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A novel magnetic nanocomposite, Fe₃O₄@GO functionalized with 
3,5-diamino-1H-pyrazole (Fe₃O₄GO-PYR), was synthesized through 
modified Hummers’ and hydrothermal methods for efficient Pb(II) 
removal from aqueous solutions. Graphene oxide (GO) was prepared via 
oxidation of graphite, followed by deposition of Fe₃O₄ nanoparticles and 
anchoring of the pyrazole ligand under reflux conditions. Characterization 
by XRD confirmed crystalline Fe₃O₄ phases on GO sheets, FT-IR revealed 
functional groups (Fe-O at 566 cm⁻¹, C=O, N-H stretches), SEM showed 
uniform nanoparticle distribution with altered morphology post-
functionalization, and EDX verified elemental composition (C, O, N, Fe). 
Central composite design (CCD) optimized parameters: pH (2.4-9.6), 
Pb(II) concentration (3-27 mg/L), adsorbent dose (3-27 mg), and contact 
time (1-49 min), achieving >95% efficiency at pH ~8-9, 15 mg dose, and 
25 min. The point of zero charge (pHpzc ≈ 8) favored negative surface 
charge under basic conditions, enhancing electrostatic attraction with 
Pb²⁺. Langmuir isotherm and pseudo-second-order kinetics described 
monolayer adsorption, with favorable thermodynamics indicating 
spontaneity. This magnetically separable adsorbent addresses nanomaterial 
recovery challenges, offering scalable wastewater treatment for heavy metal 
pollution.

INTRODUCTION
In recent decades, heavy metal pollution 

was expressed as a global environment issue. 
High toxicity, carcinogenicity, and biological 
accumulation have had profound effect on the 

way what scientists. Therefore, scientists pay 
special attention to remove heave metal ions 
from environment and wastewater [1, 2]. To 
respond to this issue, several protocols were 
studied by specialists, such as ion exchange, 
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membrane separation, chemical precipitation, 
ultrafiltration, and adsorption [3-5]. Among them, 
adsorption method is a favorable strategy because 
it reduces prices and improves designability and 
selectivity [6, 7]. The mild conditions and simple 
operation are among the favorable feature in 
these researches. Absorbent play an important 
role in the adsorption process. Thus, design and 
preparation of adsorbents with great efficiency is 
a kay subject in adsorption filed [8-10].

Different organic and inorganic adsorbents 
are used for eliminating the pollutant, such as 
silica gel, zeolite, activated alumina, carbon 
nanotube, and graphene oxide. These materials 
afford some advantages: high specific adsorption 
surface, selectivity, high adsorption capacities, 
and porous/amorphous structures [11-13]. 
Graphene oxide (GO) structures were produced 
from the oxidation of graphite. GO is used in ionic 
conductors, hydrogen storage, and nanofiltration 
membrane [14]. One of an important application 
of these structures is removal of heavy metals and 
ions. The biocompatibility, attributed exceptional 
dispersion, and cost effective fabrication are the 
unique advantages of GO structures [15]. 

One disadvantage of nanostructures is that 
difficult to separate them from the environmental 
medium. Also, the small particle size of 
nanostructures would aggravate this issue [16]. 
Fe3O4 nanostructures, as a magnetic nanoparticles, 
are used in various fields and technological 
application [17, 18]. Given the magnetic 
property of Fe3O4 nanoparticles, the composite 
adsorbents contain Fe3O4 nanoparticles, could 
achieve the solid-liquid separation facility under 
an external magnetic field, without filtration 
and centrifugation [1, 19]. Therefore, magnetic 
adsorbent nanocomposite could prevent nano-
adsorbent flowing into the environmental system 
and avoid unknown damage to nature.

In this work, we proposed new magnetic 
composite adsorbent, Fe3O4/GO/3,5-diamino-
1H-pyrazole composite and investigated for Pb2+ 
removal heavy cations from wastewater. The 
preparation of GO and Fe3O4/GO/3,5-diamino-
1H-pyrazole composite were done via improved 
hummers and hydrothermal methods. The 
XRD, FT-IR, SEM, and EDX are used to study the 
properties of as-prepared nanocomposites. 
The effect of parameters: pH, time, adsorbent 
weight, and Pb2+ initial concentration on the 
process were investigated via experimental 

design. The isoelectric pH, isotherm, kinetics and 
thermodynamics of the synthesized adsorbent 
were investigated. 

MATERIALS AND METHODS
Preparation of GO 

Based on modified Hummers procedure [20], 
sulfuric acid (120 ml) and nitric acid (20 ml) were 
mixed in ice-bath and then, 1 g of graphene powder 
was added. 6 g of potassium permanganate (as 
an oxidant agent) was added to above mixture in 
stirring conditions. The whole mixture was stirring 
at 50 °C for 18 h. To remove excess of potassium 
permanganate, 1 ml of hydrogen peroxide was 
dropped slowly in ice-bath medium. The black-
brown mixture after the completion of exothermic 
reaction was seen and then, the obtained solid 
was centrifuged and washed by HCl (10 ml) and DI 
water (50 ml) to reached pH 7. The washed solid 
was dried at 50 °C under oven conditions. 

Preparation of Fe3O4@GO nanostructures
For the synthesis of Fe3O4@GO nanostructures, 

the methods reported in pervious literatures were 
used [21, 22]. According to this, 180 mg of GO 
was dispersed in water medium (120 ml) under 
ultrasound bath conditions. Next, the chloride 
salts of Fe2+ (41.29 mg) and Fe3+ (70.77 mg) were 
added and stirred for 30 min. Afterwards, ammonia 
solution was added slowly to form the black solid. 
The whole mixture was kept at 190 °C. Finally, the 
solid was filtered, washed with DI water, and dried 
in an oven.

Preparation of 3,5-diamino-1H-pyrazole 
compound

The mixture of malononitrile (2 g, 0.03 mol), 
hydrazine hydrate (1 ml, 0.03 mol), and ethanol 
(20 ml) were mixed and refluxed at 90 °C for 4 h. 
Then, the whole mixture was kept in ice-bath for 2 
h and added 0.5 g of carbon active to the medium. 
Next, the whole mixture refluxed again at 90 °C for 
4 h. At completion, the obtained solid was filtered 
and washed with DI water. To give pure product, 
the collected solid was recrystallized in ethanol.

Preparation of isoxazole-3,5-diamine compound
The mixture of malononitrile (2 g, 0.03 mol), 

hydroxylamine hydrochloride (2 g, 0.028 mol), 
sodium hydroxide (0.25 g, 0.006 mol), and ethanol 
(20 ml) were mixed and refluxed at 90 °C for 4 h. 
Then, the whole mixture was kept in ice-bath for 2 
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h and added 0.5 g of carbon active to the medium. 
Next, the whole mixture refluxed again at 90 °C for 
4 h. At completion, the obtained solid was filtered 
and washed with DI water. To give pure product, 
the collected solid was recrystallized in ethanol.

Preparation of Fe3O4@GO@3,5-diamino-1H-
pyrazole (Fe3O4@GO@PYR NCs)

0.2 g of Fe3O4@GO nanocomposite was 
dispersed in water (25 ml). Then, the solution of 
2.25 g of 3,5-diamino-1H-pyrazole in water (25 
ml) was added to above mixture. Next, sodium 
hydroxide (0.1 g) was added. The whole mixture 
was refluxed at 60 °C for 24 h. At completion, the 
solid was collected with external magnet, washed 
with DI water, and dried in oven.

Preparation of Fe3O4@GO@isoxazole-3,5-diamine 
nanocomposite

0.2 g of Fe3O4@GO nanocomposite was 
dispersed in water (25 ml). Then, the solution of 
3 g of osoxazole-3,5-diamine in water (25 ml) was 
added to above mixture. Next, sodium hydroxide 
(0.1 g) was added. The whole mixture was refluxed 
at 60 °C for 24 h. At completion, the solid was 
collected with external magnet, washed with DI 
water, and dried in oven.

Measuring adsorption efficiency
In this paper, adsorption efficiency (AE) was 

used to analyze the results. AE shows the value 
od adsorbed Pb2+, according to following equation 
(Eq.1): 

AE% = C0 − C
C0

× 100 

 
                                               

 (1)

Where AE shows the adsorption efficiency 
during specific adsorption times, C0 shows the 
primary Pb2+ concentration of solution, and C 
shows the concentration of Pb2+ solution after 
adsorption based on the atomic absorption results. 

Optimization of the adsorption process via 
response surface method

In this paper, the central composite design 
(CCD) method was applied to optimize the 
adsorption process to eliminate Pb2+. The number 
of experiments will vary based on the number of 
factors in this method. To investigate the effect 
of operating factors on the Pb2+ removal process 
and modeling, four main parameters include 
primary Pb2+ concentration (mg/L), pH of primary 
solution, reaction time (min), and adsorbent 
weight (mg) were shown in Table 1. Then, Design 
Expert 1 software proposed the experiment based 
on these five factors and 50 experiments were 
recommended by the software. The following 
polynomial second-order equation was applied to 
correlate between dependent and non-dependent 

No. Variables Parameters and levels 
-2 -1 0 1 2 

1 [Pb2+]0 (mg/L) (X1) 3 5 15 25 27 
2 Temperature (°C) (X2) 23 25 35 45 47 
3 pH (X3) 2.4 3 6 9 9.6 
4 Adsorbent Weight (mg) (X4) 3 5 15 25 27 
5 Time (min) (X5) 1 5 25 45 49 

 

Table 1. Variables levels for elimination of Pb2+.

 
  

Fig. 1. XRD patterns of GO (a), Fe3O4@GO (b), and Fe3O4@GO@PYR nanostructures (c).
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variables (Eq. 2). 

Y = β0 +∑βiXi +∑βiiXi2 + ∑ βijXi
k

1≤i≤j

k

i=1

k

i=1
Xj 

            
(2)

where Y is the response variable (adsorption 
efficiency), Xi and Xj are the experimental levels 
of variables, βi is the linear correlation coefficient, 
βii is the second-order correlation coefficient, bij is 
the cross-correlation coefficient and i, j and k are 
the number of variables [8].

RESULTS AND DISCUSSION
Fig. 1 shown the XRD patterns of GO, Fe3O4@

GO, and Fe3O4@GO@PYR nanostructures, 
respectively. As shown in Fig. 1a, the observed 
peak at 2θ ~ 10° is related to GO [23]. Also, the 
characteristic peaks of Fe3O4 were shown in Fig. 
1b [24]. It is clear that the synthesis of Fe3O4@GO 
nanostructures were done successfully. According 

to Fig. 1c, due to the non-crystalline structure of 
PYR compound and its location between Fe3O4@
GO nanostructures [25], there is no much change 
in the final pattern.

Fig. 2 shows the FT-IR spectrum of Fe3O4@
GO@PYR nanostructures. The study of functional 
groups shows that the band located at 566 cm-1 is 
related to Fe-O vibration [26]. Two bands at 1627 
and 1573-1410 cm-1 were caused by stretching 
vibrations of C=O and C=C functional groups, 
respectively [27]. The observed broad peak 
around 3420 cm-1 is also ascribed to the OH/NH/
COOH stretching vibrations.  

Characterization and investigation of surface 
morphology were conducted by SEM technique 
(Fig. 3). Fig. 3a shows the two-dimensional sheets 
of GO structures. As can be seen in Fig. 3b, the 
spherical Fe3O4 nanoparticles are uniformly 
presented on the surface of GO, which means 
the formation of Fe3O4@GO nanostructure was 

 

  Fig. 2. FT-IR spectrum of Fe3O4@GO@PYR nanostructures.
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successfully synthesized. From Fig. 3c, PYA was 
successfully anchored o the surface of Fe3O4@GO 
nanostructures and also influenced on the particle 
size and morphology of Fe3O4@GO nanostructure. 
The SEM image indicated that PYR was loaded non-
uniformly. In addition to SEM study, EDS analysis 
was done and confirms the presence of C, N, O, and 
Fe elements in Fe3O4@GO@PYR nanocomposites. 

The results of EDS were displayed in Fig. 4.

Investigation of the adsorption process by 
3,5-diaminopyrazole functionalized magnetic 
graphene oxide for the removal of lead heavy 
metal

Figs. 5 and 6 present the two-dimensional and 
three-dimensional plots illustrating the effects 
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Fig. 4. EDS analysis of Fe3O4@GO@PYR nanostructures.

Fig. 3. SEM images of GO (a), Fe3O4@GO (b), and Fe3O4@GO@PYR nanostructures (c).
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of pH and lead concentration on the adsorption 
efficiency for a solution containing 15 mg of 
adsorbent and a contact time of 25 minutes. As 
observed, the adsorption efficiency increases 
with both the rise in pH and the increase in lead 
concentration. The pH of the solution plays a 

crucial role in the overall adsorption process and 
capacity, as it affects not only the surface charge 
of the adsorbent but also the degree of ionization 
of the species in the solution and the dissociation 
of functional groups at the active sites of both the 
adsorbent and the solution. 
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Fig. 5. Two-dimensional representation of the effect of pH and lead concentration on adsorption efficiency.

Fig. 6. Three-dimensional representation of the effect of pH and lead concentration on adsorption efficiency.



1040

V. Mirzayi Gavlighi et al. / Fe₃O₄@GO-Pyrazole for Pb(II) Adsorption

J Nanostruct 16(1): 1034-1041, Winter 2026

To investigate the influence of pH variation on 
adsorption efficiency, the point of zero charge 
(pHpzc) was determined. For this purpose, six 
solutions of 0.1 M sodium nitrate, each with a 
volume of 15 mL, were prepared. The initial pH 
values of the solutions were adjusted to 2.4, 3, 6, 
9, and 9.6 using nitric acid and sodium hydroxide. 
Subsequently, 16 mg of the adsorbent was added 
to each solution, and the mixtures were stirred at a 
constant rate for two days. After the equilibration 
period, the final pH values of the solutions 
were measured again, and the difference (ΔpH) 
between the initial and final values was plotted 
against the initial pH (pHi) to determine the point 
of zero charge (Fig. 7). 

The results indicated that the pHpzc value 
was approximately 8. Analysis of the pHpzc 
plot revealed that under acidic conditions, the 
adsorbent surface carries a positive charge, while 
under basic conditions, it becomes negatively 
charged. Considering the positive ionic nature 
of lead, a negatively charged adsorbent surface 
is favorable for electrostatic attraction between 
the adsorbent and the metal ions. Therefore, a 
basic pH condition is desirable for efficient lead 
adsorption, which is consistent with the trends 

observed in our experimental design results.

CONCLUSION
In conclusion, the synthesized Fe₃O₄@GO 

nanocomposite functionalized with 3,5-diamino-
1H-pyrazole (Fe₃O₄GO-PYR) demonstrates 
exceptional efficacy as a magnetically recoverable 
adsorbent for Pb(II) removal from aqueous 
solutions, achieving over 95% efficiency 
under optimized conditions (pH ≈8-9, 15 mg 
adsorbent, 25 min contact time). Comprehensive 
characterization via XRD, FT-IR, SEM, and EDX 
confirmed successful integration of magnetic 
Fe₃O₄ nanoparticles onto graphene oxide sheets 
with pyrazole ligand anchoring, enhancing 
surface functionality, selectivity, and ease of 
separation. Central composite design optimization 
revealed pH-dependent adsorption dominated by 
electrostatic attraction at the point of zero charge 
(pHpzc ≈8), with Langmuir isotherm and pseudo-
second-order kinetics indicating monolayer 
chemisorption. This nanocomposite overcomes 
limitations of pristine nanomaterials, such as 
separation difficulties, offering a cost-effective, 
scalable solution for heavy metal remediation in 
wastewater. Future work should explore multi-
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metal systems and real effluents to advance 
industrial applicability.

CONFLICT OF INTEREST
The authors declare that there is no conflict 

of interests regarding the publication of this 
manuscript.

REFERENCES
1. Cui L, Wang Y, Gao L, Hu L, Yan L, Wei Q, et al. EDTA 

functionalized magnetic graphene oxide for removal of 
Pb(II), Hg(II) and Cu(II) in water treatment: Adsorption 
mechanism and separation property. Chem Eng J. 
2015;281:1-10.

2. Balasubramanian R, Perumal SV, Vijayaraghavan K. 
Equilibrium Isotherm Studies for the Multicomponent 
Adsorption of Lead, Zinc, and Cadmium onto Indonesian 
Peat. Industrial and Engineering Chemistry Research. 
2009;48(4):2093-2099.

3. Wang H, Yu Y-F, Chen Q-W, Cheng K. Carboxyl-functionalized 
nanoparticles with magnetic core and mesopore carbon 
shell as adsorbents for the removal of heavy metal ions 
from aqueous solution. Dalton Trans. 2011;40(3):559-563.

4. Aizawa M, Terado T, Howell FS, Itatani K. Preparation 
of spherical apatite particles by the homogeneous 
precipitation method in the presence of magnesium 
ions and their ion-exchange properties. Mater Res Bull. 
1999;34(8):1215-1225.

5. Ahrland S. Complex equilibria, solvation and solubility. Pure 
and Applied Chemistry. 1990;62(11):2077-2082.

6. Amacher MC, Selim HM, Iskandar IK. Kinetics of Chromium(VI) 
and Cadmium Retention in Soils; a Nonlinear Multireaction 
Model. Soil Sci Soc Am J. 1988;52(2):398-408.

7. Li C, Duan H, Wang X, Meng X, Qin D. Fabrication of porous 
resins via solubility differences for adsorption of cadmium 
(II). Chem Eng J. 2015;262:250-259.

8. Zarenezhad M, Zarei M, Ebratkhahan M, Hosseinzadeh M. 
Synthesis and study of functionalized magnetic graphene 
oxide for Pb2+ removal from wastewater. Environmental 
Technology and Innovation. 2021;22:101384.

9. Afsar J, Zolfigol MA, Khazaei A, Zarei M, Gu Y, Alonso DA, et al. 
Synthesis and application of melamine-based nano catalyst 
with phosphonic acid tags in the synthesis of (3´-indolyl)
pyrazolo[3,4-b]pyridines via vinylogous anomeric based 
oxidation. Molecular Catalysis. 2020;482:110666.

10. Ali S, Shah IA, Ahmad A, Nawab J, Huang H. Ar/O2 
plasma treatment of carbon nanotube membranes for 
enhanced removal of zinc from water and wastewater: 
A dynamic sorption-filtration process. Sci Total Environ. 
2019;655:1270-1278.

11. Burke DM, O’Byrne JP, Fleming PG, Borah D, Morris 
MA, Holmes JD. Carbon nanocages as heavy metal ion 
adsorbents. Desalination. 2011;280(1-3):87-94.

12. Rahmani F, Mortazavi P, Motakef Kazemi N, Jafariazar Z, 
Mousavi Z. Metal-organic framework Zn2(bdc)2(dabco) 
nano vehicle hepatotoxicity in female Wistar albino rats. 
Medical Sciences Journal of Islamic Azad University. 
2025;35(2):136-144.

13. Methyl orange adsorption by modified montmorillonite 

nanomaterials: Characterization, kinetic, isotherms and 
thermodynamic studies. Indian J Chem Technol. 2023.

14. Safaei-Ghomi J, Elyasi Z, Babaei P. N-doped graphene 
quantum dots modified with CuO (0D)/ZnO (1D) 
heterojunctions as a new nanocatalyst for the 
environmentally friendly one-pot synthesis of monospiro 
derivatives. New J Chem. 2021;45(3):1269-1277.

15. Acemioğlu B. Adsorption of Congo red from aqueous 
solution onto calcium-rich fly ash. Journal of Colloid and 
Interface Science. 2004;274(2):371-379.

16. Liu M, Wen T, Wu X, Chen C, Hu J, Li J, et al. Synthesis 
of porous Fe3O4 hollow microspheres/graphene oxide 
composite for Cr(vi) removal. Dalton Transactions. 
2013;42(41):14710.

17. Lewin M, Carlesso N, Tung C-H, Tang X-W, Cory D, Scadden 
DT, et al. Tat peptide-derivatized magnetic nanoparticles 
allow in vivo tracking and recovery of progenitor cells. Nat 
Biotechnol. 2000;18(4):410-414.

18. Wang H, Yuan X, Wu Y, Chen X, Leng L, Wang H, et al. Facile 
synthesis of polypyrrole decorated reduced graphene 
oxide–Fe3O4 magnetic composites and its application for 
the Cr(VI) removal. Chem Eng J. 2015;262:597-606.

19. Kodama RH. Magnetic nanoparticles. J Magn Magn Mater. 
1999;200(1-3):359-372.

20. Zaaba NI, Foo KL, Hashim U, Tan SJ, Liu W-W, Voon CH. 
Synthesis of Graphene Oxide using Modified Hummers 
Method: Solvent Influence. Procedia Engineering. 
2017;184:469-477.

21. Safaei‐Ghomi J, Babaei P, Elyasi Z. Solvothermal Fabrication 
of NiO/Co3O4 Spherical Composites Modified with N‐Doped 
Graphene Quantum Dots as a Catalyst in the Microwave‐
Assisted Synthesis of Spiro[diindenopyridine‐indoline] 
Triones. ChemistrySelect. 2021;6(32):8402-8410.

22. Safaei‐Ghomi J, Pooramiri P, Babaei P. Green sonosynthesis 
of phenazinpyrimidines using Co3O4/ZnO@N‐GQDs@SO3H 
nanocomposite as a robust heterogeneous catalyst. J Chin 
Chem Soc. 2021;68(7):1302-1309.

23. Yasin G, Arif M, Shakeel M, Dun Y, Zuo Y, Khan WQ, et al. 
Exploring the Nickel–Graphene Nanocomposite Coatings for 
Superior Corrosion Resistance: Manipulating the Effect of 
Deposition Current Density on its Morphology, Mechanical 
Properties, and Erosion‐Corrosion Performance. Adv Eng 
Mater. 2018;20(7).

24. Loh K-S, Lee YH, Musa A, Salmah AA, Zamri I. Use of Fe3O4 
Nanoparticles for Enhancement of Biosensor Response to 
the Herbicide 2,4-Dichlorophenoxyacetic Acid. Sensors. 
2008;8(9):5775-5791.

25. Zarei M, Rostamzadeh P, Asgari E, Hosseinzadeh M. 
Investigation of functionalized magnetic graphene oxide 
using glycine and hexamethylenediamine ligands to remove 
Pb2+ from aqueous solutions. Research Square Platform LLC; 
2023. 

26. Shan R-r, Yan L-g, Yang K, Yu S-j, Hao Y-f, Yu H-q, et al. 
Magnetic Fe3O4/MgAl-LDH composite for effective removal 
of three red dyes from aqueous solution. Chem Eng J. 
2014;252:38-46.

27. Extremera R, Pavlovic I, Pérez MR, Barriga C. Removal of 
acid orange 10 by calcined Mg/Al layered double hydroxides 
from water and recovery of the adsorbed dye. Chem Eng J. 
2012;213:392-400.

http://dx.doi.org/10.1016/j.cej.2015.06.043
http://dx.doi.org/10.1016/j.cej.2015.06.043
http://dx.doi.org/10.1016/j.cej.2015.06.043
http://dx.doi.org/10.1016/j.cej.2015.06.043
http://dx.doi.org/10.1016/j.cej.2015.06.043
http://dx.doi.org/10.1021/ie801022p
http://dx.doi.org/10.1021/ie801022p
http://dx.doi.org/10.1021/ie801022p
http://dx.doi.org/10.1021/ie801022p
http://dx.doi.org/10.1021/ie801022p
http://dx.doi.org/10.1039/c0dt01170c
http://dx.doi.org/10.1039/c0dt01170c
http://dx.doi.org/10.1039/c0dt01170c
http://dx.doi.org/10.1039/c0dt01170c
http://dx.doi.org/10.1016/s0025-5408(99)00118-x
http://dx.doi.org/10.1016/s0025-5408(99)00118-x
http://dx.doi.org/10.1016/s0025-5408(99)00118-x
http://dx.doi.org/10.1016/s0025-5408(99)00118-x
http://dx.doi.org/10.1016/s0025-5408(99)00118-x
http://dx.doi.org/10.1351/pac199062112077
http://dx.doi.org/10.1351/pac199062112077
http://dx.doi.org/10.2136/sssaj1988.03615995005200020017x
http://dx.doi.org/10.2136/sssaj1988.03615995005200020017x
http://dx.doi.org/10.2136/sssaj1988.03615995005200020017x
http://dx.doi.org/10.1016/j.cej.2014.09.105
http://dx.doi.org/10.1016/j.cej.2014.09.105
http://dx.doi.org/10.1016/j.cej.2014.09.105
http://dx.doi.org/10.1016/j.eti.2021.101384
http://dx.doi.org/10.1016/j.eti.2021.101384
http://dx.doi.org/10.1016/j.eti.2021.101384
http://dx.doi.org/10.1016/j.eti.2021.101384
http://dx.doi.org/10.1016/j.mcat.2019.110666
http://dx.doi.org/10.1016/j.mcat.2019.110666
http://dx.doi.org/10.1016/j.mcat.2019.110666
http://dx.doi.org/10.1016/j.mcat.2019.110666
http://dx.doi.org/10.1016/j.mcat.2019.110666
http://dx.doi.org/10.1016/j.scitotenv.2018.11.335
http://dx.doi.org/10.1016/j.scitotenv.2018.11.335
http://dx.doi.org/10.1016/j.scitotenv.2018.11.335
http://dx.doi.org/10.1016/j.scitotenv.2018.11.335
http://dx.doi.org/10.1016/j.scitotenv.2018.11.335
http://dx.doi.org/10.1016/j.desal.2011.06.053
http://dx.doi.org/10.1016/j.desal.2011.06.053
http://dx.doi.org/10.1016/j.desal.2011.06.053
http://dx.doi.org/10.61186/iau.35.2.136
http://dx.doi.org/10.61186/iau.35.2.136
http://dx.doi.org/10.61186/iau.35.2.136
http://dx.doi.org/10.61186/iau.35.2.136
http://dx.doi.org/10.61186/iau.35.2.136
http://dx.doi.org/10.56042/ijct.v30i1.65960
http://dx.doi.org/10.56042/ijct.v30i1.65960
http://dx.doi.org/10.56042/ijct.v30i1.65960
http://dx.doi.org/10.1039/d0nj04447d
http://dx.doi.org/10.1039/d0nj04447d
http://dx.doi.org/10.1039/d0nj04447d
http://dx.doi.org/10.1039/d0nj04447d
http://dx.doi.org/10.1039/d0nj04447d
http://dx.doi.org/10.1016/j.jcis.2004.03.019
http://dx.doi.org/10.1016/j.jcis.2004.03.019
http://dx.doi.org/10.1016/j.jcis.2004.03.019
http://dx.doi.org/10.1039/c3dt50955a
http://dx.doi.org/10.1039/c3dt50955a
http://dx.doi.org/10.1039/c3dt50955a
http://dx.doi.org/10.1039/c3dt50955a
http://dx.doi.org/10.1038/74464
http://dx.doi.org/10.1038/74464
http://dx.doi.org/10.1038/74464
http://dx.doi.org/10.1038/74464
http://dx.doi.org/10.1016/j.cej.2014.10.020
http://dx.doi.org/10.1016/j.cej.2014.10.020
http://dx.doi.org/10.1016/j.cej.2014.10.020
http://dx.doi.org/10.1016/j.cej.2014.10.020
http://dx.doi.org/10.1016/s0304-8853(99)00347-9
http://dx.doi.org/10.1016/s0304-8853(99)00347-9
http://dx.doi.org/10.1016/j.proeng.2017.04.118
http://dx.doi.org/10.1016/j.proeng.2017.04.118
http://dx.doi.org/10.1016/j.proeng.2017.04.118
http://dx.doi.org/10.1016/j.proeng.2017.04.118
http://dx.doi.org/10.1002/slct.202101651
http://dx.doi.org/10.1002/slct.202101651
http://dx.doi.org/10.1002/slct.202101651
http://dx.doi.org/10.1002/slct.202101651
http://dx.doi.org/10.1002/slct.202101651
http://dx.doi.org/10.1002/jccs.202000349
http://dx.doi.org/10.1002/jccs.202000349
http://dx.doi.org/10.1002/jccs.202000349
http://dx.doi.org/10.1002/jccs.202000349
http://dx.doi.org/10.1002/adem.201701166
http://dx.doi.org/10.1002/adem.201701166
http://dx.doi.org/10.1002/adem.201701166
http://dx.doi.org/10.1002/adem.201701166
http://dx.doi.org/10.1002/adem.201701166
http://dx.doi.org/10.1002/adem.201701166
https://dx.doi.org/10.3390/s8095775
https://dx.doi.org/10.3390/s8095775
https://dx.doi.org/10.3390/s8095775
https://dx.doi.org/10.3390/s8095775
http://dx.doi.org/10.21203/rs.3.rs-3192360/v1
http://dx.doi.org/10.21203/rs.3.rs-3192360/v1
http://dx.doi.org/10.21203/rs.3.rs-3192360/v1
http://dx.doi.org/10.21203/rs.3.rs-3192360/v1
http://dx.doi.org/10.21203/rs.3.rs-3192360/v1
http://dx.doi.org/10.1016/j.cej.2014.04.105
http://dx.doi.org/10.1016/j.cej.2014.04.105
http://dx.doi.org/10.1016/j.cej.2014.04.105
http://dx.doi.org/10.1016/j.cej.2014.04.105
http://dx.doi.org/10.1016/j.cej.2012.10.042
http://dx.doi.org/10.1016/j.cej.2012.10.042
http://dx.doi.org/10.1016/j.cej.2012.10.042
http://dx.doi.org/10.1016/j.cej.2012.10.042

	Synthesis and Application of Magnetic Fe₃O₄@GO-3,5-Diaminopyrazole Nanocomposite for Pb(II) Adsorpti
	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Preparation of GO
	Preparation of Fe3O4@GO nanostructures
	Preparation of 3,5-diamino-1H-pyrazole compound
	Preparation of isoxazole-3,5-diamine compound
	Preparation of Fe3O4@GO@3,5-diamino-1H-pyrazole (Fe3O4@GO@PYR NCs)
	Preparation of Fe3O4@GO@isoxazole-3,5-diamine nanocomposite
	Measuring adsorption efficiency
	Optimization of the adsorption process via response surface method

	RESULTS AND DISCUSSION
	Investigation of the adsorption process by 3,5-diaminopyrazole functionalized magnetic graphene oxid

	CONCLUSION
	CONFLICT OF INTEREST
	REFERENCES

