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ABSTRACT

In the present work, the abilities of natural agdtbetic samples of goethite and hematite to remove
copper Cu(ll) ) and zinc Zn(ll) ions from aqueouslusions were compared. Batch adsorption
experiments were performed in order to evaluateréimeoval efficiency of iron oxide samples. The
effect of initial metal ion concentration, initipH and time on adsorption of copper and zinc oho t
iron oxides has been studied. The sorption data wepresented by the linearized Langmuir model.
Comparing the values of adsorption capacitiesethere differences between the natural and syntheti
samples, natural and synthetic goethite had higbgstion capacity for both metals than hematitee Th
copper ions showed higher affinity than zinc iomafft samples.
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INTRODUCTION

The rapid industrialization and the increase inld/@opulation have all contributed to heavy metal
pollution in ecosystems due to their high toxigti€opper and zinc are highly toxic as they are
carcinogens and mutagens in nature [1,2]. Moredvigh intakes of these metals can cause liver,
kidney and pancreas damage [3]. Having in mindattheerse effects of heavy metals environmental
agencies set permissible limits for their levelsdiinking water and other types of waters. The
maximum allowable limit for both metals in dischedgwater was set by the Environmental Protection
Agency (EPA) to be 1.3 for copper and 5 mg/L farczj4]. Removal of heavy metals from industrial

wastewater is of primary importance and among nundfeconventional treatment technologies

adsorption is found to be the most effective metadd

Iron oxides, a common constituent of soils, sedisieand aquifers, have high surface areas and are
capable of adsorbing a significant quantity of rnsetadhey are dominant adsorbents in many
environments because of their capability to belfimispersed and act as coatings on other particles
[6]. Goethite ¢-FeOOH), occurs in rocks and throughout the varicospartments of the global
system. Goethite is one of the thermodynamicallgmstable iron oxide at ambient temperature and
is, therefore, either oxide to form or the end memif many transformations. Hematite,FeOs, is

the oldest known iron oxide mineral and is wideadran rocks and soils. Like goethite it is extreynel
stable and is often the end member of transformaid other iron oxides [7].
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The present work, batch adsorption experiments wenelucted for the removal of copper and zinc
ions from the model solution using natural and sgtit goethite and hematite. Batch experiments
were designed for the sorption process and tometerthe adsorption capacity of sorbents. The effec
of initial metal ion concentration, pH and time tme adsorption process was investigated. The
Langmuir linearized model was applied to interphet experimental data.

MATERIALS AND METHODS
Synthesis of goethite and hematite

The iron oxides can be prepared by hydrolysis d@fllfeacid solutions or by controlled oxidation of
Fe(ll) solutions. Goethite was prepared by hydislyof FeNQ by KOH. The crystallization of
goethite was carried out in a closed polypropyliask in a 70C oven for 60 hours. Hematite was
prepared by forced hydrolysis of Fe(lli§plution from chlorine system (FefCht temperature close

to 100°C under strongly acidic conditions (pH)1-Phe Fe-oxides samples were washed in deionezed
water (in order to remove impurity ions), filtereadr dried, sieved under the grain size ofi40 and
stored as a dry powders.

Natural goethite and hematite

The natural samples originated from deposit in Wgavere obtained from Department of Geology of
Mineral deposits (Faculty of Natural Sciences) matBlava. The samples were grinding, milling on
vibrating mill and sieved under the grain size 6f#m. The chemical composition of the natural
samples is presented in table 1.

Table 1 Chemical composition of natural goethit®)@nd natural hematite (HP)

Fe Al Si Ca K Mg S As Cu Zn Mn

(%) | (ppm) | (%) [ (ppm) | (pPM) | (pPM) | (%) | (ppm) | (ppm) | (PPm) | (PPM)
GP | 54,82 770] 0,79 30 110 135 | 0,15 <5 40 300 | 8100

HP 61,94| 2705/ 0,92 <10 100 285 | 0,22 12,8 150 155 300

Element

The surface area of both natural and synthetic ixdde samples were determined W@VA 1200e
Surface Are& Pore Size AnalyzgiQuantochrome Instruments).

The main mineral phases were confirmed by the powdey diffraction and infrared spectroscopy
method. Powder X-ray diffraction (XRD) patterns werecorded with a Philips PW1820
diffractometer (The Netherlands) equipped with &Guadiation (40 kV, 40 mA). The JCPDS PDF
database was used for the phase identification.

Infrared (IR) spectra of the synthetic Fe-oxide gkes were taken on a spectrometer AVATAR 330
(Thermo Nicolet Corp., USA) equipped with DGTS/K@etector at a resolution 4 émThe spectra
were collected with spectral resolution in the oegfrom 4000 to 400 cfhon potassium bromide
(KBr) pellets.

Adsorption experiments

All experiments were carried out by batch adsorptiechnique in 100 ml Erlenmyer flasks on a
rotatory shaker at 150 rpom. The model solution€wf(Il) and Zn(ll) was prepared by dissolving of
CusQ .5H,0 and ZnSQ@ .H,O respectively in deionized water at concentratidf, 20, 30, 40, 50
mg Cu, Zn/l. The concentration of added sorbents W@ g/l. The effect of initial metal ion
concentration, initial pH and time on adsorptioncopper and zinc onto the iron oxides has been
studied. After the adsorption, the solution waeféd and the concentrations of Cu(ll) and Zn@hs
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were measured by atomic absorption spectrofotonfetmian AA240 Z, AA240 FS, Australia). The
equilibrium adsorption capacities were calculatedne following equation:

-G -C
Q= c.

where Q is a sorption capacity of sorbent(18g/l) is the initial concentration of metal iamgolution,
C. (mg/l) is the equilibrium concentration of metahiin solution and (Xg/l) is amount of sorbent.

RESULTS AND DISCUSSION

The natural, as well as synthetic sorbents west ¢inaracterized by nitrogen adsorption method, X-
ray diffraction and IR spectroscopy.

The values of specific surface area determinedBBY method from the nitrogen adsorption
measurement were 30.67 fg for synthetic goethite (GS), 5.45° fg for synthetic hematite (HS),
19.56 ni/g for natural goethite (GP) and 4.66 fg for natural hematite (HP). Whereas the value of
specific surface area to a certain extent relaidfs tve adsorption properties it can be expecteat, t
the synthetic goethite will be the best sorbentskelected heavy metal ions.The XRD analysis of the
synthetic goethite and hematite samples reveake@résence of onlg-FeO(OH) andx- F&0O3; phase

for goethite and hematite, respectively, see figure2.

Comparing the samples, higher crystallinity for thgnthetic iron oxides was observed, caused
probably by the method of their synthesis, thartliernatural, what manifest the figures 5, 6. TRe |
spectra of synthetic goethite and hematite are shiowfigures 3 and 4. The OH stretching and
bending vibrations occurred in the spectral regin 3200 — 3600 cih resp. 793 - 891 cin,
confirmed the main infrared spectrum of goethitEeOOH . The IR spectrum of synthetic hematite
confirmed the stretching vibrations of OH groups3800-3200 cr, and bending vibrations in the
area of wavenumbers 616 and 476'ctgpical for FeO; phase.
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Figure 1 XRD pattern of synthetic goethite Figure 2 XRD pattern of syrttbdematite

The adsorption experiments were conducted andestuglich as influence of the initial concentration
of Cu(ll) and zZn(ll), the initial pH and time of éhsorption process. Equally often like ferihydrite,

goethite and hematite have been used as modelbatssrbecause they have a well defined crystal
structure, are widespread in nature and can bénesized readily in the laboratory. The previous
studies showed the ion adsorption on goethite énottder Cu > Pb > Zn > Cd > Co > Ni > Mn, the

same order is followed for hematite except of tbsitpn of Cu and Pb which is reverse [8].

Technical Institute Bijeljina, Archives for TechaiSciences. Year VII -2N2. 61



Bekenyiova, A. et al: Sorpion of copper ...... Archives for Technical Sciences 2015, 1Z3)66

20+

Percent transmission [%]
S

h 1 1 \ L

Percent transmission [%]
=)

0 04

L e O L L e e e N
4000 3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 1000 500

Wavenumber [om'] Wavenumber [cm']

Figure 3 IR spectrum of synthetic goethite Figure 4 IR spectrum of synthetrtatite
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Figure 5 XRD pattern of natural goethite Figure 6 XRD pattern of natural héitea

The adsorption experiments were conducted andestuglich as influence of the initial concentration
of Cu(ll) and zZn(ll), the initial pH and time of ¢éhsorption process. Equally often like ferihydrite,

goethite and hematite have been used as modelbatssrbecause they have a well defined crystal
structure, are widespread in nature and can beéhesized readily in the laboratory. The previous
studies showed the ion adsorption on goethite énottder Cu > Pb > Zn > Cd > Co > Ni > Mn, the

same order is followed for hematite except of tbsition of Cu and Pb which is reverse [8].

Effect of pH

The pH of the solution is perhaps the most impantanameter for the adsorption. To understand the
adsorption mechanism, the adsorption of Cu(ll) Znll) as a function of pH was measured, and the
results are shown in figures 7 andr8e influence of pH was investigated at the pH eafngm 3 to 7.
The figures shows the increase in the adsorptipadty of sorbents with the increasing pH from 3.0
to 6.0 for Cu(ll) and to 7.0 for Zn(Il). The optimupH for copper adsorption by both samples was
found to be about 6.0 (1 mg/g) and zinc adsorpimeneased with increasing pH and not reached a
maximum at this range. This related to pH valugvimich are individual ions soluble in solution, and
above which values of pH are precipitated on indeleompounds. At a pH value higher than 5.9 for
copper and 7 for zinc are already precipitatediffer@nt species. As the pH increases, there is an
increasing trend in the concentration of hydroximes [OH] in solution and causing the disturbance
of equilibrium. The adsorption increased very digantly with pH for both metal ions. The GS
achieved the maximum adsorption capacity 2 mg/gctper at pH 5, and GP maximum sorption
capacity 1 mg/g for copper at pH 6.
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Figure 7Effect of pH on sorption Cu(ll) and Figure 8 Effect of pH on sorption Cu(ll) and zZn(ll
Zn(ll) by natural samples by synthetic samples

In acidic environments the Fe- oxide surface isitpety charged while in alkaline media it is
negatively charged. The pH at which the satface charge is zero is termed the point of zberge
(PZC). Pure iron oxidesvithout sorbed ions have PZC's ranging from 8.59t8 [9]. However,
adsorption of anions may shift the PZC to loweryatues, whileadsorption ofcations may shift the
PZC to higher pH [9, 10]. Therefore, the sorptioperiments were performed at pH 5, which may
indicate that at higher pH values better sorptiapacity of ions will be achieved (Figures 7, 8).
However, many other factors can influence the sampprocess. The EXAFS data suggest that on
goethite zinc [11] and also copper [12] adsorbraeli sphere complexes which display Jahn Teller
distortion.

The effect of contact time

The effect of contact time on copper and zinc iadsorption onto iron oxide samples was studied and
the results are shown in figure 9. It was found tha adsorptive quantity of both copper and zomsi

on Fe-oxide samples increased with the increasingact time. The sorption of Cu(ll) and Zn(ll) ions
was rapid for first 60 min but the equilibrium wast reached after 240 min. This slow adsorption
may be explained by the rapid adsorption on thereat surface at the beginning, which was followed
by slow diffusion into the particles, with finallgdsorption on internal sites.
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Figure 9 Effect of contact time on sorption Cuéf)d Zn(ll) by Fe-oxide samples
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Effect of initial metal ion concentration

The obtained results showed the differences betweenatural and synthetic samples of goethite and
hematite in Cu(ll) and Zn(ll) sorption. The valugsequilibrium adsorption capacities of both natur
and synthetic samples showed higher affinity ohkhohs to goethite compare with the hematite. Also
the copper ions demonstrated higher affinity ontdhbsamples compare with zinc ions. The
adsorption of Cu(ll) and Zn(ll) on Fe-oxides slighincreased with the increasing initial metal ion
concentration up to 20 mg/then the equilibrium was establisheskcept ofcopper on goethite
samples and also for zinc on GS sample. The figl@eand 11 indicate, that uptake of copper ions
onto both goethite samples was very fast and égiuiin was not reached, the similarly behaving was
observed for zinc ions. To interpret the experirakdata the Linearized Langmuir model was used
and the obtained parameters are listet@dlote 2.

The calculated value of maximum adsorption capaafityatural and synthetic goethite was 1.4 mg/g
and 2.8 mg/dor copper respectively, figure 12In case of natural goethite the copper ions were
removed from the solution with higher efficiencyathzinc ions. On the other hand, the sorption of
zinc ions onto synthetic goethite was quiet effegtits value of adsorption capacity was 1.85 mg
Zn(ll)/g. The lowest value of adsorption capacitgsaobtained for the synthetic hematite: 0.28 mg
Zn(ll)/g, figure 13. It can be concluded that Fedexsamples were effective in Cu(ll) and Zn(ll)
removal in this order: GS>GP>HS>HP, what correspwitll the results obtained from the nitrogen
adsorption analyses.
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Table 2 Langmuir constants for Cu(ll) and Zn(llyston onto natural and synthetic samples

Sample Qm(mg/g) b(l/mg)
GP-Cu 1,667 0,288
HP-Cu 0,452 0,212
GS-Cu 2,849 11,735
HS-Cu 0,709 0,091
GP-Zn 0,634 0,256
HP-Zn 0,839 0,035
GS-Zn 1,85 0,628
HS-Zn 0,361 0,091

CONCLUSIONS

The results obtained from this study confirmed thath natural and synthetic goethite are more
suitable sorbent of Cu(ll) and Zn(ll) ions from thqueous solution than hematite. The affinity of
Cu(ll) and Zn(ll) ions to the studied samples wiarthe order: GS > GP> HS > HP. The highest value
of adsorption capacity was achieved for synthatietlgite in sorption of Cu(ll) 2.8 mg/d he value of
adsorption capacity for Zn(ll) was 1.8 mg/gThe adsorption capacities of Cu(ll) and Zn(ll) wer
higher for the synthetic samples than for naturadjcating that the synthetic samples had greater
specific surface area. The Cu(ll) had a relatigttgnger affinity to goethite than zZn(ll).

It can be concluded that further investigations stié needed to make the adsorption process more
effective. Therefore the next study will be focusedstudy of other parameters which can influence
the sorption process like temperature, ionic stiteagd other.
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