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Abstract. The influence of Fe-oxide coatings on the adsorption of zinc onto clay minerals was
investigated in three experimsntal series: 1. natural standard clay minerals: kaolinite, illite and
smectite, 2. the same clay matrices after sequential extraction with hydroxylamine hydrochloride,
oxalate buffer and dithionite/citrate buffer solutions. 3. clay matrices with artificial coatings of
Fe-oxyhydrates. Results obtained indicate that in respect to the adsorption of zine, Fe-oxides have
some influence on kaolinite, but only little influence on illite and smectite and that structural and
other characteristics such as CEC (cation exchange capacity) and SSA (specific surface area) are
more important for the adsorption behavior of zinc (and other transition elements) on trioctahedral
clay minerals.

INTRODUCTION

Characteristic for clay minerals is their large surface area of 10—800 m?/g which
is said to be the major reason for the enrichment of heavy metals on clays.

Jenne (1966) suggested that this enrichment occurs less as a direct adsorption onto
clay mineral surfaces, rather being adsorbed onto coatings, which, in addition to
organic substances, consist of iron and manganese oxyhydrates. Thus, in extraction
experiments with sediments containing a high percentage of clay minerals, the greater
part of heavy metals was released from the iron and manganese oxide phases, even
though the relative weight of these phases amounted to only a few percent (Schmoll,
Forstner 1979; Forstner, Patchineelam 1980). On the other hand, Shuman (1976) in-
vestigating soils, found that the removal of iron oxides increases the capacity to
adsorb Zn in more instances than it was decreased.

In order to gain further information on the significance of oxidic phases during

the adsorption of heavy metal ions on various clay minerals the adsorption of Zn**
on standard samples — kaolinite, illite and smectite — was assessed.
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In addition, by extraction with hydroxylammonium chloride, oxalic acid buffer
and dithionite solution, these samples were freed of iron to various degrees. The
influence of these processes and the artificial coating with Fe-oxides on the adsorption
of Zn?** was then analyzed.

MATERIALS AND METHODS

The following standard clay minerals were used for the present investigations:

— kaolinite KGa-2-Georgia

— illite, IMt-1, Montana, fraction <2 pm

— smectite, Poznanski clay (Poland), fraction <2 pm

In order to coat the clay minerals used with oxidic iron phases according to me-
thods for the production of pure goethite or haematite (Atkinson 1967), their aquous
suspensions were injected with Fe3*, shaken and the solid phase isolated. A small
amount of water was then added and a) the solution was boiled for 24 hours under
reflux (haematite) and b) the pH was raised to 12 with KOH and the solution was
tempered at 60°C for 24 hours. Both samples were centrifugated and the solid pha-
se dried at 60°C.

The physical and chemical characteristics of all materials used is compiled in
Table 1.

Table 1
Chemical and physical properties of samples investigated
Kaolinite Smectite Illite
NS-Fe! NS-Fe! NS-Fe!
SSA CEC SSA
(ppm) S b ) SDA LEHO (ppm)
Untreated samples 16.3 43 411*%| 49.2 451 1000t 433 284 2058+
Extracted samples:
B 18.9 4.9 20 511541 i3 550 | 449 242 800
ox 20.1 5.4 150 $5:6+ 1459 650 | 49.0 233 1200
DI 16.5 6.2 1000 SIS 415 4208 4410 §IE929) 200
Coated samples:
Haematite 18.1 — 1647 55.6 — ' 11.428*1" 52.6 — 13.142+
Goethite 22.1 — 3092 | 51.0 — 10.857 | 45.7 -— 13.142+*

key: SSA (specific surface area — N, area in m?/g), CEC (cation exchange capacity in meq/100 g |
and non-silicate (NS) iron content extraction solution for clay minerals.

* iron content in dithionite solution for untreated and coated clay minerals.

! non-silicate iron

The selective release of non-silicate iron oxides was attained i
s:«'xm_ple »yith 10 ml extraction solution (0.1 m hydroxyl-ammoniutr)ri’(:S}tlllag:;g;tg ian l(loglmt;gl
nitric acid — HY — Chao 1972); 0.4 m oxalic acid) ammonium oxalate buﬂ.'er —
0OX o (Schwertmann 1964); and 0.05 m sodium dithionite in 0.27 m Na-citrate
solution — DI (Holmgren 1967) for 12 hours. In respect to the adsorption studies,

100 mg of the various solid substances were injected with 10 ml
zinc solution, adjusted at pH 7, shaken for ]J : T

t 2 hours and centrifugated. The solution
was analyzed for zinc content with A4S (atomic adsorption spegctrometry).
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RESULTS AND DISCUSSION

Figures la, b, ¢ show the adsorption of zinc from a 10 ppm solution onto standard
clay minerals after consecutive treatment with the various extraction reagents. Also
shown are the development of cation exchange capacity (CEC), the specific surface
area (SSA4) and the amount of Fe remaining on the standard clay after each extrac-
tion. Here, the extractable amount for all reagents (‘“non-silicate iron™) is set at
100%;. For all other parameters, the values of the untreated sample is 100. The rela-
tions between the adsorbed amount of zinc and the parameters already mentioned can
be summarized as follows:

— for kaolinite, a correlation between the zinc adsorption and the iron amount

in the clay particles is apparent,

— for illite, there is a highly significant correlation between CEC and the amount

of adsorbed zinc,

— for smectite, a correlation between zinc adsorption and SSA seems to be most

probable.
These findings — confirmed for various zinc concentrations between 1 and 40 ppm —
become understandable upon consideration of the structure of the various stan-
dard clay minerals.

Kaolinite shows no distinct adsorption characteristics; thus, changes on the mi-
neral surface — for example, Fe-oxide coatings — could evoke marked changes of
adsorption capacity. On the other hand, the significance of CEC for the adsorption
characteristics of illite can be explained by surface charge, a result of isomorphic
substitution in tetrahedric layers. Smectite clay minerals, which have lower surface
charge, indicate — due to the much larger surface area — an influence by Fe-oxides
only to the extent that their specific surface area is also increased.

All together it was shown during the present investigations that Fe oxides play
a role for the adsorption of zinc onto kaolinite, have no relevance for the same onto
illite and, in respect to the adsorption onto smectite, no specific influence of Fe oxides
is visible.

To test these preliminary results, further adsorption experiments were made
with clay standards that were coated with goethite or haematite layers. Results are
shown in Fig. 2a—c. An improvement in the adsorption capacity of kaolinite is
attained with Fe-oxide coatings. These can be traced chiefly to the increased SSA, but
in the case of goethite there is a certain specific improvement of the adsorption ca-

acity.
i F}(,)r illite, there is no visible influence by the Fe amount and the surface charge,
which agrees with the results given above. i

Smectite shows an improvement in the adsorption capacity, which corresponds
proportionally to the increase in the surface area. The importance of Fe layers seems
to become greater as the concentration of zinc increases. ]

In order to ascertain if there is a specific influence of oxidic Fe coatings on the
adsorption of zinc on clay minerals, the mean values of the quotients from the
amounts adsorbed onto the 3 untreated clay minerals and from the goethite- and ha-
ematite-coated samples (mean of the adsorption from 1, 10, 20, 40 and 100 ppm solu-
tions) were set in ratio with the specific surface areas of each untreated and mineral
phase:

Ads.yn SSAyn

Adto i SSAG R KIS

The mean value of the 6 quotients named in Table 2 was 1.0040.14. An influence of
Fe-oxidic coating other than a surface area effect cannot be determined.
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Key: UN — untreated samples, H — haematite coated, G — goethite coated, Extraction reagents: HY —

hydroxylammonium chloride, OX — oxalate buffer, DI — Na dithionite
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In respect to kaolinite, this finding contradicts_ data_ present@d in Fig. 1.. The
probable explanation of this discrepancy is that coating with goethite or haematite in
this case is 3 times less than that for illite and smectite. ’ .

More data on the influence of the Fe-oxyhydrates on the adsorptlon' of zinc on
clay minerals was gained as, after successful zinc adsorptipn, the association form
of the zinc ions was determined on the various surface with the aid of a 1| m am-
monium acetate extraction. The results are compiled in Table 3. It can be seen that
zinc adsorbed onto kaolinite is nearly completely extractable with the reagent. T!]ere
are no differences in extraction behavior for adsorbed zinc on standard or artificially
coated kaolinite.

For illite, zinc is more easily extracted from coated sample than from the natural
one although the adsorbed amounts are nearly constant in both phases.

Smectite shows a very distict extraction behavior. The Fe coating seems to have
no effect.

Table 2
Adsorption-surface quotients for kaolinite, illite and smectite; in each
case coating with goethite and haematite

ka olinite illite smectite
goethite 0.84 1.06 0.92
haematite 1.03 1.23 0.93

Table 3
Percentage of adsorbed and extracted (with 1 m NH4Ac) Zn for untreated and coated clay minerals
Coated samples
Original Zn Untreated sample 3
‘_; concentration Haematite Goethite
g (ppm) o o o/ o o o
= adsorbed extracted adsorbed extracted adsorbed extratced
1 87.2 88 91.3 75.8 94.0 64.8
© 10 45.7 91 45.7 91.1 68.5 86.7
E 20 16.0 100 16.0 100 38.8 98.7
=) 40 11.0 100 11.0 100 21.1 100
£ 100 6.6 100 10.0 100 11.6 100
1 98.5 51 95.9 323 93.0 4.2
10 96.8 28.9 95.0 60.0 92.6 453
20 91.0 42.8 97.1 74.3 93.5 66.3
__;-:’ 40 994 49.6 81.1 728 84.6 74.7
= 100 52.2 70.1 46.6 62.3 50.5 73.0
1 98.0 31.6 96.9 25.8 93.5 8.5
° 10 87.0 58.6 96.5 58.0 93.3 45.1
§ 20 77.4 67.2 97.2 67.9 93.5 65.1
g 40 71.4 70.3 96.1 75.7 90.7 71.6
2] 100 53.3 76.5 RS0 74.2 67.8 2l
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These findings correspond very well to the structural characteristics of the various
clay minerals described above. For their adsorption behavior in respect to kaolinite
and smectite, Fe-oxides are only significant in that they effect an enlargement of the
surface. They have no significance for the strength of the chemical association.

On the other hand, illite, due to its adsorption capacity being strongly influenced
by the surface charge of its tetrahedric layers, is isolated from this charge by its Fe
Sgatings. This has as a consequence a weakening of the adsorbed heavy metal bon-

ings.

The results presented here allow the conclusion that upon adsorption of soluted
heavy metals, Fe oxide coatings already present on clay minerals surfaces have little
specific importance. The increased adsorbable portion is therefore chiefly a result
of the increased specific surface area caused by the presence of the Fe coatings.
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WPLYW OTOCZEK ,,WOLNYCH TLENKOW Fe” NA ADSORPCJE Za
NA MINERALACH ILASTYCH

Streszczenie

Badano jaki wplyw maja otoczki ,wolnych tlenkéw Fe”, wystgpujace na po-
wierzchni ziarn mineratéw ilastych, na sorpcje Zn z roztworéw. W tym celu oznacza-
no jaka iloé¢ cynku sorbuje si¢ na trzech wybranych mineralach.llastych: .kaolmlc.le
(kaolinit KGa-2, Georgia), illicie (illit IMt-1, Montana, <2 pm) i smek.tycne (frakcja
<2 pm itu poznanskiego). Prowadzono takze sorpcj¢ Zn na tychze m.memlach,. po
ekstrakciji ,,wolnych tlenkow Fe” (non-silicate Fe) kolejno nastgpujacymi qdczynmka-
mi: chlorowodorkiem hydroksylaminy, buforem szczawianowym i ditioninem sodo-
wym. Po kazdym etapie ekstrakcji oznaczano pojemno$¢ wymiany kationéw (CEC)
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i i ie wlasciwg (SSA) probek. W ostatniej serii b?.daﬁ sorbowano cynk na
;)ap((i)a“:;glc mllferalach ilfis(tych )pg pokryciu ich powiqrzchng,hematyten? i goethytem.

Badania wykazaly, ze obecno$¢ ,,wolnych tlenkéw Fe’” ma wyrazny wp%ywdrkla
sorpcje Zn przez kaolinit; mniej wyraznie wplyw ten zaznacza si¢ w przypadku
smektytu, natomiast jest problematyczny w przypadku illitu. 'Il'osc Zn sorbowgnego
przez illit i smektyt w wickszym stopniu zalezy od pojemno$ci wymiany kationow
1 powierzchni wlasciwe;.

OBJASNIENIA FIGUR

j zeni iezwi i h, pojemno$¢ wy-
¥ig 1. Adsorpcja Zn z roztworu o st¢zeniu 10 ppm, Fe niezwiazane w krzemnqglqc § ]
" miany kationow (CEC), powierzchnia wlasciwa (SSA4) dla probek \yyjsmowych (U.N). i po
obrobee: chlorowodorkiem hydroksylaminy (HY),.buforem szczawianowym (0X)i ditioni-
nem sodowym (DI). Dla probek wyjsciowych przyjeto wartosci 100

.
Fig. 2. Izotermy adsorpcyjne (a, b) Freundlicha dla probek wyjsciowych i p_okry.tych hemal_ytem
i goethytem oraz dodatkowe izotermy (c) dla smektytu poddanego dziataniu odczynnikow
ekstrakcyjnych; _ ;
UN — prébki wyjsciowe, H — pokryte hematytem, G — pokryte goethytem. Odczynniki ekstrakcyjne:
HY — chlorowodorek hydroksylaminy, OX — bufor szczawianowy, DI — ditionin sodowy.

Ddeswmpayda XOJIbOC PBIBUI[KA, Hépeun ITEP

BIIMSAHUE OBOJIOYEK «CBOBOJHBIX OKUCJIOB Fe»
HA AJICOPBIUIO HA TI'JIMHUCTBIX MUHEPAJIAX

Pesrome

Mzyuanoch BimsHue 060109k «CBOGOMHBIX OKHCIOB Fe», npucyrcryromux Ha
FOBEPXHOCTH 3EPCH IIMHUCTLIX MHHEPAIIOB, HA COPOLMIO Zn M3 pacTBopoB. C 3TOM
HEMLIO ONPCIETICHO, KAKOe KOJMYECTBO Zn COPOMPYETCS HAa TpeX M3GPAHHBIX IJIH-
MMCTHX MUHEpAJIAX — Kaosmuute (kaoiauunt KGa-2, JOkopmkus), wiutuTe (MIUTAT
IMt-1, MoHTaHa, < 2 MKM) ¥ CMEKTHTE (bpaxuust < 2 MKM MO3HAHBCKOI TJTAHBI).
Hposomunace Takxke copbuyus Ha ITHX Ke MHUHEPAJIAX IMOCse IKCTPAKIUM «CBOOO -
meIx oxnciaoB Fey (necummkatHoro Fe) mocnemnosaresbo CIIC/IYFOIUMU PeareHTAMH:
XIMOPHCTOBOAOPO/HBIM THIPOKCUIIAMHHOM, OKCAJIATHBLIM 6ydepomM u mHaTpHEBBHIM
AerrnomaroM. [locite kakaoro sTana SKCTPaKuMM ONpeneNsInch BEJIMYAHA OOMe-
mocnocobuoctn katnonos (CEC) u YACHbHAS IOBEPXHOCTH 06pasuos (SSA).
B mocmeaneil cepun ucce10BaHMN MHK COPOHPOBATICA HA MU3YYASMBIX TJIHHHCTBIX
MMHCPATAX 110CIC TIOKPBITHS WX MOBEPXHOCTH IEMATHTOM M TETHTOM.

MccnenioBanuamu  06HAPYKEHO, 4TO NPUCYTCTBHE «CBOOOAHBIX OKHMCIOB Fey
TMECT SBHOC BIIMAHME HA COPOLMIO ZNn KAOJIMHUTOM; MeHee YeTKoe B CIIy4ae CMEKTH-
T3, 3 npebreMaTHyHO B cilyyae WtnTa. KommyecTso Zn, copOMPOBAHHOIO HILTHTOM
M CMCKTHTOM, B OOJIBIUCH CTENEHM 3aBUCUT OT KATHOHHOW 0OMEHOCOCOOHOCTH
B YACHLHON TOBEPXHOCTH.

|
i

OBBACHEHUS K ®UT'YPAM

®ur. 1. Ancop6umst Zn u3 pacrsopa, conepxarero 10 r/t, HeciwinkatHoe Fe, KATHOHHAR OOMEHO-

Pur. 2.

cnocobuocts (CEC), ynenbuas moBepxHoCThb (SSA) mnst ucxonubix o6pasior (UN) 1 moc-
Jie 06paboTKM: XIIOPUCTOBOMOPOAHBIM TAPOKCWIAMUHOM (HY), okcanarasiv Gydepom
(OX) ¥ HATPUEBBIM JHUTHOHUHOM (DI). Tns uexommeix o6pasnos HPUHATO 3Havenne 100

AncopOumonHeie n30Tepmel P peinnxa (@, b) st HCXOMHBIX, & TAKKE MOKPHITHIX reMa-
THTOM M TETHTOM 06pPA3LOB M IONOIHUTEIBHBIC H30TEPMBI (¢) mns cmekrura, monsep-
KCHHOMY BO3/IEHCTBUM IKCTPATMPYIOLMX PEAreHTOB

UN — ucxonnsie 06pasuwt, H — [OKPBITHIC FEMATATOM, G — HOKPLITLIE FETHTOM. DKCTparupyioupse peares-

Tei: HY — XJ10pHCTOBORODOMHKIL raapoxcunamud, OX — okcanarneiit Gydep, DI — marpmessit -
THOHMH



