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SORPTIVE PROPERTIES OF FLUOR-HYDROXY-ALUMINIUM
COMPLEXES OF MONTMORILLONITE

Abstract. When specific modification procedure is adopted, the introduction of fluor-hydro-
xy-aluminium polycations into the interlayer spaces of montmorillonite produces a rigid complex
with a definite pore structure. The polymeric polycations undergo reversible rehydration at tem-
peratures up to 550°C, whereas at higher temperatures they pass into unhydrating-aluminium
oxyfluoride groupings. These properties have been documented by X-ray studies (Table 1). The
increase in sorptive capacity (argon) relative to the untreated sample is due to the development
of microporous structure (Table 2). Calcination brings about the decrease in sorptive capacity,
attended by the decrease in micropore content in the total porosity of the sample.

INTRODUCTION

The interesting properties of montmorillonite complexes obtained by the intro-
duction of complex hydroxy polycations of different metals into the exchange posi-
tions of this mineral (Brindley, Sempels 1977 Yamanaka, Brindley 1978; Shabtai
1979) are largely due to their specific sorption properties. The present studies were
carried out on dioctahedral montmorillonite with fluor-hydroxy-aluminium poly-
cations introduced into the interlayer spaces. The conditions of synthesis of polyca-
tions containing fluorine were described by Fijal and Olkiewicz (1983).

The sorptive properties of the resulting montmorillonite complexes and their
porosity were determined from low-temperature argon adsorption and desorption,

as well as from densimetric and porosimetric studies.

EXPERIMENTAL

Investigations were carried out on dioctahedral montmorillonite separated by
sedimentation from the Chmielnik bentonite (< 10 pm fraction). Complex fluor-
-hydroxy-aluminium polycations were synthesized in solution at the ratio of Al:
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:(OH+F)=1:2. Montmorillonite suspension was then added to the solution at
continuous stirring for 2 hours, whereby a montmorillonite complex with poly-
s formed. X-ray investigations were made to docu-
monstrate the enhanced thermal resistance of

ded with a DRON-3 X-ray diffractometer, @
om a GPNT-1500 high-temperature camera.

The adsorption and structural studies included the determination of basal argon
o =0.05—0.96 and isotherms at low relative pressures

cations at the exchange sites wa
ment the cation exchange and to de
samples. Powder patterns were recor
using filtered CuK, radiation fr

adsorption isotherms at p/p

Table 1
Positions of the 017 basal reflection of montmorillonite complex at different
temperatures
Caléination door dur'ing calcination at dq01 after dehydra-
temperature specific temperature tation at room tempe-
(A) rature
20°C 18.03—18.21 18.03—19.04
450°C 15.50 18.03
500°C 14.98 16.99
550°C 14.98 16.66
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Fig. 2. Argon adsorption (1) and desorption (2) isotherms; total (A) and differen-
tial (B) pore volume distribution of untreated sample XF-M
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Table 2
[ ; \ ; o
Porosity calculated from mercury and helium specific gravity. Characteristics of the pore structure
of samples
Sam- dHI d|u VH[ VHc V| lec Vmel lec SBET
ple | g/em?® | g/cm? cm’/g | cm?/g cm?/g cm?/g cm?/g cm?/g m?/g

0.386 0.220 0.084 0.012 0.124 | 227.2

oo1
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ooz 0.03

005 006
Fig. 1. Low-pressure argon adsorption isotherms

A — initial sample, B — calcinated sample

XF-M| 1.651 | 2.593 | 0.606
XF-M| 1.861 | 2.549 | 0.537 0.390 0.145 0.063

calc.

0.011 0.071 170.6

P/pa
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p[po = 0.001—0.05. Moreover, densimetric and porosimetric studies were carried
out. 3Prlor to measurements, the samples were outgassed to a pressure of 88"
0 Pa.

RESULTS

X-ray investigations

From the X-ray data (Fijal, Olkiewicz 1983) it appears that the montmorillonite
complex in question shows high thermal stability. When incorporated in the structure
of montmorillonite, fluor-hydroxy-polycations retain the ability to rehydrate, even
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after heating up to 550°C (Table 1). As appears from Table 1, the complex poly-
cations prevent the interlayer spaces from collapsing, acting, as it were, as “supports”.
Assuming that the average thickness of a montmorillonite layer is approximately
equal to 9.9 A, it follows that at 500°C for example, the interlayer spacing is about
5 A and after the hydration of these cations — about 7 A.
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Fig. 4. Porosimetric total pore volume distribution of untreated sample XF-M

Adsorption investigations

Adsorption investigations were limited to measurements of argon adsorption
at low relative pressures p/po — 0.001—0.05 and over the whole range of relative
pressures p/po = 0.05—0.98, also including desorption isotherms. From low-pressure
adsorption isotherms (Fig. 1) liquid argon volume W, required for filling micropores

was calculated, using Raduszkiewicz-Dubinin’s equation (Ig W= lg W,—Dlg* 2o

The resulting values were regarded as indicating the micropore volume in the total
pore volume of a sample. From desorption isotherms mesopore volume was calcula-
ted and their total and differential distribution against their pore radius was deter-
mined (Figs. 2, 3). The total pore volume ¥, of the samples studied was determined
from apparent (mercury) and true (helium) specific gravity. This parameter is the
difference of mercury and helium volumes:
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Fig. 5. Porosimetric total pore volume distribution of calcinated sample
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ig. 6. Porosimetric differential pore volume distribution of untreated sample
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Fig. 7. Porosimetric differential pore volume distribution of calcinated sample

Some basal isotherms in the range of relative pressures p/p, = 0.05—0.35 were used
to calculate the BET specific surface areas.

The calculated sorption-desorption parameters are presented in Table 2. It appears
from the data that the content of micro- and macropores in the total pore volume
is significant, while the percentage of transitional porosity (mesopores) is relatively
low. From the differential pore volume distribution curves, determined from argon
desorption isotherms, it is evident that the differences in mesopore volume distri-
bution are insignificant. The results also indicate that during calcination of the
sample XF-M, micropore volume decreases markedly, which fact is reflected in
the change of specific surface areas.

Porosimetric results are presented in the form of graphs illustrating changes in
the total and differential pore volume as a function of pore radius (Figs. 4—7). From
the graphs it appears that the narrow pore volume maximum corresponds to pores
of a radius of 100—600 nm. Calcination causes the pore volume maximum to shift
to the interval of radius values of 200—600 nm.

It is worth noting that the montmorillonite samples with complex polycations
acting as supports of montmorillonite layers show definitely better structural and
sorption properties than untreated montmorillonite, yet they are inferior to synthetic

zeolites of the SA or 13X type.
Translated by Hanna Kisielewska
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Jerzy FIJAL, Mieczyslaw ZYLA

CHARAKTERYSTYKA WEASNOSCI SORPCYJNYCH
FLUORO-HYDROKSYGLINOWYCH KOMPLEKSOW MONTMORILLONITU

Streszczenie

Wprowadzenie polikationow fluoro-hydroksyglinowych umozliwia, przy zacho-
waniu okre$lonego toku modyfikacji, uzyskanie sztywnego, o okreslonej strukturz'e.:
poréw, kompleksu. Polimeryczne polikationy ulegaja odwracalnej rehydratacji
w temperaturach nie przekraczajacych 550°C. Powyzej tej temperatury przechodza
w niehydratyzujace si¢ ugrupowania tlenofluoro-glinowe. Wiasnosci te sa dokumen-
towane wynikami badan rentgenowskich (tabela 1). Wzrost chtonnosci sorpeyjnej
(argon) w poréwnaniu z probka wyjsciowa wywolany jest rozbudowa struktury mi-
kroporéw (tabela 2). Proces kalcynacji wywotuje spadek chtonnosci sorpeyjnych, przy
réwnoczesnym obnizeniu zawartosci mikroporéw w catej porowatosci probki.

OBJASNIENIA FIGUR

Fig. 1. Niskoci$nieniowe izotermy adsorpcji argonu.
A — prébka wyjsciowa, B — probka wygrzewana

Fig. 2. Izoterma adsorpcji (1) i desorpeji (2) argonu oraz sumaryczny (4) i roznicowy (B) rozktad
objetosci porow probki wyjsciowej XF-M

Fig. 3. Izoterma adsorpcji (/) i desorpcji (2) argonu oraz sumaryczny (A) i roznicowy (B) rozktad
objetosci porow probki wygrzewanej

Fig. 4. Rozklad sumarycznej objetosci poréw probki wyjsciowej XF-M wyznaczony z pomiarow
porozymetrycznych

Fig. 5. Rozklad sumarycznej objetosci porow probki wygrzewanej wyznaczony z pomiarOw porozy-
metrycznych

Fig. 6. Rozklad réznicowej objetosci porow probki wyjsciowej XF-M wyznaczony z pomiarow
porozymetrycznych

Fig. 7. Rozklad réznicowej objetosci poréw probki wygrzewanej wyznaczony z pomiarow porozy-
metrycznych

Eowcu OUAJI, Meuucaras IHITA

XAPAKTEPUCTUKA COPBLIMOHHBIX CBOMCTB
OTOP-TNAPOKCHU-AJTIOMUHEBBIX KOMIIJIEKCOB MOHTMOPUJIIO-
HUTA

Pe3rome

Beenenue prop-ruipoKCH-aTIOMHHEBBIX MOJIUKATUOHOB a€T BO3MOXHOCTD, IIPU
COXPAHEHMH OINPEACICHHOIO0 XO0Ja BUAOU3MEHEHHS, MOJIyYUTh XKECTKMH KOMIUIEKC
C ONPEJESICHHOM CTPYKTYpoii mop. [TosmmepHbIe MOIMKATHOHBI OABEpralTes obpa-
TUMOM peruapaTalyu B TeMreparypax e npessimaroiux S50°C. Beiie 9T0ii Temire-
PATYpBI EPEXOASAT B HETHAPATUZUPYIOLIMECS KUCTIOPOA-(PTOP-aIIOMUHEBBIE I'PYIITIU-
POBKM. DTH CBOMCTBA AOKYMEHTUPYIOTCSI PE3yIbTATAMU PEHTICHOBCKMX MCCIIEN0BA-
nvii (tabmmua 1). Poct copOrmMoHHO#M crocoOHOCTH (aproH) Mo CpaBHEHMIO C HCXO/I-
HbIM 00pa3LOM BbI3BAH pa3pacTaHueM CTPYKTypbl Mukpomnop (tabsmua 2). [Mpouece
KaJIbLIMHAIIMK BBI3bIBAET YMEHbIICHUE COPOLMOHHBIX CIOCOOHOCTEH NMpH OJHOBpE-
MEHHOM COKpALEHWH COAEPXKAaHHUs MUKPOMOP BO BCEH MOPUCTOCTH 0Opasla.

OBbSICHEHUSI K OUI'YPAM

®ur. 1. Huszkoro papieHust M30TEPMBbI aICOPOLMU aproHa
A — ucxonHblit oOpasew, B — nporperslit obpa3serr

®ur. 2. U3otepmsr aacopbimu (1) m aecopbumm (2) aprona, a Takke cymmapHoe (A) n audde-
penimanbHoe (B) pacrpenesenust oobema nop ucxonHoro obpasua XFE-M

®ur. 3. Uzorepmsl aacopbumn (1) u aecopbuuu (2) aprona, a Takxke cymmaphoe (A) u aude-
penumanbHoe (B) pacnipesesiennst obbema mop nporperoro obpasua

®ur. 4. Pacnpenenenne cyMMapHOro oobsema mop mexonnoro obpasua XF-M, orpenencuuoe Ha
OCHOBAHUM MOPO3MMETPUYECKUX U3MEPEHMM

dur. 5. PacrpeneneHne CyMMapHOro o6bemMa Mop mporperoro obpasua, Onpeie/eHHOe Ha OCHO-
BAaHMU ITOPO3UMETPUYECKUX M3MEPEHUI

®ur. 6. Pacnipenenenne mubdepenimansHoro obbema mop mexonHoro obpasua XF-M, onpese-
JICHHOE HA OCHOBAHHMHU ITOPO3MMETPUYECCKUX M3MEPEHMH

®ur. 7. Pacnpenenenyne muddepeHumuanboro obbemMa mop mporperoro obpasua, ompeaereHHoe
Ha OCHOBAHMM IOPO3MMETPHUYECCKUX M3IMEPEHMI



