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Abstract. The aim of this paper was to investigate the effect of methylene blue adsorbed at
the exchange positions of montmorillonite on the solubility of this mineral in HCI solution. Accordingly,
10, 30, 50 and 70 mval of methylene blue/100 g of mineral was introduced into montmorillonite, which
was then treated with 1:1 HCl. The reaction products were investigated by X-ray diffractometry, IR
spectroscopy and atomic absorption spectroscopy. It was found that the greater the amount of organic
cations on the exchange positions of montmorillonite, the lower was its solubility in HCl solution.

INTRODUCTION

The modification of physico-chemical properties of montmorillonite with
organic compounds has been the subject of many papers. Several publications
have also been concerned with the reactions of montmorillonite with acid solutions.
The present author investigated the effect of methylene blue adsorbed in cationic
form on montmorillonite on the solubility of this mineral in HCI solution.

EXPERIMENTAL

Investigations were carried out on montmorillonite separated from the Chmielnik
bentonite and converted into hydrogen form. The mineral was introduced into
methylene blue aqueous solutions containing respectively 10, 30, 50 and 70 mval
of dye per 100 g of montmorillonite, and stirred for 3 days. Then the suspensions
were centrifuged, washed with distilled water and dried at 60°C. The montmorillonite
complexes obtained in this way, as well as untreated H-montmorillonite, were
heated in 1:1 HCI solution for 8 hours. Then the samples were centrifuged and
washed with distilled water until the reaction for Cl~ ion was negative. The solid
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reaction products were subjected to infrared spectroscopic and X-ray investigations
whilst the resulting solutions were analysed for Mg, Al and Fe using atomic ab-
sorption spectroscopy.

RESULTS
X-ray investigations

In the X-ray diffraction pattern of H-montmorillonite, the 00/ reflection cor-
responds to dy,, = 15.9 (Fig. ). Upon introducing methylene blue onto the exchange
positions, the d,,, value initially decreases to 15.1 and 14.2 for samples containing
10 and 30 mval of methylene blue per 100 g of montmorillonite, respectively.
Further increase in the amount of organic cations on the exchange positions to
50 and 70 mval/100 g of montmorillonite causes the interlayer spacing to expand
to 15.8 and 16.9. The values of further 00/ reflections (Fig. 1) indicate that mixed-
-layer structures made up of H-montmorillonite and MB*-montmorillonite layers
presumably form in samples containing 10 and 30 mval of methylene blue/100 g
of montmorillonite. The organic cations are distributed as a single sheet (Pham
Thi Hang, Brindley, 1970). In the sample containing 50 mval of methylene blue/100 g
of montmorillonite, the series of 00/ reflections with values of 15.8, 5.28 and 3.16
suggests the presence of two sheets of flat-lying organic cations (Pham Thi Hang,
Brindley, 1970). Further introduction of methylene blue onto the exchange positions
(70 mval/100 g) does not cause any significant changes in d,,, values (16.9, 5.30,
3.19).

The X-ray diffraction pattern of montmorillonite heated with 1:1 HC] displays
a slight inflection at about 3° 8. Moreover, the 110 reflection (4.48) has been found
to be considerably less pronounced than for untreated montmorillonite (Fig. 2).
These facts testify to intense amorphization of the mineral.

X-ray diffractograms of montmorillonite samples modified with methylene
blue and then treated with acid are presented in Fig. 2. In the case of sample con-
taining 10 mval of organic cations per 100 g of montmorillonite, the intensity of
bas.al.a_nd general (110) reflections is markedly higher than in the powder pattern
of initial montmorillonite treated with HCI. The former reflection for samples
containing 10, 30, 50 and 70 mval of methylene blue/100 g of montmorillonite
corresponds respectively to values d = 13.7, 13.4, 13.6 and 13.8. The intensity

of basal and general (1 10) reflections increases with the increasing content of me-
thylene blue (Fig. 2).

Infrared spectroscopic investigations

Infrared spectra of H-montmorillonite show absorption bands associated
with AIMgOH (850 cm™!) and AIAIOH (930 cm™!) bending vibrations, and OH
stretching vibrations of adsorbed water molecules (3430 cm™') and OH structural
groups (3630 cm™!). The intense absorption at 1635 ¢cm~! corresponds to bending
vibrations of water molecules. The weak absorption bands at 810 and 3750 cm-!
testify to the presence of a trace admixture of amorphous substance of the silica
gel type (Fig. 3).

The infrared spectrum of montmorillonite containing 10 mval of methylene

* MB — methylene blue.
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Fig. 1. X-ray diffractograms of H-montmorillonite (a) and methylen; blge-montmorillonite (b,c,d, e —
10, 30, 50, 70 mval methylene blue/100 g montmorillonite, respectively)
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Fig. 2. X-ray diffractograms of H-montmorillonite (a) and methylene blue-montmorillonite (Beid
e — 10, 30, 50, 70 mval methylene blue /100 g montmorillonite, respectively) all samples treated with HCI

blue/100 g of montmorillonite shows absorption bands from montmorillonite
as well as bands caused by vibrations of functional groups within methylene blue:
molecules (795', 890, 1340, 1365, 1395, 1465, 1475, 1490, 1585 cm™'). The intensity
of these bands increases progressively with the increasin g amount of organic cations
on ;I;életxchar:igi{ positions (Fig. 3).
-treated H-montmorillonite fails to display the 850 cm™! absorption

charact;rlstlc of AlMgOH groupings (Fig. 4).pOr)1/ the other hand, a pprt(;(r)loull)xaégg
absorption band typical of the dissolution products of montmorillonite appears
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Fig. 3. Infrared spectra of H-montmorillonite (¢) and methylene blue-montmorillonite (b, ¢, d, e — 10,
30, 50, 70 mval methylene blue/100 g montmorillonite, respectively)

at 810 cm~!. The 3740 cm~! absorption band testifies to the presence of SiOH
groupings in these products. The 930 and 3630 cm™ ! bands are less intense than in
the spectrum of H-montmorillonite. The discussed changes in the infrared spectrum
of HCl-treated montmorillonite provide evidence that a substantial amount of
Mg?+ and A" cations have been removed from the octahedral layers of mont-
morillonite.
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Fig. 4. Infrared spectra of H-montmorillonite (a) and methylene blue-montmorillonite (b, ¢, d.‘e — 10,
30, 50, 70 mval methylene blue/100 g montmorillonite, respectively) all samples treated with HCI
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As more methylene blue is introduced onto the exchange positions of mont-
morillonite, the octahedral layer becomes less and less susceptible to the action
of HCI. The evidence is provided by the increase in the intensity of the 850, 930
and 3630 cm~! absorption bands in infrared spectra of samples containing me-
thylene blue after their treatment with HCI (Fig. 4). The absorption bands attributed
to vibrations of the functional groups in methylene blue molecules are somewhat
weaker after HCI treatment. This fact testifies to partial removal of these cations
from the exchange positions of montmorillonite.

Chemical analysis

The results of chemical analysis of solutions obtained after the treatment of
montmorillonite and its methylene blue complexes with HCI are presented in Fig. 5
and Table 1.

The treatment of 1 g of initial montmorillonite causes 105.30 mg Al,O,, 1.84 mg
Fe,0, and 30.0 mg MgO to go into solution. Similar results were obtained by Fijat
et al. (1975). As the methylene blue content on the exchange positions increases,

=
E Fig. 5. Relationships between the amount of Al,O,,
S Fe,0,, MgO passing to HCl solution and the
sof content of methylene blue in montmorillonite (M)
B (see tab. 1)
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: Table |
Amount of Al,O,, Fe,0, and MgO passing to HCI solution (mg/1 g of montmorillonite after subtracting

of weight of methylene blue)

Mval of methylene blue A

in 100 g of montmorillonite 05 Fe,0, MgO
0 105.30 1.84 30.0

10 90.70 1.28 24.6

30 53.18 1.18 13.0

- 50 36.44 1.18 9.2

70 32.38 1.18 9.0
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the amount of leached Al, Fe and Mg decreases (Fig. 5, Table 1). In view of the
considerable molecular mass of methylene blue, the results were recalculated to
1 g of H-montmorillonite. As appears from the results (Fig. 5, Table 1), the introduc-
tion of 30 mval of methylene blue onto the exchange positions of montmorillonite
causes only one half of Al,O, and MgO to pass into solution after treatment with
HCIl. Compared with the initial montmorillonite, about 1/3 of these cations are
removed from samples containing 70 mval of methylene blue.

DISCUSSION

The introduction of methylene blue onto the exchange positions of montmorill-
onite enhances considerably its “resistance” to the action of HCI solution. This
effect is the more pronounced, the higher is the content of methylene blue in the
sample. From infrared spectra it is evident that montmorillonite modified with
methylene blue gives up the cations of the octahedral layer (Mg?*, AP*) into HCIl
solution to a lesser extent than natural montmorillonite. The adsorbed organic
cations presumably form a layer that screens the surface of montmorillonite and
makes the reactive sites at this surface inaccessible to H,O* ions from the solution.
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Zenon KEAPYTA

TRWALOSC KOMPLEKSU
BLEKIT METYLENOWY —MONTMORILLONIT W ROZTWORZE HCl

Streszczenie

W pracy przedstawiono wyniki badan nad rozpuszczalnoscia kompleksu
blekit metylenowy —montmorillonit w roztworze HCl.. Na pozycje wymienne
mineratu wprowadzono 10, 30, 50 i 70 mval barwnika/100 g mineratu. Otrzyrane
probki ogrzewano 8 h w roztworze HCI 1:1. Produkty reakcji badano metodami :
rentgenowska, spektroskopowa w podczerwieni i adsorpcyjnej spektroskopii ato-
mowej. Stwierdzono, ze ze wzrostem ilosci kationow organicznych na pozycjach
wymiennych montmorillonitu maleje ilo$¢ jonow Al**, Mg?* i Fe?* przechodzacych
do roztworu.
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OBJASNIENIA FIGUR

. Dyfraktogramy rentgenowskie H-montmorillonitu (@) i kompleksu blgkit metylenowy-mont-
morillonit (b, ¢, d, ¢ — odpowiednio 10, 30, 50, 70 mval blekitu metylenowego /100 g mont-

morillonitu)

Fig. 2. Dyfraktogramy rentgenowskie H-montmorillonitu (a) i kompleksu bigkit metylenowy-mont-
morillonit (b, ¢, d, e — odpowiednio 10, 30, 50, 70 mval bigkitu metylenowego /100 g mont-
morillonitu) po traktowaniu probek HCI

Fig.

Fig. 3. Spektrogramy w podczerwieni H-montmorillonitu (a) i kompleksu bigkit metylenowy-mont-
morillonit (b, ¢, d, ¢ — odpowiednio 10, 30, 50, 70 mval blgkitu metylenowego /100 g mont-

morillonitu) ;

Fig. 4. Spektrogramy w podczerwieni H-montmorillonitu (a) i kompleksu bigkit metylenowy-mont-
morillonit (b, ¢, d, ¢ — odpowiednio 10, 30, 50, 70 mval bigkitu metylenowego /100 g mont-
morillonitu) po traktowaniu probek HCI

Fig. 5. Zalezno$¢ pomiedzy iloscia Al,O,, Fe,O, i MgO przechodzacych do roztworu HCI a zawartos-
cia biekitu metylenowego w montmorillonicie (M)(Tab. 1).

3eHoH KJTATMBITA

MPOYHOCTb KOMITJIEKCA METUJTOBAA CUHb—
—MOHTMQOPUIIJTOHUT B PACTBOPE HCI

Pesrome

B Tpyae npeacTaBneHbl pe3ynbTAThbl UCMbLITAHUIA PACTBOPUMOCTM KOMNMeKca
METUNEHOBAA CUHb-MOHTMOpPUNNoHUT B pacteope HCl.Ha o6MeHHble Mosuumnm
MuHepana seeaeHo 10, 30, 50 n 70 mean kpacutena/100 r muHepana. MonyuyeHHble
obpasubl BeIrperanuck B TeveHune 8 yacos e pactsope HCI. [MpoaykTbl peakuuu
WCMbITHIBANTUCE METOAAMM : PEHTIEHOBCKUM, UK —CMEKTPOCKONUYecknM U abcopb-
UMOHHOW ATOMHOW cnekTpockonuu. OBHAPyXeHO, YTO B CBAIU C yBenUUYeHUeM
KONIM4ecTBA OPraHM4YeckUX KATUOHOB HA OGMeHHble MO3ULUAX MOHTMOPUMMO-
HUTA yMeHbLLAeTCA konudecTBo oHoe AP, Mg='nFe®", nepexoasiumx B pacteop.

OBbACHEHUA K dUTYPAM

®ur. 1. PeHTreHosckue AudpakTorpammel H-MoHTMOpUNnoHuTa (a) M komnnekca merunenosas

CMHL-MOHTMOPUNNOHUT (b, ¢, d, e — cooTeeTcTeeHHO 10, 30, 50, 70 Maan METUNEHOBOW CUHM/
/100 r MoHTMOpUANOHUTA

®ur. 2. PeHTreHoeckue ANGPAKTOrpaMMbI H-monTMopunnonuTa (a) M komnnekca meTuneHosas
CUHL-MOHTMOPUNNOHUT (b, ¢, d, e — cooTeecTeenHo 10, 30, 50, 70 MBAN MeTUNEHOBOIA CUHU/
/100 r moHTMOpUNnouuTa) nocne obpaborku obpasuoe HC|

Dur. 3. Nk-cnekTpul H-MOHTMOpMNNoHUTG (0) M KOMANekca MeTureHoeas CUHBL-MOHTMOPUINIOHUT
(b. ¢, d, e — cooTeercreenno 10, 30, 50, 70 MBAN MeTUNEHOBOW cHHM/100 I MOHTMOPUNIOHUTA)

Dur. 4. V]K-cnex-rphl H-moHTMOpUnnonnTa (a) u komnnekca METUNEHOBAA CUHb-MOHTMOPUNNOHUT
(0, ¢, d, e — cooTsercTeenHo 10, 30, 50, 70 maan MeTUneHoeor cuiu/100 r MOHTMOpUNNOHUTA/
/nocne obpaboTku obpasuos HCI) !

Pur. 5. 3aeucumMocTs MeXAy KOnW{eCTBOM AlO,, Fe,O, u MgO, nepexoaswmnx e pacteop HCI| u
COACPXAHWUEM METUNEHOBOM CUHM B MOHTMOPMNNOHMUTE (M) (ab. 1)

66



