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Abstract The present work investigated the feasi-

bility to develop of a new microstructure of a material

from date palm sawdust in order to improve its

adsorption properties. The preparation of the material

consists of mechanical grinding of fibers, sieving of

sawdust, extractibles extraction and then pretreatment

with activating agent sulfuric acid at 1% and 40%. It

was then followed by chemical treatment using urea

by grafting reaction. The phases change due to

chemical modification on sawdust particles was

examined using Fourier Transform Infrared (FTIR),

spectroscopy Scanning Electron Microscopy (SEM),

X-ray diffraction analysis (XRD) and BET method.

The hydrolysis at 40% has an effect on the increase of

the material crystallinity, higher than the hydrolysis at

1%. An increase in the size of crystallites was also

observed by XRD measurements. These results were

related to the reduction of the amorphous fractions of

wood, and, consequently, to the enrichment of the

relative crystalline content. Indeed, the degradation of

hemicellulose was observed, by FT-IR analysis, for

treated samples. The treated sawdust at 40% acid has

the better adsorption characters due to high surface

area of 135 m2/g as compared to 44.4 m2/g for treated

sawdut (1% acid), this is well supported by SEM

micrographs wich also suggest has greater number of

pores. Based on preliminary satisfactory results, the

sawdust date palm provides a valuable addition to the

existing conventional processes to better optimize the

adsorption capacity along with low-cost potential

application in wastewater treatment.

Keywords Cellulose wastes � Date palm �
Microstructure � Valorization � Chemical

modification � Adsorption capacity

Introduction

The use of natural materials, as adsorbents, provides a

promising alternative to the process of wastewaters

purification and could enable to manage both, solid

residues and the wastewater, by decreasing the

environmental impacts.

Among natural materials, the date palm fibers

Phoenix dactylifera L., whose properties as composite

materials have been subject to previous studies (Abu-

Sharkh and Hamid 2004; Al-Kaabi et al. 2005;
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Kaddami et al. 2006), and have been used as adsor-

bents, continues to be developed. The date palm-tree

Phoenix dactylifera L., synonymous to live in desert, is

the most wide-spread fruit tree in arid, tropical and

sub-tropical regions of the world, in particular those of

Northern Africa and Middle East (Achoura and

Belhamra 2010). Moreover, the date palm tree

(Phoenix dactylifera L) is consired one of sources of

natural fibers (Elseify et al. 2019). Nowadays, the

world production, the utilization and industrialization

of dates is increasing, as recorded by some major

producers of dates such as Egypt, Saudi Arabia,

United Arab Emirates and Algeria.

Algeria is the world fifth producer of date fruits

with a production of 710 000 tons in an area of 170,000

hectares (FAO 2013). The wealth of the Algerian date

palm cultivation shows the necessity of projects on the

valorization of date palm and the management of

wastes coming out of this activity. Indeed, the date

palm cultivation generates enormous solid wastes

whose elimination is a major problem, but which can

be valorized as clean and natural adsorbent material.

The valorization of vegetal fibers of date palm is

motivated by its low cost, its origin from a renewable

source and its abundance in nature which enables to

integrate it in a rational way in the field of wastewaters

treatment.

Recent studies on the adsorption properties of

materials prepared from dates or residuals of date palm

cultivation have been reported (Arshad et al. 2014;

Ahmad et al. 2012; El Nemr et al. 2008; Riahi et al.

2009a, b; Houache et al. 2009). It appears that the

capacity of adsorption of this natural material is the

most promising for the elimination of various pollu-

tants in water.

In this context, we quote some works on residuals

of date palm used as adsorbents. For example the

nucleus of dates considered as a cheap source of active

charcoal, have been used in the elimination of heavy

metals (copper, hexavalent chromium and iron) con-

tained in industrial waste waters of a tannery and

galvano plasty factory (Arshad et al. 2014).

Other works (Ahmad et al. 2012) have proved the

role of date palm fibers as adsorbents in the elimina-

tion of undesirable matter such as the acid and basic

colorants, heavy metals and phenolic compounds. On

the other hand, a new activated charcoal developed

from grains of date palm by dehydration using

concentrated sulfuric acid, has been utilized as

adsorbent in the elimination of chromium (El Nemr

et al. 2008). The fibers of date palm are also potentially

interesting for the elimination of phosphates from

aqueous solution (Riahi et al. 2009a, b). However, the

valorization of natural fibers as filtering support or

adsorbent in the purification of waste waters requires

knowledge of structure and texture of material (Cases

et al. 2000; Arias Arias et al. 2017; Tursi et al.

2018a, b; Tursi et al. 2019; De Vietro et al. 2019; Tursi

2019; Rodrı́guez-Restrepo and Orrego 2020).

Furthermore, the date palm belongs to a class of

monocotyledons and does not possess any cambium (a

thin layer located between the wood and the bark), and

consequently presenting a structure and properties

different from those of other trees (Trouy-Triboulot

and Triboulot 2001). It is characterized by a fibrous

structure, possessing four types of fiber. The natural

fiber consists of an external layer called primary wall

which surrounds another layer which is the secondary

wall. The secondary wall consists of three layers, s1,

s2, s3, the latter bind the secondary wall to lumen.

Each wall consists of crystalline microfibrils based on

cellulose reunited between themselves by lignin and

the hemicellulose which are amorphous (John and

Anandjiwala 2008; Tursi 2019; Rodrı́guez-Restrepo

and Orrego 2020). These structural properties are of

interest in the treatment of waste waters, by fixation of

various undesirable elements on the material borders.

The capacity of the sawdust to fix adsorbents such as

pollutants can be improved greatly by subjecting it to

chemical treatment (Tursi 2019).

The objective of this treatment is to activate the

functional sites of adsorption as well as the increase of

the fixation capacity of material with respect to the

adsorbents to be eliminated. This objective can be

reached by several ways: by lowering the lignin and

hemicellulose content of solid substrate to be treated,

by increasing the specific surface. The modification of

wood can be done using various chemical products

such as H2SO4 or H3PO4 acids or enzymes. However,

the behavior of lignocellulosic material varies from

specie to another. Hence, the mastering of modifica-

tions undergone by the material during the chemical

treatment requires a good understanding of the

microstructure evolution as function of different steps

of the chemical activation. This is to limit the

formation of inhibiting products and to avoid the loss

or the degradation of sugars.
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In this context, owing to the economical and

environmental importance of the valorization of

biomass waste in wastewaters treatment, we are

therefore primordially interested in studying the effect

of the chemical modification on the wood microstruc-

ture of date palm, with the aim to formulate in future

adsorbent lignocellulosic materials.

Therefore, the major novelty of this work is the

elaboration of a new microstructure of a material,

without prior active carbon preparation, with

improved adsorption properties from modified date

palm sawdust by chemical activation.

Methodology

Sample collection and preparation

The semi hardwood used for this study was collected

from date palm (Algerian Ghars variety). The samples

were collected from fibers at the level of

peduncle (fruit bunches) (Fig. 1a). The stalks repre-

sent cellulosic wastes of date palm produced abun-

dantly in Algeria that we have recuperated at the city

of Ghardaı̈a (southern Algeria). The stalks of bunches

of palm date have been cleaned, cut in small pieces

(Fig. 1b), then mechanically grinded to obtain the

sawdust (Fig. 1c). The date palm sawdust appears

under the initial form of cuttings of clear yellow color,

which once chemically modified becomes brown

without ever being calcinated (Fig. 1d).

A granulometric analysis has been performed on

the initial wood sawdust, so to separate with a sieving

the fine particles characterized by a diameter of

0.5 mm. The specific surface area is increased as the

particle size becomes small, which allows a better

adsorption capacity of the material (Crini et al. 2009;

Nwufo et al. 2014). The physicochemical character-

ization has enabled to determine the following

parameters: the moisture, the pH, the apparent density,

the elementary composition (by EDS analysis), the

specific surface (SBET) and a quantification of different

a b

c d

Fig. 1 Superficial morphology of palm date sawdust. a Stalks of palm date. b Cleaned, dried and cut stalks of palm date. c Untreated
palm date sawdust. d Treated palm date sawdust
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proportions of primary constituents of wood has been

performed according to standard method described by

Technical Association of the Pulp and Paper Industry

(TAPPI 1992, 2003, 2006, 2007).

Treatment conditions

Physical pretreatment

According to the protocols reported in previous works

(Anirudhan et al. 2009; Benyoucef and Harrache

2015), the raw sawdust was repeatedly washed, with

distilled water at 60 �C and dried in an oven at 80 �C
during 24 h in order to remove water-soluble particles

that adheres to the surface.

Chemical treatment

At the second stage, the samples undergo chemical

treatment in order to activate the functional adsorption

sites and consequently to improve the ability of the

sawdust to fix adsorbates. Chemical treatments were

done: extractables extraction and chemical pretreat-

ment using sulfuric acid H2SO4 followed by chemical

treatment using urea.

Soxhlet extraction The extractables which risk

inhibiting the prehydrolysis of the sawdust are the

only fraction which can be isolated without degrading

nor modifying the other main wood constituents. The

solvents render soluble the extractables contained in

the biomass. The choice of solvents is done so to

extract the biggest quantity of extractables. These

extractables are eliminated and are finally

concentrated in the recuperation ball, by extraction

using Soxhlet (Mellouk 2007). The extraction has

been done according to the protocols reported in

previous works (Mellouk 2007; Schultz and Nicholas

2000; Pohjamo et al. 2003; Benyoucef and Harrache

2015). A mass of 11 g of wood sawdust weighed in a

cartridge of cellulosis and placed in the Soxhlet

apparatus, is dipped in 300 ml of organic solvent

mixture: ethanol/toluene (1/2, v/v) of a volume v of

100 ml during 7 h. The extraction has been performed

at 1 to 4 cycles (dipping/washing) per hour. Finally,

the saw dust has been dried in a drying-room at 80 �C
during 5 h.

Chemical pretreatment using sulfuric acid H2SO4 at

(1% and 40%) Dilute acid pretreatment is able to

convert hemicellulose contained in biomass to soluble

sugars and is a method alternative to enzymatic

hydrolysis of cellulose (Ballerini and Alazard-Toux

2006; Xu 2015. In order to compare the effect of

acidity on the performance of the hydrolysis, the date

palm sawdust undergoes a pre-treatment using sulfuric

acid H2SO4, by opting to two types of acid pre-

hydrolysis: The first at 1% realized with a ratio

liquid/solid equal to 10:1, at temperature of 100 �C
during 4 h, according to the protocols reported in

previous works (Soom et al. 2009; Benyoucef and

Harrache 2015); the second with 40% of a ratio

liquid/solid equal to 6.25/1, at 60 �C and during 4 h,

according to the protocol of (Hameed et al. 2007;

Singh et al. 2011a, b; Benyoucef and Harrache 2015).

After filtering, we wash using distilled water until a pH

of washing water equal to 7 is reached, so to eliminate

any traces of acid and hydrolyzed sugar. The modified

sawdusts as such have been dried in a drying-room at

100 �C, during 24 h.

Chemical treatment using urea by grafting

reaction The urea (CO (NH2)2) appears interesting

for improving the sorption properties, by grafting of

amine functions (NH2) on the cellulosic backbone and

lignin of sawdust (Abduazimov and Saipov 1973;

Benyoucef and Harrache 2015). The principle is to

create new centers of sorption (such as amine groups)

on the surface of lignocellulosic material by reaction

of polycondensation between groups of C=O of lignin.

According to the protocol of previous studies (Pokhrel

and Viraraghavan 2006; Benyoucef and Harrache

2015), to each sample of sawdust previously

hydrolysed at 1% and 40% (mass of 10 g) was

added 50 g of urea, and then stirred (140 rpm) for

24 h at room temperature. After filtration, the grafted

sawdust was washed with water and then dried at 80�
C during 24 h.

Physicochemical characterization of palm date

sawdust

Analysis by Fourier Transform Infrared spectroscopy

(FTIR)

Infrared spectroscopy has been widely used to analyze

biomass structure and to study the modifications
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resulting from chemical treatment (Lupo et al. 2014).

Samples of palm date sawdust, before and after

chemical modification, were analyzed without any

prior preparation, by FTIR with a « Bruker Alpha FT-

IR Spectrometer».

Estimation of the crystallinity index (CrI %) by X-rays

diffraction (XRD)

X-ray diffraction (XRD) patterns of the raw and

treated samples were examined using a BRUKER type

D8 Advance, using a source of monochromatic

radiation CuKa (k = 0,154 nm) at 45 kV and a

current of 40 mA in a continuous scanning mode.

The technique of sampling used is the one of diffuse

reflectivity. The powdered samples have been scanned

along the diffraction angles 2h range 0–50�. The effect
of chemical treatment on cellulosic crystallinity was

determined by comparing the crystallinity index (CrI)

of sawdust samples before and after chemical modi-

fication (Park et al. 2010; Wang et al. 2008). The

crystallinity index CrI(%) was calculated respecting

the nomenclature (diffraction peak labels) for the

cellulose allomorphs that must conform to the con-

ventions used in French (2014). The highest peak

(200), and the Iam should be defined as the minimum

(not a peak) in the intensity near 18� (French and

Santiago Cintrón 2013; French 2014, 2020).

Analysis by scanning electron microscopy (SEM)

The morphology of wood sawdust samples was

studied via Scanning Electron Microscopy (JEOL

JSM-6320F), it enables to work in a mode by detection

of secondary and backscattered electrons. The non

conducting samples of wood sawdust must be covered

by a conducting film, of the order of 5–30 lm, this is

achieved by cathodic pulverization (the pulverization

electrode is made of a gold sheet). This operation

enables to avoid the surface charges, to reduce the

thermal effect due to electronic beam and to improve

the efficiency of secondary electrons. The sample is

put on a double face adhesive band cut to the

dimension of sample holder and fixed on it. The

sample surface is covered with a gold layer whose

thickness depends on the exposition time and the

current intensity of the enclosure (90 s under a current

intensity of 50 mA).

Results and discussion

Characterization of material

The results of physical analysis are presented in

Table 1 and show that the untreated palm date sawdust

contains 4.5% of moisture and apparent density is

0.2286 g/cm3. The low pH (5.82) of the biomass

showed an acidity nature.

While the elementary composition (analyzed by

EDS) (Fig. 2), gives the most of this elements is

Carbon (61.60%), followed by Oxygen (38.28%).

The chemical analysis of primary constituents of

untreated sawdust, according to TAPPI standards,

reveals (Table 2) that it is essentially composed of

42.28% (± 0.02) of cellulose, followed by hemicel-

luloses with a rate of 28.9% (± 0,01), determined by

the difference between the rate of holocellulose and

the rate of cellulose, then the lignin (27.55% ± 0,01).

The content of ashes has been estimated at 0.19%

(± 0.01), and the content of extractable matter is

1.37% (± 0.01). The holocellulose, mixture of cellu-

losic and hemicellulosic constituents, is present at

71.18% (± 0.01). These results are in agreement with

previous findings (Nasser et al. 2016) that date palm

residues (fruit stalks) are essentially composed by

43.05% of cellulose, followed by hemicelluloses with

a rate of 27.5%.

Measurement of specific surface area

The specific surface areas were determined by the

B.E.T method, using ASAP 2010 Micromeritics. The

results show that the surface area of the untreated

sawdust is about 1.36 m2/g, whereas that of the

sawdust treated with 1% and 40% acid is respectively

44.4 m2/g and 135 m2/g. Our results are promising

Table 1 Physical characteristics of untreated palm date

sawdust

Parameters Values

Humidity (%) 4.5

pH (in aqueous solution) 5.82

Average particle diameter (mm) 0.5

Bulk Density (g.cm-3) 0.2286

S BET (m2.g-1) 1.360
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since the increase of the specific surface area is

significant. This increase in specific surface indicates

the presence of significant number of micropores

which provides the greater adsorption capacity mate-

rial. The increase in specific surface area is much more

pronounced for the material undergoing hydrolysis

with a concentrated acid (40%), in favor of highly

microporous structure and very promising textural

properties which can provides the greater adsorption

capacity material compared to sawdust treated at 1%.

Our results are in agreement with previous findings

(Benyoucef et al. 2015) that specific surface area of

activated scots pine sawdust increased after

modification of material, in particular the case of

treated sawdust after pre hydrolysis at 40%. The

values of the specific surface are 2.79, 13.4 and 32.6

m2/g for untreated sample, treated sawdust (1%) and

treated sawdust (40%), respectively. However, our

results show that the specific surface area value for the

date palm sawdust is higher than that in scots pine

sawdust.

Besides, according to the results reported by

Hameed et al. (2007), the specific surface area of

activated palm ash were 5.356 m2/g using 40%

pretreatment, relatively less than that found by us

using date palm sawdust.

Fig. 2 Analysis by EDS of the untreated date palm sawdust

Table 2 Chemical composition (%) of untreated date palm sawdust

Composition Average value ± standard

deviation

Standard protocols

Lignin (%) 27.55 ± 0.01 TAPPI T 222 om -06 (TAPPI 2006)

Holocellulose

(%)

71.18 ± 0.01 Determined by sodium chloride NaClO2 titration, catalyzed by acetic

acid (Wise et al. 1946)

Cellulose (%) 42.28 ± 0.02 TAPPI T 203 om -88 (TAPPI 1992)

Hemicelluloses

(%)

28.9 ± 0.01 –-

Ashes (%) 0.19 ± 0.01 TAPPI T 211 cm-86 (TAPPI 2003)

Total extractives

(%)

1.37 ± 0.01 TAPPI T 204 cm-97 (TAPPI 2007)
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Analysis by fourier transform infrared

spectroscopy (FTIR)

The FTIR spectra of untreated and treated sawdust

presented a great similarity and exhibited various

bands that show the presence of some functional

groups present in the macromolecular constituents of

wood (lignin, cellulose and hemicellulose) ( Fig. 3).

A broad band was observed around 3400 cm-1 in

the three spectra, attributed to O–H stretching vibra-

tions of aromatic and aliphatic group of lignin and

cellulose. After treatment, this band increased for

sawdust treated with 40% acid. There are also present

signals at 2917 and 2852 cm-1 assigned to the

asymmetric and symmetric stretching vibrations of

the C–H bond of the aliphatic group of cellulose,

respectively (Heredia-Guerrero et al. 2014).

A band near 1732 cm-1 related to the stretching

vibration of (C=O) was present in the lignin and

hemicelluloses (Guo and Lua 2003; O’Sullivan 1997).

However, the relative intensity of this peak of the

carbonyl vibration decreased after treatment in H2SO4

and depends on the concentration of the acid,

suggesting that the removal of hemicelluloses is

enhanced in the presence of diluted acid.

The characteristic bands of the lignin observed in

the spectra of untreated sawdust do not seem to vary in

the spectra of treated sawdust and thus bands corre-

sponding to the vibration O–H of aromatic structures

(cellulose and lignin) and characteristic lignin bands

are observed similarly in all three spectra. Vibrations

at 1509 cm-1 and 1613 cm-1, attributed to the

deformation (C=C) of aromatic cycles of the lignin

(Zghari et al. 2017), and the observed bands at

1372 cm-1 and at 1325 cm-1,assigned to the (C–O)

vibration of lignin methoxy groups (Benyoucef and

Harrache 2015) confirm that the lignin has not been

degraded and that the decrease, even the disappear-

ance, of carbonyl compounds correspond to the

elimination of hemicelluloses. According with the

decrease of hemicellulose bands, the relative intensity

peak of cellulose increase as compared with those of

spectra of untreated samples. So, it increases the peak

at 1509 cm-1, in the spectrum of chemically treated

sawdust and the band at 1430 cm-1 increases only in

the spectrum of the sample treated with 40% acid.

According to Ciolacu et al. (2001) an increase in the

intensity of this band, called the crystallinity band,

reflects an increase in the degree of crystallinity of the

sample. As a reference band, the band at 1160 cm-1,

characteristic of the glycosidic bond, was found in all

Fig. 3 FTIR spectra of untreated and treated date palm sawdust
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the spectra, but its relative intensity increased after

chemical modification of the biomass, in particular

after 40% acid treatment, thus evidencing that cellu-

lose was not degraded during the treatment.

Other characteristic vibrations of cellulose are

observed in the three spectra: The peaks at

1028 cm-1 and 1033.68 cm-1 indicate C–O and C–

O–C stretching vibration of cellulose (Brum et al.

2012; Alemdar and Sain 2008). The peak at 898 cm-1

and other bands appearing at the frequency between

718 and 400 cm-1 are characteristic of the C–H group

in cellulose (Rana et al. 1997; Alemdar and Sain

2008).

In other respects, the FTIR analysis enabled to

confirm the grafting of grouping amino on cellulose

since the shoulder at around 3555 cm-1, attributed to

the valence vibration symmetric to the bond N–H, has

been observed in the case of modified sawdust

particularly in the case of acid prehydrolysis at 1%.

A shoulder at 1655 cm-1 and 1644 cm-1, observed

uniquely in the spectrum of chemically treated wood

sawdust ( pre-hydrolysis at 1% and 40%) respectively

and attributed to the vibration of deformation out of

the bond plane (N–H).

Crystallinity index by X-ray diffraction

The X-ray diffraction patterns of palm date sawdust

before and after chemical modification are illustrated

in Fig. 4. Two main peaks and a broad amorphous

background band were observed due to presence of

native cellulose of lignocellulosic materials, with a

neat domination of the allomorph I beta (Segal et al.

1959; Fengel and Wegener 1984; Marcovich et al.

1996).

The intensity of diffraction, observed at the

diffraction peaks located about 2h = 16.1�, 22.5� and
34.5�, increased after modification of sawdust, partic-

ularly in the case of treated sawdust after pre

hydrolysis at 40%. The values of crystallinity index

CrI are 49%, 57% and 64% for untreated sample,

treated sawdust (1%) and treated sawdust (40%)

respectively.

These results obtained from XRD show an increase

of the crystallinity index after chemical treatment

applied to palm date sawdust which implies an

improvement of the crystallites order. The degree of

crystallinity of the cellulose is higher in the treated

samples than in the raw sawdust, because of the partial

elimination of hemicelluloses during treatment. These

observations on the increase of the index after

chemical modification are in agreement with previous

work (Alemdar and Sain 2008; Benyoucef and Har-

rache 2015).

Morphology by scanning electron microscope

(SEM)

The images acquired following the analysis of the

surface morphology of the samples by Scanning

Electron Microscopy (SEM) are displayed in

Fig. 5a–c (before chemical treatment) and Fig. 5d–f

(after chemical treatment).

At first sight, the differences of fiber morphology

have been observed after chemical treatment of

sawdust. The image magnification to 2509 (Fig. 5a),

reveals an irregular external surface and having

heterogeneous structure whose aspect is of orientated

sheets along the longitudinal direction, observed in the

sample of untreated sawdust.

The micrograph magnified to 700 9 of the sample

before treatment reveals the presence of tracheids

having on their surface numerous bordered punctua-

tions honeycomb shaped (Fig. 5b).

The magnified micrographs at 250 9 and 750 9 of

the surface morphology of the treated samples, shown

in Fig. 5d and e respectively, reveal clearly a

rearrangement of tracheids having the scalariform

punctuations in scale form and uniform structure

oriented perpendicular to the direction of the sheets.Fig. 4 XRD Diagrams of the untreated and treated palm date

sawdust
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This rearrangement of the structure results from the

effect of the acid hydrolysis undergone by the

material. The porous structure is apparent on the

surface, exposed in the longitudinal cavity walls

(Fig. 5f) and proves the degradation of hemicelluloses

and the elimination of extractible matters, after the

chemical modification of cellulosic material.

The elimination of hemicelluloses is known to have

an increasing effect on pores volume (Segal et al.

1959). Consequently, this porous appearance on the

surface facilitates the adsorption of pollutants. This

porous structure is not observed in the case of the

untreated saw dust, even at magnification of 3500x

(Fig. 5c).

Conclusion

The characterization of cellulose materials, prepared

from sawdust of palm date, using physicochemical

methods of analysis (SEM, FTIR and XRD), has

provided interesting data on the effect of chemical

modification on its microstructure.

a

b

c

d

e

f

Fig. 5 SEM micrographs of date palm sawdust. a–c Untreated date palm sawdust; d–f treated date palm sawdust (pre-hydrolysis at

40%)
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Indeed, the technique of acidic chemical modifica-

tion of sawdust material, used in this study, has

induced the elimination of hemicellulose and

extractable matter, which implied the apparition of

new microstructures characterized by an increase of

the degree of crystallinity of the cellulose. This effect

on the microstructure of modified material increase on

increasing the concentration of the acid used in the

pre-hydrolysis. It implies a rearrangement of the

structure, by the apparition of tracheids having

scalariform punctuations with scale form and with a

uniform and porous structure. This porous structure is

not observed in the case of the untreated sawdust.

Furthermore, we note the significant increase of the

specific surface from 1.360 m2/g of the untreated

sawdust at 44.4 m2/g and 135 m2/g respectively of the

material undergoing hydrolysis with 1% and 40%

acid. Moreover, Infrared spectroscopy shows that

elimination of hemicelluloses is favorable after chem-

ical modification of the material. So, whatever the

concentration of the acid used in the hydrolysis, this

newmicrostructure considerably improves the absorp-

tion capacity of this developed material. We can

conclude that sawdust modified date palm in this way

could provide a significant economy and environmen-

tal potential, which should contribute to the valoriza-

tion of this abundant biomass that can have a potential

application in the adsorption of pollutants in the field

of wastewater treatment.
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