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Abstract

4-Nonylpheno| (4-NP) as one of the most abundant and toxic alkylphenols is the most effective

of endocrine disruptive compounds. It is produced in high quantities and then enters the aquatic
environment via discharge of sewage treatment effluents. Therefore, its removal from surface
water and municipal wastewater effluents is more commonly considered. This study has been
done with the aim of the investigation of the grapheneoxide chitosan aerogel beads’
performance for removal of 4-NP from aquatic solutions. In this regard, the characteristics of
the synthesized nano-adsorbent have been investigated by SEM, TEM, FTIR, BET and pHpzc
techniques. Then, batch adsorption experiments have been done to determine the adsorption
behavior. In this method, the effect of some parameters such as adsorbent dosage, 4-NP
concentration, pH, contact time, and temperature was evaluated with the aim of determining
optimum conditions. The results show that the adsorption efficiency could reach 100% in 10
min at neutral pH with 1.5 mg/L of 4-NP concentration and 0.8 g/L of the adsorbent. The
achieved results were compared with different kinetic and isotherm models, which found that
the 4-NP adsorption by the synthesized nano-adsorbent are explained by the Pseudo-Second-
Order kinetic (R?=0.9992) and Dubinin-Radushkevich isotherm (R?=0.9988) models with the
adsorbents’ maximum capacity of 70.97 mg/g. Thermodynamic investigations indicated that the
adsorption process was spontaneous and feasible (-AG), endothermic (+AH), and reversible
(+AS).
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Fig.1. Graphene oxide-chitosan aerogel (GOCSA) beads
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Table 1. Isotherm parameters acquired for the adsorption of 4-NP onto GOCSA beads

Isotherm Parameters Value R? RMSE
Dubinin- Oss Mg g~ 70.97
Radushkevich B: mol?J 6.90 0.9988 0.17
E: J mol™ 851
ne 0.20
Freundlich b . 12.86 0.9851 0.48
Ke: (Mg g™)(L mg™)
; Om: Mg L™ -0.22
Langmuir Ky: L mg™ -1.17 0.6715 6.81
R, -116_-14
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Table 2. The Comparison among different adsorbents for the removal of 4-NP
Adsorption
capacity/ Adsorption isotherm/ ] g
Adsorbate Adsorbent P adsorption Kinetic Optimal conditions Ref.
efficiency
; Co: 2 mg/L .
PAMAM onto Dobenin 0 . (Khatibikamal
NP ) 7.8 (mg/qg) N ) Contact time: 60 min
MNP-GO Pseudo- second- order Ads. amount: 0.02 g et al., 2019a)
q Co: 2 mg/L e
Frendlich O : (Khatibikamal
NP Sand-G10-PAP 0.05 (mg/qg) ) ) Contact time: 60 min
Pseudo- second- order Ads. amount: 0.02 g et al., 2019b)
Co: 300 mg/L
NPEO,, GO 1250 (mg/q) Langmuir Contact time: 60 min (Ygléle;)al.,
Ads. amount: 0.1 g
q Co: 2.5 mg/L ]
: Frendlich U . (Jin et al.
NP Magnetic rGOs  63.96 (mg/g) ) ) Contact time: 30 min :
Pseudo- second- order Ads. dosage: 0.02 g/L 2015)
; Co: 100 mg/L
Langmuir 0 L S (Panetal.,
NP MFACs 434.8 (mg/qg) " ) Contact time: 24 h
Pseudo- second- order Ads. amount: 10 mg 2013)
) Co: 500 ng/L (Yuetal
NP AC 31.8 (mg/g) Frendlich Contact time: 12 days 2008) "
Ads. dosage: 13 mg/L
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Table 3. Kinetic parameters acquired for the adsorption of 4-NP onto GOCSA beads
Model Parameters Value R? RMSE
- qe (exp.) (mg g-l) 175
P f
seudo first order K, (min™) 0.081 0.7762 153
qe (calc) (mg g-l) 0.26
Ge (exp) (mg gl) 1.76
Pseudo second order K, (min™) 3.237 0.9992 0.165
e (calc) (mg gl) 1.75
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Table 4. Thermodynamic parameters for adsorption of 4-NP onto GOCSA beads

T (°K) In Ke AG (kJ mol™) AH (kJ mol™) AS (3 mol™'K™)
293 0.0938 -0.228 30.146 102.927
303 0.3541 -0.791
313 0.7154 -1.861
323 1.2445 -3.342
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