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ABSTRACT. Active or closed copper mines pollute the environment for many years by self-leaching of residual minerals from ore bodies or from dam constructed
nearby the mine, forming mine waters that contain a reasonably high concentration of copper but also some other heavy metals and as a rule sulphuric acid. Formed
seepages bring out mine waters, damaging surrounding surface waters and soil. Adsorption of heavy metal ions by natural adsorbents appears to be a new possibility
for treating such kind of mine waters. Sawdust and wheat straw as by-products of wood and agriculture were studied for the adsorption of heavy metals from acid
mine drainages (AMDs) of closed copper mine ,Cerovo“ Bor, Serbia. In this work are presented some results on the column adsorption of heavy metal ions from an
AMD. Change of pH during the adsorption process is considered as well. The results showed that the column adsorption can successfully be used for metal ions
removal from mine waters achieving a high adsorption degree — higher than 99%. Instead of desorption, the loaded adsorbent was drained, dried and burned; the
metal bearing ash was leached with a small volume of sulphuric acid solution to concentrate metal therein. Obtained leach solution is suitable for treating by the
electrowinning in order to remove and recovery of copper, rounding off the technological process. A new, possible technology for mine waters treatment and metal
recovery was proposed and considered in its particular stages.
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OBPABOTKA HA BOAW OT KWCENWHHWU MWHHU OPEHAXW YPE3 AICOPBELIUA C HATYPAITHU AICOPBEHTU
Benuzap Cmankoeuy!, po3daHka bo2daHoeuy>
12 benepadcku yHugepcumem, TexHudecku hakynmem e bop, Crpbus, VJ12; 19210 bop, Cvpbus

PE3IOME. PaboTeluuTe nnu 3akpuTuTe BeYe MEOHM PyAHULM 3aMbPCABAT C FOAVHM OKOMNHaTa cpeaa Ypes CaMon3nyBaHe Ha yTaeyHu Matepuani oT pygHOTO TAMNO
WM nperpagu B 6nM3ocT J0 MuHUTE, ofpa3yBally BOAM C BUCOKA KOHLIEHTPaLWsS Ha Med W Jpyru TEXKM MeTanu, KakTo M csipHa kucenuHa. OBpasyBaHOTo
KONNYECTBO TEYHOCT MPOCMYKano ce NMpes3 nopuTe yBpexda OKofHaTa BOAA Ha MOBbPXHOCTTA W noyBaTa. ALcopbuusTa Ha TEeXKU METanHU MOHW OT HaTypanHu
ancopbeHT ce oka3Ba efHa HoBa Bb3MOXHOCT 3a TpeTupaHe Ha nopobeH Bug BoaW. [bpBEHUTE TPULM U MLIEHUYHATA Criama, KOWTO ca OTMagHu MpoaykT! oT
AbpBoaobuBa 1 3eMeaenueTo, ca U3cneaBaHm kato agcopbeHTH Ha TEeXKM MeTanm oT KucenuHHN MuHHW apeHaxmn ( KMI) B 3akputata Beve megHa muHa ,, Lieposo”
B rp. bop, Cbpbus. Ctatnara npeacTass HAKoW pesynTtaTi oT aacopbumsata Ha ioHu Ha Texkn metanm oT KM[. OTtyeTeHa e CbLio Taka 1 npomsiHata Ha pH no
BpeMe Ha agcopbuwara. MonyyeHnte pesyntaT nokaseat, Ye nogobeH T1n agcopbums moxe Aa 6bAe M3Non3BaHa 3a OTCTPaHSBaHe Ha METanHu IoHM , OCTUralku
BMCOKA CTEMEH OT mopsigbka Ha 99%. M3non3saHusT apcopbeHT € OpeHupaH, M3CYLUEHU W3ropsH; nenenTta chabpxallia MeTana, ce M3nyxea C NoMoLTa Ha
HE3HAYMTENHO KOMMYECTBO PA3TBOP Ha CSIPHA KUCEMMHA C LIen KOHLIEHTPUPaHE CbbpXaHMeTo Ha MeTana. [onyyeHnsT pa3Teop € NOAXomsiy 3a enekTponMTHO
OTAENsHE Ha MeATa, KaTo MO TO3W HAYMH Ce 3aTBapsi TEXHOMOMMYHUS Mpolec. peanoxeHa € HoBa TEXHOMOIUS 3a TPETUPaHe Ha MUHHW BOAM M W3BMKMYaHe Ha
MeTarnu, On1caHa Ha pasnuyHu eTanu.

Kmoyosu Oymu: Boga oT MuHuTe, agcopbums , 3nyxsaHe, Meq , AbPBEHN TPULM.

Introduction attention has been paid to the adsorption using Jow-

Pollution of the environment by toxic metal ions is a  cost‘adsorbents [1]. Recently, it was found that many by-
paramount world problem, caused by industrial activiies such ~ products and waste materials from agriculture or timber
as mining, extractive metallurgy as well as metal working industry that are no economically valuable are able to adsorb
industry. Numerous technologies have been developed for metal ions to a certain extent. Different materials were tested
treating wastewaters with low concentrations of metal. They @S potentially possible low-cost sorbents as: walnut and nut
include chemical precipitation, electrowinning or cementation ~ Shells, spent grains, olive stones, peanut skins, onion and
of the ions present in wastewaters, adsorpion and ion-  oOrange peals, rice husks, leaves, coffee and tea waste, tree
exchange, reverse osmosis, electrodialysis, and other fern and other similar plant waste materials [1,2]. Adsorption
membrane separation techniques. These methods, however, on natural adsorbents like wood sawdust, wood bark, wheat
have shown different effectiveness but, as a rule, they are not ~ Straw, corn or sunflower stalks and similar materials appear to
able to remove traces of metal ions and to reach a desired low be very convenient adsorbents for immobilization of different
level of metal in exit stream. In some cases an excessive metal ions onto these adsorbents, particularly from very dilute
amount of chemicals or energy has to be spent meaning high effluents containing a few ppms of hazardous ions only. Other,
operating costs. This is why many efforts have been done in natural materials were also considered for the same purpose,
developing advanced more efficient and less expensive such as: peat, lignite, bentonite and clay, lignocellulosic

technologies for such wastewaters purification. Especial
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materials, shell egg membrane, fly ash, marine algae and
alginates and many others [2].

Sawdust, having a great potential as an adsorbent, has
attracted more attention of scientists dealing with different
aspects of wastewater purification by biosorption. If sawdust
could be used as absorbent, both environment protection and
wood industry or agriculture would benefit: effluent solutions
containing heavy metals would be cleaned by a cheap
adsorbent and a new market for sawdust and similar waste
materials would be opened. Current researches have been
performed with sawdust produced from different kind of trees,
mainly from local both coniferous or deciduous forests and
some others more or less exotic trees depending on the
country where the experiments were realised [1-3]. It was
pointed out that metal adsorption depends essentially upon
three main parameters: the nature of adsorbent, the kind of
heavy metal ions and on the initial pH of solution.

In this study mine water from ex-open pit ,Cerovo“of Copper
Mining & Smelting Co. (RTB) Bor, Serbia was used as a
model-system for the removal of heavy metal ions by means of
adsorption on sawdust and wheat straw.

The main streams of mine waters in copper mines of RTB
are water springs appearing in underground mine that have to
be pumped-up from the mine providing normal working
condition down in the cave; acid mine drainages (AMDs)
seeping from the inner lateral slopes of open pits accumulated
at the pit bottoms, or from the outer flowing down and polluting
surrounding surface waters or soil making them unsuitable for
usage. Such waters contain a certain amount of metal ion,
particularly Cu2+, Fe2+/Fe3+, Zn2*, sometimes in considerable
concentration as well as sulphuric acid, as it is illustrated in
Table 1, just for one of the existing copper mines - closed open
pit called ,Cerovo*.

Table 1. Composition of AMDs of copper mine ,Cerovo*

Metal Springl | Spring2 | “Ecology | Max  allowed
(mgdm=) | (mgdm<3) | Dam” concentration,

(mgdm3) | (mgdm3)

Mn 40.1 65.7 9.7 /

Cu 1050 1550 132.45 0.1

Fe <10 <10 0.14

Ni 05 1.1 0.07 0.05

Co 2.1 56 0.32 0.2

Cd 0.2 0.4 0.05 0.005

Zn >20 > 27 5.7 0.2

Be 0.003 0.074 0.009 0.0002

There are three sources of mine waters from this closed
open pit, having different composition and different potential in
the sense of flow-rate. The source “Ecology Dam” is a small
lake and has the greatest potential. Springs 1 and 2 both
contain high concentration of Cu2+ but they have low capacity -
only few dm3/min. All three sources have unexpectedly low
concentration of iron while zinc concentration is quite high. For
this study mine water from “Ecology Dam” was chosen
because it is more suitable for adsorption than waters from the
other two springs.
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Experimental

Materials and methods

A series of experiments were firstly performed by using
synthetic single ion solutions (Cu?*, Ni2+ and Zn2+) prepared by
dissolving corresponding metal salts (AnalaR quality) in
distilled water. Prepared stock solutions (concentration 200 mg
dm=3) were further diluted if it was needed and used in the
column adsorption experiments. Two kinds of adsorbents were
used in these experiments: wheat straw and beech sawdust.
Both adsorbents were firstly grinded, than sieved through set
of laboratory sieves and only the sieve fraction (-1 + 0.4 mm)
was used in the experiments. No any other pre-treatment of
the adsorbents has been performed. The concentrations of
considered heavy metal ion during experiments were
determined by periodical sampling the treated solution and
analyzing the samples by employing an atomic adsorption
spectrophotometer (Perkin-Elmer — 403). Change of pH values
during adsorption was periodically measured by a WinoLab -
720 pH-meters.

Experimental procedure

Column adsorption experiments were performed in a plexi-
glass column (inner diameter 32 mm and height 500 mm). At
the bottom of the column was mounted a glass tap for
adjusting the flow rate through the column. Above the tap was
placed a layer of glass wool in order to prevent adsorbent
particles to leave the column. Above the protective glass wool
layer a fixed bed of beech sawdust or wheat straw was formed.
Above the bed of the used adsorbent was placed another glass
wool layer to provide uniform flow distribution across the whole
cross sectional area of the column, preventing the formation of
channels and stagnant — non-wetable zones inside the bed.
Prior the adsorption a portion of distilled water passed through
the bed washing out very fine particles from the bed. After
rinsing and drainage the column, the experiment was started
by feeding the column with chosen synthetic solution of
considered metal ion. Volume of the aqueous phase passed
through the column was an independent variable.

After passing a certain volume of the aqueous phase
through the column, samples were taken for both the analysis
on residual metal content and measuring the current pH value.
After finishing the adsorption experiment, the loaded adsorbent
was drained, taken from the column, dried on air and burned.
The ash was further annealed at 800°C to complete the
combustion of residual carbon. After cooling the ash it was
leached with as smaller as possible volume of 0.5 M HzSOa.
Leach solution was filtered and analyzed on the content of
metal ions. Column adsorption experiments were carried out at
ambient temperature and at constant flow-rate of 10 ml/min

Results and disscusion
Behaviour of the initial pH with volume passed through
the column

Changes of the initial pH of treated solution against the
volume of the solution passed through the column, in the
adsorption experiments, using beech sawdust as an
adsorbent, is presented in Fig. 1. Identical shape of the curves
and behaviour against volume passed through was obtained
for the wheat straw, too. It can be seen from the Fig. 1, that a
sharp increase appears at the beginning of the process



indicating a simultaneous adsorption of H* and the adsorbing
metal ions reaching a constant value just after 0.1 - 0.2 dm -3 of
the volume passed through the column and does not change
anymore. Most authors supposed an ion exchange mechanism
when alkali and alkali-earth atoms from adsorbent molecular
structure are substituted by metal and hydrogen ions [4].
Increasing of pH during adsorption could be considered as a
good adsorbent feature because partial neutralization of
treated solution occurs in parallel with the adsorption process
what could simplify the purification process technology
because no additional adjusting of pH is needed.
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Fig. 1 Change of initial pH value vs. volume of aqueous solution passed
through the column: beech sawdust; m=85 g;

Breakthrough curves

Column adsorption breakthrough curves, for all three
investigated ions are shown in Fig. 2, in which normalized
concentration change for each metal ion is plotted against the
volume of the solution passed through the column. It is clearly
shown that the breakthrough points appear earlier for nickel
and zinc while later for copper meaning a higher adsorption
capacity of the sawdust against this ion than against the other
two. Wheat straw showed that the breakthrough points are
almost equal for zinc and copper, but smaller for nickel.
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Fig.2 Breakthrough curves vs. volume passed through the column; Ci=0.2
gdm3; beech sawdust m=85 g
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Results, obtained for the column adsorption of copper from a
single ion solution with the concentration of copper ions
approximately equal as the concentration of mine water as well
as from mine water itself, are presented in Fig. 3. The
breakthrough point appears almost at the same volume in both
cases. It means that the adsorption of copper ions from mine
water will be predominant comparing to the other present and
here particularly considered ions.
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Fig. 3 Breakthrough curves for column adsorption of copper from: ¢-
single ion solution and m- mine water

Block diagram of the proposed adsorption process

Based on the experiments here described and exposed
results as well as on the previously reported investigation a
sketch of the process for mine waters liberation from copper
ions was proposed and presented in the form of block diagram
I nFig. 4

The proposed technological process consists of several
stages and represents the basic processes and unit operations
that would be used in the process which should result in both
the reduction of acidity of mining waters and in removal of
copper as the most valuable metal in the considered mine
waters. The process consists from the column adsorption on
sawdust or on wheat straw as low-cost adsorbent as the first
and most important step. Instead of desorption, it was
proposed burning, recuperation of generated heat for internal
needs; produced ash leaching with sulphuric acid solution, and
treatment of the leaching solution by electrowinning for
recovery of copper concentrated in.
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Fig. 4 Block diagram of the process for metal production from effluents by adsorption and electrowinning

Conclusion

Presented results showed that both adsorbents could be
successfully used for the adsorption of copper from mine
waters. Very high degree of adsorption could be achieved in
column adsorption (> 99%) before the breakthrough point.
Breakthrough curves allow us to evaluate the column capacity
and to determine the breakthrough points for each of
considered ions allowing a prediction of co-adsorption the
other ions present in mine waters. The proposed process for
metal removal and recovery from mine waters recommends
the following: instead of stripping adsorbed metal by a proper
desorption solution it is more suitable to burn the loaded
adsorbent; to recuperate the produced heat; to leach the ash
with a small volume of H:SOs in which metal wil be
concentrated and to recover the metal by electrowinning.
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