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Abstract. The paper presents the results of X-ray, IR spectroscopic and sor-
ption investigations of H-montmorillonite complexes with glucose. It has been found
that glucose is sorbed on the surface of montmorillonite without inducing changes of
interlayer spacings. The amount of sorbed organic substance depends on its concen-
tration in solution. Glucose sorption modifies only slightly the sorption properties of
montmorillonite. Interesting to note is an insignificant increase in sorption capacity
with respect to water vapour at relative pressures p/po, > 0.4.

INTRODUCTION

Surface properties of montmorillonite are generally modified using or-
ganic cations. There are only few papers dealing with the effect of polar
organic compounds on sorption properties of this mineral. Therefore, the
present authors carried out appropriate investigations to determine the
influence of glucose adsorbed on the surface of H-montmorillonite on the
nature of surface of resulting complexes.

EXPERIMENTAL

Montmorillonite separated from bentonite from the Chmielnik deposif
was used for tests. It was converted into the hydrogen form by washing
with 0.1 n HCI solution. Excess acid was removed by washing the sample
with distilled water. From this montmorillonite water suspension was pre-
pared, containing 10 g of the mineral in 1 1 of distilled water. Glucose
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ions containing respectively 10, 50, 70 and 100 wt. %Iof this compo-
Z(r)lléltin relation to rr%ontrrll)orillonite fere added to a few portions of the sus-
pension. After stirring for several hours, the suspension was centrlfuged
and dried at 60°C. Samples prepared in this way were subJecped to X-ray
and infrared spectroscopic analysis and their sorption properties were de-
termined. X-ray investigations were carried out with a TUR M-61 dif-
fractometer, using flat powder samples. Infrared spectra were recorded
with an UR-10 spectrophotometer, using KBr discs technique. Sorption
investigations involved determination of isotherms f~or water, benzene and
argon vapour sorption and desorption on the ob_tamed montmorillonite-
-glucose complexes. Water and benzene sorption isotherms were determi-
ned using microburettes for liquids (Lason, Zyla 1963) whereas argon sor-
ption and desorption were recorded with sorption manostats (Ciembronie-

wicz, Lason 1972).

RESULTS

X-ray powder investigations have shown that the 001 reflection of
montmorillonite (deo; = 14.6 A) does not change its position u.nder the in-
fluence of glucose. It appears, therefore, that under the experimental con-
ditions, glucose molecules are not sorbed in the interlayer spaces of mont-
morillonite or sorption occurs without changes in the interlayer distances.
According to the studies of Greenland (1956), H-montmorillonite can form
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Fig. 1. Isotherms of water sorption on Fig. 2. Isotherms of benzene sorption
H-montmorillonite modified with gluco- on H-montmorillonite modified with
se (G-0 — untreated sample; G-1, G-2, glucose (G-0 — untreated sample; G-1

G-4 — samples containing glucose) to G-4 — samples containing glucose)
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a complex‘wi.th glucose which contains a monomolecular layer of this
compound in 1t.sv interlayer spaces, having a value of dgoz = 14.6 A. Infra-
red spectrosgoplc analysis has revealed that the amount of glucose sorbed
on montmorllloqite depends on its concentration in the solution. This sug-
gests that organic molecules can penetrate into the interlayer spaces wit-
hout inducing changes in the dy; spacings. Infrared spectra show absorp-
tion bands (fche most intense in the region between 2800 and 3000 cm-?
caused by vibrations of functional groups within the glucose molecules.
They do not allow, however, to define the nature of bonds between glu-
cose and montmorillonite. i

_Isotherms obtained for water sorption on samples containing glucosé
(Fig. 1) differ insignificantly from the non-treated H-montmorillonite iso-

;therm. Worth nqting, however, is a slight increase in sorption capacity of
some samples with respect to water vapour, especially at relative pressu-
ires p/po, > 0.4. i

Isotherms determined for benzene vapour sorption (Fig. 2) evidence
that the sorption capacity of samples diminishes slightly with the incre-
asing amount of glucose adsorbed on montmorillonite. This fact is sug-
gestive of slight hydrophobization of montmorillonite or reduced accessi-
bility of pores in the resulting complexes.

The values for specific surface areas determined from argon isotherms
decrease markedly upon adsorption of glucose. The specific surface area
for the untreated sample is 44.1 m%g whereas for the other samples it
varies from 11.1 to 14.3 m?/g. This implies that the porosity of H-mont-
morillonite decreases, which is most likely due to the formation of mont-
morillonite aggregates under the influence of glucose.

DISCUSSION

Glucose sorption on the surface of H-montmorillonite causes only
slight modification of its properties. This modification manifests itself in
insignificant variations in specific surface areas (Table 1). Characteristic
is the increase in sorption capacity with respect to water vapour at hig-
her relative pressures. Similar results were obtained by Chassin (1973),
who sorbed ethylene glucol on montmorillonite. This author, however, re-
ported a considerably greater increase in sorption capacity of montmoril-
lonite with respect to water vapour.

The effect of glucose adsorbed on the surface of montmorillonite on
the sorption properties of this mineral is much less pronounced than in
the case of introducing organic cations (Table 1). This difference becomes
particularly marked when long-chain cations are used for modification
and seems to result from the different chemical nature of the organic
compounds used. Organic cations adsorbed on montmorillonite are hydro-
phobic and give this property to the surface of the mineral. Glucose, on
the other hand, being a polar compound, does not induce changes of the
surface of montmorillonite leading to its hydrophobization.
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TVaibilie "

area (m2/g) of montmorillonite treated with glucose and heksadecylpyridinium

Surface
(HDP) chloride
TR B BT T SR i T VO KGROFDAtE ) i
Sample }ucos.e t(? montmor‘illonjte shelngl } o
No ratio (in suspension) water Aleool enzene
G—0 0 390.8 381.5 56.3 441
G—1 129 356.4 322.6 60.4 13.1
G—2 1) n.d. 3104 41.7 n.d.
G—3 1234 341.8 263.7 45.0 14.3
G—4 131 311.0 ‘1 301.2 40.4 11.3
R e T o R e
% HDP on exchange sites * l
e 7 413.5 296.2 153 8.5
19 2451 wate, 178.4 28.2 11743
28 1635 117.0 | 38.4 8.1
59 121.8 113.0 48.0 6.0
100 125.6 169.1 36-4.3 7.5

* After Zyla, Klapyta (1976).
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Zenon KEAPYTA, Andrzej WEODKOWSKI, Mieczystaw ZYEA

WPELYW GLUKOZY NA WEASNOSCI SORPCYJNE
H-MONTMORILLONITU

Streszczenie

W pracy przedstawiono wyniki badan rentgenowskich, spektroskopo-
wych w podezerwieni i sorpey jnych kompleksow H-montmorillonitu z glu-
kozg. Stwierdzono, ze glukoza sorbuje sie na powierzchni tego mineratu
bez zmiany odleglosci miedzypakietowych. Iloéé zasorbowanej substancji
organicznej zalezna jest od jej stezenia w roztworze. Modyfikacja wtasnos-
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ci sorpey jnych montmorillonitu w wyniku zasorbowania glukozy jest nie-
znaczna. Interesujacy jest niewielki wzrost chtonnosci sorpeyjnej wzgle-
dem pary wodnej w zakresie ci$nien wzglednych p/p, powyzej 0,4.

OBJASNIENIA FIGUR

Fig. 1. Izotermy sorpecji wody na H-montmorillonicie modyfikowan
Tl ) ym glukozg (G-0 —
probka wyjsciowa, G-1, G-2, G-4 — probki zawierajace glukoze)
Fig. 2. Izotermy sorpcji benzenu na H-montmorillonicie modyfikowanym glukoza
(G-0 — prébka wyjsciowa, G-1 do G-4 — prébki zawierajace glukoze)

3Benor KJIAIIBITA, Andaceit BJIOJKOBCKH, Meuucaas JKBLJIA

BJIMAHHWE I'JIFOKO3bl HA COPBLUUMOHHBIE
CBOMCTBA H-MOHTMOPHJIJIOHUTA

Pesziome

B pa6ote npeacrapiens uroru penrrenoscknx, MK crnekrpockonuyeckux
1 COPOLMOHHBIX HCCJIe0BAHHH KOMIIEKCOB H-MOHTMOPHJIOHHTA C TJIIOKO30M.
Bruto o6Hapy»KeHo, uTo IJI0Ko3a COpOMpyeTcss HA MOBEPXHOCTH 3ITOrO MHHE-
pana 6e3 M3MeHEHHsI MexmakeTHbIX paccrosinui. KosuuectBo copGupoBaH-
HOrO OPTaHHYECKOro BelIeCTBA 3aBHCHT OT KOHUEHTpaluH pactBopa. Moau-
(puxauusg copOUHMOHHBIX CBOMCTB MOHTMOPMJUJIOHHTA H3-3a MOMJIOIIEHHS IVIIO-
KO3bl HeaHauuTesibHAa. MHTepecHo, uro HabuoAdercsi HeOOJbIIOE MOBLIILCHUE
IOTJAOTHTENLHON CIOCOGHOCTH COpOIUH BOASIHOrO mapa B JAManasoHe OTHOCH-
TeJILHbIX JaBJeHHH p/p, Bbiwe 0,4.

OBBACHEHUS K ®UTYPAM

Dur. 1. UsorepMbl copOuuy Boabl Ha H-MOHTMOPHJUIOHHTE MOAH(PHUHPOBAHHOM TJIIOKO30K
(G-0 — ncxonubiit o6pasen, G-1, G-2, G-4 — 06pasupl, coAepKallie NIOKO3Y)

dur, 2. Usorepmbl copOumu Gensena Ha H-MOHTMOPHIIOHHTE MOAHGDHUHPOBAHHOM IJIIOKO30H
G-0 — ucxonublii o6paseu, ¢ G-1 no G-4 — o6pasupl cojepxallie roKo3sy)



