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Abstract  
In this work, hematite (α-Fe2O3) nanoparticles with novel surface-modified were synthesized using iron 
(III) chloride hexahydrate (FeCl3.6H2O) and oleic acid (C₁₈H₃₄O₂) 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-1) determined their high 
capability for the removal of lead ions (Pb2+) from aqueous solutions. The adsorption of lead ions onto the 
synthesized nano α-Fe2O3 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 α-Fe2O3. Furthermore, the maximum sorption capacity of 
Pb2+ was estimated to be 111 mg.g-1. The kinetic of lead ions adsorption onto the synthesized nano  
α-Fe2O3 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-1 was recorded along with the efficiency of 
98.62% for the removal of Pb2+ ions from aqueous solution (1 mg.g-1), using 20 mg.L-1 nano α-Fe2O3

adsorbent at 4 hour contact time. From these results, it can be concluded that the synthesized α-Fe2O3

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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Wavenumber (cm-1)

Fig. 4. FT-IR graph of the synthesized α-Fe2O3
nanoparticles synthesized at 250 °C with 5 mL oleic acid 
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Fig. 5. (a) SEM and (b) TEM images of the synthesized α-Fe2O3 nanoparticles 
D`�c;������SEM �(�9�)TEM '�! Y�	� E��� )��� (�)α-Fe2O3���Q &#GS� wZ� �� 

T
ra

ns
m

itt
an

ce
(%

)



�� ������ 	�
 ���� ���� ���� ���� ... dx.doi.org/10.22093/wwj.2018.102161.2519 54

����� � �� 	
�� Journal of Water and Wastewater 
��������� ����� ����� Vol. 30, No. 2, 2019 

�������� � �!!  �"!!#α-Fe2O3$"!!% �� &!!� '()!!�

*�+,�-Pb2+ 

�������	
� ��� �� ��� ��� ��������� ���) ���� �°C �± !	 (
) #$���%� �&��'rpm � ()(*+��, ���-�����./ 	��� 0+��1 �

�����2Pb2+ 3245� 6� ��7�89:��'2� ;��< 2����α-Fe2O3=�>�'
 )?-� �8 �@4A����=4. �27)�@4A;��< 2���)pH  B��C� ����6 	
D���� :�C��.-

�������.� &)/0� 12
3 .4� 
� ���F��	
�� 32�45� ���7�89:��@4A ��8 0�' ���7G�4�H� 
I)IJ)KL)LJ)ML	IJJ :4�� ��N �� OP QR, �8KL:�4�� ���N
�87;-�K�8 B�C� �� �&�'L/K:�4�� O�P =�>�' 0<��1 2����

 ?-�α-Fe2O3�@4A 3��T�IJJ:4�� ��N �� OP �� .��.P ���U )
���� ���N�, FpH ?�	-��5� �� 32��45�L/V��@>��Q��� WX���) -V.(
8������F���-����� *+��, �������2Pb2+;��<2����� ���8 W��8�Y� ��α-

Fe2O3��@4A �� ?-� Z$[�I:�4�� ���N �� O�P �	-�,I\/]^
-[�� � �� �28�./ ��=�� �� 0+1 ��N�, F�^I/]:4�� �8 OP

 OP-� _��=P.` 6� .:�=.� �8�a9 �@4A ������ FCb ?-> 

Fig. 6. Effect of initial Pb2+ concentration on the 
adsorption efficiency and uptake capacity of Pb2+ onto the 
α-Fe2O3 nanoparticles at adsorbent weight of 2.5 mg per 
25 mL solutions, pH = 6.5 and adsorption time of 2 hours 
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Fig. 7. Effect of adsorbent weight on the adsorption 
efficiency and uptake capacity of Pb2+ onto the α-Fe2O3

nanoparticles at 25 mL solutions with initial concentration 
of 10 mg/L, pH = 6.5 and adsorption time of 2 hours 
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Table 1. Adsorption isotherm parameters for Pb2+ sorption onto the nano α-Fe2O3
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Fig. 8. (a) Langmuir, (b) Freundlich, (c) Tempkin and (d) Redlich-Peterson isotherm models in adsorbtion of Pb2+ onto 
the synthesized nano α-Fe2O3 sorbents at 25±1 °C and pH = 6.5 
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��'21;�� E����� E��� )��� �8��?� 01# ����$� �) ¤Y Pb2+ 
Table 2. Comparison of different adsorbents for the removal of Pb2+ ions 

Adsorbent 
Maximum Uptake 

Capacity 
qmax (mg.g-1)

Solution 
Chemistry 
Condition 

Reference 

Zero valence iron (Fe0) nanoparticles 75.99~96.94 pH 7>; T 20~40 °C Liu et al., 2017 

Commercially prepared α-Fe2O3 NPs 4.69~120 pH 4,6 & 8; T 25 °C Grover et al., 2012 

Fe3O4 NPs 166.67 pH 6>; T 25 °C Tamez et al., 2015 

α-Fe2O3 NPs 47.62 pH 6>; T 25 °C Tamez et al., 2015 

γ-Fe2O3 nanotubes 71.42 pH 6; T 25 °C Roy and Bhattacharya., 2012 

Fe3O4 NPs 13.88 pH 5.5; T 25 °C Hosseinzadeh et al., 2016 

α-Fe2O3 nanoparticles 111 pH 6.5±0.3; T 25 °C This Study 

Fig. 9. Effect of pH on the adsorption of Pb2+ onto the α-
Fe2O3 nanoparticles at adsorbent weight of 2.5 mg per 25 
mL solutions with initial Pb2+ concentration of 10 mg.L-1 

and adsorption time of 2 hours 
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Fig. 10. Effect of contact time on the adsorption of Pb2+ 
onto the α-Fe2O3 nanoparticles at adsorbent weight of 

2.5 mg per 25 mL solutions with initial Pb2+ 
concentration of 10 mg.L-1 and pH = 6.5 
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��'25;��� ¤�
������A � ¤�
��	���� �1Q ¥4�¤Y$� �) Pb2+ E��� )��� ¤�� ��α-Fe2O3

Table 3. Adsorption Kinetics parameters for Pb2+ sorption onto the nano α-Fe2O3

Synethic 

Model 
Linear  Equation Graph Parameter Value Reference 

Pseudo 1st 

order Lagergren model

tl
303.2
1k

eqlog)tqeqog( −=−

log(qe-qt)

vs 

t

qe (mg/g) 5.45 Poursani et al., 2015, 

2016, 

 Lee et al., 2016, 

 Li et al., 2015, 

 Jovic-Jovicic et al., 

2016 

k1 (min-1) 0.014 

R2 0.529 

Pseudo 2nd 

order 

Ho model 

e
2
e2t q

t
qk

1
q
t

+=

t/qt

vs 

t

qe (mg/g) 90.91 

Rout et al., 2015, 

Jovic-Jovicic et al., 

2016 

k2 (g/mg.min) 0.0012 

R2 0.998 

e
2
e2t q

1
t
1)

qk
1(

q
1

+=

1/qt

vs 

1/t 

qe (mg/g) 94.34 

k2 (g/mg.min) 0.0006 

R2 0.872 

t
q

)
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1(qq t

e2
et −=

qt
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qt/t 

qe (mg/g) 93.62 

k2 (g.mg/min) 0.0007 
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t qqkqk
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t
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vs 
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qe (mg/g) 95.68 

k2 (g/mg.min) 0.0005 

R2 0.876 

Intraparticle- 

diffusion 

 

Ctkq 2
1

3t +=

qt

vs 

t1/2 

k3 (mg/g.min) 1.149 

Sivakumar et al., 2009 C 68.84 

R2 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 Pb2+ onto the synthesized nano α-Fe2O3 sorbents at 25±1 °C and pH = 6.5 
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Fig. 12. Linear form of intra-particle diffusion kinetics 
model to adsorb Pb2+ onto the synthesized nano α-Fe2O3

sorbents at 25±1 °C and pH = 6.5 
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