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In this study, hydroxyapatite-supported zero-valent iron nanoparticle was
synthesized by the sodium borohydride reduction method. To evaluate the
performance of adsorbent for the removal of Cu(ll) and Ni(ll) ions, the
influence of different sorption parameters, such as contact time,
temperature, initial concentration of metal ions, the dosage of adsorbent,
and pH value of the solutions were investigated. The highest removal
efficiency of both metals occurred under the optimal conditions of 7, 45
min, 0.1, 50 °C, and 5 mg/l for pH, contact time, adsorbent mass,
temperature, and initial concentration, respectively. The Kkinetic and
equilibrium data were well fitted by the pseudo-second-order model and
Langmuir- Freundlich model, respectively. The maximum adsorption
capacities of adsorbent towards Cu(ll) and Ni(ll) were 138 and 108 mg/g,
respectively. The results indicated that the adsorbent could remove the
majority of metals (95%) within 40 min without pH control.
Thermodynamic parameters, i.e., AG°, AH®, and AS°, indicated that the
sorption process was spontaneous and thermodynamically favorable.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
paper distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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Introduction

to their toxicity, bioaccumulation, and
environmental effects on living organisms, are

Iran is facing water shortage issues due to the
low precipitation and high evaporation.
Moreover, agricultural, domestic and industrial
sectors compete for limited water resources.
Thus, to overcome this problem the use of
unconventional water resources such as industrial
wastewater, domestic wastewater, and saline
water can play an important role in satisfying the
increasing water requirements. Among these
sources, industrial wastewater constitutes the
major source of various kinds of heavy metals.
Among the heavy metals, Cu(ll) and Ni(ll) due
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more important. Various techniques, including
coagulation, chemical precipitation,
electrochemical  treatment, flotation, ion
exchange, membrane filtration, and adsorption
have been applied to remove heavy metals from
contaminated waters. However, the adsorption
technique is one of the most effective methods
due to its simplicity, high efficiency, low cost,
and applicability for multiple reuses. Every year
in Iran, a large number of ostrich birds are
slaughtered for meat, and very large quantities of
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the bone are produced day by day. These animal
by-products can be used as a source of
hydroxyapatite for heavy metal removal due to
their natural, readily available, high adsorption
capacity, and low cost. However, hydroxyapatite
has the general disadvantage of being difficult to
separate from the adsorbed pollutants. In order to
improve its applicability for the treatment of
wastewater, various composite adsorbents which
incorporate hydroxyapatite nanoscale zerovalent
iron (nZVI1) have been reported. Poor mechanical
strength, aggregation, and low durability of
uncoated nZVI can be solved by the
immobilization of nZVI on porous materials such
as hydroxyapatite. So, the goal of this work is to
evaluate the performance of modified
hydroxyapatite by nZVI particles for the removal
of Cu(lIl) and Ni(Il) ions in a batch reactor.

Material and Methods

Hydroxyapatite was provided under laboratory
conditions. At first, fresh ostrich bone wastes
obtained from local butcher’s store was rinsed
several times with water and removed from fate
and residual protein pieces by boiling them in
water for 2 hr. Then, the bones were dried in the
oven at 70°C overnight. The burning of dried
bones was performed using an air furnace at
550°C for 24 h. The white powder was
transferred to the vacuum desiccator and dried in
the oven at 60°C. Ostrich bone ash (OBA) was
synthesized as the following  method:
FeCls.6H,O was dissolved into a mixture of
ethanol and water in a 4:1 (v/v) (72 ml ethanol +
18 ml deionized water), next the OBA was added
to this solution and the mixture is left in an
ultrasonic shaker for 30 min in order to disperse
the biomaterial grains. At the same time, NaBH,
was dissolved in 100 ml of deionized water in
order to prepare the sodium borohydride
solution. Then borohydride solution was added
dropwise into the aqueous Fe(lI1)-OBA mixture
and the contents were mixed uniformly under
nitrogen using an eclectic stir bar. The black
solid produced by nZVI was observed promptly
following the addition of the first drop of NaBH4
solution. Since the whole addition of the NaBH4
solution, the mixture is left for a further 120 min
of stirring and then filtered. Immobilization of
nZVI1 on the OBA was denoted as OBA/nZVI.
Adsorption experiments of Ni(Il) and Cu(ll) ions
were conducted by adding 0.1 g of adsorbents to
flasks with 30 ml of the metal pollutant, at a
concentration of between 5 and 1000 mg L', at a
controlled temperature of 25°C, under batch
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conditions. The flasks were shaken in a shaker at
200 rpm at 25°C. After shaking, the adsorbents
were immediately filtered from the solution
through Whatman filter paper No. 42 and finally
metal ion concentrations were measured. Each
experiment was performed in triplicate and the
average of the results was recorded. The
adsorption capacities of the samples (mg/g) were
calculated according to Eq. (1):
q = (C,-C,)V (1)
m

where, Co and C. are initial and equilibrium
concentrations (mg/l), V is volume of the
solution (1), and m is the weight of the adsorbent
(9). The sorption percentage (%) of metal ions
was calculated according to Eq. (2):

E (%) = o =Ce 100 @)

]

Results
Fe® can operate as an active electron donator for
the reduction of any pollutants which have a
greater reduction potential than —0.44 V. In
previous studies, it is demonstrated that the
removal mechanism of metal ions that have a
highly more positive standard reduction potential
than Fe is predominantly reduction. In fact,
OBA/nZVI1 composite has a considerably low
standard reduction potential which can act as an
efficient and eco-friendly electron donor to Ni(ll)
and Cu(ll) ions, transforming metal ions to their
reduced form, whereas iron is converted from Fe
to Fe?* accordance with the following reaction:
Fe ->Fe* +27; ¢°_ ., =-044V (3
Fe
Therefore, each metal ion, which has a more
positive standard reduction potential than —0.440
V can be undergone reduction by Fe. OBA/nZVI
could remove Ni(ll) and Cu(ll) ions with
standard reduction potential more positive than
Fe. The results indicated that the standard
reduction potential order of the metal ions, that
is, the standard reduction potential of Ni(ll) and
Cu(Il) is more positive than Fe. The reaction of
OBA/nZV1 composite for these metals comprises
two possible mechanisms. The first mechanism is
direct reduction by Fe®. The adsorption of these
ions by OBA/nZVI composite with standard
reduction potential is greatly more positive than
Fe is mostly the first mechanism. The second
mechanism is the initial sorption of metals on the
core-shell of nZVI followed by the reduction of
adsorbed metals with Fe?*-denoted
adsorption/reduction.
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In general, the reduction of Ni(Il) and Cu(ll) ions
by OBA/nZVI1 is as Egs. (4) and (5):

2Fe°+3Cu2*+4H,0—3Cu°+2FeOOH+2H  (4)
2Fe°+3Ni%*+4H;0—3Ni>+2FeO0OH+2H  (5)

The kinetic data indicated a good accord with the
pseudo-second-order model with R? of 1 and
RMSE of 0.08. The equilibrium sorption data
show that the Langmuir — Freundlich isotherm
model satisfactorily explained the experimental
results. The thermodynamic findings indicate
that the sorption process was endothermic and
spontaneous in nature.

Conclusions

The performance and effectiveness of
OBA/nZVI biocomposite as an efficient and eco-
friendly adsorbent for the removal of Ni(ll) and
Cu(Il) ions from wastewater were investigated.
The effect of initial Ni(ll) and Cu(ll) ions
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concentrations, pH, contact time, temperature,
and adsorbent dosage is also studied. Low
durability, aggregation, oxidation, and poor
stability of the uncoated nZVI are the major
problems of these particles for applications to in
situ groundwater remediation which could be
easily solved by stabilization of nZVI on the
OBA surface. In view of the practical application
of adsorbent, OBA/nZVI composite can be
applied in permeable reactive barriers.

Data Availability
The data used in this research are presented in
the text.
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Table 1 The results of fitting the kinetic models on the
adsorption of Cu(ll) and Ni(ll)

Model Cu(ln) Ni(11)
Pseudo-first-order
Ky (min?) 1.17 1.21
ge (Mg/q) 1453 12.69
R? 0.981 0.984
RMSE 1.25 1.15
Pseudo-second-order

Kz (mg/g.min) 0.043 0.068
ge (Mg/g) 14.47 12.26

R? 1 1
RMSE 0.08 0.08
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Table 3 Thermodynamic parameters for the
adsorption of Cu(ll) and Ni(ll)

Metals AH®  AS° T (K) AG®
(kJ/mol)  (kJ/mol) (kJ/mol)

298 -3.12

cu(lly 1878  79.11 308 -4.79
323 -6.77

298 -2.23

Ni(ll) 9.46 42.06 308 -3.07
323 -4.12
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Table 2 The results of fitting the isotherm models on
the adsorption of Cu(ll) and Ni(Il)

Model cu(ln) Ni(Il)
Freundlich

ke (Mg/g) (/)" o5 4 17.78
n 3.64 3.65
R? 0.977 0.944
RMSE 2.59 3.49
Langmuir

gm (Mg/g) 131.36 103.51
b (I/mg) 0.026 0.03
R? 0.965 0.982
RMSE 3.14 2.27
Langmuir-

Freundlich

gm (MgQ) 142.23 114.08
b (I/ mg) 0.078 0.058
N 1.99 1.34
R? 0.984 0.985
RMSE 2.03 1.82
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Table 4 Maximum adsorption capacity (mg/g) for some adsorbents used for removal of Cu(ll) and Ni(1l)

Adsorbent Cu ()  Ni(ln Reference
Chitosan 59 - Sobhanardakani et al. (2014)
Barley straw ash 17.8 8.25 Arshadi et al. (2014)
Rice husk 22.5 - Sobhanardakani et al. (2013)
2,4-Dinitrophenylhydrazine - 319.6
immobilized on sodium dodecyl Sobhanardakani and Zandipak (2015)
sulfate (SDS)-coated magnetite
2,4-dinitrophenylhydrazine loaded 570 -
sodium dodecyl sulfate-coated Sobhanardakani et al. (2016)
magnetite nanoparticles
Ti04/SiOx/FesOs ) 563 Zandipak and Sobhanardakani (2017)
nZVl 54.35 - Hamdy (2021)
Pumice-nZVI 1.19 - Harman and Genisoglu (2016)
HAP-nZVI 138 108 This Research

Srebl dw Jae (mizen g pgd e 4l Joo Y
solie 05515 50 oo Gyt o i gdaig ) - geSSY
Bl e S5 5 e S iz p sl 5 Setee
5L canb il S Gl sl AH® cise polie -F
GRlRI L US55 e i Sialpdl a5 el Qi a3
S oo &.ula Lol ke

o Slyg bled oo ylas o> AS® Cuie lade -0
S mhaw o el GRIP ) Sl e S5 s
Alee D38 Qi w8 Job s Joloe b Q3L

Environment and Water Engineering

S 5 4z ¥

e 5 gt sy ) el b S s

S pae g Olge Sy g s 53 9 Ol Jedo )
CanlS gz (omwlin Hlows 4535 0lge oy ‘QT Sloslg ay

IS 5 e Ol Gas Lol pailSe Ll g ialST Y
ibs OBANZVI Lils bgs

u‘wwsw)h&m

Vol. 9, No. 2, 2023

[

EWE

VFe¥ QL&JAAJL‘Y 0) " A 0)50


http://ijt.arakmu.ac.ir/search.php?sid=1&slc_lang=en&auth=Sobhanardakani
https://pubmed.ncbi.nlm.nih.gov/?term=Sobhanardakani+S&cauthor_id=23381799
https://pubmed.ncbi.nlm.nih.gov/?term=Sobhanardakani+S&cauthor_id=23381799
https://pubmed.ncbi.nlm.nih.gov/?term=Sobhanardakani+S&cauthor_id=23381799
http://ijt.arakmu.ac.ir/search.php?sid=1&slc_lang=en&auth=Zandipak
http://ijt.arakmu.ac.ir/search.php?sid=1&slc_lang=en&auth=Sobhanardakani
bshahmorady@gmail.com
Typewritten text
207


Y-A

\\C'T 461.~a|

O N g8 s oL
olai AgSme WS Wjle o el Alas (il
e dlie ol lasl b g Sacnes balayl, jo 28lis

OB an s

References
Arshadi, M., Amiri, M. J. and Mousavi, S.
(2014). Kinetic, equilibrium and

thermodynamic investigations of Ni(ll), Cd
(1), Cu(ll) and Co(ll) adsorption on barley
straw ash. Water Resour. Ind., 6, 1-17. DOI:
10.1016/j.wri.2014.06.001.

Arshadi, M., Mehravar, M., Amiri, M. J. and
Faraji, A. R. (2015). Synthesis and adsorption
characteristics of an heterogenized manganese
nanoadsorbent towards methyl orange. J.
Colloid Interface Sci., 440, 189-197. DOI:
10.1016/j.jcis.2014.10.053.

Amin, N. K., Abdelwahab, O. and EI-Ashtoukhy,
E. S. Z. (2015). Removal of Cu(ll) and Ni(ll)
by ion exchange resin in packed rotating
cylinder. Desalin. Water Treat., 55, 199-209.
DOI: 10.1080/19443994.2014.913208.

Amiri, M. J., Abedi-koupai, J. and Eslamian, S.
(2017a). Adsorption of Hg(Il) and Pb(ll) ions
by nanoscale zero-valent iron supported on
ostrich bone ash in a fixed-bed column
system. Water Sci. Technol., 76(3), 671-682.
DOI: 10.2166/wst.2017.252.

Amiri, M. J., Abedi-koupai, J., Eslamian, S. and
Arshadi, M. (2016). Adsorption of Pb(Il) and
Hg(ll) ions from aqueous single metal
solutions by using surfactant-modified ostrich
bone waste. Desalin. Water Treat., 57(35),
16522-16539. DOL:
10.1080/19443994.2015.1079253.

Amiri, M. J., Abedi-Koupai, J., Eslamian, S. S,

Mousavi, S. F., Arshadi, M. (2013).
Modelling Pb(ll) adsorption based on
synthetic and industrial wastewaters by

ostrich bone char using artificial neural
network  and multivariate  non-linear
regression. Int. J. Hydrol. Sci. Technol., 3,
221-240. DOI: 10.1504/1JHST.2013.058313.

Amiri, M. J., Abedi-koupai, J., Jalali, S. M. J.
and Mousavi, S. F. (2017b). Modeling of
fixed-bed column system of Hg (Il) ions on
ostrich bone ash/nZVI composite by artificial
neural network. J. Environ. Eng.-ASCE., 143,
04017061. DOI: 10.1061/(ASCE)EE.1943-
7870.0001257.

Environment and Water Engineering

Loold dy  cw yiuwd
2 Sy u_,l 3 (ons .\,Jy L) ool oolatw! slassls
ol oo &1 i e

Amiri, M. J., Roohi, R. and Gil, A. (2018).
Numerical simulation of Cd(Il) removal by
ostrich bone ash supported nanoscale zero-
valent iron in a fixed-bed column system:
Utilization of unsteady advection-dispersion-
adsorption equation. J. Water Process. Eng.,
25, 1-14. DOI: 10.1016/j.jwpe.2018.05.017.

Bahrami, M., Amiri, M. J. and Dehkhodaie, F.
(2021). Effect of different thermal activation
on hydroxyapatite to eliminate mercury from
aqueous solutions in continuous adsorption
system. Int J Environ. Anal. Chem., 101(14),
2150-2170. DOL:
10.1080/03067319.2019.1700237.

Dong, L., Zhua, Z., Qiu, Y. and Zhao, J. (2010).
Removal of lead from aqueous solution by
hydroxyapatite/magnetite composite
adsorbent. Chem. Eng. J., 165, 827-834.
DOI: 10.1016/j.cej.2010.10.027.

Efecan, N., Shahwan, T., Eroglu, A. E. and
Lieberwirth, 1. (2009). Characterization of the
uptake of aqueous Ni?* ions on nanoparticles
of zero-valent iron (nZV1). Desal., 249, 1048—
1054. DOI: 10.1016/j.desal.2009.06.054.

Eslamian, S. S., Amiri, M. J., Abedi-Koupai, J.
and Shaeri-Karimi, S. (2013). Reclamation of
unconventional water using nano zero-valent
iron particles: an application for groundwater.

Int. J. Water, 7(1/2), 1-13. DOI:
0.1504/1JW.2013.051975.
Gil, A., Amiri, M. J., Abedi-Koupai, J. and

Eslamian, S. (2018). Adsorption/reduction of
Hg (I1) and Pb (1I) from agueous solutions by
using bone ash/nZVI composite: effects of
aging time, Fe loading quantity and co-
existing ions. Environ. Sci. Pollut. Res., 25,
2814-2829. DOI: 10.1007/s11356-017-0508-

y.
Hamdy, A. (2021). Experimental study of the
relationship between dissolved iron, turbidity,
and removal of Cu(ll) ion from aqueous
solutions using zero-valent iron nanoparticles.
Arab J Sci Eng., 46, 5543-5565. DOI:

u‘wwsw)h&m

Vol. 9, No. 2, 2023

10.1007/s13369-020-05079-0.

}:\\E

\f’YQL«a.uJL’aYO) WA 0)50


https://www.tandfonline.com/author/Abdelwahab%2C+O
https://www.tandfonline.com/author/El-Ashtoukhy%2C+E-SZ
https://doi.org/10.2166/wst.2017.252
https://doi.org/10.1504/IJHST.2013.058313
bshahmorady@gmail.com
Typewritten text
208


& s dslone 5l e 5 IS5 658 slayg B3>

Harman, B. I. and Genisoglu, M. (2016).
Synthesis and Characterization of Pumice-
Supported nZVI1 for Removal of Copper from
Waters. Adv. Mater. Sci. Eng., 4372136.
DOI: 10.1155/2016/4372136.

Hu, S., Lin, X., Zhao, W. and Luo, X. (2018).
Efficient simultaneous removal of U(VI) and
Cu(Il) from aqueous solution using core—shell
nZVI@SA/CMC-Ca beads. J Radioanal.
Nucl. Chem., 315, 223-235. DOI:
10.1007/s10967-017-5662-7.

Kadirvelu, K., Faur-Brasquet, C. and Le Cloirec,
P. (2000). Removal of Cu(ll), Pb(ll), and
Ni(Il) by adsorption onto activated carbon
cloths. ACS Publications. Collection., 16(22),
8404-8409. DOI: 10.1021/1a0004810.

Li, S., Wang, W., Yan, W. and Zhang, W
(2014). Nanoscale zero-valent iron (nZVI) for
the treatment of concentrated Cu(ll)
wastewater: a field demonstration. Environ.
Sci.: Process. Impacts., 16, 524-533. DOI:
10.1039/C3EMO00578J

Ma, F., Zhao, B., Diao, J., Jiang, Y., Zhang, J
(2020). Mechanism of phosphate removal
from aqueous solutions by biochar supported
nanoscale zero-valent iron. RSC Adv., 10,
39217-39225. DOI: 10.1039/DORA07391A.

Mohsen-Nia, M., Montazeri, P. and Modarress,
H. (2007). Removal of Cu?* and Ni?* from
wastewater with a chelating agent and reverse
osmosis processes. Desal., 217 (1-3), 276-
281. DOI: 10.1016/j.desal.2006.01.043.

Mortazavian, S., An, H., Chun, D. and Moon, J.
(2018). Activated carbon impregnated by
zero-valent iron nanoparticles (AC/nZVI)
optimized for simultaneous adsorption and
reduction of aqueous hexavalent chromium:
Material characterizations and kinetic studies.

Chem Eng J, 353, 781-795. DOI:
10.1016/j.cej.2018.07.170.
Paul, D. (2017). Research on heavy metal

pollution of river Ganga: A review. Ann.
Agrar.  Sci., 15,  278-286. DOLl:
10.1016/j.aasci.2017.04.001.

Poguberovi¢, P. P., Krémar, D. M., Dalmacija, B.
D., Maleti¢, S. P., Tomasevi¢-Pilipovi¢, D.
D., Kerkez, D. V. and Roncevi¢, S. D. (2016).
Removal of Ni(ll) and Cu(ll) from aqueous
solutions using 'green' zero-valent iron
nanoparticles produced by oak and mulberry

Environment and Water Engineering

leaf extracts. Water Sci Technol., 74(9),
2115-2123. DOI: 10.2166/wst.2016.387.

Raychoudhury, T. and Scheytt, T. (2013).
Potential of zerovalent iron nanoparticles for
remediation of environmental organic
contaminants in water: a review. Water Sci.
Technol., 68(7), 1425-39. DOl:
10.2166/wst.2013.358.

Shamohammadi, S. and Bardsiri, M. S. (2011).
Removal of nickel from aqueous solution by
hard-shell pistachios. J. Water Wastewater,
24(2), 80-87 [in Persian].

Sobhanardakani, S., Ahmadi, M. and Zandipak,
R. (2016). Efficient removal of Cu(ll) and
Pb(Il) heavy metal ions from water samples
using  2,4-dinitrophenylhydrazine  loaded
sodium dodecyl sulfate-coated magnetite
nanoparticles. Aqua., 65(4), 361-372. DOI:
10.2166/aqua.2016.100

Sobhanardakani, S., Parvizimosaed, H. and
Olyaie, E. (2013). Heavy metals removal
from wastewaters using organic solid waste-
rice husk. Environ. Sci. Pollut. Res., 20(8),
5265-5271. DOI: 10.1007/s11356-013-1516-
1.

Sobhanardakani, S. and Zandipak, R. (2015).
2,4-Dinitrophenylhydrazine  functionalized
sodium dodecyl sulfate-coated magnetite
nanoparticles for effective removal of Cd(ll)
and Ni(ll) ions from water samples. Environ.

Monit. ASSess., 187, 412. DOI:
10.1007/s10661-015-4635-y

Sobhanardakani, S., Zandipak, R.,
Parvizimosaed, H., Javanshir Khoei, A.,

Moslemi, M., Tahergorabi, M., Hosseini, S.
M. and Delfieh, P. (2014). Efficiency of
chitosan for the removal of Pb(ll), Fe(ll) and
Cu (II) ions from agueous solutions. Iran. J.
Toxicol., 8(26), 1145-1151.

Wang, J. and Chen, C. (2009). Biosorbents for
heavy metals removal and their future.
Biotechnol. Adv., 27(2), 195-226. DOI:
10.1016/j.biotechadv.2008.11.002.

Zandipak, R. and Sobhanardakani, S. (2017).
Synthesis and application of TiO2/SiO,/Fe;04
nanoparticles as novel adsorbent for removal
of Cd(ll), Hg(Il) and Ni(ll) ions from water
samples. Clean Technol Environ Policy.
19(7), 1913-1925. DOI: 10.1007/s10098-017-
1374-5.

u‘wwsw)h&m

Vol. 9, No. 2, 2023

[

EWE

\f’YQb.u.u.L’arb) WA 0)50


https://pubs.acs.org/action/doSearch?field1=Contrib&text1=K.++Kadirvelu
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=C.++Faur-Brasquet
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=P.+Le++Cloirec
https://www.sciencedirect.com/science/article/abs/pii/S0011916407004912#!
https://doi.org/10.1016/j.desal.2006.01.043
https://pubmed.ncbi.nlm.nih.gov/?term=Poguberovi%C4%87+SS&cauthor_id=27842031
https://pubmed.ncbi.nlm.nih.gov/27842031/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Kr%C4%8Dmar+DM&cauthor_id=27842031
https://pubmed.ncbi.nlm.nih.gov/?term=Dalmacija+BD&cauthor_id=27842031
https://pubmed.ncbi.nlm.nih.gov/?term=Maleti%C4%87+SP&cauthor_id=27842031
https://pubmed.ncbi.nlm.nih.gov/?term=Toma%C5%A1evi%C4%87-Pilipovi%C4%87+DD&cauthor_id=27842031
https://pubmed.ncbi.nlm.nih.gov/?term=Kerkez+DV&cauthor_id=27842031
https://pubmed.ncbi.nlm.nih.gov/?term=Ron%C4%8Devi%C4%87+SD&cauthor_id=27842031
https://pubmed.ncbi.nlm.nih.gov/?term=Raychoudhury+T&cauthor_id=24135090
https://doi.org/10.2166/wst.2013.358
http://ijt.arakmu.ac.ir/search.php?sid=1&slc_lang=en&auth=Sobhanardakani
http://ijt.arakmu.ac.ir/search.php?sid=1&slc_lang=en&auth=Zandipak
https://pubmed.ncbi.nlm.nih.gov/?term=Sobhanardakani+S&cauthor_id=23381799
https://pubmed.ncbi.nlm.nih.gov/?term=Parvizimosaed+H&cauthor_id=23381799
https://pubmed.ncbi.nlm.nih.gov/?term=Olyaie+E&cauthor_id=23381799
http://ijt.arakmu.ac.ir/search.php?sid=1&slc_lang=en&auth=Sobhanardakani
http://ijt.arakmu.ac.ir/search.php?sid=1&slc_lang=en&auth=Zandipak
http://ijt.arakmu.ac.ir/search.php?sid=1&slc_lang=en&auth=Sobhanardakani
http://ijt.arakmu.ac.ir/search.php?sid=1&slc_lang=en&auth=Zandipak
http://ijt.arakmu.ac.ir/search.php?sid=1&slc_lang=en&auth=Parvizimosaed
http://ijt.arakmu.ac.ir/search.php?sid=1&slc_lang=en&auth=Javanshir+Khoei
http://ijt.arakmu.ac.ir/search.php?sid=1&slc_lang=en&auth=Moslemi
http://ijt.arakmu.ac.ir/search.php?sid=1&slc_lang=en&auth=Tahergorabi
http://ijt.arakmu.ac.ir/search.php?sid=1&slc_lang=en&auth=Hosseini
http://ijt.arakmu.ac.ir/search.php?sid=1&slc_lang=en&auth=Delfieh
http://ijt.arakmu.ac.ir/search.php?sid=1&slc_lang=en&auth=Zandipak
http://ijt.arakmu.ac.ir/search.php?sid=1&slc_lang=en&auth=Sobhanardakani
bshahmorady@gmail.com
Typewritten text
209


Yy

Zeng, H., Lu, L., Gong, Z., Guo, Y., Mo, J,

Zhang, W. and Li, H. (2019). Nanoscale
composites of hydroxyapatite coated with
zero valent iron: preparation, characterization
and uranium removal. J. Radioanal. Nucl.
Chem., 320, 165-177. DOI: 10.1007/s10967-
019-06451-7.

Zhang, X., Lin, S., Chen, Z., Megharaj, M. and

Naidu, R. (2011). Kaolinite-supported
nanoscale zero-valent iron for removal of Pb%*

\f . Y ad;,.a‘
from aqueous solution: reactivity,
characterization and mechanism. Water Res.,
45, 3481-3488. DOI:

10.1016/j.watres.2011.04.010.

Zhang, X., Lin, S., Lu, XQ. and Chen, Z-L.

(2010). Removal of Pb(Il) from water using
synthesized kaolin supported nanoscale zero-
valent iron. Chem Eng J., 163, 243-248. DOI:
10.1016/j.cej.2010.07.056.

How to cite this paper:

Amiri,
hydroxyapatite by

zero-valent iron

10.22034/jewe.2022.335738.1754

Environ.

M. J. (2023). Removal of Cu(ll) and Ni(ll) metal ions from aqueous solutions using modified
nanoparticles.

Water Eng., 9(2), 195-210. DOI:

Environment and Water Engineering

u‘k;aé...e,ejwu).[aw

Vol. 9, No. 2, 2023

[

EWE

\f’YQL».wL’cYO) WA 0)5»)


https://doi.org/10.22034/jewe.2022.335738.1754
bshahmorady@gmail.com
Typewritten text
210


