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The scope of this study was the removal of heavy metal ions, ammonium and
organic substances by ion exchange from municipal wastewaters. Clinoptilolite,
bentonite, and palygorskite are especially interesting in the group of inorganic
sorbents because of their specific physico—chemical properties. Specific surface
areas and pore distributions were determined for the above sorbents. Sorption
kinetics of Zn(1l), Cu(1l), Ni(Il), Pb(Il) and ammonium ions in synthetic solutions
and wastewaters were investigated on the above sorbents. lon sorption process
was carried out with a static method at various phase contact times. The AAS
(atomic adsorption spectroscopy) method was used for measurements of heavy
metal contents. The adsorption process was found to be pH and concentration
dependent. The removal mechanism of metal ions was by adsorption and ion
exchange processes. The FT-IR/PAS method was used to study mechanism of
Zn(ll), Cu(ll), Ni(ll), Pb(ll) and ammonium ions sorption on the clinoptilolite,
bentonite and palygorskite. The spectra of FT-IR/PAS before and after sorption of
Zn(Il), Cu(ll), Ni(ll), Pb(ll) and ammonium ions were investigated.
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1. INTRODUCTION
Growing pollution of surface underground water with simultaneously increasing
demand for water of high quality parameters requires finding efficient and ecologically safe

methods of water and sewage treatment. Municipal waste waters may contain heavy metals
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such as Ni, Cu, Zn, Pb etc. and organic substances. The toxic metals, existing in high
concentrations (even up to 400 mg/dm?®), must be effectively treated from wastewaters. If
wastewaters were discharged directly into natural water, it would constitute a great risk for the
aquatic ecosystem, whilst the direct discharge into the sewage system might affect negatively
the subsequent biological wastewater treatment [1]. lon exchange and adsorption methods are
used most frequently for removal of heavy metal ions from wastewater. In the last 20 years,
characteristics of natural zeolites have been intensively studied for the needs of wastewater
treatment [2-9]. Natural sorbents are increasingly widely used in wastewater purification
processes due to their frequent occurrence in nature, low cost as compared with synthetic
materials, remarkable properties with respect to adsorption capacity, molecular sieve
properties, high selectivity for heavy metal ions, and resistance to acid and high temperature.
The present study demonstrates that natural sorbents of various types, as well as adsorption —
active materials based thereon, can be readily used for removal of heavy metal ions, organic
substances from wastewaters.

Table 1. Chemical compositions of the Table 2. Physical characteristics of the

natural sorbents used. investigated sorbents.
Constitue Clinopti | Palygor- | Benton Parameters Clllnl(.)tptl- Pallffo BeTO
nts (%) -lolite skite ite - olite r-sKite | -nite
Si0, 42.4 65.3 63.6 cumulative | 195.27 |287.67 | 157.7
ALO; 15.3 13.7 19.8 1 y
Fe,0; 1.7 9.8 9 ‘éoe'cri‘g‘cl &
MgO 0.5 8.2 1.8 P
CaO 201 0.8 1.5 surface area 31.12 268.2 | 62.57
K,0O 4.02 1.24 0.13 m?/g
Na,O 0.21 0.1 0.06 Pore radius 2% 7 s
TiO, 0.12 0.47 1.78 average nm
MnO - 0.17 <0.004 Bulk density 1.65 1.41 5
Cr,03 - 0.01 0.03 Correc. bulk
NiO - 0.06 0.03 ) 243 2.37 3
density g/cm’
Porosity % 32.22 | 40.56 |32.18

2. EXPERIMENTAL

2.1. CHARACTERISTICS OF SORBENTS

Bentonite, clinoptilolite, palygorskite were ground and sieved to fractions. The samples
were washed with distilled water to remove turbidity and dried at room temperature (air-
drying). The fraction commonly used in test is between 0.3-0.5 mm. Results in tables refer to
sorbents of particle size 0,3 — 0,5 mm. X-Ray Fluorescency Spectroscopy with X — Unique II

Philips apparatus used for chemical composition analysis. The chemical composition of the
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mineral is shown in Table 1. Development of specific surface areas was determined with BET
method using Sorptomatic Fisions apparatus. The physical characteristics of the minerals is
shown in Table 2.

Porosity was determined with mercury porometric method. The waste samples were

collected from the wastewater treatment plant of Putawy in Poland.

2.2. SORPTION INVESTIGATION

In all the experiments carried out, 10 g of each sorbent was placed in contact with 100
ml of wastewater solution in 250 ml Erlenmayer flasks. For each experiment, one sample was
reserved for the analysis to measure the initial value. The ion concentrations before the
sorption process were: Cu(Il) 94 mg/dm?, Zn(Il) —128 mg/dm?, Ni(Il) —25 mg/dm?*, Pb(II) —
12 mg/dm?, NHs" —650 mg/dm’. After the equilibrium contact time (30 min.), the samples
were filtered off at the end of the process through a 0.2 um pore size Millipore filter. The
AAS (atomic adsorption spectroscopy — Varian 240 FS) method was used for measurements

of heavy metal contents.

2.3. SPECTROSCOPIC INVESTIGATIONS

The FT-IR/PA spectra were recorded by means of a Bio-Rad Excalibur 3000MX
spectrometer equipped with a photoacoustic detector MTEC 300 over the 4000-400 cm
range at the resolution of 4 cm™ and maximum source aperture. The spectra were normalized
with reference to the MTEC carbon black standard. Before each data collection the PAS cell
was purged with dry helium for 5 minutes. Interferograms of 512 scans were averaged for
each spectrum. The DRS spectra were measured by using the Specord M42 spectrometer
equipped with a diffuse reflectance attachment produced by Carl Zeiss Germany. The spectra
FT-IR/PAS and DRS before and after sorption of Zn(II), Cu(II), Ni(II), Pb(II) and ammonium

ions were investigated.
3. RESULTS AND DISCUSSION

3.1. THE FT-IR /PAS METHOD

In the spectra of bentonite (Fig. 1) between 3650 and 3300 cm™ there exist signals
related to vibrations of — OH groups wchich are present in minerals as hydroxyl groups, water
traces, and hydroxonium ion (H;O"). The peak characteristic of stretching vibration of
Al(Mg)-OH was observed at 3364 cm’. The band of zeolitic water occurs between 3550-
3350cm’. Zeolitic and adsorbed water gives an asymmetric signal at 1650 cm™. The signals at
1050 and 997cm™ correspond to Si-O stretching bond vibrations. The AI-AI-O groups
deformation gives a peak at 914cm™. At 879 cm™ the Fe-Al-O deformation signal is found
and after sorption of heavy metals the signal is divided into 889 and 875 cm™. The twisting
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vibrations at 628 cm™ of Al-OH, Si-O groups disappear after of heavy metal ions sorption.
The PAS results show two signals at 2939 and 2858 cm™ which are related to organic
substances. Bentonite (after sorption process) gives the strongest signal, it is also worked on
the spectrum of other sorbents but in a weaker way. This fact indicates that bentonite is more

flexible for sorption of organic wastes than clinoptilolite (Fig.2) and palygorskite.
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Fig. 1. The FT-IR/PA spectra of bentonite before (a) and after (b) ions sorption process.
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Fig. 2. The FT-IR/PA spectra of clinoptilolite before (a) and after (b) ions sorption process.



Molecular and Quantum Acoustics vol. 29 (2008) 155

a
\
8,
®
c
>
()]
S
b
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber [cm!]

Fig. 3. The FT-IR/PA spectra of palygorskite before (a) and after (b) ions sorption process.

The FT-IR/PA spectra of palygorskite are shown in Fig. 3. The peak at 3616 cm™
corresponds to OH (hydrooxide) stretching vibrations of Al-Al-OH group and is characteristic
of bentonite and palygorskite minerals. The low intensity peak at 3583 cm™ is shifted after
wastewater sorption. This effect might suggest that wastes are sorbed not only on the surface
but are blocked in palygoskite channels. The peak between 3550-3350 ¢cm™ corresponds to
vibrations of zeolitic and coordination water. The asymmetric signal at 1650 cm™ corresponds
to bending vibrations of zeolitic and adsorbed water. This signal is more split at 1647, 1656
cm for clinoptylolite and palygorskite than for bentonite. In the palygorskite PA spectra the
Si-O stretching vibrations are split into 1039 — 989cm™ and after sorption of wastewater the

band at 1039 cm™ disappears. This phenomenon occurs only for palygorskite.

3.2. THE DRS METHOD
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Fig. 4. The DRS spectra of bentonite before (a) and after (b) sorption of heavy metal and
ammonium.
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The bentonite was characterized by higher sorption capacity of heavy metal and
ammonium ions than clinoptilolite and palygorskite, therefore the DRS spectra were
measured for it. In Fig. 4 the DRS spectra were shown before and after sorption process.
There are no observed significant differences in the spectra. It was considered with low
concentration of sorbed heavy metal ions in the solid phase and the wastewaters. This method

is not sensitive enough in the investigated concentration region.

4. CONCLUSION
The PAS method is very useful in investigations because it provides some important
information related to the structures of bentionite, clinoptilolite and palygorskite before and

after heavy metal and ammonium ions sorption. Moreover, the PAS method is more sensitive

than DRS.
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