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This study aimed to evaluate the efficiency of Beidellite and graphene adsorbents in
removing Congo red dye from water to enhance water treatment processes. Due to
Congo Red's environmental and health risks, its effective removal from water
resources is essential. This research examined Beidellite and graphene adsorbents
using instrumental analyses such as SEM, FTIR, EDAX, XRD, and zeta potential.
The influence of adsorbent concentration, pH, temperature, and contact time on dye
adsorption was also investigated. The results demonstrated that graphene achieved a
removal efficiency of 87.66 % at a temperature of 50°C and pH=9, while Beidellite
exhibited a removal efficiency of 80.78 % at a temperature of 20 °C and pH=6,
showing optimal performance in removing Congo red from water. The pseudo-
second-order kinetic model and Freundlich isotherm provided the best fit for the
experimental data. Besides, thermodynamic parameter analysis revealed that the
adsorption process for both graphene and Beidellite was spontaneous, with the
reaction being exothermic for Beidellite and endothermic for graphene. The
adsorption capacities for graphene and Beidellite were determined to be 5.47 mg/g
and 6.73 mg/g, respectively. Desorption experiments indicated a high recovery rate,
particularly at low dye concentrations. Therefore, further research on these
compounds is recommended, given the high efficiency of Beidellite and graphene
adsorbents in removing Congo red and their potential for reuse in water treatment
processes.
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Figure 1: Chemical structural of Congo red.
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Figure 3: XRD analysis of (a) graphene and (b) beidellite.
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Figure 4: analysis of energy dispersive X-ray spectroscopy (EDS) (a) and (b) graphene absorber before and after Congo Red dye, (c), and (d)

beidellite before and after Congo Red dye adsorption.
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Figure 5: Continue.
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Figure 6: Effect of adsorbent dosage of graphene and beidellite on congo red adsorption capacity.
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Table 1: The results of thermodynamic constants of adsorption of Congo red dye by Beidellite.

Temperatures (K) _ AG°(KJ/mol) AH® (KJ/mol) AS°(J/mol.K)

1275.03 -3105.976012
303 746.2888 -1880.007457 -40.655 +454.79
313 383.8982 -999.0112537
323 283.3796 -760.9937767

OB il - 8,558 ) wde (Seelusge s slacal mls Y Jgaer
Table 2: The results of the thermodynamic parameters of the adsorption of Congored dye — graphene.

Temperatures (K) _ AG°(KJ/mol) AH® (KJ/mol) AS°(J/mol.k)

711.53846 -15.998271
303 716.18357 -16.56068 +9.8177 -87.58
313 816.09808 -17.44709
323 1027.1392 -18.622147
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Figure 10: The effect of time on the adsorption capacity of Congo t by graphene and beidellite adsorbents.
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Figure 11: Kinetic models (a) and (c) pseudo-second order of Congo red dye with graphene and beidellite adsorbents, (b) and (d) intraparicle
diffusion of Congo red dye with graphene and beidellite adsorbents.
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Table 3: Kinetic constants of Congo red dye adsorption by graphene and beidellite.

Dye — adsorbent Pseudo- Second- Order Intraparticle diffusion

Qe Kz
Congo Red- Beidellite 5.6529 0.159
Congo Red- Graphene 3.6049 0.3074
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Table 4: Isotherm constants of Congo red dye by graphene and beidellite adsorbents.

n Kf
Congo Red- Beidellite 0.498 0.286
Congo Red- Graphene 0.194 0.017

R? A B R?
0.9682 0.57 5.9708 0.9427
0.95515 0.50 11.51 0.8438
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Figure 12: Congo red isotherm (a), and (c) Freundlich model with graphene and beidellite, (b), and (d) Temkin model with graphene and beidellite.
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Table 5: Comparison of adsorption capacities between different adsorbents for Congo red removal.

gum-grafted crylamide hydrogel 54.0 (54)
Hollow zinc ferrite 16.58 (55)
Hierarchical NiO nano-sheets 151.7 (56)
Chitosan -coated quartz sand 4.0 (57)
Chitosan coated magnetic iron oxide 56.66 (58)
bentonite modified with CaCl: 227.20 (59)
Activated red mud 7.1 (60)
Cashew nut shell 5.18 (61)
Mango leaf 4.49 (62)
Montmorillonite 12.7 (63)
graphene 5.48 This study
Beidellite 6.73 This study
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