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‘.Abstract. The paper presents studies of the sorption properties of Na-montmorillonite and its
derivatives obtained by modification with methyl- and ethylamine chlorides and n-octadecylamine.
Argon, benzene and water were used as adsorbates. Experiments have shown that the sorption ca-
pacity of modified montmorillonite changes markedly compared with that of untreated sample,

INTRODUCTION

Organic derivatives of montmorillonite, particularly those containing alkylo-
mmonium cations, have been the subject of extensive studies due to their interesting
physico-chemical properties. Generally speaking, organic montmorillonite complexes
formed as a result of substitution of organic for inorganic ions are characterized by
the rigidity of structure, and in the case of short-chained alkyloamines, by the acces-
sibility of interlayer spaces to the molecules of certain adsorbates. Hence, in contrast
to untreated montmorillonite, this group of organic montmorillonite complexes
shows good sorption properties, especially with respect to inert gases (argon, nitro-
gen) (Barrer, Macleod 1954; Barrer, Macleod 1955; Barrer, Reay 1957; Barrer,
Brummer 1963; Barrer, Millington 1967, and others).

It is generally held that the sorption of argon on Na-montmorillonite takes place
only at the external surface. Some investigators, e.g. Thomas and Bohor (1968),
noticing a marked increase in the sorption capacity of Na-montmorillonite during
N, and CO, sorption, maintained that the molecules of apolar sorbates were also
able to penetrate into the interlayer spaces of montmorillonite.

Aylmore (1977) found that the nitrogen sorption on Na-montmorillonite de-
pends mainly on the method of outgassing of samples. Water remaining in the
system promotes the penetration of adsorbate into the structure of the mineral,
and this accounts for the increased sorption capacity observed by Thomas. Frqm
the paper published by Zyta (1973) it appears that the vacuum-heating of montmoril-
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lonite at 383—413 K enhances markedly the argon sorption. The cited _authpr
attributes this phenomenon to the fact that the interlayer spaces of montmorlllgmte
are being rendered accessible to argon stoms during the thermal-vacuum vadlﬁ.Cil-
tion. Knudson and McAtee (1974) studied the nitrogen sorption on mommqrnllomtes
containing sodium, barium and cesium cations, and found that no sorption occu-
rred in the interlayer spaces.

The sorption of gases and vapours of apolar substances takes place undoubtedly on
montmorillonite with organic cations in the interlayer spaces. The size of this effective
free space, as well as the surface area of the complex being formed, depends on @he
specific volume of the penetrating organic cations, their orientation and packing
density in the interlayer spaces of montmorillonite. The resulting internal porosity
accounts for the pronounced increase in the sorption of gases and vapours of apolar
substances.

EXPERIMENTAL

Adsorption studies were carried out on organic montmorillonite complexes ob-
tained by the substitution of alkyloamine for inorganic cations. Montmorillonite used
for investigations was separated by sedimentation from bentonite of the Chmielnik
deposit. Methyl- and ethylamine hydrochlorides and pure octadecylamine were used
as modifiers. Further on, the derivatives of methyl-, ethyl- and octadecylamine mont-
morillonite will be designated respectively as MEA-, ETA- and OKT-Mt.

The modification was carried out by stirring and heating Na-montmorillonite
water suspension with 1 n alkyloammonium salt solutions, and in the case of n-octa-
decylamine, with alcohol solution. After decantation the sediment was filtered, washed
until the reaction to chloride ions was negative (in the case of salts), and dried at
323 K.

The isotherms for water and benzene vapour sorption were obtained at 298 K and
for argon sorption at 77.5 K. Prior to measurements, the samples were outgassed to
a pressure of 1.33.10~7 Pa at 378 K for Na-montmorillonite and at 323 K for modified
samples.
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RESULTS

The primary parameter characterizing a porous adsorbent is the limiting volume
of its adsorption space, i.e. micropore volume. Using the linear form of Dubinin-
-Raduszkiewicz’s equation for argon adsorption isotherms at very low pressures
(Fig. 1), the volume W, and the equation constant B were determined for each sam-
ple. The results are given in Table 1.

The poor argon sorption on OKT-Mt Table 1
appeared to be non-measurable at low Parameters of the Dubinin-Raduszkiewicz-
pressures of this adsorbate. From Table 1 -equation for the investigated samples
it is evident that the micropore volume of
ETA- and MEA-Mt samples increases Sample | Na-Mt |MEA-Mt| ETA-Mt
markedly compared with the volume of
the untreated sample. : Wemdg | 00218 | 00354 | 00615

The constant B is connected with the Bx10-6 | 1.87 187 0.64
porous structure of adsorbent. Its least / : i
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Fig. 2. Adsorption isotherms of ar-

gon on Na-montmorillonite (1),
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T A o i G A PR ALl ek [

value for ETA-Mt points to the strongest interaction between argon atoms and the
surface of this sample. ;

The argon adsorption isotherms obtained over the full range of rqlatlvc pressures
are shown in Figure 2. From their shape the volume of adsorbed gas (in cm® of llguxd
sorbate/l g of adsorbent) at relative pressures P/P,=0.2, 0.4, 0.7 was determined
(Table 2). The greatest sorption capacity with respect to argon has been noted for the
sample modified with ethylamine hydrochloride. The decreased argon afisorptnon
on OKT-Mt can be accounted for by the blocking of intergranular porrosity by the

organic substance. : : . 3
From isotherms obtained for benzene sorption (Fig. 3) it appears that the sorption
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of benzene vapours on samples modified with methyl- and ethylamine hydrochlorides
increases markedly. This is due to the higher degree of accessibility of the interlayer
spaces of modified samples to flat benzene molecules, and to the change in the chemi-
cal character of the sample surface from hydrophilic to hydrophobic. It follows
therefore that benzene molecules react better with organic cations than with
polar centres in the structure of
Table 2 montmorillonite. Owing to their flat
Sorption capacity of the investigated samples with  gstructure, the molecules of this ad-
respect to argon sorbate can adjust to the shape of
free spaces being formed between the
r/po | Na-Mt IMEA-Mt| ETA-Mt| OKT-Mt|  organic cations (Barrer 1955). From
the further studies of Barrer (1957,
0,022 | 0035 | 0,072 | 0,001 1967) it appears that benzene mole-
cules sorbed by organic montmori-
0.4 0025 | 0045 | 0080 | 0002 llonite complexes are arrangec.i' in
a single layer, assuming a position
normal to the interlayer surfaces.
| l sl (il s o Also taking into consideration the
strong interaction between m-elect-
rons of benzene molecules with organic cations, it becomes evident that the benzene
vapour sorption on modified montmorillonite must be high.

The low sorption of benzene vapours on OKT-Mt (lower than the sorption on the
untreated sample) substantiates the hypothesis that octadecylamine blocks not only
the interlayer pores but, to a large extent, also the porosity resulting from the random
arrangement of montmorillonite grains.
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Fig. 3. Adsorption isotherms
of benzene vapour on Na-
-montmorllonite (), MEA-
-montmorillonite (2), ETA-
-montmorillonite (3), OKT-
-montmorillonite (4)
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The hydrophobization of montmorillonite by the organic substances used is
al_so reflected in the shape of water vapour sorption isotherms (Fig. 4). A characteri-
stic phenomenon is the slight increase in the amount of sorbed water vapour shown
by MEA- and ‘ETA-Mt samples (up to the relative pressure P/P,=0.15), compared
with the sorption determined on untreated montmorillonite. T‘l.lis incre,ase can be
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accounted for in the following way: the alkylammonium cations push apart the layers
of montmorillonite and thus render other polar centres accessible to water molecules.

At relative pressures higher than 0.15 the water vapour sorption on MEA- and
ETA-Mt samples is considerably lower than the sorption on untreated montmorillo-
nite. This is due to the blocking of polar centres of modified montmorillonite by the
cations of organic substances. The isotherms determined for water vapour sorption on
untreated montmorillonite is a steeply rising curve, which is due to systematic swelling
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occurring under the influence of water molecules being sorbed. The isotherms obtain-
ed on organic montmorillonite derivatives at relative pressures P[P, =0.2—0.9 have
a shape of slightly rising curves, which evidences that their structure has become rigid.

Compared with MEA-Mt sample, ETA-montmonllom.te shows a greater decree}se
in the water vapour sorption. The water vapour sorption determmed at'relatlve
pressures P/P, — 0.05—0.25 is lower still on OKT-Mt sgmple. The increase in water
vapour sorption on this sample, observed aboye a relative pressure of 0.25, is due to
the penetration of water molecules into the mterlayer spaces through .the ;xtemal
layer of octadecylamine. It follows therefore that this form of montmorillonite does
not have a rigid structure, which is presumably due to the small amount of octadecy-
lamine molecules in the interlayer spaces of montmorillonite. g

From the above studies it is evident that the best results in t_he modification of
montmorillonite with alkyloamines are obtained using ethylamine hydrochloride.
The ETA-montmorillonite modification shows high argon and benzene vapour
sorption and very low water vapour sorption.

Translated by Hanna Kisielewska
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Elzbieta BODEK, Mieczyslaw ZYEA

WEASNOSCI SORPCYJNE MONTMORILLONITU MODYFIKOWANEGO
SOLAMI AMIN ALIFATYCZNYCH

Streszczenie

W pracy przedstawiono wyniki badaf wlasnosci sorpcyjnych pochodnych orga-
nicznych montmorillonitu uzyskanych na drodze modyfikacji chlorowodorkami
metylo- i etyloaminy oraz n-oktadecyloamina.

Z przebiegu izoterm sorpcji argonu wynika, Ze najwigksza chtonnosé sorpcyjng
wykazuje montmorillonit modyfikowany chlorowodorkiem etyloaminy. Widoczne
zmniejszenie adsorpcji argonu w przypadku pochodnej oktadecyloamonipowego
montmorillonitu thumaczy¢ mozna blokowaniem porowatosci miedzyziarnowej przez
substancje¢ organiczna.

Analog.i_czne zmiany chlonnosci sorpcyjnej badanych prébek zaobserwowano
PIzy sorpcji par benzenu. Przyczyng zwigkszonej sorpcji na probkach metylo- i etylo-
amoniowego montmorillonitu jest wzrost dostepnosci przestrzeni mi¢dzypakietowe j
modyfikowanych prébek dla plaskich czasteczek benzenu, oraz zmiana chemicznego
charakteru powierzchni prébek z hydrofilnej na hydrofobows. Niska sorpcja par
benzequ na po.chodnej oktadecyloamoniowego montmorillonitu (mniejsza od sorpcji
na probee wyjsciowej) potwierdza mozliwo$é blokowania przez oktadecyloamine
nie t.ylko porowatosci miedzypakietowej, lecz w duzym stopniu porowatos$ci Wywo-
lanej swobodnym ulozeniem ziarn montmorillonitu.

Roéwnolegle przeprowadzone badania sorpeji par wody wykazaly zmniejszenie

chionnosci sorpeyjnej probek modyfikowanych substancjami organicznymi w odnie-

sieniu do chtonnosci sorpeyjnej wyjsciowego montmorillonitu.
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Fig. 1. Izotermy adsorpcji argonu w zakresie niskich ciSnien na Na-montmorillonicie (1), MEA-
-montmorillonicie (2), ETA-montmorillonicie (3)

Fig. 2. Izotermy adsorpcji argonu na Na-montmorillonicie (7), MEA-montmorillonicie (2), ETA-
-montmorillonicie (3) i OKT-montmorillonicie (4)

Fig. 3. Izotermy adsorpcji par benzenu na Na-montmorillonicie (/), MEA-montmorillonicie (2),
ETA-montmorillonicie (3) i OKT-montmorillonicie (4)

Fig. 4. izotermy adsorpcji par wody na Na-montmorillonicie (7), MEA-montmorillonicie (2),
ETA-montmorillonicie (3) i OKT-montmorillonicie (4)
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Tab. 1. Parametry rownania Dubinina-Raduszkiewicza dla badanych probek
Tab. 2. Chlonno$¢ sorpcyjna badanych probek wzgledem argonu

Davocbema BOJIK, Meuucras KHITA

COPBLIMOHHBIE CBOVICTBA MOHTMOPHWJIJIOHUTA,
BUJIOUBMEHEHHOT'O COJIMHN AJTUPATUYECKUX AMHUHOB

Pesrome

B paboTe M3IararoTcsi pe3yabTaThl HCCIEM0BAHUA COPOLMOHHBIX CBOHCTB Opra-
HUYECKAX TPOU3BOJHBIX MOHTMOPHMJUIOHHMTA, ITOJIYYEHHbIX MYTEM BHIOW3MECHEHHS
XJIOPHCTOBOAOPOAHBIME METHJI- M STHIAMAHAMH, & TAKKE H-OKTACLHIOAMHHOM.

W3 xapakTepa W30TepM COPOLMM aproHa CIEAyeT, YTO HAUOOJIBLIYIO copﬁuum{:
HYI0 TIOLJIOIIAEMOCTh OGHAPYKMBAET MOHTMODPMIUIOHHT, MOAM(DHUHPOBAHHEIH
XJIOPHCTOBOJOPOMHBIM OTHIAMHHOM. 3aMETHOE YMEHblUeHHe aJACOpOUMH aproHa
B CJlyYae NPOM3BOJHON OKTA/IEUMIAMOHHEBOrO MOHTMODHJUIOHHTA MOXKHO 00Bs-
CHATH GIOKMPOBKOW MEK3EPHOBOH MOPUCTOCTH OPraHMYECKUM BEIIECTBOM.

AHAOTHYECKHE H3MEHEHHs COPOIMOHHOMN MOTIOIAEMOCTH H3Y4aeMBbIX 00pa3ioB
HabJT0aMCh TIpH COPOIMA TapoB Gen3ona. TIpHIHHO MOBBILEHHON cOpOMH Ha
obpasuax MeTWI- W 3THJIAMMOHHEBOTO MOHTMOPHJUIOHMTA SBIIACTCA YBEIMCHHC
JIOCTYIMHOCTH MEXMAKETHOTO TPOCTPAHCTBA BHIOM3MEHEHHBIX 0Opa3inoB  IUIA
IITOCKVIX MOJIEKYJI OEH30J1a, a TAakKe M3MEHEHHe XMMMUECKOIrO XapaKTepa IOBEpX-
HOCTH 06pa3ioB u3 ruapoduibHoi Ha ruapopodHyro. Hepemmkas copOuusi mapoB
6eH307a HA TIPOM3BOJHON OKTAJCHMIAMMOHHEBOIO MOHTMOPHIIIOHHTA (Menb1Ie
copOuMK HA MCXOTHOM 00pas3lie) MOATBEPKIAET BO3MOXKHOCTH 6noxup0f3xu OKTa-
JIEIANIAMUHOM HE TONBKO MEKIAKETHON IMOPHCTOCTH, HO M B GOJILIION CTENCHH
HOPHCTOCTH, BBI3BAHHON CBOOOMIHOI YMAaKOBKOH 36PEH MOHTMOPHJIIOHHTA.

OHOBPEMEHHO TIPOBEICHHBIE HCCIIEIOBAHUS COPOLMH MAPOB BOAbI 0OHAPY KNI
YMEHBIIEHHE COPOLMOHHON TOrJIOLAEMOCTH BHIOW3MEHEHHBIX OPraHHICCKHUM B~
IECTBOM OOpPa3loB IO OTHOLIEHHH K COPOLHOHHOM MOIJIOLAEMOCTH HCXOAHOTO
MOHTMOPHUJIJIOHUTA.
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OBBSICHEHUSI K ®PUT'YPAM

. M3oTepmsl ancopOim aprosa B JHana3oHe HU3KHX napjieHHi Ha Na-MOHTMOPHILIOHHTE

(1), MeA-MorTMOpWLUIOHATE (2), DTA-MOHTMOPHIIOHATE 3)

. M3otepmbl ancopbuum aprosa Ha Na-MOHTMOPWIJIOHHTE (1), MeA-MOHTMOPMILKOHKTC

(2), 9TrA-mouT™MOprUToHUTE (3) U OKT-MOHTMOPHJUIOHMTE @

. MizoTepmsl aacopbumii mapos Genzona Ha Na-MOHTMOPHIUIOHATE (I), MeA-MOBTMOPHII-

nonute (2), OTA-MoHETMOpHIIOHATE (3) M OKT-MOHTMOPHIUIOHATE “@)

. MzoTepmbl ancopbumi mapoB BOAbl Ha Na-MOHTMOPHJUIOHHMTE (1), MeA-MoBETMOpHII-

nonute (2), tA-MouTMOpHIUIOHHTE (3) B OKT-MOHTMOPHIIJIOHHTE “)

CIIMCOK TABJIMI{

Ta6x1. 1. Tlapamerpsl ypaBHerusi [y6unnna-Panylukesnya [Uis M3yyaeMeix obpasuos
Tabn. 2. CopbumoHHas MOrJIONIAEMOCTh M3y¥aeMbIX 00pa3lioB B OTHOIICHHH aprosa



