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Abstract

Production of an adsorbent for water treatment with minimum energy, with Received: 31 August 2025
a green method is the purpose of many researchers. MOFs (Metal-Organic Accepted: 7 December 2025
frameworks) are a type of novel porous materials that have many Page Number: 100-113

applications in different fields. Owing to their outstanding properties such as
high porosity, high specific surface area, these materials are able to be used
in different applications such as energy storage, hydrogen storage, and to be
applied as water pollutant adsorbents from wastewater. But many of them are
unstable in water and their structure will collapse. A highly stable
Cerium-based MOF (Ce-UiO-66 MOF) was synthesized in water in a short
period of time via a green room temperature synthetic method, activated via
methanol reflux for three days at 60 °C, and finally it was characterized. In
this project anionic Congo red (CR) dye was used as a model pollutant to
investigate the influence of different conditions on the adsorption
performance of the resulting Ce-MOFs. XRD and FTIR analyses confirmed
the successful synthesis and high stability of this adsorbent after soaking in
methanol reflux at 60 °C. N, adsorption/desorption analysis showed that this
MOF has a surface area of 572 m?g and a pore volume of 0.38 cm®/g.
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The adsorption kinetic and adsorption isotherm of Ce-UiO-66 were described Keywords:

by the Pseudo-second-order kinetic model and the Langmuir isotherm model,

respectively. The prepared MOF showed good adsorption performance Water Treatment,
toward anionic CR dye. The highest adsorption capacity was measured to be Room Temperature
about 400 mg/g after 2 h. The adsorption process was endothermic, and Synthesis,

the adsorption capacity of CR was decreased in the presence of CI- ions.
Additionally, in acidic condition adsorption of dye increased and in alkaline .
condition decreased. Accordingly, it can be proposed that it is possible to Ce-UiO-66 MOF,
synthesize this adsorbent in industrial scale and it has good potential for Congo Red

water treatment process.
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8. Congo Red (CR)
9. Hydrothermal Synthesis
10. N,N-Dimethylformamide (DMF)

1. Biochar

2. Activated Carbon

3. Zeolite

4. Metal-Organic Framework (MOF)

5. Porous Coordination Networks (PCNSs)
6. Porous Coordination Polymers (PCPs)
7. University of Oslo (UiO)
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Table 1 -Comparison of synthesis conditions and used solvents for different green adsorbents.

Surface

Adsorbents ) Used solvents Synthesis methods References
area (m*/g)
Water, DMF, and Ivoth 1 h 100 °C fi i
Ce-UiO-66 924 ater, , an Solvot ermfa .met od at 100 -C or 360 min under 1]
acetone ultrasonic in DMF/H,0O mixture as solvents
Ce-Ui0-66 170 Water, DMF, and Solvothermal methoq at 100 °C for 180 min in DMF/H,0O 1]
acetone mixture as solvents
Ce-Ui0-66 1282 Water, DMF, and Solvothermal methoc} at 100 °C for 15 min in DMF/H,0 [12]
acetone mixture as solvents
Ce-Ui0-66 560 Water, DMF, and Solvotherma.l method at 50 °.C for 30 min under ultrasonic [13]
chloroform in DMF/H,O mixture as solvents
Water, DMF, and
Ce-Ui0-66 968 ater, VL, an In H,O/NaClO,.H,0 mixture at room temperature for 6 h [14]
methanol
Co-Ui0-66 554 Water, DMF, and In H,O at room temperature for 24 h min, using acetic acid 7]
ethanol as modulator
Water, DMF, ethanol
Ce-UiO-66 572 awer, » Stnano In H,0/NaClO4.H,0 mixture at room temperature for 6 h This work
and hot methanol

1. Sodium Perchlorate Monohydrate (NaClO4.H,0)
3. Ammonium Cerium(IV) Nitrate (NH,),[Ce(NOs)e]
5. Sodium Hydroxide (NaOH)

2. Sodium Chloride (NaCl)

4. 1,4-Benzendicarboxylic Acid or Terephthalic Acid (BDC)

6. Hydrochloric Acid (HCI)
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Figure 1. (a) XRD, (b) FTIR, (c¢) Zeta potential, and (d) FESEM image of Ce-UiO-66.
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Figure 2. (a) Nitrogen adsorption-desorption isotherms and (b) TGA plots of Ce-UiO-66 MOF.
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Table 2. Comparison of the specific surface area of various adsorbents with the adsorbent of this work.

Adsorbents Surface area (m?/g) References
Ce-Ui0-66 1084 [21]
UiO-66-NH, 890 [22]
Ce-UiO-66-NH, 458 [22]
Ce-Ui0-66 1101 [6]
Ce-UiO-66-OH 308 [23]
Ce-Ui0-66 266-529 [24]

Ce-UiO-66 572 This work
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Figure 3. Results of (a) Adsorption Kinetic (b) pseudo-second-order diagram, (c) adsorption isotherm, and (d) Langmuir diagram.
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Table 3. Summary of calculated kinetic parameters.

Kinetics models Parameters

Pseudo-first-order

Pseudo-second-order

Intra-particle diffusion

R2
Ky (1/min)
Qe (Mg/g)

R2
K, (g/mg min)
Qecal (MY/9)
Qeex (MY/g)
R2
Kia (mg/g min*?)

C (mg/g)

0.8014
-0.0196
8.81
0.9982
0.0042
55.24
54.48
0.9392
1.0075

4291
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Table 4. Summary of calculated isotherm parameters.

Isotherm models Parameters

R 0.8223

Freundlich Kr (L/g) 62.84
Ne 2.42

R 0.9958

K (L/mg) 0.15

Langmuir

Qmax.cal (MY/Q) 400
Qmaxexp (MY/Q) 371

R 0.8398

Temkin B+ (J/mol) 32.83
Ar (L/g) 1.76

S8 LAl L 03 0 0l il i S 8 ) (slaslio & Jgan

Table 5 - Comparison of the adsorption capacity of the adsorbent of this work with other adsorbents.

Adsorbents Q. (mg/g)
Ui0-66 493
Ui0-66 283

Ce-UiO-66 793

MOP@Ei2-1 27

MOF-235 1250

SCNU-Z1-Cl1 585

Ce-UiO-66 400

Conditions References
- [28]
t=240 min, pH=7, T=35 ‘C [29]
t=120 min, pH=5, T=25 ‘C [6]
t=7600 min, pH=7, T=25 °C [30]
t=120 min, pH=7, T=25 ‘C [31]
t=1440 min, pH=7, T=25 °C [32]
t=120 min, pH=7, T=25 °C This work
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Table 6. Calculated thermodynamic parameters for the adsorption of CR over the Ce-UiO-66 MOF.

Temperature (K) Q. (mg/g) AG® (kJ/mol) AS® (J/mol K) AH® (kJ/mol)
298 70.29 -0.008
308 74.14 -0.010 261.13 69.76
318 78.17 -0.013
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Figure 4. Effects of (a) salt concentration and (b) pH on the adsorption capacity of adsorbent.
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Figure S. Summary of dye adsorption mechanisms.
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