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Abstract

The influence of chemical composition to position and intensity of the absorption bands observed in the FTIR spectra of
palygorskite has been studied by a detailed comparative study of six samples. Palygorskites studied have high purity and different
chemical composition. At one extreme, there are two samples that correspond to Mg-rich palygorskites, at the other extreme a
sample with a composition very close to the theoretical formula of this mineral, and there are three further samples whose structural
formulae lie between these extremes. The position of the bands identified in the FTIR spectra of the palygorskites studied is similar
for all samples, but there are some differences in their intensity, which are significant. Analysing these intensities, valuable
information about the distribution of cations along the octahedral sheet has been obtained. Isomorphic substitution in octahedral
sheet occurs only in M2 position. Al, and Fe may occupy M2 position whereas Mg can occupy all possible sites: M1, M2 and M3.
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1. Introduction

Palygorskite is a clay mineral with a wide variety of
industrial applications. This mineral has some particu-
larly desirable sorptive, colloidal-rheological, and cata-
lytic properties, in comparison with other clay minerals
(Jones and Galan, 1988). Technological applications are
based on its physicochemical properties, principally on
composition, surface area, porosity, among others, and
especially in its fibrous structure. Bradley (1940) des-
cribed the structure of palygorskite, then referred to as
attapulgite, a term now used in mining terminology. It is
a 2:1 phyllosilicate in which the sheets of silica tetra-
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hedra are periodically inverted with respect to the tetra-
hedral bases. As a result of this inversion, the octahedral
sheets are periodically interrupted and terminal cations
must complete their coordination sphere with water
molecules. As only four of five octahedral positions
available (as an average) are filled, palygorskite appears
to be intermediate between dioctahedral and trioctahe-
dral minerals (Martin Vivaldi and Fenoll, 1970). When
compared to others phyllosilicates, even to sepiolite,
palygorskite is very different because it does not have
an ‘“actual octahedral sheet”, the octahedral ribbon is
very sharp, more similar to a chain, and there are three
different types of water molecules.

Considering the structure of palygorskite, there are
several bonds that can give absorption effects in IR
region. As in other clay minerals, the most intense
absorptions are related to water and hydroxyl stretching



and bending vibratiens. This mineral has three types of
water in its structure (Fig. 1), the first of which, named
structural water, cerrespends te ®H ef the ectahedren
placed in the central pesitiens ef the ectahedral sheet. In
the theeretical medel (with Mg/Al=1 and feur ectahe-
dral pesitiens eccupied) 2M2—@H bends are present
because the central ectahedren is vacant, as cerrespends
te a diectahedral medel (Fig. 1). But in a triectahedral
medel, which MI pesitien is eccupied, M1-2M2-@H
bends alse eccur. The catiens that eccupy the mest
external pesitiens (M3 in Fig. 1) cemplete their ceerdi-
natien sphere with twe melecules of water; this secend
type of water is named ceerdinated water er bended
water, as mentiened abeve. The last type is named
zeelitic water, which is feund inside the palygerskite
channels.

Giiven et al. (1992), fer a diectahedral palygers-
kite with a theeretical fermula Siz@,¢(Al,Mg,)(@H),
(®@H,), 4H,®, prepesed that Al eccupies the M2
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Fig. 1. Swuctural scheme of palygorskite projected on (001) according
to Bradley (1940), and octahedral ribbon according to Giiven et al.
(1992).

pesitien, Mg the M3 and Ml is vacant (Fig. 1).
Censidering this structural fermula, Mg—@H, and Al-
Al-@H bends are present, and their cerrespending
abserptiens may be feund in the spectra. But in all
palygerskites there can be certain differences between
this ideal fermula and their actual cempesitien. The Mg/
Al ratie is higher than 1, the number ef ectahedral
pesitiens eccupied can be greater than 4, and substitu-
tion of ectahedral Al by Fe*™ is present in all palysers-
kites (Garcia-Remere et al., 2004).

These differences between the theeretical and actual
cempesitien must be taken inte acceunt when the FTIR
spectra are interpreted. If the number eof ectahedral
pesitiens eccupied is greater than 4, then M1 may be
partially eccupied and it is pessible te find a new type of
bend (triectahedral medel): M1-2M2-@H. In this case
the three catiens, Al, Mg and Fe, weuld eccupy the M1
pesitien, depending en the cempesitien of the sample.
Alse, the number of ectahedral catiens can be greater
than 4 and this is enly pessible with mere than 2 R*"
catiens (Mg in palygerskite) in erder te have a charge of
10 per half-cell, and then the mest prebable bends are
3Mg—@H er (Al, Fe)-2Mg—@H.

In additien te these censideratiens, the medificatien
of the spectra after heating, and the censequent dehy-
dratien ef the palygerskite, is very helpful fer a cerrect
interpretatien. Less eof beth zeelitic and ceerdinated
water melecules after heating, as it can be seen by
thermal techniques such as DTA and TGA, eccurs in a
reversible precess up te 350 °C (Hayashi et al., 1969;
Singer, 1989; Cases et al., 1991 and Khorami and
Lemieux, 1989, ameng ethers). Abeve 350 °C, hemi-
hydrated palygerskite is fermed and the precess is irre-
versible. After heating belew 350 °C, the M3-@H,
bends are medified whereas the 2M2—-@H bends re-
main untnedificd.

Maest studies en FTIR ef palygerskites interpret the
abserptiens ebserved in spectra either accerding te the
theeretical fermula, er either accerding te the fermula
ebtained frem bulk analyses ef raw sample, which
may centain seme impurities. Taking inte acceunt
that there is certain variability in the structural fermu-
lac of palygerskite, the aim ef this werk is te study
hew chemical cempesitien influences the pesitien and
intensity ef the vibratiens in the FTIR spectra. There-
fere, an FTIR spectrescepy study has been carried
eut, en several palygerskites, which have a well-
lmewn chemical cempesitien, and the abserptiens
ebserved in the spectra have been related te structural
fermulae. By this means, valuable infermatien abeut
the distributien ef catiens aleng the ectahedral sheet
can be ebtained.



2. Experimental
2.1. Materials

The following six palygorskites selected for their high
purity have been used in this work, the first three collected
by the authors:

(1) ESQ sample proceeds from Esquivias, Toledo (Spain).
Characterized by Garcia-Romero et al. (2004).

(2) LIS palygorskite proceeds from Volcanic Complex
from Lisbom (Portugal).

(3) TRA palygorskite proceeds from Cabo de Gata, Almeria
(Spain).

(4) Palygorskite from Florida, (USA) supplied by Source

Clays as PF1-1 and referred to as ATT in this work. This

palygorskite has been widely reported in literature and

has been used as a reference sample in numerous works

including the “Baseline studies of the Clay Minerals

Society Sowrce Clays” (Costazo and Guggenheim,

2001).

T@R palygorskite was supplied by T®LSA Company

and comes from the ore of Torrejon €l Rubio, Caceres

(Spain). It was studied by Galdn et al. (1973) and

Fernandez Macarro and Blanco Sanchez (1998).

(6) YUC palygorskite from Ticul, Yucatan (Mexico), sup-
plied by Br. Manuel Sanchez del Rio, was reported by
Isphording (1984).

s

R

These palygorskites have been selected not only for their
high purity but also for their different chemical composition.
At one extreme, there are two samples that correspond to Mg-
rich palygorskites: ESQ and TRA. At the other exweme, LIS
sample has a composition very close to theoretic formula of
this mineral, and there are three firther samples whose stuc-
tural formulae are between these exwemes (ATT, T®R and
YUC).

2.2. Techniques

Chemical composition was obtained by analytical electron
microscopy (AEM) of isolated particles with transmission
electwon microscopy (TEM), in samples of great purity using
a JE®L 2008 FX microscope equipped with a double-tilt
sample holder (up to a maximun of +£45°) at an acceleration
voltage of 200 kV, with 8.5 mm zeta-axis displacement and
6.31 nm point-to-point resolution. The microscope incorpo-
rates an @XFORD ISIS energy dispersive X-ray specwometer
(136 eV resolution at 5.39 keV) and has its own software for
quantitative analysis. Swuctural formulae of palygorskites
were calculated on the basis of 21 oxygens per unit cell. All
the Fe present was considered as Fe*" (owing to the limitation
of the technique), but the possible existence of Fe** should be
taken into account.

Mineralogical characterization was performed by X-ray
diffraction (MRD®) using a Siemens D508 XRB diffractometer
with Cu Ko radiation and a graphite monochromator. The
samples used were random-powder specimens. Powders were
scanned from 2° to 65° 260 at a 0.02° 26/3 s scan speed.

The Fowrier wansformed infrared specwometry (FTIR) was
recorded in the 4000 to 408 cm ' range on a BRUKER
EQUIN@®X 55 specwometer. The samples were prepared
using the KBr pellet technique. All samples were studied
under the same hydration conditions, kept over H,S®, solu-
tions (R.H.=45%). The mixtures of the clays, and dried KBr
(ratio 1:200) were subjected to a pressure of & ton cm 2.

The statistic weatment of data was carried out using the
SPSS 10.8 program.

3. Results and discussion
3.1. X-ray diffiaction

Fig. 2 shews the X-ray diffractegrams ef the whele
sample ef the palygerskites studied. The high purity
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Fig. 2. XRD patterns of whole sample of the palygorskites studied. Q: quartz and Ca: calcite.



Table 1

Swuctural fornulae for the six palygorskites studied, obtained from
AEM analyses of isolated particles on the basis of 21 oxygen atoms

Sample Si AV Al Fe** Mg 3YOct. C. R** R*R*
ESQ 787 013 104 020 311 435 124 040
TRA 802 - 12 016 289 425 136 047
TOR 791 009 148 037 225 416 185 082
ATT 785 015 147 025 230 402 172 075
YUC 785 015 157 024 221 42 181 082
LIS 202 — 191 004 201 396 195 097

of the samples has been cenfirmed frem the diffrac-
tegrams. @nly small ameunts ef quartz in the ATT
and the ESQ sample and calcite in the T@R sample
have been feund. The high crystallinity ef the YUC
and TOR samples can be deduced frem the higher
narrewness ef the principal peaks. It is very imper-
tant te take inte acceunt the purity ef each sample,
given that the impurities have their ewn abserptien
features. It must be peinted that in all the samples
studied, except the very small ameunts ef smectite in
the ATT sample, there are ne impurities of ether clay
minerals, which have seme abserptien features simi-
lar te palygerskite.

3.2. Chemical composition

Table 1 shews the average structural fermulae fer
the six palygerskites studied, the data were ebtained
frem AEM analyses ef iselated particles. It can be
ebserved that there are seme significant differences.
The Al that eccupies tetrahedral pesitiens ranges be-
tween 0.15 (fer the ESQ and YUC samples) and 0 (fer
the LIS and TRA samples). The mest impertant differ-
ences were feund in the ectahedral catiens centent. Al
Mg and Fe are present in all the palygerskites studied,
but the ratie ameng them strengly varies ameng the
different samples. At ene extreme there is an R>*/R*"
ratie clese te 1 witheut Fe’" fer the LIS sample, as
cerrespends te theerctical palygerskite, at the ether
there is a ratie R*"/R*" =04 fer the ES@ sample, the
mest Mg-rich palygerskite. Fe®* centent varies be-
tween 0.04 (LIS) and 0.37 (T@®R) and it is very similar
te the ether samples studied, appreximately 0.2 catiens
per half-cell.

Therefere, the samples studied range between an Al-
rich palygerskite and a very Mg-rich palygerskite and
with respect te Al/Mg centent they can be erdered thus:
LIS-YUC-T@®R-ATT-TRA-ES@Q.
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Fig. 3. Swuctural scheme of octahedral sheet for a half-cell of palygorskite showing different
(c) FTIR spectra in the region of high wavenumber of the palygorskites studied.



3.3. FTIR spectroscopy

The pesitien ef the bands identified in the FTIR
spectra of the palygerskites studied is similar fer all
samples because all of them are very pure palygers-
kites, but there are seme differences in their intensity,
which are significant. The presence ef small quantities
of impurities can easily be detected in the FTIR
spectra. Calcite is detected in the T@R sample by its
characteristic band at 1430 cm ' and a sheulder at
876 cm ' (typical frem carbenate aniens) while
quartz preduces bands at 798 and 778 cm ' in the
ATT sample.

The spectra can be divided inte twe regiens in erder
te make easier their study, the @H-stretching vibratien
regien and the water bending vibratien.

3.3.1. @H-stretching vibration region
In the higher wavenumber regien ef the samples
studied the fellewing can be ebserved (Fig. 3):

(1) A sharp peak at 3616 cm .

(2) A peak er sheulder at 3580 cm
enly in seme samples.

(3) Three bands centred at 3550, 3400 and 3350 cm .

!, which appears

The first effect, at 3616 cm ', is described in all
bibliegraphic references en FTIR eof palygerskite (Men-
delevici, 1973; Prest, 1973; Blance et al., 1988; Frest et
al., 1998, 2001; Shuali et al., 1987, McKeewn et al.,
2002; Chahi et al., 2002, ameng ethers) and it seems te

be characteristic of this mineral. Frem heating and deu-
teratien Mendelevici (ep. cit.) cencluded that this peak
must be adscribed te bends lecated in “inaccessible
pesitiens” in palygerskite, and therefere must be related
te 2M2-@H bends. It is well established in the litera-
ture that this is due te the @H-stretching mede in Al,—
®H greups (Fig. 3a). This band has been feund in all the
samples here studied, but with different intensities. In
Fig. 3c, it will be neted that the highest intensities fer
this peak (labelled as 1) cerrespend te the LIS and T@®R
samples, and the lewest te the ES@ and TRA samples.
As it is net pessible te measure the area of the peak, the
difference ef transmittance between 3602 and 3616
cm ' fer each sample was measured with the aim of
ebtaining ebjective infermatien abeut the intensity ef
this peak. The existence of a pessible cerrclatien be-
tween the ectahedral centent and the intensity ef the
peak (L3616 om @ In Table 2) has been investigated. The
cerrespending matrix ef cerrclatien is shewn in Table 2.
As can be seen, the peak of 3616 cm ' is related with
the centent of R°" and net enly with the Al, that is te
say, with the diectahedral character ef the mineral.
While the ceefficient ef cerrelatien (Pearsen’s cerrela-
tien) for Al is 0.922, the R*"/R*" presents a higher
cerrclatien: 0.982. Therefere, the intensity ef this peak
indicates the highest diectahedral character of the paly-
gerskite, which is clearly related te the highest Al
ectahedral centent and te the lewest Mg centent
(—0.990). A peak at similar wavenumber, alse related
te Al-Al-@H stretching vibratien, can alse be feund in
ether diectahedral and aluminic clay minerals such as

Table 2
Correlation mawix of crystallochemical data and peak intensities in the FTIR spectra
Al Mg Fe Oct. Cat. ) S RHR* .50 ot | T, ok i
Al (8 1.000 —0.945 -0317 —0.935 0.933 0.963 0922 0918 0924
BS. 0.004 0.540 0.006 0.007 0.002 0.00° 0010 0.002
Mg C.C. —0.945 1.000 0.004 0.977 —0.99%4 —0.992 —0.9% —0.744 —0.797
B.S. 0.004 0.99%4 0.00] 0.000 0.000 0.000 0.0% 0.058
Fe c.C. -0.317 0.004 1.000 0.0%° 0.046 —0.054 0.030 —0.647 —0.490
BS. 0.540 0994 0.852 0931 0918 0.955 0.165 0.324
Oct. Cat. (CICE —0.935 0977 0.0%° 1.000 —0.947 —0.955 -0.971 —0.759 -0.787
BS. 0.006 0.00] 0852 0.004 0.003 0.00]1 0.0%30 0.063
r* c.C. 0.933 —0.9%4 0.046 —0.947 1.000 0.994 0.982 0.722 0.788
B.S. 0.007 0.000 0.931 0.004 0.000 0.000 0.105 0.063
RERY C.C. 0.963 —0.992 —0.054 —0.955 0.99%4 1.000 0.982 0.78¢9 0.844
BS. 0.002 0.000 0918 0.003 0.000 0.000 0.062 0.035
L3616 e Cc.C. 0922 —0.9% 0.030 —0.971 0982 0982 1.000 0.722 0.303
BS. 0.00° 0.000 0.955 0.00]1 0.000 0.000 0.105 0.055
1512 o 1 c.C. 0918 —0.744 —0.647 —0.759 0.722 0.789 0.722 1.000 0.966
B.S. 0010 0.0% 0.165 0.0%0 0.105 0.062 0.105 0.002
Is Tovamte c.C. 0924 —0.797 —0.490 —0.787 0.788 0.844 0.303 0.966 1.000
BS. 0.002 0.058 0.324 0.063 0.063 0.035 0.055 0.002

C.C.: correlation coefficients of Pearson. B.S.: bilateral signification.



kaelinite and mentmerillenite (Madejeva and Kemadel,
2001).

The secend effect ebserved in this regien in the
samples studied is a peak er sheulder at 3580 cm '
(labelled as 2 in Fig. 3c). This peak is net present in the
LIS sample, while in the T@®R sample it appears with
the highest intensity. Mendelevici (1973) feund a peak
at 3590 cm ' which shifts te 3570 cm ' en heating,
and Shuali et al. (1987) and Augsburger et al. (1998)
assigned the weak band at 3580 cm ' te ceerdinated
water melecules in the channels. Serna et al. (1977)
attributed this band te Al-Fe’ —@H er Al-Mg—@H
bends, while Chahi et al. (2002), based en cemparisen
with smectite, attributed it te Al-Fe—@H stretching. In
the samples here studied there is a geed cerrclatien
between the intensity ef this peak and the Fe centent.
The LIS sample is the enly sample that dees net have
Fe** (0.04), while the T®R sample is the ene which
presents the greatest centent in Fe’" of the samples
studied (0.37). The YUC and ATT samples beth present
similar Fe** centent (=~ 0.24) and as can be ebserved in
the spectra, they have similar intensity fer the 3580
cm ! sheulder. In the ES@ and TRA samples the cen-
tent is lewer than in the ether samples, 0.20% and
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0.16%, respectively, and the abserptien feature alse
appears as a smaller sheulder. If the cerrelatien with
the Fe*" centent is taken inte acceunt, the pessibility
that the Fe*" is lecated in M2 pesitien may be censid-
ered (Fig. 3b). This is in agreement with Delineau et al.
(1994) in their study en the iren centent ef kaelinite
and, with Bessen and Drits’ (1997ab) study ef the
relatienships between chemical cempesitien ef diecta-
hedral mica minerals and their IR spectra. They feund
that the wavenumber eof the band cerrespending te @H
greups increased with the sum ef the valences ef the
catiens in M—M-@H bends, but fer the same sum ef
valences the increase of mass ef the catiens leads te a
decrease in wavenumber ef the cerrespending band.
Thus, in mica the Al-Al-@H stretching vibratien
appears at 3621 cm ' and that cerrespending te Al—
Fe’*-@H at 3573 cm .

With respect te the three bands centred at 3550,
3400 and 3350 cm ', as can be seen in Fig. 3c, the
samples studied are similar in pesitien but net in inten-
sity. There is geed agreement in the literature recerding
the assignatien at water melecules (ceerdinated and
zeelitic water), but accerding te Ausburger et al
(1998) “the band at 3543 cm ' is excessively streng
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Fig. 4. (a) Swuctural scheme of bonds between altemnative ribbons in palygorskite showing the Si—O-Si bond. (b) Swuctural scheme of octahedral

sheet for a half-cell of palygorskite showing Al-Mg—OH bond. (c) FTIR specta in the region between 800 and 1400 cm '

studied.

of the palygorskites



and shaip te be assigned enly te ceerdinated water; a
centributien ef the @H-stretching mede in Al-Mg—
OH, Fe—Mg—@H and Fe,—@H greups is alse censid-
ered”. The peak intensities ebserved in the samples
studied seem te be in agreement with this ebservatien
because the richest in Mg palygerskites present the
lewest intensity due te the fact that they have the great-
est triectahedral character.

It is impertant te nete that, even in the richest in Mg
palygerskites (the ES@ and TRA samples), there is ne
abserptien at 3680 cm ' which cerrespends te 3Mg—
OH, that it is te say, Mg in triectahedral ceerdinatien.
Accerding te Bessen and Drits (1997a,b) a pessible
Mg-—Mg-@H bend must preduce an abserptien at
higher wavenumber than 3616 cm ' (that cerrespends
te Al-Al-@H) because the sum eof the valencies is
lewer. Nene eof the samples new studied presents a
peak at higher wavenumbers, and this means that there
is ne Mg eccupying twe centisueus M2 pesitiens.
There are ether references te Mg-rich palygerskites
(Blance et al., 1989; Chahi et al., 2002; Cai and Xue,
2004) but in all cases they have triectahedral Mg, and
thus a peak at 3680 cm ' is feund. In eur samples,
altheugh the triectahedral character is very high, the
distributien ef Mg, Al and Fe must be witheut 3Mg—
OH bends, as prepescd fer the ESQ@ sample (Garcia-
Remere et al., 2004).

3.3.2. Water-bending vibration region

An asymmetric band, centred at 1650 cm ', appears
in all samples studied. Mendelevici (1973) and Mende-
levici and Pertille (1976) reperted the presence of twe
partially reselved peaks at 1655 and 1630 cm . It is
well knewn that this effect cerrespends te bending
medes of abserbed and zcelitic water.

In Figs. 4 and 3, the regien of the lewest wavenum-
bers can be seen. Between 1200 and 400 cm ' charac-
teristic bands ef silicate can be ebserved, mainly these
cerrespending te Si—@ bends in the tetrahedral sheet,
and alse te M-@ stretching vibratienal bends. This
interval ef wavenumber is very cemplex because the
lattice medes alse have an influence in this regien eof the
spectra. Fer this reasen there are few interpretatiens
published abeut this regien in palygerskite spectra.
Hewever, it is especially interesting because it prevides
infermatien abeut the nature ef the ectahedral sheet.

Frest et al. (2001) assigned the abserptien feund
between 1160 and 1115 cm ' te Si-@ stretching
medes and these between 986 and 655 cm ' te M-
OH defermatien. When the spectra of the samples are
cempared, seme impertant differences are feund. The
first peak that appears in this regien in all samples
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Fig. 5. FTIR specira in the region between 450 and 968 cm ' of the
palygorskites studied.

studied is lecated at 1190 cm ' (labelled as 1 in Fig.
4c). Mendelevici (1973) reperted this peak as charac-
teristic of palygerskite. It is impertant te nete that it
decs net appear in ether clay silicates, except in sepi-
elite. Vicente Redriguez et al. (1996), in the study ef
several phyllesilicates and their structural medifica-
tiens during acid treatment by FTIR, feund the peak
at 1190 cm ' in sepielite and palyserskite, but net in
lamellar clay minerals. The structure ef palygerskite
and sepielite, with periedical inversien ef apical exy-
gen in tetrahedra, presents an Si—@-Si bend between
alternative ribbens (Fig. 4a). This bend is particularly
neticeable in FTIR spectra with the abserptien at 1190
cm ' (Yariv, 1986).

At lewer wavenumber there is a deublet placed at
areund 1100 cm ' (labelled as 2 in Fig. 4c) that may
cerrespend te M—@ stretching vibratiens (Blance et al.,
1989) or Si—@ (Ausgburger et al. 1998; Frest et al,
2001). The first peak, at 1084 cm ', appears in all
samples, with the best definitien in the YUC sample
(the mest crystalline sample). The secend peak, at 1116
cm !, appears as a sheulder in the ES@ sample, and its
intensity may be related te the diectahedral character.

The mest intense peaks at 930 and 1024 cm ' are
these cerrespending te stretching ef the Si—@ bend



(Blance et al., 1989). In all samples studied, the pesitien
and intensity ef beth peaks are similar.

With respect te the peak that appears at 910 cm ',
as can be seen in Fig. 4c (labelled as 3), this shap
peak is present in all spectra but with different inten-
sity, the mest intense peak cerrespends te the LIS
sample. There is geed ceincidence in bibliegraphy
with respect te the assignatien ef this peak (semetimes
reperted at 912 cm '). This peak cerrespends te Al—
Al-@H defermatien, and it is a censequence ef the
deminantly diectahedral character of palygerskite
(Madejeva and Kemadel, 2001). Fer Augsburger et
al. (1998) this band alse encleses the symmetric
stretching mede @'—Si@;. If the intensity ef the peak
(measured by difference ef the intensity at 918 cm ')
is taken inte acceunt and is cerrclated with crystal-
lechemical parameters, it will be neted (lo;5 o 1 In
Table 2) that this peak is directly related te the Al
centent (cecfficient ef cerrclatien 0.918).

There is a small sheulder centred at 860 cm ' (Fig.
4c, labelled as 4). This sheulder has been adscribed te
the bending vibratien mede eof Al-Fe—@H bend (Fig.
3b), by Farmer (1974) fer smectite and Chahi et al.
(2002) fer palygerskite. This assignatien is in agree-
ment with the intensity ebserved in the spectra eof the
samples studied, because the highest intensity cetre-
spends te the TOR sample (labelled as 3 in Fig. 4c),
the richest in Fe of the palygerskites studied. Madejeva
and Kemadel (2001) interpreted the sheulder at 860
cm ' as due te the Al-Mg—@H bend, in which case
the sample with the greatest intensity fer this effect must
be the ATT sample, the mest diectahedral sample with
lewest R*>* value (Table 1), but this is net experimen-
tally feund.

Fer Fammer (ep. cit.) and Chahi et al. (2002), the
presence of Al-Mg—@H bends preduces an abserptien
at 834 cm '. This effect is net ebserved in the paly-
gerskites here studied, neither in the mest diectahedral
enes (LIS, YUC and ATT samples). If the assignatien at
the AI-Mg—@H bend is taken inte acceunt, this means
that in these samples the Mg eccupy the M2 pesitien. If
enly Al and Fe*" eccupy M2 pesitien, then there may
be a percentage ef vacancies in this pesitien fer diecta-
hedral samples, because R*>* ranges between 1.95 and
1.72, but this dees net seem pessible. Hewever, bearing
in mind that there are Mg in excess fer M3 pesitien, it is
pessible te assume that this catien alse eccupies a small
percentage of M2 pesitien (as in Fig. 4b). The Mg
centent eccupying the M2 pesitien ranges between 1/
10 and 1/7 per half-cell in the LIS and ATT samples
respectively, but this is tee small te give a clear spectral
respense.

The interpretatien ef the lewest wavenumber regien,
that cerrespends te 450—700 cm ', is very preblematic
because “this part ef the spectrum is ef cemplex erigin,
with centributien frem Si—@®-Si and @'-Si@®; bending
vibratiens and lattice medes” (Augsburger et al., 1998).
Fer this reasen, and because the spectremeters have
lewer capacity ef reselutien in this regien, there are
very few references te this IR regien in palygerskite.
Mercever, this regien is impertant because in the se-
quence of Si—@—-M-@-Si bends, a very impertant fac-
ter is the nature of M (Mg, Al Fe..) while the
triectahedral or diectahedral surreunding has less influ-
ence. When the samples are cempared (Fig. 5) it is
pessible te ebserve impertant differences and similari-
ties, which can be related te chemical cempesitien ef the
ectahedral layer. There are three bands placed at 480,
578 and 647 cm ! that appear almest with the same
intensity in all samples. It is pessible te assume that
they are net influenced by the ectahedral cempesitien
and therefere, they are related te bends cerrespending te
tetrahedral sheet. @n the centrary, the bands that appear
at 510 cm ! and the sheulder at 676 cm ! (labelled as 1
and 2 in Fig. 5, respectively) vary in intensity fer differ-
ent palygerskites and thus permit, fer the first time, the
assignatien ef beth bands. As with the 3616 and 912
cm ! peaks, the intensity of the 510 cm ' peak was
cerrelated with crystallechemical parameters and, as can
be seen (Is;¢ cm @ in Table 2), this peak is directly
cerrclated with the Al ectahedral centent (cerrclatien
cecfficient=0.924) and by analegy with smectite, this
band is prebably due te Si—-@—Al(IV). The sheulder at
676 cm ! is related te the Mg centent, and fer Chahi et
al. (2002) this band is prebably due te bending Mg;—
OH, but the effect due te the stretching mede ef this
bend decs net appear in the samples here studied.

While it is ebserved that the lewer is the centent in
Al, the lewer is the intensity ef the related FTIR effects,
the increase in the Mg centent is net reflected as a
parallel increase in the intensity ef the effects invelving
this element. @nly the higher intensity in the sheulder at
670 cm ' runs parallel te the increase if Mg centent. @n
the centrary, the substitutien in tetrahedral sheet is net
easily detectable.

4. Conclusions

Several palygerskites with different chemical cem-
pesitien have been studied: feur diectahedral samples
and twe with higher triectahedral character. Differences
in cempesitien ef the ectahedral sheet enly seem te
affect the M2 pesitiens. All palygerskites here studied
and these reperted in bibliegraphy centain mere than 2



atems eof Mg per half-cell, therefere there is always
eneugh Mg te cemplete M3 pesitiens. Al eccupies
M2 pesitiens in all samples studied, and if there is
isemerphic substitutien ef Al by Fe this element alse
eccupies M2 pesitiens. If the sum of AV and Fe*" is
less than 2 then Mg may alse eccupy this pesitien.

In the spectra, the vibratiens cerrespending te M3—
OH; bends are similar because there is always eneugh
Mg te cemplete M3 pesitien. Since the M2 pesitien is
that which reflects the chemical variatiens, 2M2-@H
bends have the greatest influence in spectra and reflect
these differences. If several palygerskites are cempared
it is pessible te identify these which present the high-
est Al centent (mest intense, 912 and 510 cm '
peaks), the highest Fe centent (3590 cm ' and 330
cm ' sheulders), and the highest diectahedral charac-
ter (mest intense 3616 cm ! peak).

The decrease ef the intensity ef the mest character-
istic peaks in the spectra ef palygerskite is clearly
related te the increase in Mg centent. In the mest
triectahedral samples it is alse pessible te determine
whether there are Mg-rich clusters (with twe centigueus
M2 pesitiens, and the cerrespending M1, eccupied by
Mg) or whether the distributien ef the “excess” of Mg is
aleng the ectahedral ribben, but witheut 3Mg—@H
triectahedral bends. The twe Mg-palyserskites here
studied have ne triectahedral Mg bends because the
3630 cm ! peak is net feund.
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