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Abstract

W astewaters containing heavy metals produced by industries has detrimental effects on the

environment. One of the effective methods for removal of heavy metals is the use of adsorption
method by nanoparticles. The aim of this study was to remove zinc and nickel elements from
effluents of Tarom industrial Town of Zanjan using modified multi-walled carbon nanotubes. In
this descriptive-analytical study, effect of effective parameters such as contact time, adsorbent
content, pH, temperature and concentration of metal ions on the removal efficiency of metals
from Ni(Il) and Zn(Il) from wastewater and isotherm, kinetics and thermodynamic models of
adsorption process was investigated. SEM and FTIR spectrums were taken to prove nanotubes
and to determine adsorbent factor groups before and after preparation, respectively. The results
of study showed that the absorption of Zn and Ni metals is highly dependent on pH. Study
results showed that by increasing the pH of effluent up to the range of 8, and 7 for Ni(I) and
Zn(Il) metals, respectively, the removal percentage of metal ions increased and then decreased.
By increasing in the adsorbent amount and contact time, the removal percentage of metal ions
increased and by increasing the reaction temperature and concentration of metal ions in the
effluent, the removal percentage of metal ions decreased. So that, the highest removal
percentage of Ni(II) and Zn(I) ions was obtained in adsorbent value of 2 mg/L, contact time of
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120 min, concentration of 100 mg/L and temperature of 15 °C. The results also showed that the
adsorption of Ni(II) and Zn(II) metals from effluent follows Langmir isotherm absorption model
and the adsorption kinetics is adapted to the second-order pseudo-reaction (R*>0.98), this
mechanism is controlled by adsorption. Also, based on the obtained results, with increasing
temperature, the free energy of Gibbs system standard decreased, which indicates the adsorption
process is done spontaneously. The maximum adsorption capacity of nickel and zinc metals was
43 and 54 mg/g, respectively. According to the results, it is concluded that modified multi-
walled carbon nanotubes have good ability to remove nickel and zinc from effluents and can be
used in wastewater treatment containing heavy metals.

Keywords: Carbon Nanotubes, Heavy Metals, Adsorption, Wastewater, Purification.
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Table 1. Average concentration of physical-chemical parameters of effluent

Parameter Mean Unit Method of analysis
pH 7.5 - St.M.pH.Value-B
TDS 2196 mg/L St.M.2540-C
TSS 326 mg/L St.M.2540-D
COD 320 mg/L St.M.5220-D
BOD:; 250 mg/L St.M.5210-B
Turbidity 120 NTU St.M.2130
T 25 °C St.M.2550
Ni 3.27 mg/L St.M.3030-A
Zn 4.13 mg/L St.M.3030-A
Pb 0.25 mg/L St.M.3030-A
As 0.14 mg/L St.M.3030-A
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Fig. 2. The XRD spectrum of several modified carbon
nanotubes before and after the absorption process of
nickel and zinc metals
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Fig. 3. a) SEM image of modified multi-walled carbon nanotubes before adsorption, b) after absorption of nickel
and c) after zinc metal absorption
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Table 2. Comparing the results of this study with other studies

Capacity - Adsorption
Metal Adsorbent adsorption Condition model References
Nitr -doped ti . Shin et al.
1trogen C%)%S magnetic g 31 mmol/g pH-8 Langmuir ( 2131e1)a ’
MWCNTSs impregnated -
WI;hhgls-p(lzlc-)ﬁg}gc}ilg)XYI 4.82 mo/ corlfclgl:tsrétlilz)lltlféoo Tt i a(n\éefl’ﬁfrﬁliﬁ?lﬁ
(D2EHPA) and tri-n- : g8 ug/L, adsorbent g 2011) ’
octyl phosphine oxide dosage=500 mg
(TOPO)
Zn(ID) pH=7, Initial (Tofighy and
Oxidized CNTs sheets 58 mg/g concentration=1200 Langmuir Mohammadi,
mg/L, T=298 K 2011)
SWCNTs purified with Initial concentration= :
sodium 16.18 mg/g 60 mg/L, T=45 °C Langmuir  (Luetal., 2006)
pH=7, S/L: 0.05/100, .
SWCNTs (NaOCl) 14.9 mg/g Initial concentration= Langmuir (Lu ;1886C)h1u,
10 mg/L, T=25°C
pH=5, T=25°C,
Chitosan 45.4 mg/g adsorbent dosage=5 Langmuir  (Sobhanardakani
g/L, time=60 min et al., 2016)
pH=7, Initial
concentration=100
MWCNTSs modified by mg/L, adsorbent . .
HNO, 54 mg/g n el lcontact Langmuir This study
time=120 min,
T=15°C
pH=6.5, Initial
concentration=20 (Mobasherpour
HNO;-treated MWCNT's 12.5 mg/g mg/L, amount of Langmuir P
_ etal., 2012)
adsorbent=0.8 g/L,
Ni(IT) T=338 K
. Initial concentration=6 . (Chen et al.,
MWCNTs/Iron oxide 9.18 mg/g me/L, m/V =0.75 g/L Langmuir 2009)
Oxidized CNTs 49.26 mg/g pH=6, m/V=0.2 g/L Langmuir (Kandah and

Meunier, 2007)
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Cont. Table 2. Comparing the results of this study with other studies

Capacity

Adsorption

Metal Adsorbent adsorption Condition model References
MWCNTSs impregnated
with di-(2-ethyl hexyl pH=5, Initial (Vi
phosphoric acid) 478 me/ concentration= L . d Palani ly
(D2EHPA) and tri-n- -fo megrg 500 pg/L, adsorbent angmuir an 2%??1% =
octyl phosphine oxide dosage=500 mg )
(TOPO)
. pH=7.0, Initial
Naﬁ(&;én;(;}sﬁed 38.46 mg/g concentration=10-80 Langmuir  (Luetal., 2009)
mg/L, T=298 K
2,4-
Dinitrophenylhydrazine Langmuir  (Sobhanardakani
immobilized on 319.6 mg/g pH=7.0, T=45 °C & and Zandipak,
sodium dodecyl sulfate Freundlich 2015)
(SDS)-coated magnetite
. pH=5, T=25 C’_ . (Sobhanardakani
Chitosan 52.6 mg/g adsorbent dosage=5 Langmuir etal., 2016)
g/L, time=75 min "
Langmuir
Ce0,/CuFe,0, 686.1 mglg  pH=7.0, T=35°C & (Tallebgg‘llgh et
Freundlich i )
Langmuir  (Sobhanardakani
Ti0,/Si0,/Fe;0, 563 mg/g pH=7.0, T=25 °c & and Zandipak,
Freundlich 2017)
pH=3, adsorbent (sl
Platanus orientalis bark ~ 126.58 mg/g  dosage=2 g/L, time=90  Freundlich 2019) "
min
pH=S8, Initial
. concentration=100 mg/L,
MWCNENII(I;)}dIﬁed by 43 mg/g adsorbent dosage=2 g/L, Langmuir This study

contact time=120 min,
T=15°C

oz w52 S S8l b 5 USG5 50 i (Sl sa i s dole =Y J g

Table 3. Zinc and nickel adsorption thermodynamic factors by multi-walled carbon nanotubes

Metal T(°C) AG’ AH® AS®
15 -1583

Zn(1D) 30 -1673 -1423.7 6.4
50 -1784
15 -1423

Ni(1I) 30 -1543 -1287.5 -6.209
50 -1637
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