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" Abstract. The studies of sorption properties were carried out on clay minerals of the smectite
series, mixed-layer smectite/illite, illite and kaolinite. The sorption of heavy metals, such as Zn,
Cd and Mn, was studied in water suspensions of clay minerals at a constant pH of 7. It was found
that at low concentrations of metals in the solution (1—40 ppm), Zn, Cd i Mn are sorbed in an
amount of 80—98%; by clay minerals of the smectite series and illite and in about 50% by kaolinite.
The sorption of these metals over the whole range of concentrations used follows Freundlich’s
sorption isotherm.

INTRODUCTION

Heavy metals accumulating in soil and in bottom sediments of water basins
are major contaminants of the natural environment.

The sorption of heavy metals on the particles of soil and bottom sediments pro-
ceeds at a very rapid rate, especially in the case of metals such as zinc and cadmium.
More than 90%, of sorption takes place within 15 minutes, and the equilibrium state
is reached after about 20 hours (Egozy 1980; Christensen 1980; Bourg, Filby 1974).

In the sorption of heavy metals in contaminated soil and water environments
Fe and Mn oxy-hydroxides and clay minerals play a significant role (Jenne 1968;
1976; Huang 1980; Kabata-Pendias 1980). Studies of the sorption of heavy metals
on clay minerals concern primarily the most toxic metals, such as Cd, Pb, Co and Zn
(Christensen 1980; Bourg, Filby 1974; Shuman 1976; Salim, Cooksey 1980; Egozy
1980; Chester 1965; Navrot, Singer, Banin 1978).

Experimental evidence concerning the sorption of metals on clay minerals has
been collected mainly for montmorillonites and to a less degree for illite and kaoli-
nite. No studies have been made for| mixed-layer smectite/illites and these, together
with illite, are the most common minerals present in clay sediments.
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MATERIALS

The following clay minerals were subjected to in\{estigatioq: i

Wyoming montmorillonite (SWy-1), characterized by high caztlon exchange
capacity (CEC) and a relatively small specific surface area (about 30 m*/g). The main
exchangeable cations are Ca and Na. The sample contains a small amount of quartz
and trace’ calcite.

Arizona montmorillonite (Cheto-SAz-1), showing both high CEC and a large
specific surface area (ca 100 m?/g). The main exchangeable cation is Ca. ;

Konin smectite/illite <2 pm. This fraction was isolated from the Poznan
clay near Konin. The principal mineral is mixed-layer smectite/illite (up to 70%;).
The sample also contains illite, some kaolinite and trace quartz. The content of
swelling layers, determined by X-ray method, is about 707;. The fraction in question
is characterized by not very high CEC (45 meq/100 g) and its specific surface area
is 45 m?/g. The main exchangeable cations are Ca and Mg.

Konin smectitefillite <0.3 pm. This fraction was isolated from the <2 pm
fraction described above. It also contains illite and kaolinite in smaller amounts and
trace quartz. The content of swelling layers is lower (60%) than in the <2 pm fra-
ction. CEC is equal to that in the <2 pm fraction while the specific surface area
is larger, being 70 m?/g. This sample was converted into a monoionic (Na) form.

Mikotajowice beidellite. The sample is the <0.3 pm fraction isolated from
the Mikolajowice weathering crust. Its principal phase is a swelling mineral re-
ferred to as beidellite (Wilgat 1982). It also contains small amounts of illite and kaoli-
nite and trace quartz. It has a CEC of 59 meq/100 g and a specific surface area of
62 m?/g. The main exchangeable cation is Ca.

Silver Hill illite, Montana. The sample (below 2 pm fraction) is. monomineral.
No swelling layers have been detected by X-rays. The illite in question was described
in detail by Hower and Mowatt (1966). Its cation exchange capacity is not very
high, and the main exchangeable cations are Ca and Mg.

Georgia “poor” kaolinite, showing a low degree of structural ordering.
It is medium-grained, its specific surface area being 16 m?/g.

Some physico-chemical properties of the samples studied are given in Table 1.

Some physico-chemical properties of clay minerals BBl &
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CEC — cation-exchange capacity, SSA — Specific surface area
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EXPERIMENTAL

The sorption of heavy metals was carried out on samples with an original cationic
complex on the exchange positions. The only exception was mixed-layer smectite/
[illite (below 0.3 pum fraction), in which exchangeable cations were replaced by Na
ions. Clay minerals were prepared into water suspensions of a concentration of
100 mg clay/10 ml for minerals of the smectite series and 200 mg/10 ml for illite
and kaolinite. At the constant pH 7, Zn, Mn and Cd were added in such pro-
portions that their concentration in the initial solution would be 1, 3, 10, 20 and 40
ppm (0.1, 1, 3, 10 and 20 for kaolinite). Cd and Mn were added to illite, kaolinite
and one sample of the smectite series, i.e. mixed-layer smectite/illite (Konin —
below 2 pm fraction). Then the samples were shaken for 24 hours and the solid
phase was separated from the solution by centrifuging. The content of unsorbed
metal in solution was determined by atomic absorption spectrometry.

RESULTS

The above studies served as a basis for plotting sorption isotherms for respective
metals. As is evident from Figure 1, 2 and 3, the sorption of metals over the whole
range of concentrations used (1—40 ppm and 0.1—20 ppm for kaolinite) follows
Freundlich’s isotherm.

At the low concentration of Zn ions in solution, the sorption of this metal is
similar for all the minerals studied except beidellite. At higher concentrations, dif-
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Fig. 1. Zn distribution between clay and solution
Be — beidellite, Mt-Way — Wyoming montmorillonite, Mt-Arz — Arizona montmorillonite, Sm/Il below 2 pm — sme-
ctite/illite, Sm/Il below 0.3 pm — smectite/illite
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Fig. 3. Zn,

ferences in the shape of sorption isotherms become more pronounced. Zn sorption
on mixed-layer smectite/illite (below 2 pm and 0.3 pm fractions) proceeds in a nearly
sxmxla}r way over the whole range of concentrations, which is presented by a single
sorption isotherm. Zn is best sorbed by beidellite. The Wyoming and Arizona mont-
morillonites show a similar course of sorption, although at higher concentrations
Zn sorption on the latter sample is somewhat lower. From Zn sorption isotherms

it appears that minerals of the smectite series show certain differences in the sorption
of this metal.
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Fig. 4. Relationship between the total amount of sorbed Zn and cation-exchange capacity (CEC)
and specific surface area (SSA) for minerals of the smectite series

The minerals studied differ in cation exchange capacity and specific surface area
(Table 1). To determine the effect of these properties on sorption, the absolute amount
of sorbed Zn (at concentrations of 40, 20, 10 ppm) was plotted against CEC and
specific surface area (Fig. 4). It appears that at low CEC values, Zn sorption slightly
increases with the increase in CEC. The increase in Zn sorption and its optimum
for a CEC of about 60 meq/100 g are best marked for the maximum content ration
of Zn ions in solution (40 ppm). On the other hand, the amount of sorbed Zn seems
to be independent of the specific surface area (a considerable scatter of points has
been observed). It seems that at so low concentrations of metal in solution, sorption
does not depend on the specific surface area of a mineral or, to any greater extent,
on its CEC.

Cd and Mn sorption was studied on mixed-layer smectite/illite, below 2 pum
fraction. Figure 2 shows the sorption isotherms for these metals along with the Zn
sorption isotherm. The three isotherms have a similar shape, but it has also been
found that Cd is sorbed in the greatest and Zn in the least amount.
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The isotherms obtained for Zn, Cd and Mn sorptio_n on illite an{i kao_limte are
presented in Fig. 3. Illite shows good sorptjon properties but al_so wide differences
in the sorption of respective metals. Zinc is sorbed better and in greater amounts
than cadmium. Manganese is sorbed in the least amount, whlc}‘_n is wel! v1§1ble at
its higher concentrations in solution. Kaolinite ad§orbs the mett_lls in question in con-
siderably smaller amounts and also shows less .dlﬁ'erentlatlon in the sorption of re-
spective metals. Zn and Mn are sorbed in similar amounts, greater than Cd.

The obtained results of Zn, Cd and Mn sorption on kaolinite and particularly
on illite confirm the statement that at the metal concentrations uged, neither the CEC
nor the specific surface area of clay minerals is the main determinant of the amount
of sorption. :

When considering the sorption of heavy metals on clay minerals, the role played
by hydrated iron oxides and hydroxides must be taken into account (Jenne 1968;
Shuman 1976; Helios-Rybicka, Shoer 1982). The relatively high Zn, Cd. and M}’l
sorption was noted on beidellite and illite. These samples have a substantial “free”
iron content, 3.44 and 1.34% respectively, so it is feasible that the increased amount
of metals sorbed by these minerals is partly due to the presence of “free” iron oxy-
-hydroxides.

DISCUSSION

The above studies of the sorption of some heavy metals on clay minerals show
that at low concentrations of the metals in solution (1—40 ppm) Zn, Cd and Mn
are sorbed in 80—98% by minerals of the smectite series and by illite. At a concen-
tration of 40 ppm the absolute amounts of sorbed metals are 1700—3800 ppm for
Zn, 1700—3500 ppm for Cd and 1400—3100 ppm for Mn (the lower values corre-
spond to illite). These adsorbed amounts of Zn and Mn correspond to the average
content of these metals in contaminated soil or bottom sediments. The concentration
of Cd in such environments is much lower, varying from a few to some dozen,
exceptionally to some hundred, ppm. The too high Cd concentrations were used
in the present studies to make comparisons between metals.

Kaolinite shows much lower sorption. The absolute amount of metals sorbed
by kaolinite at their concentration of 20 ppm varies from 400 to 500 ppm.

The observed differences in the sorption properties of minerals of the smectite
series and the nearly equal Zn sorption on two different fractions of the same mixed-
-layer smectite/illite imply that the internal structure of a mineral affects essentially
the sorption of metals at their low concentrations in solution. This statement is
substantiated by the results of Zn, Cd and Mn sorption on kaolinite, and particularly
on illite. Neither the CEC nor the specific surface area of clay minerals has any
sigr:ii'ﬁcant effect on the amount of sorption at the metal concentrations used in these
studies.
~ In the case of minerals of the smectite series and also illite, the layer charge and
its origin (from the tetra- or octahedral sheet) may play a significant role. In the case
of kaolinite sorption may depend on the number of “active centres” originating
from broken bonds at the edges or surfaces of kaolinite flakes.

The above results indicate that in the sorption of heavy metals not only minerals
of the smectite series, characterized by high cation exchange capacity and large spe-
cific surface area, but also illite and kaolinite may play an important part. It seems,
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therefpre, that polymineral montmorillonite-illite-kaolinite clay rocks could be
used instead of such sought-for sorbents as bentonites or montmorillonite clays
to purify rivers and sewage contaminated by heavy metals.
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Edeltrauda HELIOS-RYBICKA

SORPCJA Zn, Cd I Mn NA WYBRANYCH MINERALACH ILASTYCH

Streszczenie

Kumulacja metali cigzkich m.in. w glebach oraz osadach dennych zbiornikéw
wodnych jest jednym z wazniejszych czynnik6w zanieczyszczenia $rodowiska na-
turalnego. :

Sorpcja metali ciezkich na czastkach gleb i osadéw ilastych szczeg6lnie w przy-
padku niektérych metali, takich jak Zn, Cd i Mn odbywa si¢ bardzo gwaltownie.
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Ponad 90% sorpcji ma miejsce w ciagu 15 minut, za$ stan réwnowagi zostaje osiggniety
po ok. 20 godz. \ ;

Przeprowadzono sorpcj¢ Zn na mineratach ilastych, z grupy s;nelgtytu: mont-
morillonit Wyoming, montmorillonit Arizona, beidellit Mlkolajgvylge, minerat
o strukturze mieszanopakietowej smektyt/illit Konin, a takze na illicie Montana
i kaolinicie Georgia. Dla mineratéw tych okreslono pojemnos$¢ wymiany jonowej
oraz catkowita powierzchni¢ rozwinieta, a takze zawarto$¢é ”Zelaga wolnego"’. .

Na prébkach illitu, kaolinitu oraz mineratu o strukturze .mleszanopakletowej
smektyt/illit wykonano sorpcje Cd i Mn. Badania sorpcji Zn, Cd i Mn przeprowadzo-
no przy ich koncentracji w roztworze 1—40 ppm, przy DHES

Uzyskane wyniki pozwolity na wykreslenie izoterm sorpcji poszczeg6lnych me-
tali. W zakresie uzytych stezen metali w roztworze wyjSciowym biegna one zgodnie
z izoterma Freundlicha. Dla niskich stezen Zn w roztworze, przebieg sorpcji jest po-
dobny w przypadku wszystkich mineratéw z wyjatkiem beidellitu. Minerat ten wy-
kazuje najlepsze wlasciwosci sorpeyjne.

Uzyskane izotermy sorpcji wskazuja, ze sorpcja metali w przypadku illitu jest
réwniez wysoka; zaznacza si¢ tez wigksze zroznicowanie pomiedzy poszczegélnymi
metalami. Zn sorbowany jest lepiej i w wigkszych ilo$ciach niz kadm, za§ Mn w naj-
mniejszych ilosciach.

Kaolinit sorbuje te same metale w znacznie mniejszej ilosci, wykazuje tez niewielkie
zréznicowanie w sorpcji pomiedzy poszczegdlnymi metalami.

Uzyskane wyniki sorpcji Zn, Cd i Mn na mineralach ilastych wskazuja, ze dla
uzytych stezen metali w roztworze, pojemno$¢ wymiany jonowej jak i catkowita
powierzchnia rozwinigta mineratéw nie maja decydujacego wplywu na wielkos¢
sorpcji. Jak si¢ wydaje, sorpcja metali cigzkich na mineratach ilastych zalezy od
struktury danego mineratu i jest rézna dla réznych metali. Istotny wplyw w minera-
fach z grupy smektytu i w illicie moze mie¢ wielkos¢ fadunku pakietu i jego pocho-
dzenie. W przypadku kaolinitu sorpcja moze zaleze¢ od ilosci ,,centréw aktywnych”
pochodzacych od zerwanych wigzan na krawedziach lub powierzchniach blaszek
tego mineratu.

Stwierdzono, ze w przypadku sorpcji metali cigzkich, obok mineratéw ilastych
Z grupy smek}ytéw, charakteryzujacych si¢ wysoka powierzchnia rozwinieta oraz
l]iQ]e]ltn{lOﬁClq jonowymienng, istotna role moga odgrywaé réwniez illit a takze

aolinit.

Doeavmpayoa XDJIbOC-PBIEUIIKA

COPBLUSA Zn, Cd 1 Mn HA HEKOTOPBIX TI'JIMHUCTHIX
MMHEPAJIAX

Pesrome

Haxonmenue TskeblX METAJUIOB B YaCTHOCTM B NOYBAX, 4 TakkKe B JOHHBIX
OTJIOKEHUSX BOJOEMOB, SBJACTCA ONHMM H3 BaKHEAIIMX (haxTOpOB 3arps3HEHUS
OKPYXAIOWEH CPEeIbl.

CopOuust TSAXKENbIX METAJIOB HA YACTHUAX I0YB M TJIMHUCTHIX OTJIOXKEHWIA,
0COOEHHO B CiTyyae HEKOTOPHIX METaJuIoB, Takux kak Zn, Cd m Mn, mpomcxoamT
oueHb crpemuTenbHo. Cppume 909, copOumm MMeeT MecTo B TeyeHde 15 MuHYT,
COCTOSIHME XK€ PABHOBECHsI JOCTHIaeTCs IPUMEPHO MO ucTeueHnr 20-¥ 4acoB.

IIpoBoannack copbmmst Zn Ha MHHEPAJIAX IPYIITBI CMEKTATA: MOHTMOPHJLIOHHAT —
BaitoMMHT, MOHTMOPMILIOHUT — ApH30HA, GeiiesuiT — MUKOJIAEBAIE, MHHEPAI
CO CMEUIAHHO-TTAKETHOU CTPYKTYPOU CMEKTUT/MILTUT — KOHHUH, a TaKKe Ha MILIATE
— Monrana n xaoymuure — JDKOpmKUA. [ 5THX MHHEPAIOB ONpEIesIeHBI
€MKOCTh MOHOOOMEHA, a Take IOJHAs Pa3BEpPHYTas IOBEPXHOCTb M COAEPIKAHHE
,,CBOOOIHOTO JXKeme3a’.

Ha o6pasnmax mjummTa, KaOJIMHHTA, a TaKKe MUHEpaJa CO CMEIIaHHO-TIAaKETHOM
CTPYKTYPOI CMEKTHT/WILIHT, ipoBeneHa copdmust Cd 1 Mn. MccmenoBanust copommm
Zn, Cd ¥ Mn npoBOIWINCh IIPH MX KOHIEHTpamuu B pactBope 1—40 ppm u pH7.

TlosydeHHbIe Pe3ysIbTaThl NO3BOJIMIM HOCTPOMTH H30TEPMBI COPOIMH OTEI]Ib-
HBIX METaJUIOB. B mpeaesax MPUMEHEHHBIX KOHIEHTPALMi METauloB B MCXOIHOM
pacTBOpe OHM IPOXOMASAT COTIacHO m3oTepMe Ppeiinumxa. I HA3KHX KOHIEH-
Tpamuii Zn B pacTBOpPE, X0 COPOLHMM y BCEX MHHEPAJIOB IOXOX, 3a MCKIFOYEHHEM
GeiinemTa. DTOT MUHEpPAI OOHAPYKHBACT HAWJIYYIINE COPOIMOHHBIE CBOMCTBA.

IMomyyeHHbIe H30TEPMBI MTOKA3BIBAIOT, YTO COPOIMS METAILIOB B CIIyYae MIUIATA
TOXE BHICOKA; OTMEYAETCS Takke OOJIbIIee PACXOXKIEHHE MEXIY OTACIbHBIMH Me-
TautTamMu. Zn JIyvinie copOupyeTcs M B OOJIBIIEM KOJIHMYECTBE YeM Kaamud, Mn
)K€ B HAMMEHbBIUUX KOJUYECTBAX.

Kaomuuur copOupyeT Te K€ caMble METAJUIBl B 3HAYATELHO MEHBLIEM KOJIH-
decTBe, OOHAPY)XHBAET TAKXKE HEOOJNBIIOE DPACXOXIEHHE B COPOLUMH OTAEIbHBIX
METaJLIOB.

IMonyyennsie pe3yiabTathl copommm Zn, Cd m Mn Ha TIIMHHCTBIX MHHEpajax
YKa3bIBAIOT, YTO [UISL NMPHMEHSEMBIX B BBILIEC IPEACTABICHHBIX HCCICIOBAHHSX
KOHIEHTPAIHil METAIUIOB B PACTBOPE, EMKOCTh HOHOOOMEHA, KaK U IOJHAS pasBep-
HyTAast MOBEPXHOCTh MUHEPAJIOB, HE OKA3BIBAIOT PEIIAONICTO BIMSHMIS HA BEIHIHHY
copbmum. KaxeTcst, 4To COPOIMS TSDKENIBIX METaJUIOB HAa IIIMHMCTBIX MMHEpaIax
3aBHCAT OT CTPYKTYpPHI JAHHOIO MHHEpAjla M PasjMyHa JUIs PasHBIX METaJLIOoB.
CyIIecTBEHHOE BJIMSHAE B MHHEPAJAX IPYIIbI CMEKTHTA M B MILTHTE MOXET MMETh
BeJMYMHA 3apsja TAKeTa M ero IPOMCXOXIEHHe. B ciyyae KaoiMHHTA cOpOHS
MOJET 3aBUCETh OT KOJIMYECTBA «AKTHBHBIX LEHTPOBY, MPOHCXOISIIHX OT pasop-
BAHHBIX COEIMHEHHI Ha peGpax, MM IOBEPXHOCTSX IUIACTHHOK 9TOr0 MHHEpaa.

KOHCTATHPOBAHO, YTO B CIyYae COPOIMH TDKEIIBIX METAILIOB, KPOME INIMHHCTBIX
MHHEpAIOB IPYIITBI CMEKTHTA, XaPAKTEPU3YIOLMXCs GOJIBIION CYMMAapHOIi yrems-
HOM TOBEPXHOCTBIO, a TAKKe HOHOOOMEHHOH EMKOCTBIO, CYIIECTBEHHYIO pOJb
MOTYT UTPATh TAKKE MIIMT M KAOJIMHHT.
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