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Abstract. The paper presents investigations of sorption properties of H-montmorillonite
modified by urea, pyridine and rhodamine. Adsorption of organic cations in the interlayer region has
been determined basing on X-ray and IR spectroscopic investigations. The sorption properties of samples
(after heating at 50 and 550°C) with respect to water and benzene vapours were investigated.

INTRODUCTION

The replacement of the inorganic cations present on the clay surface by organic
ions brings about a modification of sorption properties of the mineral. The degree
of modification depends on the amount and chemical nature of organic cations.

In earlier publications (Zyla, Klapyta, 1976; Klapyta, Zyta, 1977) the sorp-.
tion properties of montmorillonite modified with long-chain organic cations
were determined. This paper presents the studies of sorption properties of H-
-montmorillonite modified by urea, pyridine and rhodamine. .

EXPERIMENTAL

Investigations were carried out on montmorillonite from Chmielnik. The
mineral was transformed into H-form by treatment with 0.1 n HCl solution.
Excess acid was washed out in a centrifuge with distilled water until the reaction
to ClI- ion was negative. Aqueous solution of urea, pyridine and rhodamine
was added to H-montmorillonite suspension, and the mixture was stirred for
two days. The samples were centrifuged and the excess of orgahic compounds

was washed out with distilled water.
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The specimens thus obtained were
subjected to X-ray and infrared spectro-
scopic analysis and their sorption pro-
perties were determined. The samples
were investigated after heating at 50
and 550°C.

RESULTS
X-ray investigations

The diffraction patterns of H-mont-
morillonite treated with urea, pyridine
and rhodamine (Fig. 1) show intense basal
reflections 00/ with the d,,, values of 15.9,
146 and 18.0 A* respectively. This is
due to protonation of urea and pyridine on
the clay surface and adsorption of
the cationic forms in the interlayer
region. Rhodamine is adsorbed by repla-
cement of interlayer H,O" ions. d,,, values
are conformable to the data for these
montmorillonite complexes (Theng, 1974).

Heating of samples at 5S50°C causes a
displacement of basal reflection on the
X-ray diffractograms of urea- and pyri-
dinium-montmorillonite to d,,, = 10 A.
This reflection is. broadened as the reflec-
tion of H-montmorillonite. On the X-ray
diffraction patterns of H-montmorillonite
treated with rhodamine and calcinated at
550°C the position of the basal reflection
001 corresponds to d,, = 13.0 A. This
reflections is sharp and not broadened.

Infrared spectroscopic
investigations

Infrared spectra of the samples studied
are presented in Fig. 2. The spectrum of
urea adsorbed by H-montmorillonite
(Fig. 2a) reveals the presence of ab-

Fig. 1. X-ray diffraction patterns of H-montmorillo-

nite treated with urea (a), pyridine (b), rhodamine

(c) and of the same samples heated at 550°C d, e,
f> respectively)

* 1A = 0.1 nm (SI).
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Fig. 2. Infrared spectra of H-montmorillonite treated with urea (a), pyridine (b) and rhodamine (c)

sorption bands at 1565,1634,and 1710 cm™! typical of urea-cation. The protona-
tion of adsorbed pyridine is observed in Fig. 2b. The absorption bands at 1490
and 1545 cm™! are due to the presence of pyridinium cations.

Thermal decomposition of organic cations adsorbed on the clay surface
causes disappearance of their absorption bands (Fig. 3). It is interesting to note
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Fig. 3. Infrared spectra of thermal decomposition products of urea-montmorillonite (a), pyridinium-
_montmorillonite () and rhodamine-montmorillonite (c)

83



that the 3630 cm~! band associated with stretching vibrations of OH groups
is shifted to 3650 cm~* after heating of samples above the decomposition tem-
perature of organic cations (550°C). Bands due to AIAIOH (920 cm“) and
AIMgOH (850 cm~!) are not observed in the spectra of heated samples (Fig. 3).
In the 800 —950 cm ™! region these spectra show an absorption band near 815 cm ™.
The above changes of infrared spectra are presumably due to liberation of pro-
tons from the interlayer organic cations at 550°C and their migration to the
octahedral layer towards negative charge sites. A consequence of such migra-
tion can be seen in perturbation of atomic groupings containing hydroxyls.

A weak absorption band near 3740 cm~! (Fig 3) may be attributed to SiOH

stretching vibrations.

Sorption investigations

The isotherms obtained for water
vapour sorption on H-montmorillonite
and complexes with urea, pyridine and
rhodamine are shown in Fig. 4. From
the adsorption isotherms the sorption
capacity with respect to water vapour was
calculated (Tab. 1).

As appears from the above results,
adsorption of urea on H-montmorillonite
brings about a small increase in the
sorption of water. The pyridinium cations
cause a notable decrease in sorption
capacity with respect to water. This capa-
city is 314.2 m?/g for H-montmorillonite

mmol/g

[ a;oJo‘xa‘solstﬁua‘yLﬁ
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Fig 4. Isotherms for water vapour adsorption
on H-montmorillonite (), urea-montmorillonite
(b), pyridinium-montmorillonite (¢) and rho-
damine-montmorillonite (d)
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Table 1
Sorption properties of H-montmorillonite com-
plexes and their thermal decomposition products

Sorption capacity
m?/g

Sample water benzene
50°C [ 550°C| 50°C|550°C]

H-montmorillonite| 314.2 | 81.9 | 66.5| 73.4
Urea-montmoril- | 348.7 | 64.9 | 99.3| 58.7
lonite
Pyridinium-mont- | 136.2 [122.5 |162.4| 60.9
morillonite
Rhodamine-mont- | 218.9 |124.9 |104.1| 75.0
morillonite

22 t mmol/g
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Fig. 5. Isotherms for benzene vapour adsorption

on H-montmorilionite (@), urea-montmorillonite

(b), pyridinium-montmorillonite (¢) and rho-
damine-montmorillonite (d)

mmol/g

Fig. 6. Isotherms for water vapour adsorption of thermal

decomposition products of urea-montmorillonite (a), pyri-

dinium-montmorillonite () and rhodamine-montmorillo-
nite (c¢)
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Fig. 7. Isotherms for benzene vapour adsorptior} on lherma}l

decomposition products of ureaAmontmoynlIonlte (a), pyri-

dinium-montmorillonite (b) and rhodamine-montmorillo-
nite (¢)
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MODYFIKACJA WLASNOSCI SORPCYJNYCH
H-MONTMORILLONITU PRZY ZASTOSOWANIU
MOCZNIKA, PIRYDYNY I RODAMINY

Sitre'szczeniie

W pracy przedstawiono wyniki badan nad modyfikacja wiasnodci sorpcyj
nych H-montmorillonitu przy zastosowaniu mocznika, pirydyny i rodaminy. Ad-
sorpcje kationow organicznych w przestrzeniach migdzypakietowych mineratu
stwierdzono metoda rentgenowska i spektroskopowa w podczerwieni. Dla
otrzymanych probek oznaczono takze wilasnosci sorpcyjne wzgledem par wody
1 benzenu.

OBJASNIENIA FIGUR

g. 1. Dyfraktogramy rentgenowskie H-montmorillonitu traktowanego mocznikiem (a), pirydyna (b),
rodaming (¢) oraz tych samych probek po prazeniu w 550°C (d, e, f)
- 2. Spektrogramy w podczerwieni H-montmorillonitu traktowanego mocznikiem (a), pirydyna
() i rodamina (c)
. 3. Spektrogramy w podczerwieni produktow rozkiadu termicznego komplekséw montmorillo-
nitu z mocznikiem (a), pirydyna () i rodaming (c)
. 4. Izotermy adsorpcji pary wodnej na H-montmorillonicie (a) i jego kompleksach z mocznikiem
(b), pirydyna (¢) i rodamina (d)
Fig. 5. Izotermy adsorpcji par benzenu na H-montmorillonicie (a) i jego kompleksach z mocznikiem
(b), pirydyna (c¢) i rodamina (d)
Fig. 6. Izotermy adsorpcji pary wodnej ma produktach rozkladu termicznego kompleksow H-mont-
morillonitu z mocznikiem (a), pirydyna (b) i rodamim (c) .
Fig. 7. Izotermy adsorpcji par benzenu ma produktach rozkladu termicznego komplekséw H-mont-
morillonitu z mocznikiem (a), pirydyna (b) i rodamim (c)
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3eHoH KIIATMbITA, Meyucnae XKbIJTA

MOAUNDPUKALINA AACOPMLUUMNOHHBIX CBOWNCTB
H-MOHTMOPUNINOHUTA MPU NMOMOILUU KAPBAMUNAA
NMAPUOANHA U POOAMUHA

Pesome

B cratee NPEACTaBNEHbl pe3ynbTaThl. uccneaoBaHuu Moamugukauuum aacopn-
UMOHHBIX CBOWUCTB H-MOHTMOpUNMOHUTAZ NpM noMoLyu kapbammaa, -nupuanHa u
poAaMuHa. AACOPBUMA OPraHUYECKUX KATUOHOB B MEXAYNAKETHbIX MNPOCTpaH-
cTeax 6bina obHapyxeHa peHTreHorpapuyeckum u MK-cnekTpockonuueckum
MeToaamy. Ana usyyaembix 06pas’LoB 6binu Toxe 0603HAYEHbI aACOPMNUUOHHbLIE
CBOWCTBA MO OTHOLIEHWIO K MapaMm Bogbl U GeHsona.
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OBbACHEHUA K ®UT'YPAM

. PentreHosckue AudpakTorpammel H-moHTMOpunnouuTa, obpaboTanHoro kapbamuaom (a),

nupuanHom (b), poaamutuom (c) n Tex xe obpasyos nocne obxura npu TemnepaType 550°C

(d, e f)

. UK-cnekTpbl nornowenns H-MmoHTMOpunnoHuTa, obpaboTanHoro kapbamuaom (a), nupu-

anHomM (b) u poaamunom (c)

5 MK-CneKprl nornouweHns nNpoAyKTOB TepMU4ECKOro pacnaga KOMNNEKCOB MOHTMOpWUNNO-

HuTa ¢ kapbamMuaom (a), nupuautom (b) u poaamurom (c)

. W3oTepmbl ancopbunu BoasHoro napa Ha H-MoHTMOpunnoHuTe (d) M ero kKomnnekcax ¢ Kap-

6amupom (b), nupuanHom (c) u poaamuHom (d)

. M3oTepmbl aacopbumu napos Gensom Ha H-MoHTMOpunnoHuTe (0) u ero KoMnnekcax ¢ Kap-

6amuaom (b), nupuanHom (c) u popamuHom (d)

5 M!oTeprl a.qcop6uun BOAAHOIMO nNapa Ha nNpoAyKTax TepMUYecKoro pacnaza Komniekcos

H-moHTMopunnonuTa ¢ kapbamuaom (a), nupuaunom (b) u poaamuuom (c)

. M3oTepmbl apcopbuuu napoe 6GeHsom Ha npoayKTax TEpMUYECKOro pacnaga KoOMNNeKkcos

H-monTMopunnoHnuTa ¢ kapbamugom (a), nupuaunom (b) u poaamuuom (c)



