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KEYWORDS Abstract The most widely available substrate, cellulose biopolymer, was shown to be used for sev-
Astragalus armatus; eral interesting applications such as pharmaceutical, composites, water treatment, textiles, etc. In
Extracted cellulose; this study, cellulose was chemically extracted from abundant Astragalus armatus pods through
Bleaching; alkali and bleaching processes. The untreated biomass and the extracted polymer were character-
Biosorption; ized using FT-IR, XRD, SEM, and TGA-DTA analyses. FT-IR spectrum of the extracted cellulose
Methylene blue confirmed that lignin and hemicellulose constituents were removed during alkali and bleaching

treatments. The crystallinity index calculated for the extracted cellulose and the untreated Astra-
galus armatus pods were 38.2% and 25%, respectively. These small values proved the existence
of the amorphous constituents in the composition of Astragalus armatus. The high crystallinity
index calculated for the extracted cellulose confirmed the elimination of the amorphous constituents
present in the untreated biomaterial. The change in the thermal decomposition indicated that the
extracted cellulose was more thermally stable than the untreated biomass. At optimum conditions
(T =20°C, pH = 6,and t = 60 min), the adsorption quantities were 165 mg/g and 148 mg/g of for
untreated Astragalus armatus pods, and extracted cellulose, respectively. The adsorption mecha-
nism was non spontaneous and the interaction between the studied biomaterials and methylene blue
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was exothermic. Overall, the adsorption results demonstrated that the untreated Astragalus armatus
pods and the extracted cellulose were excellent candidates for color uptake from water.

© 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The use of biopolymeric materials for environmental applications con-
stitutes a promising technology for researchers due to their possession
of numerous advantages (Simona et al., 2020; Vijay and Stefan, 2016;
Muxika et al., 2017). The chemical treatment of the agricultural sub-
strates results in several forms of materials such as active chemicals,
biofuels, biopolymers, biofuels, etc. Indeed, the majority of the bio-
mass residues are composed essentially of cellulose and lignin and
other non-cellulose constituents (Moran et al., 2008; Alemdar and
Sain, 2008; Jonoobi et al., 2009; Saravanakumar et al., 2013; Reddy
et al., 2014; Gao et al., 2020; Sebeia et al., 2019; Sebeia et al., 2019;
Tka et al., 2018). Cellulose biopolymer has attracted a particular inter-
est, because it is widely applied in papermaking, reinforcing elements,
textiles, pharmaceutical, wastewater treatment, composites, etc. Cellu-
lose is present in different parts of the plants such as fruits, pods,
leaves, barks, stalks, roots, etc. Following the literature review, several
plants were demonstrated to be as sources of cellulose including sisa/
(Morén et al., 2008); wheat straw (Alemdar and Sain, 2008); kenaf
(Jonoobi et al., 2009); Prosopis juliflora (Saravanakumar et al.,
2013); Agave (Reddy et al., 2014), Calotropis gigantean (Gao et al.,
2020); Aegagropila Linnaei (Sebeia et al., 2019), Nerium oleander
(Sebeia et al., 2019); Pergularia tomentosa (Sebeia ct al., 2019); Populus
tremula (Tka et al., 2018), etc.

The existence of reactive hydroxyl groups in the chemical structure
of cellulose make the biopolymer an excellent candidate for the
adsorption of various kinds of organic and inorganic pollutants includ-
ing metals, synthetic dyes, pesticides, carbon dioxide, etc. (Dimitrios
et al., 2021; Suhas and Gupta, 2016). However, depending on the type
of the adsorbate, the adsorption features of cellulose could be
improved following several chemical modifications (Ahmed et al.,
2022; Nilanjal et al., 2020; Ali et al., 2020).

Belonging to the family of Leguminosae, Astragalus armatus is nat-
urally growing in the North of Africa (Algeria, Tunisia, and Morocco)
and in the Gulf countries (Saudi Arabia, Kuwait, Iraq, etc.). It gener-
ally grows in the desert area and it is adapted to the austere climatic
conditions. Although this plant is spontaneous and abundant, however
its exploration remains limited. For example, the study of Moussaoui
et al. (Younes et al., 2011) reported the use of the roots of Astragalus
armatus as raw material for pulp and papermaking application. Thy
confirmed the suitability of making paper sheets with a weight equal
to 60 g/m? with good physical characteristics. Boual et al. (Zakaria
et al., 2015) had successfully extracted a pure bioactive galactomannan
polysaccharide, a water-soluble fraction from Astragalus armatus.
Labed et al. (Amira et al., 2016) had isolated the secondary metabolites
and determined the bioactivities of Astragalus armatus pods. Recently.
Mahmoudi et al (Maher et al., 2021) had extracted a series of lipids,
fatty acids, proteins, and bioactive compounds from the seeds of three
Astragalus species. In summary, the objective of the previous works
was focalized only on the chemical and pharmacological studies on
the Astragalus species (Xiaoxia et al., 2014). To our best knowledge,
no investigation reported on the extraction of cellulose from Astra-
galus or the use of these biomaterials for the removal of toxic
pollutants.

In the current work, cellulose polymer was extracted from Astra-
galus armatus pods through alkali and bleaching processes. The
untreated biomass and the extracted cellulose were analyzed using
many techniques including FT-IR, XRD, SEM, and TGA-DTA.
The adsorption mechanism was assessed using methylene blue as a
model of cationic dyes under the variation of several experimental fac-

tors. In particular, the influence of initial pH, initial methylene blue
concentration, time of reaction, and temperature on the change of
the adsorbed quantity was discussed. The theoretical kinetics and iso-
therms equations were used to better understand the adsorption
process.

2. Experimental

2.1. Materials and reagents

Astragalus armatus pods were manually harvested from the
forest of Al-zulfi, Riyadh (Saudi Arabia) during the month
of May 2022. The chemicals of pure quality such as sodium
hydroxide (NaOH), hydrogen peroxide (30%), and glacial
acetic acid (99.5%) were used during alkali and bleaching pro-
cesses without any further purifications. Methylene blue was
purchased from the company of Sigma Aldrich and used in
this study as an adsorbate model. The aqueous solutions were
prepared using distilled water.

2.2. Chemical extraction of cellulose from Astragalus armatus
clusters

Cellulose was extracted from Astragalus armatus pods follow-
ing the previous published experimental protocols (Gao et al.,
2020; Sebeia et al., 2019) with some modifications. In a first
step, the harvested biomass was exhaustively washed with dis-
tilled water in attempts to remove the impurities attached on
the biomass surface. Indeed, this stage of washing aims to
mainly detach the sand and the diverse vegetable crusts from
the studied biomass. Then, the biomass was spread, at room
temperature, on a laboratory bench for drying during a week.
An electrical grinder was used to transform the dried biomass
into fine particles. After, the powdered biomass was thermally
treated in a solution of NaOH (5 wt%) under the following
conditions: liquor ratio = 1:50. T = 80 °C, and time = 120
min. During this main stage of chemical treatment, wax and
also an important bulk of lignin were supposed to be removed.
The resulting alkali treated Astragalus armatus pods were fur-
ther treated during 120 min in a solution containing a mixture
of glacial acetic acid and hydrogen peroxide (v/v = 1:1) (liquor
ratio = 1:50, T = 90 °C). This stage allows the removal of the
residual lignin and gives a bleach substance (Fig. 1). Lastly, the
resulting polymer was filtered and dried at 60 °C during 6 h.

2.3. Characterization instruments

The studied biomasses were analyzed using an apparatus
InfraLum FT-08 equipped with ATR. FT-IR spectra were
realized in 32 scans with a resolution of 4 cm™! in the range
from 400 to 4000 cm™'. A Scanning Electron Microscope
(JEOL JSM-5400) was used to evaluate the morphological
properties of the studied materials. Samples were covered with
gold metal using a vacuum sputter-coater to enhance the con-


http://creativecommons.org/licenses/by-nc-nd/4.0/

Characterization, and application to the biosorption of methylene blue

Fig. 1

ductivity and the quality of the samples image. The used accel-
erating voltage is equal to 20 kV. XRD patterns were obtained
using PANalytical X’Pert PRO apparatus The 2 theta ranges
from 10° to 90°. TGA/DTA curves were obtained using a pla-
tinium crucible with NETZSCH STA 449F3. The thermal
analysis of untreated and treated Astragalus armatus pods
was carried out in air flow at 10°/min a heating rate.

2.4. Bio sorption of methylene blue dye using untreated and
treated Astragalus armatus

A batch mode system was implemented to evaluate the adsorp-
tion capacity of untreated and treated Astragalus armatus
toward methylene blue. A mass of 0.01 g of the biomass was
mixed with a volume of 20 mL of methylene blue in an Erlen-
meyer flask and stirred at a constant agitation speed (150 rpm).
After the required period of time, the mixture was filtered
using a filter paper and the absorbance of the solution was
determined at the maximum wavelength (666 nm). The
biosorption experiments were carried out at different experi-
mental conditions such as: initial pH change (3 to 10), time
(0—120 min), initial dye concentration (0—1000 mg/L), and tem-
perature (20-50 °C).

Equation (1) was used to calculate the adsorbed quantity, q
(mg/g), of methylene blue onto the adsorbents surface:

q(mg/g) = % X

Cy and C, are the concentrations of methylene blue dye at
initial and equilibrium state, respectively. m and V are the
mass of the adsorbent and the volume of the adsorbate used
throughout the experiments.

v )

3. Results and discussion

It is important to underline that throughout the alkali treat-
ment of Astragalus armatus pods, wax and a significant bulk
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Some photographs demonstrating the major steps used for the extraction of cellulose from Astragalus armatus pods.

of lignin were supposed to be eliminated during this main step
of chemical handling. Then, the treatment of the alkali bio-
mass with CH;COOH and H,0, allows the complete removal
of the residual lignin and offer a pure cellulosic substance. To
interpret and confirm the chemical composition, the morpho-
logical, and the thermal characteristics of the untreated Astra-
galus armatus and the extracted cellulose, the materials were
examined using FT-IR, XRD, SEM, and TGA-DTA.

3.1. FT-IR spectroscopy characterization

FT-IR spectroscopy analysis of untreated Astragalus armatus
pods and extracted cellulose is given in Fig. 2. As it is
observed, the studied biomaterials reveal similar absorption
peaks which indicate the presence of the same main chemical
groups (OH, CH, CH,, and C-O). However, the FT-IR spec-
trum of cellulose extracted from Astragalus armatus proves

- 100
2877 2853 - 95
- 90
I - 85
@
= - 80
©
£ - 7
£ 5
v
c
E - 70
- 65
- 60
——— Untreated Astragalus Armatus
—— Extracted cellulose - 55
r T T T T T T T 50
4000 3500 3000 2500 2000 1500 1000 500 o
Wavenumbers ( cmr?)

Fig. 2 FT-IR spectrum of untreated Astragalus armatus pods
and extracted cellulose.
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that lignin and hemicellulose were removed during alkali and
bleaching processes. Indeed, the absorption peak observed at
1733 cm~' for untreated Astragalus armatus, which corre-
sponds to C = O vibration of lignin and hemicellulose con-
stituents (Gao et al.,, 2020; Sebeia et al., 2019), totally
disappears in the spectrum of the resulting cellulose. The
absorption peak observed at around 3292 cm~' confirms the
presence of hydroxyl groups for the biomass (Gao et al.,
2020; Sebeia et al., 2019). Both C-H stretching of -CHj3, and
—CH, groups are seen in the range 2848 cm™' and
2915 cm ™! (Gao et al., 2020; Sebeia et al., 2019). The peak
observed at 1373 cm™! is assigned to the angular deformation
of —CH groups. The peak at 1021 cm™! is attributed to C-O
symmetric or asymmetric stretching vibration (-C-O-C- ring)
of cellulose. The peak at 898 cm™' has been identified to be
the out-of-plane angular deformation of the —CH group
(Gao et al., 2020; Sebeia et al., 2019).

3.2. Morphological analysis

Fig. 3 shows the morphological characteristics of untreated
Astragalus armatus pods and extracted cellulose observed at
different magnifications (x200 and x 1000). The untreated
biomass exhibits particles with irregular shapes with the pres-
ence of some impurities (Fig. 3a). However, after alkali and
bleaching processes (Fig. 3b), the extracted cellulose appears
more clean and condensed. This proves that the non-

cellulose constituents and some surface attached impurities
have been totally removed.

3.3. XRD patterns

Fig. 4 shows the XRD patterns of the untreated Astragalus
armatus pods and extracted cellulose. As it is observed from
the resulting spectrum, the crystalline peaks showed no dou-
blet in the intensity which proves that the studied biomasses
are cellulose I (Maaloul et al., 2017; Zhang et al., 2018). The
spectrum of the extracted cellulose displays three peaks located
at 16°, 23° and 34.8°. According to literature, these observed
peaks are assigned to (110), (200) and (040) lattice planes
of the crystalline cellulose 1 (Zhang et al., 2018). However,
the untreated Astragalus armatus pods showed the existence
of peaks at 15.8°, 21°, 26°, and 28.5°. This indicates that the
biomass contains also non-cellulose constituents including lig-
nin, and hemicellulose.

Equation (2) was used to calculate the crystallinity index
(CrD) of the studied biomaterials:
Cri(%) = Lo = Tan 10 )

1200

Irgo is the intensity of the maximum crystalline peak and
I.m is the intensity of the principally amorphous peak.

The results indicated that the values of the crystallinity
index calculated for the extracted cellulose and the untreated

Fig. 3 SEM images, taken at different magnifications, of: (a) untreated Astragalus armatus and (b) extracted cellulose (x200

and x 1000).
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Fig. 4 XRD analysis of untreated Astragalus armatus pods and
extracted cellulose.

Astragalus armatus pods are equal to 38.2% and 25%, respec-
tively. These values, which are relatively small, prove the exis-
tence of amorphous compounds in the composition of
Astragalus armatus such as lignin and hemicelluloses (Reddy
et al., 2014; Millogo et al., 2020). Compared to the untreated
biomass, the high crystallinity index calculated for the
extracted cellulose confirms again the elimination of the amor-
phous constituents present in the virgin biomaterial (Reddy
et al., 2014; Millogo et al., 2020). These results agree also with
FT-IR data.

3.4. Thermal examination

The thermal stability of untreated Astragalus armatus pods
and extracted cellulose are assessed through TGA/DTA anal-
ysis as shown in Fig. 5. The thermal decomposition of
untreated Astragalus armatus occurs into different pyrolysis
steps due to several reaction stages. In details, at low temper-
ature values, the studied biomaterials display slight weight
losses. As it is observed, the untreated biomass exhibits a first
mass loss of 6% at 73 °C. Whereas, at approximately the same
temperature (72 °C), the weight loss for the extracted cellulose
is about 3%. This difference in weight loss between the two
biomaterials proves that the untreated biomass contains more
hydrophilic substrates compared to the extracted polymer. It is
well recognized that the weight loss observed during this first
stage is assigned to the evaporation of adsorbed water mole-
cules and moisture contained in the natural products
(Ramesh et al., 2020). At high temperature values, the maxi-
mum weight loss achieves 92% and 96% for untreated Astra-
galus armatus and extracted cellulose, respectively. The DTA
curve of the untreated Astragalus armatus pods (Fig. 5a)
demonstrates two exothermic peaks observed at 318 °C and
462 °C which could possibly be related to the main pyrolytic
reaction of cellulose polymer and the oxidation of the charred
residues. However, the DTA curve of the extracted polymer
(Fig. 5b) displays only one exothermic peak observed at a
higher temperature (351 °C). This significant variation in ther-
mal decomposition indicates that the extracted cellulose is
more thermally stable than the untreated biomass. Such varia-
tion in thermal result confirms again the chemical modification
of Astragalus armatus clusters.
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Fig. 5 TGA/DTA curves of untreated Astragalus armatus pods

and extracted cellulose.

3.5. Application of untreated Astragalus armatus pods and
extracted cellulose to the adsorption of methylene blue

3.5.1. Influence of experimental factors change on adsorption

Fig. 6a elucidates the evolution of the adsorbed quantity of
methylene blue on the surface of the studied biomaterials ver-
sus the initial pH variation (Cy = 30 mg/L, time = 60 min,
T = 20 °C). As it is displayed, the highest adsorption capacity
was revealed when the initial pH value is equal to 6. The
obtained experimental curves show also different trends with
relation to the variation of the adsorption capacity of methy-
lene blue against pH. It is supposed that when the solution is
more acidic, more protons H' are available which cause the
electrostatic repulsion between the cationic charges of methy-
lene blue and the protons. However, when the solution
becomes alkaline, the forces of attraction between the positive
charges of the cationic dye and the negative hydroxyl groups of
the cellulosic substrates are more important and consequently
the adsorption capacity is more significant.

Fig. 6b, ¢ highlight the variation of the adsorbed quantity
of methylene blue as a function of reaction time (pH = 6,
T = 20 °C). From the plots, results indicate that the adsorp-
tion rate, using the studied biomaterials, is very fast and only
a period of 20 min of reaction is necessary to achieve the
adsorption equilibrium. It is also important to note that the
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Fig. 6 Progress of the adsorbed quantity of methylene blue as a function of: (a) pH, (b) time, (untreated Astragalus armatus), (c¢) time
(extracted cellulose), (d) isotherms (untreated Astragalus armatus), and (e) isotherms (extracted cellulose).

obtained curves display two main phases distinguishing the
adsorption kinetic profile. During the initial few minutes
(05 min), the adsorption rate of methylene blue proceeds
promptly and approximately 90 to 95% of the target is real-
ized. This trend is justified by the accessibility of voluminous
adsorption sites at the surface of the biomaterials at this first
stage of reaction. However, when the reaction exceeds a period
of 10 min, the adsorption becomes slow and it achieves the
maximum level at about 20 min. This constitutes a proof of
the saturation of the adsorption sites at this final adsorption
phase.

The influence of the change in temperature and methylene
blue concentration (pH = 6, Time = 60 min) on the adsorp-
tion capacity is elucidated in Fig. 6d, e. Results demonstrate
that the untreated Astragalus armatus pods and extracted cel-
lulose are good adsorbents of methylene blue. Indeed, at opti-
mum conditions (T = 20 °C, pH = 6, and t = 60 min), the
adsorption quantities are found to be 165 mg/g and 148 mg/
g of for untreated Astragalus armatus pods and extracted cel-
lulose, respectively. The slight difference observed in the
adsorbed quantity of methylene blue between the two studied
biomaterials is justified by the elimination of the non-cellulose
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constituents during the alkali and bleaching processes. As it is
also shown, the adsorption capacity depends on the tempera-
ture value and it decreases with the increase of temperature.
This exothermic effect may be due to the reduction of the inter-
action between methylene blue and the reactive sites of the bio-
materials. For instance, in the case of the untreated Astragalus
aArmatus, the maximum adsorption quantity decreases from
165 mg/g to139 mg/g when the temperature is increased from
20 °C to 50 °C. It is worth to mention that the capacity of
the adsorption of methylene blue using the biomaterials stud-
ied in this work is in some cases much higher than other pub-
lished biomaterials and in other cases comparable (Kumar and
Kumaran, 2005; Vadivelan and Kumar, 2005; Annadurai
et al., 2002; Banerjee and Dastidar, 2005; Sajab et al., 2011;
Nasuha et al., 2010; Belala et al., 2011).

3.5.2. Kinetic study

The kinetic equations of pseudo first order (Fig. 7a and
Fig. 8a), pseudo second order (Fig. 7b and Fig. 8b), Elovich
(Fig. 7c and Fig. 8c), and intra-particular diffusion (Fig. 7d
and Fig. 8d) are used in their linearized forms to better con-
sider the adsorption process of methylene blue in the presence
of Astragalus armatus and extracted cellulose. The theoretical
parameters and the regression coefficients are computed and
elucidated in Tables 1 and 2. As it is clearly shown in the pro-
vided results, for the pseudo second order plots, the calculated
theoretical adsorption quantities are found to be close to the
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order, (b) Pseudo second order, (c), and (d) Intra-particular diffusion.

values measured experimentally and also the regression coeffi-
cients are close to 0.99. This result acclaims that the adsorption
process can be considered as chemical and therefore the stud-
ied biomaterials and methylene blue molecules can interact
through electrostatic or strong interactions (Kumar and
Kumaran, 2005; Nasuha et al., 2010). As it is also revealed
from the resulting curves, The Intra-particular diffusion plots
(Fig. 7d and Fig. 8d) deviate from the origin which may
demonstrate that the adsorption mechanism assessed using
the studied biomaterials is characterized by not only an
intra-particular diffusion but also other kinetic processes can
take place (Kumar and Kumaran, 2005; Nasuha et al., 2010).

3.5.3. Thermodynamic study of the adsorption mechanism

The linearized isotherms equations of Langmuir (Fig. 9a and
Fig. 10a), Freundlich (Fig. 9b and Fig. 10b), and Temkin
(Fig. 9c and Fig. 10c) are used to better understand the inter-
action between methylene blue, Astragalus armatus, and
extracted cellulose. The calculated isotherms constants, and
the regression coefficients are given in Tables 1 and 2. As it
is shown from the results, the regression coefficients are close
to 0.99 in the case of Langmuir isotherm. This tendency clar-
ifies that the reactive adsorption sites are distributed homoge-
neously on the surface of Astragalus armatus and the extracted
cellulose. Indeed, the straight lines (Fig. 9a and Fig. 10a) prove
the formation of the monolayers (Guo et al., 2014). Regarding,
the Freundlich results, the obtained regression coefficients are
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Table 1
surface of the untreated Astragalus armatus.

Calculated kinetic data, isotherms constants, and regression coefficients related to the adsorption of methylene blue on the

Kinetic equations Constants Dye concentration Isotherms Parameters Temperature (°C)
(mg/L)

Pseudo first order 30 50 20 40 50

K; (min~") 0.032 0.036 Qm (mg.g™h) 178.57 169.49 163.93

q (mg.g™) 12.16 17.52 Langmuir K (L. g7h) 0.021 0.016 0.0l

R? 0.93 0.84 R? 099 099 099
Pseudo second order K, 0.011 0.006 Thermodynamic AH° (KJ —3.35

parameters mol ™)
q 26.46 38.46 AS° (Jmol™!)  —20
R? 0.99 0.99 AG® (KJ 247 287  3.07
mol™1)
Kr (Lg™h) 1862 36.81 6.19

Elovich o (mg.g~ . 1.06 x 10* 4.8 x 10° Freundlich n 202 162 136

min~")

B (mg.g~". 0.49 0.68 R? 097 096  0.96

min~!

R? 0.94 0.81 br (J.mol ™) 86.11 100.82 110.74
Intra-particular- K (mg.g'.min" 222 3.05 Temkin AL .gh 1.81 1.87 231
Diffusion 2)

R? 0.6 0.5 R? 094 093 091

also high and they range from 0.96 to 0.97. This clarifies that
the adsorption mechanism is too complex to conclude on its
mode. The parameter n of the Freundlich model ranges from

1.33 to 2.02 which may suppose that the biosorption of methy-
lene blue using Astragalus armatus and the extracted cellulose
is favorable at the current conditions (Treybal, 1981).
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Table 2 Calculated kinetic data, isotherms constants, and regression coefficients related to the adsorption of methylene blue on the

surface of the extracted cellulose.

Kinetic equations Constants Dye Isotherms Parameters Temperature (°C)
concentration
(mg/L)
Pseudo first order 30 50 20 40 50
K, (min~") 0.034  0.035 Qm (mg.g™") 16129 1545 149.8
q (mg.g™h) 9.68 15.85  Langmuir K (L.g™hH 0.021  0.013  0.007
R? 0.98 0.97 R? 099 099  0.99
Pseudo second order K, 0.0011 0.0003 Thermodynamic parameters AH° (KJ mol™') —2.65
q 17.54 3225 AS° (J mol™!) —18.38
R? 0.99 0.99 AG® (KJmol™") 274 3.1 3.29
K (L.g™h 102.33 13.8 327
Elovich o (mg.g 'min~!) 69.64  290.18 Freundlich n 1.9 149 133
B (mg.g 'min~") 044 0.27 R? 096 096 097
R? 0.9 0.86 br (J.mol ™) 93.96 108.47 123.18
Intra-particular- Diffusion K (mg.g'.min'?) 1.59 2.86 Temkin AL .gh 1.86 2.09 2.65
R? 0.72 0.68 R? 095 092 087
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Fig. 9 Isotherms plots related to the untreated Astragalus armatus: (a) Langmuir, (b) Freundlich, and (¢) Temkin.

Fig. 11 shows the plots of Logarithm Ky constants versus
the inverse of temperature values related to the adsorption of
methylene blue using Astragalus armatus and the extracted
cellulose. The plots are used to calculate the enthalpy (AH®)
and the entropy AS° parameters. The AH® values range from
—2.65 to —2.35 Kj/mol. The small negative values of the
enthalpy approve that the interaction between the studied
biomaterials and methylene blue is exothermic. This result
agrees with the decrease of the adsorbed quantiles of methy-

lene blue onto the biomaterials with the increase in tempera-
ture. The AS® values vary from —20 to —18.38 j/mol. The
negative values of the entropy parameter indicate that the dis-
order decreases during the adsorption and some structural
changes can take place (Omer et al., 2018). The AH® values
are found to be in the range 2.47 to 3.29 Kj/mol. The positive
sign of AG® parameter reveal that the adsorption of methy-
lene blue is non spontaneous under the current experimental
conditions.
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0 T 1
0.003 0.0035 0.004 and bleaching processes. SEM features indicated that the extracted cel-
-0.2 1 lulose was more clean and condensed suggesting that the non-cellulose
1 d | constituents had been removed. The crystallinity index calculated for
-0.4 © Untreated Astragalus Armatus the extracted cellulose and the untreated Astragalus armatus pods were
= 0.6 - @ Extracted cellulose equal to 38.2% and 25%, respectively. The small values proved the
E - existence of amorphous compounds in the composition of Astragalus
S 08 - armatus such as lignin and hemicelluloses. Compared to the untreated
’ biomass, the high crystallinity index calculated for the extracted cellu-
1 .® lose confirmed again the elimination of the amorphous constituents
@ present in the virgin biomaterial. The DTA curve of the untreated
Y
1.2 A :. Q..o Astragalus armatus pods demonstrated two exothermic peaks at
318 °C and 462 °C. However, the DTA curve of the extracted polymer
-14 - displayed only one exothermic peak at 351 °C. The change in thermal
1T (1/°C property indicated that the extracted cellulose was more thermally
( ) stable than the untreated biomass. The adsorption results demon-
. hat th ¢ A Ar é 1-
Fig. 11 Plots of Ln Kd versus 1/T related to the adsorption of strated that the untreated Astragalus Armatus pods and extracted ce

methylene blue using Astragalus armatus and the extracted
cellulose.

4. Conclusion

In this work, Astragalus armatus pods and the extracted cellulose were
studied and used as adsorbents of methylene blue. The identification of
the functional groups and the evidence of the removal of non-cellulosic
constituents after chemical treatment was proved through FT-IR,
XRD, SEM, and TGA-DTA analyses. The FT-IR of cellulose
extracted from Astragalus armatus proved that lignin and hemicellu-
lose were removed during the treatment of the biomass using alkali

lulose were good adsorbents of methylene blue. At optimum
conditions, the adsorption quantities were 165 mg/g and 148 mg/g of
for untreated biomass, and extracted cellulose, respectively. The
adsorption was non spontaneous and exothermic. Further experiments
will be extended to conduct chemical modifications on the extracted
cellulose using amine reagents and check the aptitude of the resulting
materials to remove other toxic pollutants.
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