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This paper used three magnetic adsorbents, including polyaniline@NiFe20a,
polyaniline@MgFe204, and polyaniline@MnFe204 to remove congo red dye. The
synthesized nanocomposites were identified using SEM, XRD, EDX, and FT-IR
methods. Then the factors affecting the removal efficiency of congo red were
optimized for all three adsorbents. Under optimum conditions, the removal
efficiencies of congo red from aqueous media by polyaniline@NiFe20s,
polyaniline@MgFe204, and polyaniline@MnFe204 were calculated as 92, 90 and
89 %, respectively. The reusability of the used nanocomposites was investigated, so 1
M HCIl as a recovery agent could recover up to 4 times all three nanocomposites. The
synthesized sorbents performed the removal of congo red from real samples,
including well water and dyeing wastewater. The results showed that the matrix does
not significantly affect the efficiency of the nanocomposites so that they could be used
in real samples with complex matrices.
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Figure 5: SEM micrograph of (a) MgFe,O,, (b) polyaniline-MgFe,O.
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Figure 6: SEM micrograph of (a) MnFe,O nanopatrticles, (b) polyaniline-MnFe;O.
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Figure 7: SEM micrograph of (a) NiFe,O, and (b) polyaniline-NiFe,Os.
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Figure 8: FT-IR spectroscopy of (a) MgFe,O, nanoparticles and (b) MgFe,O, nanocomposite.
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Figure 9: FT-IR spectroscopy of (a) MnFe,O4 nano particles and (b) polyaniline-MnFe,04 nano composite.
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Figure 10: FT-IR spectroscopy of (a) NiFe,O4 nanoparticles, (b) polyaniline-NiFe,O, nanocomposite.
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Figure 11: Optimization of pH to remove CR solution (50 ppm) using polyaniline-MgFe,O,, polyaniline-MnFe,O4and polyaniline-NiFe,O, after 30min.
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Figure 12: Time optimization for adsorption process to remove CR solution (50 ppm) using polyaniline-MgFe,O,, polyaniline-MnFe, O, and
polyaniline-NiFe,O4
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Figure 13: Optimization of the amount of adsorbent to remove CR ((50 ppm) after 180 min.

S L bl 51 o b il gl 5 o i Sostinls 251
Sl dm 9 D3La 5l S e ol e g wibl e BT e
ansn 5 oile bl 5
Ba o Lacdlagil sl jo fulil b pde jea>
245 emyp o=l @S S BT LS ) 090 9555 08
y9—am A4S A e e i (el 00l 03,6l V8 9 VO sla S
033l g Lz ail8 )0 (ol Hlews Sl O3l LSl o Gl

Bodlr dl il ol gy —F-Y-Y
polyaniline- (polyaniline-MgFe20s lL_a3l=4b ol 50
VSO S sl Joke lawgs polyaniline-NiFe204 4 MnFe20a
ol VSl jo Gialejl ool 5l ol zlas o sl Yge
S92 plasl Wil oo a5 50 4 B oy jonalS 5l (b3l o wwo oo
QO laoe 0 el as 3 VY sgus Lo Bl ool célas Jb e

AN FPOEY)NY /55) 609U 9 pgle (ole &g s



Polyaniline@MFe,O, (M: Mg, Mn, Ni) (suulblido sl 910l 93l (32 olgd 9 (plbduastine jiinw / gHlKed 9 & pare

Gl Ul o il Gdlrgil o5 Cal ol Sl o5, 5 olael
Bl 958 e 8 B 003l g i B Sluis cuslie
S g 00U Yw 6L‘°C“€.}5¢"L593U 6‘].’ b Co e Q.3~| as ol

D9 s

i e S —FY_Y
Fo S j0malS (59, 55 308 Qi (028 lwesls Al p
w|)_c 9 M 6L(b).».a|)l.u \ de_’> U 00 )U 4 03
5 20 lmosls Loy Lo Jo o o3lo 5l Jolo Ko
azgi baws oo lid ) (St sl Juw lojlogai VA S
9 Jgl a0 acs Jae 98 ¢lp (RY) Sed ol o (ylime @
L ccillae o)l o s Ol dw 12 (gl opoo a0 s

A odslice pgd Az 0 Al Joas

polyaniline-MgFe204 gl 955 50,8 Ba> 003l 0,0 i
1 5lwe) @waw o polyaniline-NiFe204 4 polyaniline-MnFe204
aS JLs o cul 0oy OFFF g STV FA ol ey 4 aids
a_ NiFe204 3 MnFe204 (MgFe20s (gl 455 30,8 Ba> o03b
ool ead coslie (Lud) e canl a0 Vg AN S
sl Stiuly S andls gl 45 Gics anl b pplse
S5y L Sl b b b il anld l 13 05 92 sr
ailr G 5 4231 sl g5 31 Sty S S 00 1 s

b aalys oty ;5 alS ol gl (59) Ky iz cle

by s sbdige 3l 505 30,8 Bio owyp =O-T-Y

oud dngd slaodl
7 855 Sl 5 oly Ol dor Sl hii> aiged 50 (slgime il
ot ot @l b gy ol lasgs 5SS 50,8 Bd a3
Ba> 033b ol Cawdgy bt Bab .l oo 00,5 VY S 4o
Ol el Ly L85 (65,50, Sl g ol T ol o 68 503

P9 az,0 and g Jgl az )0 and (St Joo gloaasin ) Jgur
Tablel: Parameters obtained for pseudo-first-order and pseudo-second-order Kinetic models.

pseudo-first-order

I N A I R

adsorbent
polyaniline - MgFe,0, 0.9913 0.0172
polyaniline - MnFe,0,4 0.988 0.0177
polyaniline - NiFe;O,4 0.9629 0.0166
100

80

60

40

20

Removal efficiency of Congo red %

pseudo-second-order

163.23 0.9933 1.79.10* 222.2
164.02 0.9925 1.73.10* 222.2
102.258 0.9964 4.7.10* 196.1

E Polyaniline-MgFe, 0,
B Polyaniline-MnFe; 0,

@ Polyaniline-MiFe;0,

Cycle

Jpolyaniline-NiFe;O, 4 polyaniline-MnFe;QO, (polyaniline-MgFe;0, slacdl>oib bk IV S

Figure 14: Reuse of the polyaniline-MgFe,O,, polyaniline-MnFe,O, and polyaniline-NiFe,O, nanoadsorbents.
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Figure 15: Effect of polyaniline in (a) polyaniline-MgFe,Os, (b) polyaniline-MnFe,O,and (c) polyaniline-NiFe,O, adsorbent in CR adsorption process.
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Figure 16: The removal of CR (50 ppm) with 5 mg of adsorbents.
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Figure 17: The removal of CR using polyaniline-MgFe,O;, polyaniline-MnFe,O,, polyaniline-NiFe,O, nanocomposites from water, well water and
dyeing wastewater.
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Figure 18: Pseudo-first-order kinetics (a) and pseudo- second-order kinetics (b) for modeling adsorption of CR on the adsorbents.
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Table 2: The values of Langmuir and Freundlich isotherm constants.

Langmuir isotherm

Freundlich isotherm

Adsorbent [ B e e [ B —
Polyaniline - MgFe;O, 0.9987 0.126 384.6 0.9962 75.46 2.283
Polyaniline - MnFe,O, 0.9972 0.124 357.1 0.9931 75.23 2.428
Polyaniline - NiFe,O, 0.9981 0.110 357.1 0.9875 67.14 2.366

515 J,QJB «_i.\) B> 6‘;» ol Hdl&bu&l} L\).i:b 6L€buél> UA} wﬁj.’o L)"J’“"""‘J MLD.A Y’ J,-\.’?
Table 3: Comparison of the maximum adsorption capacity of various adsorbents with synthesized adsorbent in CR dye removal.

Polyaniline - MgFe,04
Polyaniline - MnFe,O,
Polyaniline - NiFe,O,4
ZnFe;,0,: 1wt %Ce**/Carbon fibers composite
NiFe;0,4
P3ABA/GO/CoFe,04 nanocomposite
Polyaniline-zinc titanate (PANI/ZTO) nanocomposite
Fe;04/ZnO/PANI

M nFezO4

384.6 This work
357.1 This work
357.1 This work
265.20 [33]
97.10 [34]
153.92 [35]
64.51 [36]
106.4 [37]
25.78 [38]
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Figure 19: Langmuir isotherm plots (a) and Freundlich isotherm plots and (b) for adsorption of CR by the adsorbents.
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