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Abstract

In this work, hematite (a-Fe,O3) nanoparticles with novel surface-modified were synthesized using iron

(IIT) chloride hexahydrate (FeCl;.6H,O) and oleic acid (C1gH340;) as raw materials by hydrothermal
method at 250 °C. The structural analysis such as XRD, FT-IR, SEM, TEM and BET showed the
distribution of the synthesized nanoadsorbent, so that more (>90%) nanorod structures (diameter of 30-60
and length of 400-700 nm) were among the less nanoscale crystals with 40-100 nm as thickness. The high
specific surface area of the novel synthesized hematite nanoparticles (31.29 m2.g™") determined their high
capability for the removal of lead ions (Pb*") from aqueous solutions. The adsorption of lead ions onto the
synthesized nano a-Fe,O; was investigated by pH, adsorbent weight, lead ions concentration, and contact
time in batch experiments and initial condition of 25+1 °C, 120 rpm, so that the optimum conditions for
lead ions adsorption were obtained. On this basis, the removal of lead ions increased with an increase in
pH; the optimum solution value was about 6.5 due to the bothersome hydroxide constructions in higher
pH values. The analysis of equilibrium data showed that the Langmuir isotherm model is suitable for
describing the lead ions adsorption by nano a-Fe,O;. Furthermore, the maximum sorption capacity of
Pb>" was estimated to be 111 mg.g". The kinetic of lead ions adsorption onto the synthesized nano
a-Fe,O5 was best fitted by the pseudo-second order model known as Ho model. As adsorption optimum
condition, the maximum uptake capacity of 49.31 mg.g”" was recorded along with the efficiency of
98.62% for the removal of Pb*" ions from aqueous solution (1 mg.g"), using 20 mg.L" nano o-Fe,0;
adsorbent at 4 hour contact time. From these results, it can be concluded that the synthesized a-Fe,O;
surface-modified nanoparticles is a promising and effective adsorbent to remove lead ions as a heavy
metal pollutant from aqueous solutions.
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Table 1. Adsorption isotherm parameters for Pb2+ sorption onto the nano a-Fe,O;

Isotherm Linear equation Graph Parameter Value Reference
C G, L Un(mglg) 1L i etal, 2015, 2016,
Qe 9m  9mb b (L/mg) 4.5 .
Ce/qe R 0.021 Nirmala, 2014,
Langmuir i Vs L ’ Gimbert et al., 2008,
R, = C. 5 Wu et al., 2014,
1+Cib R 0.998 Taman et al., 2015
K¢ (mg/g) 73.48  Poursani et al., 2016,
n (L/mg) 5.68 Taman et al., 2015, 2016,
F dlich logd, =log K+~ logC L Wi, 200
reundiic B OB 08 loVSC R2 0.938 Gimbert et al., 2008,
A : Pradhan et al., 2011,
Wood et al., 2001
4. =B.InA+BInC, e b (I/mol) 195 Ataretal, 2012
. vs A (L/g) 429 .
Temkin RT Abharoni et al., 1977
B:T lnCe B 12.7 Lee. 2016
R’ 0.964 ’
In[A(C./qc)-1 130
s 1| e/e)- 3
Redlich— In(A. Ce _1)=gInC, +InB ve B 1.64  Nastaj et al., 2016,
Peterson q. g 0.97  Ng, 2002
InC, iy
R 0.992
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Fig. 8. (a) Langmuir, (b) Freundlich, (c) Tempkin and (d) Redlich-Peterson isotherm models in adsorbtion of Pb*" onto
the synthesized nano o-Fe,0O; sorbents at 25+1 °C and pH = 6.5
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Table 2. Comparison of different adsorbents for the removal of Pb*" ions

Maximum Uptake Solution
Adsorbent Capacity Chemistry Reference
Qmax (mg.g'l) Condition
Zero valence iron (Fe”) nanoparticles 75.99~96.94 pH 7>; T 20~40 °C  Liuetal., 2017
Commercially prepared a-Fe,O; NP; 4.69~120 pH 4,6 & 8; T25°C  Grover etal., 2012
Fe;04 NP, 166.67 pH 6>; T 25 °C Tamez et al., 2015
o-Fe,O; NP 47.62 pH 6>; T 25 °C Tamez et al., 2015
v-Fe,O; nanotubes 71.42 pH6; T 25°C Roy and Bhattacharya., 2012
Fe;O4 NPy 13.88 pHS5.5;T25°C Hosseinzadeh et al., 2016
a-Fe,O3 nanoparticles 111 pH 6.5+0.3; T 25 °C  This Study
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Fig. 9. Effect of pH on the adsorption of Pb*" onto the a-

Fe,05 nanoparticles at adsorbent weight of 2.5 mg per 25

mL solutions with initial Pb*" concentration of 10 mg.L"
and adsorption time of 2 hours
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Table 3. Adsorption Kinetics parameters for Pb** sorption onto the nano a-Fe,Os
Synethic
Linear Equation Graph Parameter Value Reference
Model
qe (mg/g) 5.45  Poursani et al., 2015,
k; (min™) 0.014 2016,
t log(qe-q,)
Pseudo 1° Lee et al., 2016,
Vs
order Lagergren model Lietal., 2015,
t R’ 0.529
1 Jovic-Jovicic et al.,
log(qe —q¢) =logqe ~2303"
2016
Ho model t/q; J. (mg/g) 90.91
oLt Vs k; (g/mg.min)  0.0012
q  kpa;  d.
o t R’ 0.998
1/q; Je (mg/g) 94.34
1 ( 1 : L Vs k, (g/mg.min)  0.0006
- —)—
dehedls b fe 1 R’ 0.872
q: J. (mg/g) 93.62 Routetal., 2015,
Pseudo 2™
1 q Vs k; (g.mg/min)  0.0007 Jovic-Jovicic et al.,
order 9e=9e = (——) tt
24 qi/t R? 0.795 2016
qi/t Je (mg/g) 96.50
q , Vs k, (g/mg.min)  0.0005
= kaqc - k,q.q, )
q R 0.795
1/t J. (mg/g) 95.68
2 Vs k; (g/mg.min)  0.0005
1_ k 29 ¢ —k »q
v 1/qe R? 0.876
Q k; (mg/g.min) 1.149
Intraparticle- |
q, =k; e, Vs C 68.84  Sjvakumar et al., 2009
diffusion
£ R’ 0.562
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Fig. 11. (a) Linear form of pseudo-first order and (b-f) different linear forms of pseudo-second order kinetic models to
adsorb of Pb>" onto the synthesized nano a-Fe,O5 sorbents at 25+1 °C and pH = 6.5
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