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Introduction: The synthesis of Fe3O4 magnetic nanomaterials has been considered due to their potenti plications
in wastewater treatment. The surface coating agent or stabilizing agent of Fe3O4 womaterials ificantly affect
their properties and final applications. Green synthesis methods are considered as a trategy to avoid the
disadvantages of chemical reactions that may involve some toxic chemical s regard, plants are used
as one of the most useful sources for the green synthesis of nanoparticl ey have a wide variety of
metabolites that can be used as stabilizing agents. The current research was cagried out with the aim of green synthesis

of magnetic iron oxide nanoparticles (Fe;O4) functionalized with pf@anthocyanidin and evaluating its application in

lead (Pb) ion removal from battery industry Wastev‘e‘
Materials and Methods: Hydrophilic nanoparticles of iron o%i e3® &w&)nalized with proanthocyanidin were

synthesized through hydrothermal approach. In order to ify angnvestigate the properties of the synthesized

adsorbent, the obtained Fe3O4 nangcomposites werg characterized by Fourier transform infrared spectroscopy (FTIR),
scanning electron microscopy #S transmissio microscopy (TEM) and X-ray diffraction (XRD).
Wastewater samples were tﬁn TO

performed continuously al‘par contact time, adsorbent dose and pH were considered as effective factors

Results and Discussion: According to the findings of the SEM image, most of the produced nanoparticles have a

spherical structure anditend 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 Fe3O4
nanoparticles. Based on the results, the effect of contact time and adsorbent dosage on the Pb adsorption process onto
magnetic iron oxide (Fe3;O4) 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
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neutral pH (6.5), contact time of 200 minutes and magnetic iron oxide nanoparticles (Fe3O4) functionalized with
proanthocyanidin dosage to 4 mg/L. The kinetics and isotherm of Pb adsorption on magnetic iron oxide nanoparticles
(Fe3O4) 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 (Fe;O4) magnetic nan@particle adsorbent
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Table 1: The ranges of effective independent variables in the absorption of Pb from battery industrial

wastewater
o3
R
1 aonge 1 Unit Variables
3 4.5 9 - pH A 9
Los Loy :B
50 225 500 min e
B: Contact time
[ERESSPRY C
1 2.4 4 mg L}

C: A@rbent dosag
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Table 2: Experimental data of Design Expert software for Pb absorpti om battery industrial wastewater

e yuiio
VaridBlegh slesT
obed o) ) .
I_D“perlment
Contact Adsorbe p

time dosage \g
2.5 9.5 1
A5 4.5 2
2. 7.0 3
2.5 4.5 4
1 9.5 5
1 4.5 6
2.5 7.0 7
4 7.0 8
2.5 7.0 9
1 7.0 10
2.4 7.0 11
200 4 7.0 12
250 2.5 7.0 13
400 4 7.0 14
400 4 9.5 15
400 4 4.5 16
250 2.5 9.5 17

S35 5l @l sixine DS 31 PD (s 5 i p 393! g Sipas (530 Joke Y.



3 el g yme St Slalllae 4 45 0l oo iz ke b Guled loj il gy cmdz anT b 50 g Slalllas 51 (S
5 (Azad et al., 2021) aiwd odigh i Jobs clale 51 b flaie 4 Gl jlads oaims (lid Gis slap 5ol ¢ 8,k
FJN,8 5 5y sl Jow 3l g i Siitiiw loosls arogi sl pgs Az jo ah g ol 4z o i slo Jow 3l yol> iagh
ojlail ax b oS ggg0 cpl oyols Hlis glp R?) (Swod oo Guizrad 0 oolalul Cdz p5gpl sbosls cruog gy

US;)‘)é obl.ﬂ...m‘ \))5..0 s-.\..S‘sA U’“")‘)“ gssjs...ldal) Lmolo chdAB.A.’ ‘5’5....»;) aJoles

&

:
@
8
-

3w b pbuo (Sixwo ML BluS i (owyp Y



PH Y Jour @ az g b ool oad 03,51 ¥ Jgazr 50 (3luis il oo sirio oMo digal loord 5 (o5 Sloogas
5 lastinl wlal el i 50 8,8 Lo VEY L ol o] Jo Pb oS 318 e g anals J18 sowwl odgame ;o LMo
Ll sl 5 63,5LaS Bran 5 il ol ) aglss i xbas lacl 4 aglss jsliie 4 Pb (iS58 (ol OIS 2,5
0 455 sl S o3t 3 aallin 3,50 3l Al colio sinio LA 5 Pb i 3 e () 05 e
Pranudta er) cuwl Joud b6 clale ol V8 sg0 g atslas )13 o)Ll 5 (65,5laS B pan g 0l ol> 4y adss  xlaw slol

b sl iz slatle) ol (sl o S 318 clge 1 al. 2021

Gl b @abuo ciziuo LS diges (o luouid § (S 3ud 3ILT 2V Jgu

Table 3: Physical and chemical analysis of battery industrial Wastewater sa

Value Unit Parameter Value

16.07 mgL! Pb 2.1
191 mglL! Ni 7.532 mScm EC
0.073 mgL! Cd 1968.91 Lt BODs
1.67 mgL! Cr \ -1 COD
0.82 mgL"! Cu . gL TDS
091 mglL?! Zn . 1‘1“ TSS
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Table 6: Parameters of kinetic models for Pb adsorption from battery industrial wastewater by iron oxide
)(Fe304) magnetic nanoparticles functionalized with proanthocyanidin
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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
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Table 6: Maximum adsorption capacity of Pb obtained by magnetic nanoparticles in different studies
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