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Abstract— Infrared absorption spectra show important changes in the positions and form of the
absorption bands of a film of attapulgite after it has been pumped out. An attempt to differentiate
among some of the multiple frequencies due to OH groups is based on the information obtained from
dehydration and deuteration experiments. The 1198 cm™ shoulder, characteristic of attapulgite, is
assigned to a Si-O vibration. When attapulgite is refluxed with SN HCl for 5 hr the octahedral layer is
dissolved. The acid attack causes the disappearance of the Si~O-Si absorption bands from attapulgite
giving rise to a characteristic vibration at 1090 cm™, as well as another absorption at 960 cm™. The

latter indicates the presence of silanol groups.

INTRODUCTION
THE ir. spectra of attapulgite have been re-
ported by Gonzalez Garcia ef al. (1956) and by
Otsuka et al. (1968). Also, infrared studies of
heated attapulgite have been published (Ovchar-
enko, 1966; Hayashi et al., 1969; Taracevich,
1970).

The object of this work is to present additional
information on the behavior of attapulgite when
evacuated. Moreover, some interpretations regard-
ing the frequencies of the OH groups are based on
isotopic exchange experiments.

Another aspect of this work deals with the
modification of attapulgite upon HCI attack. I.R.
spectra of HCI treated attapulgite have not been
previously reported.

EXPERIMENTAL

Materials

The material examined in this study was the 43
Georgia attapulgite as supplied by Ward’s Natural
Science Establishment. The cation exchange capa-
city is given as 30 mequiv per 100g. This material
was suspended in water and the fraction finer
than 2um siphoned off. A portion of this frac-
tion was saturated with Ca?* by washing three
times with a 1N solution of the chloride and centri-
fuging. Excess salt was removed by washing with
distilled water until a AgNQ, test for chloride was
negative. Unless otherwise indicated the term
“attapulgite” employed henceforth will refer to the
above prepared sample.

*Part of this work has been done at the Soil Sciences
Department, Michigan State University, East Lansing,
US.A.

Dehydration

Thin self supporting films (2-3 mg/cm?) were
prepared by drying an aqueous suspension of
attapulgite of suitable concentration in aluminum
foil dishes. The suspensions had been dispersed for
3 min by ultrasonic vibration.

For the dehydration and deuteration experi-
ment, the resulting films were mounted in an
evacuable brass cell fitted with NaCl windows.
The vacuum inside the cell, after pumping for 30
min was about 25 X 10~® mm Hg. The cell could
be heated to 100°C and the temperature measured
by calibrated thermistors.

Deuteration

Isotopic exchange of hydrogen with deuterium
was carried out at 20°C (room temperature) and at
100°C. In the latter case the procedure was as
follows: admission of H,O-free D,O in contact
with the film; evacuation of the cell; and repetition
of this process 6 to 7 times during 1hr, while
maintaining the cell at 100°C.

Infrared spectra (4000-600 cm™!) were recorded
on a Beckman i.r.-7, double beam spectrophoto-
meter fitted with NaCl prism and gratings. The
films were always oriented normal to the incident
beam.

HCltreatment

1:00g of Georgia attapulgite was ground to
colloidal size and transferred to a 250 ml round
bottomed flask. Then 70 cm® of hydrochloric acid
(32 per cent) was added, followed by 70cm?®
distilled water. Two such mixtures were refluxed
for 5 and 9 hr. After each period, the solid was
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separated and washed until free of Ci~ and then
dried in an oven.

For the ir. study, 1 per cent transparent discs
of the dry sample were prepared using potassium
bromide of spectroscopic grade. An evacuable
die was used for the preparation of the discs.

The i.r. spectra of these discs were recorded
using a Perkin-Elmer 621, double beam spectro-
photometer.

RESULTS AND DISCUSSION

Dehydration

The spectra shown in Fig. 1 reflect the changes
in the absorption bands of a film of attapulgite
resulting from evacuation at ambient beam tempera-
ture. Thus, the vibrations at 915 and 1198 cm™
virtually disappear as a new absorption at 930 cm™*
becomes evident. The large and dissymetric band
at 1655-1660 cm™! becomes sharp and symmetri-
cal about a maximum at 1625 cm™* (Figs. 1 and 2).
Simultaneously the 3330, 3400, 3555 and 3595
cm™! absorption bands are removed, the last two
being shifted to 3520 and 3570 cm™! respectively.
The intensity of the 3625 cm™ band is increased.
The spectra in Fig. 2, which cover the stretching
and deformation regions of the OH vibrations,
show also the partial and complete rehydration of a
film of attapulgite due to evacuation and heating at
50 and 100°C. It can be easily seen that total re-
hydration, brought about by leaving the film in
contact with atmospheric moisture during the night
at 20°C (ambient temperature), completely regener-
ated the original absorptions of attapulgite (Fig. 2
d).

Without evacuation, the same results are not
obtained. Thatis, when attapulgite was only heated,
the absorption bands did not show any major modi-
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fication until the temperature reached 400°C. Simil-
ar results have been reported by Hayashi et al.
(1969).

Deuteration

Exchange with D,O at 100°C has reduced by 80
per cent the intensities of the 1625 and 3525 cm™
absorption bands, shifting them to 1217 and 2595
cm™ respectively (Fig. 3). The intensity of the
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Fig. 2. L.R. spectra of attapulgite films after: (a) evacua-

tion at 50°C, (b) evacuation at 100°C, (c¢) partial re-

hydration at room temperature, (d) total rehydration at
room (ambient) temperature.
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Fig. 1. LR. spectra (4000-600 cm™) of: (a) attapulgite at ambient beam temperature; (b) after evacua-
tion at ambient beam temperature for 30 min.
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Fig. 3. LR. spectra of attapulgite after: (a) evacuation at 100°C, (b) deuteration at 100°C.

3625cm™! band is only slightly diminished; its
corresponding deuteroxyl appears at 2705 cm™.
The weak peak at 3730 cm™ on the evacuated atta-
pulgite (Fig. 3a) is also affected by deuteration; its
counterpart may be observed at 2760 cm™. The
isotopic ratios of frequencies OH:0D for the
1625, 3525, 3625 and 3730 cm™! vibrations are
1-:34,1-35, 1-:34 and 1-35 respectively.

Rehydration of the above deuterated films, by
leaving them in contact with atmospheric water for
3 hr, leads to the reappearance of the original
frequencies of attapulgite, including that at 3730
cm™?,

Physically sorbed water was removed from atta-
pulgite by evacuation and heating, as is shown by
the disappearance of the 3400 cm~ frequency (Figs.
1 and 2). This frequency can be ascribed to the
vibrational stretching modes of associated water
molecules.

The disappearance of the 3400 cm™ frequency
is matched by the shift of the 3555 cm™ band to
3525 cm™. At the same time the H-O~H deforma-
tion band at 1660 cm™ is shifted to a lower frequen-
cy at 1625 cm™. This result suggests that energeti-
cally different hydrogen bondings may be involved.
The fact that the bands at 3525 and 1625 cm™ are
affected by deuteration in a parallel manner (Fig. 3)
indicates that they could arise from the same
source.

From the continued presence of the 3625 cm™
absorption after the disappearance of the 3555 and
3400 cm™ bands upon dehydration, it seems that
the species responsible for this vibration are differ-
ent from those associated with the other absorption
bands observed in the 3000-4000cm™! region.
From the deuteration results we can conclude that
the OH which produces the band at 3625 cm™
must be located in inaccessible positions in atta-
pulgite minerals.

The absorption at 3625 cm™ in the H,O system
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of Mg-saponite has been interpreted by Farmer
and Russell (1971) as corresponding to bonds to
uncharged surface oxygens. Frequencies below
3625 cm™ are assigned to hydrogen bonding to the
oxygen of an Si-O-Si linkage, and the lower
frequency components to water-water bonds and
to H-bonding to the oxygen of an Al-O-Si linkage.

According to Farmer and Russell (1971), when
saponite and other trioctahedral layer silicates are
evacuated, the chains of water molecules are
shortened. This shortening would lead to a tri-
hydrate configuration, which might be responsible
for a reduction in the effective symmetry in the sili-
cate lattice and be the cause of perturbation of the
Si-O vibrations. A similar interpretation would
explain the disappearance upon evacuation of the
1198 cm™* band (assigned to a stretching Si-O
vibration) in attapulgite (Fig. 1). Since the frequen-
cy at 1198 cm™! has not been reported for any other
clay silicate it appears to be characteristic of
attapulgite.

Absorption bands at 1200cm™ arising from
silicon-oxygen bonds, have been mentioned by
Fripiat et al. (1963) in silica gel prepared from ethyl
orthosilicate and by Benesi and Jones (1959) in
amorphous forms of silica.

The shoulder marked at 3730 cm™ in attapulgite
(Fig. 3a) could be due to the presence of silica im-
purity as has been shown for example in rutile by
Jones and Hockey (1971). On the other hand,
absorption bands at 3740 cm™! have been men-
tioned by Angell and Schaffer (1965) in zeolites
and by Cannings (1968) in sepiolite and ascribed in
both cases to Si-~OH vibrations.

HCltreatment

The ir. spectra of acid-treated Georgia atta-
pulgite (Fig. 4) show that as the absorption band at
915cm™ is removed, characteristic vibrations
appear at 800 and 955-60 cm~'. The latter band
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Fig. 4. L.R. spectra of discs of: (a) Georgia attapulgite, (b) after 5 or 9 hr boiling with HCI 5N.

has been attributed to the Si-O-H angle deforma-
tion vibration (Fripiat et al., 1963).

Absorptions at 800 and 970 cm™! have also been
reported by Gastuche (1963) in HCl treated biotite
and at 960 cm™ by Fripiat and Mendelovici (1968)
in HCI treated chrysotile. Thus, the 960 cm™
vibration in HCI treated attapulgite must arise
from silanol groups. Moreover the large band at
1660 cm™ in attapulgite is considerably reduced
upon the HCI treatment, whereas the OH stretch-
ing vibrations are replaced by a very broad band
covering the OH stretching region.

After Shr of acid attack the dissolution of the
attapulgite octahedral layer is inferred from the
development observed in the absorption bands due
to Si-O vibrations. Thus, the absorptions at 985,
1030 and at 1198cm™ are converted into one
characteristic band at 1090 cm™! (Fig. 4). Similar
results have been observed in HCI modified chryso-
tile by Fripiat and Mendelovici (1968).

Studying the HCI modification of attapulgite
both by X-ray and DTA, Nathan (1968) also con-
cluded that strong acid attack dissolves completely
the octahedral layer of this silicate.
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Résumé — Les spectres d’absorption infrarouge montrent des modifications importantes dans la posi-
tion et la forme des bandes d’absorption d’un film d’attapuigite, aprés que ce dernier ait ét¢ mis sous
vide par pompage. On essaie de faire une différenciation entre les multiples fréquences dues aux
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groupes OH, en se fondant sur les informations obtenues lors d’expériences de déshydratation et de
deutération. L’épaulement 2 1198 cm™ caractéristique de I'attapulgite est attribué i une vibration
Si-0. Lorsque lattapulgite est traitée a reflux par H C1 5 N pendant 5 heures, la couche octaédrique
est dissoute. L’attaque acide entraine la disparition des bandes d’absorption Si-O-Si de I'attapulgite,
et donne naissance a une vibration caractéristique a 1090 cm™!, ainsi qu’a une autre absorption &
960 cm™1. Cette derniére indique la présence de groupes silanol.

Kurzreferat—-Nach Evakuierung eines Attapulgit-Filmes zeigen die Infrarot-Absorptionsspektren
wichtige Veridnderungen in Lage und Form der Absorptionsbanden. Aufgrund der Informationen, die
aus Dehydratisierungs- und Deuterierungsversuchen erhalten wurden, wird der Versuch unternommen,
zwischen einigen der vielfachen durch OH-Gruppen hervorgerufenen Frequenzen zu unterscheiden.
Die fiir Attapulgit charakteristische 1198 cm~! Schulter wird einer SiO-Schwingung zugeordnet. Bei
Sstiindiger Behandlung von Attapulgit mit 5 n-HCI unter RiickfluB wird die Oktaederschicht auf-
gelost. Der Siureangriff bewirkt das Verschwinden der Si-O-Si-Absorptionsbanden des Attapulgit
und liBt eine charakteristische Schwingung bei 1090 cm™, sowie eine weitere Absorption bei 960 cm™!
entstehen. Letztere zeigt das Vorliegen von Silanol-Gruppen an.

Pe3slome — MH$ppakpacHpie CIEKTPHI MOTTIOWEHHS TIOKa3biBaIOT BAaXHbIC U3MEHEHHS B MONOXKESHHAX
¥ B opMe moNoc coexTpa MOTJIOICHHS IUIEHKH aTTamy)IbIUTa, Nocie Boikayku. Ilonbitka qudde-
PEHIMPOBAHUSI MEKAY MHOTHMH YacTOTaMM BclencTBMe npucytcrsus rpymn OH ocHosaHo Ha
HHGOpPMaIMH YIOJIyYEeHHOR ONMBITAMH AerHApaTauMu ¥ peiitepuposanus. «Ilnewo» 1198 cm~!,
XapaKTepHOe JJIs aTTalyJIbTMTa, OTHOCAT 3a cueT BuOpaumit Si-O. Ecnu HarpesaTh aTTallyJbrHT C
5N HCI B TeueHne 5 yacoB, TO paCTBOPAETCs OKTA3APANBHBIN CJIOK, ArpecCHBHOE IEHCTBAE KHCIOTEI
NpHYMHSET HMCYC3HOBEHME M3 aTTaly/IbIHTa TIOJIOC CHEKTpa morjouleHus Si—0-Si, 4To BemeT X
xapakTepHo#i BuOpaimu npa 1090 cM™?, Taxke Kak ¥ X 00GaBOYHOMY HOTJIOIUEHHIO TpH 960 cM 1.
ITocnenHee yka3piBaeT HA IPUCYTCTBHE IPYINI CHIIAHOMA.
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