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a b s t r a c t

The removal of Ni(II) from aqueous solution by magnetic nanoparticles prepared and impregnated onto
tea waste (Fe3O4–TW) from agriculture biomass was investigated. Magnetic nanoparticles (Fe3O4) were
prepared by chemical precipitation of a Fe2+ and Fe3+ salts from aqueous solution by ammonia solution.
These magnetic nanoparticles of the adsorbent Fe3O4 were characterized by surface area (BET), Scanning
Electron Microscopy (SEM), Transmission Electron Microscopy (TEM) and Fourier Transform-Infrared
Spectroscopy (FT-IR). The effects of various parameters, such as contact time, pH, concentration, adsor-
bent dosage and temperature were studied. The kinetics followed is first order in nature, and the value of

−2 −1 −1

ea waste
sotherm
inetics
hermodynamics

rate constant was found to be 1.90 × 10 min at 100 mg L and 303 K. Removal efficiency decreases
from 99 to 87% by increasing the concentration of Ni(II) in solution from 50 to 100 mg L−1. It was found
that the adsorption of Ni(II) increases by increasing temperature from 303 to 323 K and the process is
endothermic in nature. The adsorption isotherm data were fitted to Langmuir and Freundlich equation,
and the Langmuir adsorption capacity, Q◦, was found to be (38.3) mg g−1. The results also revealed that

onto
fflue
nanoparticle impregnated
removal from industrial e

. Introduction

In recent years, magnetic nanoparticles have attracted much
ttention because of their unique magnetic properties and
idespread application in different fields such as mineral sepa-

ation, magnetic storage devices, catalysis, magnetic refrigeration
ystem, heat transfer application in drug delivery system, magnetic
esonance imaging (MRI), cancer therapy, and magnetic cell separa-
ion [1–7]. The application of magnetite in the field of waste water
reatment is becoming an interesting area of research. Nanoparticle
xhibit good adsorption efficiency especially due to higher surface
rea and greater active sites for interaction with metallic species
nd can easily be synthesized; several researches have used it as
n adsorbent [8–12]. Nickel is the 24th element in order of natural
bundance in earth crust [13]. Nickel is a common metal and it is
requently used in different industries, vis., electroplating, dying,
torage batteries, porcelain enameling, pigment and steel man-
facturing, etc. [14,15]. The tolerance limit of nickel in drinking

ater is 0.01 mg L−1, and for industrial wastewater it is 2.0 mg L−1

16]. However, effluents of different industries contain higher con-
entration of nickel than its acceptable limit. Although nickel is
n essential micronutrient for animals and takes part in synthesis

∗ Corresponding author. Tel.: +60 46532236; fax: +60 46573678.
E-mail address: nhashima@usm.my (N. Morad).
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tea waste from agriculture biomass, can be an attractive option for metal
nt.

© 2010 Elsevier B.V. All rights reserved.

of vitamin B12, its higher concentration cause cancer of the lungs,
nose, and bones and it may also cause nausea, rapid respiration,
headache, cyanosis, and dry cough [17,18]. It is thus necessary to
treat industrial effluent rich in Ni(II) before their discharge.

Many technologies such as ion exchange, reduction floccula-
tion, membrane filtration, precipitation, electrochemical, filtration
and reverse osmosis have been proposed by different scientific
workers for the removal of nickel from aqueous solution and efflu-
ents. However, most of these technologies require high operational
and maintenance costs, and also generate toxic sludge [19,20].
Due to high expense, these techniques are not suitable for small
scale industries especially in developing country. Adsorption is
one of the most promising techniques for the removal of metallic
pollutants from industrial effluents [21]. Adsorption offers high effi-
ciency, cost effectiveness, and easy handling among the majority of
physiochemical treatment methods. Among the waste treatment
procedures, adsorption techniques are the most widely used as
low-cost alternative technology. Cheaper and effective adsorbents
can be formed from abundant natural materials or certain waste
materials (or products) from industrial and agricultural activities.
In general, an adsorbent which requires little processing or is abun-

dant in nature or is a by-product or waste material from another
industry is called a “low-cost” adsorbent [22]. In recent years, a
vast number of publications have been dedicated to the removal
of heavy metals from wastewater by using adsorption techniques
with different low-cost materials, such as moss peat [23], coconut

dx.doi.org/10.1016/j.jhazmat.2010.10.102
http://www.sciencedirect.com/science/journal/03043894
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usk, a sugar industry waste [24], chitin [25], sawdust [26,27],
reen algae [28,29], fly ash [30], bone char [31], lignite [32], zeolite
33–35], wood [36], tea waste [37–40], etc.

The aim of the present research is to explore the feasibility of
tilizing tea waste as a single use and low-cost filter for metal
emoval in industrial wastewater. Insoluble cell walls of tea leaves
re largely made up cellulose and hemicelluloses, lignin, con-
ensed tannins and structural proteins. In other words, one third
f the total dry matter in tea leaves should have good potential as
etal scavengers from solutions and wastewaters since the above

onstituents contain functional groups. The responsible groups in
ignin, tannin or other phenolic compounds are mainly corboxylate,
romatic corboxylate, phenolic hydroxyl and oxyl groups [41,42].
he poly structure of cellulose-based materials has relatively strong
hemical adsorption cations such as metal ions and organic bases
s well as physical adsorption to other materials such as acidic and
nionic compounds [43].

The present study is undertaken for the better application and
anagement of such a valuable agricultural biomass for useful

urpose. Although there are many researches concentrating on
dsorptive materials from agricultural waste, research on modifi-
ation of these wastes using magnetic nanoparticles have not been
eported before. This paper reports the preparation of magnetic
anoparticles impregnated onto tea waste as low-cost active adsor-
ent and its effectiveness is removing nickel ions from aqueous
olution at various conditions.

. Materials and methods

.1. Chemicals

All chemicals used were of analytical grade and supplied by
igma–Aldrich (M) Sdn Bhd, Malaysia. The chemicals used in this
tudy were nickel sulfate, ferrous chloride, ferric chloride, ammo-
ia solution, acetone, hydrochloric acid, sodium hydroxide, ethyl
lcohol, and dimethyl glyoxime.

.2. Adsorbent

Waste tea leaves produced from domestic tea making process
ere used for making adsorbent. The tea dust discarded after being
sed is called tea waste. The collected materials were then washed
ith distilled water for several times to remove all the dirt particles.

t was then boiled with distilled water at 80 ◦C for 1 h to remove
affeine, tannin and color, and then washed with distilled water
ntil the washing water contains no color. The color of the solution
as spectrometrically observed at room temperature. Decolorized

nd cleaned tea waste was dried in an oven at 105 ◦C for 10 h. The
ried materials were then crushed and sieved (100 �m) and stored

n a bottle.

.3. Preparation of Fe3O4–TW

The chemical precipitation technique has been used to prepare
articles with homogeneous composition and narrow size distribu-
ion [44]. This technique is probably the most common and efficient

ethod to obtain magnetic particles. A complete precipitation of
e3O4 was achieved under alkaline condition, while maintaining
molar ratio of Fe2+ to Fe3+, 1:2, under inert environment. To

btain 2 g of magnetic particles, 2.1 g of FeSO4·7H2O and 3.1 g of

eCl3·6H2O were dissolved under inert atmosphere in 80 mL of
ouble distilled water with vigorous stirring. While the solution
as heated to 80 ◦C, 10 mL of ammonium hydroxide solution (25%)
as added. To ensure complete growth of the nanoparticle crystals,

he solution was then added to 10 g of tea waste and reaction was
Fig. 1. Photographic picture of Fe3O4 onto magnetic rod.

carried out for 30 min at 80 ◦C under constant stirring. The result-
ing suspension was cooled down to room temperature and then
repeatedly washed with double distilled water to remove unre-
acted chemicals. Fe3O4–TW adsorbent were tested with magnetic
rod as shown if Fig. 1, and it is clearly observed that all the iron
oxide were attracted to the magnetic rod, because of the magnetic
behavior of the iron. The reactions that occur in the production of
magnetic nanoparticles (Fe3O4–TW) are as shown in Eqs. (1) and
(2).

FeSO4·7H2O + 2FeCl3·6H2O + 8NH4OH → Fe3O4 + 6NH4Cl

+ (NH4)2SO4 + 17H2O (1)

Fe3O4 + TW + 17H2O → TW–Fe3O4 (2)

2.4. Adsorbent analysis methods

The magnetic nanoparticles (Fe3O4–TW) were characterized
by BET, SEM, TEM and FT-IR. The BET (Brunauer, Emmett and
Teller) surface areas of the adsorbent materials were measured
using Smart Sorbs 92 surface area analyzer where N2 gas was used
as adsorbate. The SEM (Scanning Electron Microscopy) measure-
ments were carried out using SEM-Quanta. The images were taken
with an emission current = 100 �Å by the Tungsten filament and
an accelerator voltage = 10 kV. The morphology and dimensions of
the adsorbent were determined by TEM (Transmission Electron
Microscopy) (JEOL-2010. Fourier transform infrared spectroscopy
of the adsorbent was done by using an FT-IR spectrophotometer
(Model: FT-IR Bruker IFS 66 V). Spectra obtained in the range of
500–4000 cm−1 were analyzed.

2.5. Adsorption studies

Batch adsorption studies were conducted to determine equilib-
rium time. A stock solution of Ni(II) was prepared by dissolving
4.479 g of NiSO4·6H2O in 1000 mL of distilled water. Batch
adsorption studies were performed by mixing 0.25 g magnetic
nanoparticle impregnated with tea waste (Fe3O4–TW) with 50 mL
of Ni(II) solution of varying concentration in 250 mL conical flask.
The dosage of adsorbent was decided by the requirements of the

experiments. The pH of the solution was adjusted by adding diluted
HCl and NaOH. All the adsorption experiments were conducted
at temperature 303 K, at the pH working solution, vis., 4, and at
an agitation rate at constant speed of 100 rpm. After equilibrium,
the sample was centrifuged and the filtrates were analyzed by a
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V–visible spectrophotometer at 445 nm using the dimethyl gly-
xime (DMG) method [45]. The percentage removal of Ni(II) was
alculated by the following equation.

ercentage removal of Ni (II) ions = Co − Ce

Co
× 100 (3)

mount adsorbed in Ni (II) ions (qe) = (C0 − Ce)V
m

(4)

here Co and Ce are the initial and equilibrium concentration of
i(II) (mg L−1) respectively, m is the mass of the adsorbent (g) and
is the volume of Ni(II) solution (L).

.6. Studies on Point zero charge (PHzpc)

In PHzpc determination, 0.01 M NaCl was prepared and its pH
as adjusted in the range of 2–12 by adding NaOH or HCl. Then,

0 mL of 0.01 M NaCl each was put in three different conical flasks
nd then 0.25 g of the three adsorbents were added to these solu-
ions [4]. These flasks were kept for 48 h and final pH of the solution
as measured by using pH meter. Graphs were then plotted for pH

nal versus pH initial.

. Results and discussion
.1. BET, SEM and TEM analysis

The BET surface areas of both unmodified tea waste (also known
s parent TW) and the modified tea waste samples were deter-

Fig. 2. SEM image of (a) Parent TW, (b) and
ous Materials 186 (2011) 160–168

mined. It was found that the surface areas of parent tea waste (TW)
and magnetic nanoparticle impregnated tea waste (Fe3O4–TW)
were 22.3 and 27.5 m2 g−1 respectively. In order to observe the sur-
face of particles before and after modification of TW, SEM images
for the samples of the parent tea waste (TW), magnetic nanoparti-
cle impregnated to TW (Fe3O4–TW) and after metal ions adsorption
with TW are shown in Fig. 2a to d. The TW materials have insoluble
cell walls with fibrous content and are largely made up of cellulose-
based structural proteins. A high response surface of the functional
groups is also present. As shown in Fig. 2a, the parent TW mate-
rial has more fiber and more active sites, and the active sites can
be clearly observed at 100 �m. Fig. 2b shows the parent tea waste
is completely covered with iron oxide, and all the iron oxide par-
ticles are aggregated to form a spherical and cage-like structure.
Fig. 2c shows a single TW fibrous material with more holes and
active sites available at 30 �m since the iron oxide are occupying
the active sites. Fig. 2d shows the SEM image, after adsorption of
the Ni(II) metal ions onto Fe3O4–TW. Compared to Fig. 2b, more
particles are present on the surface of the Fe3O4–TW. These parti-
cles are the Ni(II) ions as well as the iron oxide particles. The iron
oxide particles exhibit magnetic behavior, creating more negative
charges. The positively charge Ni(II) ions will be electrostatically
attracted to the adsorbent. This is depicted by more particles being

adsorbed as shown in Fig. 2d.

TEM images with surface morphology of the particles and three
different adsorbents, i.e., TW–Ni(II), Fe3O4–Ni(II) and Fe3O4–TW
Ni(II) are shown in Fig. 3a–c respectively. Fig. 3a shows the parent
TW adsorbed with Ni(II) ions at 100 nm. As evident in the figure,

(c) Fe3O4–TW, (d) Ni(II)–Fe3O4–TW.
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Fig. 3. TEM image of (a) Parent TW–Ni(

he Ni(II) ion particles aggregated to the surface of the TW and bind
n the form of clusters. Fig. 3b shows the Ni(II) ions particle with
pherical shape, aggregating onto iron oxide surface. In Fig. 3c, the
i(II) ions are adsorbed onto Fe3O4–TW. It is observed that more
i(II) ions particles are occupying the adsorbent, compared to the
e3O4 and TW adsorbents. Therefore, the Ni(II) ion is removed more
fficiently by the Fe3O4–TW adsorbent.

.2. Fourier transforms infrared spectroscopy analysis

The FT-IR spectra of both modified and unmodified tea waste
re shown in Fig. 4a and b, and the FT-IR spectroscopic charac-
eristics are shown in Table 1. The functional groups of tea waste
nd the corresponding infrared absorption frequency are shown
n Table 1 and Fig. 4, respectively. The spectra display a number
f absorption peaks, indicating the complex nature of tea waste.
he troughs, due to bonded OH groups, are observed in the range

f 3340–3380 cm−1 [45]. The FT-IR spectroscopic analysis indi-
ated broad bands at 3420 cm−1, representing bonded –OH groups.
he band observed at about 2920–2850 cm−1 could be assigned
o the aliphatic C–H group [46,47]. At wave number 1733 cm−1 a

able 1
he FT-IR spectral characteristic of Fe3O4–TW.

IR peak Frequencies (cm−1) Assignment

1 3342 Boded –OH groups
2 2924 Aliphatic C–H groups
3 2856 Aliphatic C–H groups
4 1732 C O stretching
5 1648 Symmetric bending of CH3

6 1445 Symmetric bending of CH3

7 1240 –SO3 stretching
8 1155 C–O stretching of ether groups
9 1033 –C–C– group
10 614 –CN– stretching
Fe3O4–Ni(II) and (c) Fe3O4–TW–Ni(II).

shoulder is observed which may be due to the carbonyl stretch
of carboxyl. The trough at 1640–1660 cm−1 represents the C O
stretching mode conjugate with the NH2 (amide 1 band) [46]. In
some studies, this spectrum represents a cleared form of the car-
bonyl on the carboxyl group [47]. In other studies this peak was
described as the region of both ionized-noncoordinated and ion-
ized coordinated COO− group [48,49]. The peak observed at 1543
and 1520 cm−1 corresponds to the secondary amine group. Sym-
metric bending of CH3 is observed to shift to 1456 cm−1 [40]. The
peak observed at 1240 and 1143 cm−1 could be assigned to −SO3
stretching and C–O stretching of ether groups, respectively [40].

When comparing the two spectra in Fig. 4a and b, Fig 4b shows
that there were various functional groups detected on the surface
of Fe3O4–TW and a small peak is observed in the Fe–O group. There
are some peaks that were shifted, disappeared and new peaks were
produced. Significant band decrease of functional group on the
Fe3O4–TW were detected at bands 1732, 1445 and 1155, which
corresponded to the bonded C O stretching, aromatic nitro com-
pound and –C–C– groups respectively. The newer peak at 661 cm−1

observed in Fig. 4b is related to the Fe–O group, and the peak
around 3420 cm−1 in curve a was assigned to the –OH group on
the surface of the magnetite. These two significant bands in the
spectrum indicate the possible involvement of those functional
groups on the surface of Fe3O4–TW process. Thus, it seems that
this type of functional group is likely to participate in metal bind-
ing. Fig. 4c shows the FTIR spectrum after adsorption of Ni(II) ions
onto Fe3O4–TW. When comparing the two spectra of Fig. 4b and c,
Fig. 4c shows that the hydroxyl group are present in the range of
peak at 3340 cm−1. This peak has shifted and changes the region of
the peaks, because the hydroxyl groups are likely to participate in

the Ni(II) ion adsorption. A well-known mechanism involved in the
adsorbate and adsorbent interaction is governed by ion exchange
process and followed by the adsorption process. In the adsorption
process, H+ ions leaving groups of the adsorbent bound with Ni(II)
ions at the adsorbent surface due to electrostatic attraction.
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time where one parameter is varied, and the others are kept con-
stant [3,4]. The results are shown in Fig. 7. The trend of the graph
shows that as the contact time increases, the percentage removal
also increase, until it reaches a saturation point, where the increase
in contact time does not change the percentage removal. The best
Fig. 4. FT-IR spectra of (a) parent tea waste and (b) Fe3O4–TW.

.3. Determination of point zero charge (pHzpc)

Point zero charges (pHzpc) were determined for three adsorbent,
.e., TW, Fe3O4 and Fe3O4–TW. PHzpc is an important property and
ndicates the electrical neutrality of the adsorbent and surface at

particular value of pH. The graph of pHintial and vs pHfinal was
lotted as shown in Fig. 5. The intersections of the curves with the
traight line are known as the end points of the pHzpc, and these val-
es are 5.8, 6.2 and 6.5 for TW, Fe3O4 and Fe3O4–TW respectively.

.4. Effect of contact time and initial concentration
Two parameters, namely, contact time and initial concentra-
ion, have a pronounced effect on the removal of adsorbate species
rom aqueous solution. In the present study, the effect of initial
oncentration of Ni(II) on its removal from aqueous solutions
Fig. 5. Plot for determination of point zero charge of TW, Fe3O4 and Fe3O4–TW.

was carried out. The removal efficiency increased from 90 to 96%
with the increase of initial concentrations of Ni(II) from 50 to
100 mg L−1, with adsorbent dose of 0.25 g, temperature 303 K for
3 h, and shaking speed of 100 rpm, at best removal condition as
shown in Fig. 6. It is clear from Fig. 6 that the graphs are single and
smooth, indicating monolayer coverage of the adsorbent surface
by Ni(II). In addition, the removal is rapid in the initial stages,
saturates slowly, and acquires a maximum removal at the time of
equilibrium, viz., 120 min.

3.5. Effect of adsorbent dosage

Adsorbent dose is an important parameter in the determina-
tion of adsorption capacity. As the adsorbent dosage increases, the
adsorbent sites available for Ni(II) metal ions are also increased and
consequently better adsorption takes place. In the present study,
the adsorbent dosages were varied from 0.40 to 0.60 g in 50 mL
and 100 mg L−1 Ni(II) solutions, while all the other variables such
as rpm, contact time and temperature were kept constant. This
method is also known as optimization based on one factor at a
Fig. 6. Effect of initial concentration on percent removal of Ni(II).
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Fig. 7. Effect of adsorbent dose on percent removal Ni(II).

emoval of Ni(II) is at about 94%, using an adsorbent dosage of 0.60 g
n 100 mg L−1 Ni(II) solution.

.6. Effect of pH

The effect of pH of the suspending medium on nickel removal
as studied by performing equilibrium adsorption experiments at
ifferent pH values. The results are illustrated in Fig. 8. The effect
f pH on Ni(II) adsorption is examined in the pH range 2–7. All the
ariables such as, dosage, rpm, contact time and temperature were
ept constant. For the magnetic nanoparticle impregnated with tea
aste (Fe3O4–TW) the uptake efficiency gradually increases as the
H increases from 2 to 4. At lower pH, the concentration of H+ ion

s high, causing a competition for vacant adsorbent site between
he H+ ion and Ni(II) cations. Therefore, at low pH, the removal effi-
iency is low. After pH 4, the adsorption capacity remains constant
nd uptake of Ni(II) ions is observed which could be attributed to
recipitation of Ni(II) as Ni(OH)2. Hence the optimum pH range for
he removal of Ni(II) was found to be 4.
.7. Kinetic studies

The kinetic study of adsorption processes provides useful data
egarding the efficiency of the adsorption and the feasibility for

Fig. 8. Effect of pH on percent removal Ni(II).
Fig. 9. . Lagergrens plot for kinetic modeling of the adsorption process of Ni(II) on
Fe3O4–TW.

scale-up operations. The kinetic data of adsorption can be evaluated
using different types of mathematic models, of which one most
widely used is Lagergren’s rate equation [50,51]. The kinetic of the
adsorption process was analyzed using the first-order rate equation
given by

dqt

dt
= k1(qe − qt) (5)

On integration with limits from t = 0 to t and q1 = 0 to q1,

log(qe − qt) = log qe − k1

2.303
t (6)

where qe and qt are the concentration of the Ni(II) ions (mg g−1) at
equilibrium and time t, respectively, after the adsorption processes
k1 is the adsorption rate constant for the Ni(II) adsorption. The
straight line plots of log (qe − qt) vs t, shown in Fig. 9, confirm that
the process of removal is governed by first-order kinetics. The linear
plots also demonstrated the applicability of Lagergren’s model for
this study. The value of k1 was determined by the slope of the plot
and was found to be 1.90 × 10−2 min−1 at 100−mg L−1 concentra-
tion and 303 K. The values of k1, shown in Table 2, indicate that
magnetic nanoparticle impregnated onto tea waste (Fe3O4–TW)
can be used for the Ni(II) removal from aqueous solution.

3.8. Equilibrium modeling

Equilibrium modeling of the process of removal of nickel was
carried out by using the Langmuir and Freundlich adsorption
isotherm [52,53]. Several mathematical models have been applied
in describing equilibrium studies for the removal of pollutants
by adsorption on solid surface. Selection of an isotherm equa-
tion depends on the nature and type of the system. Out of several
isotherm equations, the Freundlich and Langmuir isotherm equa-

tion have been reported most frequently. The Langmuir model
assumes that uptake of metal ions occurs on a homogeneous surface
by monolayer adsorption and that there is no interaction between
sorbed species. The Langmuir equation is expressed by the follow-

Table 2
Values of rate constant of adsorption.

Temp (K) k1 (×10−2 min−1) qe (mg g−1) R2

303 1.9 1.491 0.991
313 2.5 1.538 0.994
323 3.8 1.653 0.993
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Fig. 11. Freundlich isotherm plot for the removal of Ni(II) on Fe3O4–TW.

Table 4
Comparison of adsorption capacities Q◦ (mgg−1) of different adsorbents for there-
moval of Ni(II).

Adsorbents Adsorption capacity Reference

Bagasse 0.001 [24]
Fly ash 0.03 [24]
Aspergillus niger 1.10 [46]
Granular activated carbon 1.50 [16]
Rice hull 5.75 [59]
Sheep manure waste 7.20 [54]
Deactivated protanated yeast 9.01 [58]
Peat moss 9.18 [23]
Coir pith 9.50 [14]
Calcium alginate 10.50 [55]
Sugar beet pulp 10.74 [57]
Beaker yeast 11.40 [8]
Fe3O4 11.53 [3]
Thuja orientails 12.42 [18]
Carbon aerogel 12.87 [56]
Waste tea 18.42 [38]
Fe3O4–TW 38.30 Present study

T
V

Fig. 10. Langmuir isotherm plot for the removal of Ni(II) on Fe3O4–TW.

ng expression:

Ce

qe
= 1

Q ob
+ Ce

Q o (7)

here Ce is the equilibrium concentration of the solute (mg L−1),
e is the amount adsorbed at equilibrium (mg g−1), and Q◦ (mg g−1)
nd b (L mg−1) are constants related to the adsorption capacity
nd energy of adsorption, respectively. A plot of Ce/qe versus Ce

s shown in Fig. 10, gives a straight line. The value of Q◦ and b were
etermined by the slopes and intercept of Fig. 10, and are given in
able 3.

The Freundlich model assumes that the uptake of metal ions
ccurs on a heterogeneous adsorbent surface. The Freundlich equa-
ion is expressed as:

e = KF Ce
1
n (8)

og qe = log KF + 1
n

log Ce (9)

where KF and 1/n are related the adsorbent capacity and sorption
ntensity of the adsorbent, respectively. The values of Freundlich
onstants, KF and 1/n, were determined by slopes and intercept
f Fig. 11. The high R2 values obtained as shown in Table 3,
ndicate that experimental data obeyed both Langmuir and Fre-
ndlich isotherm models. Table 4, shows the adsorption capacities
f various adsorbents. It is clear from this table that the adsorp-
ion capacity of magnetic nanoparticle impregnated to tea waste
Fe3O4–TW) used in the present studies is significant. The man-
facture of this adsorbent could be upscaled and produced in
mall-scale industries. Tea waste could be utilized to make value
dded product, i.e., adsorbent, which could be used to treat wastew-
ter [37–40].
.9. Effect of different adsorbent (Fe3O4–TW) ratio

The effect of three different adsorbent, i.e., TW, Fe3O4 and
e3O4–TW on the percentage removal Ni(II) ion were investi-

able 3
alues of Langmuir and Freundlich constants for the removal of Ni(II).

Langmuir constants Freundlich constants

Temp (K) Q◦ (mg g−1) b (L g−1)

303 22.4 0.144
313 30.9 0.103
323 38.3 0.085
gated. The settings of the parameters were based on optimized
parameters of initial concentration 100 mg L−1, adsorbent dosage
of 0.25 g, temperature 303 K for 3 h, and shaking speed of 100 rpm,
The percentage removal obtained are Fe3O4–TW (Ratio TW:Fe3O4;
5:1) 87%, Fe3O4 46.5% and TW 29.8% respectively. The percentage
removal is as shown in Fig. 12 (a). The percentage removal of Ni(II)
ions using different adsorbent ratios (TW: Fe3O4) such as 5:1, 5:2,
5:3,5:4 and 5:5 are as shown in Fig. 12(b). As illustrated in the fig-
ures, the percentage removal increases with increasing iron oxide
ratio, but the removal remained almost constant after 5:2. This ratio
is suitable to be used in the removal of metal ions since the surface
area of TW is completely occupied by iron oxide.
R2
L

n KF (L g−1) R2
F

0.997 1.23 3.15 0.989
0.994 1.50 3.17 0.970
0.996 1.78 4.85 0.975
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.10. Thermodynamic studies

Thermodynamic studies are used to decipher any reaction in
better way. In the present studies also, thermodynamic studies
ere performed and the parameters, namely, free energy change

�G◦), enthalpy (�H◦), and entropy (�S◦), were determined at 303,
13 and 323 K, respectively, Thermodynamic parameter were cal-
ulated by using the following equations [4]:

c = Cac

Ce
(10)

Go = −RT ln Kc (11)

Ho = R
T2T1

T2 − T1
ln

K2

K1
(12)

So = �Ho − �Go

T
(13)

c is the equilibrium constant and Cac and Ce are the equilib-
ium concentration of metal ions on the adsorbent (mg L−1) and
he equilibrium concentration of the metal ions in the solution
mg L−1), respectively. The values of Kc increased as the tempera-
ure is increased, indicating the endothermic nature of the process

f removal. The values of these parameters are given in Table 5.
ositive value of entropy change �S◦ and enthalpy change �H◦

lso indicate the endothermic nature of adsorption of Ni(II) in mag-
etic nanoparticle impregnated onto tea waste (Fe3O4–TW). It is
oted that values of �G◦ decreases by increasing temperature.

able 5
hermodynamic parameters for adsorption of Ni(II).

Temp (K) −�G◦ (kcal mol−1) �H◦ (kcal mol−1) �S◦ (kcal mol−1)

303 7.23
313 8.31 33.41 0.5797
323 10.02

[

[

[

[

[
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This reveals that a greater adsorption can be obtained at higher
temperature.

4. Conclusions

The efficiency of magnetic nanoparticle impregnated onto tea
waste (Fe3O4–TW) in removing nickel(II) ions from aqueous solu-
tion has been investigated. Results indicate that adsorption is
positively dependent on pH and temperature. A higher percent-
age removal of nickel could be obtained at lower initial nickel
concentration. The adsorption data were well fitted by both the
Langmuir and Freundlich isotherm. The adsorption capacity was
found to be 38.3 mg g−1. The kinetics of adsorption followed first-
order kinetics. The removal efficiency increases with the increase
in temperature and hence adsorption process is endothermic in
nature. The results of this study forecasts that such magnetic
nanoparticle (Fe3O4) impregnated onto tea waste can very well be
recommended for wastewater treatments and control of environ-
mental pollution.
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