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Abstract

Not only do the copper tons contaminate t
production industry. Negative charged surface

& Keywords: zeolite, copper. adsorption, regeners

‘Heavy metals are among the prior toxic
utants in wastewater and represent @ SSTIOUS
b to soil and water pollution. Although
: are many sources of heavy metals, specific
strial sectors are, at present. those which
A mu'ibatw 1o environmental poliution with
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is not biodegradable and is an essontal
inanumbemt emzymes of all kmmﬂt life.
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During the mining process of copper exploitation

nox
he water but also
of zeolite has been :
Thﬂ* batch and L‘l‘f RAMIC \\[‘QHEHQH"\ have been co oducted. Aficribe 2 ""“"'De..\.. the ool hes :‘e-.f:_'_!‘.
regen&rﬁ!t}d with the concentrated solution of Na-salt. The volume of the regencrative solunon 1S
5:.3(! tmes smaller compared to the total amount of the wase solution that has been purified aad |

.-'meentmtwn of the obtained solution ts 12 g Cu™
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depends on the chenmcsl composibon of the
ore that leaches donne the exploiisiion The
major problem are the copper w0as that not caly
contamunste the water bt also represent a loss
for the copper producton mdusiny.

At the Cerovo Deposii RBB-RTB. e
vencrated lake st the open pit represents one of the
bieeest problems. At this moment, the estimated
amoant of the “Cerovo Lake™ 1= 600,000,000 &’
(and &t srows every day) of this water with the
averzee content of 200 mg Cu™'dm’. According
o a simplke mathemancsl calculation. only m
“Cerove Lake™ 120 omes of copper is mapped.
With cument official pnce of 8.000 Shwoo this
makes & total of 960.000 §. Besides this lake, at
the RTB Bor plants plenty of “copper wastewater
reservoirs” exast that, althoush not so h:lg& stll
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adsorption has gained a lot of atiention recently, as
ELD-?I’TEHGI_}, cost effective and easy operational

technology.

Natural materials that are available in large
quantities may have potential as inexpensive
sorbents. One of potential adsorbents that could
meet all these requests is zeolite. Zeolites have
been widely used in heavy metals adsorption
experiments because of their unique physical
and chemical properties (crystallinity, thermal
stability, well defined cage structure of molecular
size, ion exchange, good hydrodynamic
properties, etc)’. Among many natural zeolites,
clinoptilolite is the most abundant. It’s a common
alteration product of vitroclastic sediments that
have been diagenetically altered in subaerial
and marine environments®. Zeolites are hydrated
aluminosilicates of alkali and alkaline earth
elements with unique crystal structures. As it
is well known, the primary building units of
the aluminosilicates are the TO, tetrahedra,
where T is Si or Al. Tetrahedra are linked so as
- to make structure of zeolite rich with channels

and cavities’. Each aluminum ion that is present
_in the zeolite framework yields a net negative
- charge®. This porous, negatively charged surface
| - of zeolite can be used for adsorption of metals
~ such as copper and zinc. Negative charge surface
i is-balant:ad by mono and divalent exchangeable
catmns such as Na, Ca, K and Mgthat give zeolite

; hlgh cation exchange capacity (CEC).

 The objective of these investigations was

| ..ta' determine the optimal parameters for the |
' dsnrpnon and then to nptlmlze the regeneratmn:' g

Sonia Milicevié, Vindan Milotevic,
Milica Viahovid, Sanja Mattiinovid,
Ih ALl POVEGIOY 1w

(XREPD) analysis. the clinoptilolite content is
_%0% and the main impuritics in the zeolite are
quartz, feldspar and carbonate. The total cation
exchange capacity (CEC) of the zeolitiv tult
was 146 meq/100 g, measured with 1 M NH,C\,
For the adsorption experiments the zeolite
sample was ground and sieved to particle sizos
-0.043mm and -0.8+0.6mm.

The examination of copper uptake was
preformed in both batch and fixed bed mode,

The experiments using batch technique
were carried out by shaking 1g zeolite
(-0.043mm) with 100 cm® agueous solution of
CuSO, SH,O containing various initial copper
concentrations (1-14 Cu* mmol/l). After
equilibration the suspensions were filtered and
in supernatants the concentration of remamning
copper was determined by atomic absorption
spectrophotometry.

The experiments using fixed bed technigue
were performed not in a column but in a square
shape vessel, imitating the micro system of the
large pools. The total amount of the zeolite was
800 g (-0.8+0.6mm). The contact time was 20
min and the concentration of the influent was 300
mg Cu*'/l.

The regeneration process was also performed
in a fixed bed technique with 15g/1 solution of
Na SO,. The passing of the solution in both the
adsorption and the regeneration cycle was adverse
from the bottom to the top, where the overtfiow

was collected and tested for the pmsem nl‘ thei o

Cu*' by atumu:: absarptlﬁn spectropho
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Figure 1 Sorption isotherms of copper uptake on
zeolite

The sorption capacity q_. which is a measure
of the maximum sorption capaa:m comresponding
to Lomplete monolayer coverage, showed that a
mass capacity for the Cu*", uptake by zeolite is
12.2 mg/g.

Preliminary kinetic experiments have shown
that most of the contaminants have been sorbed
on the natural zeolite within first 20 minutes.
while the plateau has been achieved after 60
minutes.

Based on kinetic experiments we accepted
20 minutes as the optimal contact time for
the experiments in fixed bed mode. The
obtained results are presented in Figure 3. The
concentration of the influent was 300 mg/L
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Figure 2 Kinetics of copper sorption on zeolite

The breakthrough curves in Figure 3 differ
from those obtained in the classic column
experiments. The typical S-shape remains but the
slope is not so sharp i.e. after the breakthrough
it takes more time to reach the exhaustion point.
The big difference in the breakthrough point can
be observed between the first exchange cycle and
the next one. afier the regeneration of the zeolite.
This can be attributed to the fact that after the
regeneration zeolite is in monoionic form and
that reduces the influence and the interference
of other cations. Further, the obstructions caused
by the impurnties present in zeolite are likely
to be removed after the first usage cvcle and
regeneration.

After the firstadsorption cycle the breakthrough
curve moves towards the higher values of BV
i.e. capacity. From Figure 3 it can be concluded
that the 2™ and the 3™ cyvcle remain almost
unchanged. The breakthrough point is 20BV and

the exhaustion point at 60BV,

meemlmnexpmmemﬂiem;;-
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gradient occurs, e |
not sharp and the period between the BrGIKEe:

and exhaustion is much longer than 1n the regun
experiments with the column, .
the capacity in the breakthrough and exhaustion
point is the measure of the system effecti CNESS,
This ratio in column experiment is better as it 18
closer to 1. Since this ratio in our experiments

{ he ratio Deiweeh

Table 1 Experimental conditions

Sonja Milicevi¢, Vladan Mj toSevic,
Milica Viahovié, Sanja Martinoyie.
Dragan Povrenoyie
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(! Clabie 1) we could say that this system
 not highly effective, but, in the real systems the
ount of ”h mining waste water is so large that
no g:niumn system is acceptable and possible,
Due to this fact we find that the effectiveness
of this continual system 18 acceptable and the
construction of such systems 1s easier and more
fuvorable compared to the column.

and data calculated from the breakthrough curve

. C,.mg/l m, & V.. ml Gy ME/E A ml_ qﬂ_,mgfg _ n
300.0 800.0 25 9.4 60 15.3 0.61
After reaching the exhaustion point the same  Conclusions

-mass of zeolite was treated with the concentrated
solution of Na SO, (15g/1), with the same flow
as the adsorption cycle. The obtained results are
presented in Figure 4. The regeneration was a
rapid process where the total amount of copper
‘was exchanged with less than 31 of Na,SO .

1000 1600 2000 2500 J000 3800 4000
V (Na,SO,), mi

Figure 4 Regeneration curves

me Figure 4 we can see that most of the copper

tthe copper from 601 of solution was extracted

"__a'recl to the amount of the sulutmn that Wi

}ar;as'regenerated within the first 21. This means

ighly concentrated solution, up to 12g Cuv/l,  \cknowledge
h the total volume that was 30 times smaller.’_.,_____..--

Zeolite can be efficiently used for the
adsorption of copper ions. According to the batch
experiments maximum sorption capacity for the
copper 18 12.2 mg/g. The adsorption process
s a very fast one whereby the most of copper
ions are sorbed on the natural zeolite within
first 20 minutes. This time has been chosen to
be the optimum contact time in the experiments
under dynamic conditions. The experiments
in fixed bed have shown that zeolite can be
cthiciently used more than a several times and
that sorption capacity does not decrease, but on
the contrary, improves. The system like this is
less efficient than the one with the column, but
the construction of such a system is easier and
cost effective. The major benefit is presented
in the fact that the system like this retains the |
regeneration efficiency and ‘that is po:
obtain 30 times lower vo
solution with 40 times }n '
highly concentraj;ed opp
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