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Introduction

Technogenic disasters and the accidental release of radioactive waste are sources of radionuclide contamination, and the issue of radionuclide remediation remains open to this day. Among the numerous technologies for radionuclide

removal, adsorption and ion exchange technologies have proven to be the most effective and cost-efficient in environmental applications. Clays and their minerals, as well as their modifications and treated forms, are among the best

adsorbents due to their high efficiency, availability, and low toxicity, and are economically feasible. Aim. To determine the mechanism of adsorption of Cs(I) and Co(II) on clay-graphene oxide-γ-Fe2O3/Fe3O4 composite.

Adsorption mechanism

The mechanism of adsorption was determined according to isotherms (Langmuir, Freundlich, Temkin, and Dubinin-Radushkevich (DR), kinetics (pseudo-first, pseudo-second-order kinetic models, and the Weber-Morris intraparticle

diffusion model), and thermodynamics (Gibbs free energy change (ΔG), enthalpy change (ΔH), and entropy change (ΔS) of adsorption.

Results

Models Parameters Cs(I) Co(II)

Freundlich

log 𝑞𝑒 = log𝐾𝑓 +
1

𝑛
log 𝐶𝑒

R2 0.993 0.987

Kf [(mg/g)(L/mg)1/n] 0.570 0.705

1/n 0.895 0.859

Langmuir

𝐶𝑒
𝑞𝑒

=
1

𝐾𝐿𝑄𝑚𝑎𝑥
+

𝐶𝑒
𝑄𝑚𝑎𝑥

𝑅𝐿 =
1

1 + 𝐾𝐿𝐶𝑖

R2 0.982 0.926

KL (L/mg) 1.230E–04 0.001

Qmax (mg/g) 2650.053 373.134

RL 0.392 0.202

D-R

𝑞𝑒 = 𝑄𝑚𝑎𝑥 exp −𝛽𝜀2

R2 0.517 0.404

ln Qmax –0.035 –0.002

ß (mol2/J2) 6.619 5.336

E (kJ/mol) 0.275 0.306

Temkin

𝑞𝑒 =
𝑅𝑇

𝐵𝑇
ln 𝐾𝑇 +

𝑅𝑇

𝐵𝑇
ln 𝐶𝑒

R2 0.792 0.756

KT (L/mg) 0.002 0.009

BT (j/mol) 569.022 156.878

Kinetic models Parameters Cs(I) Co(II)

Pseudo-first-order

ln(𝑞𝑒 − 𝑞𝑡) = ln 𝑞𝑒 − 𝐾1 ∙ 𝑡

R2 0.247 0.394

K1 (min–1) –4.167E–05 –1.250E–05

qe Theo (mg/g) 75.717 88.235

Pseudo-second-order

𝑡

𝑞𝑒
=

1

𝐾2𝑞𝑒
2 +

1

𝑞𝑒

R2 0.999 0.993

K2 [g/(mg min–1)] 0.001 0.002

qe Theo (mg/g) 769.231 250.000

qe. Exp (mg/g) 757.541 245.919

Intraparticle diffusion model

𝑞𝑡 = 𝐾𝑑𝑖𝑓𝑓𝑡
0.5 + 𝐶

First stage

R2 0.896 0.971

Kdiff [mg/(g·min0.5)] 37.544 14.993

C (mg/g) 502.659 92.249

Second stage

R2 - -

Kdiff [mg/(g·min0.5)] 7.843 38.638

C (mg/g) 696.786 –53.366

Third stage

R2 0.961 0.853

Kdiff [mg/(g·min0.5)] –1.511 –5.978

C (mg/g) 768.684 287.813
T (K) ΔGº (kJ/mol) ΔHº (kJ/mol) ΔSº (J/mol K)

Cs(I)

298 4.635

9.514 16.754
308 4.719

318 3.593

328 3.798

348 4.025

Co(II)

298 4.263

21.801 59.567
308 3.326

318 2.701

328 2.157

348 1.251

Thus, adsorption occurred non-spontaneous for Cs(I), spontaneous for Co(II), endothermically and favourably on a heterogeneous surface with

minimal interaction between adsorbed atoms and was regulated by film diffusion in the case of caesium and by a mixed type – intraparticle and film

diffusion in the case of cobalt. The adsorption mechanism is physical according to the values of the parameters E (kJ/mol) and ΔH (kJ/mol).

However, according to the values of the parameters 1/n (Freundlich constant referring to the heterogeneity of the surface of the adsorbent) and BT

(j/mol), and according to the pseudo-second-order kinetic model, it is chemical adsorption. We assume that the adsorption of caesium and cobalt on

clay-graphene oxide-γ-Fe2O3/Fe3O4 has a mixed mechanism involving both physical and chemical due to the complexity of the composite matrix.
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Table 1 Parameters of the isotherms (A), kinetics (B), and thermodynamics (C) 

Fig. 1 The non-linear isotherm models of Freundlich (A), Langmuir (B), D-R (C), and Temkin (D)

Fig. 2 Plots of lnKc as a function of 1/T relating to 

the adsorption of Cs(I) and Co(II) on Clay-GO- γ-

Fe2O3/Fe3O4 at different temperatures

Fig. 3 Pseudo-first-order (A), pseudo-second-order (B), and intraparticle diffusion model (C)


