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In this work, Crystal Violet (CV), cationic dye, is removed from aqueous solution, using wood of Argan shell
(ARS) and Almond shell (ALS), as low-cost and eco-friendly biosorbants. The parameters influencing the
adsorption of CV on each of our adsorbents, contact time (5-180 min), adsorbent dose (0.2-2 g), pH of the
solution (3-11), temperature (20-50°C) and the initial dye concentration (50-500 mg.L-1), were investigated.
The modeling of experimental results obtained, showed that the CV adsorption on both biomaterials followed
a pseudo-second-order kinetic and in perfect agreement with Langmuir isotherm. Also, at 40 ° C, CV is better
adsorbed on ALS that ARS, with maximum biosorption amounts 51.99 mg.g-! and 37.32mg.g1, respectively.
Thermodynamic calculations have shown that the sorption is spontaneous, endothermic and random at the
solid / solution interface. Adsorption capacities of dyes by ARS and ALS were better or comparable to those
of several other biomaterials already studied. ALS and ARS biomaterials studied can be considered as

Agro waste
water treatment

alternative biosorbants low-cost and eco-friendly.

doi: 10.5829/ijee.2018.09.04.05

INTRODUCTION

Water, this simple molecule, source of life on earth: the blue
planet thanks to these % covered by this noble matter. Despite
this abundance, the united nation count more than 700 million
people who have not yet improved drinking water sources and
82% of them live in rural areas [1]. This situation is caused
mainly by the lack of water resources and the pollution as
well. In recent decades, industrial activities have developed
rapidly, generating more and more quantities of pollutants.
This problem is much more serious in the developing
countries, in which its pollutants are discharged directly into
the sanitation networks without any treatment.

Textile, plastics, food, pharmaceutical and paper
industries use large quantities of organic dyes to dye their
product, but 40000-50000 tons of dyes are continuously
entering into the water systems [2]. The presence of these
dyes in aquatic environments even in small quantities is
misadvised, because the majority of them are toxic,
carcinogenic, and mutagenic. Also, their presence imbalances
aquatic environments by inhibiting access to light absorbed
by phytoplankton and hydrophytes, reducing photosynthesis,
and concentration of dissolved oxygen in the aquatic
environment, which causes an increase of the chemical
oxygen demand (COD) level [3]. Thus the removal of dyes
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from wastewater is an important challenge to the survival of
humanity.

Dyes are classified according to their charges on cationic,
anionic, and non-ionic dyes. Generally, cationic dyes are the
most toxic one [4]. Crystal violet is one of them, used in a
variety of ways: as a biological stain, dermatological agent,
veterinary medicine, additive to poultry feed to inhibit
propagation of mould, intestinal parasites and fungus, textile
dying and paper printing etc. [5]. However, CV is also a
mutagen and mitotic poison which justified the choice of
crystal violet as pollutants in the present study. The most
common and famous methods which used for wastewater
treatment are oxidative degradation [6], photo degradation[7],
electro coagulation [8], biochemical degradation [9],
anaerobic/aerobic treatment [10], coagulation/flocculation
[11], membrane separation [12] and sorption [13]. Despite
this multitude of choices, many of them remain applicable on
a large scale due to cost problem and process complexity [13,
14]. But adsorption can be an interesting alternative because
this technique is efficient, economical, easy to develop, and
valid for different pollutants [14]. The cost of this technique
can be further optimized from other techniques by using new
adsorbents based on agricultural waste instead of activated
carbon.

In this study, we chose two materials that largely exist in
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the region of Souss Massa (southern Morocco) outcome from
the shell of Argan and almond tree as adsorbent in the
treatment of wastewater loaded by CV, in order to value them
by creating a new added value.

The adsorbents were characterized by Fourier transform
infrared (FTIR) coupled by attenuated total reflectance (ATR)
technique and Thermo gravimetric analysis (TGA).

Biosorption of CV on ARS and ALS was performed by
varying parameters such as contact time, adsorbent dose,
initial dye pH, temperature and initial dye concentration.
Biosorption kinetic of CV was tested by the pseudo-first-
order and pseudo-second-order models. The behavior of the
equilibrium sorption was investigated through using
Langmuir, Freundlich and Temkin isotherm models, and thus
calculated thermodynamic parameters.

MATERIAL AND METHOD

Adsorbate preparation

In this study, we chose crystal violet as a pollutant to test the
effectiveness of our adsorbents, CV is a cationic dye
belonging to the family of triphenylmethanes, with chemical
formula C2sH30N3Cl and its structure is given in Figure 1. All
the solutions used were prepared by successive dilutions from
a stock solution of 1 g.L .

Adsorbent preparation and characterization

Nuts shells of Argan and Almond used in this study were
obtained from the region of Agadir in southern Morocco
during the harvest of 2016; these shells were cleaned and
washed several times with distilled water to remove
impurities, then dried for 24 hours in the oven at 105°C. The
dried material is crushed and sieved to remove particles larger
than 100 pm. Finally, the powders obtained are stored in
hermetically sealed glass bottles.

The powders of ARS and ALS are characterized by
Fourier Transform Infrared Spectroscopy (FTIR) with
resolution 4 cm™ in a spectrometer Jasco 4100, coupled to
ATR. The thermal stability of those biomass were studied
with thermo gravimetric analysis (TGA) in the range of 25—
600 °C with the heating rate of 10 °C min* at air atmosphere,
using a differential thermal analyser Shimadzu D60.

Batch equilibrium experiments

The adsorption tests are carried out by placing adsorbent
masses ranging from 0.2 to 2g at particles size <100um, in
contact with 50 ml of an aqueous solution of CV of
concentration ranging from 50 to 500 mg.L, for a contact
time varying between 5 and 180min, in a thermostated bath at
temperatures between 21 to 51 °C. The effect of the solution
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Figure 1.Chemical structure of crystal violet dye
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pH is also sought by adjusting it to values between 3 and 11
by adding a few drops of HCI or NaOH (0.1M) solution before
adsorption. It should be noted that throughout this study, and
before measurement, all the samples were left in a centrifuge
for 10 min at 3000 rpm to have clear solutions and thus obtain
reproducible results. The residual amount of dye in each flask
was determined using UV-Visible spectrophotometer “UV
2300 set to Amax = 584 nm corresponding to the maximum
absorption of CV.

The quantity equilibrium adsorbed ge(mg.g™) and the
percentage adsorption R(%) were calculated by Equations 1
and 2, respectively [15, 16]:

(Co-Co)
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R(%)= —(C(’C’ ) %100
0

@

O]

where, Co (mg L) and Ce (mg L) are the initial and
equilibrium concentrations of CV, respectively. V (L) is the
volume of solution and W (g) is the weight of adsorbent used.

RESULTS AND DISCUSSION

Characterization of adsorbents

a) FTIR spectroscopy

Figure 2 shows the vibrations of the functional groups
presented on surface of ARS and ALS detected by FTIR.
From the analysis of these spectra we can note the great
resemblance in the chemical functions present in the surface
of our adsorbents, also its complex surfaces, reflected by the
very important number of peak. The most remarkable peaks
are regrouped in Table 1.
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Figure 2. FTIR spectra of ARS and ALS

TABLE 1.The assignments corresponding to different frequencies
observed in the FTIR spectra of ARS and ALS

Frequency (cm™) Assignment Reference
3450 —OH groups [17]
C—H aliphatic asymmetric stretching present
2900 in biomass structure (cellulose, hemicellulose,  [18]
and lignin)
1720 C=0 band [19]
1650 C=0 stretching [20]
1425 due to aromatic ring of lignin [21]
1260 the vibration C—O methoxy groups of lignin [22]
1150 c—0—C vnbra_tlon in cellulose and [22]
hemicellulose
600 —C-C- group [20]
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b) Thermo gravimetric analysis TGA

The curves of TGA were carried out to investigate thermal
decomposition behaviour of ARS and ALS, as shown in
Figure 3. The analysis of TGA curves of ARS and ALS shows
that both decompose thermally in four steps [23, 24]:

- The first step appears between 65°C and 120°C, this
corresponds to the step of dehydration of the surface and the
structure. During this stage there is a loss of approximately
10% of mass [25].

- The second step was in between 260°C and 350°C which
may correspond to the thermal depolymerisation of
hemicelluloses [26, 27], accompanied by a loss of 60% of the
initial mass.

- The third step appears between 350°C and 450°C which
corresponds to the degradation of cellulose [28], with 10% of
mass loss.

- The latter step was in between 450 and 510°C which may be
due to the decomposition of lignin [29] with a mass loss of
nearly 20%.

c) Point of zero charge pHpzc

The pHp;c determines combined influence of all the functional
groups of surface. In order to determine this parameter, a
series of NaCl solutions (0.1M, 50mL) is used, the pH of each
solution is adjusted, before contact with adsorbent, with a few
drops of HCI/NaOH (0.1M) solution to have a series of pHi
ranging from 2 to 12. Then 0.5 g of one adsorbent is added to
each solution, and the mixtures are stirred magnetically, after
24h of stirring, the final pH (pHf) of each solution is
measured. The pHy, is determined graphically by the
intersection of the line (pH; = pHs) with the curve pHs = f(pH;).
The results are presented in Figure 4.
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Figure 3. TGA curves of ARS and ALS
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Figure 4. Point of zero charge pHpzc

From Figure 4 we can observe that pHy,c = 5.5 for ARS
and 7.5 for ALS, so at pH <pHy.c, the adsorbent surface has a
net positive charge, while at pH >pHy,c surface has a net
negative charge [30].

Adsorption study

a) Effect of adsorbent dose

The effect of adsorbent dose on adsorption is sought by
adding masses of adsorbent ranging from 0.2 to 2 g in 50 mL
of CV solution with initial concentration of 100 mg.L?, the
CV and adsorbent mixture are allowed to stir for 60 min in a
thermostated bath at 25°C. The results obtained are collated
in Figure 5. This figure shows that the adsorption efficiency
increases with the mass of adsorbent used to reach a plateau
from 0.4 g. So 0.4 g of adsorbent is largely enough to
eliminate almost 100% of CV.

b) Effect of contact time and kinetic study

In wastewater treatment, the time of a process is very
important, a long time limit the amount of treated water per
day, and increases the cost of the agitation. For this reason a
very short time treatment is always desired. The effect of the
adsorbate-adsorbent contact time is investigated by placing
0.4 g of adsorbent in 50 mL of CV solution (100 mg.Lt) for
time ranging from 5 min to 180 min. The results are presented
in Figure 6.

As can be seen from Figure 6, 10 min of agitation is
largely sufficient to eliminate almost 100% of pollutant. This
rapidity shows the high affinity between CV and ARS and
ALS. So in the rest of this work will be limited to 10 minutes
of contact, which is a very short time compared to other
studies (Table 2).
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Figure 5. Effect of adsorbent dose on the adsorption of CV on ARS
and ALS (t= 60 min, Co = 100 mgL™%; T =25 °C)
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Figure 6. Effect of contact time on the adsorption of CV on ARS
and ALS (Ad=8g L1, Co=100 mg L', T=25 °C)
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TABLE 2. The equilibrium contact time for adsorption of CV by
different adsorbents

Adsorbent t(min) Reference
Nano porous carbon from tomato paste waste 150 [31]
Treated ginger waste 150 [5]
Palm kernel fiber 60 [32]
CarAlg/MMt nano composite hydrogels 120 [33]
Materials bottom ash 240 [2]
Raw powder of jujube shell 60 [34]
Sugarcane dust 14 [35]
Peels of Annona squamosa 60 [36]
Pinus bark powder 120 [37]
ARS 10 This study
ALS 10 This study

The modelling of this results by the kinetic models of first
and pseudo second order, allowed us to determine the order
and the rate of the reaction, by using the linear forms of these
two models:

- Pseudo-first order model expressed by Lagergren equation
[38], which can be linearized in the form of Equation 3:

K
log(qe-qr) =logge- -t ®)

- Pseudo-second order model expressed and linearized in the
form of Equation 4 [39]:
t 1 1
A Kaa? ' de “)
where, ge (mg.g?) and g (mg.g?) are the amounts of CV
adsorbed respectively at equilibrium and at instant t, Ky
(minY) and K; (g.mgl.min?) are the rate constants of
adsorption pseudo-first-order process and pseudo-second
order.
The results of fitting experimental data with the pseudo
first-order and pseudo second-order are presented in Table 3.
As can be seen, for both ARS and ALS, experimental data
fitted well with the pseudo second-order model (r=1 and
Qecalc=(e, exp)- 1he calculated g values also agree very well
with the experimental data. These results indicate that the
adsorption system studied belongs to the pseudo second-order
kinetic model.

c) Effect of initial concentration

Generally, the water in treatment plants comes from different
sources, which leads to different concentrations to treat. In
order to elucidate the effect of this parameter, aqueous
solution loaded with CV at concentrations ranging between
50 and 500 mg.L*are stirred with 0.4 g of ARS or ALS for 10
min at natural pH. The results obtained are represented in

Figure 7. The analysis of these curves shows a yield decrease
from 97.91% to 71.14% and from 98.92% to 46.17% for ALS
and ARS, respectively. This decrease can be explained by the
fact that at low concentration of CV there is a sufficient
amount of active sites to trap most CV molecules. But when
the initial concentration is increased the number of
unadsorbed molecules increases implying a decrease in the
adsorption yield of CV [13].

d) Effect of pH

Generally the pH of the medium plays an important role in the
adsorption studies, because it can modify the dye molecules
and also the chemical functions on the adsorbent surface. The
results obtained are collated in Figure 8.

Figure 8 shows that the CV adsorbs on ARS and ALS in
basic media better than in very acidic media. This can be
justified by the fact that in acidic environments there is
competition between H* and the CV which is also cationic,
whereas in the basic media the dominance of HO" tends to
charge negatively the adsorbent surface, which promotes the
adsorption of the CV [40]. This finding is in agreement with
the pHpz results.

e) Effect of temperature and thermodynamic study

The effect of temperature on the adsorption of CV on ARS
and ALS is carried out at 20, 30 and 40°C with initial
concentration of CV varying from 50 to 500 mg.L™, and the
results obtained are summarized in Figure 9.

Figure 9 shows a small increase in the amount of CV
adsorbed on ARS and ALS with temperature, this small
increase can be justified by the increase in the mobility of CV
molecules with temperature [5]. The effect of temperature can
be explained thermodynamically by the calculation of the
variations of standard free enthalpy 4G°, standard entropy
AS8° and standard enthalpy 4H°. In the case of adsorption,
these variations can be deduced from the Equations 5 and 6
[41]:

AG°= -RTInKy (5)
_as e
In Kd_ R RT (6)

With K is the distribution coefficient defined by the Equation
7142]:

Kq=== )

where, Cp (mg.L™?) is the equilibrium dye concentration on the
biosorbent and Cs is the equilibrium dye concentration in
solution (mg.L%).

The values of AS° and AH® can be obtained by plotting In
Ka versus of 1/T. The results are summarized in the following
Table 4.

TABLE 3. Kinetic parameters for biosorption of CV onto ARS and ALS

Pseudo-first order model Pseudo-second order model
Adsorbent (r:;e;pl) ocal K, P Qecal K, P
(mg.g™) (min™) (mg.g™) (g- mg™*.min")
ARS 12.20 0.159 0.016 0.345 12.239 0.509 0.999
ALS 12.11 0.176 0.007 0.379 12.106 0.429 0.999
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From these results we can conclude that in this
temperature range, the adsorption of the CV on ARS and ALS
is thermodynamically possible (AG°<0) and endothermic
(AH®>0). The positive value of AS® reflect the diminution of
randomness at the solid/solution interface during the
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TABLE 4. Thermodynamic study for the adsorption of CV on ARS
and ALS (Ad=8 gL, t=10 min, Co=100 mgL™?)

AG°(KJ mol?)

-1
Adsorbent AHOI(_If J ASO(I;I_lmOI
293K 303K 313k molY) )
ARS 1182 -1195  -11.83  11.93 17.43
ALS 1119 <1172 -1159  17.46 18.98

adsorption process which can be explained by the fact that the
adsorbed molecule will lose one translational degree of
freedom (goes from 3D translation in solution to 2D
translation on the solid surface), and also by a decrease in the
dye concentration at the solid—solution interface [40, 41].

f) Adsorption isotherm

Adsorption isotherm is a relationship between C. the
adsorbate concentration in the liquid phase at equilibrium and
ge the amount of adsorbate trapped in the solid phase [43]. It
provides useful information regarding the extent of affinity
between the adsorbent surface and adsorbate molecules and
also about the surface properties of adsorbent. Among the
most used models in the literature to describe the
experimental data, we quote Freundlich, Langmuir and
Temkin models. In this work, we use those model in their
linear forms expressed respectively with Equations 8
(Freundlich, 1906), 9 (Langmuir, 1918) and 10 (Temkin et al.
1940)[44, 45]:

Inge=In KF+%ln Ce (8)
Ce 1 Ce

;_ KLqm + qdm (9)
de=BInKp+BInC, (120)

where gm (Mg.g?) is the theoretical maximum adsorption
capacity; ke, ki, and kr are the adsorption constants of
Freundlich, Langmuir and Temkin models, respectively,1/n is
the intensity of the adsorption and B (J.mg?) is constant
related to heat of sorption.

The equilibrium uptake data, obtained at 20, 30 and 40 °C,
was applied to these models and the corresponding plots
allowed us to determine the characteristic parameters of each
one. The obtained results are summarized in Table 5.

From these results we can see on the one hand, that it is
the Langmuir isotherm that best describes the adsorption of
CV on our adsorbents, because the value of r2 is always very
close to 1, and in the other hand, that the operating conditions
are favourable for CV adsorption on ARS and ALS according
to the R value superior than 1. So we can conclude that the
CV s adsorbed on a homogeneous adsorbent surface of
identical sites that are equally available and energetically
equivalent to each site carrying equal number of molecules
and with no interaction between adsorbate molecules [46],
with a maximum adsorption capacity of 37.32 mg.g™* for ARS
and 51.99 m.g*for ALS.

The data presented in Table 6 compares the maximum
monolayer adsorption capacity of some adsorbents used for
the removal of CV.

As we can see that ARS and ALS shows a comparable
adsorption capacity towards CV than that of most adsorbent.
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TABLE 5. Isotherm parameters for the adsorption of CV onto ARS and ALS (Ad=8g L™, t =10 min, Co= 50-500 mg L)

In this study we showed that we can use ARS and ALS
as a simple and economical adsorbent in the treatment of
wastewater loaded with Crystal violet. Indeed, the
maximum adsorption capacity obtained for ARS and
ALS, which are of the order respectively of 37.33 mg.g™*
and 51.9 mg.g*, are much greater or comparable to that
obtained for other biomaterials. Also for both supports
the adsorption of CV is fast (10 min), spontaneous,
endothermic, follows a kinetics of pseudo second order
and better described by the isotherm of Langmuir.
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