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EXTENDED ABSTRACT

Introduction: The synthesis of Fe;Os magnetic nanomaterials has been considered due to their
potential applications in wastewater treatment. The surface coating agent or stabilizing agent
of Fe3O4 nanomaterials can significantly affect their properties and final applications. Green
synthesis methods are considered as an alternative strategy to avoid the disadvantages of
chemical reactions that may involve some toxic chemicals or solvents. In this regard, plants are
used as one of the most useful sources for the green synthesis of nanoparticles because they
have a wide variety of metabolites that can be used as stabilizing agents. The current research
was carried out with the aim of green synthesis of magnetic iron oxide nanoparticles (Fe3O4)
functionalized with proanthocyanidin and evaluating its application in lead (Pb) ion removal
from battery industry wastewater.

Materials and Methods: Hydrophilic nanoparticles of iron oxide (Fe3O4) functionalized with
proanthocyanidin were synthesized through hydrothermal approach. In order to identify and
investigate the properties of the synthesized adsorbent, the obtained Fe;O4 nanocomposites were
characterized by Fourier transform infrared spectroscopy (FTIR), scanning electron microscopy
(SEM), transmission electron microscopy (TEM) and X-ray diffraction (XRD). Wastewater
samples were taken from battery industry wastewater for absorption tests. Adsorption experiments
were performed continuously and parameters of contact time, adsorbent dose and pH were
considered as effective factors on the absorption process. The optimization of absorption tests was
done through design expert software based on three parameters with response surface methodology
using Box-Behnken. Also, the modeling of adsorption kinetics process using pseudo-first-order and
pseudo-second-order kinetics and the degree of conformity of experimental data of adsorption
equilibrium with Langmuir and Freundlich adsorption isotherm models were investigated.
Results and Discussion: According to the findings of the SEM image, most of the produced
nanoparticles have a spherical structure and tend to form larger masses. TEM image of Fe3O4
nanoparticles showed that the average size of these nanoparticles is 47+7.3 nm. The XRD
pattern indicated the presence of cubic spinel structure in Fe3Os nanoparticles. Based on the
results, the effect of contact time and adsorbent dosage on the Pb adsorption process onto
magnetic iron oxide (Fe3O4) nanoparticles functionalized with proanthocyanidin was more
effective than pH. At high contact time, more adsorbent dosage and in low pH range, Pb
removal was done with much higher efficiency. The highest Pb removal efficiency of 93.81%
from battery industry wastewater was obtained under optimal conditions of neutral pH (6.5),
contact time of 200 minutes and magnetic iron oxide nanoparticles (Fe3Os4) functionalized with
proanthocyanidin dosage to 4 mg/L. The kinetics and isotherm of Pb adsorption on magnetic
iron oxide nanoparticles (Fe3Oas) functionalized with proanthocyanidin were consistent with
pseudo-quadratic and Langmuir models, respectively. Therefore, the absorption rate is
controlled by chemical interaction and the absorption process is a single layer type.
Conclusion: The results of the present study showed that the iron oxide (Fe3O4) magnetic
nanoparticle adsorbent functionalized with proanthocyanidin has a good ability to Pb ions
removal from the battery industrial wastewater. Due to the affordable cost, simple preparation
method and environmentally friendly process, as well as the high efficiency of the adsorbent
prepared, it can be used as a suitable alternative to the use of relatively expensive adsorbents
such as activated carbon in the removal of heavy metal ions from wastewaters.
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Range u>lg L ko
1 0 4 Unit Variables
3 4.5 9 - pH A
50 225 500 min el o 2
B: Contact time
1 24 4 mg L w3l s €

C: Adsorbent dosage
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Table 2. Experimental data of Design Expert software for Pb absorption from battery industrial wastewater

2 it
Variables J'-?.‘-O}T
oled o) @3l j90 pH Experiment
Contact time Adsorbent dosage

500 25 9.5 1

500 25 45 2
275 25 7.0 3

50 25 45 4
275 1 9.5 5

275 1 45 6
275 25 7.0 7
50 4 7.0 8
275 25 7.0 9
50 1 7.0 10
275 2.4 7.0 11
200 4 7.0 12
250 25 7.0 13
400 4 7.0 14
400 4 9.5 15
400 4 45 16
250 25 9.5 17
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Table 3. Physical and chemical analysis of battery industrial wastewater samples

Hlade a>ly ol )b Hlade a>lg ol )b
Value Unit Parameter Value Unit Parameter
16.07 mg L Pb 2.1 - pH
1.91 mg L Ni 7.532 mS cm’! EC
0.073 mg L' Cd 1968.91 mg L BODs
1.67 mg L' Cr 11751.11 mg L' COD
0.82 mg L Cu 1480.52 mg L TDS
0.91 mg L Zn 731.14 mg L TSS
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Fig. 1- FTIR spectrum of Fe;O4 magnetic nanoparticles functionalized with proanthocyanidin

Fig. 2- SEM image of synthesized Fe;O4 nanoparticles
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Fig. 3- TEM image of Fe;0, magnetic nanoparticles functionalized with proanthocyanidin
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Table 4. Results of ANOVA analysis for removal of Pb from battery industry wastewater

polaie Folaie  oluye (nSle oIl 4z 50 Gla o & gozeo by
p-value F-value Mean square Degree of freedom Sum of square Factor
l N
oS <0.0001  166.49 1960.37 9 14822.60 e
Significant Model
0.0072 15.29 173.11 1 182.12 o A
Lil> 550 B
0.0001 79.26 830.12 1 819.14 (o 35%)
B (Adsorbent dosage)
<0.0001  979.71 10215.40 1 11032.40 (ol o) ¢
C (Contact time)
0.0622 532 52.65 1 65.52 AB
0.1170 353 37.00 1 37.04 AC
0.0007  40.112 451.04 1 435.11 BC
<0.0001  120.71 1150.29 1 1270.52 A?
0.6634 0.20 2.24 1 2.37 B?
<0.0001 25531 2407.00 1 2407.03 c?
10.57 6 65.41 ouile B
Residual
(e 5|
GBS P 4310 226 1291 3 37.55 ol
Not significant Lack of fit
e gl
9.85 3 27.85 i
Pure error
15 15889.03 25 el e Egee
Cor. total

Gl ¥l polo grivo OMSL I P oS W8 Cds Jaw o3l polie-0 Jeus

Table S. Fitting values of Pb adsorption model from battery industry wastewater

Jlado Pl
Value Parameter
0.9971 R
0.9899 o pass R
Adjusted R?
0.9633 25 ot R
Predicted R?
36.074 S b

Adeq. Precision
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Fig. 5- Effect of pH and contact time on Pb removal from battery industrial wastewater by Fe304 magnetic nanoparticles
functionalized with proanthocyanidin.

SRR

(22,3) Bi>

SRS
RN
RS
R ALY

L)

Removal (%)

.
A
(T
MR
LAY
R s

AR

ENATRTRY

W \“\\\ \“\\“\\‘ i

s
taNs

(42,3) oles Gl 1€ 50 1 Gl s Ly oils 558iB

C: Contact time (min) B: Adsorbent dosage (mg L 1)

S | b lie 5396 bawgi' (65w s 5l @sbuo (Siiuo OOSL (P (1w 38 Bis 5 (wled o g Q3L jg0 Hil-F S
roailowgiily b oy Hls Jole (Fes04) ol

Fig. 6- Effect of adsorbent dosage and contact time on Pb removal from battery industrial wastewater by Fe;O, magnetic
nanoparticles functionalized with proanthocyanidin.
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Fig. 7- Kinetic modeling of Pb removal from battery industrial wastewater by Fe;O, magnetic nanoparticles functionalized with
proanthocyanidin. a) Pseudo first order and b) Pseudo second order model.
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Table 6. Parameters of kinetic models for Pb adsorption from battery industrial wastewater by iron oxide (Fe;04) magnetic
nanoparticles functionalized with proanthocyanidin
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Value Parameter
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Fig. 8- Isotherm modeling of Pb removal from battery industrial wastewater by Fe304 magnetic nanoparticles functionalized with
proanthocyanidin. a) Langmuir and b) Freundlich model
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Table 7. Values and parameters of isotherm models for Pb adsorption from battery industrial wastewater by iron oxide (Fe304)
magnetic nanoparticles functionalized with proanthocyanidin

- sl P93
Values Parameters Isotherm
153.8 qm (mg L) N
]279 b (L mgl) Langmuir

0.997 R2

1.232 1/n
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Table 8. Maximum adsorption capacity of Pb obtained by magnetic nanoparticles in different studies
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