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ABSTRACT

In this study, biosorption of the dye Bezacryl Red GRL 180 by two fractions of the lichen Pseudevernia
furfuracea L one greater than 250 um and the other less than 250 pm, was investigated in batch system.
Operating variables like biomass amount, pH, contact time, temperature, and dye concentration were
explored. Fourier-transform infrared spectroscopy analyses delivered information about the possi-
ble binding groups present in the lichen, as aliphatic chains, carboxylic, and sulfonate groups. The
results of batch kinetic experiments were well fitted by pseudo-second-order for the two materials.
Equilibrium data were well described by the Freundlich isotherms for the two fractions of our lichen.
Under optimized batch conditions, up to 121.95 mg g for the lower fraction and 188.68 mg g for
the greater than 250 um could be removed from solution in a relatively short time. These values
show that our lichen by these two fractions has better adsorption efficiency for this industrial dye.
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1. Introduction

Since ancient times, individuals have been interested
with colors. From cave canvases to the most recent con-
traptions, color has been a consistent companion of people
[1]. Dyes are chemical substances basically used to impart
color to objects [2], most dyes are complex organic mole-
cules and they should be resistant to physical and chemi-
cal exposure. Synthetic dyes are used extensively in the
majority of today’s technological areas such as especially
textile industry, leather tanning, paper manufacturing, food
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industry, agricultural research, and cosmetics [3]. In recent
times, contamination of water sources with this aesthetic
poison as a consequence of various industrial activities has
become a serious problem. Discharge of dye contaminated
wastewaters into the aquatic environment without adequate
treatment can lead to adverse effects on the aesthetic qual-
ity of water bodies and impact the ecosystem by reducing
the sunlight penetration, which in turn disturbs the photo-
synthetic activities in the aquatic system; and occurrence of
chronic and acute toxicity [4], and gas solubility in water.
In addition, the textile dyes may be carcinogenic or muta-
genic in nature and can produce toxic amine compounds
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under degradative conditions [5,6]. In conjunction with
these hurtful properties most dyes are idle and non-bio-
degradable [7]. In this sense, special mention should be
made to azo-type textile dyes which, around 15%-50%, do
not bind to the fabric, during the dyeing process, and are
released into wastewater, which is commonly used, in devel-
oping countries, for the purpose of irrigation in agriculture
[8]. The use of these azo compounds is very negative to soil
microbial communities [9] and to germination and growth
of plants [8]. Therefore, the treatment of dye contaminated
aquatic systems and the improvement of water quality are
important topics in the field of environmental technologies.
Different techniques for the elimination of “emerging”
pollutants such as ion exchange, electrolysis, precipita-
tion, chemical oxidation, fluctuation and many others have
been reported earlier [10]. In any case, long operational
time, tall processing cost, plausible poisonous side items
arrangement abridges their utilization on bigger scale [11].
Because synthetic dyes cannot be efficiently removed from
the wastewaters by conventional methods, their adsorption
on inexpensive and efficient solid supports is considered
as a simple and economical method for their removal from
wastewaters [12]. Biosorption is an alternative environmen-
tally friendly technique to current costly water treatment
technologies and based on the interaction between biomate-
rial and pollutant. It is one of the leading treatment strategies
due to its flexibility, simplicity of design, and insensitivity to
toxic pollutants [12]. Biosorption of different pollutants by
various biological materials has been studied widely in the
last years for its potential for wastewater treatment [13,14].
Different natural materials, such as blue-green algae [15],
green macroalgae [16], brown marine algae [17] nonliving
green algae [18], brown seaweeds [19], fungal biomass [20],
bacteria [21,22], peat biomass [23], aquatic mosses [24], cel-
lulose/chitin beads [25], tree fern [26], halloysite-based [27],
modified kaolinite [28] and many other adsorbents have
been applied to remove a lot of pollutants from solution.
Lichens are life forms comprising of a fungus and an
alga or cyanobacterium which combine in a symbiotic rela-
tionship with a few one of kind physiological and morpho-
logical characteristics [29]. These organisms have many
applications in medicine, food and environment. However
lichens don’t have a complex root system, waxy cuticle or
stoma, and consequently they obtain most of their nutrients
from the air and dry deposition [30]. That’s why they have
been broadly utilized as atmospheric pollution indicators
since of their ability to emphatically tie and gather metals
[31,32]. The metal-ion binding properties of lichens have
been found that nonliving lichen biomass is able to bond
metal-ions more than living lichens [31] since the living
plasma layer excludes metals from entering the cell [33]. The
component cation uptake by these organisms is generally
regarded as an abiotic process governed by surface complex-
ation of cations with different functional groups exposed on
here surface [34]. These functional groups may be carbox-
ylic, hydrocarboxlic acids and chitin heave [33]. Recently,
several workers observed a high potential of lichen for the
adsorption of many pollutants such as chromate anions [35],
chromium and lead [36], mercury [37]. Removal of pollut-
ants from water by biosorption, using lichen as a composite
material and dead biomass can be a promising process.

In the present paper, biosorption of Bezacryl Red GRL
180 by the dead biomass of the lichen Pseudevernia furfura-
cea L has been investigated. This dye is highly water-soluble
and can have a harmful effect on aquatic life with long-last-
ing effects [38]. The biosorption equilibrium and kinetic data
are fitted using different models and process parameters
were evaluated.

2. Materials and methods
2.1. Adsorbent

The lichen Pseudevernia furfuracea L used in this study
was collected from the national park of Theniet El had
in the province of Tissemsilt (Northern Algeria). It was
washed to eliminate all impurities and then dried in an
oven (Memmert) for 24 h at 80°C. Then ground and sieved
by a 250-micrometer sieve to have two fractions less
than 250 micrometers and greater than 250 micrometers
with which we will work along with this study.

2.2. Characterization of materials
2.2.1. Morphological analysis

Morphological analysis by scanning electron micros-
copy (SEM) has been carried out to provide information
on the state of the surface of our adsorbent.

2.2.2. Fourier-transform infrared spectroscopy

The identification of functional groups on the sur-
face of our biosorbents was performed by infrared spec-
troscopy. The two fractions were analyzed by Fourier-
transform infrared spectroscopy (FTIR) in solid form. Using
a diffuse reflectance accessory, spectra were registered from
4,000 to 400 cm™.

2.3. Adsorbate

The dye considered in this study is Bezacryl Red GRL
180, it was prepared from powder in the laboratory by
dissolving it in distilled water. This powder was provided
by the textile blanket manufacturing company “SOFACT”
Tissemsilt (Northern Algeria). Its characteristics are
summarized in Table 1.

2.4. Biosorption studies

Biosorption experiments were carried out in 200 mL
Erlenmeyer flasks containing 100 mL of a solution of our
dye red GRL 180 at a concentration of 25 mg L™ and bio-
mass of our material by stirring in a shaking water bath
until we reach the adsorption equilibrium. After reaching
equilibrium, the solutions were separated from the bio-
mass by filtration through a colander followed by centrif-
ugation (centrifuge 3K10) at a speed of 6000 revolutions
per minute (rpm) for 5 min. The absorbance of the super-
natant solution was measured by a UV-visible spectropho-
tometer (SHIMADZU UV-1202), at the wavelength which
corresponds to the maximum absorbance of red GRL 180
(A__. =525 nm) which was previously determined, and then

max
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Table 1
Properties and characteristics of red GRL 180 [38]

Dye Bezacryl Red GRL 180
Chemical name
Cl
™.
zZ Ii —
NH*
Structure N ~ cl

CAS number 38845-47-5

EC number 254-149-3
Molecular formula C,H,,CLN.Zn
Molecular weight (g mol™) 495.16442
Content of zinc 3.7%

Specific wavelength (nm) 525 (this study)

5-[[4-[benzylmethyla-mino]phenyl]azo]-1,4-dimethyl-1H-1,2,4-triazolium trichlorozin-cate(1-)

the residual dye concentration is given by Beer-Lambert’s
law, from a calibration curve. The biosorption capacity was
determined by using the following equation:

(C,-c)v

m

Q.= @

where C, and C, represent the initial and equilibrium concen-
trations of dye red GRL 180 (mg L), respectively V is the
volume of the dye solution (L) and m is the amount of bio-
sorbent (g).

2.5. Kinetic studies

The biosorption kinetics assumes an important role
in the selection, design, and operation of adsorption sys-
tems. As previously elucidated, biosorption is a passive
and metabolism-independent process [39]. The adsorption
tests were carried out in a batch reactor, using a 1 L capac-
ity glass, with stirring the synthetic solution of red GRL
180 in the presence of adsorbent “the two fractions of our
lichen” at laboratory temperature. The homogenization of
the mixtures was ensured by a magnetic bar stirrer with
constant stirring at 200 rpm for 90 min. Samples were taken
at regular time intervals and after separation of adsor-
bent adsorbate, using a colander and then centrifugation.
The absorbance of the supernatant solution was measured
with a UV spectrophotometer. The biosorption capacity
was determined by using Eq. (1).

Batch biosorption kinetics of red GRL 180 uptake was
examined by using the pseudo-first-order kinetic model
of Lagergren, the pseudo-second-order kinetic model,
and the intraparticle diffusion model. These equations are
given as:

The Lagergren pseudo-first-order kinetic model [40]:

ln(qt, - qf) =1Ing, -kt )

where g, and g, are the biosorption capacities of sorbent
material at equilibrium, and time ¢ (mg g™), respectively.
k, is the rate constant for pseudo-first-order biosorption
(min™).

The pseudo-second-order kinetic model [41]:

f 1 +lt 3)

9 k@ 9,

with g, (mg g™) and k, (g mg™ min™) are the maximum bio-
sorption capacity and the equilibrium rate constant for
the pseudo-second-order biosorption, respectively.

The intraparticle diffusion model [42]:

g, =kt +C (4)

where C is the intercept and k is the intraparticle diffusion
rate constant (mg g™ min?).

2.6. Isotherm studies

In equilibrium isotherm studies, the solution of red
GRL 180 of different concentrations (10 to 200 mg L™) at
optimal pH of the initial solution (pH = 9) was stirred with
our materials in a shaker water bath at 30, 40 and 50°C for
a contact period of 90 min. The equilibrium concentrations
were determined by the absorbance of the solutions using a
spectrophotometer after separation of the adsorbent and the
adsorbate.
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Batch flow biosorption applications were analyzed using
adsorption isotherms models. Here Freundlich, Langmuir,
Dubinin—-Radushkevich ~ (D-R), Elovich, Langmuir—
Freundlich adsorption isotherm models were used to
describe the equilibrium between the absorbed amount of
red GRL 180 on both absorbents and equilibrium concen-
tration (C)) of our dye in solution at a constant temperature.

Freundlich model assumes that the uptake of sorbate
occurs on a heterogeneous surface of the sorbent. Langmuir
model describes the monolayer sorption process onto the
sorbent surface with specific binding sites. The linearized
forms of the four models were used to compare between
them.

The Freundlich equation is expressed as Eq. (5) [43]:

Ing, = lnk+(1jlncE )
n

The Langmuir equation is expressed in Eq. (6) [44]:

&:L+& (6)

9, 9.k 4,

where k and n are Freundlich constants related to adsorp-
tion capacity and adsorption intensity, respectively. g,
and k, the Langmuir equation represented the maximum
adsorption capacity of adsorbents (mg g) and Langmuir
adsorption constant related to the free energy of adsorption.

The D-R isotherm is an empirical adsorption model
that is generally applied to express the adsorption mech-
anism with Gaussian energy distribution onto heteroge-
neous surfaces. It presumes a multilayer character involving
van der Waal’s forces, applicable for physical adsorption
processes [45].

D-R isotherm is expressed as follows [46]:

Ing, =Ing, —Be* )
1

£=RT ln(l + J (8)
CL’

where ¢ is Polanyi potential, B is Dubinin-Radushkevich
constant, R is gas constant (0.008314 k] mol™K™), T is the
absolute temperature.

Elovich implies to multilayer adsorption by assum-
ing that the adsorption sites increase exponentially with
adsorption [47].

The linear equation of the Elovich model is expressed as
follows [48]:

In [g} =Ink.q, - ;L )

e m

where k, is the Elovich equilibrium constant (L mg™), and
g,, is the Elovich maximum adsorption capacity (mg g™).
The Redlich-Peterson isotherm is a mix of the Langmuir
and Freundlich isotherms. This model is an empirical iso-
therm incorporating three parameters. The mechanism of

adsorption is a mix and does not follow ideal monolayer
adsorption [49].
This model is defined by the following expression:

_ KRPCeMﬁ (10)
1+(KyC,)

9.

RP e

where K, is the equilibrium constant (d.m.*> mg™), {8 is
the heterogeneity factor that depends on surface prop-
erties of the adsorbent, and M is the maximum amount
adsorbed (mg g™).

2.7. Thermodynamic studies

The thermodynamic study is another vital consider-
ation to explain the mechanism of adsorption through the
energy and to determine what process will take place spon-
taneously. Thermodynamic parameters, such as enthalpy
change (AH°), Gibb’s free energy (AG°), and entropy
change (AS°), were calculated using Van't Hoff Eq. (11):

Ik, - AC°_AS>_aH
T R RT

(11)

where AH® is the change in enthalpy (J] mol™?), AS° is the
entropy change (J] mol™® k), T is the absolute temperature
(k). R is the universal gas constant (8.314 J mol™ k), and
K, is the distribution coefficient obtained by:

q
K =21
Poc

e

(12)

The values of AH® and AS°® parameters can be evaluated
from the gradient and intercept of the linear Van't Hoff plot
of InK | against 1/T from Eq. (11).

3. Results and discussion
3.1. Characterizations of biosorbent
3.1.1. Morphological analysis

Observations with a scanning electron microscope,
made on the two fractions of our lichen Fig. 1, show the
presence of small grain aggregates for the fraction less
than 250 um and a long filamentous structure for the frac-
tion greater than 250 pum. Know that the lichen is a form
of symbiosis between algae and fungi and given the colors
of the two fractions (green for the lower fraction and white
for the upper fraction) we can assume that these aspects
(filamentous and granular) are linked to the nature of
each fraction (fraction less than 250 um is mainly made of
algae and fraction greater than 250 um is mainly consists of
mycelium of fungi).

3.1.2. FTIR analysis

To better understand and confirm the nature of active
sites on both biosorbents surfaces, the materials were ana-
lyzed by FTIR spectrometry. The spectrum of different frac-
tions of our lichen is shown in Fig. 2. The two biosorbents
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Fig. 1. Microscopic observation of the SEM of the two fractions (a) less than 250 um and (b) greater than 250 um.
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Fig. 2. FTIR spectra of different fractions of our lichen (A) fraction <250 um and (F) fraction >250 um.

presents a similar biomass structure. The peaks at 3,886;
3,810; 3,754 and 3,384 cm™ were attributed to hydroxyl
stretch [50,51]. The peak at 3,099 cm™ may be explained
by symmetric and asymmetric stretches of aliphatic chains
[61]. The large absorption band at 2,352 cm™ represents
the (-CH) groups [50] and C=O stretch of the carboxylic
groups present in cell wall of the biomass like cellulose.
The peaks at 1,523 cm™ representing amid groups (-NH)
[52]. The spectrum also shows peaks at 1,209 and 853 cm™!
should be due to the presence of S=O bending and C-S5-O
stretching vibrations, from ester sulfonate groups [53].
Other peaks can be observed at around 902 and 741 cm™
could be assigned to, respectively, the aromatic C-H and
bend methylene (CH,) sacking [51].

3.2. Adsorption studies
3.2.1. Optimization of adsorption conditions

This manipulation aims to optimize the mass neces-
sary “the solid/liquid ratio” (S/L ratio) as well as the opti-
mal pH to have effective adsorption of GRL 180 red on the
two fractions of our lichen. The results obtained are shown
in Figs. 3 and 4.

As can be seen from Fig. 2 the biosorption capacity
(g,) was significantly decreased with increasing biomass
amount a higher biosorption capacity obtained with a
small amount of biosorbent (ratio of 0.5). The decreasing
biosorption capacity with increasing biosorbent dosage
may be explained that the adsorbent dosage is one of the
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Fig. 3. Influence of the (S/L) ratio on the absorption of red GRL
180 by both biosorbents: (A) fraction <250 um and (F) fraction
>250 um.

crucial parameters when used in the determination of the
adsorption capacity as per Eq. (1) above. Adsorbent dosage
is the denominator; the lesser the amount of the adsorbents,
the better efficiency of the adsorbent [54]. Meanwhile, the
decrease in g, with an increase in adsorbent dosages might
be caused by particle interactions, such as aggregation
caused by the high adsorbent concentration, which leads
to a decrease in the surface area and saturation of solid
particles.

Solution pH is a very important factor for the dye
biosorption performance of a biomaterial and affects not
only the surface charge of the biosorbent but also the
dye chemistry in aqueous medium [55]. The reactive dye
biosorption performance of both biosorbents was tested
over the pH range from 3.0 to 9.0 (Fig. 3). We can see that
the biosorption capacity of both biosorbents generally
increases with increasing pH level. The higher adsorption
capacity observed at basic pH (9.0) can be explained by
the electrostatic attractive forces between dye cations and
negatively charged biosorbent surface.

To better illustrate these results, we proceeded to the
determination of the point of zero charge (pH,,.) which cor-
responds to the pH value for which the net charge of the
adsorbent surface is zero. The results are presented in Fig.
5. As can be seen the pH,,. for the utilized biosorbents are
(pH,, = 4.8) for the fraction greater than 250 um (F) and
(pH,, = 4.9) for the fraction less than 250 um (A), which
means that the adsorbent surface is positively charged
at the pH less than pH,,, and negatively at a pH greater
than pH,,.. The more the pH increases towards pH,,, the
more negative ion density on the surface of both biosorbents
increases in turn, allowing more adsorption of red GRL 180
cations.

3.2.2. Biosorption kinetics

The evolution of the adsorbed amount of red GRL 180
as a function of time is illustrated in Fig. 6. The kinetics of
adsorption of the dye on the materials used has almost
the same appearance, characterized by strong adsorp-
tion of the dye from the first minutes of contact, followed
by a slow increase until reaching a state of equilibrium.
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Fig. 4. Effect of pH on the absorption of red GRL 180 by the two
fractions of our biosorbent: (A) fraction <250 um and (F) fraction
>250 um.
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Fig. 5. The points of zero charge for the utilized biosorbents.
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Fig. 6. Effect of the contact time on the fixation of the red GRL 180
on the two fractions. Conditions: V=100 mL; C =25 mg L; S-L
ratio = 0.5; T=25°C; pH =9 (A) fraction <250 um and (F) fraction
>250 pm.

The kinetics of rapid adsorption during the first minutes
of reaction (10 min), can be interpreted by the fact that at
the start of adsorption, the number of active sites available
on the surface of the adsorbent material is much greater
than the sites remaining after a while [56]. Thus it can be
noted that the quantity adsorbed by the fraction greater
than 250 um is greater than that adsorbed by the fraction less
than 250 um this may be due to the nature of the material
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(the fraction less than 250 um which is mainly constituted
of algae whereas the second fraction consists mainly of
mycelium of fungi).

The application of mathematical models of kinetics
(pseudo-first-order, pseudo-second-order and intraparticle
diffusion model) on our results allowed the prediction of
the adsorption mechanism of red GRL 180 on the different
materials used. The linearization parameters determined
from the curves of the two models are summarized in Table
2 All parameters and values of Figs. 7 and 8 are summarized
in Table 2.

The results show that the adsorption of red GRL 180
follows the pseudo-second-order model perfectly with
correlation coefficients, R? of more than 0.99, the average
relative error (ARE %) low compared to the results of the
pseudo-first-order model, and the maximum adsorption
capacities g, calculated from the pseudo-second-order
model are in accordance with the experimental values for
the two biosorbents. This model suggests that adsorption
depends on the adsorbate-adsorbent pair. It is also phy-
sisorption although the contribution of chemisorption is
not to be ruled out.

Fitting the data to the intraparticle diffusion model
indicated the intraparticle diffusion was not only a
rate-controlling step (the plots did not go through the ori-
gin C > 0) and hence it can be suggested that the external
mass transfer and intraparticle diffusion were collectively
controlled the adsorption process.

3.2.3. Isotherms studies

Isotherm studies are important applications for the
understanding of the biosorption mechanism. The adsorp-
tion isotherms of red GRL 180 at 20°C, 40°C and 50°C by both
biosorbents are shown in Fig. 9. According to the classifica-
tion of Giles et al. [57], the adsorption isotherms of red GRL
180 are L for both materials and whatever the temperature.

In the temperature range considered, the isotherms of
the tow fraction less than 250 um and greater than 250 um

Table 2
Kinetic parameters red GRL 180 adsorption onto both adsorbents

L. Guemou et al. / Desalination and Water Treatment 221 (2021) 428—439

show an increase in the quantity adsorbed as the tempera-
ture increases, which means that the process involved is
endothermic.

The adsorption isotherms give a lot of fundamen-
tal physicochemical data to estimate the applicability of
the adsorption process, express the surface properties of
the adsorbent, and can also be used to find the maximum
adsorption capacity of a mass [58]. The last step in the study
of isotherms consists in modeling the curve, or more pre-
cisely, in accounting by a mathematical equation for the
whole of the curve. The Freundlich and Langmuir models
are the most frequently used models for describing experi-
mental adsorption isotherm data, due to their simplicity.

The parameters obtained from the modeling of the
experimental results of the sorption isotherms of red GRL
180 by the two fractions are summarized in Table 3.

Based on the correlation coefficients, as well as the
mean relative errors (ARE %) presented in the Table 3 and
Figs. 10-12, we can say that, for the two-parameter iso-
therm category, the Freundlich model is higher than the
Langmuir model. This showed that the Freundlich model
better describes the adsorption isotherms of red GRL 180
on the two fractions less than and greater than 250 pm.
However, Freundlich’s isotherm model assumes heterogene-
ity of the adsorption surface with sites of different adsorp-
tion energies, as well as the possibility of multilayer forma-
tion of the adsorbed molecules with interactions between
them [42]. In this study, all the values of n are positive,
which shows that this type of adsorption is favorable.

The Elovich isotherm constants, k, and q,, as well as the
coefficient of correlation, R? for the red GRL 180 adsorption
process using the two fractions are obtained using the lin-
ear form of the equation (Table 3). In all cases, the Elovich
isotherm exhibited lower coefficients of correlation (between
0.41 and 0.79). Therefore, the Elovich model is unable to
describe the adsorption isotherms of red GRL 180 onto both
biosorbents. On the other hand, and despite the lower cor-
relation coefficients, the values of maximum adsorption
capacity determined using the linear transformation of

Kinetic model Parameters Adsorbents
Fraction <250 pm Fraction >250 um
Q. (mgg" 32.74 47.29
Q. (Mg g7) 7.24 1.03
Pseudo-first-order k, (min™) -0.055 -0.033
R? 0.96 0.76
ARE % 83.62 99.08
Q,ep (Mg g™ 32.74 47.29
Q,a (mgg™ 33.00 47.39
Pseudo-second-order k, (g mg min)™ 0.028 0.19
R? 0.99 1
ARE % 4.78 1.12
k, (mg g min™?) 0.41 0.22
Intraparticle diffusion model C 29.17 45.94
R? 0.95 0.94
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Fig. 7. Kinetic models for the adsorption of red GRL 180 onto
both biosorbents (a) pseudo-first-order and (b) pseudo-second-
order.
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Fig. 11. Isotherms model of (a) Elovich and (b) D-R for red GRL
180 adsorptions onto fraction >250 pm.

the Elovich equation (Table 3) are very close to the experi-
mental adsorbed quantities at equilibrium. This means
that the hypothesis of exponential coverage of adsorption
sites which involves multilayer adsorption agrees with
experience in the concentration range studied.

The sorption data were applied to the D-R model
to distinguish between physical and chemical adsorp-
tion. The magnitude of all parameters (g, 3, E) is useful
for information about the type of adsorption processes,
such as chemical or physical adsorption. All values of the
parameters are given in Table 3. It can be seen that the E
values varied from 0.28-1.02 kJ mol™ at all temperatures,
indicating that the adsorption of red GRL 180 may be
interpreted as physical adsorption.

The three-parameter models have also been applied
to evaluate the fit by isotherm for the adsorption of a lot
of pollutants. The calculated isotherm parameters for the
Redlich—Peterson model and their corresponding correla-
tion coefficients, R? values are shown in Table 3. Redlich—
Peterson’s model describes very well our adsorption iso-
therms given the high values of R? (R? > 0.96) and the low
values of the average relative error which does not exceed
22.22%. The K, values showed that the adsorption capac-
ity increased with increasing temperature for the fraction
less than 250 um, similar behavior has also been observed
with experimental isotherms. The surface heterogene-
ity factor, 3, depends on the surface properties like the
distribution of the active sites. The value of this parame-
ter is <1 for all fractions. This result is a sign of favorable
adsorption.
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Fig. 12. Isotherms model of Redlich-Peterson for red GRL 180
adsorption onto fraction <250 pm (A) and fraction >250 pm (F).

3.2.4. Thermodynamic parameters

The parameters such as free energy, AG°, enthalpy
AH®, and entropy AS°® for adsorption of red GRL 180
onto our biosorbents are listed in Table 4.

In the case of physisorption, the variation of the free
energy is between 0 and 20 k] mol™ [59], as for the chemi-
sorption it is in the range 80-400 kJ mol™ [60]. The positive
AG® values at 20°C (AG® < 20 k] mol™”) mean that the phy-
sisorption is not a spontaneous process but the negative
AG°® values at the other temperature mean that it is a sponta-
neous process. AS° > 0 confirms the disorder of the process
and suggest that some structural changes in the biosorbent
surface. The positive AH® values mean that the process is
endothermic. This observation confirmed the trend of the
g, values obtained from the Langmuir isotherm model with
different temperatures.

4. Conclusions

The absorption of an industrial dye red GRL 180 by
the dead biomass of the lichen Pseudevernia furfuracea L
can be considered as an innovative and promising process
with good performance. Experiments have shown that the
adsorption equilibrium of red GRL 180 by our materials is
estimated at 60 min, but it is rapid during the first minutes
of reaction (10 min). The biosorption kinetics of red GRL
180 is rapid and perfectly follows the pseudo-second-order
model. The latter suggests that adsorption depends on the
adsorbate-adsorbent pair. The intraparticle diffusion model
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Table 3
Parameters of equilibrium models for red GRL 180 biosorption onto the lichen Pseudevernia furfuracea L
Isotherms models Parameters Absorbents
Fraction <250 pm Fraction >250 pum
20°C 40°C 50°C 20°C 40°C 50°C
. 6.00 6.38 9.00 3.41 5.64 3.11
. n 1.79 1.62 1.54 1.57 1.48 1.23
Freundlich
R? 0.93 0.96 0.96 0.92 0.99 0.98
ARE % 15.48 13.10 14.26 22.02 5.79 17.68
Qyerp (MG Y 108.69 148.72 168.09 117.37 149.67 177.01
q, (mgg™) 60.61 81.97 121.95 59.52 104.17 188.68
Langmuir k, (mg™) 0.08 0.067 0.065 0.05 0.04 0.02
R? 0.85 0.89 0.95 0.76 0.93 0.99
ARE % 31.10 22.72 25.49 26.68 18.06 13.19
q, (mggm) 78.74 143.26 178.57 76.92 135.14 370.37
. k 0.032 0.024 0.017 0.02 0.024 0.007
Elovich g
R? 0.53 0.54 0.41 0.79 0.77 0.49
ARE % 30.09 26.18 41.85 15.35 30.33 48.71
q, (mgg") 53.19 66.22 72.40 54 72.16 88.76
B 3.3x10° 2.8x10° 2.7 x10° 5x10° 3.7x10° 6.2x10°
D-R E (k] mol™) 0.389 0.424 0.43 1.02 0.36 0.28
R? 0.48 0.52 0.52 0.27 0.58 0.58
ARE % 47.77 44.33 52 54.54 52.99 45.16
M (mg g™) 0.489 0.649 0.930 120.710 30.868 185.102
B 0.278 0.253 0.443 3.19.E™ 0.380 0.289
Redlich-Peterson Kep 14.152 13.507 86.26 0.013 0.155 0.018
R? 0.97 0.98 0.98 0.96 0.99 0.97
ARE % 19.18 17.60 14.92 22.22 11.50 16.10
Table 4
Thermodynamic parameters
Biosorbents AH°® (k] mol™) AS° (k] mol™) AG® (k] mol™) R?
293 313 323
Fraction <250 um 27.11 0.090 0.69 -1.10 -2.01 0.89
Fraction >250 um 29.947 0.098 1.085 -0.884 -1.869 0.99

show that the external mass transfer and intraparticle dif-
fusion were collectively controlled the adsorption process.
The equilibrium is well described by the Freundlich model
on the two fractions less and greater than 250 pm. The ther-
modynamic parameters data show that the adsorption was
not spontaneous endothermic disordered at 20°C and it
became spontaneous endothermic ordered at 40° and 50°C.
By its quantities adsorbed at equilibrium (Q, = 121 mg g™)
for the fraction less than 250 and (Q, = 188 mg g™ for the
fraction greater than 250) we can say that our biosorbents
are better than several biosorbents (aquatic mousses, tree
fern, and marine algae) and constitute promoter materials.

Productions, University of Tiaret, under the aegis of the
General Direction of research and development technolo-
gies/Ministry of Higher Education and Research Sciences
DGRSDT/MERS (Algeria).
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