using a wide range of ex-
perimental techniques (thermogravimetry, X-ray dif-
fraction, infrared spectroscopy, gas adsorption and mass
spectrometric analysis), a new mechanism of thermal
decomposition of the interlayer octahedral sheet is pro-
posed.

EXPERIMENTAL
Materials

Two different clinochlores were used in this study.
Both are from the ore body of Trimouns (Pyrénées,
France) and were provided by Talc de Luzenac S.A.
The first one, referred to as chlorite M, formed from
the alteration of a mica schist, whereas the second one,
referred to as chlorite P, formed during the hydro-
thermal transformation of a pegmatite. The chemical
and mineralogical compositions of these samples are
presented in Tables 1 and 2. Chlorite M contains about
20% talc and a few percent of various accessory min-
erals such as dolomite, apatite, zircon, titanite, graph-
ite. Chlorite P is nearly talc free (2%) and contains
apatite (2%) and some carbonates, apatite and quartz.

Both chlorites are microcrystalline aggregates of
crystallites smaller than 10 um (De Parseval 1992; Vil-
liéras 1993) and were dry ground to similar sizes. Par-
ticle size distributions were determined using a Laser
diffractometer (Mastersizer, Malvern Instruments). The
D,, values are 28 and 14 um for clinochlores M and
P, respectively.

Thermal analysis

An Ugine-Eyraud B70 balance (Setaram) with a uni-
versal TG-TD head was used for combined thermo-
gravimetric and thermodifferential analyses. Two hun-
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dred mg of sample were heated in a platinum crucible
from room temperature to 1030°C using a 2°C/minute
heating rate. Temperature, sample weight, and differ-
ential temperature were recorded simultaneously on a
PC computer.

Isothermal pyrolysis

Calcinations were carried out, in air, in a muffle
furnace (Prolabo) equilibrated at the desired temper-
ature before introducing the sample. Fifieen g and 30
g of cold P and M sample powders, respectively, were
placed in the hot furnace using a rectangular silica hold-
er. Heating times varied between five minutes and two
hours and temperatures varied between 400 and
1100°C.

X-ray diffraction

X-ray powder diffraction patterns were obtained on
a Jobin-Yvon SIGMA 2080 reflecting diffractometer
using Cu K, radiation. Patterns were recorded on
quenched samples at a scan rate of 2 degrees per min-
ute.

Infrared spectroscopy

Infrared spectra were recorded on a Fourier trans-
form infrared spectrometer (model IFS 88, Bruker).
Three different types of IR techniques were used: 1)
conventional transmission spectroscopy of pressed KBr
pellets (2 mg of sample diluted in 148 mg of KBr) 2)
transmission microspectroscopy of 20 um diameter se-
lected areas of the same KBr pellets and 3) diffuse
reflectance spectroscopy of powders (70 mg sample di-
luted in 370 mg of KBr). The diffuse part of the spectra
was collected with a Harrick accessory. This last tech-
nique enhances the bands of weak intensities and, in
particular, the absorption bands corresponding to sur-
face species (Griffiths and Haseth 1986). Before use,
KBr was stored at 100°C to remove H,O.

Argon adsorption

Argon surface areas were measured with a home-built
apparatus based on a continuous volumetric procedure
(Michot et al 1990). Surface areas were calculated ac-
cording to the BET equation (Emmet and Brunauer 1937),
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Figure 1. Thermogravimetric (Am) and thermodifferential
(AT) analysis of chlorite M. *: arbitrary unit.

assuming a value of 13.8 A2 for the cross sectional area
of argon (McClellan and Harnsberger 1967).

Mass spectrometric analysis

Mass spectrometric analyses were done at the Centre
de Recherches Pétrographiques et Géochimiques using
the procedure described by Zimmermann et a/ (1988).
The gases are extracted under vacuum and separated
using cold traps, oxidation and reduction furnaces. De-
tection limits are 0.5 to 1 x 10-7 mol for H,O, 3 X
108 mol for CO,, and about 2 x 10-2 mol for H,,
N,, CO, CH, and Ar.

RESULTS
Thermal analysis

Thermogravimetric and thermodifferential curves
(Figure 1) are typical of powdered clinochlores. The
DTA curves exhibit two endothermic peaks and one
sharp exothermic peak. The release of H,O from the
interlayer octahedral sheet produces the first endo-
thermic peak, around 600°C. Water from the 2:1 layer,
released around 800°C, produces the second endo-
thermic peak, immediately followed by the exothermic
peak, around 830°C corresponding to recrystallization
to spinel, forsterite and enstatite. The temperature of
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Figure 2. Weight loss of chlorite M versus temperature; in-
fluence of heating time.

the peaks are similar for the two samples (Table 3). In
the case of chlorite M, a weight loss around 900°C
corresponds to talc dehydroxylation.

Chlorite M was heated in air at constant tempera-
tures at intervals of 100°C from 400 to 1100°C. Heating
times at each temperature were 5, 10, 30, 60 and 120
minutes. The weight loss was determined for each sam-
ple after cooling (Figure 2). After 5 minutes heating,
the samples were found to be heterogeneous as the
surface reacted more rapidly than the interior. This
static method leads to lower reaction temperatures than
the TGA method: dehydroxylation of the interlayer
and 2:1 layers start between 400 and 500°C and, 700
and 800°C, respectively. Equilibrium is reached in 60
minutes, except for the 500°C experiment. Therefore,
experiments were standardized on samples heated from
400 to 750°C at each 50°C for two hours.

X-ray diffraction (XRD)

Modifications in the X-ray diffraction patterns due
to heating (Figure 3) are similar for the two samples
and to the observations of Brindley and Chang (1974)
and Weiss and Rowland (1956). The first structural
transformations occur between 450 and 500°C. The
intensity of the (001) reflection increases, the (002)
reflection disappears, the intensity of the (003) and
(004) reflections decrease and the (005) reflection re-

Table 3. Weight loss and peak temperatures obtained by thermal analysis.

Hydroxide layer 2:1 layer Other minerals

Pegmatitc chlorite

Weight loss (mg/g) 87 +1 29+ 1 7 + 2 (Dolomite)

T endo. (°C) 597 £ 2 803 + 2

T exo. (°C) 829 + 2
Micaschist chlorite

Weight loss (mg/g) 76 + 1 26 + 1

T endo. (°C) 595+ 2 800 + 2 8 = 1 (Talc)

T exo. °C) 824 £ 2
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Figure 3. X-ray diffraction patterns recorded at room tem-
perature of unheated chlorite P and chlorite P heated at 600°C
for 2 hours. The intensity of the 005 reflection corresponds
approximately to 30% of the most intense peaks (004 in the
case of pattern a and 001 in the case of pattern b). T: talc.
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Figure 4. Transmission infrared spectra of unheated and
heated chlorite P.
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Figure 5. Transmission infrared spectra of unheated and
heated chlorite M.

mains strong. New reflections appear at 26~27 A (broad
band) and 9.4 A. These changes are completed at 550°C
and the patterns do not exhibit any significant changes
up to 750°C. At 750°C, the structure collapses and
recrystallization to forsterite, enstatite and spinel oc-
curs between 800 and 1000°C.

Infrared spectroscopy

The evolution of the IR spectra with heating was
observed in both transmission (Figures 5 and 6) and
diffuse reflectance (Figures 7 and 8) modes.

4000-1500 cm~' range. Changes in the IR spectra ap-
pear at 500°C (Figures 4 to 7). In the case of chlorite
P, the 3580 and 3428 cm~! stretching bands of the
brucitic hydroxyls disappear. In the case of chlorite M,
these bands decrease and shift to 3593 and 3447 cm—!
(Figures 5 and 7). Infrared microscopy experiments
show that, for chlorite M, at this temperature, inter-
layer hydroxyls of small particles and of the surface of
large particles have reacted whereas the core of large
particles still contains unreacted hydroxyl groups (Fig-
ure 8). At this stage, molecular water can be observed
in the two samples (two bending modes at 1660 and
1610 em™!), particularly noticeable in the diffuse re-
flectance spectra (Figures 6 and 7). This water is still
present in samples heated to 700°C (Figures 7 and 8)
and disappears at 750°C (Figures 6 and 7), together
with a part of the stretching vibration of the 2:1 hy-
droxyls at 3670 cm~!. Bands between 2200 and 1700
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Figure 6. Diffuse reflectance infrared spectra of unheated
and heated chlorite P.
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Figure 7. Diffuse reflectance infrared spectra of unheated
and heated chlorite M.
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Figure 8. Transmission microspectroscopy spectra of chio-
rite M heated at 500°C obtained at the edge and in the middle
of one single large particle.

cm~! correspond to harmonic combination of bands
between 400 and 1000 con—*,

1500-400 cm~' range. Dehydroxylation of the OH
groups of the interlayer octahedral sheet changes the
Si-O stretching bands in the 1100-900 cm ! range into
one single broad band which broadens between 500
and 750°C (Figures 4 and 5). This could indicate short
range disordering in the tetrahedral sheet of the 2:1
layer (Bachiorrini and Murat 1986; Delmastro ez al
1989). This disorganization is further indicated by
shoulders near 900 and 800 cm~! which could be as-
signed to the modification of the tetrahedral Al-O en-
vironment as the 827 cm~! vibration disappears after
dehydroxylation. As expected, the (SiA)O-OH inter-
layer libration at 750 cm~! disappears. The 670 cm™~!
decreases and the 450-470 cm~! group is not affected.

Specific surface areas

Argon adsorption isotherms (Figure 9) were per-
formed on four samples (Table 4). The unheated chlo-
rite, the chlorite calcined at 750°C and the chlorite
calcined at 600°C and outgassed at 100°C have similar
BET specific surface area: 2.3, 2.2 and 1.4 m?-g™!,
respectively. The shape of the isotherm obtained on
the chlorite calcined at 600°C and outgassed at 480°C
is typical of a microporous solid (Type I in the clas-
sification of Brunauer et al 1940). Its “equivalent” spe-
cific surface area is 26.4 m?-g—1.


https://doi.org/10.1346/CCMN.1994.0420604

684 Villieras et al Clays and Clay Minerals

07 Table 4. Argon specific surface area of chiorite M calcined
— — Unheated (100°C) and outgassed at different temperatures.

Calcination Outgassing Specific
temperature temperature surface area
(m>/g)

Uncalcined 100 2.3
600 100 1.4
600 480 26.4
750 480 2.2
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Mass spectrometric analyses

Mass spectrometric analyses were done to obtain
information about the nature of the materials filling
the micropores. The sample M calcined at 550°C was
heated under vacuum at 200, 400 and 500°C. Numer-
ous gases, H,0, CO,, N,, Ar and H,, were detected.
H, originates from the reduction of H,O (Escoubes and
Karchoub 1977). Some masses corresponding to the
splitting of organic compounds were also observed.
The quantities of gases obtained for each temperature
are reported in Table 5.

o
©

Adsorbed volume cm®g
o
o

o
Y

%# I B

0.0

0 002 004 0.06 0.08 0. DISCUSSION
P/Po XRD, FTIR and TGA, show that the first modifi-
cations of chlorite occur between 450 and 500°C. These
10 L LAy mon s o e o e modifications affect the interlayer of the mineral as
L 600°C (480°C) 1 confirmed by the IR spectra (OH stretching). Reaction
1

starts at the perimeter of the particles and proceeds
towards the center as evidenced by infrared microscopy
experiments. The modified chlorite exists from 550°C
to 700°C. The 14 A spacing of the original mineral is
conserved but a long basal spacing develops at 26-27
A with its third reflection at 9.4 A. The peaks corre-
sponding to these reflections are rather broad.

FTIR spectra indicate that molecular water is trapped
- . in the dehydroxylated particles. In addition, thermo-
- ] gravimetric analyses carried out on chlorites calcined
] between 500 and 700°C reveal a weight loss between
- 450 and 520°C (Figure 10 and Table 6). This weight
-

[o2]

H
T

| loss changes with the calcination temperature, with a
| maximum value for samples heated between 500°C
and 550°C. It then decreases in samples calcined at

I 600°C to 700°C and disappears in those calcined at

2 B 7 750°C. To show that this weight loss corresponds to

Adsorbed volume cm®/g

at 550°C.

L 1 1 ] 1 | i | J R J;l 1 I J 1 1

‘[ Table 5. Mass spectrometric analysis of chlorite M heated
0 25°-200°C 200°-400°C

0 002 0.04 0.06 0.08 0.10 1,0 (/s £0.05) 039 520

H, (mg/g, +1 x 10-7) 0
P/Po CO, (mg/g, +0.005) 2.1 x
Figure 9. Argon adsorption isotherms at 77 K on chlorite N, (mg/g, £0.005) 1.7 x
M heated and outgassed in various conditions. The first value  Ar (mg/g, +0.0004) 0
corresponds to the heating temperature, the value in brackets Total (mg/g, +0.060) 0
indicates the outgassing temperature.
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Table 6. Weight loss measured between 480° and 520°C on
chlorites calcined between 500° and 750°C.

Calcination
temperature P chlorite M chlorite
(mg/g) (mg/g)

500 124 8.1
550 12.9 9.0
600 10.3 7.3
650 7.8 6.7
700 10.1 4.8
750 1.3 3.0

the trapped molecular water observed in the IR spectra,
the relative water content (RWC) of the dehydroxyl-
ated chlorites was evaluated from the IR transmission
measurements using the formula:

_ area between 1775 and 1500 cm™!

RWC =
area between 1150 and 720 cm—!

where K is a normalization factor which represents the
extra weight loss obtained by thermogravimetric anal-
ysis between 450 and 520°C for the chlorite calcined
at 550°C.

The Si-O-Si band at 1000 cm~! was used as a ref-
erence, because it is nearly unaltered in samples heated
between 500 and 700°C. Figure 11 presents the plot of
RWC and of the weight loss measured by TGA versus
calcination temperature. The correlation between TGA
and FTIR estimations is good. Therefore, the weight
loss observed by TGA between 450 and 520°C can be
assigned to water trapped in micropores. Such an out-
gassing temperature is surprisingly high for water ad-
sorbed in micropores. Indications can be obtained from
the FTIR spectra. Indeed, the 1660 cm~—! band is ac-
companied by a small shoulder at 1610 cm~!. This
pattern is typical of microporous modulated clay min-
erals such as sepiolite or palygorskite (Hayashi et al/
1969). The 1660 cm~! band can be assigned to zeolitic

Weight loss mg/g

500 600

900

700 800 1000

Temperature "C
Figure 10. Thermogravimetric analyses of chlorite M pre-

viously heated. The extra weight loss between 480 and 520°C
1s noted by an arrow.
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Figure 11. Plot of water content estimated by thermal anal-
ysis (TGA) and infrared transmission spectroscopy (IR) ver-
sus heating temperature for chlorites P (CP) and M (CM).

water and the 1610 cm~! band to water bound to oc-
tahedral Mg at the edge of the structure. Both the zeo-
litic and bound water escape as the temperature in-
creases. However, in the case of calcined chlorite, TGA
experiments did not exhibit any discrimination be-
tween these two types of water. Then, bound water
could prevent zeolitic water diffusion and outgassing
temperature should be high enough to eliminate bound
molecules and to allow diffusion of zeolitic water.

Two hypotheses could be proposed regarding the
origin of this water; structural water or atmospheric
(non-structural) water vapour. Experimental observa-
tions seem to favour the second hypothesis: 1) this
water is released at temperatures lower than the de-
hydroxylation temperature of the interlayer sheet and
2) it is still present in samples which were calcined at
temperature above the dehydroxylation temperature,
i.e., 700°C. The atmospheric origin was confirmed by
mass spectrometric analyses (Table 5) which reveal the
presence of other condensed atmospheric gases such
as Ar, N, and CQO,, rcleased at the same temperature
as trapped water. Furthermore, the quantities obtained
by mass spectrometric analyses are coherent with the
weight loss measured by TGA. Thus, atmospheric wa-
ter vapour adsorbs in the solid during cooling of the
samples.

Such an adsorption is possible only if very small
pores exist in the solid. Argon adsorption isotherms
confirm the presence of such pores. Indeed, when the
sample is outgassed at high temperature, the shape of
the isotherm (Figure 9) is typical of microporous solids
(Type 1 in the classification of Brunauer et al 1940). If
the same solid is outgassed at low temperature, water
is still present in the micropores which are then not
accessible to argon molecules (Figure 9). In this case,
argon adsorbs only on the external surfaces of the solid.
In the case of the microporous solid, the contribution
of external surfaces can be subtracted from the total
adsorbed amount. It yields the quantity of gaseous ar-
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Figure 12. Schematic sketch of the possible structures ob-
tained by dehydroxylation of the brucitic layer of Mg-chlo-
rites. a: According to Brindley’s model. b: According to a
heterogeneous dehydroxylation model. Large open circles: O,
small open circles: Mg, small filled circles: Al.

gon adsorbed in micropores which can then be con-
verted into a liquid volume using the value of 1.427
(Anonymous 1976) for the specific density of liquid
argon. This calculation leads to a value of 7.2 x 1073
cm3-g-! ie., 7.2 mg/g of water. This value is very
close to the weight loss obtained by TGA (7.3 mg/g).

The dehydroxylation mechanism proposed by Brin-
dley and Chang (1974) can not explain the develop-
ment of microporosity during brucitic dehydroxylation
as the two resulting oxide sheets are filled by Mg and
O atoms (Figure 12a). The model of Brindley and Chang
involves migrations of atom over small distances so it
can be designated as a homogencous dehydroxylation
mechanism. In some minerals, such as brucite and taic,
a heterogeneous dehydroxylation is a more suitable
mechanism to explain thermal transformations (Ball
and Taylor 1961). In the heterogeneous dehydroxyl-
ation mechanism, a large scale migration of atoms oc-
curs within the solid which is divided into acceptor
and donor regions. The acceptor regions give protons,
which migrate towards donor regions, and gain cations
coming from donor regions. In the acceptor regions,
the oxygen framework is not modified. In the donor
regions, hydroxyls combine with protons, to form wa-
ter molecules, which diffuse towards the surface and
are removed from the solid. In this mechanism the
donor regions are transformed into micropores. Kim
et al (1987), Naono (1989) and Riebeiro-Carrott et al
(1991) have observed such micropores after thermal
decomposition of magnesium hydroxide. They showed
the presence of two different types of micropores: 1)
open micropores and 2) closed micropores not acces-
sible to nitrogen.

Using this heterogeneous dehydroxylation model, it
is now possible to explain the different phenomena
involved in the interlayer dehydroxylation of clino-
chlores. The different steps involved in this mechanism
can be presented as follows:

Donor region Acceptor region

Initial state

Mg,Al(OH), Mg,Al(OH),
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Figure 13. Comparison between experimental and simulat-
ed X-ray diffractograms of dehydroxylated Mg-chlorites. a:
Simulated pattern obtained according to Brindley’s model
(pAB = 1). b: Simulated pattern obtained according to a het-
erogeneous dehydroxylation model (p45 = 0.8). c: Simulated
pattern obtained according to a heterogeneous dehydroxyl-
ation model (pAB = 1). d: Experimental pattern.

At 550°C
4H*
(@), Al(OH), = MgAIOH),(0),
2 Mg2+

Final state

AlO + 5H,0) 1 Mg, AlO; + (H,0) 1

We assume that only Mg cations are displaced
whereas Al cations remain at their original position
and balance the negative electrostatic charge defect due
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to tetrahedral substitutions in the 2:1 layer. After ther-
mal reaction, the dehydroxylated interlayer sheet is
divided into areas enriched in MgQO (acceptor regions)
and porous areas with a deficit in MgO (donor regions)
(Figure 12b). Micropores are then formed in these do-
nor regions. When the sample cools, water adsorbs in
these micropores where it can interact strongly with
magnesium atoms located at the acceptor-donor fron-
tier as evidenced by the IR band at 1610 cm~—'. Along
the z-axis, interlayer donor and acceptor regions alter-
nate in an irregular way. This leads to the broad long
spacings reflections at 26-27 A observed in the X-ray
diffraction patterns of dehydroxylated chlorites. Fur-
ther evidence can be obtained by simulating, along the
z-axis, the X-ray patterns of the interstratified dehy-
droxylated structure. The simulation was carried out
on the two structures presented in Figure 12 using the
method proposed by Plangon and Tchoubar (1976).
The results are shown in Figure 13.

The simulation according to Brindley-Chang model
(Figure 13a) does not fit the experimental pattern. In-
deed, it does not exhibit any peak around 27 A, even
in the case displayed in Figure 13a corresponding to
regular interstratification. Furthermore, many 001 re-
flections are present on the simulated spectrum and
absent on the experimental one. The fact that the re-
sults of Brindley and Chang could not be reproduced
is very surprising. A simulated pattern calculated using
a regular structure based on the 28 A unit does not
exhibit any 27 A reflection. At the moment, this misfit
is not explained.

The simulation according to the heterogeneous de-
hydroxylation mechanism was carried out in two cases;
the first assuming a regular interstratification (Figure
13¢). In this case, the simulated pattern exhibits a very
intense peak around 27 A which is more intense than
the peak at 14 A. The second assumed pAB = pBA =
0.8, where pij represents the probability of a layer of
type j following a layer of type i in the stacking. In this
case (Figure 13b), the simulated pattern exhibits nearly
all the features of the experimental diffractogram (Fig-
ure 13d).

These results validate the heterogeneous dehydrox-
ylation model. Furthermore, they suggest a tendency
towards an ordered structure. Thus, it seems, as stated
by Brindley and Chang (1974), that the process of de-
hydroxylation of one brucitic layer influences the pro-
cess in adjacent interlayers.

CONCLUSIONS

Thermal transformations of Mg-chlorites, in the range
of hydroxide octahedral layer dehydroxylation, prob-
ably lead to the formation of a heterogeneous structure
with a 26-27 A spacing. This structure can be described
using a heterogeneous dehydroxylation mechanism.
According to this model, the dehydroxylated interlayer
octahedral sheet is divided into areas enriched in MgO
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(acceptor regions) and microporous regions (donor
regions). The pores are filled by water when the mineral
cools. Some water molecules interact strongly with the
MgO walls located at donor-acceptor frontiers. High
temperature conditions are needed to empty the mi-
cropores.

Modifications of the tetrahedral sheet are also ob-
served after dehydroxylation. Experiments including
HRTEM observations and low pressure gas adsorption
are currently in progress to further characterize the
structural transformations of clinochlore between 500
and 750°C.
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