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ABSTRACT

ypothesis: Today, the widespread use of drugs in health care has led to their
Hsigniﬁcant flow into aquatic environments, which has negative effects on the

health of the environment. One of the methods used to remove drugs from
water is the chemical adsorption method, which is suggested as an efficient method for
removing drugs from water due to its simple operation and cost-effectiveness.
Methods: Cellulose was extracted from corn husk and it was magnetized using iron
oxide nanoparticles by co-precipitation method. In order to increase its specific surface
area and adsorption efficiency, cellulose was modified with aluminum metal-organic
framework (Cellulose@Fe,O,/Al-MOF). Magnetic cellulose adsorbent modified with
metal-organic framework was used as a biosorbent to remove the drug doxorubicin
from aqueous media. The chemical structure, crystallinity, morphology, particle size
and other properties of the absorbent were investigated and confirmed using SEM,

XRD, FTIR and VSM analyses.

Findings: The parameters affecting the maximum absorption of doxorubicin
D — including pH, initial qonceqtra}tion, adsorbent amount an(_i contact t.ime were
! optimized using Taguchi's statistical method and under the optimal conditions of pH
doxorubicin, of 6, initial concentration of 20 ppm, adsorbent amount of 2 g/L, time of 80 min,
and absorption capacity of 88%. The isotherm follows the Langmuir model, and the
kinetics corresponds to the pseudo-first-order model, and the maximum absorption
cellulose, capacity was predicted as 96.15 mg/g according to the Langmuir model. In addition,
adsorption the thermodynamic study showed that the adsorption process of doxorubicin drug by
magnetic cellulose modified with metal-organic framework adsorbent is spontaneous,
exothermic, and associated with entropy reduction. The results of the adsorption-
desorption study showed that the adsorbent has very good stability, because it can be

reused for seven cycles without losing its effectiveness.

iron oxide nanoparticles,
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Independent
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pH - 2 4 6 8

Concentration | ppm 20 40 60 80

Dosage g/L 1 1.5 2 2.5

Time min 20 40 60 80
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Table 2. The price of materials used for the preparation of absorbent.

Steps Material Amount Price (Rial)
Corn husk 1 kg 5000
Sodium hydroxide 1 kg 2,000,000
Cellulose extraction
Acetate buffer 1L 1,600,000
Hydrogen peroxide (30%) IL 2,700,000
FeCl,6H,0 250 g 9,500,000
Preparation of magnetic FeSO 7H.O 100 7.150.000
cellulose 477 g I
Ammonia solution (25%) 1L 1,800,000
Al(SO,),18H,0 500 g 8,000,000
Modification of magnetic P
cellulose with ALMOF Succinic acid 250 g 25,000,000
Sodium hydroxide lkg 2,000,000
o g W Q,=(C-C)x V/m (Y)
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Fig. 3. VSM of cellulose@Fe,O,/Al-MOF.
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Fig. 1. FTIR spectra of: (a) cellulose, (b) cellulose@Fe,O,,
and (c) cellulose@Fe,O,/Al-MOF.
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Fig. 2. XRD patterns of: (a) cellulose, (b) cellulose@Fe,O,,
and (c) cellulose@Fe,O,/Al-MOF.
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Fig. 4. SEM images of: (a) cellulose, (b) cellulose@Fe,O
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Fig 5. EDS spectrum of: (a) cellulose, (b) cellulose@Fe,O,,
and (c) cellulose@Fe,0,/Al-MOF.
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and (c) cellulose@Fe,O,/Al-MOF.
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Table 5. Results of isotherm models for DOX adsorption by
cellulose@Fe,0,/Al-MOF.

Models Parameters Analyte
Langmuir Q,, (mg/g) 96.15
_Q.K.C K, (L/m 0.0364
R 14K, .C, w (L/ng) '
] R, 0.121-0.579
R, =
14K, .C, R2 0.993
. i 5.62
Freundlich K, ((mg/g).(L/mg)"™)
Q.=K.(C )l/n n 1.598
coE R’ 0.9889
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Table 6. Results of kinetic models for DOX adsorption by
cellulose@Fe,0,/Al-MOF.

Models Parameters Analyte
pseudo-first-order Q. ca(mg/e) 21.18
k (1/min) 0.0583
Q,=Q, (1)
R? 0.9749
pseudo-second-order Q. ca(Mg'e) 16.29
Q.= k,Q’t k, (g/mg.min) 0.0118
t
14K,Q,t .
2 h, (mg/g.min) 3.12
— 2
hy =k Q. R? 0.7256

5Fe 0,5 sk 55k sladisal (512 BET 0531 =¥ s

Fe O, /Al-MOF- ;4 ;L.

Table 3. BET analysis of cellulose, cellulose@Fe,O,, and
cellulose@Fe,O /Al-MOF.

: Total pore | Average
. Special area :

Material volume pore size

BET (m?%g)
(em®/g) (nm)
Cellulose 0.54 0.0083 61.61
Cellulose@ 106.89 0.1754 6.56
Fe O,
Cellulose@ 117.26 0.1782 6.08
Fe,O,/Al-MOF
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Table 4. Optimal conditions introduced by the software.

Optimum
Factor Level N
condition
pH 3 6
Concentration 1 20
Dosage 3 2
Time 4 80
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Fig. 6. Adsorption isotherm plots of DOX on cellulose@Fe,O,/Al-MOF bionanocomposite.
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Fig. 9. Determination of pH

cellulose@Fe,O,/Al-MOF.
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Fig. 11. FTIR spectra of cellulose@Fe,0,/Al-MOF after
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Table 7. Thermodynamic parameters for the removal of DOX
by cellulose@Fe,0,/Al-MOF.

T (C) AG® AH® AS°
(kJ/mol) (kJ/mol) (J/mol.K)
25 -4.79
35 -4.61
-18.394 -45.346
45 -3.85
55 -3.53
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Fig. 8. Thermodynamic graphs of DOX adsorption on
cellulose@Fe,O,/Al-MOF.
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Table 9. Absorption percentage of tetracycline, rifampicin

and methotrexate by adsorbent in optimal conditions.

Drug Adsorption (%)
Tetracycline 75.81
Rifampicin 79.17
Methotrexate 95.5
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Table 8. Comparison of doxorubicin adsorption by bionano-

composite with cellulose and magnetic cellulose.

Adsorbent Adsorption (%)
Cellulose 56.24
Cellulose@Fe,O, 77.69
Cellulose@Fe,0,/Al-MOF 88.17

(PH,, () 5b o 4o pH (5 p570 310
3 e 30 38 33PH i sl sl b onls 0LS A IS0 3 a5 5boles
e e .l ¥/55 5 ST e Fe,0 /AI-MOF-j L.
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Table 10. Comparison of the cellulose@Fe,0,/Al-MOF with the reported adsorbents for DOX removal.

Maxi dsorpti
Adsorbent ax1mur.n S C, (mg/L) pH References
capacity (mg/g)
Fe,0,@SiO,-Glu 71.94 20 7.4 [46]
MCM-41 silica 56.70 20 7 [47]
g-C\N,@Fe/Pd 8.1 100 7 [30]
Fe,0,@SiO,/Z1F-67 90.7 20 5.7 [48]
PMMA/chitosan/heparin/ACB 18.1 60 7.4 [49]
Polysulfone/MIL-125-NH, (Ti) 24.29 100 6.5 [50]
N-CMCS/PVA/PCL composite 7431 20 8 [51]
N-CMCS/PVA/PCL core-shell 40.74 20 8 [51]
Spray-dried niobium oxide coated with chitosan- 30 100 8 [52]
activated carbon (NIC)
Fe,O, nanoparticles
. . oo . 32 20 7 [53]
synthesized by euphorbia cochinchinensis extract
Cellulose@Fe,0,/AI-MOF 96.15 20 6 This research
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