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ABSTRACT

The chromium, cobdt and cadmium removd from wastewaters by naturd and modified
zeolites was examined by usng a batch-type method. A dinoptilolite-type Turkey naturd
zeolite was pretreated with HCl and HNOs to improve the adsorption capecity for heavy
metals. The removd efficiencies and kinetics of heavy metds such as chromium, cobdt and
cadmium on naurd and modified zeolites were determined. The kinetics of adsorption

indicates the process to be diffuson controlled.
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INTRODUCTION

Heavy metds are common pollutant found in various indudrid effluents The dricter
environment regulaion on the discharge of heavy metas make it necessary to develop various
technologies for the removal. Waste streams containing low-to-medium level of heavy metas
are often encountered in metd plating fadlities, dectroplating, mining operations, fertilizer,
battery manufacture, dyestuffs, chemica pharmaceutical, eectronic device manufactures and
many others. Mogt of heavy metds are highly toxic and are not biodegradable; therefore they
must be removed from the polluted dreams in order to meet increasingly stringent
environmentd quaity dandards. Many methods including chemical precipitation, dectro-
depogtion, ion exchange, membrane separation, and adsorption have been used to treat such
dreams of these methods, traditiond chemicd precipitation is the most economic but is
inefficient for dilute solution. lon exchange and reverse osmoss are generdly effective, but
have rather high maintenance and operation costs and subject to fouling. Adsorption is one of
the few promisng dterndives for this purpose, especidly using low-cost natura sorbets such
as agricultura wastes, clay materids, zeolite, biomass, and seafood processing wastes (1,2)
Clinopldlite is a minerd zeolite of the Heulandite group. The structures of zeolites consst of a
three-dimensond framework of SO, and AlO4 terahedrd (3). The duminum ion is smdl
enough to occupy the postion in the center of the tetrahedron of four oxygen atoms, and the
isomorphous replacement of AP for S** raises a negaive charge in the latice The net
negative is baanced by the exchangesble cation (sodium, potassum and cdcium). These
caions are exchangesble with certain cations in solutions such as lead, cobdt, zinc and
manganese. The fact that zeolite exchangeable ions are rdaively innocuous (sodium, cacium
and potassum ions) makes them particularly suiteble for removing undesrable heavy metd

ions from indudrid effluent waters. One of the earliest gpplications of a naturd zeolite was in



remova and purification of cesum and drontium radio-isotopes. Clinoptilolite for heavy
metal and radionuclide ions adsorption has been investigated by many authors (3-8).

The removd of heavy med ions from indudtrid wastewaters using different adsorbents is
currently of greet interest. Activated carbon has been tested for the remova of inorganic ions
from agueous solution. However, in order to minimize processng codts for these effluents,
recent investigation have focused on the use of low cost adsorbents. Clinoptilolite was shown
to have high sdectivity for certain heavy metd ions such as Pv**, Cd®*, Zn?* and CU/**. A
dggnificant number of researchers have done experiments, which have determined different
sdectivity sequences of natura zeolites for a range of various metds, but they have al agreed
that Clinoptilolite shows a strong affinity for leed and cobdt. Most of them have suggested
that pretrestment of natural zeolites enhances their ion-exchange ability (9-13). The reaction+
and diffuson controlled models have been proposed to describe the adsorption kinetics,
which are based on the reaive importance of the chemicd reactions to diffuson transfer. The
results of the kinetic sudies by Eligwe et d. (14) showed that the adsorption reaction is first
order with respect to the metd cation solution concentration. It was found that the rate
congant was a function of metad ion concentration, pH, and initid concentration. The uptake
kinetics of cobdt and sdenite was studied by Pepelis et d. (15). The rate data were
interpreted with a diffuson mode, in which a linear isotheem was employed to express the
loca equilibrium relationship. The above modds may be satisfactory under the particular
experimentd  conditions, however, these models and ther parameters normdly ae sysem
specific (pH-dependent) and cannot be applied to other conditions (16).

The am of the present invedtigation is to study the adsorption mechanism of Co(ll), Po(Il)
and Cr(VI) ions onto natural and modified zeolites from wastewater.

MATERIALSAND METHODS



Naturd zeolite sample was obtained from Biga- Canakkade region of Turkey. It was ground to
approximately 200-mesh Sze powder. A given amount of the materia was washed with de-
ionised water three-four times to remove any dust and other water-soluble impurities. The
sample was then dried in an dectric oven a 150-200 °C for 2-3 hours before using for
adsorption purpose.

Meta remova dudies were caried out usng dinoptilolite in three different forms one
untrested and two treated samples. Sample 1; natural zeolite, Sample 2; naturd zeolite was
treated with 2 M HCI solution over a period of 24 h., after washing, modified zeolites were
dried at 105°C for 1h. Sample 3; the zeolite was prepared with 2M HNOs; solution over a
period of 24h.

The chemicad compodgtion of the naurad sample was determined by XRF andyss. The
andyss was peaformed on naturd zeolites, in an atempt to determine ther effect on the
zedlite ayda gdructure. The naturd Clinoptilolite obtained from Biga-Canakkale region, was
stated to be 40-50% pure. The impurities include ilite, montmorinolite, feldspar, cacite,
quartz and hdlite.

Stock solutions of cobdt, lead and chromium were prepared in deionized water usng the
andytica reagent grade cobdt chloride, lead chloride and potassum chromate. The exact
concentration of metal ions was verified by AAS.

Adsorption tests were conducted in 250 ml glass tubes. A zeolite sample of 4.0 g was nixed
in 100 ml lead, cobdt and chromium solutions of concentrate ranging from 1 to 100 mg/l by
mechanica shaking a a speed of 250 rpm /min for a period of 24h. The blank experiments
were smultaneoudy carried out without the adsorbent. After the agitation for an equilibrium
period, the supernatant solution was filtered through 0.45nm microporous membrane filter.

These firs experiments were conducted a room temperature. In the second set of experiments

is invedigated the influence change of initid concentration on the upteke of lead, chromium



and cobat ions. An accurate weight (4.00 g) zeolite sample 1, 2, and 3 was mixed and stirred
with 100 ml solutions of lead, chromium and cobdt, respectively. The investigated initid
concentrations were 1, 5, 10, 25, 50, 75 and 100 mg/l. After shaking in a thermodtatic system,
the solid phase was separated by filtration through a 0.45mm microporous membrane filter.
The find pH of solutions was recorded by pH meter and concentrations of lead, chromium
and cobdt ions a equilibrium were determined by the atomic adsorption spectrophotometry

(20£0.5°C) (17).

RESULTSAND DISCUSSION

Chemical analyss of the zedlite is presented in Table 1.

Table 1. Chemica compostion of zeolite samples tested (%).

Components Sample 1 Sample 2 Sample 3
SO, 55.80 55.80 55.80
AlLO; 13.32 13.35 13.36
Cao 575 542 5.01
Na,O 3.90 4.82 592

K, 2.35 1.48 0.92
Fe,0; 130 128 129
MgO 0.70 0.66 0.67
Loss of ignition 17.00 16.60 16.80




The lead, chromium and cobdt metd ions remova efficiencies for tested zeolite samples are
shown in Figs. 1, 2, and 3. Respectively, 16.8, 19.73, 18.71 mg/g Co™?, 17.86, 19.99, 19.74

mg/g Cr"* and 10.31, 21.51, 23.53 mg/g Pb*? were taken up by 4.00 g zeolite
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Fig.l. Cr'® ion remova eficiency by zeolite samples as a function of initid concentration;

m(zealite): 0.40 g; V (solution): 100 ml.

sample 1, 2 and 3. It was clear that, for treated zeolite samples, lead and chromium was more
sectively removed than cobdt. The pH vadue of chromium, lead and cobdt solutions was
increased from 4.5. This ggnificantly increesed pH vaue during the experiments was due to
the amultaneous uptake of hydrogen ions by zeolite samples and hydrolyss of zeolites.

The remova efficiencies of Pb(ll) by the untrested zeolite (S1) are lower than tha of the

treated zeolite.
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Fig.2. Co™ ion removd efficency by zedlite ssmples as a function of initid concentration;

m(zedlite): 0.40 g; V (solution): 100 ml.
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Fig.3. Pb*? ion remova efficiency by zedlite ssmples as a function of initid concentration;
m(zealite): 0.40 g; V(solution): 200 ml.

These results indicate that the order of efficiency is as follows. S2>S3>S1 for Co(ll) and
Po(l) and S3>S2>S1 for Cr(VI). At cobalt concentration less than 10 mg/l, removd
efficiencies of about 94.8% were achieved by dl zeolite samples. At higher cobdt
concentrations, the remova efficiency decreased to a vaue of between 67,13 and 90% for dl

zeolite samplesl, 2 and 3 (Fig. 3). In contradt, a higher concentration for Cr(VI) and Pb(ll),



the remova efficiencies by al samples were increesed. However, it was adso clear tha for dl
the zeolite samples tested |ead was more selectively removed than cobalt.

The rate congtant of adsorption pore diffuson and mass transfer coefficient of metd ions were
determined using equation of Lagergren and Weber and Morris (18), respectively which are
asfollows.

For rate constant of adsorption;

K t
2.3

log( e - g) =log Qe -

For rate congtant of pore diffusion;

E:K'to'5 where t; timg(min), q; amount of metd ion adsorbed a time t(mgg™), ge;

Co

anount of metd ion adsorbed a equilibrium (mgg?l), Co; initid concentration of metd ion
(mg™), G; concentration of metd ion a time, t (mgg™), K; rate constart of adsorption (min).
A draght line plot of log (ge-q) vst (Figs 4, 5 and 6) suggests the gpplicability of Lagergren
equation, however, the plot of G / Cy vs £° (Figs. 7, 8, 9), dthough linear for a wide range of
contact period, do not pass through the origin, indicating that the pore diffuson is not the only

rate controlling step (18).
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Fig. 4 Kineticsof Co(ll) adsorption using by Lagergren plot.
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Fig. 5. Kineticsof Pb(I1) adsorption using by Lagergren plot.
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Fig. 6. Kineticsof Cr(V1) adsorption using by Lagergren plot.
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Fig. 7. Kineticsof Co(ll) adsorption using by Weber et d.
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Fig. 8. Kineticsof Pb(I) adsorption using by Weber et d.
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Fig. 9. Kineticsof Cr(VI) adsorption using by Weber et d.

The rate congtant of adsorption and pore diffuson were cadculated from the dopes of the

respective plots and given in Table 2.

Table 2. The rate constants of adsorption and pore diffuson of heavy metds.

Coll) Po(I1) Cr(vi)
S1 2 3 S1 2 3 S1 2 3
K(min | 0,01114 | 0,01170 | 0,01809 | 0,0093 |0,01524 | 0,01408| 0,008766] 0,01000] 0,008282
Y
K’ (min | 0,0054871 | 0,007860] 0,009519] 0,01890 | 0,02361 | 0,02057| 0,01453 | 0,01347| 0,012588
1/2)




CONCLUSION

At lead and cobalt concentrations less than 4 mgl™ remova efficiency was between 80-100%
usng the untrested zeolites At the same time concentration of chromium, removd efficiency
was above of 70%. It was clear that the lead and cobdt ions were more sdectively removed
than chromium with the untrested zeolite. But the removd of lead ion is very fast and tha
findly 92% upon the initid concentration in solution by usng the trested zeolite. The initid
rate of remova increases with increases in the initid cadmium concentretion level. However,
the ultimate remova rate remains more or less the same. At lower concentretions, i.e,
concentrations equa to 20 mg/l or less, rate is lower than the initid concentration except of
the &2 zeolite. This shows that the removad of metd ion is highly concentration dependent. It
may be noted from the figure that the equilibrium is established in 60 min and the period of
equilibration is concentration independent. The remova of Pb(ll) and Co(ll) by the trested
zeolites increases from 70 to 100%. The rate is not affected by the treatment of zeolite for

Cr(vl).
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