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This study used thermochemical and Fe particle co-precipitation methods to prepare
a magnetic-activated carbon composite. The hard nutshell of Baneh from the Oraman
region of Kurdistan province was used as raw material. The structural properties of
the prepared adsorbent were investigated using SEM, FT-IR, EDAX, BET, and VSM
analysis methods. The SEM images clearly showed the formation of a porous
adsorbent with porosity in the range of micro- and mesopores. The results of the FT-
IR and EDAX analyses proved the presence of Fe in the absorbent structure. The
specific surface area of the adsorbent before and after the deposition of iron particles
was determined to be 229.6 and 179.37 m?/g, respectively. Under the optimized
conditions, the removal amount of the investigated dyes from the model solutions was
91.2 and 98.6 % for acid blue 113 and acid orange 10, respectively. The kinetic study
revealed that the pseudo-second-order model best fits the obtained adsorption data.
In addition, the Freundlich model was the best model to describe the adsorption
process.
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Figure 1: The chemical structure of acid blue 113 and acid orange 10.
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Figure 2: Separation of magnetic adsorbent from dye solution using
external magnetic field.
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Table 1: The obtained results from elemental analysis and porosity analyses.

Dp Viotal
AC 229.60 1.95 0.381 63.26 3.12 23.86
AC/Fe;0, 179.37 14.91 0.306 62.53 3.55 24.12
Raw material - - - 74.81 2.18 18325
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Figure 3: N, Sorption-desorption graphs of AC adsorbent and AC/Fe;O, magnetic composite.

SEM HV: 30.0 kV WD: 7.02 mm (1) MIRA3 TESCAN|  sgpm Hv: 30
View field: 1.38 ym Det: SE 200 nm View field: 150 ym Det: SE

.0 kv WD: 6.78 mm

Figure 4: The SEM images of the prepared magnetic adsorbent and its porous structure.
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Figure 5: The EDAX spectrum of the magnetic composite and the presence of Fe peak in its structure.

100+

,\~
W
984 “\ f
N\ /
¥ I'd
2 o \ /|
O \’ \ ‘- |
g 94- \ AC-F=304 /
| - ~ p-
£ ‘ N ¢
g 92 4 \ \ (" ‘\_‘\‘ " /
§ / ac WO\ /
90 \ { / e b |
= \\ //J T \"\ v/
88 i B 4
\ | / N il
‘ \J /
86 / o
\J 3
5@ 8 2 5
T 1 T L) LS
4000 3500 3000 2500 1000 500

5 5 Jlad 0,8 o3l IR Gl 18 S

Figure 6: The FT-IR spectrum of the activated carbon (AC) adsorbent and the magnetic composite (AC/Fe;0y,).
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Figure 7: Magnetic VSM curve of Fe;0, and AC/Fe;O, composite.
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Figure 8: Effect of time on the removal efficiency of acid orange 10
(@) and acid blue 113 (®) by the magnetic composite. (pH=7, dye
concentration 50 mg/I, adsorbent dosage 5 g/l, temperature 25 °C).
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Figure 10: Effect of dye solution pH on the removal efficiency of acid
orange 10 (@) and acid blue 113 (®) by the magnetic composite.
(adsorbent dosage 3.5 and 7 g/l for acid orange 10 and acid blue 113
respectively, dye concentration 50 mg/l, contact time 14 and 35 min
for acid orange 10 and acid blue 113 respectively, temperature 25 °C).
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Figure 11: Effect of initial concentration of dye solution on the
removal efficiency of acid orange 10 () and acid blue 113 (®) by the
magnetic composite. (adsorbent dosage 3.5 and 7 g/L for acid orange
10 and acid blue 113 respectively, pH=7, contact time 14 and 35 min
for acid orange 10 and acid blue 113 respectively, temperature 25 °C).
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Figure 9: Effect of adsorbent dosage on the removal efficiency of acid
orange 10 (@) and acid blue 113 (®) by the magnetic composite.
(pH=7, dye concentration 50 mg/l, contact time 14 and 35 min for acid
orange 10 and acid blue 113 respectively, temperature 25 °C).
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Table 2: Adsorption isotherm constants for acid orange 10 and acid blue 113 adsorption using the prepared magnetic composite.

o= qm K, C,
®=T4k,C,
Langmuir 1
Ry=—"—
1+K, C,
Ferundlich qe = K; CJ"
Lngq, = Ln gy — Kp_gE?
dubinin-radushkevich 1
E=——
N
Temkin qe = BLn(4;C,)

am (Mg/g) 78.74 294.11
Ky (L/g) 0.0013 0.001
Ry 1.15 0.889
R? 0.8946 0.2861
RSME 1.23 2.56
n 0.957 1.01
K ((mg/g) (L/mg)*") 0.095 0.3683
R? 0.9998 0.9977
RMSE 0.782 0.821
E (KJ/mol) 2.89 0.2236
qm (mg/g) 4.97 12.7
Kp_g X 10~8(mol?)?) 6.01 100
R? 0.7751 0.8767
RMSE 421 4.36
B 2.57 7.04
Ar (L/g) 0.303 0.1902
R? 0.9325 0.9421
RMSE 3.25 3.15
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Table 2: Kinetic model constants for acid orange 10 and acid blue 113 adsorption using the prepared magnetic composite.

Kinetic model Acid Blue 113 Acid Orange 10
0.13 0.05

Pseudo-First-order

Kt

Log (qe — q:) = Log q. — (2 303

Pseudo-Second-Order

t 1 t

= +—
. K2q2 qe
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Figure 12: Adsorption efficiency of the proposed magnetic composite
in removing Acid Blue 113 (blue) and Acid Orange 10 (orange) after
several cycles of adsorption and desorption.

k; min’

gemg g* 38.9 46.2
R? 0.784 0.0521
RMSE 2.36 2.89

k2 g mg™* mint 0.106 0.11

gemg g* 4,55 8.8
R? 0.9999 0.9983
RMSE 0.821 0.926
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Table 4: The results of the removal quantities of the studied dyes in water and wastewater samples in optimal conditions using the prepared magnetic
adsorbent.

Waste water Acid blue 113

Wastewater Acid orange 10
Water Acid Blue 113
Water Acid Orange 10
*
n=3

50.0, 25.0 80.6, 81.2
50.0, 100.0 88.1, 89.3
50.0, 25.0 91.2,90.3
50.0, 100.0 98.6, 98.3
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Table 5: Comparison of the proposed method with similar studies.

Dye molecule Raw material/Adsorbent cg)d:(gwun?g;}g

Magnetically Activated carbon

Adsorbent
dosage (g/L)

Refrence

Acid bluel13 § 112.2 (35)
iber
Leaves of Prunus
Dulcis/Activated carbon eul 2L wd (36)
Peltophorum pterocarpum pod
extract/hydroxyapatite 120.0 153.8 0.5 37)
nanoadsorbents
Activated carbon-ZnO composite 15.0 333.32 0.5 (38)
Pistacia Atlantica Kurdica .
nuts/Activated carbon £50 T T (s S
. Melamine/ Cross-linked porous
Acid Orangel0 polyimide 200.0 599.0 - (39)
TiOy/Na-Y zeolite 7.0 138.3 2.0 (40)
Cerium Dioxide Nanoparticles 50 33.3 2.0 (41)
Modified wheat husk/Activated 30.0 31.25 10 42)
carbon
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