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Aqueous solution
Cadmium (II) is an important element used in various industries, however, it is a poisonous element that
affects the health of plants, animals and humans alike. It’s very important to remove this element from
contaminated waters. This study aims at synthesizing zero valent silver nanoparticles by environmen-
tally ecofriendly method without using hazardous compounds (via green approach). In this work, silver
nanoparticles were prepared using hot water for the Ficus tree (Ficus Benjamina) leaf extract (FBLE). The
size of crystalline for AgNPs was measured by UV–vis spectroscopy and flourier transform infrared (FTIR).
The properties of nano-silver particles (AgNPs) have been studied using scanning electron microscope
(SEM). The capability of nanoparticles to remove Cd2+ from contaminated solution was then studied.
Parameter like adsorbent dose, heavy metal concentration, pH, agitation speed and contact time were
studied. Cadmium removal increased when the dosage of biosorbent increases, pH increased from 1 to
6, contact time from 5 to 40 and initial concentration of Cd decrease. Isotherm adsorption was also
described by the Freundleich model with a constant correlation (R2) higher than 0.973.
� 2017 National Institute of Oceanography and Fisheries. Hosting by Elsevier B.V. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

One of the most popular applications for the development and
research in technical disciplines is nanotechnology. In the last dec-
ade, nanotechnology is one of the most important advances in
technology and science. When preparing the nanoparticles, new
and unique properties appear to have many benefits such as mag-
netization. Nanotechnology-derived products can also help reduce
concentrations of toxic compounds at sub-levels to meet water
quality standards and health reports (Savage and Mamadou,
2005). Nanoparticles are a good solution to address some pollution
problems and clean up the contaminated environment. As the size
of the material approaches the nanometer, its properties change
and the proportion of atoms on the surface of the material becomes
larger. According to (Zhang, 2003), nano scale iron particles have
high surface reactivity and large surface areas (Zhang, 2003). Many
researches have shown that the nanoparticles for iron are effective
for the detoxification and transformation of a vast diversity of envi-
ronmental pollutants, such as organo chlorine pesticides, harmful
organic solvents and others contaminates. The characteristics of
nanoparticle are characterized by X-ray Diffraction (XRD) and
Scanning Electron Microscope (SEM). The average diameter of iron
particles ranged from 10 to 30 nm (Ponder et al., 2000) while their
size of is known to range from 10 to 100 nm (Sun et al., 2007).

The extraction of cadmium ions from polluted water is impor-
tant benefit from both economic and environmental due to its high
toxicity to animals, plants and humans. Different adsorbents have
been used such as peels and wastes of different plants, activated
carbons, biopolymers, clay and others. Long term Pollution of
drinking water with Lead and Cadmium ions may cause many
health problems as convulsions, nausea, coma, cancer, renal failure,
and subtle effects on metabolism and intelligence (Deng et al.,
2010). Several extraction methods have been tested for the extrac-
tion of heavy metal from solution, such as: coagulation, precipita-
tion, ultrafiltration, adsorption, membrane separation and reverse
osmosis (Sun et al., 2014; Yang et al., 2009). Recently, adsorption
technique has been known as an effective and economic method
for heavy metals extraction (Zhang et al., 2013; Cheng et al.,
2015; Wang et al., 2011).

Last decade, the development of nanotechnology and Nano
science has shown marked ability to address environmental
pollution (Lee et al., 2010). Nanomaterials have shown high faster
rates and efficiency in water treatment than traditional old
materials. Nanoparticles commonly used include zero metals to
uptake heavy metal ions from contaminated water (Xu et al., 2010;
th Ben-
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Wang et al., 2010; Xiong et al., 2007; Liu et al., 2010; Liu and Zhang,
2010; Lin et al., 2005).

The objective of this study is to evaluate the capacity of zero
valent silver (Ag0) nanoparticles (AgNPs) synthesized by Fresh
Ficus Benjamina leaves to remove Cd (II) from aqueous solutions.
Batch adsorption process has been used to evaluate the maximum
adsorption capacity of zero valent silver (Ag0) nanoparticles
(AgNPs) synthesized by Fresh Ficus Benjamina leaves. The main
parameters considered are pH, contact time, initial metal ions con-
centration, agitation speed and adsorbent dose.

Materials and methods

Preparation of AgNPs

Reagents were prepared using chemically pure grade (AnalaR).
The fresh plant material was Ficus tree (Ficus Benjamina). This plant
is from the Moraceae family and is one of the most abundant flow-
ering plants in Australia and Asia Fig. 1. The species can also be
found in the States of Florida and Arizona in the United States
and in theWest Indies. Ficus benjamina is a tree that in normal con-
ditions can reach 30 meters.

A biomass of Ficus Benjaminawas used as a biosorbent of Cd (II).
Samples of the biomass were collected from the polluted area
around second industrial area, Riyadh City, Saudi Arabia. The
leaves were washed first with tap water, de-ionized water drying
in oven at 50 �C then cut onto small pieces. To prepare the extract
of Ficus Benjamina leaves, take 20 g of leaves in Erlenmeyer flask
(250 mL) then add 100 mL of sterile distilled water, boil the previ-
ous solution for 5 min (60 �C). After boiling for 5 min the mixture
was filtered and the filtrate will be stored at 4 �C until used as a
reducing and stabilizer agent for the preparation of nanoparticles
synthesis process.

For synthesis Ag0 nanoparticles process, take 2 ml of Ficus Ben-
jamina leaves extract (FBLE) and add to 25 mL of AgNO3 (1 Mm).
The solution changes its color to brown. Finally, the solution stirred
for 40 min to form the silver nanoparticles. This experiment was
conducted at room temperature (25 �C). The appearance of brown
color shows the formation of Ag nanoparticles. Color changes to
brown within 20 min shows that the AgNPs is formed. The charac-
terizations of the formed Ag nanoparticles were studied.

The samples were taken at different times and analyzed by UV–
Vis spectrophotometer on UV- 1800 (200–700 nm): JASCO V-530
Japan, measuring lead: Varian ICP – AES. FT-IR studies were per-
formed to observe the evolution of nanoparticles of Ago. FT-IR
spectra have been taken for dried nanoparticles, done by a
Fourier-transform infrared spectrophotometer (JASCO FT/IR-410,
Fig. 1. Ficus tree (Fi
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Japan) from 400 to 4000 cm�1 by grinding the samples powder
with potassium bromide for FTIR spectra tests. Scanning electron
microscopy (SEM): A thin film of nanoparticles was formed on a
copper slide covered with carbon, use blotting paper to remove
the extraction solution and then dry the film under the mercury
lamp for 5 min. Then the film was placed in the vessel and intro-
duced into the microscope.

Preparation of Cd(II) stock solution

Doubly distilled water was throughout employed. Initial solu-
tions with different concentration of Cd (II) were prepared using
standard solution of cadmium 1000 mg L�1 (Merck, Ltd., UK). The
pH adjustment of the solutions was made with aliquots of 1.0
mol l�1 of HNO3 utilizing a pH/mV hand-held meter (Crison pH
meter, PH 25).

Removal experiments

The biosorption experiments were carried out by mixing 0.05 g
AgNPs in 30 mL solution of Cd (II) with different concentrations
(30, 50, 70, 100, 120 and 150 mg/L). The solutions were well
shacked onto bath shaker at different agitation speed (from 100
to 700 rpm). The effect of time on the adsorption process was car-
ried out. Samples of 1 ml were collected from flasks at required
time intervals 5–70 min and centrifuged for 5 min. The effect of
pH on Cd (II) adsorption was carried out at 25 �C for 3 h equilib-
rium time. The initial pH values were adjusted in range of 1–8 with
0.1 M HCl or 0.1 M NaOH. The concentration of Cd(II) was esti-
mated by Atomic Absorption Spectrophotometer (model: AAS
240 FS). The percentage of the removal of Cd (II) from polluted
water was estimated using the formula:

% removal ¼ Co� Ce
Co

� 100 ð1Þ

whereas, Ce: the final concentration of Cd(II) mg L�1 and Co: the ini-
tial concentration of Cd(II) mg L�1.

Assessment of adsorption performance

Adsorption isotherm is very important to understand and
explain how the solutes are interacting with the adsorbent. Two
models were used to explain the removal process. Freundlich
(Eq. (2)), Langmuir (Eq. (3)) isotherm were organizing by using
straight-line equation and all its parameter for cadmium (II) ion
was calculated from their particular graphs. The straight-line
cus benjamina).
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equation for Freundlich (2) and Langmuir (3) models are written as
follows:

log qe ¼ log kf þ 1
n
ðlog CeÞ ð2Þ

Ce
qe

¼ 1
Qob

þ Ce
Qo

ð3Þ

where qe (mg g�1) is the adsorption capacity of Cd (II) at equilib-
rium, kf (mg g�1) is the Freundlich constant, ‘‘n”, the Freundlich
indicator, C (mg L�1) is final concentration of Cd(II), b (L mg�1)
and Q0 (mg g�1) are Langmuir constants related to energy and
capacity of adsorption .
Fig. 3. UV–Visible Spectra of the synthesized AgNPs.
Results and discussion

Characterization of nanoparticles

FT-IR spectroscopy is very necessary to prove that nanoparticles
are formed. It helps in studying the chemical composition of pre-
pared Silver nanoparticles (AgNPs). FT-IR spectrum of (AgNPs)
formed by FBLE is shown in Fig. 2. The band at 3461 cm�1 indicates
a hydroxyl group (OAH) stretching vibrations. There is also band at
1632 cm�1 indicating the presence of the amide group in the formed
nanoparticles. It is possible that the amide band is formed because
of NAH deformation vibrations and carbonyl stretch in the amide
relation of proteins existing in it (Wu et al., 2009). The presence of
these bands indicates the existence of proteins, polyphenols and fla-
vonoids in FBLE which seem to reduce the formation of AgNPs. The
FT-IR study assured that the FBLE has the capability to do double
functions of stabilization and reduction of Ag nanoparticles.

The color change to brown in reaction mixture (metal ion solu-
tion + FBLE) indicates the formation of Ag0 nanoparticles. The color
change was on record out of visual observation. Ag0 nanoparticles
formed were characterized by UV–Visible spectrophotometer. The
observed band positioned at 420 nm indicates the formation of Ag
nanoparticles (Fig. 3). The UV–Vis spectra are accurate, sensitive to
the size and shape of nanoparticles, medium refractive index and
its interaction with the local. The wide range of UV–Vis spectra
indicates the presence of nanoparticles with a wide size distribu-
tion (Suman et al., 2013).

Scanning electron microscope (SEM) is used to define the parti-
cles growth. It can also use tomeasure the particle size. After finish-
ing the preparation of nanoparticles, the nanoparticles were placed
34
36

.4
8

250030003500
Wavenum

10
20

30
40

50

T
ra

ns
m

itt
an

ce
 [%

]

Fig. 2. IR Spectra of the
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oncarboncoated copper. Fig. 4 shows the imageof scanning electron
microscopy (SEM) of the formed AgNPs particles. Fig. 4 shows that
the particles formed are within the range of nanoparticles and the
size of these particles range around 60–105 nm (Sosa et al., 2003).
Influence of adsorption dose

Study on the effect of adsorbent dose for Cd(II) removal is
important to get the trade-off between the adsorbent dose and
the percentage removal of Cd(II) resulting in an optimum adsor-
bent amount. The influence of adsorbent amount, varying from
(0.01 to 0.1 g) onto the Cd(II) adsorption at different initial Cd(II)
concentration (50 and 100 mg.l�1). The contact time was stated
at 40 mins. The results, represented by Fig. 5, indicated that as
the dosage of AgNPs increases, the Cd (II) percent removal
increases till reach to stable level. The reason is because there
are many sites of the surface of AgNPs to correlate with Cd(II) ions.
The increase in the removal of cadmium from the solution by
nanoparticles is attributable to the increased dose to increase sur-
face area and absorption site.
Effect of contact time

Effect of contact time on Cd(II) removal were studied at differ-
ent initial concentrations 50 and 100 mg.l�1 keeping pH at 5,
adsorbent dose at 0.05 g, stirring speed at 150 rpm and different
contact times (5–80 min), (Fig. 6). The results indicated that the
Cd(II) removal percentage recorded the highest values at 40 min,
which means that the equilibrium time of 40 min was necessary
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Fig. 4. SEM image of AgNPs using FBLE at 1 lm/20,000X.
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to reach the equilibrium for Cd(II) removal on AgNPs. Over time,
there was no increase in Cd(II) removal from the solution. It is
known that the rate of removal of metals is influenced by many
factors, leading to the mass transfer from a mass solution to bind-
ing sites (Hanif et al., 2007).

Effect of solution initial pH

The effect of pH of the solution on Cd(II) removal onto AgNPs
was studied at different values of pH ranging from (1�8) with no
Please cite this article in press as: Al-Qahtani, K.M. Cadmium removal from aqu
jamina leaves extract. Egyptian Journal of Aquatic Research (2017), https://doi
change of all parameter: contact time (40 min), dosage (0.05 g)
and the initial metal concentration (50, 100 mg/L). The relation
between the initial pH of the solution and the percentage removal
of Cd (II) is shown in Fig. 7. It was found that the biosorption rate of
Cd(II) is all parabolic, which indicates that there exists an optimum
range of pH value. The percentage removal of Cd (II) is increased
from 10.3 to 75.5% in case of 100 mg. L�1 and from 21.4 to 85%
in case of 50 mg L�1 when the pH increased from 1 to 6. The shar-
pest increase in Cd (II) uptake was obtained at pH = 6.
eous solution by green synthesis zero valent silver nanoparticles with Ben-
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Fig. 10. Freundlich (A) and Langmuir (B) diagram

Table 1
Kind of adsorption isotherm based on
value of RL.

RL Type of Isotherm

0 < RL < 1 Favourable
RL > 1 Unfavourable
RL = 0 Irreversible
RL = 1 Linear
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Effect of initial concentration on Cd (II) removal

Effect of initial concentration on Cd (II) removal by AgNPs was
studied at different initial concentrations ranging from 30 to 150
mg. l�1 keeping pH = 6, adsorbent dose (0.05 g), contact times
(40 min). The removal percentage depends mainly on the initial
metal concentration. As shown in Fig. 8, Cd(II) ions removal at var-
ious concentrations show that the removal percentage diminishes
with increases in the metal concentrations, whereas the practical
amount of adsorbed Cd(II) ions increases, which shows a signifi-
cant relationship between the removal efficiency and initial metal
concentration. In case of low metal concentrations, more vacant
sites are available for adsorption which results in an increase in
the concentration slope and rate of cadmium ions spread to adsor-
bent. In the case of high concentration of metal, the obtainable
sites of nanoparticles decrease and therefore the removal percent-
age of Cd(II) ions decreases Sankar et al., 2013.
Effect of agitation speed on Cd (II) removal

The experiment was performed at agitated speed ranging from
100 to 700 rpm on a magnetic shaker. The results show that when
the agitation speed increases from 100 to 500 rpm, Cd(II) removal
percentage by AgNPs increases and then the removal percentage
decreases after 500 rpm (Fig. 9). The reason can be attributed to
the fact that increasing in the agitation speed reduces the resis-
tance to move the mass around the adsorbent particle
(Ramalingam et al., 2013).
s for Cd (II) removal from polluted water.
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Table 2
Adsorption isotherm parameters for Cd(II) removal from polluted water by AgNPs.

Langmuir Freundlich

Metal Qo(mg g�1) b (g l�1) RL R2 n Kf R2

Cd(II) 0.845 0.24 0.9 0.845 0.940 1.001 0.974
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Adsorbent isotherms

Different adsorption isothermmodels are used to study the sur-
face property of AgNPs and its particle convergence for Cd (II)
removal. Of the results obtained from Cadmium uptake by AgNPs
using linear equation of both Freundlich and Langmuir isotherm
models. In case of the Langmuir model, it occurs in cases where
adsorption of homogeneous and monolayer surfaces. In case of
the Freundlich adsorption model, it is supposed that adsorption
occurs in heterogeneous surfaces.

The Langmuir isotherm dimensions constant separation param-
eter (R L) determines the nature of adsorption and gives important
information on the type of adsorption. It was calculated using the
following equation (Monika et al., 2010):

RL ¼ 1
ð1þ bQoÞ ð5Þ

The feasibility of adsorption method is fixed in Table 1 with R L
values that deduces the type of adsorption isotherm. Values of
adsorption isotherm parameters are calculated and are shown in
Fig. 10, and Table 2

The correlation coefficients, R2 > 0.96, obtained from Fre-
undlich model are comparable to that obtained from Langmuir
model linear form (Fig. 10). This result indicates that the exper-
imental data fitted well to Freundlich model but is not good as
Langmuir model. The adsorption of Cd (II) on the surface of the
AgNPs occurred by multiple layers of heterogeneous of the
adsorbent surface. The high n value (0.940) indicates that Ag
nanoparticles are better adsorbent for uptake of Cd (II) from
aqueous solution. The RL values (0.9) range from (0 �1) indicated
that the type of adsorption is favorable. All adsorption values
obtained in this study are similar to the absorption values by
Sheela (Sheela et al., 2012).
Conclusion

Nanoparticles were prepared for Ag in the laboratory using
extract of Ficus Benjamina leaves and AgNO3. The AgNPs were char-
acterized with SEM, FTIR and UV. The results of SEM showed that
the AgNPs prepared are in the nanoscale and dendritic structure.
The results show the effectiveness of the method used in the
preparation of nanoparticles and the stability of the prepared par-
ticles and their effectiveness in water purification and environ-
mental remediation. The preparation of AgNPs in this way has
several good properties such as high reactivity, easy preparation
and low cost compared to other methods of preparation of metal
nanoparticles. Behavior of Cd(II) removal onto AgNPs were
inquired in the batch experiment in this study. Through the results,
the removal of metal ion depends on adsorption dosage, concentra-
tion of the metal, interaction time, pH and agitation speed. Further-
more the equilibrium data of removal shown that Freundlich
isotherm model for the cadmium removal was best when com-
pared with Langmiur isotherm models. The data thus obtained
may be helpful for designing and establishing a continuous treat-
ment plant water and wastewater enriched in Cd(II).
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jamina leaves extract. Egyptian Journal of Aquatic Research (2017), https://doi
References

Cheng, C., Wang, J., Yang, X., Li, A., Philippe, C., 2015. Adsorption of Ni (II) and Cd (II)
from water by novel chelating sponge and the effect of alkali earth metal ions
on the adsorption. J. Hazard. Mater. 264, 332–341.

Deng, X., Lü, L., Li, H., Luo, F., 2010. The adsorption properties of Pb (II) and Cd (II) on
functionalized graphene prepared by electrolysis method. J. Hazard. Mater. 183
(1), 923–930.

Hanif, M.A., Nadeem, R., Bhatti, H.N., Ahmad, N.R., Ansari, T.M., 2007. Ni(II)
biosorption by Cassia fistula (Golden Shower) biomass. J. Hazard. Mater. 139
(2), 345–355.

Lee, J., Mahendra, S., Alvarez, P.J.J., 2010. Nanomaterials in the construction
industry: a review of their applications and environmental health and safety
considerations. ACS Nano 4, 3580–3590.

Lin, C.J., Liou, S.L., Lo, Y.H., 2005. Degradation of aqueous carbon tetrachloride by
nanoscale zerovalent copper on a cation resin. Chemosphere 59, 1299–1307.

Liu, Z., Zhang, F., 2010. Nano-zerovalent iron contained porous carbons developed
from waste biomass for the adsorption and dechlorination of PCBs. Bioresour.
Technol. 101 (7), 2562–2564.

Liu, T., Zhao, L., Sun, D., Tan, X., 2010. Entrapment of nanoscale zero-valent iron in
chitosan beads for hexavalent chromium removal from wastewater. J. Hazard.
Mater 184 (1–3), 724–730.

Monika, J., Vinod Kumar, G., Krishna, K., 2010. Adsorption of hexavalent chromium
from aqueous medium onto carbonaceous adsorbents prepared from waste
biomass. J. Hazard. Mater 91, 949–954.

Ponder, S.M., Darab, J.G., Mallouk, T.E., 2000. Remediation of Cr (VI) and Pb(II)
aqueous solutions using supported Nanoscale zero-valent iron. Environ. Sci.
Technol. 34, 2564–2569.

Ramalingam, S.J., Hidayathulla Khan, T., Pugazhlenthi, M., Thirumurugan, V., 2013.
Removal of Pb (II) and Cd (II) ions from Industrial waste water using Calotropis
Procera roots. Int. J. Eng. Sci. Invention 2, 1–6.

Sankar, R., Karthik, A., Prabu, A., Karthik, S., Subramanian, K., Ravikumar, V., 2013.
Origanum vulgare mediated biosynthesis of silver nanoparticles for its
antibacterial and anticancer activity. Colloids Surf. B 108, 80–84.

Savage, N., Mamadou, S.D., 2005. Nanomaterials and water purification:
opportunities and challenges. J. Nanopart. Res. 7, 331–342.

Sheela, T., Arthoba Nayaka, Y., Viswanatha, R., Basavanna, S., Venkatesha, T.G., 2012.
Kinetics and thermodynamics studies on the adsorption of Zn(II), Cd(II) and Hg
(II) from aqueous solution using zinc oxide nanoparticles. Powder. Technol. 217,
163–170.

Sosa, I.O., Noguez, C., Barrera, R.G., 2003. Optical properties of metal nanoparticles
with arbitrary shapes. J. Phys. Chem. 107, 6269–6275.

Suman, T.Y., Radhika Rajasree, S.R., Kanchana, A., Beena, S., 2013. Elizabeth
Biosynthesis, characterization and cytotoxic effect of plant mediated silver
nanoparticles using Morinda citrifolia root extract. Colloids Surf. B 106, 74–78.

Sun, Y.P., Li, Q.L., Cao, J., Zhang, W.X., Wang, H.P., 2007. Characterization of zero
valent iron nanoparticles. Adv. Colloid Interface Sci. 47, 48–56.

Sun, Y., Yue, Q., Gao, B., Gao, Y., Xu, X., Q. Li, Q, et al., 2014. Adsorption and
cosorption of ciprofloxacin and Ni (II) on activated carbon-mechanism study. J.
Taiwan Inst. Chem. Eng. 45 (2), 681–688.

Wang, Q., Qian, H.J., Yang, Y.P., Zhang, Z., Naman, C., Xu, X.H., 2010. Reduction of
hexavalent chromium by carboxymethyl cellulose-stabilized zero-valent iron
nanoparticles. J. Contam. Hydrol 114 (1–4), 35–42.

Wang, X.S., Zhu, L., Lu, H.J., 2011. Surface chemical properties and adsorption of Cu
(II) on nanoscale magnetite in aqueous solutions. Desalination 276 (1), 154–
160.

Wu, S.J., Liou, T.H., Mi, F.L., 2009. Synthesis of zero-valent copper-chitosan
nanocomposites and their application for treatment of hexavalent chromium.
Bioresour. Technol. 100 (19), 4348–4353.

Xiong, Z., Zhao, D., Pan, G., 2007. Rapid and complete destruction of perchlorate in
water and ion-exchange brine using stabilized zero-valent iron nanoparticles.
Water Res. 41 (15), 3497–3505.

Xu, X., Wang, Q., Choi, H.C., 2010. Encapsulation of iron nanoparticles with PVP
nanofibrous membranes to maintain their catalytic activity. J. Membr. Sci. 348,
231–237.

Yang, S., Li, J., Shao, D., Hu, J., Wang, X., 2009. Adsorption of Ni (II) on oxidized multi-
walled carbon nanotubes: effect of contact time, pH, foreign ions and PAA. J.
Hazard. Mater. 166 (1), 109–116.

Zhang, W., 2003. Nanoscale iron particles for environmental remediation: an
overview. J. Nanopart. Res. 5, 323–332.

Zhang, S., Zhang, Y., Liu, J., Xu, Q., Xiao, H., Wang, X., Xu, H., Zhou, J., 2013. Thiol
modified Fe3O4@SiO2 as a robust, high effective, and recycling magnetic sorbent
for mercury removal. Chem. Eng. J. 226, 30–38.
eous solution by green synthesis zero valent silver nanoparticles with Ben-
.org/10.1016/j.ejar.2017.10.003

http://refhub.elsevier.com/S1687-4285(17)30053-5/h0005
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0005
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0005
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0010
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0010
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0010
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0015
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0015
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0015
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0020
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0020
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0020
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0025
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0025
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0030
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0030
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0030
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0035
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0035
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0035
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0040
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0040
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0040
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0045
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0045
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0045
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0050
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0050
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0050
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0055
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0055
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0055
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0060
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0060
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0065
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0065
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0065
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0065
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0070
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0070
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0075
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0075
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0075
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0080
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0080
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0085
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0085
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0085
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0090
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0090
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0090
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0095
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0095
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0095
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0100
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0100
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0100
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0105
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0105
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0105
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0110
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0110
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0110
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0115
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0115
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0115
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0120
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0120
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0125
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0125
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0125
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0125
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0125
http://refhub.elsevier.com/S1687-4285(17)30053-5/h0125
https://doi.org/10.1016/j.ejar.2017.10.003

	Cadmium removal from aqueous solution by green synthesis zero valent silver nanoparticles with Benjamina leaves extract
	Introduction
	Materials and methods
	Preparation of AgNPs
	Preparation of Cd(II) stock solution
	Removal experiments
	Assessment of adsorption performance

	Results and discussion
	Characterization of nanoparticles
	Influence of adsorption dose
	Effect of contact time
	Effect of solution initial pH
	Effect of initial concentration on Cd (II) removal
	Effect of agitation speed on Cd (II) removal
	Adsorbent isotherms

	Conclusion
	References


