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In this research, the following three adsorbents were synthesized and characterized to
investigate the role of nanoparticles in the removal of the cationic dye safranin: a
nanocomposite of graphene oxide-activated carbon (GO-AC) as a blank sample,
graphene oxide-activated carbon-aluminum hydroxide nanoparticle (GO-AC-AI(OH)3
NPS) and graphene oxide-activated carbon-cerium oxide nanoparticles (GO-AC-CeOz
NPS). The synthesized nanomaterials were identified and characterized by Fourier-
transform infrared spectroscopy (FTIR), X-ray diffraction (XRD), scanning electron
microscopy (SEM), dynamic light scattering (DLS), and energy-dispersive X-ray
spectroscopy (EDX). The effect of various parameters such as pH, initial dye
concentration, adsorbent amount, contact time, and temperature in the safranin dye
adsorption process was investigated. The used nanoparticles have a high surface area,
good mechanical strength, and different functional groups. Graphene oxide, activated
carbon, nanoparticles of cerium oxide, and aluminum hydroxide can be effective in
the adsorption of safranin dye by forming various electrostatic interactions, n-w, and
hydrogen bonds due to their different cavities and functional groups. Mechanisms
affecting the removal of contaminants were studied with the Freundlich and Langmuir
isotherm models. The results showed that the removal of safranin dye followed the
Freundlich isotherm, and the value of the R? correlation coefficient for oxide graphene
/activated carbon, oxide graphene/activated carbon/cerium oxide, and oxide graphene
/activated carbon/aluminum hydroxide were obtained 0.973, 0.986 and 0.9994,
respectively. The synthesized nanocomposites from cerium oxide and aluminum
hydroxide nanoparticles showed good performance in removing safranin dye as
compared to the blank sample (GO-AC).
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Figure 1: The Chemical structure of Safranin dye.
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Figure 2: FTIR spectrum before adsorption (a) and after adsorption of safranin (b) 1) Graphene oxide / carbon nanocomposite 2) Graphene oxide /
activated carbon nanocomposite / Cerium oxide 3) Graphene oxide / activated carbon nanocomposite / Aluminum hydroxide.
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Figure 3: XRD pattern (a) Graphene oxide / activated carbon nanocomposite (b) Graphene oxide / activated carbon nanocomposite / Cerium oxide (c)
Graphene oxide / activated carbon nanocomposite / Aluminum hydroxide.
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Figure 4:1) Scanning electron microscope image of graphene oxide / activated carbon nanocomposite, 2) graphene oxide / activated carbon
nanocomposite / cerium oxide and 3) graphene oxide / activated carbon/ / Aluminum hydroxide nanocomposite with different magnification.
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Figure 4: Continue.
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Table 1: Elemental analysis results of synthesized nanocomposites.

Graphene oxide / activated carbon

Graphene oxide / activated carbon / cerium
oxide

Graphene oxide / activated carbon /
aluminum hydroxide

C

Al

64.8

35.2

72.8

27.2

55.9

35.3

7.8
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Figure 5: (a) Hydrodynamic diameter (DLS: Dynamic light scattering) of graphene oxide / activated carbon nanocomposite / cerium oxide (b) of
graphene oxide / activated carbon nanocomposite / aluminum hydroxide.
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Figure 6: Effect of initial concentration on safranin dye with nanocomposites: (a) graphene oxide / activated carbon (b) graphene oxide / activated
carbon / cerium oxide (b) graphene oxide / activated carbon nanocomposite / aluminum hydroxide.
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Figure 7: Effect of solution pH on safranin dye with nanocomposites: (a) graphene oxide / activated carbon (b) graphene oxide / activated carbon /
cerium oxide (c) graphene oxide / activated carbon nanocomposite / aluminum hydroxide.
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Figure 8: Effect of contact time on safranin dye with nanocomposites: (a) graphene oxide / activated carbon (b) graphene oxide / activated carbon /
cerium oxide (c) graphene oxide / activated carbon nanocomposite / aluminum hydroxide.
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Figure 9: Effect of temperature on safranin dye with nanocomposite adsorbents: (a) graphene oxide / activated carbon (b) graphene oxide / activated
carbon / cerium oxide (b) graphene oxide / activated carbon nanocomposite / aluminum hydroxide.
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Table 2: Results obtained from isothermal models for graphene oxide / activated carbon nanocomposites, graphene oxide / activated carbon / cerium
oxide and graphene oxide / activated carbon / aluminum hydroxide.
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Figure 10: Langmuir isotherm diagram with nanocomposite adsorbents (a) graphene oxide / activated carbon (b) graphene oxide / activated carbon /
cerium oxide (c) graphene oxide / activated carbon nanocomposite / aluminum hydroxide.

Ya-07 A(1€:1) A7 /55, 5o9Ld 9 pgle (Sole dy juis



i3 (355 60y JuanST (Gl H920l5'g3l 31 0 3aianl b ¢yl p8lus (1355 038IT B3a / Yl)lSed 9 &3] p0 el

2.302

y =-0/0049x + 2/284

» )
R? = 0/986 4

2.3
2.298

2.296

Ln ge

2.294
2.292

2.29 °

2.288

Ln Ce

y=-0/0726x + 2/2536
R 2=0/9994

2.26
224 (@) o =-0/1198x+ 2/2686
. R?= 0/973
2.22 N
2.2 e D
@ 2.18 '
5 2.16
2.14
2.12 .
21 e
2.08
0 0.5 1 1.5
Ln Ce
2.246
2208 |© ~
2.242 e,
2.24 '
@ 2.238
S 2.236
2.234
2.232
2.23
2.228
0 0.1

0.2
Ln Ce

0.3 0.4 0.5

ST 20350515 €)o7 ST JUsE TS nS10) Job 55T 31,8 S @) (03l 5 slo 3L b bt 8 gl sloses 1Y S
LI PR YN P BTN I

Figure 11: Freundlich isotherm diagram with nanocomposite adsorbents (a) graphene oxide / activated carbon (b) graphene oxide / activated carbon /
cerium oxide (c) graphene oxide / activated carbon nanocomposite / aluminum hydroxide.
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