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The two materials were chemically activated by phosphoric acid
Key Words: while mixing them in different quantities and this by fixing the mass
of the olive residue and by varying that of the shell of peanuts in
olive pomace; order to obtain a homogeneous solution and to improve their
peanut shells; adsorptive capacity.
adsorption; In order to test the performance of the various adsorbents prepared,
basic yellow; we were interested in the cationic dye basic yellow considered as

chemical activation polluting. The effects of several parameters such as contact time,

initial concentration of dye, the pH of the solution, the temperature
were studied in a batch system.

The study of the adsorption in batch system, made it possible to note
that the optimum pH range for the elimination of the cationic dye
studied, correspond to pH values greater than 4, the maximum
adsorption capacity is about 42.73 mg/g obtained in the case of
adsorbent (50% OP-50% PS) at a pH 8, and at a temperature of 40
°C.A modeling of the experimental results was carried out using the
models Langmuir and Freundlich isotherms as well as a kinetic study
using the equation of Pseudo-second order which has been found to
be more consistent with experimental results.

I. Introduction:

Many industries, such as textiles, paper, plastics
and the dye industries consume large volumes of
water, and also use chemicals and dyes during the
manufacturing process [1-4]. As a result, they
produce a considerable amount of polluted
wastewater. Their toxic effluents are a major source
of aquatic pollution and will considerably damage
receiving waters if they are not treated [5-9], the
World Health Organization (WHQO) considers that
80% of the diseases that affect the world's
population are directly transmitted by water, which
requires their treatment.

Several treatment methods, biological, physical and
chemical, have been used for the treatment of
industrial textile effluents, including microbial
biodegradation [10-14], membrane filtration,
oxidation, the process of electric discharge,

precipitation, extraction with solvents. However,
many of these technologies are expensive,
especially when applied to high throughput
effluents, therefore the adsorption technique
appears to be well suited to the textile industry [15-
21], thanks to its proven effectiveness in removing
organic pollutants and also for economic
considerations research has therefore focused on
treatment processes using natural materials such as
olive pomace and peanut shells [22], especially in
recent years, various studies have demonstrated the
potential of various natural adsorbents for the
adsorption of textile dyes.

Research has therefore focused on treatment
methods using natural materials such as olive
pomace, peanut shells, clays, etc. due to their
availability and low costs of treatment.
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The present study therefore has a double objective,
namely, the study of the discoloration of a colored
liquid waste by adsorption, and the recovery of a
natural waste; olive pomace, peanut shells.

Kinetic and adsorption isotherms have been
modeled to better understand the dye adsorption
mechanism.

1. Material and method

11.1. Raw material preparation:

11.1.1. Olive pomace (OP)

The olive pomace used in this study was collected
from the Lakhdaria region during the olive
growing period.

Washed several times under running water to
remove dust and adhering impurities, as well as
water-soluble substances, until clear washing water
is obtained, then rinsed with distilled water.
Brought into contact with hexane for 48 hours, to
remove residual oils, and finally washed with
distilled water several times and dried in an oven at
105 °C.

11.1.2. Peanut shells (PS)

The peanut shells come from China. The crushed
peanut shells undergo the following stages:
Washing: washed several times under running
water to remove dust and adhering impurities, until
clear washing water is obtained, then rinsed with
distilled water.

Drying: takes place in an oven up to constant
weight (about 48 hours) at 105 °C.

11.2. Chemical activation

Once dried, we prepare different samples based on
a mixture of the two materials, before going on to
chemical activation.

To do this, we mix the two materials as follows:
Samplel: 7.275 g of olive pomace + 2.425g of
peanut shells (7.275g OP -2.425g PS).

Sample2: 7.275g of olive pomace + 4.85g of
peanut shells (7.275g OP -4.85g PS).

Sample3: 7.275 g of olive pomace + 7.275g of
peanut shells (7.275g OP -7.275 g PS).

Sample4: 7,275 g olive pomace +12. 125 g peanut
shells (7.275 g OP -12 .125gPS).

Sample5: 7,275 g of olive pomace (7,275 g OP).
Sample 6: 7,275 g of peanut shells (7,275 g PS).
These samples will be crushed using an electric
mill, then sieved using a stack of sieves of different
mesh openings. The choice of the desired particle
size is between (80 um and 630 pm).

The samples prepared are impregnated in an
aqueous solution of phosphoric acid (3N), at a mass
ratio equal to 2 g of acid/1g of adsorbent.

The temperature of the solution is kept constant T =
100 °C., with a total reflux of the vapors for 3 h.
The impregnated adsorbents are separated by
simple filtration of the solution.

Washing: After cooling, the samples are washed
several times with distilled water in order to remove
the excess activating agent until the pH of the
solution is neutralized.

Drying: The final step is to dry the adsorbents
prepared at 105 °C, to constant weight. Then store
in desiccators until needed.

11.3. Characterization of adsorbents:

11.3.1. Humidity

Humidity is a ratio expressed as a percentage, it is
determined by drying the adsorbent in an oven at
105 °C until its weight remains constant, it is
calculated by the following relationship (1) :

H (%) = (Mg—M1)*100

With:

H: humidity in mass percentage (%)
Mo: mass of adsorbent before drying (g)
M1: mass of adsorbent after drying (g)

@)

My

11.3.2. The ash rate

It allows to know the share of mineral matter in the
adsorbent.

Procedure: Weigh one gram of dry adsorbent and
put it in a calcination crucible, p; the weight of
adsorbent put in the crucible. The crucible is then
placed in an oven at 600 °C for 45 min. After
cooling, the crucible is weighed again, p. the
weight of the ashes in the crucible. We express the
ash rate by the equation (2) :

C (%) = ;’—fx 100 )

11.4. The dye basic yellow ( BY™)

The dye used in this study is a cationic dye which is
basic yellow (BY™), the chemical structure of which
is shown in figure 1.

Its molecular formula is CaHzsN2. 1ts molar mass is
293 g/mol and Ap,ax(NM) =416 nm

@*i o %

C'“"C——‘N
=i

HC
i e

Figure 1. Chemical structure of basic yellow (BY™*)

I1.5. Adsorption test

11.5.1. Effect of the solid / liquid ratio

Masses of adsorbent (0.025 g; 0.05 g; 0.1 g; 0.15 g;
0.2 g) are added to 50ml of basic yellow solution
with a concentration of 30mg/l at 250 rpm until
equilibrium is reached; the initial pH is 7.28,
stirring was carried out for 180 min

11.5.2 Effect of contact time

The tests are carried out in batch at room
temperature in beakers, by stirring (using a
magnetic stirrer) with a fixed mass of 0.1 g of
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adsorbent in a volume of 50 ml with concentration
15 mg/L and 30 mg/L at 250 rpm until equilibrium
is reached.

The initial pH is 7.28.

The samples are taken at predetermined time
intervals and are separated from the solid by
filtration on a 0.45 um diameter cellulose filter
paper, then the concentration is measured by a
visible UV spectrophotometer.

The amount of dye fixed per gram of adsorbent is
given by the following relationship(3) :
Qt=(Ci-Ct)yxV /M (3)
Or:

V: is the volume of the solution in (L).

M: the mass of adsorbent used (g)

Qt: the amount of dye fixed in mg per gram of
adsorbent.

Ci and Ct: are respectively the initial and
instantaneous concentrations of the dye in (mg/L)

11.5.3. Effect of pH

It has been studied by mixing 0.1 g of adsorbent
with 50 ml of colored solution at an initial
concentration of 30 mg/L and at a temperature of 20
°C.

The pH range chosen is [2-4-6-8-10-12]. The initial
pH of the solution was adjusted with solutions of
NaOH at (0.1N) and HCI at (0.1N). Agitation was
carried out for 120 min with an agitation speed of
250 rpm.

11.5.4. Temperature effect

To study the effect of temperature, the experiments
were carried out at 20-30-40 and 50 °C. A quantity
of 0.1 g of adsorbent was brought into contact with
50 ml of colored solution at an initial concentration
of 30 mg/l immersed in a water bath to keep the
studied temperature constant with stirring for 120
min at a speed of 250 rpm and a pH of 7,28.

11.5.5. Effect of the initial concentration

A mass of 0.1 g of adsorbent is added to 50 ml of
basic yellow solution. The initial concentrations of
dye tested are: (20.40, 60.80,100,120,140,160
mg/L). The experiments were carried out at 40 °C
for 120 min.

11.5.6. Isothermal adsorption

Adsorption isotherms are important in describing
how solutes interact with adsorbents and are
essential in optimizing the use of the adsorbent. The
Langmuir and Freundlich isotherms were used in
this study.

I11. Results and interpretations

A

I11.1.Characterization of adsorbents
11.1.1. Humidity and ash rate

The results of the humidity rate and the ash rate are
shown in table 1

Table 1. Humidity and ash rate

75% | 60% |50% |37.5% | 100 | 100
@| OP+ | OP+ | OP+ | OP+ | %OP | %PS
S| 25% | 40% |50% | 62.5%
glPs [Ps |[PS |PS
o
o
N
2
S| 477 | 466 | 475 | 51 | 49 | 555
g
<
[<5]

g
c| 345|318 | 322 | 337 | 34 | 32
®
e
l_

The results obtained are close to those of the
literature [22].

111.2. Adsorption test

111.2.1. Effect of the solid / liquid ratio on
adsorption

14 — P 1000
i PS5 200
OPSOFe- PSSR
e P75~ PE2TH
s OPEIRE- PSR
OP375%-PSE2SH

o 0.05 01 015 0.2 025
Mass {g]

Figure 2.Effect of the report: mixture of olive
pomace peanut shells / basic yellow solution, on the
adsorption capacity of basic yellow (T = 20°C,

pH = 7.28, » = 250 rpm)

From the figure 2, we notice the existence of two
intervals of evolution of the adsorption capacity of
basic yellow, the first shows an increase in the
adsorption capacity with the increase in the amount
of adsorbent introduced up to 0.1 g; and in the
second (amount of adsorbent > 0.1g), we have a
fixed retention of basic yellow. Hence the optimal
value of the order of 0.1 g/L.
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111.2.2. Effect of contact time on adsorption
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Figure 3. Evolution of the adsorption capacity of
basic yellow as a function of contact time (Co = 15
mg/L, T =20 °C, pH = 7.33, w = 250 rpm)

14 4 —0P 100%

—5 100%
2 s OF'50% - PE50%
—OP75% - PS25%

10 4 e OPE0% - PSA0%
- —0P37,5% - P562,5%
P

2

2

o

Time [minutes)

Figure 4. Evolution of the adsorption capacity of
basic yellow as a function of contact time (Co = 30
mg/L, T =20 °C, pH = 7.33, w= 250 rpm)

According to figures 3 and 4 the curves show the
same trend:

Rapid adsorption followed by spreading with
similar saturation at the same time intervals. The
first phase, a rapid increase in the elimination rate
of the dye, takes place in a few minutes (15 to 60
minutes), which can be explained by the availability
of active sites on the surface of the various
adsorbents.

In the second stage, we observe a second slower
phase which can last from (60 to 120 minutes),
which may be due to the decrease in the contact
surface after occupying the majority of the active
sites.

On the other hand, the more the initial
concentration of the dye increases, the more the
number of ions in solution increases, implies a
higher adsorption capacity.

Based on these graphs, an equilibrium time of 2
hours (120 minutes) will be used.

111.2.3. Effect of the pH of the solution on the
adsorption

—CF 100%

—— P 100%
—P50% - PSS0%
. P75 % - P525%
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Figure 5. Evolution of the adsorption capacity of
basic yellow as a function of the initial pH (Co =
30 mg/L, T =20 °C, = 250 rpm)

The best results are observed for basic pH from pH
=8

The results show that the acid pH (pH <4) is
unfavorable for adsorption, this is due to the
presence of the H* ions in excess, which compete
with the dye cations BY*, for adsorption sites,
which causes the decrease in adsorption capacity
[23-25].

At high pH, above 4, the surface of the adsorbent
can become negatively charged, which improves
the electrostatic attraction forces, between the
surface of the adsorbent and the cations of BY* .
So the basic pH is favorable for the adsorption of
basic yellow.

It is therefore clear that an increase in the pH favors
the development of a negative electrical charge on
the surface of the adsorbent [26]. , this charge has,
towards the basic yellow, an electrostatic attraction
due to the positive charge which they carry in
solution.

111.2.4. Effect of temperature on adsorption
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]
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Figure 6. Effect of temperature on the adsorption
of basic yellow ( pH = 7.28, » = 250 rpm)

According to Figure 6 in the range of 20 to 40 °C,
there is an increase in the adsorption capacity for all
adsorbents [27].

Copyright © 2021, Algerian Journal of Environmental Science and Technology, All rights reserved

2204



Algerian Journal of Environmental Science and Technology

December edition. VVol.7. N°4. (2021)
ISSN :2437-1114
www.aljest.org

For Temperature between 40 and 50 °C, there is a
decrease for (OP50% -PS50%), (OP75% -PS25%)
and the others continue to increase.

The maximum capacity observed, is at a
temperature of 40 °C, for the adsorbent (OP50% -
PS50%) which has the following value 12.015

mg/g.
111.3. Kinetic and adsorption isotherm modelling

111.3.1. Kinetics of adsorption

Several kinetic models are used to test the
experimental data

We applied and tested the models.

The results obtained are presented in the tables
below

Pseudo first order
Pseudo second order

111.3.1.1. Modeling of pseudo first order Kinetics
The figures represent the evolution of the function

In (q. — q;) as a function of time.
C=15mg/L

Table 2. First order pseudo kinetics (C = 15mg/I)

A

Table 3.First order pseudo kinetics (C = 30 mg/L)

Kinetics of pseudo-first order
Adsorbent K1 R2
(9/mg,min)
(OP37,5%- 0,069 0,4797
PS62 ,5%)
(PS100%0) 0,070 0,4956
(OP100%) 0,035 0,6369
(OP75% - 0,0596 0,5343
PS25%)
(OP609% - 0,0617 0,5538
PS40%)
(OP50% - 0,0451 0,5389
PS50%)

Kinetics of pseudo-first order
Adsorbent K1(g/mg,min) R2?
(OP37,5% - 0,053 0,4059
PS62 ,5%)
(PS100%0) 0,055 0,423
(OP100%) 0,061 0,3538
(OP75% - 0,044 0,4149
PS25%)
(OP60% - 0,056 0,4191
PS40%)
(OP50% - 0,047 0,4159
PS50%)

From the results obtained, we find that the
experimental data and the data obtained by the
model are very divergent. The speed constant also
has a very low value for all the mixtures used. The
variation of In (g.-q;) as a function of time was not
found to be very linear, and the regression
coefficients R? are not satisfactory, since their
values do not exceed 0.6369.Finally, we can
conclude that the kinetics do not respond to the
Lagergren model (Pseudo first order kinetics).

111.3.1.2. Modeling of pseudo second order
kinetics

The kinetic model of the pseudo second order is as
follows (4)

d
f = ky(a, = a,)° @)

After integration we obtain the equation (5):
t__1 ¢t
qc  ky.qf  qe

(5)

k: The speed constant for an order pseudo-scond
kinetics ((g / mg.min)).

q; . The adsorption capacity at time t (mg/g)

q. : Adsorption capacity at equilibrium (mg/g)

The plot of t/q,as a function of time t will give a
straight line with a slope equal to 1/q. and an
ordinate at the origin equal to 1/k, q?
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Table 4. Second order pseudo kinetics (C = 15
mg/L)

Kinetics of pseudo-second order
Adorbent | q.(mg/g) | k2(g/mg,min) | R?
(OP37,5% | 5,367 0,025 0,9957
PS62 ,5%)
(PS100%) | 5,966 0,022 0,9951
(OP100%) | 6,157 0,0223 0,9956
(OP75% - | 6,33 0,0245 0,9958
PS25%)
(OP60% - | 6,46 0,0248 0,9962
PS40%)
(OP50% - | 6,68 0,024 0,9964
PS50%0)

Table 5. Second order pseudo kinetics (C = 30
mg/L)

Kinetics of pseudo-second order
Adsorbant | g.(mg/g) | ka(g/mg,min) | R?
(OP37,5% | 10,08 0,0143 0,9966
PS62 ,5%)
(PS100%) | 11,01 0,0149 0,9974
(OP100%) | 11,52 0,012 0,9962
(OP75% - | 11,94 0,014 0,9971
PS25%)
(OP 60% - | 12,19 0,0116 0,9967
PS40%)
(OP 50% - | 12,22 0,0153 0,9974
PS50%)

The correlation coefficients of the kinetic equation
of the pseudo - second order, are high and the
theoretical values q, obtained from this equation
are close to those experimental which allows us to
suggest that the adsorption of basic yellow on the
different adsorbent is better represented by the
kinetic process of pseudo - second order. As can be
seen, the values of the adsorption capacity in the
case of the adsorbent mixture are better for the
majority of the proportions by comparing them with
the two separate adsorbents (PS100%), (OP100%)
except in the case of mixing. (OP37.5% -PS62.5%).
The maximum capacity obtained in both cases (C =
15mg/l), (C = 30mg / I) with the mixture (OP50% -
PS50%) g, = 6.68 mg/g, q. = 12.22mg. With (R2 =
0.9964, R2 = 0.9974) The kinetic constant (K2)
increases in the case of mixing more than in the
separated state.

This allows us to conclude that the mixture between
the two adsorbents improves their adsorption
capacity. The adsorption of basic yellow on the
various adsorbents is best represented by the kinetic
process of the pseudo-second order.

111.3.2. Modeling of adsorption isotherms
111.3.2.1. The effect of initial concentration

The isotherm obtained is of type L corresponding to
an adsorption of a mono molecular layer, hence the
possibility of applying both the Langmuir law and
that of Freundlich.

The experimental conditions used are specified in
the following table:

—Op 100%
P 100%
OP50% - PS50%
ELE —0PT5% - PS25%
e OPEO5E - PSA0%
OR37.5% - P562.5%

&

&

[FI}

qe (mg/g

o w b B

T T T 1
] 50 100 130 200

€, (mg/L)

Figure 7. The effect of initial concentration on
adsorption (T = 40°C, pH =8, w = 250 rpm)

From the results obtained, it can be seen that the
mixture of the two adsorbents makes it possible to
improve their adsorption capacity such as for
(OP50% -PS50%) (42.82 mg/g) compared to
OP100%, PS100% (33.24mg/g and 31.395 mg/g
respectively).

111.3.2.2. Adsorption isotherms (adsorption
equilibrium)

111.3.2.2.1. Langmuir isotherm

Linearization of the Langmuir equation (6)

de qmax bCeQmax (6)

1 1 1
+

Or
b: is the equilibrium constant

Qmax. The maximum adsorption capacity.

by tracing qi function ofCL
e e

1 1

A slope line P Ordinate at origin

dmax dmax
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Table 6. Langmuir parameters for the different
types of adsorbents used:

qmax
R? | (mg/g) B R;( | R,(16
20) | 0)
Adsorbent
OP375% | 0,96 | 27,47 | 0,086 | 0,36 0,067
-PS62,5% | 4 2 8 5
PS100% 0,96 | 31,84 | 0,089 | 0,35 | 0,65
83 7 7 7
OP100% 0,97 | 34,01 | 0,073 ' 0,40 | 0,078
05 3 9 3
OP75% - 0,97 | 39,52 | 0,075 | 0,4 | 0,076
PS25% 2 5 9
OP60% - 0,97 | 40 0,071 | 0,41 | 0,080
PS40% 95 3 9
OP50% - 0,97 | 42,73 | 0,076 | 0,39 | 0,075
PS50% 95 6 9

As expected, the mixture of olive pomace with
peanut shells in different proportions gave an
improvement in the adsorption properties of the
adsorbent, giving it better fixation of the basic
yellow.

Indeed, with a mixture of (50% OP, 50% PS),
increases the adsorption capacity of basic yellow to
(42.73 mg/g) compared to the use of olive cake
only (34.013 mg/g), peanut shells alone (31.847 mg
/1 Q).

The values of Qmax determined by the Langmuir
model increase with the increase in the rate of olive
cake in the mixture,

The value of gmax goes from 34.013 mg/g to 42.73
mg/g, when 50% of peanut shells are added to olive
pomace (50 OP, 50% PS).

The value of q,,4, decreases from 34.013 mg/g to
27.472 mg / g when 62.5% of peanut shells are
added to olive pomace (OP37.5% -PS62.5%).

The viability of an adsorption can also be defined
from the dimensionless separation factor R,

1
1+5.C,

R, ()

If R;> 1 the adsorption conditions are unfavorabl
If R;<1 the adsorption conditions are favorable
If R;= 0 the adsorption is irreversible.

A

The dimensionless separation factor is less than 1,
for all the mixtures used, hence adsorption is very
favorable.

111.3.2.2.2 Freundlich isotherm

Freundlich's equation is expressed by the relation
(8)

Lng. =LnK; +1/n LnC, (8)
Where ke and n are dimensionless constants.

The results obtained are represented according to
the Freundlich model, by plotting

Ln g, =f(Ln C,), hence the slope of the line is 1/n
and Ordinate at origin Ln K¢ .

The intensity parameter, 1/n, indicates the deviation
of the linearity adsorption isotherm. When 1/n = 0,
the adsorption is linear, it is to die that the sites are
homogeneous and that there is no interaction
between the adsorbed species.

When 1/n < 1, the adsorption is favorable, the
adsorption capacity increases and new adsorption
sites appear.

When 1/n>1 the adsorption is not favorable, the
adsorption bonds become weak and the adsorption
capacity decreases.

Table 7. Freundlich parameters for the different
types of adsorbents used

Constant

R? K 1/n
(mg/g)

Adsorbent

OP37,5% - 0,9653 | 4,55 0,4015
PS62%

PS100% 0,9743 | 4,93 0,4276
OP100% 0,9881 | 4,297 0,4722
OP75%- 0,9885 | 4,57 0,5077
PS25%

OP60%- 0,98 | 4,66 0,4975
PS40%

OP50%- 0,988 | 4,75 0,5271
PS50%

From the results obtained in the table above, we
find that the ratio 1/n is less than 1, so the
Freundlich isotherm is favorable for the absorption
of basic yellow for any proportion of OP and PS.

V. Conclusion

The study of the adsorption in batch system, made
it possible to note that the optimum pH range for
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the elimination of the cationic dye studied,
correspond to pH values greater than 4, the
maximum adsorption capacity is about 42.73 mg/ g
obtained in the case of adsorbent (50% OP-50%
PS) at a pH 8, and at a temperature of 40 °C.

During our study, we found that the adsorption rate
increases with the increase in the peanut rate in the
mixture

The Langmuir isotherm as well as the Freundlich
isotherm are favorable for the adsorption of basic
yellow on the various adsorbents, with R? > 0.964
for the Langmuir linearization, with a better
representation of the linearization with a R? =
0.9795.

The Freundlich model with an R?> 0.9653, , with a
better representation of the linearization with a R?=
0.9885.

While the kinetic study of the experimental results
using the pseudo-first order and the pseudo-second
order equations, has shown that the latter coincides
better indicating that adsorption is a second order
reaction.
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