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Water pollution caused by industrial dyes such as methylene blue, due to their chemical
stability and negative environmental impacts, poses a serious challenge in wastewater
management. This research focuses on the development of efficient adsorbents from
activated carbon films prepared from oleaster seeds using the alginate gel method. To
address brittleness and improve the mechanical properties of the adsorbent, 5 to 20
wt. % polyurethane was added. Activated carbon powder was prepared from oleaster
seeds, and then the carbon film adsorbent was synthesized using sodium alginate and
finally modified with polyurethane for the removal of methylene blue dye. Adsorption
experiments were conducted under optimal conditions (pH=10, adsorbent dose 1 g/L,
dye concentration 10 mg/L, temperature 25 °C, time 120 min). The AC-Alg-5 % PU
adsorbent exhibited 89 % adsorption efficiency and a capacity of 27.17 mg/g. Analyses
including FE-SEM, BET, and FTIR were performed. Examination of isotherms and
kinetic models of adsorption indicate physical and chemical adsorption simultaneously,
but the thermodynamic results of adsorption indicate the dominance of physical
adsorption. This study demonstrates the potential of flexible activated carbon films
modified with polyurethane and prepared from the low-cost oleaster seed material as an
attractive option for industrial wastewater treatment and membranes applications.
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4. Powderd activated carbon

5. Sodium hydroxide

6. Sulfuric acid

7. Sodium alginate

8. Iron(l11) chloride hexahydrate
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2. Film activated carbon
3. Polyurethane
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Table 1: Relationships used to perform relevant calculations

Dye removal R=——%x100
2 Equilibrium a}dsorption q- C,-C, <V
capacity M
C, 1 C,
3 —_— —£
P qe quL qm
Langmuir isotherm 1
4 b 14KC
5 Freundlich isotherm Ing, =InK, + % Inc,
- RT
6 Temkin isotherm = T(In K;+InC,)
qe = qm eXp(—ﬂgZ)
1
Dubinin-Radushkevich e=RTIn(l+=)
7 . C
isotherm €
1
N
8 seudo-first-order Kinetics In(g, —q,) =In LR
p: % ~0G)=N0% ~>-0
9 pseudo-second-order r_1 .t
Kinetics k0
qt qu qe
. L 1 1
10 Elovich Kinetics 0, =Eln(aﬂ) +Elnt
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Co: Initial dye concentration (mg.L?*)
Ce: equilibrium of dye concentration (mg.L*)

M: Adsorbent mass (g)
V: Volume of dye solution (L)

Omax: Maximum adsorption capacity (mg.g*)
de: Equilibrium adsorption capacity (mg.g*)
Ky.: Langmuir adsorption constant (L.mg™)
R.: Dissociation constant

K: Freundlich isotherm constant ((mg.g™*) (L.g) ")
n: Adsorption intensity

Kr,b: Temkin constant (L.g?%)

B: D-R constant (mol?-kJ?)
€: Polanyi’s potential
R: Global constant of gases (J.mol*K*)
T: Absolute temperature (K)
E: Average absorbed energy (kJ.mol* )

t: Time (min)
q:: Adsorption capacity at time t (mg.g?)
ki: Adsorption rate constant of PFO (min™)

ko: Adsorption rate constant of PSO (min*)

a: Initial adsorption amount (mg/g - min-1)
B: Desorption constant (g.mg™)
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SEM HV: 15.0 KV WD: 7.23 mm MIRA3 TESCAN SEM HV: 15.0 kv WD: 7.94 mm
View field: 50.9 pm Det: SE 10 pm View field: 50.9pm | Det: SE
SEM MAG: 2.50 kx | Date(m/dly): 06/08/25 SEM MAG: 2.50 kx | Date(midly): 06/08/25

AC-Alg-5 % PU (b) 3 AC-Alg (a) sledl> 5IFE-SEM ,glas 1) JSC&
Figure 1: FESEM images of (a) AC-Alg, and (b) AC-Alg-5 % PU adsorbents.
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Figure 2: FTIR spectra of AC-Alg, and AC-Alg-%5PU samples.
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Figure 3: Adsorption/desorption diagrams obtained from BET analysis for adsorbents (a) AC-Alg, and (b) AC-Alg-5%PU.
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Table 2: Adsorption volume, specific surface area, total pore volume and average pore diameter for adsorbents.

V. (emg) ) v (cmlg) Dag (nM)

AC-Alg 19361 475.17 0.2985 25132
AC-Alg-5%PU 66.38 98.04 0.1025 41811
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Figure 4: Investigation of parameters affecting adsorption capacity; (a) adsorbent dosage, (b) temperature, (c) contact time, and (d) weight percentage
of polyurethane.
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Figure 5: Investigation of the strength and flexibility of the adsorbents by increasing the stirring speed from 300 to 900 rpm.
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Figure 6: Investigation of (a) Langmuir, (b) Freundlich, (c) Dubin-Radshkovich, and (d) Temkin adsorption isotherms for AC-Alg, and AC-Alg-
5%PU adsorbents.
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Table 3: Constants and Values of Adsorption Isotherms for Methylene Blue by Adsorbents.

Adsorbent

Langmuir

m (Mg/g)
K (1/min)
Ry

RZ

n
Kr (1/min)

RZ

dm (MY/g)
Bx107 (mol?/kJ?)
E (kJ/mol)

RZ

27.8551
0.7134
0.1228
0.9995

Freundlich

3.6088

12.1096
0.9474

D-R
23.5611
1.4853
0.5802
0.92

27.1739
0.4482
0.1824

0.9999

3.0618
9.7084
0.9276

22.6826
3.7400
0.3656

0.9434
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Table 3: Continue.

Adsorbent

B (kJ/mol)
K (L/g)
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Table 4: Constants and kinetic values of methylene blue adsorption by AC-Alg and AC-Alg-5 % PU adsorbents.

Adsorbent

Pseudo first order

Oe.car (MQ/Q) 12.1824 13.4637
Qe.exp (MQY/Q) 9.7000 9.17
Ky (1/min) 0.7346 0.822
R2 0.9774 0.956
Pseudo second order
Oe.cal (MQ/9) 10.8577 10.0502
Qe.exp (MQY/Q) 9.7000 9.17
K (1/min) 0.0045 0.0061
R2 0.9991 0.9997
Elovich model
o (mg/g. min) 3.4090 10.1598
B (z/mg) 0.6519 0.8078
R2 0.9622 0.9648
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Figure 7: Investigation of (a) pseudo-first order, (b) pseudo-second order, and (c) Elovich kinetic models in the adsorption of methylene blue dye for
AC-Alg and AC-Alg-5 % PU adsorbents.
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Table 5: Calculated thermodynamic parameters for adsorbents.

-6.9

8.15
308.15 -6.3
AC-Alg 318.15 -24.0 -57.4 -5.9
328.15 5.4
338.15 45
298.15 5.2
308.15 -4.9
AC-Alg-5 % PU 318.15 -175 412 4.7
328.15 -4.0
338.15 -35
3
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Figure 8: Van't-Hoff relationship diagram to investigate adsorption thermodynamics for adsorbents.
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Figure 9: Investigation of the desorption behavior of AC-Alg adsorbent for
methylene blue adsorption after & adsorption/desorption cycles.
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Figure 10: Schematic of the adsorption mechanism of methylene blue dye onto the adsorbent.
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Table 6: Comparison between synthesized adsorbent and other sources.

Adsorbent dose/area Percentage of

BCYGO? Film P2
PVA/MWCNTSY/ i =
UMCNOs? starch MB

ACTF@ZIF-8° Film MB
IACNF-60° Film MB
AC-Alg-5%PU Film MB

(38)
81.22
1 cm? (39)
96.93
- 98.80 (40)
- 90 (41)
1 89 This Study

1- Bacterial cellulose, 2- Graphene oxide, 3- Multiwalled carbon nanotubes, 4- Unzipped carbon nanotubes oxides, 5- Activated carbon thin film-

zeolitic imidazolate framework-8, 6- lodine activated carbon nanofibers
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