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Tea waste was used to successfully synthesize magnetic nanoparticles (TWMNPs). In this investigation, Pb (II) was eliminated by
tea waste modifed with magnetite nanoparticles (TWMNPs) was investigated. To prepare the TWMNPs, FeCl3.6H2O was
dissolved in double distilled water (DDW) and 20 g of pulp tea was added slowly and stirred, after 30min TWMNPs adsorbent
were separated through an external magnetic feld and washed three times with double distilled water (DDW) and ethanol then
dried at 60°C. Te FESEM test of TWMNPs shows the particle size in the range of 15–20 nm and spherical/cuboid-shaped crystal
structure of Fe3O4 (magnetite). X-ray analysis showed that the main XRD difraction peaks of TWMNPs are related to Fe3O4,
HighScore plus X’Pert software was used to identify the phase in this sample. Te specifc surface area of the prepared magnetite
nanoparticles was 25.2m2.g− 1. Te pore volume, maximum pore radius, and VSM of TWMNPs were 14.4 cm3.g− 1, 2.3 nm, and
3.37–2.41, respectively. Te efects of various parameters, such as contact time, pH, concentration, and adsorbent dosage, were
studied. Te experimental isotherm data were analyzed using the Langmuir and Freundlich models, and it was found that the
removal process followed the Langmuir isotherm and the maximum adsorption capacity calculated by Langmuir ftting was
10.67mg.g− 1. In addition, the adsorption kinetics followed the frst-order kinetic model and the value of rate constant was found
to be 14.04×10− 2 min− 1. Te results showed that increasing the pH level led to a rise in the response level and Pb (II) removal.
Also, the trend in Pb (II) removal and response level had an increase with increasing the initial concentration of Pb (II). Increasing
contact time from 5 to 20minutes has a slight efect on Pb (II) removal. Considering the results, TWMNPs could lead to suitable
results for the removal of Pb (II) from wastewater containing this metal. And the maximum adsorption capacity was found to be
10.67mg.g− 1.

1. Introduction

Today, the increase and development of industrial activities
have led to an increment in the production of industrial
wastewater containing toxic heavy metals such as Pb (II),
Hg, and As [1]. Tese elements are nonbiodegradable and
tend to accumulate in the human body and living organisms,
which can cause many diseases and disorders [2–4].

Heavy metal contaminations could exist in wastes of
many industries, such as metal plating, mining operations,
tanneries, chloralkali, radiator manufacturing, smelting, and

alloy industries as well as storage battery industries [5]. Lead
is a heavy, soft, malleable, bluish grey metal [6]. Lead is of
particular interest, because of its toxicity and its widespread
presence in the environment [7]. Lead is a well-known
highly toxic metal considered as a priority pollutant [8].
It is an industrial pollutant, which enters the ecosystem
through soil, air, and water.

Among heavy metals, Pb (II) is widely used in industries
and is the ffth most consumed metal in the world [9]. Te
main industries producing Pb (II) in the environment are
incineration, metallurgy, mineral exploration, and lead-acid
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batteries [10, 11]. Lead has destructive and irreversible ef-
fects on the ecosystem [12, 13]. Lead dissolves at acidic
pH and precipitates at alkaline conditions and can enter the
body through water and food ingested and through respi-
ration. Once ingested, Pb (II) will be changed to biotoxic
compounds by biomolecules in the proteins and enzymes.
As a result, their structure changes, and their biological
interactions become difcult [14].Te presence of high levels
of lead in the environment may cause long-term health risks
to humans and ecosystems [6, 15] Te World Health Or-
ganization (WHO) has established 0.05mg.L− 1 as the
maximum permissible limit (MPL) for lead in drinking
water. Te Environmental Protection Agency (EPA) has
established a permissible limit (mg.L− 1) for Pb (II) in
wastewater of 0.05mg.L− 1 [5]. In industrial wastewaters,
lead-ion concentrations approach 200–500mg.L− 1, which
are very high values in comparison to those are acceptable to
reach water quality standards. So, the lead-ion concentration
of wastewaters must be reduced by proper treatments to an
acceptable level of 0.05–0.10mg.L− 1, before discharging to
waterways or sewage systems [5]. So far, various methods,
such as precipitation, ion exchange, surface adsorption,
reverse osmosis, electrocoagulation, cementation, electro-
dialysis, electrowinning, and membrane processes, have
been used to remove Pb (II) from an aqueous media [16, 17].

Tese methods for removing heavy metals are associated
with high initial costs, high operating and maintenance
costs, the need for the ability and skill of the operator, and
high energy consumption [16, 17]. Also, if the reaction
between the chemicals and the metal is not complete, there is
a possibility of increased secondary contamination. Another
disadvantage of these methods is the production of sludge,
the disposal of which will impose signifcant costs on the
system [17].

An efective and useful method to reduce these disad-
vantages is the magnetization of adsorbents using metal
oxides or magnetic nanoparticles [18]. In this method, the
adsorbent along with the adsorbed contaminants can be
separated from the aqueous medium by an external mag-
netic feld easily and quickly. On the other hand, magnetic
nanosorbents have better performance than conventional
magnetic microsorbents due to their high specifc surface
area and low internal dispersion resistance [19]. Due to their
surface area and more active sites, nanoparticles show ap-
propriate adsorption efciency for interaction with metal
species and can be easily synthesized [20].

Magnetite is a magnetite iron oxide with the chemical
formula of Fe3O4. Tis compound has signifcant prop-
erties compared to other iron oxides and hydroxides, due
to the presence of iron cations in two capacities (Fe2+ and
Fe3+), and it is very strong compared to other adsorbent
iron oxides and has an extraordinary magnetic property
[21]. Tese compounds fall into the category of nano-
particles when their size is less than 100 nm. Usually, iron
oxide nanoparticles’ specifc surface area is more than
100 cm2.g− 1, these two properties, (1) the surface-area-to-
volume ratio and (2) high adsorption capacity, have
attracted the attention of researchers to these
particles [22].

In recent years, the use of some plants or their extracts
such as tea, green tea, cofee, and corn bran due to their
unique properties and lack of harmful and hazardous
compounds for the environment has been proposed to
improve the surface and synthesis of iron nanoparticles [23].
Te use of new technologies such as nanoparticles in the
removal of Pb (II) is very important due to the lack of defects
in conventional methods and its low cost [24]. A study by
Wang et al. showed the removal of 90% of Pb (II) from the
aqueous medium using graphene oxide chitosan adsorbent.
Te study of Lunge et al. showed that iron oxide prepared
from tea waste has a good ability to remove arsenic ions from
water and is cost-efective [25].

Te main objective of the present study was to evaluate
the efects of adding tea waste treated magnetite nano-
particles (TWMNPs) to fnd a solution for the removal of
lead (II) from aqueous solutions.

2. Materials and Methods

2.1. Chemicals and Reagents. All chemicals and reagents
used were of analytical grade and supplied by Merck. Te
chemicals used in this study were lead nitrate, ferric
chlorides, ammonia solution, acetone, hydrochloric acid,
ethanol, and sodium hydroxide. A stock solution of lead
(II) was prepared by dissolving lead nitrate (purchased
from Merck) in double distilled water. Working solutions
were obtained by diluting the stock solution with double
distilled water (DDW). Fresh dilutions were prepared and
used for each experiment. Hydrochloric acid and sodium
hydroxide (purchased from Merck) were used to adjust
the pH.

2.2. Preparation Adsorbent. Te chemical coprecipitation
technique has been used to prepare particles with homo-
geneous composition and narrow size distribution
[20, 26, 27]. Tis technique is probably the most common
and efcient method to obtain magnetic particles. A com-
plete precipitation of Fe3O4 was achieved under alkaline
condition, while maintaining a molar ratio of Fe2+ to Fe3+, 1 :
2, under an inert environment. To obtain 4 g of magnetic
particles, 4.2 g of FeSO4·7H2O and 6.2 g of FeCl3·6H2O were
dissolved under the inert atmosphere in 160mL of double
distilled water with severe stirring. While the solution was
heated to 80°C, 20mL of ammonium hydroxide solution
(25%) was added. To ensure complete growth of the
nanoparticle crystals, the solution was then added to 20 g of
tea waste, and the reaction was carried out for 30min at 80°C
under constant stirring.

Te resulting suspension was cooled down to room
temperature and then repeatedly washed with double dis-
tilled water (DDW) to remove unreacted chemicals.
TWMNPs adsorbent were separated through an external
magnetic feld and washed three times with double distilled
water (DDW) and ethanol and dried at 60°C [20, 28]. Te
reactions that occur in the production of magnetic nano-
particles TWMNPs are as shown in equations (1) and (2),
[20, 26, 27].
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FeSO4∙7H2O + 2FeCl3∙6H2O + 8NH4OH⟶ Fe3O4 + 6NH4Cl +(NH4)2 SO4 + 17H2O, (1)

Fe3O4 + TW + 17H2O⟶ TW–Fe3O4(TWMNPs). (2)

2.3. Adsorbent Analysis Methods. Tea waste magnetite
nanoparticles (TWMNPs) were identifed by using BET,
SEM, VSM, and XRD. N2 gas was used as the adsorbent, and
the specifc surface area and porosity analyzer PHS-1020
(PHS-China) was used to measure the BET (Bru-
nauer–Emmett–Teller) surface areas of the adsorbent
materials.

Barrett–Joyner–Halenda (BJH) and micropore (MP)
methods were based on the measurement of the volume of
nitrogen gas surface adsorption and desorption at 77K. Te
surface morphology of the magnetite nanoparticles was
evaluated using a feld emission scanning electron micro-
scope (FESEM-LEO 1450 Vp Germany), and in order to
measure magnetic properties of the nanoparticles, a vibrat-
ing sample magnetometer (Meghnatis Daghigh Kavir Ka-
shan Co. Kashan, Iran) was used.

Te composition of the materials was identifed by X-ray
difraction (XRD) (Philips, X-Pert Pro, Netherland), and this
instrument was equipped with copper anode generating
(Cu-Kα) radiation (λ � 1.5406 Å).

2.4. Adsorption Experiment. Te experiments were designed
by response surface methodology (RSM) in central com-
posite design (CCD). To design the experiments with the
central composite design method, the minimum and
maximum levels were entered into the design expert soft-
ware, and other levels among the minimum and maximum
points were determined by the software. Finally, 5 levels
were determined for the parameters. Te number of tests in
design expert software was obtained from the following
relationship:

N � 2K
+ 2k + C0, (3)

where N refers to the number of experiments, k is the
number of parameters, and C0 represents the number of
central points. In this study, a total of 30 experiments were
obtained with 4 parameters including time, adsorbent
concentration, pollutant concentration, and pH, and six tests
at the central point.

Te variables were initial lead concentration, pH, ad-
sorbent dosage, and contact time. Te adsorption of Pb (II)
on tea waste magnetite nanoparticles (TWMNPs) was
studied by a batch technique. Synthetic industrial waste-
water was prepared by dissolving lead nitrate (Pb(NO3)2) in
deionized double distilled water (DDW). Te adsorption
study was performed using 100ml of the synthetic waste-
water at room temperature. Te adsorption study was
performed by varying the pH (2, 3.5, 5, 6.5, and 8), initial
contaminant concentration (0.1, 0.5, 1, and 2 g L− 1), contact
time (5, 10, 15, and 20minutes), and magnetite nanoparticle
concentration (0.5, 1, 2, and 5 g.L− 1) factors.

After adjusting the pH of the samples, the required
adsorbent was added to each sample, and based on the
designed time, it was stirred by a shaker at 150 rpm. Te
magnetite nanoparticles were separated by two strong
magnets and fltered.Te remaining Pb (II) concentration in
the solution was measured by anatomic absorption spec-
troscopy(AAS), Varian-240 (USA), the limit of detection
(LoD) and limit of quantity (LoQ) for this device are equal to
14 and 46.66 µg.L− 1, respectively.

2.5.Analysis. Samples were analyzed by a atomic absorption
spectroscopy (AAS), Varian-240 (USA), then removal ef-
ciency of Pb (II) was determined. Equation (3) was used for
the calculation.

R �
C0 − Ce

C0
× 100, (4)

where R refers to the removal efciency and C0 and Ce
represent the initial and fnal metal ion concentration (mg/
L). Te quantity of Pb (II) adsorbed on tea waste magnetite
nanoparticles (TWMNPs) was calculated using the follow-
ing well-known equation. Te quantity of Pb (II) adsorbed
on tea waste magnetite nanoparticles (TWMNPs) was cal-
culated using the following equation:

qe �
V C0 − Ce( 

m
, (5)

where qe (mg/g) and Ce (mg/L) are the amount of Pb (II)
adsorbed and the equilibrium concentration, respectively.

3. Results and Discussion

3.1. Characterization of Pulp Tea Modifed with Magnetite
Nanoparticles

3.1.1. FESEM and XRD Analysis. Te FESEM test was used
to examine the microstructure of samples synthesized at
temperatures of 400 and 450°C, and the results are shown in
Figure 1.

According to Figure 1 and the micrographs with higher
magnifcation, it is clear that in both of these samples,
particles with a pseudospherical morphology and diferent
sizes can be seen, and these particles are probably the same
iron oxide particles complexed with the compounds in
tea waste.

By comparing the micrographs visible in Figures 1(c)
and 1(d), it is clear that the size of the particles in the sample
synthesized at a higher temperature is larger than the
particles visible in the micrograph corresponding to the
sample synthesized at a lower temperature. In order to
measure the particles more accurately and to check the size
distribution of visible particles in these micrographs, 100
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particles from each sample were measured for the size using
the J image processing software.

Te particle size distribution diagrams as well as the
statistical parameters extracted from these measurements
are shown in Figure 2 and Table 1, respectively.

According to the histogram shown in Figure 2, in the
sample synthesized at a temperature of 400°C, among the
100 measured particles, about 50% of the particles have
a diameter between 15 and 20 nm, and this size range has the
largest number of particles. In the histogram of the sample
synthesized at a temperature of 450°C, the size of the par-
ticles located in the size range of 20 to 30 nm has the largest
number of particles (about 30% of all particles). It is also
clear from these histograms that the particle size distribution
in the 450°C sample is much wider than the particle size
distribution in the 400°C sample. Wide distribution of the
particle size means greater diference in particle size than the
average value. Terefore, in the sample synthesized at 450°C,
the particles have a greater distance with the calculated mean
diameter. According to Table 1, with the increase in the
synthesis temperature, the mean diameter of the particles
increased from 18.6± 7.2 nm at 400°C to 36.3± 12.8 nm for
the sample synthesized at 450°C. Tis increase in size is due
to greater growth. Nanoparticles located at a higher

temperature. Te X-ray difraction pattern of the in-
vestigated sample is shown in Figure 3.

HighScore plus X’Pert software was used to identify the
phase in this sample. According to Figure 3, it is clear that on
the XRD pattern of the sample, there is a broad hump on the
pattern’s background between 20 and 40 degrees, which can
be due to the presence of organic compounds in the tea pulp
that have a noncrystalline (amorphous) structure. In addi-
tion, on the difraction pattern, there are some sharp peaks
related to the magnetite phase (Fe3O4), reference code
JCPDS no. 96-900-5840, with a cubic crystal structure and
a space group of Fd-3m. On the pattern, 28.5, 30.3, 35.7, 43.2,
57.1, and 62.8° difraction peaks are related to the difraction
planes (002), (220), (311), (400), (511), and (440), re-
spectively [29]. Scherrer’s equation is used to fnd the mean
crystallite size [30]:

D �
kλ

(FWHM) × cos(θ)
. (6)

In this equation, D is the mean crystallite size, k is the
shape factor, λ is the wavelength of the X-ray used
(1.5406 Å), FWHM is the bandwidth at half height, and θ is
the location of the peak. Having the value of cos (θ) and

(a) (b)

(c) (d)

Figure 1: FESEM images tea treated pulp magnetite nanoparticles at temperatures of 400 (a and b) and 450°C (c and d) and diferent
magnifcations.
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FWHM as well as the fxed values of λ (1.5406 Å) and k (0.9),
the value of the crystal size is obtained according to
Scherrer’s equation, which considering that λ was in ang-
stroms, this value is also in angstroms. Te crystal size in
nanometers is calculated by dividing the obtained value by
10. Tis parameter for the magnetite phase is equal to
16.8 nm.

3.2. VSM Analysis. Magnetic properties of the TWMNPs
were evaluated by plotting their magnetizations versus ap-
plied magnetic feld, Figure 4. Te maximum applied feld
(Hm) is equal to 8500Oe, and as can be seen at this magnetic
feld, both curves are saturated within a good accuracy, so

the saturation magnetizations of the samples heated at 400
and 450°C are 3.4 and 2.4 emu/g, respectively.

In addition, it is clear from the inset of Figure 4 that
when the applied magnetic feld is zero, there are nonzero
magnetizations, which are named residual ones. Tese
remanent magnetizations are 0.34°emu/g and 0.15°emu/g for
the samples heated at 400 and 450°C, respectively. Terefore,
it is clear that like the saturation magnetization, the residual
magnetization in the sample synthesized at 400°C is higher
than that of the sample synthesized at 450°C. In order to

Table 1: Statistical results of histograms of magnetite nanoparticles.

Sample Total number
of measurements Mean (nm) Standard deviation

(nm)
Smallest particle

size (nm)
Largest particle

size (nm)
400 100 18.6 7.2 8.4 45.8
450 100 36.3 12.8 34.7 68.1

50

400

40
Fr

eq
ue

nc
y 

(%
)

30

20

10

0
10 20 30

Particle size (nm)

40 50

(a)

34

Fr
eq

ue
nc

y 
(%

)

0
10 20 30

Particle size (nm)

40 70

32
30
28
26
24
22
20
18
16
14
12
10

8
6
4
2

6050

450

(b)

Figure 2: Histograms of particle size distribution in micrographs of tea waste magnetic nanoparticles at (a) 400 and (b) 450°C.
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remove this residual magnetization from the samples,
a specifc magnetic feld must be applied to the sample,
which is called coercivity, and according to the inset of
Figure 4, coercivities of these samples are 102.9 and 69.0Oe,
which again indicate that the amount of feld required re-
moving the remanent magnetization in the sample syn-
thesized at 400°C is higher than that of the sample
synthesized at 450°C.

3.2.1. BET Test. Based on the BET theory as well as the
measured absorption and desorption values of the material,
this system can calculate the specifc surface area, diameter,
volume, and size distribution of the pores of the material.
Te BET analysis works based on measuring the volume of
nitrogen gas absorbed and desorbed by the material surface
at a constant temperature of liquid nitrogen (77K). In the
BET test, after the cell containing the desired sample is
placed in the liquid nitrogen tank, the amount of gas
absorbed by the substance is calculated by gradually in-
creasing the nitrogen gas pressure in each step. Ten, by
gradually reducing the gas pressure, the amount of de-
sorption of the material is measured, and fnally, the graph of
the volume of nitrogen gas absorbed and desorbed by the
material at a constant temperature is drawn [31]. According
to equation (7), which is called the single-point method, Vm
(the volume of nitrogen gas that is monomolecular adsorbed
under standard surface conditions) can be obtained [32]:

vm � va 1 −
p

p0
 . (7)

In equation (7), Va is the volume of absorbed gas in
standard conditions, P0 is the partial pressure of absorbed gas
in the equilibrium state in Pascals, P is the partial pressure of
absorbed gas in Pascals, and Vm (mL) is the volume of
absorbed gas in standard conditions to produce a single layer
on the surface of the sample. Terefore, the relation by
plotting the changes of P/(V (P0–P)) in terms of P/P0, the
slope obtained in the linear region will be proportional to Vm.
With the value of Vm, the specifc surface area of the sub-
stance (SBET) can be obtained by the following equation:

S(BET) �
vmNa

m × 22400
. (8)

In equation (8), N is the Avogadro’s number, m is the
mass of the sample under test in grams, and a is the efective
cross-sectional area of an adsorbed molecule in square
millimeters (for nitrogen molecule equal to 0.162 nm2).
According to these equations, the value of the specifc
surface for the studied sample is equal to 25.2m2.g− 1

As seen in Figure 5, the size of the holes in this sample is
mostly less than 10 nm, which proves that this material is
microporous. Also, the volume of the holes obtained
according to the BJH theory is equal to 14.4 cm3.g− 1. In
addition, the mean diameter of the holes for this sample is
equal to 2.297 nm.

Te Barrett–Joyner–Halenda (BJH) method was used to
check the hole size distribution and the result is shown in
Figure 4. As seen in Figure 5, the size of the holes in this

sample is mostly less than 10 nm, which proves that this
material is microporous. Also, the volume of the holes
obtained according to the BJH theory is equal to
14.4 cm3.g− 1. In addition, the mean diameter of the holes for
this sample is equal to 2.297 nm.

In order to check the type and mechanism of absorption,
the curve of nitrogen absorption/desorption changes in
liquid nitrogen (temperature 77K) is shown in Figure 6(a).

According to the result shown in Figure 6(a), the ad-
sorption isotherm for the examined sample followsmodel III
(according to IUPAC classifcation) [33, 34] (Figure 6(a)),
and has a narrow hysteresis loop in the P/P0 ratio of about
0.50 to 1. In this model, as it is clear in Figure 6(a), ab-
sorption is low at low pressures, but after a certain pressure,
adsorption increases strongly. Te Freundlich model is
usually observed for nonporous adsorbents, whose ad-
sorption is weak at frst, and as mentioned, this weakness
causes little adsorption at frst, but when a certain number of
adsorbed molecules are adsorbed by the adsorbent, the
adsorption forces lead to the tendency of other molecules to
be absorbed increases and the absorption increases expo-
nentially after the formation of the frst layer, so that as the
pores are flled and the adsorbent is condensed on the
surface, and the rate of absorption increases signifcantly
[35, 36].

Te existence of mesopores is in accordance with the
BET classifcation. In addition, the BET analysis shows the
specifc surface area of the prepared magnetite nanoparticles
25.2m2.g− 1 of the adsorbent (Figure 6(b)). Te results of the
dBJH analysis showed that the pore volume (VP) of
TWMNPs was 0.13 cm3g− 1 of the adsorbent, and the
maximum pore radius was 1.3 nm (Figure 7(a)). Te cal-
culation of adsorbent pore size distribution was determined
using the BJH method. Te BJH analysis of magnetite
nanoparticles is shown in Figure 7(b). Te MP analysis
showed that total volume of adsorbent pores is 0.3 cm3.g− 1 of
the adsorbent. Also, the mean pore diameter was 0.68 nm,
Figure 7(c).

3.2.2.Te Efect of Pb (II) Initial Concentration. Te removal
of Pb (II) on TWMNPs as a function of their concentrations
was studied at a constant temperature (25± 0.1°C) by varying
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Figure 5: Size distribution of pores measured according to BJH
theory for the TWMNPs.
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the Pb (II) concentration from 100 to 200mg L− 1 while
keeping all other parameters constant. Te adsorption re-
sults of Pb (II) by tea wastes are shown in Figure 8(a).

According to Figure 8(a), with increasing the initial
concentration of Pb (II) (Cp) from 0.1 to 2 g L− 1, the amount
of Pb (II) removal and the response surface increased. One of
the most important causes for the increase in Pb (II) ad-
sorption is the increasing pressure gradient and driving force
in mass transfer and as a result Pb (II) adsorption by
magnetite nanoparticles increases [26]. In a research project
by Zhang et al., the deletion of Pb (II) by SiO2-Fe3O4 and
AlOOH was examined, their results showed that lead

removal increased with increasing initial Pb (II) concen-
tration [37]. Similarly, Nassar et al. showed the amount of Pb
(II) adsorption increased as the initial concentration of Pb
(II) ions increased [38].

3.2.3. Efects of pH. Aqueous solution’s pH is one of the
important controlling parameters in the adsorption because
it infuences the degree of ionization of the adsorbate during
the reaction, concentration of the counter ions on the
functional groups of the adsorbent, and the solubility of the
metal ions during the adsorption process [20, 39].
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Terefore, the efect of pH on the adsorption of Pb (II)
ions by TWMNPs adsorbent in the range of 3.5–6.5 was
studied, the results are shown in Figure 8(b). All the vari-
ables, such as, adsorbent dosage, rpm, contact time, and
temperature were kept constant, for the modifcation with
magnetite nanoparticle with tea waste (Fe3O4–TW), the
uptake efciency gradually increases as the pH increases
from 3.5 to 6.5. At lower pH, the concentration of H+ ion is
high, causing a competition for a vacant adsorbent site
between the H+ ion and Pb (II) cations. According to the
obtained results as pH increases, the response surface and
removal efciency of Pb (II) increased. Because at high pH,
the surface groups of hydroxyl have a negative charge and
cause the absorption of cations [40]. Similar results were
observed by Zhang et al., Katlego et al., and Wang et al.,
when they studied the removal of Pb (II) from an aqueous
solution by fried egg jellyfsh hydroxyapatite/magnetite
composite adsorbent and activated carbon, respectively
[37, 39, 41].

3.2.4. Efects of Contact Time. Results obtained in
Figure 8(c) show that time is one of the important factors
afecting the amount of the metal adsorbed by the nano-
particle. Obviously, these materials have very large surfaces
compared to other absorbents. As a result, these can remove
enormous amounts of water-soluble metals [4].

As can be observed in Figure 8(c) with increasing contact
time, the removal efciency of lead increased. At the be-
ginning of the process, lead was quickly removed by the
absorbent. Having a large number of free sites on the ad-
sorbent surfaces at the beginning of the reactions was an-
other reason for quick absorption. In other words, the less-
saturating active sites on the absorbent lead to an increase in
the speed of collision between metal ions and adsorption
sites. Results of another study conducted by Dargahi et al.,
Gupta et al., and Atieh et al. on Pb and Cr removal from
aqueous solution using the nanoparticles absorbent confrm
our results [4, 42, 43].

3.2.5. Te Efect of Nano Adsorbent Dosage. By increasing
the amount of nanoadsorbent dosage (Ca) in the range of 0.5
to 4 g L− 1, the amount of Pb (II) removal and also the re-
sponse surface (R1) increased. As the adsorbent concen-
tration increases, the number of particles around the Pb (II)
ion increases too, and decreasing the amount of Pb (II)
removal by increasing the adsorbent concentration is due to
the gap in the concentration gradient between the solute
concentration in the solution and the surface of the sorbent,
Figure 8(d) [44]. In a study, Heather Shipley et al. in-
vestigated the efciency of Pb (II) removal by hematite
nanoparticles that obtained diferent results [45]. Rajput
et al., in their study, examined the Pb (II) and Cr removal
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Figure 8: (a) Efects of initial concentration Pb (II), (b) pH, (c) nano adsorbent dosage, and (d) contact time on Pb (II) removal rate.
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from water by magnetite nanoparticles and showed diferent
results from our results [46].

3.2.6. Simultaneous Efects of Variables on Lead Removal.
Te efects of initial Pb (II) concentration and initial pH on
the Pb (II) removal rate are shown in Figure 9(a). Te initial
concentration of Pb (II) varied from 0.5 to 2 g L− 1 and the
initial pH varied from 3.5 to 6.5. Te adsorbent concen-
tration and contact time were considered constant at 2.75 g
L− 1 and 10min, respectively. According to Figure 9(b), with
increasing both the initial Pb (II) concentration and initial
pH, the process efciency increases. So that the response
level of 400 in concentration (0.58 g L− 1 Pb(II), pH� 3.5),
increased to 900 at the concentration (1.52 g.L− 1 Pb(II),
pH� 6.5). Te simultaneous efect of initial Pb (II) con-
centration and contact time on Pb (II) removal rate are
shown in Figure 9(b).

Te initial concentration of Pb (II) varied from 0.5 to 2 g
L− 1 and the contact time varied from 8.75 to 16.25. Also, the
adsorbent concentration and Pb were considered constant at
2.75 g L− 1 and 6, respectively According to the fgure, with
increasing the initial Pb (II) concentration and contact time,
the response surface increases to 850 at a concentration of
1.52 g L− 1 Pb (II) and contact time of 16.25min.

Te simultaneous efect of the initial concentration of Pb
(II) and the adsorbent concentration in Figure 9(c) showed
that at constant pH and contact time in 6 and 16min, re-
spectively. With increasing the concentration of Pb from
0.58 g L− 1 to 1.52 g L− 1 and increasing the adsorbent con-
centration from 1.63 g L− 1 to 3.88 g L− 1, the response surface
of Pb (II) increases to 900. According to the obtained results,
high values of removal efciency can be achieved in diferent
conditions. Although with increasing the adsorbent dose,
the removal efciency of lead decreases, but with increasing
the initial concentration of the contaminant, the removal
efciency can be increased. Also, increasing the contact time
has a slight efect on the response surface, but with the
simultaneous increase of the initial concentration of lead, the
removal efciency increases signifcantly.

3.2.7. Adsorption Isotherm. Adsorption isotherm is one of
the important factors in designing the adsorption systems. In
this research, two Langmuir and Freundlich adsorption
isothermmodels were investigated.Te results of adsorption
isotherms and parameters calculated from two models are
shown in Table2 and Figure 10. In order to determine the
absorption capacity of an adsorbent, this parameter is an
important and efective factor. In order to determine the
adsorptionmechanism, Langmuir and Freundlich isotherms
were used in this research [47, 48].Te linear equation of the
Langmuir isotherm is given in equations (9) and (10).

Ce

qe

+
1

qm × b
+

Ce

qm

, (9)

where qe (mg.g− 1) is the equilibrium adsorption capacity of
TWMNPs, Ce (mg.L− 1) is the equilibrium concentration of
Pb (II) ion in the solution, qm (mg.g− 1) is the maximum

adsorption capacity, and b is the Langmuir constant that is
obtained in the curve (Ce/qe) vs. Ce. Te linear equation of
the Freundlich isotherm is given in the following (Equation
(10)).

logqe − logK �
1
n
logCe, (10)

where qe is the equilibrium adsorption capacity in mg.g− 1.
Te equilibrium concentration of the adsorbent is expressed
as, Ce, in mg.L− 1 and K and n are the Freundlich constants
obtained in the curve.

Here, qe(mg.g− 1) is the equilibrium adsorption capacity.
Ce(mg.L− 1) is the equilibrium concentration of the adsor-
bent, and K and n are the Freundlich constants obtained in
the curve logqe vs. logCe [47, 48]. Te results showed that
the adsorption in TWMNPs follows the Langmuir model
(R2 = 0.963), and the maximum adsorption capacity of Pb
(II) on to the TWMNPs at 10.67mg.g− 1 indicated the ability
of the TWMNPs for adsorption of Pb (II).

Compared to the uptake by the adsorbate employed in
previous studies indicated the ability of the TWMNPs for
adsorption of Pb (II), and the TWMNPs adsorbent utilized
in this investigation exhibited good dish Pb (II) removal
capabilities (see Table 3).

3.2.8. Adsorption Kinetics. Reaction kinetics provide
a measurement of reaction rates, factors that afect the rate of
a chemical reaction and insight into reaction mechanisms.
Te rate equations actually show the relationship between
concentration and time. Te rate of production of products
in a zero-order reaction is independent of the amount of
reactants. In frst-order reactions, the removal rate depends
on the initial concentration of the reactant, and the reaction
rate is proportional to the initial concentration of the re-
actant. However, the second order reactions can be defned
as chemical reactions in which the sum of powers in the
corresponding rate law of the chemical reaction is equal to
[47]. Te kinetic equations are shown in Table 4.

Reactant concentration at time C0 (mg.L− 1) (primary
reactant concentration), Ct (mg.L− 1), reactant concentration
at time t, and reaction rate constant k. In zero, frst-, and
second-order equations, [Ct], (Ln[Ct]/[C0]), and (1/[Ct]),
respectively, are plotted against time to determine the rate
constant (Table 5).

Te correlation coefcients are provided in Table 4.
Based on the results, the process kinetics of TWMNPs were
of the frst-order type.

Table 6 shows the comparison of this method with other
methods in removing lead metal.

3.2.9. Pareto Chart. A Pareto chart is a graph that indicates
the frequency of defects, as well as their cumulative impact.
Pareto charts are useful to fnd the defects to prioritize in
order to observe the greatest overall improvement. Figure 11
shows the Pareto diagram for diferent parameters. Based on
the observed results, in this study, the frst important var-
iable is the concentration of pollutants, Table 6.
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Figure 9: Simultaneous efects of initial concentration of Pb (II) and pH (a), initial concentration of Pb (II) and adsorbent concentration on
Pb (II) removal rate (b) and, initial concentration of Pb (II) and contact time (c).

Table 2: Parameter isotherms of adsorption for the Langmuir and Freundlich-TWMNPs.

Isotherms Isotherm equations Fixed coefcients and correlation coefcients of isotherms

Langmuir (1/qe) � (1/qmkLCe) + (1/qm)
qm (mg.g− 1) R2 KL

10.67 0.963 1.125

Freundlich Logqm � LogK + (1/n)LogCe

K (1/n) R2

0.619 2.180 0.772

y = 0.0833x + 0.8888
R2 = 0.9369

0

1

2

3

4

5

6

0 10 20 30 40 50 60

1/
Ce

1/qe

(a)

y = 2.1809x -0.2082
R2 = 0.7728

–2

–1.5

–1

–0.5

0

0.5

–0.8 –0.6 –0.4 –0.2 0 0.2 0.4

lo
g 

Q
e

log Ce

(b)

Figure 10: Pb (II) adsorption isothermal models by TWMNPs: (a) Langmuir and (b) Freundlich.

Table 3: Adsorption capacities qmax (mg/g) for Pb (II) of various adsorbents.

Adsorbents Adsorbate qmax (mg/g) Removal efciency (%) References
Nano maghemite Pb (II) 61 63 [49]
Magnetite iron nanoparticles Pb (II) 1.319 × 10− 3 70 [50]
Fe3O4-tea waste Ni (II) 38 87–99 [20]
Rice straw Pb (II) 23.3 97 [51]
Tea pulp modifed with magnetite nanoparticles (TWMNPs) Pb (II) 10.67 90 Current study

Table 4: Correlation coefcient values of adsorption rate equations for TWMNPs.

Order Correlation coefcient Speed constant (1min− 1)
Zero 0.898 0.0851
First 0.914 0.1404
Second 0.764 0.3185

Table 5: Kinetics equations.

Order Equation Linear model
Zero [Ct − C0] � − kt [Ct]

First Ln([Ct]/[C0]) � kt Ln([Ct]/[C0])

Second Ln([1/Ct] − [1/C0]) � kt ([1/Ct])

10 Journal of Chemistry
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4. Conclusions

Tis study showed that tea-treated magnetite nanosorbents
can be used as an efective adsorbent for adsorption of Pb (II)
from the industrial wastewater. Te results showed that with
increasing the pH from 3.5 to 6.5, a slight increase in the
response surface was observed. With increasing the initial
concentration of Pb (II) from 0.1 to 2 g L− 1, the amount of Pb
(II) removal and response surface increased and maximum
removal was obtained at a concentration of 1.52 g L− 1.
Adsorption was highly dependent on the initial concen-
tration of Pb (II). Optimum nanosorbents to achieve the
desired Pb (II) removal was 1.63 g L− 1, with increasing
contact time from 5 to 16min, the response surface in-
creased slightly.Te optimal contact time for Pb (II) removal
was 8.75min. Te specifc surface area of the prepared
nanoparticles was 25.2m2.g− 1 of adsorbent. Because mag-
netite nanoparticles can be separated from an aqueous so-
lution by a permanent magnet easily, it is environmentally
suitable as an alternative method for efective removal of
lead from wastewater than other expensive methods. Te
adsorption data were well ftted by the Langmuir isotherm.
Te adsorption capacity was found to be 10.67mg.g− 1. Te
kinetics of adsorption followed frst-order kinetics.

In conclusion, we presented a simple and cost-efective
method for obtaining magnetic Fe3O4 nanoparticles from
tea waste modifed with magnetic nanoparticles (TWMNPs)
and using them to remove Pb from wastewater. Te crys-
talline nature of Fe3O4 nanoparticles is improved by tea
waste. TWMNPs demonstrated an excellent ability to
remove Pb from wastewater.

Abbreviation

TWMNPs: Tea waste modifed with magnetite
nanoparticles

DDW: Double distilled water
XRD: X-ray difraction (XRD)
VSM: Vibrating-sample magnetometer
RSM: Response surface methodology
CCD: Central composite design
BET: Brunauer–Emmett–Teller
BJH: Barrett–Joyner–Halenda
MP: Micropore
Vm: Volume of absorbed gas

N: Avogadro’s number
IUPAC: International Union of Pure and Applied

Chemistry
a: Te efective cross-sectional area of an adsorbed

molecule atomic absorption spectrophotometer
limit of detection

AAS: Atomic absorption spectrophotometer
LoD: Limit of detection
FESEM: Field emission scanning electron microscopy
K: Shape factor
λ: Wavelength of X-ray
FWHM: Full width at half maximum
JCPDS: Joint Committee on Powder Difraction

Standards
Hm: Maximum applied feld
Mr/Ms: Squareness ratio, remanent magnetization

(remanence)/saturation magnetization
Vp: Pore volume
Va: Volume of absorbed gas in standard conditions
P0: Te partial pressure of absorbed gas in the

equilibrium state
R1: Response surface
WHO: World Health Organization
EPA: Environmental Protection Agency
Å: Angstrom
LoQ: Limit of quantitation.
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