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Full factorial design is a powerful and efficient mathematical approach widely applied in the optimization of re-
sponse. The important parameters which affect the removal efficiency of methylene blue such temperature, ini-
tial pH of the solution, concentration and adsorbent dosage were optimized. They coded as A, B, C and D,
consecutively, and were investigated at two levels (+1 and −1). A linear mathematical model representing
the influence of the different variables and their interactions was obtained. Main effect, Normal probability
plot of residuals, analysis of variance (ANOVA), surface plots, and contour plots were used to study the effects
and interaction effects between operational parameters.
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1. Introduction

Effluents of textile industries are highly colored and disposal of these
wastes into receiving waters causes drastic damages to the environ-
ment. Indeed, they may significantly affect photosynthetic activity and
also be toxic to some aquatic life due to the presence of metals, chlo-
rides, etc. [1]. Most of dyes released during textile clothing, printing
and dyeing processes are considered as hazardous and toxic to some or-
ganisms and may cause direct destruction of aquatic creatures. In addi-
tion, dye wastewaters are commonly characterized by high salts
content and low biodegradation potential [2] whichmakes effective re-
moval by conventional wastewater treatment processes difficult [3].

The dyes have low biodegradability. Conventional biological waste-
water treatment processes are not efficient in treating dyes present in
wastewater [4–6]. Therefore, dye-wastewater is usually treated by
physical and chemical methods, such as sonochemical, photochemical,
electrochemical, coagulation and flocculation, membrane separation,
bio-degradation, photo-fenton processes, oxidation or ozonation
[7–16]. However, in developing countries, these methods are still too
expensive to be used widely. Physical adsorption is generally consid-
ered to be themost efficientmethod for quickly lowering the concentra-
tion of dissolved dyes in an effluent [17].

Currently, the most widely used and effective adsorbent in industry
is activated carbon because of their high surface area (its high surface

area), microporous character and the chemical nature of their surface.
Consequently, the scope of this study was not only to removal of meth-
ylene blue dye from aqueous solutions, but also to investigate the inter-
action between operating parameters. The technique of statistical
design for experiments can be used for optimization and modeling. It
has been widely accepted in manufacturing industry for improving
product performance and reliability, process capability and yield.

In the statistical design experiments, the factors involved in an ex-
periment at their respective levels, were simultaneously varied. Thus,
a lot of information can be taken with a minimum number of experi-
ment trials [18–21]. The experiments in which the effects of more
than one factor on response are investigated are known as full factorial
experiments. The most important advantages are that not only the ef-
fects of individual parameters but also their relative importance in
given process are obtained and that the interactional effects of two or
more variables can also be known [22–23].

In the present work, the experimental work is carried out using a 24

factorial design in order to examine the main effects and the interac-
tions between temperature, pH, initial concentration and adsorbent
dosage.

2. Materials and methods

2.1. Materials

The Persea Americana nuts were washed with distilled water
and dried in a drier at ambient temperature for several days. The
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unmodified Persea Americana nuts were assigned as PAN. The carboni-
zation of PAN was carried out using an appropriate weight of PAN and
25mL concentrated phosphoric acid with amass ratio (1:4) a glass bea-
ker of 100 mL, heated at 500 °C for 1 h producing a black carbonaceous
residue. The solidmaterialwasneutralizedwith KOH solution until neu-
tral pH. Afterwards, the found carbonized Persea Americana nuts (C-
PAN) was filtered and washed intensively with water. The C-PAN was
then dried at 100 °C for 2 h and kept in desiccators for further use.Meth-
ylene blue as azo dye was used as received without any purification; its
color is stable within the pH range of the study. The chemical structure
of methylene blue is given in Fig. 1.

A stock solution of 1000 mg/L was prepared by dissolving the re-
quired amount of dye in distilled water. Working solutions of the de-
sired concentrations were obtained by successive dilutions of the
stock solution.

The characterization of C-PAN was achieved by FT-IR spectrosco-
py and X-ray powder diffraction measurements. FT-IR spectra
(4000–450 cm−1 range) were recorded with a Nicolet 5700 FT-IR
spectrometer on samples prepared as KBr pellets. The polycrystalline
sample of adsorbent was lightly ground in an agate mortar, pestle
and filled into 0.5 mm borosilicate capillary prior to being mounted
and aligned on an Empyrean PANalytical powder diffractometer
using Cu Kα radiation (λ = 1.54056 Å).

Three repeated measurements were collected at room temperature
in the 10° b 2θ b 60° range with a step size of 0.01°. Scanning Electronic
Microscopy (SEM) images were obtained with HITACHI-S4100 equip-
ment operated at 20 kV.

2.2. Procedure and analysis

The principal steps of statistically designed experiments are: de-
termination of response variables, factors and factor levels; choice
of the experimental design; and statistical analysis of the data.

The 2n factorial designs are widely applied in the experiments
that are taking into account several factors where it is necessary to
study the interaction effect of factors on the response, where each
variable is investigated at two levels. Only factors that affect re-
sponse can be chosen. Sixteen experiments were carried out by vary-
ing the temperature 293 K or 323 K, pH 2 or 10 initial concentration
25mg/L or 50mg/L, C-PAN dosage 0.1 g/L or 0.4 g/L. After 30 min, the
residual dye concentration in the reaction mixture was analyzed by
centrifuging the reaction mixture and then measuring the absor-
bance by UV–Visible spectroscopy of the supernatant at the wave-
length that correspond to the maximum absorbance of the sample
at 664 nm.

Fig. 1. Optimized structures of the MB using DFT at the B3LYP/6-31G (d,p).

Fig. 2. FT-IR spectrum of C-PAN adsorbent. Fig. 3. XRD spectrum of C-PAN adsorbent.
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