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Transformation of residual biomass into adsorbent materials:
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Abstract: In this work, some adsorbent materials were prepared from residual biomass, which constitutes a real
hazard for the environment and human health. So, in order to valorize this vegetal resource, a process of
transformation was studied. The residual biomass was turned into adsorbent materials under the effect of chemical
activation with phosphoric acid which allows the development of a large pore in the activated materials. The
optimization of the conditions for the elaboration of our adsorbents was realized by experimental design by
evaluating some parameters (percentage of phosphoric acid, temperature and time of activation) and their effects
on the responses (capacity of adsorption of methylene blue, adsorbent yield), these parameters were selected after
a screening study. The activation of our residual biomass was effected with 60% of phosphoric acid in 225°C while
115 min. The studied biomass was characterized by different physic-chemical methods (Differential Thermal
Analysis /Thermogravimetric Analysis (DTA/TGA), Scanning Electron Microscopy (SEM), Raman and X-Ray
Diffraction (XRD)); the results of characterization show the presence of the excellent textural and structural
properties. The application of the best adsorbent in the removal of textile dyes (methylene blue) from aqueous
solutions was studied. The impact of various parameters such as contact time, pH and concentration on the removal
was evaluated by batch method. The adsorption isotherms were studied using Langmuir and Freundlich isotherm
models. Langmuir isotherm provided the best fit to the equilibrium data with a correlation coefficient equal to
0.998. This result shows the presence of monolayer adsorption. The experiments demonstrated that the removal of
methylene blue followed the pseudo-second-order kinetic model. The correlation coefficient is consistent and
equal to unity, and the experimental e value (44.17) was agreed with the calculated q. value (45.45) of pseudo-
second-order then the value of pseudo-first-order which confirm a chemisorption process. The obtained results
revealed that the elaborated material is an effective adsorbent for the removal of methylene blue.
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1. Introduction vegetal biomass generates large quantities of solid
residues which certainly represent an undeniable
economic value, but whose accumulation in a given
place constitutes a real hazard for the environment and
human health. Such as water pollution that represents
water contaminated by thousands of organic,
inorganic and biological pollutants *6. Most organic
pollutants belonged to different classes such as
pesticides,  phenols,  plasticizers,  biphenyls,
detergents, oils, hydrocarbons, pharmaceuticals, and
so on "', The effects and toxicities of these
contaminants are discussed in various literature and
research articles 81213,

Biomass is a term used to describe all organic matter
produced by photosynthesis, existing on the earth’s
surface. They include all water- and land-based
vegetation and trees, and all waste biomass such as
municipal solid waste (MSW), municipal biosolids
(sewage), and animal wastes (manures), forestry and
agricultural residues, and certain types of industrial
wastes 2,

Vegetal biomass valorisation projects could bring out
new industrial sectors, creating sustainable activities
and jobs, while helping to control the consumption of
non-renewable resources and the fight against climate
change. However, the industrial exploitation of
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So in order to avoid these effects, the exploration of
new ways of exploiting the residual biomass is,
therefore, a necessity .

This study is intended to highlight the possibility to
use residual biomass as new material to remove and
adsorb hazardous pollutants from industrial effluents.
Nowadays, it is known that pollution due to synthetic
dyes is considered a serious public concern. An
untreated dyes cause chemical and biological changes
and lead several environmental and health hazards.
Nearly, 10.000 dyes available commercially and
different group of dyes can be discerned 57,
Consequently, approximately 1000000 kg/year of
dyes are discharged into waste streams by the textile
industry 7. Most of the industrial activities use
synthetic dyestuffs in a high number of operations,
they consume large quantities of water and they
generate a considerable amount of colored
wastewater. They can be highly toxic and
carcinogenic to human health. Methylene bleu (MB)
3.7-bis(dimethylamino)-phenazathionium chloride (a
thiazine cationic dye) is used for coloring paper,
temporary hair colorant, dyeing cotton, wools and so
on &

Several physicochemical wastewater treatment
techniques were developed for dyes recovery from
industrial effluents including physical and chemical
processes such as precipitation, sedimentation,
ultrafiltration, flotation, color irradiation, ozonation
and coagulation. For the above-mentioned
technologies are sometimes inappropriate, especially
for low-concentration solutions due to economic,
technical or environmental reasons. Adsorption is an
effective alternative process for treatment of
contaminated wastewater in terms of simplicity of
design and operation, and insensitivity of toxic
substances '*?°. A considerable amount of researches
have been done on the development of effective, low
cost and readily available alternative biosorbents 304,
The main objective of this research is to study the
ability of the residual biomass (Residual of Marjoram
(M), Oregano (O) and Rosmarinus(R)) for removing
methylene blue (MB) from aqueous solutions. A
laboratory study was conducted to investigate the
feasibility of the use of residual biomass as adsorbent
on batch experiments. The effect of pH value, time,
and various initial concentrations on adsorption
capacity of residual biomass were evaluated.
Adsorption kinetics and isotherms equilibrium were
examined 4>°,

2. Materials and methods
2.1. Preparation of the biomass

The biomass used in this study was collected
from biomolecules laboratory after extraction
of all organic molecules with biological interest.
The residual biomass was identified and dried at
110°C for 24h 4”0, It was ground and reduced to a
particle size between 1 and 2 mm; the obtained
materials were have undergone a chemical activation
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process using phosphoric acid with 60%. This value
is removed from the results of the experimental design
methodology used in order to reduce the number of
experimental trials necessary for evaluation of the
parameters studied (percentage of phosphoric acid,
activation temperature and activation time) and their
effects on the responses (adsorption capacity of
methylene blue and adsorbent yield). The studied
parameters were selected after a screening study. The
optimised adsorbent materials obtained were
elaborate with 60% of phosphoric acid in 225°C and
at 115 min. The obtained adsorbent materials were
washed with distilled water until all the excess acid
was eliminated, dried, ground and sifted to obtain a
powder with a particle size capable of passing through
a 100 um sieve; they were finally kept in a hermetic
bottle for subsequent uses 4>,

2.2. Chemicals

All chemicals used in this study were of analytical
grade and solutions were prepared using deionized
and distilled water. The stock solution of methylene
blue was prepared by dissolving C16H1sCIN3SxH20x
of Sigma-Aldrich in water (Figure 1). The
concentration of leftover methylene blue dyes in the
aqueous solution was measured colorimetrically using
a UV/visible spectrophotometer (UV2300). The
absorbance of the color of methylene blue was read at
664 nm.

N
X
H3C\'Il Cg)/ rIl/CH3
CH; cP CH,

Figure 1. Chemical Structure of Methylene bleu
(MB)

2.3. Physicochemical characterization of biomass

The characterization of adsorbent materials was
carried out by physico-chemical methods: thermal
analysis (DTA/TGA) was realized by Discovery
TGA, DTA instrument between room temperature
and a final temperature of 1000°C, with a temperature
rise rate of 10°C/min. This two analysis provide
valuable information about physico-chemical
properties of studied materials. It allows us to
understand the phenomena that can influence the
transformation of the material during a heat treatment
4849 Scanning electron microscopy (SEM) analysis
was performed by Hirox SH-3500MB to have an idea
about the external morphology and porosity of raw
and elaborate materials “°°, XRD analysis was
realized by Bruker D2 Phaser in order to mention the
nature of the crystalline phases 464951,

The Raman spectroscopic analysis was performed by
a DXR Raman spectrometer with an excitation
wavelength of 633 nm with a power of 6 mW. This
analysis allows to observe and characterize the
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molecular composition and external structure of a
studied materials 350,

2.4. Batch mode adsorption studies

Removal of methylene blue (MB) onto the best
adsorbent (M). The choice of this material as the best
adsorbent is based on his structure and porosity are
shown in results of characterisation, was carried out
by batch method and the influence of various
parameters such as the effect of pH, contact time, and
concentration, were studied. For each experimental
run, 100 mL of MB solution of known concentration
was taken in a 250 mL stoppered reagent bottle, pH
was adjusted to the desired value by the addition of
dilute aqueous solutions of HCI and NaOH, and 0.1 g
of adsorbent was added. This mixture was agitated at
room temperature (298K) using a mechanical shake at
a constant rate of 250 rpm for 60 min to attain
equilibrium. At the end of the predetermined time
intervals, the sample was taken out, and the
supernatant solution was separated from the adsorbent
through polytetrafluoroethylene syringe filters (pore
size 0.45 um) and analyzed the concentration of MB
remaining in a solution using UV/visible
spectrophotometer. Effect of pH was studied over the
range of 3.0-11.0. Kinetics and effect of contact time
on adsorption were determined at different time
intervals over a range of 0-700 min. Adsorption
isotherms were studied by varying the initial MB
concentration from 20 to 120 mg/L. The amount of
adsorbed MB per gram of adsorbent at equilibrium, ge
(mg/g), and the removal percentage (% removal),
were calculated using the following equations:

_(G, -C))Vv (1)

4. "

%removal = %xloo )

0

Where Co and C. are the initial and equilibrium
concentrations of MB (mg/L). V is the volume of MB
solution (L), and m is the weight of used adsorbent

(9)-

2.5. Adsorption isotherm models

The adsorption equilibrium data of MB onto the
adsorbent were analyzed in terms of Langmuir and
Freundlich isotherm models 5. The relative
coefficients of these models were calculated using
least-squares fitting. Langmuir model is based on the
assumption that adsorption energy is constant and
independent of surface coverage. The maximum
adsorption occurs when the surface is covered by a
monolayer of the adsorbate. The Langmuir isotherm
is given by equation 3:

— mece 3
q.= 1+bC, ©

The linear form of the Langmuir isotherm equation is
given as:
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Where C. is the equilibrium concentration of the
adsorbate (mg/L), ge is the amount of adsorbate
adsorbed per unit mass of adsorbent (mg/g), b is the
Langmuir adsorption constant (L/mg), and Qm is the
theoretical maximum adsorption capacity (mg/g).

The essential characteristics of the Langmuir isotherm
can also be expressed in terms of a dimensionless
constant of separation factor or equilibrium
parameter, R, which is defined as

1
R =————
" (1+bC,) (5)

Where b is the Langmuir constant and Co is the initial
concentration of metal ions. The R value indicates
the shape of isotherm °2. R values between 0 and 1
indicate favorable adsorption, while R.>1, R_. =1, and
RL = 0 indicate unfavorable, linear, and irreversible
adsorption isotherms.

Freundlich isotherm describes the different surface
energies by multilayer adsorption and is expressed in
linear form as:

Inq, :InKF+(%)InCe (6)

The constants Kr and n of the Freundlich model are
those indicative of the relative adsorption capacity of
the adsorbent and the intensity of the adsorption,
respectively. For values in the range 1< n < 10,
adsorption is favorable®®.

2.6. Adsorption kinetics models

In order to analyze the adsorption kinetics of MB onto
the adsorbent, two kinetic models; pseudo-first-order
and pseudo-second-order kinetic were applied for the
experimental data. The pseudo-first-order equation
can be expressed as °*:

K
In(q, —q,) =Ing, - —*-t 7
(qe qt) qe 2303 ( )
Where ge and q: are the amounts adsorbed at
equilibrium and at time t (mg/g), and ki is the rate
constant of the pseudo-first-order adsorption (min?).
The adsorption rate constant ki, can be calculated by
plotting In(ge—qy) versus t.
The pseudo-second-order kinetic model can be
represented in the following form:

t_ 1 1 (®)

g Ko dq,
Where ko (g/mg min) is the rate constant of second-

order adsorption. k, and ge can be obtained from the
intercept and slope of plotting t/q: versus t.
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3. Results and Discussion
3.1. Physico-chemical Characterization

3.1.1. Thermal analysis (DTA/TGA)
Differential Thermal Analysis and Thermogravi-
metric Analysis (DTA/TGA) were performed on the

S. Glissi et al. 4

studied to understand the phenomena that can
influence the transformation of the material during a
heat treatment and determine the temperature range
where the mass loss of the biomass is carried out. The
results are shown in Figure 2.

TGA (%)

T T T T T
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Figure 2. DTA/TGA Thermograms of the studied biomass samples

The TGA curves shown in Figure 2 represent the
evolution of the normalized mass of the studied
biomass samples during pyrolysis as a function of
temperature. From these curves, two distinct losses
are observed. A slight loss due mainly to the departure
of the water which takes place between 25 and 225°C
and a second loss was going from 225 to 525°C which
corresponds to the departure of the molecules
resulting from the decomposition of the organic
matter.

The DTA curves of the biomass samples show the
evolution of the specific heat as a function of
temperature. These curves reveal the presence of
endothermic peaks located between 300 and 500°C,
which are attributable to the dehydration and the
pyrolysis reaction.

The obtained results show that the studied biomass
acts in the same way versus the temperature and that

the profile of the studied biomass samples is similar.

3.1.2. Scanning electron microscopy (SEM)
analysis

The scanning electron microscope is a qualitative
observation tool of powder morphology. It provides
information on the structure and texture of powder
but also on the size and shape of the elementary
grains or agglomerates according to the chosen
magnification >,

The observation of the SEM images of studied
adsorbents shows that the external surfaces of
materials are relatively heterogeneous with the
presence of large cavities, indicating that the porosity
of these materials was produced by the attack of the
reagent (HsPO.) during activation. In the other side,
we have plat structure of raw residual biomass without
any porosity (Figures 3-4-5).

Figure 3. SEM images of raw residual (a) and activated material (b) of Marjoram (M) at 50 um



Mediterr.J.Chem., 2019, 9(1)

S. Glissi et al.

Figure 5. SEM images of raw residual (a) and activated material (b) of Rosmarinus (R) at 50 pm

3.1.3. X-Ray Diffraction (XRD) analysis

The X-Ray Diffraction pattern of the adsorbent
materials (Figure 6) exhibit broad peaks and absence
of a sharp peak that revealed a predominantly
amorphous structure, which is an advantageous

M (o}
1000 - 1000 -

800 800 -

Intensity
g

¢

property for well-defined adsorbents *°. However, the
occurrence of a broad peak around 20° showed sign
of formation of a crystalline carbonaceous structure,
resulting in better layer alignment 6,

T T T T T T T J T T T
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Figure 6. XRD analysis of activated material of Marjoram, Oregano and Rosmarinus

3.1.4. Raman spectroscopy analysis

Raman spectroscopy is a measurement tool used to
understand the mechanisms and nature of the
chemical processes used for the preparation of
adsorbent materials from biomass. Since the elaborate
materials contain carbon, the spectra often resemble
those of amorphous elemental carbon.

35— M 25 4 o
30 |

25 |

Intensity
o = = 2
P

Intensity

=
=

The analysis of the spectra obtained for the produced
materials shows two full and intense absorption bands
at 1000 and 2250 cm?, respectively called G-band and
D-band. The D-band is characteristic of the disordered
amorphous carbon (defects and surface functions),
while the G-band is attributed to the normal mode of
vibration E2g of the carbon layers (carbon sp2) *'.
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Figure 7. Raman spectroscopy analysis of studied adsorbents
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3.2. Adsorption proprieties

3.2.1. Effect of operating parameters

3.2.1.1. Influence of contact time

Equilibrium time is one of the crucial parameters for
an economic wastewater treatment system °¢, The
experimental results relating to the effect of contact

time on the removal of methylene blue (MB) are
shown in Figure 8. The kinetic curve of methylene
blue shows that the equilibrium is fastly established
for our adsorbate. This curve presents a rapid increase
in the amount adsorbed, which is fixed after 60 min
for methylene blue with amount adsorbed of 68 mg/g
onto the studied adsorbent.

80

60 -|m
50
40 -

30

Quq:{mg/e)

20

10

Q 200

Contact time (min)

400 600 300

Figure 8. Influence of contact time of MB adsorption using the studied adsorbent under operating conditions:
T =298K, pH value = 7, initial concentration of MB = 20mg/L, adsorbent mass= 0.1g and stirring
speed = 250 rpm

3.2.1.2. Influence of pH

The pH of aqueous solution plays a vital role in the
adsorption of dyes onto biomass *°. The pH affects
significantly the adsorption capacities of the
methylene blue onto the biomass. Figure 9 shows the
influence of pH on the adsorption of methylene blue

using the best adsorbent for pH ranging between 3 and
11. The results show that the variation in the residual
concentrations of methylene blue is relatively low.
The discoloration is; therefore, little influenced by the
pH change. We note that the best performance is
obtained when the pH is neutral.

80

® 50
£ 40
e 30
g 20
10

0

70
°0 f\H

pH

Figure 9. Influence of pH of MB adsorption using the studied adsorbent under operating conditions: T= 298 K,
contact time= 60 min, initial concentration of MB= 20mg/L, adsorbent mass = 0.1 g and stirring speed= 250 rpm

3.2.1.3. Influence of initial concentration

The effect of the initial dye concentration factor
depends on the immediate relation between the dye
Concentration and the available binding sites on an
adsorbent surface . The effect of the initial
methylene blue concentration, on the adsorbed

amount, is shown in Figure 10. The amount of
methylene blue adsorbed increased with an increase
in the concentration of methylene blue. This means
when the initial concentration increased from 20 to
120 mg/L.
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Figure 10. Influence of initial concentration of MB adsorption using the studied adsorbent under operating
conditions: T= 298 K, pH value = 7, contact time= 60 min, adsorbent mass= 0.1 g and stirring speed= 250 rpm

3.2.2. Adsorption isotherms

The relationship between the amount of a substance
adsorbed per unit mass of adsorbent at constant
temperature and its concentration in the equilibrium
solution is called the adsorption isotherm. The
equilibrium adsorption isotherms are essential in
determining the adsorption capacity of methylene
blue and diagnose the nature of adsorption onto the
adsorbent. The adsorption data were fitted to
Langmuir and Freundlich isotherm models described
in Section I1.5 (Figures 11 and 12). As can be seen

from the regression coefficients in Table 1, the
Langmuir model shows the best fit compared to the
Freundlich model. The value of R_ was between 0 and
1, pointing out the favourable adsorption onto the
adsorbent 5% %2, From the best correlation obtained by
using Langmuir model &, it can be concluded that the
monolayer adsorption is more suitable to explain the
adsorption of methylene blue and indicates at the
same time that chemisorption might also be involved
in the sorption process.
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Figure 11. Experimental equilibrium data
for modeling with Langmuir isotherm

Figure 12. Experimental equilibrium data
for modeling with Freundlich isotherm

Table 1. Constants of Langmuir and Freundlich isotherm models for MB adsorbed by the adsorbent.

Models

Langmuir isotherm

Langmuir constant (b) (L/mg)
Equilibrium parameter (R.)

Correlation coefficient (R?)

Freundlich isotherm

Freundlich constant (Kg) (mg/g 1/mg)*"
Freundlich constant (n)

Correlation coefficient (R?)

0.122
0.120
0.998

33.95
10.75
0.969

3.2.3. Adsorption kinetics

The prediction of kinetics is necessary for the design
of adsorption systems. Measurement of adsorption
rate constants and order of the reaction are critical
physicochemical parameters to evaluate the necessary

qualities of a suitable adsorbent. In order to observe
the adsorption process of MB onto the adsorbent,
pseudo-first-order and pseudo-second-order Kinetic
models which are described in earlier Section 11.6
were implemented. Pseudo-second-order plot (Figure
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13) for the removal of MB by the adsorbent was used
to calculate the rate constant k, and adsorption
capacity ge. In the same manner, the pseudo-first-
order plot (Figure 14) for the removal of MB by the
adsorbent was used to calculate the rate constant k.
The adsorption rate constants (ki and ki) and
adsorption capacity (qe) for the removal of MB by the
adsorbent are reported in Table 2. Since the
correlation coefficient is consistent and equal to unity
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for the pseudo-second-order kinetic model than for
pseudo-first-order kinetic model (Table 2). The
experimental ge value was agreed with the calculated
ge value of pseudo-second-order then the value of
pseudo-first-order. This indicating that the adsorption
kinetics can be well explained by the pseudo-second-
order kinetic model for the removal of MB by the
adsorbent, which is consistent with chemisorptions
process “6:48.49.62,

2,5
2
1,5
1
0,5

0 T T T
05 0 200 400 600 800

Time (min)

Ln(ge-qt)

20 -
15 A
510 -
=
5 -
0 T T T 1
0 200 400 600 800
Time (min)

Figure 13. Pseudo-first-order for adsorption of MB

Figure 14. Pseudo-second-order for adsorption of MB

Table 2. Pseudo-first-order and pseudo-second-order kinetic models for removal of MB by the adsorbent.

Models MB
Qe. exp.(MA/Q) 44.17
Pseudo-first-order
Qe cal (mg/g) 10.51
K1 (min) 0.006
R? 0.998
Pseudo-second-order
Qe. cal (mg/g) 45.45
Kz (g mg*t min) 3.04.10°
R? 1

4. Conclusion

In this study, three types of adsorbent materials were
prepared by an eco-friendly and straightforward
process based on residual biomass of Marjoram,
Oregano and Rosmarinus by chemical activation with
phosphoric acid. The optimization of the
transformation process of biomass to adsorbent
materials was realized by experimental design. The
optimised adsorbent materials obtained were
elaborate with 60% of phosphoric acid in 225°C and
at 115 min. The characterization of these materials
shows the presence of excellent textural and structural
properties. Based on preliminary adsorption tests, the
adsorbent (M) shows the best adsorption properties
compared with the other two samples. The application
of the best adsorbent (M) in the removal of methylene
blue from aqueous solutions shows that the adsorption
process was affected by some experimental
parameters such as pH, contact time, and initial
concentration. The obtained results showed that the
pollutant might be removed with a significant
percentage by the adsorbent (M) at a contact time of
60 min and in a neutral medium of pH= 7. Adsorption
of methylene blue on the adsorbent was found to

follow a pseudo-second-order kinetic model, which is
consistent with a chemisorption process. Adsorption
isotherms were better described by the Langmuir
model in comparison to the Freundlich model, which
proves that the adsorption is monolayer. Thus these
studies revealed that the studied biomass could be
effectively used as an effective adsorbent for the
removal of methylene blue from water and
wastewater.

Disclosure statement
No potential conflict of interest was reported by the
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