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Abstract

This study investigates the following prospects of (i) the preparation
facilities of activated carbon from Common Reed (CR) using chemical
activation with H3PO4 (PA) under flowing of two different gases
(Nitrogen &Air), and (ii) the adsorption performance of the produced
activated carbon (AC) towards the removal of Cu(ll), Cd(II)and
methylene blue dye from their aqueous solutions. Activated carbons
(ACs) obtained were characterized using FT-IR and N
adsorption/desorption isotherms. The adsorption data were studied
for adsorption isotherms of Langmuir, Freundlich, Dubinin-
Radushkevich and Tempkin models. Also Kinetic studies were done
according to pseudo-first order, pseudo-second order and
Intraparticle diffusion models. Adsorption of Cu(Il) and Cd(II) were
best fitted with Dubinin-Radushkevich and Tempkin adsorption
isotherms, while adsorption of methylene blue was fitted with
Langmuir and Dubinin-Radushkevich isotherm models and pseudo-
second order kinetic model. The best conditions of preparation were
(30% PA - air) for Cu(II) adsorption, (50% - Nz)for Cd(II)adsorption,
and (50% - air) for dye adsorption. The total surface areas (Sger) were
between 1067.73 and 1192.85 m?2/g. The adsorption capacity of
Cu(Il) and Cd(II) were 47.00 mg/g and 83.43 mg/g respectively,
while the maximum adsorption capacity of dye was 314.4 mg/g. The
results indicated that CR could be employed as a low-cost alternative
for the preparation of activated carbon and the removal of heavy
metals ions and organic pollutants from effluents.

Keywords:

Common Reed, Activated carbon, Chemical activation, Adsorption,
Heavy metals ions, Dye pollutant, Methylene blue, Langmuir,
Freundlich, Dubinin-Radushkevich, Temkin, Pseudo-first order,
Pseudo-second order, Intraparticle diffusion model.
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The adsorption of Cu(Il) and Cd(11) from aqueous solution was studied by Common Reed (CR) activated with dif-
ferent concentrations of H3P0O4 (PA) and carbonized at 500 °C under flowing of different atmospheres (nitrogen
and air). Activated carbons (ACs) obtained were characterized using FT-IR and N2 adsor ption/desorption iso-
therm. The adsorption data were studied for adsorption isotherms of Langmuir, Freundlich, Dubinin-

Radushkevich and Tempkin models. Adsorption of Cu(Il) and Cd(II) was best fitted with Dubinin-Radushkevich
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and Tempkin adsorption isotherms. The best conditions of preparation were 30% PA in the air for Cu(II) adsorp-
tion and 50% in N2 for Cd(Il Jadsorption, with total surface area (SBET) of 1192.85 m*/g and 1181.44 m?/g respec-
tively. The adsorption capacity of Cu(ll) and Cd(II) were 47.00 mg/g and 83.43 mg/g respectively. The results
indicated that CR could be employed as a low-cost alternative for the removal of heavy metals ions from effluents.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

‘Water contaminated with metal ions can cause several health prob-
lems. Heavy metal ions such as cadmium, zinc, nickel, chromium, cop-
per and lead can bio-accumulate to be toxic compounds through the
food chain. Cadmium is responsible for kidney tubular impairment
and osteomalacdia. Cadmium, zinc and manganese ions are reported to
affect on the ion regulation if present in sufficient concentrations.
They are known to affect calcium metabolism, development and skele-
tal calcification with long term effect and spawning and recruitment of
aquatic lives. The PH change of water bodies as a result of effluent can
cause serious change in the marine environment which can affect re-
sources espedally around the coastal areas (Igwe and Abia, 2007).

There are a lot of technologies have been developed over the recent
decades to remove heavy metal ions from industrial wastewater, which
include coagulation/flocculation process, membrane filtration, electro-
dialysis, activated carbon adsorption, reverse osmosis, ion exchange,
and solvent extraction. Most of them are complicated, time-consuming
and require skilled personnel. Recently, non-conventional and low-cost
agricultural by-products have been employed to be important

* Corresponding author at: 22 Mohamed Nagib St Tagseem American, Assiut 71111,
Egypt.
E-mail addresses: m.y.abdelnaeim@gmail.com (M.Y. Abdelnaeim),
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adsorbent for the removal of metals and organics from municipal and
industrial wastewater (Igwe and Abia, 2007). This is because of their re-
newable nature and lingo-cellulosic content (57-77%) (Gupta et al.,
2013).

The carbonaceous adsorbent is a porous matter with a high surface
area, a great adsorption capacity and an effective regeneration, Carbox-
ylic, carbonylic, lactonic, phenolic, aldehydic, and other organic func-
tional groups are located at the edge of hexagonal rings of carbon in
layer planes and are responsible for surface reactivity of activated car-
bon. lonization of the functional groups depends on pH of the solution
and leads to a build-up of a charged surface between the solid surface
and the bulk of the solution. The type and concentration of surface func-
tional groups depend on the preparation method and the sort of the
precursor (Mom¢ilovic et al,, 2011).

Orthophosphoric acid (PA), H3PO,, is a common activating agent
whose use has been extensively reported for preparing activated car-
bons from agricultural by-products, wood, natural as well as synthetic
carbons. PA promotes the bond cleavage in the biopolymers and dehy-
dration at low temperatures, and then extensive cross-linking that
binds volatile matter into the carbon product and increases the carbon
yield. The mechanism of PA activation of biomass occurs through vari-
ous steps like cellulose depolymerization, biopolymers dehydration,
the formation of aromatic rings and formation of phosphate groups.
This makes activated carbons be prepared with high surface areas. Acti-
vation conditions thus depend on the nature of the precursor, i.e, on the
relative amounts of cellulose, hemicellulose, lignin and ashes (Gupta et
al, 2013) (Shi et al, 2010) (Fierro et al, 2010).
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