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1. Introduction

Occurrence of elevated concentration of differantganic pollutants in
surface and/or ground water has created immensal gwoblems. Among the
various toxicants, heavy metal ions and fluoride e priority contaminants,
considering their magnitude, time of residencelaundan health hazards. While
the heavy metals enter the water bodies primahniigugh industrial discharge
(1), fluoride may come both from industries as veallvia geological sources
(2). All these toxicants are of serious concernghtenvironmentalists due to
their non-biodegradable character (3). Occurrenteexzessive fluoride in
ground water, causes serious and irreversible thed#tmage, known as
fluorosis. At present twenty nine countries inchglilndia are facing the
problem due to excess fluoride in ground water Adgonservative estimate of
fluoride victims around the globe, at present isngiflion while 64 million
people are at risk (5).

In many cases the water users in India have coeipler partially
rejected the source or are compelled to use it watluctance. Different
technologies are available for removing or redutimgexcess level of toxicants
so that the water quality may be brought to acdmptdevels as per the
recommendation of WHO (6). These include ion exgeameverse osmosis,
precipitation and adsorption (7). The choice ailityubf a particular technique
is judged from its simplicity, efficiency and casffectiveness. Considering the
above facts adsorption has several advantages @aittkavariety of adsorbents
ranging from natural to waste materials, as wells@sthetic substances are
reported (8+10).
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The present study is intended to use laterite ffaceve removal of
heavy metals viz., copper, nickel, zinc and irorwatl as fluoride from water.
Laterite is a weathered rock available abundantieiveral parts of the country.
It is therefore a readily available, low cost mitlerMoreover the operation
process is simple and can be used by rural petggde a

2. Experimental

All the chemicals were of analytical-reagent gra8tock solutions
(2000 ppm) of Cu(ll), Ni(ll), Zn(ll), Fe(ll) were rppared by dissolving the
respective metal salts in doubly distilled wateluofide solution (stock) of
100 ppm was prepared by dissolving potassium fiigoin doubly distilled
water, kept in plastic container. Laterite obtaifiexin Bankura, (West Bengal,
India) was washed with doubly distilled water, @ired and sieved at different
size fractions.

2.1. Apparatus

Perkin-Elmer atomic absorption spectrophotometed ddV-VIS
spectrophotometer were used for determination ofaimens and fluoride
respectively. Systronics pH meter was used to nmeabe pH of the aqueous
solutions. In AAS an air-acetylene flame was usdith the observation at 10
cm above the burner with the following wavelengi@is; 327.4, Ni: 232.0, Fe:
372.0 and Zn: 213.9 nm (11).

2.2. Procedure for adsorption experiment

The sorption behaviour of various metals was exadhionder both
static and dynamic conditions. The operational aldeis were optimized
through the static process. The static method wad to determine the capacity
of laterite, as well as the kinetics of adsorptmncess. The dynamic method
was used to determine the influence of flow ratd aample volume on the
column operation.

Static process50 ml of solute solution after pH adjustment was
equilibrated with 1.0 g of laterite in a batch meacand shaken till the
equilibrium is attained. Solute concentration ie Supernatant was measured
(11) for the calculation of percent uptake.

Dynamic processThe chromatographic column used was a glass tube
(30x1.0 cm) with a coarse sintered-glass disc atapat the bottom that was
prepared by careful filling of laterite, the beddgh being about 20 cm. A fixed
volume of solute solution was allowed to pass thhothe column at a flow rate
of 5.0 ml/min. A definite volume of effluent waslEmted at regular interval
and the concentration was measured following tedstrd method.
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3. Results and Discussion

The physico-chemical composition of laterite watedained following
standard method (12) and presented in Table 1. Majmponents are silica,
alumina and iron (lll) oxide with minor componemEdifferent metal oxides
viz. sodium, potassium, calcium, magnesium, mangaaad titanium.

Table 1.Physico-chemical composition of Laterite
Tabela 1.Skiad fizyko-chemiczny laterytu

Constituent Percentage by weight
SiO, 67.200
Al,Os 9.350
Fe0s 10.000
Na,O 0.200
K,0O 2.730
CaO 0.030
MgO 1.000
MnO, 0.052
TiO, 1.270
Loss on ignition 6.100

3.1. Optimisation of operational variables in stqiocess

Suitable applications of laterite for the adsonptid solutes demand the
process to be both thermodynamically and kinejicilourable. To achieve
the maximum efficiency, it is necessary to optintise operational variables.
Equilibrium shaking time, dose, temperature and pke the major guiding
factors for batch process, while volume of sampleit®on and flow rate are
important for column study.

Adsorption as a function of shaking tim&he time taken for the
adsorption of solutes and the attainment of theliegum condition is of
considerable importance. It is observed that difieisolutes required different
times for attaining equilibrium with different extieof uptake. Within the series
of studied metal ions, equilibrium time.Jt for copper ion is shortest. The
observed order is found to be: Cu(ll)>zZn(I)>Ni@hHe(ll). Ferrous ion shows
highest uptake of 93% while that for copper, nickad zinc are 86, 79 and 71%
respectively for an initial concentration of 20 pffig. 1). It is further observed
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that as the initial concentration is varied from01® 20 ppm, the uptake
increases significantly for all the metal ions (TeaB). Adsorption efficiency of
laterite was tested for fluoride concentration e tange of 10 to 50 ppm. A
maximum uptake of 78.2% (corresponding to 10 ppsobserved at the
equilibrium time of 195 minutes.

Table 2. Adsorption characteristics of the solute ions
Tabela 2.Charakterystyka adsorpcji jonéw z roztworu

) . Uptake at various experimental conditions (%)
Solute | “* rr/un Dose, g | Size, mm| Speed, rpm Temp, K
(0.3+1.0) | (0.3+0.8) | (400+100) | (313+293)
Cu(ll 45 | 20 39-86 86-32 86-46 91-77
Zn(ll) 80 | 29 30-71 70-27 70-41 79-59
Ni(ll) 90 | 35 37-79 78-30 78-51 85-67
Fe(ll) 120 | 45 51-93 93-44 93-63 98-81
F 195 | 40 | 21-78.2 | 78.2-30 78.2-33 64-41
Cu Zn Ni Fe
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Fig. 1.Influence of initial metal concentration on ads@p
Rys. 1.Wplyw pocztkowego stzenia metalu na adsorgcj
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Adsorption as a function of dose of lateriihe minimum amount of
laterite corresponding to the maximum solute sorptat a definite solute
concentration is taken as the optimum dose. Lateldse was varied from 0.3
to 1.0 g and there is increase in the percent eptdkmetal ions (Fig. 2).
Highest adsorption was observed for 0.8 g fortalmetal ions, while optimum
dose for fluoride was found to be 1.0 g. Hence albsubsequent experiments
laterite dose of 1.0 g was maintained.
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Fig. 2.Influence of dose on adsorption
Rys. 2.Wplyw dawki na adsorpej

Adsorption as a function of particle size of lateriAdsorption of
solutes was performed with laterite of differenttjgde sizes, viz. 0.8, 0.5 and
0.3 mm. The increase in the extent of percent atisor of metal ions with
decreased particle size is presented in Fig. 3il&@ifehaviour was observed
for fluoride also and an increase from 30 to 78286 observed.

Adsorption as a function of agitation speékhe effect of agitation
speed on the solute uptake was studied within dahger 100 to 400 rpm, for
a definite concentration of solute and pH. The @eraptake increases as the
agitation speed is increased. It is possibly du¢héodifferent rate of solute-
laterite interaction (13). Influence of agitatigpegd on the uptake of metal ions
is presented in Fig. 4.

Adsorption as a function of temperaturBemperature is an important
parameter in the context of adsorption on solidsph&n increase in the percent
adsorption was observed corresponding to the isereatemperature from 293
to 313 K. For fluoride (50 ppm) the increase wasnfb from 41 to 64%.
Adsorption behaviour of different metal ions isq@sted in Fig. 5.
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Fig. 3. Influence of particle size on adsorption
Rys. 3.Wplyw rozmiaru czsteczki na adsorpgj
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Fig. 4.Influence of rotational speed on adsorption
Rys. 4.Wplyw predkosci obrotowej na adsorpgj
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Fig. 5. Influence of temperature on adsorption
Rys. 5.Wplyw temperatury na adsorgcj

Adsorption as a function of pHdsorption of solute on a solid surface
is known to be dependent on the pH of the soluéenthe surface charge,
characterized by pHZPC of an adsorbent vary with IbHs expected that at
pH > pHZPC the negative charge density on latetitéace increases, leading
to increased adsorption of cationic solute and absed adsorption of anionic
solute. Simultaneously the pH dependent speciaifosolutes play important
role (14). In order to avoid the hydrolysis of meians and complexity in
speciation all the experiment were performed in pit¢ 6.8. However the
detailed study on the mechanism of pH dependemirptisn on laterite will be
taken up in future communication.

3.2. Adsorption equilibrium and adsorption isotherm

The ability of laterite to extract solutes from aqus solution was
evaluated by measuring adsorption isotherm, cdimglathe equilibrium
adsorption amount on laterite and equilibrium com@ion in solution. The L-
type adsorption behaviour, predicted from the douilm data in the present

system suggests favourable adsorption and alsorgsiendency of monolayer
formation (13).
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3.3. Optimisation of the column operation

Solute solution (1000 ml) at optimum pH was pagbedugh the filter
column loaded with the laterite in a down flow mannThe flow rate was
varied between 1.0 to 10.0 ml/min and there wasignificant difference due
to change in flow rate. It is found the removalaéincy of different metal ions
follow the order: Fe(ll) > Cu(ll) > Ni(ll) > Zn(Il) Fluoride removal efficiency
was more than 96% during column operation.

3.4. Kinetic feasibility of the process:

From the equilibrium data, the loading half timg) (the time required
to reach 50% sorption of the total capacity wasudated. It is found that while
t,, value lies between 20 to 45 minutes for the mietas (Table 2), it is 40
minutes for the fluoride adsorption. The lower alof t, indicates that the
kinetics of solute-laterite interaction is suffictly rapid (13).

3.5. Mechanism of solute-laterite interaction

Laterite is primarily composed of silica, aluminadairon (lll) oxides
(Table 1). When it is soaked in water for sevemlrk the oxides get converted
to oxohydroxides of silica, aluminium and iron. TBeO and Al-O bonds are
much stronger than Fe-O bonds. The governing ictierafor metal ion-laterite
is expected to be of ion exchange type (probabiguih replacement of weak
Fe (lll) sites). The fluoride-laterite interactiman be explained from the fact
that ionic radius (15) of fluoride ion (1.48) and hydroxyl ion (1.3GA) are
similar and these could be easily exchangeableteftefluoride adsorption on
metal hydroxides.

3.6. Cost viability of the laterite filter mediacnonclusion

Activated carbon is considered as a universal armbt nefficient
adsorbent for treatment of water contaminated hyide range of pollutants
(16). But its higher cost limits its use. Thereforeore research is directed
towards the search of alternative adsorbents.dia llaterite is readily available
in plenty, as a large area is covered by lateTiteerefore laterite filter media
can be used as an alternative, for some metal dmus fluoride removal.
Moreover the capacity of laterite filter media iruitable experimental
conditions is more or less comparable to activatadbon, at least for some
solutes. Further the laterite media can be extefmtedevelopment of a simple
household filter.
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Lateryt jako medium filtracyjne
do usuwania niektorych priorytetowych
nieorganicznych zanieczyszcxez wody

Streszczenie

Pojawienie si  podwyzszonych sizen roznych  nieorganicznych
zanieczyszcae w wodach powierzchniowych i/lub gruntowych spowadén
pojawienie s§ ogromnych probleméw spotecznych. Sgial wielu r&nych substancii
toksycznych, metale jony metali egekich oraz fluor § zanieczyszczeniami
priorytetowymi, bioac pod uwag ich rozpowszechnienie, czas pozostawania
w srodowisku oraz zageenie jakie niog dla zycia i zdrowia ludzkiego. Podczas gdy
metal cizkie trafiap do srodowiska gtdwnie poprzez zrzftiekdw przemystowych, to
fluor maze pochodz zaréwno zezrodet przemystowych jak rownieze zrodet
geologicznych. Wszystkie te zygki stanowd bardzo powany problem z powodu ich
trudno biodegradowalnego charakteru.

W badaniach, ktorych wyniki przedstawiono w ninigjs referacie,
zastosowano lateryt do efektywnego usuwania metatkich: miedzi, niklu, cynku
i zelaza oraz fluoru z wody. Lateryt jest zwietezekah dostpra w duzych ilosciach w
wielu czsciach Indii. Jest to wt materiat tatwo dosgpny i tani. Co wgcej proces
adsorpcji jest prosty w prowadzeniu i 780 by stosowany nawet przez ludzi
mieszkagcych na wsi. Gtéwne sktadniki laterytu to: krzenkan tlenek glinu, oraz
tlenek zelazowy. Pozostale skiadniki tozrte tlenki metali: sodu, potasu, wapnia,
magnezu manganu i tytanu.

Proces sorpcji wybranych metali na laterycie badaa@wno w warunkach
statycznych jak i dynamicznych. Metoda statyczneysh do okrélenia pojemnéci
sorpcyjnej oraz kinetyk procesu adsorpcji. Metgeddynamicza zastosowano do
okreslenia wptywu pedkosci przeptywu i obgtosci prébki na wyniki adsorpcji
w kolumnie.

Badania wykazalyze usuwanie poszczegélnych metali zachodzito wedtug
nastpujacego szeregu powinowactwa: Fe(ll) > Cu(ll) > NiH)Zn(ll). Efektywnd¢
usuwania fluoru w czasie adsorpcji w kolumnie praekata 96%.

Na podstawie danych rownowagi obliczono czas paemégo wyczerpania
zloza, czyli czas potrzebny na wyczerpanie potowy oalte) pojemndci sorpcyjnej
laterytu. Z bada wynika, ze warté¢ ta waha € od 20 do 45 minut dla jonéw
poszczegblnych metali (tabela 2), oraz wynosi 4@umipodczas adsorpcji fluoru.
Nizsze wartéci t,, wskazuj, ze kinetyka interakcji pomdzy laterytem a usuwanym
sktadnikiem jest wystarczgjo szybka.

Wyniki bada pokazuj, ze pojemné¢ sorpcyjna laterytu jako medium
filtracyjnego, w odpowiednich dwiadczalnych warunkach jest mniej o€
porébwnywalna z pojemdoia wegla aktywnego, przynajmniej dla niektdrych
usuwanych substancji. W zygku z tym celowe sdalsze badania nad zgsbwaniem
wegla aktywnego laterytem w prostych domowych filtraxzyszczajcych wod;.
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