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Abstract

Date palm (Phoenix dactylifera L.) is considered as an important crop in the Arabian Gulf. Lot of
date palm leaves and rachis were collected annually and considered waste that causes problem for the
environment. In this work, the cellulose fiber was isolated from two by-products of the date palm
tree, rachis, and leaflets by acid hydrolysis and bleaching treatments. The isolated cellulose fiber was
modified by grafting with acrylamide to convert into composite polymer to use in the purification of
waste water. There are numerous advantages to using isolated cellulose fiber and its composite
polymer. This fiber is widely used in modern industries and has replaced conventional materials due
to their high specific strength, light weight, low cost, recyclability, biodegradability, and long
durability. All prepared samples were characterized by Fourier transform infrared, X-ray diffraction,
the energy dispersive X-ray and scanning electron microscopy. The results obtained indicate that the
percent of cellulose was increased and the percent of lignin and hemicellulose was decreased after the
isolation and bleaching processes and the cellulose fiber obtained from date palm by-products
characterized by high crystallinity. Grafted samples copolymers were used in removal of methyl
orange from waste water to study the role of cellulose grafted samples in purification of it as an
application in our study. The maximum adsorption of MO occurs at pH 3.0 after 15 h, and the
maximum adsorption capacity calculated from Langmuir is 48.12 mg/g. Date palm fibers considering
as a promising alternative substitute to synthetic fibers in polymer composite industry.
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Introduction

Date palm tree has an economic importance especially in the Middle East and North Africa (Ahmed
et al., 1995). Its cultivation and population is on increase in the Gulf region. Now days, there is an
increased interest towards the using agricultural by-products from agro-industries (Alvarez et al.,
2011). Date palm pits and leaves are waste materials that used in producing natural fibers and
activated carbon (Mahdavi et al., 2010). These trees generate tons of leaves, rachis and trunk as
wastes; a lot of them are converted to compost and using for traditional art and craft or burned
causing contamination to environment. Date palm fiber can use as alternative to synthetic fibers in
polymer composite industries (MaCC et al., 1998). Natural fiber is used to improve efficiency of
many mechanisms, and has great attraction to use as bio-fillers due to low cost and non-carcinogenic
compared to synthetic fibers (Jawaid and Khalil, 2011). Few studies deal with fibers isolated from
date palm byproducts some of them are succeed in using these fibers for reinforcing composites
(Agoudjil etal.,2011; Al-Sulaiman,2003; Kaddami et al.,2006; Shiai et al., 2010), and for water
treatment as eco-friendly flocculants or filters (Riahi et al., 2009; Khiari etal., 2010).The isolation of
cellulose and producing different types of paper pulp has less attention. Acid-alkali consider as
effective method to isolate cellulose from the material that has lignocellulose structure (Ching and
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Ng, 2014; Sheltami et al., 2012). Cellulose is the most abundant natural polymer on earth (Zhang and
Lynd., 2006; O'Sullivan., 1997). Cellulose can be used to produce high-value chemicals and polymer
composites (Kumar et al., 2017; Yang et al., 2016; Brinchi et al., 2013; Reyes-Luyanda et al., 2012).
It is the main constituent of a plant cell wall, Cellulose is linear homopolysaccharide composed of
repeating -(1—4) linkage between D-glucose units, its general formula is (C¢H10Os) n, where n is the
number of repeated monomeric 3-d-glucopyranose units and different with the source of the cellulose
(Kumar et al., 2017). Cellulosic fibres are form in nature in two shape; the first type of fibres are that
found in fibre form and last type that embedded in a natural matrix inside the plant. the last type
needs several steeps as delignification and/ or extraction processes. These processes could be
chemical, biological, mechanical or a combination of them (Elseify et al., 2020) Methyl orange (MO)
is an aromatic anionic dye, which causes problem at low concentration (Hassanzadeh-Tabrizi, et al.,
2016). Long exposure to MO causes problem in inhalation, heaving and looseness of the bowels, so it
is necessary to remove MO from wastewater before releasing into nature. There are numerous ways
used to remove dyes from industrial water as biodegradation (Sun et al., 2017), Fenton oxidation
(Gonzalez-Bahamon et al., 2011), catalysis (Lin et al., 2015), photocatalysis (Bhattacharya et al.,
2019), adsorption (Li et al., 2018). Adsorption method is considering the most favorable method to
remove dyes (Youssef et al., 2019), it characterized by low costs and low energy use (Liu et al.,
2015). Grafting of cellulose is one of the most important means to improve the natural and chemical
properties of cellulose and increase the ability of cellulose to absorbed chemical pollutant from
drinking water and industrial water. Grafting copolymer was prepared from isolated cellulose and
acrylamide in presences of persulphate as initiator (EL-Torky, et al 2017). The produced copolymer
was used to eradicate MO from industrial water by adsorption. The effect of concentration, pH and
time were discussed. Chemical characterization of isolated cellulose and produced copolymer carried
out by Nicolet Model FTIR. Texture characterization done by X-ray diffraction (XRD) using a
(Bruker AXS D8 Advance), Scanning electron microscope (Quanta 250 FEG) and Energy Dispersive
X-ray. The degree of absorption of methyl orange from solution illustrated and determined using
Langmuir and frendlich equations. The purpose of this paper is isolation of cellulose fiber from
rachis and leaflet of date palm tree and making grafting process to the isolated cellulose after that
studying the role of isolated cellulose samples in the purification of industrial water from MO.

Materials and methods

2.1. Raw materials

Two by-products from Phoenix dactylifera L. were used in this study; the palm by-product samples
was collected from Taj El-Ezz research station, Dakahlia governorate. The samples were washed
with deionized water to remove dirt and dried (in shaded area), then cut, milled and collected through
a 5 mm diameter mesh before chemical analysis. Acrylamide, potassium per sulphate PPS, sodium
hydroxide, methyl orange and all the solvents were obtained from Sigma Aldrich. Fig. 1 shows
morphology of by- product date palm tree which used in this study.
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Fig (1): Morphology of by- product date palm tree (a) Leaflet (b) Rachis.

2.2. Get cellulose from date palm tree (rachis and leaflet)

The isolation of cellulose from by-product of date palm tree needs pretreatment to remove resins
waxes and solubilizes the lignin and hemicellulose, also to increase the cellulose quantity in the
biomass. Cellulose dissolving pulp obtained in this study from rachis and leaflet of date palm tree by
three steps to remove the major part of lignin and hemicellulose. (a) Prehydrolysis step by using
rachis and leaflet of date palm tree and H,SOy4, (b) pulping step by soda (NaOH /1N), then wash with
distilled water and treated with diluted HCL, mechanical stirrer to break down the cell walls, wash
again, then filtered to obtain the cellulose fibers (Boldizar et al., 1987). The final step; the
delignification of residual lignin was carried out by hydrogen peroxide/ sodium hydroxide bleaching
process (H,0O,/NaOH). After bleaching, pulp obtained was washed with deionized water until pH 7,
and then dried in air.

2.3. Grafting of acrylamide onto isolated cellulose

Graft copolymerization of acrylamide onto isolated cellulose was carried out with K,S,0g (PPS) as
an initiator under vacuum. In a nicked 250 ml flask K,S,Og is added to 2 g of isolated cellulose and
30 ml distilled water then put the solution in water bath at 80 °C for 15 min, then solution of
acrylamide was added in flask and shaking for 3 h. The products were precipitated and dry it to
obtain constant weight. The cellulose grafted samples immersed in distilled water for 24 hr to remove
homopolymer, filter then let the sample dry in air (Mostafa et al., 2007).

3. Characterization
3.1. Chemical composition of date palm by products

Chemical constituents of rachis, leaflet and isolated cellulose were measured according to ASTM
standards. a-cellulose (ASTM D 1103-55T), hemicelluloses (ASTM D1104-56), lignin (ASTM
D1106-56). Also ash content of all samples was discussed.

3.2. Fourier Transform Infra-Red Spectroscopy (FT-IR)

FT-IR were done and collected in the absorbance mode from 4000 to 400 cm™ using (10 Nicolet
Model FTIR- made in (USA)). IR spectra of isolated cellulose and grafted cellulose — acrylamide
copolymer were recorded.
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3.3. Scanning Electron Microscopy (SEM)

Scanning Electron Microscope (Quanta 250 FEG) running at a high voltage of 15 kV was used to
study surface morphology. The samples were covered with gold by a gold sputtering for perfect
visibility, then placed on the sample holder to examination (Rosas et al., 2009 and Somasundaram et
al., 2013).

3.4. X-ray Diffraction Technique (XRD)

X-ray diffraction done by (Bruker AXS D8 Advance) diffractometer at a scanning rate of 5°C per
min with Cu K o radiation source (. = 1.54060 A) and operating at 45 kV and 30 mA. Samples were
placed in a 2.5 mm deep cell and the XRD patterns were obtained at 20 = 4 ° —80°. The crystalline
structure of the all samples was examined. The crystallinity index was estimated by means of the
peak height method and applying of equation (1) of (Segal et al., 1959).

Cl=l02lam , 100 (1)

002

Where lyg; is the peak intensity at 26=16° and lam is the peak intensity at 26 =22 °.

3.5. The energy dispersive X-ray (EDX)

EDX analyses of the samples were carried out using Oxford Link Isis (UK) instrument. In addition,
the elemental analyses for selected samples were studied.

3.6 Adsorption Studies of Methyl orange

Set adsorption equilibrium experiments were conducted for the adsorption of MO on grafting
samples by adding 0.1g of samples to 50 mL of MO with numerous concentrations (50-400 mg/L) at
constant vibrating speed (150 rpm).After that residual MO concentration was calculated at a
wavelength of 464 nm by spectrophotometer (UV-1700 Shimadzu, Japan). Adsorbed amount
q.(mg/g) was calculated:

_ (o -Ce)

qQe=—— (2

Where C, and Ceis the initial and equilibrium liquid phase concentration of MO (mg/L), respectively.
V is the volume of solution (L), and M is the amount of adsorbent used (g).

The impact of pH on MO adsorption of MO was discussed; the experiments were carried out at pH
varied from 2 to 11 at constant initial concentration of 200 mg/L. The pH of solution was adjusted by
0.1 M NaOH or 0.1 M HCI. The concentration of MO was done by double beam UV-visible
spectrophotometer.

Effect of time was done by adding 0.1 g of adsorbent with 50 mL of MO solution at concentration
200 mg/L. The concentration of adsorbate after recorded time is calculated; the adsorption capacity at
time t, g, (mg/g) was determinedas follows:

_ (Co=C)V
Q=7 (3)
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Results and discussion
4.1. Chemical analysis for raw material

The isolation of cellulose from by-product of date palm tree needs pretreatment of the biomass to
eliminate resins, waxes, lignin and hemicellulose. Fig. 2 shows the physical appearance of the
extracted cellulose, which has dark brown color before bleaching. Color of samples was changed
after bleaching and acidification, the bleaching process remove residual lignin that remained in
samples after pulping stage

*Prehydrolysis

Fig (2): Physical appearance of the stage to isolate cellulose

Chemical composition of the rachis, leaflet and bleached sample was carried according to standard
method and the data are listed in Table 1and showing that: (i)The bleached sample give high yield of
cellulose which increase from 43.08 to 67.37 % in the sample of rachis and also increase in case of
leaflet from 34.55 to 68.50% this increase in the percent of cellulose due to alkali treatment during
chemical extraction. (ii)High yields of cellulose represented that date palm by product consider as a
good source of cellulose and draw attention to green economic growth due to its cost. (iii)Ash percent
in case of bleaching samples is low compared with the other samples due to sodium hydroxide
dissolved apart of ash.

Table (1) Chemical composition of raw material and bleached samples

Sample Hemicelluloses % | Cellulose % | Lignin % Ash %
Rachis 23.92 43.08 15.14 5.23
Isolated cellulose from rachis 15.77 67.37 5.00 0.31
Leaflet 27.52 34.55 19.28 6.00
Isolated cellulose from leaflet 14.89 68.50 5.12 0.38
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4.2. FTIR spectroscopy analysis

FTIR spectroscopy is a simple technique that used in cellulose research that giving information about
chemical changes which appears during chemical treatments (Ristolainen et al., 2002). Fig. 3 (a ,b)
compares the FTIR spectra of isolated cellulose fibers from rachis, leaf let and grafted cellulose —
acrylamide, from the figure we found that in cases of isolated cellulose samples the disappearance of
the lignin-associated absorbance band at 1600 and 1510 cm™. There is broadband appear at 3400 this
band related to the adsorbed water, at 2919 cm* there is a band for C-H stretches and CH, symmetric
bending. Also there is a band at 1029 cm™,due to C-O band stretching, while in case of grafted
cellulose-acrylamide samples,there is a new band at 1690 cm ™ in spectrum which is attributed to
carbonyl group C= O of amide.
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Fig (3): FT-IR spectra of (a) isolated cellulose from rachis and grafting cellulose/acrylamide; (b) isolated
cellulose from leaflet and grafting cellulose/acrylamide.

4.3. Scanning electron microscopy (SEM)

SEM is used to detect the differences in surface morphologyies among all the samples at magnitude
200. Fig. 4 (a, b, c) represented images of the celluloses isolated from rachis, grafting cellulose
/acrylamide samples with different concentration of initator (pps).It is clear that the isolated cellulose
produced from rachis has skeletal rod-like macrofibril structures with an identifiable form and well-
defined cylindrical rod-like detected in the rachis, these images show removal of hemicelluloses and
lignin after bleaching and the fiber where dispersed into individual fibers. SEM images of cellulose
samples extracted from leaflet, grafting cellulose/ acrylamide with different concentration of initiator
are shown in Fig. 4 (d, e, f), showed that chemical treated fibers showing growth in tensile strength
and celluloses fiber from leaflet showing high porous with an appreciable diameter which able to
remove MO dye. In addition, the weak outer layer was isolated during chemical treatment leading to
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strong connection with the matrix which found in the polymer composites. The results showing
improvement in morphology.

Fig (4): SEM images of (a) isolated cellulose from rachis, (b) grafting cellulose/acrylamide 0.6 iniator (c)
grafting cellulose/acrylamide 0.8 iniator (d) isolated cellulose from leaflet (e) grafting cellulose /acrylamide
0.6 iniator and (f) grafting cellulose/acrylamide 0.8 iniator.

4.4. X-ray Diffraction analysis

XRD spectra of isolated cellulose fibers from rachis, leaflet and its grafted cellulose-acrylamide was
shown in. Fig 5 (a ,b) . There is a major crystalline peak for isolated cellulose appear at 26 = 16 and
22, which characterize the cellulose crystallographic plane and related to hemicelluloses and alpha-
cellulose. This is assumed typical cellulose-I structure. Same results were obtained by (Rosa et al.,
2012) for chlorine-free cellulose isolated from rice and whisker. Crystalline arrangements in the
cellulose occurs owing to formation of inter and intramolecular H-bonding by the hydroxyl groups
(Chirayil et al., 2014). The H-bonding restricts the free movement of the cellulosic chains and chains
align close together in an orderly manner which tends to have the crystallinity. Also, there is
additional crystal lattice at 30° and 48° the same results appear in the XRD of bacterial cellulose/
silver nano composites (Zhijiang et al., 2011). The higher crystallinity raises rigidity, stiffness and
improvement mechanical properties. The crystal lattice and high crystallinity of the isolated

celluloses from rachis and leaflet promise to enable the development of nanocomposites with
improved mechanical properties.
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Fig (5): (a) X-ray of isolated cellulose from rachis and grafting cellulose/acrylamide; (b) isolated cellulose
from leaflet and grafting cellulose/acrylamide.
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4.5.The energy dispersive X-ray (EDX)

Energy dispersive x-ray was used for determining elemental analysis of isolated cellulose from
rachis, grafting cellulose/acrylamide, isolated celluloses from leaflet and grafting
cellulose/acrylamide respectively. From Fig. 6 (a, ¢) we found that there is a peak for carbon and
oxygen in case of isolated cellulose from rachis and leaflet. On the other hand, Fig 6. (b, d)
represented the appearance another peak which corresponding to potassium as we used potassium
per sulphate as initiator. Isolated cellulose from rachis and leaflet contain carbon (54.2, 51.4 wt. %)
and oxygen (45.71, 48.59%). While in case of grafting cellulose from rachis and leaflet contain
carbon (50.91, 49.03 wt %) oxygen (47.71, 48.88%) and potassium (1.99, 2.10) due to using of
potassium per sulphate as initiator in grafting process.

Element Wt(%)
CK 54.2
OK 45.71

Element Wt (%)
CK 50.91
OK 47.71
KK 1.99

Element Wt (%)

CK 51.4
OK 48.59

Fig (6): EDX spectrum of (a) isolated cellulose from rachis, (b) grafting cellulose/acrylamide 0.6 initiator, (c)
isolated cellulose from leaflet ,(d) grafting cellulose /acrylamide 0.6 initiator.
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4.6. Adsorption of Methyl Orange
4.6.1. Effect of pH

The pH value is considered as important factor for adsorption performance; it is also effect on
physical and chemical properties of the adsorbent surface (Liu et al., 2016).The experiment was
studied at pH (3, 5, 7, 9 and 11) to reach the impact pH of MO removal using grafting cellulose/
acrylamide isolated from rachis and leaflet. Fig.7 showed the adsorption of MO reached the
maximum value at pH 3.0, after that decreasing trend at pH 11.0 appears. This varying in pH value
leads to change in the charge property of adsorbent surface and the species of adsorbate in solution.
There is an electrostatic attraction between the adsorbent which has a positive charge in acidic liquid
phase and draws negative molecules of MO as shown in Fig.8. Also, hydrogen particles made
bridging ligands between the adsorbent and MO (Gupta et al., 2013). When pH increases, the
removal of MO decrease. This is owing to anionic dye solution competing with extra OH-
(Mahmoodian et al., 2015).
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Fig (7): Effect of pH on adsorption of MO using grafting Cellulose/Acrylamide from (a) rachis and (b) leaflet
as adsorbent
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Fig (8): Chemical structure of methyl orange in acidic and basic condition

4.6.2 Effect of contact time and Kinetic studies

It is vital to determine the adsorption rate and the time which needed to attain equilibrium. There are
different models used to study kinetics of the solid-liquid adsorptionas, (Simonin, 2016) pseudo-first
order kinetic model, (Li et al, 2014) and the pseudo-second order kinetic model (Ho and Ofomaja,
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2006) which applied to simulate the adsorption kinetics. Fig. 9 showed adsorption of methyl orange
onto grafting cellulose/ acrylamide samples from rachis and leaflet. It clear that adsorption
equilibrium reaches at15 h and removal of MO on grafting samples was slightly improved in first of
reaction due to there are a lot of vacant sites available which led to fast increase of adsorption in first
period and the adsorption capacity gradually increases with time till reaching equilibrium at 15h.

After this time there is no change as the reaction reach to balance so this time is sufficient to remove
MO.
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Fig (9): Kinetic adsorption curves of MO at 25 °C for cellulose/acrylamide samples from (a) rachis and (b)
leaflet

The variant of dye adsorption versus time was determined according to both models of (pseudo-first

order model and second) as clear in Eq. (3, 4) (He et al., 2018). The linearized form of the PFO can
be expressed as

log(qe — qr) = logqe — 5555t (4)
Where ¢ is the equilibrium adsorbed amount (mg/g), g: is the amount adsorbed in time t (mg/g), K
is the pseudo-first-order rate constant (g/mg. min) and t is the time in minute. The linearized form of

the PSO can be expressed as

t 1 1

@ Kot ®)
Where K; is the pseudo second order rate constant (g/mg. min) (Fig. 10,11) illustrate use of linear
form of PFO and PSO model for both grafting cellulose / acrylamide samples from rachis and leaflet
respectively. Upon analysis of Table 2 one can concluded that the adsorption follow PSO Kkinetics
model based on: (i) Correlation coefficient R%in case of PSO is higher than R? in case of PFO
indicating that good applicability of PSO model. (ii) Calculated ge (mg/ g) in case of PSO are closer
to the value of q,, (mg/g) in case of Langmuir model.
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Fig. (10): (a) Pseudo—first order and (b) Pseudo—second order kinetic model for adsorption of MO onto
investigated grafting cellulose/ acrylamide samples from rachis
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Fig. (11): Pseudo—first order and Pseudo—second order kinetic model for adsorption of MO onto investigated
grafting cellulose/acrylamide samples from leaflet

Table (2): Kinetic model parameters (PFO and PSO) for adsorption of MO onto investigated grafting
Cellulose/ acrylamide samples from rachis and leaflet

Sample dm(mga/g) PFO - kinetic model PSO - kinetic model
0 (Mg/g) Ky (h7) R’ ge (Mg/g) [ Kz (a/ mgh) R’
Rachis 0.6 1 8.403 16.622 0.1260 0.9456 22.52 9.025*10‘2 0.97226
0.81 19.23 22.855 0.1524 0.9688 31.565 9.433*10° 09928
Leaflet 0.6 1 11.85 19.815 0.3178 0.92191 7.246 0.0523 0.95148
0.81 48.123 21.777 0.2494 0.9368 42.37 5.6211*10™ 0.95601
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4.6.3 Adsorption isotherms

It is vital factor to study mechanism of adsorption.The quantity of MO adsorbed, g. (mg/g) is
plotted versus the equilibrium concentration C, (mg/L), as presented in Fig. 12 which indicated that
adsorption capacity of MO by grafting copolymer of rachis and leaflet with acrylamide at adsorption
equilibrium (qe) progressively increased with raising the initial MO concentration from 50 to 500
mg/L owing to as the initial concentration raised, the mass transfer driving force become higher, and
this behavior will leads to higher adsorption of MO.
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Fig (12): Adsorption isotherm of MO at 25 °C for grafting cellulose/acrylamide samples from (a) rachis and
(b) leaflet

In this study,the isotherm of Langmuir and Freundlich were used to describe the distribution of MO
on surface of grafting samples which isolated from rachis and leaflet. Langmuir supposed that only
monolayer adsorption can take place on a homogeneous surface, (Brdar, et al, 2012), the Langmuir

equation 6 is represented by (Langmuir, 1918).
Ce 1 Ce

==+ ()

de bqm de
Where g is the amount adsorbed at equilibrium (mg/g), Ce is the equilibrium concentration of MO
(mg/L), gm represented the monolayer capacity (mg/g), and b is known as the Langmuir constant
(L/mg) and it is related to the heat of adsorption. The plot of Ce/qge versus Ce for grafting
cellulose/acrylamide samples from rachis and leaflet give a straight line with slope = 1/gn, and an
intercept = 1/bgm, as shown in Fig. 13 (a) and Fig.14 (a) respectively and dimensionless separation
factor (R.) as represented in Eq. (7)

1

Re=17% C, 7
Freundlich model is applied in case of hetero generous surface. The linear equation form is
represented as:

Ing. = InK¢ + %lnCe (8)
Where K; and n are freundlich constants which related to adsorption capacity and adsorption
intensity, respectively. When n >1 this means that adsorbate is favorable but when n< 1 this means
adsorption process is chemical in nature, If n lies between 1 and 10, this means a favorable sorption
process. The plot of In ge versus In C, gave straight line with slope 1/n and intercept of In K; as
shown in Fig. 13 (b) and Fig.14 (b) for rachis and leaflet respectively. The examined data listed in
Table 3 presenting that the correlation coefficient, R? in case of freundlich model was in between
0.9272 and 0.9828this means that the process of removal MO by grafting copolymer acrylamide
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samples prehaps multi-layer adsorption. The n value of the freundlich is a parameter that judge if the
adsorption is spontaneous, the n values obtained from the freundlich model is below 1 suggesting that
the spontaneity of the adsorption (Zhang, et al, 2020).

0.6
0 (.81

061
* 081

. .
= >3
=
=
=

354

ey
o

~ 304 )

w2
=

= 254
254 £ 204

v 159

ce/ge ( m g / g )

T L T A T W40 45 50 55 6
0 50 100 150 200 250 300 350 400 450
Cefmg/L) lnce (mg/l)

Fig. (13): (a) Linear plots of Langmuir and (b) freundlich model for adsorption of MO onto investigated
grafting cellulose/acrylamide samples from rachis

n 0,61 061
a 0 081 51 o (.81

=
=

= [
= =

Ce/qe (mg /g)
e
=

0

0 50 100 150 200 250 300 350 400 430 R ! " . o '
C,(mg/L) 35 40 43 50 55 6.0
s InCe (mg/L)

Fig. (14): (a) Linear plots of Langmuir and (b) freundlich model for adsorption of methyl orange onto grafting
cellulose/ acrylamide samples from leaflet
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Table (3): Langmuir and Freundlich constant for methyl orange at 25°C by the investigated grafting
cellulose/acrylamide samples from rachis and leaflet

Langmuir Freundich
Sample gmax b R? RL Kf n R?
(mg/g) (L/mg) (mg/g)
Rachis 0.6 I 8.403 2.509*10'3 0.529 0.443 2.142*10'4 0.48841 | 0.92854
0.8 1 19.23 2.403*10° 0.3990 | 0.499 3.253*10 0.54650 | 0.92727
Leaflet 061 11.85 2.312*10;3 0.6260 | 0.463 9.0461*10™ 0.5409 0.98287
081 48.123 1.50*10° 0.4867 | 0.571 0.01536 0.7181 0.97724
Conclusion

The different experiments were done to discussed the influence of (contact time, pH and
concentration) on adsorption of grafting dissolving pulp for MO dye. Chemical constituents of rachis,
leaflet and isolated cellulose were measured, also percent of ash content of all samples were
determined. Based on the present investigation, it could be assumed that grafting of dissolving pulp
prepared from acrylamides and two byproducts from phoenix dactylifera L. (rachis and leaflet each
alone) using (PPS) as initiator can be used efficiently in removal of heavy MO dye from industrial
water. The removal of MO dye was 200ppm,pH and contact time dependent, the maximum
adsorption capacity at pH =3 and as the pH increases (pH> 3), the adsorption capacity decreases as a
consequence and 15h was considered sufficient time for removal of MO. Also, Freundlich model
coordinated with the isothermal experimental data quite well, and illustrated that the adsorption was a
multilayer process and MO adsorption follows PSO model. Furthermore, based on the results of
examining SEM, EDX, XRD combined with FTIR. Overall, the utilization of grafting of dissolving
pulp prepared from acrylamides and two by-products from phoenix dactylifera L. (rachis and leaflet
each alone) using (PPS) as initiator accomplished the goal of adsorption of MO dye from industrial
water.
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