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Abstract: Zinc is an essential nutrient for living organisrivobile zinc ions can be taken up by plants in
higher amount than their physiological need ancwigh can be available for animals and human beings
through food chain.

Zinc has a relatively high affinity for the soil piales, however concentration of free zinc ions @&rease
due to abrupt and intensive acidification. Our eixeations were carried out on goethite as an adstrbe
Goethite plays an important role in ion adsorpfiiosoils. Zinc was chosen for our experiment amibrage
heavy metals which have similar adsorption propsrti

Zn is necessary for plant growth, but in higher amocan be toxic. Our results are able to desdiilee
parameters determining the soils Zn supply. Howether interval between the plant growth necessad/ a
toxic amount is very narrow and further examinagi@ane necessary for investigate the exact amoundh of
which is needed by the plant.
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Introduction

Filep (1998), Csathd (1994), Kadar and Németh (2@0D3 an overview of the heavy
metal contamination of Hungarian soils.

The natural goethite is a peculiar formation of $heface weathering processes. In near-
surface sediments and the soil goethite is a mgldnaterial of the iron particles, iron
films and crust, red and brown discolorations. @h@rphous coatings crystallise over
time (Bohn et al., 1985).

The aqua complex metallic ions of dissolved in fwdution connect to the surface
through the ligandum, while water molecules distaom the surface dissociate H+-
ions into the solution. From the aspect of the dempnetal ions a ligandum exchange
reaction occurs: the free water molecules exchamgethe surface to chemically
combined water or OH- ions. Following the primargsarption the combined
complexes may chemisorb into stronger ions whiléeews released, or build into the
crystal matrix of the surface. (Kinnibourgh, 1983)

Forbes et al. (1976), Bar-Yossef (1979), Padmamabi®83), Bruemmer et al. (1988)
and Briimmer et al. (1983) have explained the deergapH as partly due to hydrolysis
of Zn** to give ZnOH and H and partly due to re-adjustment of charge on tik s
colloid surfaces as ZnOHons are sorbed.

Rimmer and Uygur (1998) examined the Zn absorptioime precipitated ferrous oxide
films that form in quantities on the Cag@rystals of the soil. The research proved that
the effect of the presence of iron oxide coatingscalcite surfaces is to increase the
specific adsorption of the Zn and to decrease dhmdtion of precipitation compared to
the un-covered lime surfaces.

Schlegel et al., (1996) examined the goethite ahlatucture during Zn complex
adsorption with XAFS - x-ray absorption fine-stuet — methods. They concluded that
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the adsorbed heavy metal in partly build in thestalymatrix of the surface while they
loose their ligandums.

On the basis of experiments it has been conclukidadsorption of heavy metal on soil
was affected by pH (loannou et al., 2003; Czinlaital., 2002.) and Eh (Czinkota et al.,
2006).

Material and M ethod

For this paper we examined the goethite with X-d#fraction and thermo-analytical
methods. The samples were examined original stadeaéter 24 hours of heating on
100°C and 24 hours of heating 200°C. The final dammatch the composition of the
natural goethite, but it is very probable that altsphase iron-hydroxide / iron-oxy-
hydroxide system may superpose within the otherwis#i-ordered goethite-matrix,
similarly to the processes in the nature.

For a proper diagram al least 7 measure pointnacessary. With preliminary test
experiments we determined the range of concentraiio which reliable results can be
achieved. Seven different concentration solutions € 7,5 - 10 - 12,5 - 15 - 20 - 25
mgZn1000 cn? as ZnSQ - were used for the research. 0,1 g synthetichifeepowder
was poured in the 508zinc solutions, and the sample tubes were shake2df hours.
The final solutions were recovered with centrifigat(5 min 5000 miit speed) and
filtration. The concentrations of the equilibriumlgtions were determined with atomic
absorption spectrofotometric detection, using &iReElmer AAS equipment, on the
213.9 nm wavelength that equals the light absanpdiozinc. The quantity of desorbed
H* ions was determined with titration, by using Orfal.dni® NaOH solution. The pH
was measured with Radelkis OP 210 glass electrbdagter.

Results and conclusions

All of concentrations (initial and equilibrium) weeapplied in two different dimensions
(mgdm® mmoldm?). The adsorbed quantities were calculated as #wredse in
concentration of solution while the process of apson (Table 1).

Table 1.The Zn concentration of the solutions, the quamtitadsorbed Zn and desorbettibins

Equilibrium Zn concentration Adsorbed Zn Desorbéd H
Initial Zn o ; o B
concentration £ 5 Ee) 5 fis k=) 5
mgdm? g 5] g 5] é é 5]
0 0 0 0 0 0 0 0 0
5 6107 0,005 | 9,110% | 2,46 2,33 | 3,20%] 0,06 | 0,007
7.5 1,810 | 0,013 | 1,90* | 3,65 6,38 | 5302 0,15 | 0,010
10 8,510 | 0,058 | 8,80*° | 4,57 29,38 | 6,40%] 0,21 | 0,003
12,5 1.8 0,138 ] 2;10° | 5.30 69,00 | 8102 0,21 | 0,024
15 3.3 0,409 | 440° | 5,80 204,76 | 8,802 0,42 | 0,029
20 8.8 0,417 | 440° | 5,58 208,94 | 8402 0,45 | 0,090
25 14.1 0417 ] 450° | 542 208,88 | 8,30%] 099 | 0,117

Zn adsorption on goethite fitted to the Langmuis@gtion isothermKigure 1). The
form of the equation used was:

236



10" Alps-Adria Scientific Workshop Opatija, Croatia, 120

Alklc Where Q = the amount of adsorbed Zn (md)kg
= ¢ = the equilibrium Zn concentration (mg.i
1+klc A = the Langmuir adsorption maximum (mg#g
k = the Langmuir energy constant (mg?)

Q

Figure 1. shows the curve matches the points of the resfltthe measures. As
expected, Zn sorption increased with increasingedddn concentration for goethite.
Zinc and hydrogen are concurring during the adsmmpprocess. The adsorption
become less effective due to acidification causgthk hydrogen desorption. In other
words the adsorption balance shifting toward ddasmgecause of the higher quantity
of the H-ions, i.e. less zinc can be adsorbed.
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Figure 1.The adsorption isotherm of the Zinc adsorptionhensurface of the goethite and parameters of the
Langmuir adsorption isotherm

Delineating the quantity of desorbed H+ ions iratieih of the adsorbed Zn the first
linear stage is followed by an exponential incregstep Figure 2) Greater adsorption
of Zn, that is showed by increasing of H+ concditra led to precipitation as Zn(OH)
which was evidenced by the rising of slope in thetherm. The explanation of this
phenomenon requires further research.
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Figure 2.The quantity of desorbed’libns from the surface of the goethite, in relatibthe quantity of the
adsorbed Zn
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The rise of the curve about the initial stage efiin-exchange is gradien2, (Figure 3).
An explanation for the expected two may be the pripn of the valences. The
presumed process is: SURFACE=Zn +2 H> SURFACE=H+ Zr’*
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Figure 3.The quantity of desorbed H+ ions from the surfdaie goethite, in relation of the quantity of the
quantity of the adsorbed Zn, the linear sectioousfe
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