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Abstract

This paper presents the data for the effect of adsorbent dose, initial metal concentration, solution pH, agitating rate and temperature o
the adsorption of nickel(ll) on waste tea. Batch adsorption studies have been carried out. The equilibrium nature of nickel(ll) adsorption at
different temperature (25-6C) has been described by the Freundlich and Langmuir isotherm. The adsorption caggaslqulated from
Langmuir isotherm was 15.26 mg Ni(lly"4 at initial pH of 4.0 at 23C. The results of the thermodynamic investigations indicate that the
adsorption reactions are spontanea&( < 0), slightly endothermic4H° > 0) and irreversible4S° > 0).
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction the United States Environmental Protection Agency (EPA).
The MCLG for nickel has been set at 0.1 parts per million
Heavy metal pollution is an environmental problem (ppm) because EPA believes this level of protection would
of worldwide concern. The heavy metals, such as lead, not cause any of the potential health probldifis
copper, cadmium, zinc and nickel are among the most Higher concentrations of nickel cause cancer of lungs,
common pollutants found in industrial effluents. Even at nose and bone. Dermatitis (Ni itch) is the most frequent
low concentrations, these metals can be toxic to organisms,effect of exposure to Ni, such as coins and jewellery. Acute
including humangl]. Nickel(Il) ion is one such heavy metal  poisoning of Ni(ll) causes headache, dizziness, nausea and
frequently encountered in raw wastewater streams from vomiting, chest pain, tightness of the chest, dry cough and
industries, such as non-ferrous metal, mineral processing,shortness of breath, rapid respiration, cyanosis and extreme
electroplating[2—4], porcelain enameling, copper sulfate weaknes$8].
manufacture[2], battery and accumulator manufacturing A number of methods are available for the removal of
[5]. The maximum permissible concentration of nickel in metal ions from aqueous solutions. These are ion exchange
effluents in the U.S. for plants discharging 38,000 L or more [9], solvent extractiofl10], reverse osmosis, electrodialysis
per calendar day of electroplating process wastewater the[3], precipitation[11], flocculation[12], sorption[13], acti-
following limitations shall apply: maximum for any 1 day is vated carbon adsorption and membrane separation processes
4.1mg L1 and average of daily values for four consecutive [14]. However, these techniques have certain disadvantages,

monitoring days shall not exceed 2.6 mg'6]. In drinking such as high capital and operational costs or the treatment
water, nickel may cause health problems if found in amounts and disposal of the residual metal sludge. Since the cost of
greater than the health standard set (MCLG: 0.1 m} lby these processes are rather expensive, the use of agricultural

residues or industrial by-product having biological activities
* Corresponding author. Tel.: +90 442 2314602; fax: +90 442 2360957. have been received with considerable attenf&nin recent
E-mail address: emalkoc@atauni.edu.tr (E. Malkoc). years, a number of adsorptive material, such as moss peat
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[15], coconut husk, a sugar industry waf®¢, chitin [16], before mixing the biosorbent solution and nickel(ll) ion bear-
sawdust[17], green algad18,19] fly ash[20], bone char ing solution and at pre-determined time intervals (1, 3, 5, 7,
[21], lignite [22] were used in heavy metal removal from 10, 20, 30, 60, 120 min) for the residual metal ion concen-
wastewaters. tration in the solution. Uptake values were determined as the
Tea plants Camellia sinensis of the family Theaceae) are  difference between the initial nickel(ll) concentration and
commonly grown in the Eastern Black Sea region of Turkey. the one in the supernatant. The initial pH adjustments were
High quality tea is harvested the three top leaves of the shootcarried out either by sulfuric acid and sodium hydroxide.
on tea plant in the teagarden. While tea producer cut the topAdsorption experiments were carried out 0.15-0.25mm at
tea leaves with special tea shears, some overgrown woodyadsorbent particle size.
shoots, which may include six-seven top leaves, mixed inthe  NiCl,-6H,O was an analytical grade chemical and was
tea harvest. During the tea production procedure, this woody prepared in deionized water. The amount of nickel in filtrate
overgrown shoots were not treated by tea factory and formedwas analyzed by standard complexometric metha8k
into tea factory waste. There is much teafactory in the Eastern
Black Sea region and its produce about 30,000 tonnes of tea2.3. Column experiments
factory wastes. Tea factory wastes are not used any purpose
and its deposits in depository area or occasionally discharge  The fixed-bed columns were made of Perspex tubes 2.0 cm
in small bay in the Black Sef23]. The objective of this internal diameter and 30 cm in height. The bed length used in
study was to investigate the possibility of using tea production the experiments was 30 cm. In a typical experiment the metal
waste as an adsorbent material in nickel adsorption. of a known concentration was pumped at a fixed flow rate to
the filled with known bed height of adsorbent. The particle
size of adsorbent used in the experiment was 1.0-3.0 mm.
The pH of the solutions was maintained constant at 4.0. The
temperature of stream feeding solution and of the column
was controlled at 25C through a thermostatic bath.

2. Materials and methods
2.1. Adsorbent

The tea waste was obtained from tea plants located in2.4. Fourier transform infrared spectroscopy
black sea region in Giresun-Eynesil, Turkey. The chemical
and physical characteristic of the tea waste is presented in  The FTIR spectra of the waste tea are showfiin 1 As
Table 1 Prior to the experiments, and other soluble dirtiness shown in the figure, the spectra display a number of absorp-
and colored components were removed fromthe tea wastes bytion peaks, indicating the complex nature of the material
washing with distilled water for much times until a colorless examined. The FTIR spectroscopic analysis indicated broad
solution of tea waste was spectrometrically observed at roombands at 3412 cnt, representing bonded —OH groups. The
temperature. Decolorized and cleaned tea waste was dried abands observed at about 2921-2851 ¢mould be assigned
room temperature for a few days. to the C—H stretch. The peaks around 1733 émprrespond
to the G=H group and at 1652—1512 cthC=0 stretch. This
C-0 band absorption peak is observed to shift to 1035lcm
Thus, it seems that this type of functional group is likely to
Experiments were conducted in 250 mL Erlenmeyer flasks Participate in metal binding.
containing known nickel(ll) synthetic solutions. Flasks were
agitated on a shaker at 360 rpm constant shaking rate for®.0
120 min to ensure equilibrium was reached and filtered ©?

2.2. Batch adsorption studies

through (Schleicher&Sdil589). Samples (5 mL) weretaken

60 760,0

59 8255 .
Table 1 58 607,1
Physical and chemical properties of waste tea used in the experiments 57 |
Chemical characteristi@4] Percent 56 &
Moisture 11.01 55 i i
Water soluble components 6.04 54 !
Insoluble components 80.24 o pest. .
Ash 2.97 20219 17008 | 1aemd
Total loss of ignition 94.06 52 ' 13’821724"'0)’\

51 1 / 1146,8]
Physical characteristic Units 501 e E 1001 45359
Surface area (fg 1) 0.39 i 1500 2550
Bulk density (g cnr3) 0.112 ’
Particle size (mm) 0.15-0.25

Fig. 1. FTIR spectra of waste tea.
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Fig. 2. The uptake and residual amount of Ni(ll) by waste tea as a func- £ig 3 The uptake and residual Ni(ll) concentration by waste tea as an

tion of initial metal concentration.(adsorbent dose =10y Lagitating adsorbent dosage (agitating rate = 360 rpm, pH@eG; 200 mg L™2).
rate =360 rpm, pH 4.0).

because of the availability of more and more binding sites for
complexation of nickel(ll) ionf26]. However, nickel uptakes
showed a reverse trend to the percentage adsorptions. With
increasing adsorbent dosage from 5.0 to 15§, the adsorp-

L . . . . tion of nickel(ll) ion per unit weight of adsorbent decreased
The initial concentration provides an important driving ¢0m 19 8 to 10.6 mggt.

force to overcome all mass transfer resistance of nickel(ll)
between the aqueous and solid phdSgsNickel(ll) adsorp- 3 E tution pE
tion capacities of waste tea were presented as a contact time->- £ffect of solution p

3. Results and discussion

3.1. Effect of initial Ni(Il) concentration

in Fig. 2 . L . . .

The initial concentration@, mg L) was changed in the Metal_blosorp'uon is critically Imkgd Wlth. pH. In_order
range 50-300 mgtL. When the initial nickel(Il) ion concen- to establish the effect of pH on the biosorption of nickel(ll)
tration increased from 50 to 300 mgL, the residual Ni(ll) ions onto waste tea, the batch adsorption studies at different

concentrationCres, Mg L~1) of solution increased from 5.8 PH yalues were cz?\rrled outin th_e range of 2'0_5'0' As seen
to 159 mg L. The removal of Ni(ll) ions increased rapidly in Fig. 4, the maximum adsorption of nickel(ll) ions were
with time up to 20 min and thereafter increased slowly. While

initial metal concentration was 100 mgt, the uptake of 167 150

Ni(ll) ions was 8.12mgg! at 30min and 8.24mgd at

120 min. According to results, the adsorption equilibrium
reached at 120 min. The amount of nickel(ll) ions adsorbed
per unit mass of the biosorbent increased with the initial
concentration of metal ions. When the initial nickel(ll) ion
concentration increased from 50 to 300 mgtL the initial
adsorption capacity of waste tea increased from 4.413 to
14.04mgg?.

+40

q (mg nickel g1 ads.)
o ®

IS
t

3.2. Effect of adsorbent dosage

0 t t t } t + t t 0
Fig. 3shows that adsorption capacity of nickel(ll) as func- 8% 5 7 10 20 30 60 120

tion of waste tea concentration. The effect of waste tea on the t(min.)

sorption kinetics of nickel(Il) ion was studied at pH of 4.0 and TeGRAsZ0 —e—apf=30 ——apH=dl
200 mg L1 initial nickel(ll) ion concentration. The sorbent TeTGPAES0 - —oCresip=20 s —Crsip=s.0
dose was varied between 5.0 and 154¢ LThe increase in e CrSPH=A0 o Cresipr=s.0

adsorbent dosage fr(_)m 5.0to 1_5931_res_ulted in an incre?-sf':‘ Fig. 4. Effect of pH on Ni(ll) uptake and residual concentration by waste tea
from 49.5 to 79.5% in adsorption of nickel(ll) ions. This is (adsorbent dosage =10gt, agitating rate =360 rpnGo=100mg L-1).
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observed at pH 4.0 and significantly decreased by reducing 01
the pH values to 2.0. At lower pH value, thé lbns compete
with metal cation for the exchange sites in the system thereby
partially releasing the latter, which compete with th&'lbns

for the adsorption sites of waste tea.

Decrease in adsorption at higher pH is due to the formation
of soluble hydroxyl complexes. The heavy metal cations are
completely released under circumstances of extreme acidic
conditions[27]. Untreated biomass generally contains light =80
metalions, such asKNa", C&* and M¢*. Treated biomass 2 ! oH ° °
generally implies one of two chemical alterations. The first
is protonation of the biomass with a strong acid, such as HCl fig. 5. zeta-potential of waste tea in different solution pH (14 hdsorbent
whereby the proton displaces the light metal ions from the dosage, room temperature, 6 rps, time =60 min.).
binding sites. In the second, the biomass is reacted with an
aqueous solution of a given ion at high concentration so thatincreasing agitation rate because an agitation rate of 150 rpm
the majority of sites are occupied by, for example, calcium was enough to remove fluoride as seenFig. 6. When
or potassiunj28]: the agitation speed was increased from 180 to 480 rpm, the
removal of nickel(ll) ion increased from 78.9% to 85.9%.

-54

-10

15 4
-20 4

-25 4

Zeta-potential (mV)

Ca&t + light metal ions : biomas> Ca :

biomas+ light metal ions 3.5. Effect of temperature

In order to assure the optimal performance of the biomass,
ionic form should be used for removing heavy metals and
what chemicals should be selected for desorbing the metal

[28]. o i from 14.04 to 17.1 mgg! with the temperatures increasing
The removal of Ni(ll) increased rapidly ,at pH 4'(_)_5'0 and  fom 25 to 60°C. The effect of temperature is fairly common

rea_ched upto 82'4% at pH _4'0‘_ As seerfig. 4, while the and increasing the mobility of the metal cation. Furthermore,

residual concentration of Ni(!l) ions was 17.6 mgiat pH increasing temperatures may produce a swelling effect within

. 1 -
4.0, this value was 20 mgL-at pH 5.0. AtpH<3.0, Flions 4,0 internal structure of the waste tea enabling metal cation
compete with Ni(ll) ions for the surface of the adsorbent to penetrate furthes].

which would hinder Ni(ll) ions from reaching the bind-
ing sites of the sorbent caused by the repulsive forces. At
pH>5.0, the Ni(ll) ions get precipitated due to hydroxide
anions forming a nickel hydroxide precipitgt&]. For this
reason, the maximum pH value was selected to be 5.0.

The electrical potential at the surface of a particle is zeta-
potential. It can be determined by the measurement of the
velocity of particles in the electric field. At 3.0, 4.0, 5.0, 6.0 101 740
and 7.0 the zeta potentials of waste tea weld.5,—23.8,
—22.5,—21.5and-19.5 mV, respectively. The zeta potential 81
values could not be measured due to the high ionic strength
at pH 2.0. All samples indicated negative charge values that
should be favorable to the attraction between active sites and
positive charges of metal ions, resulting in electrostatic inter-
action. The waste tea at pH 4.0 gave the greatest zeta-potential

value fig. 5).

The effect of temperature on the adsorption of Ni(ll) ions
is presented itfrig. 7. The results revealed that the sorption
scapacity for initial metal concentration 300 mgtincreased

As seen fronFig. 7, at 25°C for a nickel concentration
of 50mgL~! after a 60 min of sorption time, while nickel
concentration was measured as 5.87 m,Lfor 60°C no
nickel was remained. The equilibrium uptake and adsorption
yield of nickel(ll) onto waste of tea factory was also affected

+30

+20

g (mg nickel g-1 ads.)
Cres (mg L-1)

3.4. Effect of agitation rate

Adsorption studies were carried out with a magnetic T e TS 7 10 2w e
shaker at pH 4.0 and initial nickel(ll) concentration was t(min.)
100 mg L. The agitation speed varied from 3.0 to 8.0rps a8 s "_2;6 P
(180, 360, 480 rpm). According to iRig. 6 as agitating :gz;?grps - C::z;:z:
rate on adsorption increased from 3.0 to 8.0 rps, adsorption ' ’

capacity of WaSte tea increasled fro.m 7.89 to 8.59myg 9  Fig. 6. Effect of agitation speed on Ni(ll) uptake and residual concentration
The adsorption removal efficiency increased weakly with by waste tea (adsorbent dosage = 10'¢,lpH 4.0,Co=100mg L1).
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61 25 independent of whether or not adjacent sites are occupied
[30]. Langmuir and Freundlich isotherm are commonly used
in batch adsorption studies. Biosorption of metal ions usually
can be classified as two types: the Freundlich model, in which

= the amount of metal uptake by the biomass increases with

> time, and the Langmuir model, in which the amount of metal

% uptake by the biomass reaches equilibrium. The Freundlich

& expression is an empirical equation based on sorption on a
heterogeneous surface. The Langmuir isotherm assumes that

15 a monomolecular layer is formed when biosorption takes

place and that there is no interaction between molecules (i.e.,

metals) adsorbed on adjacent binding sj8dy. The results

120

g (mg nickel g-' ads.)
w

0 | l i } | l i —a—+0 . X
1 3 5 7 10 20 30 60 120 obtained of nickel(ll) were analyzed by the well-known
t(min.) models given by Langmuir and Freundlich.
—-g25°C ——345°C Langmuir isotherm model:
—a—(;60 °C —o—Cres;25 °C
—o—Cres;45 °C —a—Cres;60 'C Ce 1 Ce
—= + 1)

=5 0o
Fig. 7. The uptake and residual concentration of Ni(ll) ions at different e Qo Qo

temperature (pH 4.0, adsorbent dosage = 10 1360 rpm agitating rate, whereCg is the equilibrium concentration (mg—E), e the
Co=50mgL"). amount absorbed at equilibrium (mgY), Qo andK is the

. Langmuir constants related to adsorption capacity and energy
by temperatures. The effect of temperature on the equilib- ¢ adsorption. The linear plot afe/ge versusCe shows that
rium sorption capacity and adsorption yield of waste tea is e adsorption obeys the Langmuir mod4.versusk were

also presented ifiable 2 As seen irTable 3 the maximum  getermined from the slope and intercept of the plot and are
adsorption yields were determined as 88.30, 95.30 and 100%yresented ifTable 1

at 50 mg L1 initial nickel(ll) concentration for 25, 45 and

60°C, respectively. It was indicated that nickel(ll) adsorp-
tion capacity increased with increasing temperature from 25 ge = K:Cq (2
to 60°C. Similar results were observed for nickel(ll) adsorp-

tion yields of waste tea and the adsorption yields increased
with increasing temperature. The increase of the adsorption
yield and adsorption capacity at increased temperature indi-
cated that the adsorption of nickel(ll) ions by waste tea may | C
involve not only physical but also chemical sorption. This Nqe VEISUS M-e.

effect may be due to the fact that at higher temperature an. The I|near|_zed Langmuw a_nd Freundlich adsorption
increase in active sites occurs due to bond rupfiire isotherms of nickel(ll) ions obtained at the temperatures of

25, 45 and 60C are given irFigs. 8 and 9

As can be observed ifable 3 experimental data were
3.6. Adsorption isotherms better fitted to the Langmuir equation than to the Freundlich
equation in different temperature. However, the Freundlich

The purpose of the adsorption isotherms is to relate the ygqe| also seemed to agree well with the experimental data
adsorbate concentration in the bulk and the adsorbed amount

at the interface[29]. The simplest adsorption isotherm

Freundlich isotherm model:

wherege is the amount of metal ion sorbed at equilibrium per
gram of adsorbent (mgg), Ce the equilibrium concentra-
tion of metalion in the solution (mgt?), K, the Freundlich
model constants. Freundlich parameférandn, by plotting

12 4

is based on the assumptions that every adsorption site is
equivalent and that the ability of a particle to bind there is 10 1
8 -
o ¢ 25C
Table 2 T 6]
The equilibrium uptake capacities and adsorption yields obtained at different  © . 45C
initial concentrations and temperatures 4
E?rg Ly 25°C 45°C 60°C 5  60C
9 g (mg % Ads ¢ (mg % Ads ¢ (mg % Ads
—1 -1 -1 0 T T T 1
g) ) g) 0 50 100 150 200
50 4.41 88.30 4.77 95.30 5.00 100.0 Ce
100 8.24 82.40 8.83 88.30 9.06 90.60
200 14.72 73.60 14.95 74.75 15.07 75.35

Fig. 8. Langmuir isotherm for the adsorption of nickel(ll) on waste tea at

300 14.04 46.80 16.38 54.60 17.1 57.00 .
different temperature.
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4 Table 4
r values at different temperatures relating to the initial Ni(ll) ion
concentrations
34 Co (mgL™1) 25°C 45°C 60°C
50 0.185 0.177 0.169
@ 7 e 25°C 100 0.102 0.097 0.093
o 27 200 0.054 0.051 0.049
- m 45°C 300 0.036 0.035 0.033
14 A 60°C ) o ) ]
the isotherm is linear when=1, the isotherm is favorable
. when 0 <r< 1 and the isotherm is irreversible when 0. As
0 T T 1 seen inTable 4 the values of r for adsorption of nickel on
0 2 4 6

waste tea at studied different concenrations and temperatures
were between 0 and 1, which indicates favorable adsorption
Fig. 9. Freundlich isotherm for the adsorption of nickel(ll) on waste tea at of nickel on waste of tea plant.

different temperatures. Table 5shows a comparison between the results of this
work and others found in the literature. The values of
nickel(Il) specific uptake found in this work were higher, with
two exceptiori33,34], than reported elsewhere. The compar-

In Cq

of the nickel(ll) considering that obtained linear regression

coefficients are greater than 0.92. Fréable 3 the magni- . . I N .
tude of K; showed a high nickel(ll) adsorptive capacity of ison of sorption capacities of waste tea used in this study with
those obtained in the literature shows that the waste tea is the

waste tea from aqueous solution at 45 andGdempera- effective fort he removal of nickel(Il) from aqueous solution
tures studied and increased with the rise in temperature. The q ‘

highestK; value was found as 5.31 at 8C. Table 3also )
indicated that n is greater than 1.0, indicating that nickel(ll) 3.7. Thermodynamic parameters

is favorably adsorbed by waste of tea factory at 45 a0 _ o
At 25°C, when the Freundlich constant n is lower than 1, ~ Based on fundamental thermodynamics concept, it is

then the nickel(Il) uptake on waste of tea plant is not favored, @sumed that in an isolated system, energy cannot be gained
From Langmuir isotherm constants, the monolayer satu- ©" 10St and the entropy change is the only driving force. In

ration capacitiesQ®, increased from 15.26 to 18.42 mgly environmental engineering practice, both energy and_entropy

as the temperature of solution increased ranging from 25 tofactors must be considered in order to determine which pro-

60°C. Thus, the equilibrium adsorption capacity of waste €SS Will occur spontaneousigo]. _ _
tea was found to be 18.42 mg}of waste tea under opti- The apparent equilibrium constaii{) of the biosorption

mized conditions. A higher value of K implies a shift of the S defined as:
adsorption equilibrium to the right at 6C. Increase ok Ke — Cadeq @)
with temperature shows that there is a chemical interaction = ¢ ~— Ceq

between adsorbent and nickel(ll). _ _
To confirm the favorability of the adsorption process the Where Cad.eq and Ceq are the concentration of nickel(l)
separation factorf was calculated by the following equation  ©N the adsorbent and residual nickel(ll) concentration at

[32]: equilibrium, respectively. In this case the activity should be
used instead of concentration in order to obtain the standard
;= 1 ©) thermodynamic equilibrium constari€) of the adsorption
1+ KCo system[37].

wherer is a dimensionless separation factor, indicating the

shape of the isotherm. The isotherm is unfavorable wheh Table 5

Comparison between the nickel(ll) removal by waste tea and other found in
the literature

Table 3 Adsorbent Adsorbent capacity (mgH References
The comparison of the Freundlich and Langmuir adsorption constants
. . ; L Sphagnum moss peat 9.18 [15]
obtained from the Freundlich and Langmuir adsorption isotherms of f
nickel(ll) ions at different temperatures Bakers yeast 11.40 [2]
C. sorokiniana (FBCS) 48.08 [33]
Temperature Langmuir constants Freundlich constants Sheep manure waste 7.20 [34]
) 0°(mg  K(L R2 K R2 PAC 31.08 [35]
g Y mg-?) Fly ash 0.03 [35]
Bagasse 0.001 [35]
25 15.26 0.088 0.9921 0.258 0.934 0.9228 Carbon aerogel 12.875 [8]
45 17.73 0.093 0.9996 3.858 3.16 0.9681 Turkish fly ash 1.160 [36]

60 1842 0098 09999 531 40 09673  \yastetea 18.42 This study
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-9 . . : 3
280 300 320 340 ;% #— 100 mg/L
T (K)
Fig. 10. Plot ofAG® againstT for nickel(ll) on waste tea. 0.4
The free energy change of the sorption reaction is given
by the following equatiof22,26,38]
0,21
AG° = —RT InK¢ (5)
whereR is the gas constant (8.314 JmbK~1) andT is the
temperature (K). 0
The Gibbs free energy chang&°, can be represented 0 2000 4000 5000 8000
as follows:
Veﬂ(ml)
AG° = AH®° — TAS® (6)

Fig. 11. Breakthrough curves for Ni(ll).
As seen inFig. 10 a plot of AG® versusT was linear.

Epthzl;f)y chahngelﬁHO an((jjgntropy ch:?nf?e\SIO, were deLer- bed volumes) and took approximately 2700 mL (28.66 bed
mined from the slope and intercept of the plots (). The . volumes) to exhaust. The value gfis a measure of the
free energy of the process at all temperatures was negative

. SN . adsorptive capacity of the waste tea for nickel. In the present
and changed with the rise in temperature. The negative Val'caseg: 10.35mg g; this means that every gram of waste
ues ofAG® at all temperatures studied are due to the fact that tea could éorb 10 3’5 mg of nickel under the present col-
adsorpt|0|j process is spontaneous. The p(_)smve yalAg‘bf umn experimental conditions. Based on batch studies, a value
suggests increased randomness at the solid/solution mterfac%f 15.26 mg g’ was obtained as the adsorption capacity of
during the adsorption of metal ions onto adsortjghtPos- wasté tea for nickel(Il)
itive values of AH® indicate the endothermic nature of the '

q i Table 6 ) h | tth Comparing capacities for batch and column studies, con-
adsorption processable bsummarizes the values of INeS€ g0 1y more metalis sorbed in the batch system. The reason

thermodynamic propert_les. Th? change of the standard freef r the lower adsorption capacity of waste tea in column
energy decreases with increasing temperatures regardless o(f

R > “experiments than in batch experiments may be due to a high
the nature of adsorbent. Th|s|nd|catesthatabetteradsorptlonfIOW rate (10 mL mirL) employed in the column studies
is actually obtained at higher temperatures. '

which could nickel to short circuiting and flow through pre-
) ferred path in the column which may avoid contact with some
3.8. Column studies waste tea particles.

Breakthrough curve between concentration raiéCp)
and eluted volumeWgs) was plotted and used for the calcu-
lation of column capacity at its complete exhaustiig(11).
From the graph, it can be seen that the column achieved
breakthrough/Cp = 0.05) alImostimmediately (50 mL; 0.53

4. Conclusion

The use of waste tea for the adsorption of nickel(ll) from
aqueous solutions has been examined. The following results
were obtained:

Table 6

Thermodynamic parameters for the adsorption of nickel(ll) on waste tea e The capacity of adsorption of nickel(ll) increased with
Temperature AG* AH® TAS® increasing temperatures and pH. The maximum adsorp-
(°C) (kImot1) (Imolh) (KJImol1)

tion capacity was obtained at pH 4.0.
25 —3-22 22029322 e Increase in the mass of the adsorbent leads to increase in
45 —5.34 17.07 : nickel(ll) adsorption owing to corresponding increase in
60 —6.27 23.38 . .

the number of adsorption sites.
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e The Langmuir and Freundlich adsorption models were [12] G. Zhao, M. Li, Z. Hu, H. Hu, Dissociation and removal of complex
used to represent the experimental data fitted very well chromium ions containing in dye wastewaters, Sep. Purif. Technol.
to the Langmuir isotherm model. The monolayer adsorp- __ 43 (3) (2005) 227-232. . .

. ; 0 . . [13] Y.C. Sharma, G. Prasad, D.C. Rupainwar, Removal of Ni(ll) from
tion capaC|tyQ )WaS obtained 18.42 mg—é atoptimum aqueous solutions by sorption, Int. J. Environ. Studies 37 (1991)
pH (4.0) and temperature (6C). 183-191.

e Zeta potential measurement indicated that negatively [14] G. Yan, T. Viraraghavan, Heavy metal removal in a biosorption col-
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