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Abstract

Water contamination is one of the biggest problems threatening human Received: 16 December 2023
life and environment by the growth of various industries. For this reason, Accepted: 14 February 2024
it is necessary to remove pollutants such as iodine from contaminated Page Number: 117-132

water. The aim of this study is to adsorb iodine from aqueous solution
using adsorbents prepared from walnut shell (WS) and polystyrene waste
(PS). In this study, simultaneous utilization of WS and PS resulted in
the production of biosorbents such as WS, WS biochar (WAC), and WAC
co-pyrolyzed with polystyrene waste (WACPS). Adsorption capacity,
adsorption percentage, and the effect of initial concentration of iodine
aqueous solution were investigated. WAC and WACPS showed a better
performance as compared to WS with the adsorption percentage of 80
and 65%, and the adsorption capacity of 508 and 413 mg/g, respectively,
in the initial concentration of 12700 mg/L. The reusability of WAC was
demonstrated by a performance reduction of about 15% after five
regeneration cycles. Freundlich and Langmuir isotherms were able to
accurately predict iodine adsorption. Adsorption thermodynamics proved

that the iodine adsorption was spontaneous and endothermic. SEM Keywords:
showed that the more the porous surface and holes of adsorbent, Adsorption,
the higher the adsorption percentage. As BET, the diameter of pores and Biosorbent,
adsorption surface of WAC were obtained as 36.06 nm and 2.99 m?/g, lodine,
respectively. FTIR proved adsorbent production and iodine adsorption on Walnut shell,

it as changes in bonds. The use of agricultural and plastic waste to
produce porous carbon adsorbents leads to solid waste management, and
environmental health by wastewaters treatment.

Polystyrene Waste,
Co-Pyrolysis
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Table 1. Iodine adsorption from aqueous solution with the initial
concentration of 12700 mg/L using the biosorbents.

Biosorbent (m(;e/g) lodine adsorption (%)
WS 285.75 45
WAC 508 80
WACPS 412.75 65
AC 603.25 95
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Table 2. Comparison of biosorbents for iodine adsorption
from its aqueous solution.

Biosorbent de Ref.
(mglg)
Carbonaceous spongy from receptacle 450 [16]
and stalk of sunflowers
Tr|_ (octyl-decyl) amine-modified 21573 [1]
biomass carbonaceous aerogel
N iochar f ial
onporous biochar from commercia 954 [17]
cellulose
Lignin-bas.ed hierarchically porous 1205 [18]
flower-like carbon nanosheets
(0] -rich mi bons f
Xygen-ric mICI’OPO-I'OUS carbons from 6440 [19]
cellulose diacetate
WAC sog TS
study
WACPS pg M
study
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Figure 1. Effect of initial concentrations of iodine solution on its adsorption using biosorbent of

(a) WS, (b) WAC, (¢) WACPS, and (d) AC.
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Table 3. Parameters of adsorption isotherm for iodine adsorption using the biosorbents.

Freundlich Langmuir
Biosorbent
WS 0.97 411 0.39 8.56 0.98 0.85 1649.15 344.84
WAC 0.95 37.88 0.65 2.70 0.94 44.25 2237.02 820.55
WACPS 0.94 27.90 0.41 12.37 0.95 28.02 881.62 452.29
AC 0.85 0 0.29 90.19 0.85 0 186.02 779.97
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Figure 2. Isotherm of Freundlich and Langmuir for biosorbent of (a) WS, (b) WAC, (c) WACPS, and (d) AC.
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Table 4. Thermodynamic parameters for the iodine adsorption
on WAC.

Thermodynamic parameters

AH
(@/mol) AS (J/mol.K)

Temperature

(K)

293 =gl
303 -3.85 95.7 13.00
313 -3.97
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Figure 3. The effect of regeneration cycles on the iodine adsorption by WAC from 5000 mg/L. aqueous solution.
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Figure 4. SEM images of biosorbent of (a) WS, (b) WAC, (c) WACPS [37], and (d) AC.
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