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Abstract— This study aims to compare the removal efficiency of Nylosan Red (N-2RBL) dye by adsorbents prepared from
grapes seeds and compare it to Aldrich activated carbon. Grapes seeds-based activated carbons were prepared by physical
and combined activation. Langmuir and Freundlich isotherms models in their Linear and non-linear forms were applied to
assess the removal process. R?, x* statistic, RMSE measures and APE functions were calculated for isotherms parameters
evaluation.

High removal efficiencies of 93.87 % and 92.5 % N-2RBL at conditions of 4 g/L (adsorbent dosage) and 100 mg/L (initial
concentration) of were obtained using GC-MA and AAC adsorbents respectively. However, removal efficiency of 92 %
and 82.19 % were obtained by GC-PA (4 g/L) and GC-NS (8 g/L) samples respectively at the same concentration.

The best fit for linear and non-linear Langmuir isotherms models was more representative by GC-MA sample
corresponding to adsorption capacities of 363.14 and 325.7 mg/g. Also, the non-linear and linear Freundlich isotherm
models present good results for GC-MA indicating that the adsorption is favorable with adsorption energies of 40.79 and
26.2 mg/g, while GC-PA is moderate. Samples were classified in terms of adsorption capacity as follow: GC-MA > AAC

> GC-PA > GC-NS.

Keywords— Models; Dyes; Adsorbent; Langmuir; Freundlich; grape seeds.

I. INTRODUCTION

Dyes are one of the compounds largely used in the industry
especially textile. They are not easily removed from liquid
effluents because these compounds are recognized to be
toxic ant hardly bio-degradable. In order to reduce
effluents coloring issued from the textile industry, various
methods were used such as the coagulation-flocculation;
adsorption on activated carbon and electro-coagulation
among others.

The research was then directed towards the treatment
process using natural materials such as clay; sawdust,
agricultural wastes and other industrial wastes because of
their availability and their low cost, which could
participate in the context of materials valorization and
especially will contribute to the sustainable development
and preserve non-regenerative resources.

The purpose of this work is to compare the uptake capacity
of raw grapes seeds, Grapes seeds-based activated carbon
and the commercial one from Aldrich to remove Nylosan
Red dye from aqueous water. Both forms (Linear and non-
linear) of Langmuir and Freundlich isotherms models were
used for adsorption process assessment.
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We started with, Section I, that contains an introduction of
adsorption as a technique of separation and mathematical
models used. Section Il deals with the related work of dye
capture by different agriculture wastes. Section I, talks
about the dye specification, adsorbents preparation,
experiments and models used. Section IV describes results,
discussion and comparison of the adsorption of N-2RBL
by different prepared samples and Aldrich activated
carbon. Separation factors, coefficient of distribution and
all forms Langmuir and Freundlich isotherms models were
graphically represented. Finally, Section V concludes this
research work with future perspectives.

Il. RELATED WORK

This work is a continuation of the adsorption of N-2RBL
by grapes cores-based activated carbon [1], prepared using
Calcium chloride (CaCl,), Phosphoric acid (HsPO,) and
Potassium hydroxide (KOH) as oxidizing agents to
enhance their adsorption capacity and intensity this anionic
dye.

In order to get a clear idea this raw material as a precursor
for adsorbent preparation, it is very important to enhance
its porosity by performing chemicals, physicals or
combined treatments and assess all isotherms parameters
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and make a comparison with one commercially available
activated carbon. For this purpose, Aldrich activated
carbon was chosen for comparison.

Il. METHODOLOGY
I11. 1. Stock solutions preparation
Nylosan Red belongs to the azo anion acid dyes family, it
is a very toxic substance, Table 1 summarizes some of its
characteristics [1].

Table 1. Chemical structure and characteristics of N-2RBL
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Cool down Filtration and drying
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vapor flow
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HCI (0.1N) and hot
distilled water
washing

Coal dried at 110°C

overnight
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Filtration in a sieve of
diameter 0.071 mm
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Characteristics Chemical structure
& z I
Molecular C,4H»1CIN,OgN,Na N\ _k
formula oz /%
2 9301 i
Molecular 587.97 g/mol - e
weight il )
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length (4, . ) % Ea
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I/ -
— I
LCs 90 mg/g 6 T
i [o]
z—0
Solubility in 80 g/L at 90°C
H,O

* Experimentally obtained value

I11. 2. Adsorbents preparation

The experimental protocol for activated carbons
preparation is shown in scheme 1. The raw material was
washed several times with water in order to remove
impurities and dust, then dried at 110 °C, the obtained
samples were then size reduced in a (Vierzen Crosshop
grinde) to increase the contact surface, sieved through 0.5
mm before uses.

In addition, two grape seeds-based activated carbons were
prepared in steps process involving a physical activation
and mixed activation separately.

The commercially available Aldrich activated carbon was
as a reference.

GC-1: Grapes seeds chemically activated with CaCl,
GC-2: Grapes seeds chemically activated with HzPO,
GC-3: Grapes seeds chemically activated with KOH
GC-NS: Raw grapes seeds at their natural status
GC-PA: Grapes seeds-physical activation

GC-MA: Grapes seeds-mixed activation

AAC: Aldrich activated carbon

N-2RBL: Nylosan Red-dye
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GC-MA ready
for use

Scheme 1. Steps-process carried out on activated process on
grapes cores (Cases: GC-NS/GC-PA/GC-MA preparation)

1. 3. Adsorption experiments

Time, dose and pH, these important parameters were
chosen to establish adsorption isotherms for different
systems, 25 mL of N-2RBL dye solution with known
initial concentrations ranging between 100-2000 mg/L
were mixed with an optimal dose of each adsorbent.

The obtained mixture was then agitated at a speed of 200
rpm till equilibrium is reached, separated from solid phase
by centrifugation at 4000 rpm and the solution analysed
spectrophotometrically at An.x = 500 nm. The following
relationships were used to evaluate adsorbent-adsorbate
interactions [1].

Table 2. Adsorbents characteristics

Adsorbents lodine index Methylene blue pHpcz
(mg/g) index (mg/g)
GC-NS 420 60 6,3
GC-PA 589 144 7,2
GC-MA 642 209 4,4
AAC 889 297 6,7
14
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Dye uptake g (mg/g) and the coefficient of distribution
K,(L/g) are calculated according to the equations (1) and

()

qo = (CO’Ceq)*V (1)
m 1000

Kq = (CO _Ceq) *V (2)
Ceq*m#1000

Where, C, and C., are the initial and the equilibrium

concentrations in (mg/L); m the mass of the adsorbent in

(9); V the volume in (mL).

The adsorption performance was evaluated using the

removal efficiency or elimination rate Rz (%), according to

equation (3):

re(e) = =% 4100 3)
Co

The equilibrium parameter R_ considered as an important

characteristic of Langmuir model is interpreted in table 3.

It is defined by equation (4)

1 4)

1+bC,

R

Table 3. Nature of the adsorption process
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Table 5. Forms of Langmuir and Freundlich isotherms

models
Isotherms | Non-linear Linear Plots
Freundlich | g, = K.CJp | In(@) =IKe +(3)*In(C,) In(g.) VS In(C,)

Latny%n(}:"- = Jhra) “% " &

Langmuir- _ VS

typell_| g, = fn2ce Ja= Uhwa e ) | Jo, K,
N +

Langmuir- ¢ L de e VS ae

type 111 Ge = tn (}/b)*(%e) P,

Langmuir- %/ _bsqg. —b+ %,/ VS q

type IV %e by ~b* G, %& ‘

R =0 Irreversible process

O(R, (1 Favorable process
R =1 Linear process
R Unfavorable process

b (L/mg) an equilibrium constant related to the adsorption
energy.

111, 4. Langmuir and Freundlich isotherms models
Langmuir and Freundlich isotherms models in their both
forms (Linear and non-linear) are usually used to fit
experimental data for any adsorption process. The
Langmuir isotherm assumes that the adsorption process
takes place at specific homogeneous sites within the
adsorbent [2].

The Freundlich isotherm is generally used to describe
adsorption tests taking place on heterogeneous adsorbents
and to define the exponential distribution of active sites
and their energies [3],[4].

Where, n and Kg (mg/g) are Freundlich constants
respectively related to the adsorption intensity and
adsorption energy, qn, (mg/g) represents the maximum
adsorption capacity.

In table 5 are mentioned expressions of both models.
Range values significance of the adsorption intensity “n”
is given in table 4.

Table 4. The adsorption intensity
Adsorption intensity versus the adsorption capacity

n{1 Capacity of adsorption is low.

The adsorption capacity is moderated

1n(2

N in the range of 2 to 10

Favorable adsorption
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I11. 5. Error functions analysis
The statistical aspect is very important to assess the

convergence of models, R? is part of the error function,
higher value of this coefficient means the model is well
represented, in the other hand, it is very important also to
calculate error functions such as: the APE (Average
percentage error), the RMSE (Root mean square error) and
the x* (Chi-square), lowest values found from these errors
functions mean that the experimental and the calculated
data are in good agreement; better is the curve fitting and
best model convergence becoming then favorable.

_ 2
Chi - SquareStatstic = x? = zi(qe‘ex" feca) ®)
Gescal
, 2 (6)
RMSE = (1/ N - 2) * Z(qe,exp - qe,cal)
1
S )
APE= (Z (‘QS,exp - Qe,cal‘ / QS,exp)/ N) *100
1

With, N is the number of observations in the experimental
data.

It has been reported that using R? alone is not enough to
predict best-fitting solution of different isotherms [5-6], that
is why the study other error function is very important.

IV. RESULTS AND DISCUSSION

1VV. 1. Adsorption of N-2RBL by GC-NS

Results of the adsorption isotherm using an adsorbent dose
of 0.1g are:

- The highest values of K, and R are equal to 2.91 L/g

and 92.1 % respectively at C, = 500 mg/L and an uptake g
=115.13 mg/g. In the other hand, the lowest values of K,

and R are obtained at the highest initial concentrationc, .

- The highest equilibrium factors R, values for linear and

non-linear Langmuir isotherms models correspond to the
lowest initial and equilibrium concentrations, models are
favorable because the separation factor is between

<R, <L
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- The linear Langmuir isotherm (type-I) is a valid model,
its coefficient of determination is equal to 0.969; it has an
adsorption energy and a maximum adsorption capacity
equal to 0.0204 L/mg and 156.433 mg/g respectively.

- The non-linear Langmuir isotherm model is also valid, its
adsorption energy is higher than the linear Langmuir
isotherm type-I it is equal to 0.0301 L/mg.

- Both forms of Freundlich isotherms (linear and non-
linear) are favorable, their intensities and adsorption
energies are equal to 3.599, 2.535 and 27.69/15.228 mg/g
respectively.

All isotherm models fittings are represented in Figure-2

1V. 2. Adsorption of N-2RBL by GC-MA

- The lowest elimination rate and the lowest coefficient of
distribution correspond to higher C,, the highest value of
the Re (%) is 97.7 % obtained at C,=500 mg/L and GC-
MA adsorbent dose of 4 g/L.

- By comparison between linear Langmuir isotherms
models, the model type-I presents the highest coefficient of
determination and maximum adsorption capacity, they are
equal to 0.973 and 363.139 mg/g respectively and its errors
functions values were found very low, the non-linear
Langmuir isotherm model is also valid because its
adsorption energy and capacity are important and

R? =0.9249, separation factors are less than 1 which mean
that Langmuir models are favorable.

- Taking into consideration the adsorption intensity values
we can say that both forms of Freundlich isotherms are
favorable with an advantage for the non-linear model, its
coefficient of determination and the maximum adsorption
capacity are equal to 0.9466 and 40.79 mg/g respectively.
All isotherm models fittings are represented in Figure-4

1V. 3. Adsorption of N-2RBL by GC-PA

By using 0.2 g of grapes cores activated physically with a
solution of N-2RBL at initial concentration equal to 400
mg/L; the removal efficiency and the coefficient of
distribution are the highest and respectively equal to 94.25
% and 2.05 L/g.

- The highest maximum adsorption capacity and a high R
are obtained from the linearized Langmuir isotherm model
type-Il. They are respectively equal to 424.87 mg/g and
0.952. The model describes well the equilibrium data
because values of RMSE ; APE and Chi-square 4?2 are

very low, which is a sign of convergence between
experimental and calculated values.

The non-linear Langmuir isotherm model presents positive
results; the maximum adsorption capacity is equal to 229
mg/g, the coefficient of determination and the adsorption
energy are equal to 0.877 and 0.0076 L/mg respectively
and the APE is about 26 %.
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- The linear and non-linear Freundlich isotherms models

have an acceptable R? | errors functions values of the non-
linear model are greater than the linear isotherm, the
adsorption intensities are ranked between 1(n(2 which
significates that the adsorption capacities are moderate.
All isotherm models fittings are represented in Figure-6

V. 4. Adsorption of N-2RBL by AAC

- By using 0.1 g of Aldrich activated carbon and at initial
N-2RBL concentration equal to 500 mg/L, the removal
percentage reached 96.05 %, in parallel with a coefficient
of distribution equal to 6.08 L/g.

- The best fit found for linear Langmuir isotherms models
is related to the model type-I, errors functions values are

very low and its R2=0.974 and the adsorption energy is
equal to 0.0218 L/mg, the non-linear model is favorable,
the adsorption intensity found is equal to 0.032 L/mg.

- Linear and non-linear Freundlich isotherms models are
favorable because their adsorption intensities are equal to
2.155 and 3.17 respectively

All isotherm models fittings are represented in Figure-8

IV 5. Adsorption of N-2RBL by GC-1/GC-2/GC-3

- The activation of grapes cores-based activated carbons by
HsPO, or by KOH presents good results in the non-linear
and linear Langmuir isotherms models. The linear
Langmuir isotherm model type-11 applied for the adsorption
of N-2RBL by GC-3, gives the best correlation between the
calculated data and experimental one, with maximum
adsorption capacity of 336.951 mg/g and a value of 0.0395
L/mg as adsorption energy [1].

- Linear Freundlich isotherms models for the adsorption of
N-2RBL by GC-2 or by GC-1 are moderate because the
adsorption intensities are less than 1, in the other hand, the
adsorption of the same dye by GC-3 is good [1].

- Non-linear Langmuir isotherm gives the maximum
adsorption capacity to be 410.4 mg/g onto GC-3 with an
APE =16.19 % and R® = 0.9585

Table 6. Parameters of Langmuir and Freundlich isotherms
models for GC samples [1]

Isotherms GC-1 GC-2 GC-3

Langmuir b Gm b Gm b Om
Langmuir- | - - 0.0074 | 509.17 - -
Langmuir- Il | 0.0035 | 339.75 - - 0.0395 | 336.95
Non-Linear - - 0.01004 | 470.6 | 0.0203 4104

Freundlich n K n K n K.

Non-Linear | 0089 | 00097 | 2302 | 275 | 265 | 4257

Linear 1.13 1.57 1.696 12304 | 2.128 28.15
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Table 7. Parameters Langmuir and Freundlich isotherms models

b

. Gm K- .
Models Isotherm Type R* L n - X RM5E| APE
(/mg) | (™8/g) (™/3)
Adsorption isotherm of N-2RBL by Grapes cores in their natural status GC-NS
g. = 0,205 = £, + 67.83 Experimental 0.584 - - - - 83.084 | 28.5 | 42.68
Cffqe =0.314 + 0.0064 + C, Linear Langmuir — I 0.060 | 0.0204 | 156.43 - - 0.617 | 0.188 | 20.3
I/q_., = 0.0029 + 0.534 + cho Linear Langmuir —IT 0.673 | 0.0054 | 343.89 - - 0.025 | 0.008 | 43.25
g, = 124,79 — 18,15 = (qﬁ'/cé) Linear Langmuir — III 0.204 | 0.0551 | 124.79 - - 130.66 | 39.45 | 63.23
q%, =2.532-0.011 =g, Linear Langmuir — IV 0.204 | 0.0112 | 224.56 - - 561 | 0.081 | 81.31
163+ L, v L . - . .
g. = 1+ 3.08E —02+C, Non — Linear Langmuir 0.8287 | 0.0301 151 — — 40.93 18.3 | 25.33
g, = 27.68 = £2477 Non — Linear Freundlich | 0.7301 - - 3.6 27.69 | 60.08 | 22.97 | 32.73
In(g.) =2.723 + 0.394 = In(C,) Linear Freundlich 0.610 - - 2535 | 15.23 0.332 | 0.408 | 6.86
Adsorption isotherm of N-2RBL by grapes cores-based activated carbon-Mixed activation GC-MA
g. = 0,666 = C, + 104.62 Experimental 0.8168 - - - - 177.41 | 44.6 | 40.96
Ce,frqé =0.138 +0.0028 = C, Linear Langmuir — [ 0.973 0.0199 | 383.14 - - 0.21 0.064 | 25.14
If'qg =0.0014 + 0.155 = Ifgg Linear Langmuir —IT 0.715 | 0.0092 | 700.46 - - 0.02 0.006 | 39.73
Ge = 274.69 — 21.006 = (%¢/, ) | Linear Lamgmuir — I | 0553 | 0.0476 | 2747 | _ — | 383.63 | 69.65 | 80.17
q*,’co =9.29 — 0.026 * q, Linear Langmuir — IV 0.553 | 0.0263 | 352.89 _ _ 12,77 | 247 | 48.01
975+ C,
go=—————— Non — Linear Langmuir | 0.9249 | 0.0209 | 3257 - - 72.85 | 28.56 | 21.05
€T 14 2.99E - 02 +(,
g. = 40.79 = C2258 Non — Linear Freundlich | 0.0466 - - 2814 | 40,79 | 75.43 | 24.08 | 28.47
In(g,) = 3.265 + 0.45 = In(C,) Linear Freundlich 0.804 - - 2222 | 26.2 0.354 | 0.354 | 5.472
Adsorption isotherm of the N-2RBL by grapes cores-based activated carbon-physical activation GC-PA
ge = 0.441 + €, + 33.813 Experimental 0.929 - - - - 60.38 | 16.1 | 32.08
Cffqe = 0.556 + 0.0044 + C, Linear Langmuir — I 0.83 | 0.0079 | 225.117| — - 0.72 0.27 | 19.4
1/q_., = 0.0024 + 0.616 « Ifco Linear Langmuir —IT 0.952 | 0.0038 | 424.875| _ - 0.02 | 0.004 | 26.16
g =178.63 — 7244 = (%) ) | Linear Langmuir — Il | 0598 | 0.0138 | 178.631| _ _ | 20862 | 33.42 | 72.13
Tl =194 - 0008 q, Linear Langmuir — IV 0.598 | 0.0082 | 234.631| — - 206 | 0.41 | 38.23
1.75+C,
go=T——————— Non — Linear Langmuir 0.877 0.0078 229 — — 37.28 | 21.26 | 18.43
14+ 7.63E —02=0C,
g, = 7.32 = C 5% Non — Linear Freundlich | 0.0253 - - 1.838 | 7.326 42,5 | 16.57 | 21.81
In(g.) =1.755 + 0.592 = In(C,) Linear Freundlich 0.800 — — 1.680 | 5.784 0.251 | 0.264 | 5.51
Adsorption isotherm of the N-2RBL by the Aldrich activated carbon AAC
g. = 0,487 = C, + 106.08 Experimental 0.68 - - - - 225 40,85 | 55.79
Ce/qo =0.15+0.0033 = C, Linear Langmuir — I 0.074 | 0.0218 | 305.49 — — 0.23 | 0.079 | 18.83
Ix’qg =0.0002 +0.25 = I/C, Linear Langmuir — II 0.851 | 0.0007 | 5697.32| _ - 0.04 | 0.004 | 40.98
g. = 260.37 — 28.16 = (‘?E'/Cé) Linear Langmuir — III 0.450 | 0.03535 | 260.37 - - 300.7 | 64.88 | 82.24
q%, =6.18 - 0.016 = g, Linear Langmuir — IV 0.450 | 0.0163 | 379.40 - - 7.64 1.56 | 60.82
2.2%=C N Li L i 0.0271 | 0.03203| 288.4 52,19 | 23.82 | 23.76
qe_1+3.25—ﬂ2aC9 Non — Linear Langmuir 8d 032 288, — — 2. 23,82 | 43,
g, = 43.73 » £2FF Non — Linear Freundlich | 0.8382 _ _ 317 | 43.73 | 123.75 | 35.49 | 39.33
In(g.) = 3.00 + 0.464 = In(C,) Linear Freundlich 0.736 — — 2155 | 21.00 0.397 | 0.399 | 6.825
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Figure 1-Separation factor of Langmuir isotherms models
(GC-NS case)
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Figure 5-Separation factor of Langmuir isotherms models
(GC-PA case)
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Figure 2-Representations of Langmuir and Freundlich
isotherms models for GC-NS
0.60
0.50
0.40
= 0.30
0.20
0.10
0.00
o 500 1000 1500 2000
co
Langmuir-1 Langmuir-1l Langmuir-11
Langmuir-1V Langmuir-Non linear
Figure 3-Separation factor of Langmuir isotherms models
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Figure 4-Representations of Langmuir and Freundlich
isotherms models for GC-MA
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Figure 6-Representations of Langmuir and Freundlich

isotherms models for GC-PA
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Figure 7-Separation factor of Langmuir isotherms models
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Figure 8-Representations of Langmuir and Freundlich
isotherms models for AAC
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Figure 10-Evolution of Re for the adsorption isotherms
of N-2RBL (GC-1/GC-2/GC-3/GC-MA cases)
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Figure 11-Distribution coefficient curves
(GC-1/GC-2/GC-3/GC-NS/GC-PA/GC-MA/AAC cases)

IV 4. Comparative study of Langmuir and Freundlich
isotherms models in their both forms

- Langmuir linear isotherms models type-l are the most
favorable for the adsorption of N-2RBL by GC-NS/GC-
MAV/AA, their adsorption energies are very close and equal
to 0.02 L/g, the highest maximum adsorption of N-2RBL
onto GC-MA is equal to 363.14 mg/g and the lowest one
was 156.43 mg/g using GC-NS.

Langmuir linear isotherm model type Il gave also good
result for GC-PA case.

© 2020, IISRCS All Rights Reserved
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- For the non-linear isotherms models, the highest
maximum adsorption capacity was 325.7 mg/g using GC-
MA sample, the lowest is related to the adsorption of the
same dye by GC-NS

- All the linear Freundlich isotherms models are favorable
except the case of the adsorption of N-2RBL by the GC-
PA which is moderate in addition its energy is equal to
5.78 mg/g which is the lowest.

The adsorption of N-2RBL by GC-MA presents the
highest energy of adsorption, in the other hand, the lowest
heterogeneity factor relates for the case of GC-NS.

- All the non-linear Freundlich isotherms models are
favorable except the case of the adsorption of N-2RBL by
the GC-PA which is moderate and its energy is the lowest.

The most important adsorption intensity is related to the
adsorption of N-2RBL by AAC it is equal to 3.17 , errors
functions values are significant and the coefficient of
determination is equal to 0.8382, in the other hand, the
adsorption of N-2RBL by the GC-MA presents the highest

R? and the lowest APE.
V.CONCLUSION AND FUTURE SCOPE

At initial N-2RBL concentration equal to 100 mg/L and
0.1 g of the adsorbent, the removal efficiency was 98 % for
GC-3 case; 93.87 % for GC-MA,; 92.5 % for AAC; 90.5 %
for GC-2; 88.31 % for GC-1 and 82.19 % for GC-NS,
however it was 92 % for 0.2 g of GC-PA.

Except for the linear Langmuir isotherm model type-l1I
regarding the adsorption of N-2RBL by the GC-PA, all the
other favorable isotherms models are type-1 and the best
fits are related to GC-MA and AAC, their R? tend to the
unit and the adsorption capacities are equal to 363.14 and
305.49 mg/g respectively.

The non-linear Langmuir isotherms models present
important adsorptions energies compared to the linear
Langmuir isotherms, best fits are related to GC-MA and
AAC, the adsorption intensities and capacities are equal to
0.03/0.032 L/mg and 325.7/288.4 mg/g respectively.

Non-linear Freundlich isotherms models present better
coefficients of determination compared to the linear
Freundlich models, adsorptions are favorable for GC-NS;
GC-MA and AAC and it is moderate for the case of GC-
PA, best fits are related to GC-MA and AAC.

Adsorption energies and capacities found from the non-
linear Freundlich isotherms models are much higher than
those found from the linear Freundlich isotherms models.

There is a need to study the statistical aspect of equation
and to do not be limited on R

Non-linear isotherms models describe very well the
adsorption process and they are close to the reality, that is
why it worth to study these equations.
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In this study we have used an agriculture waste which is
the grapes cores as an adsorbent, this raw material was
chemically & physically treated in order to ameliorate its
structure especially in matter of porosity and capillarity,
we have also used raw grapes cores at their natural status,
for the mean reason, which is to select the best adsorbent,
in parallel we have studied an industrial adsorbent which is
Aldrich activated carbon, results were compared and best
models were justified.

For the capture of azo anion acid dyes such as Nylosan Red,
we recommend to use activate chemically grapes cores-
based activated carbons by KOH or acid HsPO, or proceed
for mixed activation.

The abandonment of the agriculture wastes is not a good
process, we have confirmed that they can be recovered
treated enhanced for future use, by this manner we will
preserve the other natural resources and contribute in the
sustainable development and protect the environment.

REFERENCES

[1] M. Hamzaoui, B. Bestani, N. Benderdouche, Z.Mekkibes1, O.
Douinat, “Adsorption of Nylosan Red onto Grapes Cores-based
Activated carbon”, International Journal of Scientific Research
in Chemical Sciences (IJSRCS), Vol.7, Issue.3, pp.11-19,2020.

[2] ILLangmuir, “The adsorption of gases on plane surfaces of
glass, mica, and platinum,” J.Am.Chem.Soc. Vol.40, pp.1361-
1368, 1918.

[31 H.Freundlich, “Adsorption in
Vol.40, pp.1361-1368, 1906.

[4] C.Theivarasu, S.Mylsamy, “Equilibrium and kinetic adsorption
studies of Rhodamine-B from aqueous solutions using cocoa
(Theobroma cacao) shell as a new adsorbent,” International
Journal of Engineering Science and Technology, Vol.2,
Issue.11, pp.6284-6292, 2010.

[5] Busetty Subramanyam and Ashutosh Das, “Linearised and
non-linearised isotherm models optimization analysis by error
functions and statistical means,” Journal of Environemnt
Health Science&Engineering.

[6] Mansooren Dehghani, Simin Nasseri and Mojtaba
Karamimaneshl, “Removal of 2,4-Dichlorophenolyxacetic
acid (2,4-D) herbicide in the aqueous phase using modified
granular activated carbon”, Journal of Environemnt Health
Science&Engineering.

[71  Yuh-Shan Ho, “ Isotherms for the sorption of lead onto peat:
comparison of linear and non-linear methods,” Polish Journal
of Environmental Studies , Vol. 15, Issue.1, pp.81-86, 2006.

[8] Harrison,Ferrin;Katti,S.K, “Optimal Design in and Hazards of
linearization of Langmuir’s Nonlinear Model.” Int. J. Environ.
Sci. Tech., VVol.6, Issue. 3, pp.451-456, 2009.

[91 Hoda Roushdy Guendy, “Treatment and Reuse of Wastewater
in the Textile Industry by Means of Coagulation and
Adsorption Techniques,”  Journal of Applied Sciences
Research, Vol.6, Issue.8, pp.964-972, 2010.

[10] John U. Kennedy Oubagaranadin, Z.V.P. Murthy and P.S. Rao.
“Applicability of Three-parameter Isotherm Models for the
Adsorption of Mercury on Fuller’s Earth and Activated
Carbon,” INDIAN CHEMICAL ENGINEER, Indian Institute of
Chemical Engineers.Vol. 49, Issue. 3, pp.196-204, 2007.

[11] Lev.D.Gelb and K.E.Gubbins, “Characterization of Porous
Glasses:Simulation Models, Adsorption Isotherms, and the
Brunauer-Emmett-Teller ~ Analysis ~ Method,”  American
Chemical Society. Vol.14, pp.2097-2111, 1997.

solution,” Phys.Chem.Soc.

© 2020, IISRCS All Rights Reserved

(12]

[13]

[14]

[15]

[16]

[17]

(18]

Vol.7, Issue.4, Aug 2020

Mas Rosemal Hakim Mas Haris, and Kathiresan Sathasivam,
“The Removal of Methyl Red from Aqueous Solutions Using
Banana Pseudostem Fibers,” American Journal of Applied
Sciences, Vol.6, Issue.9, pp.1690-1700, 2009.

M.R. Samarghandi, M. Hadi,S. Moayedi, F. Barjasteh Askari,
“Two-parameter isotherms of methyl orange sorption by
pinecone derived activated carbon,” Iran. J. Environ. Health.
Sci.Eng, Vol.6, Issue.4, pp.285-29, 2009.

Rajeshwari  Sivaraj. R.Venckatesh. Gowri. G.Sangeetha,
“Activated carbon prepared from eichornia crassipes as an
adsorbent for the removal of dyes from aqueous solution,”
International Journal of Engineering Science and Technology,
Vol.2, Issue.6, pp.2418-2427, 2010.

Shih-Chin Tsai,Kai-Wei Juang, “Comparison of linear and non
linear forms of isotherm models for strontium sorption on a
sodium bentonite clear Chemistry,” Journal of Radioanalytival
and Nu, Vol.243, Issue.3, pp.741-746, 2000.

Alok Mittal , Lisha Kurup, Jyoti Mittal, “Freundlich and
Langmuir adsorption isotherms and kinetics for the removal of
Tartrazine from aqueous solutions using hen feathers,” Journal
of Hazardous Materials, Vol.146, pp.243-248, 2007.

B Barkhordar , M Ghiasseddin, “Comparision of Langmuir and
Freundlich Equilibriums in Cr, Cu and Ni Adsorption by
Sargassum,” lIranian J Env Health Sci Eng, Vol.1, No.2, 2004.
Okeola F.O. And Odebunmi E.O, “Freundlich and Langmuir
Isotherms Parameters for Adsorption of Methylene Blue by
Activated Carbon Derived from Agrowastes” Advances in
Natural and Applied Sciences, Vol.4, Issue.3,pp.281-288,
2010.

20



