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ZINC SORPTION ON MONTMORILLONITE

Montmorillonite is a clay mineral from the group of phyllosilicates with laminated structure
and permanent negative charge on the layers surface, which fact can be used for sorption of cations
or ion exchange reactions. In this project, the exchange of zinc ions for sodium ions in interlayers
is examined. For batch experiments the sodium form of montmorillonite was used. Different zinc
salts were used: nitrate, sulphate and acetate. The results show that adsorption process can be de-
scribed with Langmuir-Freundlich or Langmuir adsorption isotherm. Maxima of adsorbed
amounts were 1,08 + 0,07 meq'g’; 1,25+ 0,32 meq-g” and 0,86 + 0,03 meq'g” in case of nitrate;
sulphate and acetate respectively. The pH value of solutions increased during the adsorption
except from acetate, where a small decrease can be observed.

MOHTMOPHUIUIOHUT SIBJISIETCS] TTIMHUCTBIM MHUHEPAJIOM TPYIIIbI CIIOUCTHIX CHIIMKATOB U XapaKTe-
pU3yercs MojIocYaToN TEKCTYPOU M TIOCTOSIHHBIM OTPHUIIATENHHBIM 3apsiIoM Ha TMOBEPXHOCTU CIIOEB —
0COOCHHOCTh, KOTOpPast MOXKET OBITh MCIOJIE30BaHA IS COPOIIMH KaTHOHOB I HOHOOOMEHHBIX pe-
aknui. B paMkax HacTOSIIEro HCCIICNOBaHUS OBUIO W3YYCHO 3aMeEIllcHHE MOHOB HATPHs MOHAMU
LIMHKA B CTPYKType MHUHepasa. B cepun sKCIEpUMEHTOB UCIOIB30BaHA HATPHEBAs] Pa3HOBUTHOCTD
MOHTMOPWUIOHHTA. [IpyMEHsTH pa3IuduHbIC COJIM IMHKA: HUTpAT, Cylb(daTr u anetat. Pe3ynbpTaTsl
9KCIEPUMEHTa TOATBEPIKIAIOT, YTO TMPOIIECC MOXHO OIMCATh, UCIONB3YS HU30TEpPMY aJICcopOIHr
Jlenrmiopa — Opeitnmuxa win Jlenrmiopa. MakCHUMalbHBIF YpPOBEHb aJCOPOIUH  JOCTUTAI
1,08 £0,07; 1,25+ 0,32 u 0,86 £ 0,03 Mr-3kB'T ! CoOTBETCTBEHHO I HUTPATOB, CYJIL(ATOB U aIle-
TaToB. [Toka3aTenn KUCIOTHOCTH PACTBOPOB YBEIUUMBAIKCH BO BpeMs TpoIiecca aacopOIvy, 3a Uc-

KJIIFOYCHUEM allCTaToB, I'IC HaOII0Ja7I0Ch HE3HAYUTEIBHOE YMCHBIICHHUEC KUCITOTHOCTH.

1. Introduction

Clay minerals are basicaly natural porous
materials with the ability to bind cations, which
could be used for ion-exchange reactions. In
this work, the ability of montmorillonite to bind
Zn cations in its structure is examinated.

Na-montmorillonite ~ (Na-MMT) and
Zn(NO3),, ZnSO4 and Zn(CH;COO), are used
for the experiment. The exchange of Zn ions
for Na ions is observed and the mechanism of
this exchange as well pH and sturctural changes
are determined.

2. Theory

Montmorillonite. Montmorillonite (MMT)
is a type of phyllosillicate. Phyllosilicates are
clay minerals which are usually the major part
of clays. Its structure contains 2D layers of
tetrahedrons and octahedrons. MMT ranks
among smectites which are phyllosilicates with
2:1-type layers — 2 layers of tetrahedrons and 1
layer of octahedrons. The central ions in
tetrahedrons are wusually Si and Al, in
octahedrons Al, Fe and Mg. Due to vacantions
and substitutions of mono-, di-, and trivalent

cations for Si*" in central positions of tetra-
hedrons and octahedrons there is a permanent
negative charge on surfaces of the layers.
Hence there are cations with their water shells
in the interlayer area.

In this work, MMT with Na cations in
interlayers (known as Wyoming MMT) was
used for experiments. This MMT has cation
exchange capacity (CEC) of 1,2 meq/g.

Adsorption. Adsorption is a process that
occurs when a gas or liquid solute accumulates
on the surface of a solid or a liquid (adsorbent),
forming a molecular or atomic film (the
adsorbate). Different adsorption isotherms are
often used to describe this process. Adsorption
isotherm is the function which connects the
amount of adsorbate on the adsorbent, with its
pressure (if gas) or concentration (if liquid).

In case of clay minerals, two main
adsorption processes can be observed — ion
exchange and surface complexation. The
former mechanism represents the sorption to
interlayers (exchange of cations limited by
cation exchange capacity) whereas the latter
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Fig.3. Langmuir Al — Zn(CH;COO),

process involves forming complexes between
cations and hydroxyl groups on the surface of
clay particles and becomes important when the
interlayer area is fully saturated.

3. Experiment

Materials and methods. Adsorption of zinc
ions from aqueous solutions on Na-MMT was
studied. Different salts of zinc (Zn(NOs),, ZnSOy4
and Zn(CH3;COO),) were used to compare
adsorbed amounts.

Sets of solutions with different concentra-
tion of zinc were prepared and shaken with
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montmorillonite (100 ml of solution and 0,1 g
Na-MMT) for 24 hours. Zinc concentration
before and after the adsorption process as well
as pH was measuered. Atomic absorption
spectroscopy and pH meter were used for that.
Simultaneously, solid samples of montmorillonite
with adsorbed zinc (Zn-MMT) were prepared
and measured by X-Ray diffraction to observe
the structure changes during the adsorption.

4. Results and discussion

Adsorption isotherms (AI). Results show
that from all types of adsorption isotherms, the
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Langmuir Al fits the data best. Differences in
adsorption from different zinc salts are shown
in Fig.1 — Fig.3. It can be observed that
adsorbed amount maxima are close to 1 meq/g
for nitrate and sulphate and 0,9 meq/g for
acetate. This shows that the cation exchange
capacity is not reached due to forming the
equilibrium between Na and Zn ions in the
solution (close to concentration of zinc
4 mmol/l) and the dominant process is the
cation exchange.

PpH changes. During the process of adsorp-
tion, pH changes (Fig4 — Fig.6). In case of
nitrate and sulphate, there is a decrease of H'ion
concentration, which could be caused by the
exchange of H'to interlayers. In case of acetate,
there is a decrease of pH, which is probably a
consequence of forming surface complexes
between zinc and hydroxyl groups and relea-

sing H'ion.
X-Ray powder diffraction (XRD). Solid
samples of Zn-MMT (prepared from

0,4 mmol/l and 20 mmol/l zinc solutions) were
studied by XRD. A shift of the intarlayer
distence (0,1-0,22 nm) was observed. Since zinc
ion is much bigger than sodium ion, this shift
illustrates the exchange of Zn for Na in the
MMT structure.

5. Conclusion

Zinc sorption on montmorillonite is a pro-
cess of cation exchange (Zn for Na) and runs until
the equilibrium between these two ions forms in
the solution. The cation exchange capacity is not
reached so the main sorption mechanism is the
cation exchange. The process is affected by Zn
concentration in the solution, by used zinc salt
(anion) and pH and could be described with
Langmuir adsorption isotherm satisfactorily.
Differences between sorption from acetate and
from nitrate and sulphate are probably caused by
lower dissociation of Zn(CH;COO),. X-Ray
diffraction confirmed the shift of the interlayer
distance during adsorption.
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