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Abstract

Kinetics and thermodynamics of biosorption of uranium by microalgae Received: 24 December 2022
Chlorella vulgaris were studied in a batch system at different Accepted: 4 April 2023
temperatures and concentrations. The effect of parameters such as pH, Page Number: 117-131

contact time, initial pollutant concentration and temperature on
the absorption was studied. By investigating the effect of pH, its optimal
value was determined to be 4.5 in the studied temperature and
concentration range. The maximum absorption value occurred at
a temperature of 15°C and an initial concentration of 500 mg/L. It was
observed that the absorption capacity of microalgae Chlorella vulgaris
for uranium, decreases with increasing temperature. To study the kinetics

of the adsorption process, the saturation type kinetic model was used and Keywords.

the correlation coefficients showed that this model is suitable for uranium U_ranlum., o
biosorption. By modeling the equilibrium sorption of uranium absorption Biosorption Kinetics,

by microalgae with Langmuir and Freundlich models, it was observed Biosorption

that the experimental data is in good agreement with the Langmuir Thermodynamics,
isotherm. Also, by using equilibrium constants at different temperatures, Microalgae  Chlorella
thermodynamic parameters (4S, 4H and AG) were determined, which Vulgaris,

indicates exothermal and spontaneity of the process Equilibrium Modeling
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Figure 1. The effect of the initial pH on uranium uptake by the microalgae Chlorella vulgaris

(initial concentration: 350 mg/L, contact time: 24 h, T: 25 °C, adsorbent dosage: 1 g/L, and 150 rpm).
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Figure 2. Uranium absorption rate by Chlorella vulgaris microalgae at different temperatures

(initial concentration: 350 mg/L, pH: 4.5, adsorbent dosage: 1 g/L, and 150 rpm).
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Figure 3. Uranium absorption rate by pretreated Chlorella vulgaris microalgae at different temperatures
(initial concentration: 350 mg/L, pH: 4.5, adsorbent dosage: 1 g/L, and 150 rpm).
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Figure 4. 1/r,4 versus 1/C; plots at different temperatures (Chlorella vulgaris microalgae )
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Figure 4. 1/r,4 versus 1/C; plots at different temperatures (pretreated Chlorella vulgaris microalgae )
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Table 1. Kinetic constants with the correlation coefficients at different temperatures for raw and pretreated Chlorella vulgaris

microalgae.
Biosorbent k1x10? ( L/g.min) kox10* (L/mg)

15 4.17 8.29 0.9995

Raw Chlorella vulgaris 25 3.72 7.51 0.9997
35 3.17 6.97 0.9998

15 4.59 8.45 0.9963

Pretreated Chlorella vulgaris 25 3.95 7.66 0.9993
35 3.52 7.01 0.9999
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Figure 6. Ln (k;) versus 1/T plots.
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Table 2. The effect of initial concentration of uranium on the initial rate and absorption capacity of
raw Chlorella vulgaris microalgae at different temperatures.

Ci(mg/L)
50
15 350
500
50
25 350
500
50
35 350
500

rad (Mg/g.min)

2.05 19
11.80 148
14.03 203
1.78 17
10.02 135
12.63 186
1.53 14
9.06 123
11.50 155
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Table 2. The effect of initial concentration of uranium on the initial rate and absorption capacity of
pretreated Chlorella vulgaris microalgae at different temperatures.

Ci(mg/L)

50
15 350
500

50
25 350
500

35 50

rad (Mg/g.min) ge (Ma/g)
2.20 22
12.82 158
15.53 221
1.93 19
11.06 145
1412 200
1.74 16
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Figure 7. The effect of initial concentration of uranium on absorption amount by microalgae Chlorella vulgaris
(pH: 4.5, T: 25 °C, adsorbent dosage: 1 g/L, and 150 rpm).
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Figure 8. Equilibrium uptake of uranium by Chlorella vulgaris microalgae: comparison of experimental data
with Langmuir and Freundlich isotherms (pH: 4.5, T: 25 °C, adsorbent dosage: 1 g/L, and 150 rpm).
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Figure 9. Equilibrium uptake of uranium by pretreated Chlorella vulgaris microalgae: comparison of experimental data
with Langmuir and Freundlich isotherms (pH: 4.5, T: 25 °C, adsorbent dosage: 1 g/L, and 150 rpm).
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Table 4. Langmuir and Freundlich model Parameters for uranium absorption by Chlorella vulgaris microalgae.

Model Parameter

Qmax (MY/g)
b (L/mg)
RZ
ke ((mg/g)(L/mg)*"")
Ferundlich n

RZ

P99l () D32 Suolindge )3 9 p 59 pul (St 42l

Langmuir

Raw algae Pretreated algae
147.06 161.29
0.02414 0.2426
0.9932 0.9989
13.24 15.35
2.39 2.45
0.8534 0.8972
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Figure 6. Ln (k) versus 1/T plots.
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