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Abstract In this work, ferric oxide nanoparticle decorated carbon fibers and carbon nanotubes

(CNF/Fe2O3 and CNT/Fe2O3) were synthesized and characterized by scanning electron microscopy

(SEM), thermogravimetric analysis (TGA), energy dispersive X-ray spectroscopy (EDS), transmis-

sion electron microscopy (TEM), X-ray diffraction (XRD), zeta potential and BET surface area

analyzer. The prepared nanocomposites were evaluated or the removal of phenol ions from aqueous

solution. The effects of experimental parameters, such as shaking speed, pH, contact time, adsor-

bent dosage and initial concentration, were evaluated for the phenol removal efficiency. The adsorp-

tion experimental data were represented by both the Langmuir and Freundlich isotherm models.

The Langmuir isotherm model best fitted the data on the adsorption of phenol, with a high corre-

lation coefficient. The adsorption capacities, as determined by the Langmuir isotherm model were
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0.842, 1.098, 1.684 and 2.778 mg/g for raw CNFs, raw CNTs, CNF–Fe2O3 and CNT–Fe2O3,

respectively.

ª 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is

an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Phenolic compounds are generated in pulp and paper, petro-

leum refinery, dye synthesis, coal gasification and pharmaceu-
tical industries and have been identified as common
contaminants in wastewaters. Phenols have found application
in the production of wide varieties of phenolic resins, used in

construction of automobiles and appliances, adhesives and
epoxy resins, as well other various applications [1]. Due to
the harmful nature of phenols and their potential hazardous

effects on human health, they have been classified as toxic pol-
lutants. Hence, it is required by the US Environmental
Protection Agency (EPA) regulations to lower phenol content

of wastewater below 1 ppm [2].
Various techniques have been developed for the phenol

removal from wastewater, such as electrochemical oxidation
[5], adsorption [3–6], wet air oxidation [7,8], chemical coagula-

tion [9], solvent extraction [10], membrane separation [11,12],
bioremediation [13,14] and photo catalytic degradation
[15,16]. Traditionally, activated sludge has been widely

employed for the removal of phenol from wastewater because
of its relatively low cost and straightforward process [17].
However, this method is not efficient for the treatment of

wastewater with high concentration of phenol due to low
biodegradability. In addition, the regeneration process of the
adsorbent is not only expensive, but also very complex [3,18].

The application of adsorption for phenol treatment in
wastewater is favored by its potential to remove both organic
and inorganic constituents, even at low concentrations.
Adsorption has the advantage of its relative ease of operation

both in batch and continuous operation, the absence of sludge
formation, potential of regenerative reuse of adsorbent and
availability of low cost adsorbent materials [12]. Carbon-

based adsorbent materials, which are hydrophobic and non-
polar, have good potential for phenol removal in wastewater.
Their large surface area, well developed porosity and tunable

surface-containing functional groups are features that
enhanced their adsorption efficiency [12,13].

Various nanomaterials have been investigated recently for

prudential applications in various fields. Carbon nanotubes
have been employed for the removal of heavy metals [18]
and organic compounds [19] from water. Metal oxides deco-
rated with metal particles have shown photocatalytic, optical

and visible light photoelectrochemical performance [20–23].
In this work, ferric oxide impregnated carbon fibers and car-

bon nanotubes were employed for the removal of phenol from

water. Surface of the CNFs and CNTs were modified with ferric
oxide, to study its effect on phenol adsorption. The physico-
chemical properties of the modified and unmodified CNFs and

CNTs were determined using SEM, EDS, TEM, XRD, zeta
potential, BET surface area analysis and TGA. The effects of
experimental parameters, such as adsorbent dosage, contact
time, pH, initial phenol concentration and shaking speed on

the removal of phenol, were investigated.

2. Experimental

2.1. Adsorbent impregnation

Carbon fibers (CNFs) and carbon nanotubes (CNTs) used in
this study were purchased from Nanostructured and

Amorphous Materials, Inc. USA. The CNFs had 95% purity,
outside diameter of 200–500 nm and length ranging from 10 to
40 lm, while the CNTs had 95% purity, outside diameter of

10–20 nm and length ranging from 1 to 10 lm.
Ferric oxide (Fe2O3) from ferric nitrate Fe (NO3)2Æ6H2O

was impregnated onto 5 g of the CNFs and CNTs in ethanol

(98% purity), followed by sonication (110 V at 40% ampli-
tude) and calcination at 350 �C for 3 h. For 10% iron oxide
1.443 g of pure ferric nitrate [Fe (NO3)3Æ9H2O] was dissolved

in 300 mL ethanol. An amount of 1.8 of CNTs/CNFs was also
dissolved in 400 mL of absolute ethanol. Both solutions were
sonicated for 45 min separately and then mixed together.
The resultant mixture was again sonicated for 1 h at room tem-

perature. The mixture was then kept in an oven to evaporate
the ethanol. The aim of ultrasonication is to have a complete
and homogeneous wetting of the particles during impregnation

and hence decreasing the possibility of agglomeration due to
the formation of clumps of liquid [9]. The residue was then cal-
cinated for 3.5 h at 350 �C in furnace to get CNTs/CNFs

impregnated with 1% iron oxide.

2.2. Characterization

The prepared materials have been characterized using scanning
electron microscopy–energy dispersive X-ray spectroscopy
(SEM–EDS), Back scattering FE-SEM, TEM, thermo-
gravimetric analysis (TGA), BET surface area analyzer

Micrometrics ASAP 2020, zeta potential, and X-ray dif-
fraction (XRD).

2.3. Preparation of stock solution

Stock solution of phenol with initial concentration of 2 ppm
was prepared by serial dilution of 1000 ppm solution. First

1000 mg of phenol was dissolved in 1 L deionized water.
Solvents (1.0 M nitric acid and 1.0 M sodium) were used to
adjust pH of the stock solution. Solution pH was maintained
during the experiments by the addition of buffer solutions.

2.4. Batch adsorption studies

Batch adsorption experiments were performed at room tem-

perature to study the effects of pH, contact time, adsorbent
dosage and shaking speed on the phenol adsorption efficiency
by the raw and decorated ones with ferric oxide (CNF–Fe2O3).

The concentrations of phenol were analyzed using UV–VIS
and the percentage removal was calculated as:
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