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Abstract

Synthetic dyes are widely used in textiles, paper, plastic, and other industries, which are toxic and harmful to the environment
and humans. Adsorption is an efficient method to control wastewater. Cellulose is an abundant, renewable, and eco-friendly
polymer produced by plants and trees. This study examined the possibility of using extracted free cellulose from corrugated
cardboard (CC), cellulose composite with AgNPs of Myrtus communis L. extract (CAgM) and cellulose composite with AgNPs of
banana peel extract (CAgB) for the removal of the cationic dyes, Safranine-T (ST), from aqueous solutions. The scope of this
research included the characterization of sorbents using Fourier Transform Infrared Spectroscopy (FTIR), Scanning Electron
Microscope (SEM), Energy Dispersive X-ray Spectroscopy (EDX), X-Ray Diffraction (XRD), Gas Chromatography—Mass Spec-
trometry (GC-MS), Ultraviolet—Visible Spectroscopy, determination of time contact, adsorbent mass, pH and temperature effect
on the effectiveness of dye sorption using 50 mL of solution. The use of waste paper materials as sorbents was found not to
pose any severe risk of aquatic environment contamination. Safranine-T (ST) sorption intensities were the highest at pH 8 and
pH 10. The waste paper sorbents proved particularly effective in removing cationic dyes, like in the case of CC and CAgM,
which had a sorption capacity that reached 89.16% and 84.22 %, respectively, and 84.04% towards CAgM. An adsorption iso-
therm study showed that the best equation used to describe the adsorption system is the Freundlich equation, with excellent
correlation R? > 0.9707.
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INTRODUCTION

Water is paramount and important for the sustainable
development of a healthy life throughout the world.
However, water pollution with numerous industrial nox-
ious elements is recently considered as the greatest
stimulating substance throughout the world, particularly
in developing countries (Islam et al., 2018a). Nowa-
days, the presence of various contaminants, including
toxic inorganic nutrients, different organic species, and
fuel-related products, have been reported throughout
the world in aquatic systems (Padilla et al., 2017). As a
result of their noxiousness and bioaccumulation, the
pollutants stated above pose prodigious hazards for
individuals and other environments. The growth in the
global population and expansion has put more pressure
on the industry. Textile businesses in several nations
struggle to meet human demands (Baig et al., 2019).

These industrial operations consume large amounts of
water and produce massive amounts of wastewater
containing organic and inorganic compounds such as
dyes. Currently, 95-400 L of water is consumed for
every kilogram of fabric manufacture. In general, dyes
are more soluble and can easily discharge effluents
into the environment, posing substantial environmental
risks (Islam et al., 2018b).

Safranine-T (ST) is a synthetic cationic dye with the
chemical formula  CyH4CINs  (3,7-dimethyl-10-
phenylphenazin-10-ium-2,8-diaminechloride) that can
be found as powder or reddish crystals. This dye is
widely used in dyeing cotton, silk, tannin, wool, leather,
bast fibers, and paper, and it is regarded as a model
compound for the dyes emitted into textile industry ef-
fluents (Ritter et al., 2024). Cationic dyes represent a
larger danger than anionic dyes because of their easy
and powerful contact with negatively charged cell mem-
branes, which can induce allergies and respiratory
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problems (Saha et al., 2021). Dye contamination, par-
ticularly with Safranine-T, can induce stomach discom-
fort, respiratory tract irritation, throat discomfort, and
irritation and redness of the eyes and skin. Environmen-
tal protection agencies and legislation require compli-
ance with acceptable limits for dye discharge in
wastewater, which must be eliminated before release
into streams (Suleman et al., 2021).

Toxic contaminants are eliminated using a variety of
processes, including adsorption, coagulation, precipita-
tion, filtering, solvent extraction, reverse osmosis, and
ion exchange. Adsorption is the most cost-effective and
efficient method for eradicating contaminants, with a
wide range of sorbent resources available, including
carbon-activated materials and nanotubes (Bayuo et
al., 2021). Natural-based resources (cellulose, chitin,
chitosan, gelatine, and others) are now chosen for the
eradication of toxic dyes from water due to their low
cost and ease of reuse. From these polymeric materi-
als, cellulose gains the advantages of being compara-
ble, easily accessible, non-toxic, and rich in hydroxyl
functional groups that can be used in many chemical
modification operations (Kara et al., 2021).

Despite their distinguishing characteristics, the disad-
vantages of cellulose-based materials in contaminated
water cleaning include delayed hydrophilicity, lower
physical and chemical stability, and reduced pollutant
uptake competence. As a result, the production of na-
nomaterials for adsorbing adsorbates is becoming more
prevalent (Ahankari et al., 2020). In this approach, reac-
tive hydroxyl and carboxyl groups from natural bio-
derived materials were used as environmentally benign
reducing agents, replacing harmful reductive organic
species such as sodium borohydride (NaBH,), hydra-
zine, and dimethylformamide (DMF), which pose poten-
tial environmental and biological risks (Dhaka et al.,
2023). Cellulose, an abundant natural polymer, is used
as an ideal green reducing agent candidate because of
its mild reductive activity, which is caused by a large
number of hydroxyl and ether groups on its polysaccha-
ride chains (Mishra et al., 2024).

Sedighi et al. (2014) employed heat energy to enhance
the reduction power of cotton fabric in the manufacture
of copper and copper oxide nanoparticles. Fernandez
et al. (2010) created a silver nanocomposite with cellu-
lose nanofibers using heat and UV radiation. Nadagou-
da and Varma (2007) and Chen et al. (2007) used mi-
crowave-assisted green synthesis to create transition
metal nanoparticles (copper, silver, indium, and iron) by
using carboxymethyl cellulose sodium as a reducing
and stabilizing reagent. The direct production or growth
of metal nanoparticles on cellulosic materials has sev-
eral uses, including fabrics and textiles, catalysis, bio-
medical devices, and active packaging (Abu-Elghait et
al., 2021).

Safranine-T is comparatively understudied because the
majority of adsorption research has concentrated on
dyes like Methylene Blue and Crystal Violet. Further-

more, there are currently few studies comparing isolat-
ed cellulose and its nanocomposites under various pa-
rameters (temperature, pH, and starting concentration).
The present study examined the possibility of using the
corrugated cardboard (CC) and its AgQNPs composites
as unconventional sorbents for removing cationic dye
Safranine-T (ST) from aqueous solutions. The scope
of research included the determination of solution pH
on the effectiveness of dye sorption, sorption kinetics,
and the maximum sorption capacity of the tested
sorbents.

MATERIALS AND METHODS

Materials and instruments

Materials used include silver nitrate  AgNO3 (99.92%,
Sigma), Philippian banana peel Musa acuminata (local
market), Common Myrtle Myrtus communis L. (Home
garden), old corrugated cardboard (OCC, local market),
4% NaClO and Safranine-T dye (Merck), HCI (36%,
HiMedia, India), NaOH (99.9%, HiMedia, India), pH
meter (China), Incubator Shaker (Model Innova 42,
New Brunswick Scientific, Canada), Hot plate with
magnetic stirrer (China) , Centrifuge (Model PLC-012,
Gemmy Instrument Corp., Taiwan), UV-Visible Spectro-
photometer.

Preparation of the aqueous extract of banana peels
and Myrtus communis L.

Banana peels and Myrtus communis L. were separately
washed with distilled water to provide an aqueous ex-
tract. Ten grams of finely chopped peels and Myrtus
communis L. separately were combined with 100 ml of
distilled water and gently heated (about 50 °C) with
continuous magnetic stirring for 30 min. The extract
was filtered and the extract was preserved in the refrig-
erator at 4°C until use. (Alasadi et al., 2024; Stular et
al., 2021)

Biosynthesis of silver
(Green Synthesis)

The concentration of 2 mM of AgNOj; solution was pre-
pared by dissolving 0.03g in 100 mL of deionized dis-
tilled water. This solution was mixed with 25 mL of
aqueous banana peel or Myrtus communis L. extracts,
heated gently, and stored overnight in the dark.
The color was changed to dark brown, indicating
the formation of silver nanoparticles. The resulting
mixture was harvested by centrifuging and redispersing
the precipitate in distilled water to obtain purified
particles. The samples were oven-dried for further
characterization (Daish et al, 2024; Tomar et
al., 2017).

nanoparticles (AgNPs)

Characterization of silver nanoparticles (AgNPs)

UV-Vis spectroscopy, a powerful analytical instrument,
was employed to characterize the greenly synthesized
AgNPs and validate the reduction procedure for AQNPs
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synthesis. Fourier transform infrared spectroscopy was
performed with a Thermo Scientific Nicolet 6700 FT-IR
spectrometer (Waltham, MA, USA) to detect the pres-
ence of potential biomolecules and functional groups.
The structure of the silver nanoparticles was analyzed
by X-ray diffraction (Rigaku Ultima IV, Neu-Isenburg,
Germany XRD). Crystallite domain size was deter-
mined using D. Scherrer's equation. The form and size
of phytomediated AgNPs were imaged using transmis-
sion electron microscopy (TEM; JEM-1011; JEOL Ltd.,
Tokyo, Japan).

Cellulose extraction

Preparing an old corrugated cardboard (CC) sam-
ple

A sample of 25 g of old CC was weighed and divided
into smaller pieces. It was then immersed in water for
24 hours. CC was filtered through a muslin cloth and
rinsed completely with distilled water. After air-drying, it
was stored in a polyethylene bag until ready for use.

Extraction of cellulose from corrugated cardboard
(CC)

Alkaline treatment

CC was treated with 4% NaOH at 10001 for 2 hr with
mechanical stirring; this treatment was repeated twice
to generate a suspension. Then it was filtered and
rinsed with distilled water until the pH was neutral
(Rasli, 2017).

Bleaching treatment

The CC sample was bleached with 4% NaCIO and
agitated mechanically for 3 hr at 10001 (Walawska et
al., 2024). Bleaching treatment steps were repeated
twice, similar to the alkaline treatment, for improved
extraction. Following each treatment, the CC suspen-
sion was filtered and rinsed with distilled water until it
reached neutral pH, then left to dry.

Preparation of a cellulose-silver nanocomposite

A cellulose-silver nanocomposite was prepared by mix-
ing 100 ml of a previously prepared AgNPs solution of
Myrtus communis L. (AgM) or banana peels (AgB), with
10 g of the prepared cellulose (CC) in 100 ml of solu-
tion and stirring continuously for 2 hr to give cellulose
composite with AgNPs of Myrtus communis L. extract
(CAgM) and cellulose composite with AgQNPs of banana
peel extract (CAgB), respectively. The suspension was
filtered and dried at 50°C (Ahmad et al., 2013).

Adsorption studies

Batch adsorption tests were conducted in 100 mL
flasks with 50 mL of working volume, using 100 mg L™
of Safranine-T dye due to its chemical or physical prop-
erties, availability, and ease of handling. A weighed
amount of adsorbent (0.2, 0.4, and 0.6 g) was added to
the solution. The flasks were agitated at a constant
speed of 120 rpm for 24 hr in an incubator shaker at

250 C. The present study examined the adsorbent
mass (0.2, 0.4, 0.6 g), contact duration (0.25, 0.5, 1, 2,
3, 4,5, and 24 hr), and at fixed temperature (25°¢ C)
were assessed during the current investigation. After
equilibrium, the solution was centrifuged at 4000 rpm
for 10 min, then measured using a UV-VIS spectropho-
tometer at 460 nm for SF. The adsorption efficiency
(R%) and mass balance were used to calculate the
amount of dye adsorbed per unit adsorbent. Loading
capacity (mg dye per g adsorbent) during data pro-
cessing was calculated using Eq. (1):

R% = (“=%) x 100

¢ (1)

_ (Gg—Cev

e m
)

Using equations (1) and (2), the removal efficiency (R)
and equilibrium adsorption capacities (qe) were com-
puted. Where m is the mass of the adsorbent (g), V is
the volume of the solution (L), and C, and C. are the
starting and equilibrium concentrations of SF (mg L),
respectively.
At constant time contact of 2 hr and 0.4 g of adsorbent
concentration, pH and temperature effects were stud-
ied at 2, 4, 6, 8, and 10, and 25, 35, and 45 °C, respec-
tively. Removal efficiency (R) and equilibrium adsorp-
tion capacities (ge) were calculated using equations (1)
and (2), respectively.

Adsorption isotherms

The interaction between the adsorbent and the adsorb-
ate is described by the adsorption isotherm, which is
essential for maximizing the adsorbent's utilization. The
most suitable correlation for the equilibrium curve must
be determined in order to optimize the design of an
adsorption system to remove contaminants from lig-
uids. Cellulose's adsorption equilibrium data for SF
were used to create the Freundlich, Langmuir, and
Temkin adsorption isotherms in this investigation. Pa-
rameters Ce and qe were correlated using these three
types of equations at three temperature degrees, 25,
35, and 45 °C.

Statistical analysis

In SPSS v. 20 for Windows, two-way ANOVA was used
for statistical analysis, and Duncan's new multiple
range test ( < 0.05) was used to determine the mean
separation between treatments.

RESULTS AND DISCUSSION

Gas chromatography—mass spectrometry (GC-MS)
results

The results of gas chromatography-mass spectrometry
showed the presence of various types of aromatic and
aliphatic compounds. Table 1 and Fig. 1 indicate the
components of the aqueous extract of banana peels,
which revealed that there are compounds with high
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concentrations belonging to the organic categories of
alcohols, phenols, carboxylic acids, and non-
homogeneous cyclic compounds, with concentration
ratios ranging from 14.69% to 1.03%. Table 2 and Fig.
2 represent the plant components of the aqueous ex-
tract of the plant Myrtus communis L., where the pres-
ence of active compounds such as alcohols, phenols,
non-homogeneous cyclic compounds, and amides
(Jasim et al., 2024) is also noted, with concentration
ratios ranging from 30.45% to 1.06%.

Fourier transform infrared spectroscopy (FT-IR)
spectrum

Cellulose (CC) showed characteristic bands at
3279.06, 2924.62,1414.73, and 1024.46 cm™, related
to O-H stretching, CH; stretching, C-H bending, C-O-C
pyranose ring vibration, and B-glycosidic linkage be-

tween the glucose units in cellulose, respectively
(Salman et al., 2020). The peaks located at 1634.13
cm™' correspond to the vibration of water molecules
absorbed in cellulose. Cellulose-Ag with banana peels
(CAgB) showed the same cellulose peaks with some
other peaks 1688.80, 1650.98, 1424.02, 1320.04,
1099.89, and 664.94 cm™, which are attributed to aro-
matic compounds adsorbed on silver particles. Cellu-
lose-Ag with Myrtus communis extract (CAgM) gave the
same cellulose peaks, which may be attributed to low
loading of silver to cellulose (Fig. 3).

Characterization of AQNPs nanoparticles

UV-Visible spectrum (UV-VIS)

In the current study, we generated stable silver nano-
particles utilizing the bioreduction method with biowaste
from banana peel and Myrtus communis L. inde-

Table 1. Plant components of the aqueous extract of banana peels

Peak R.T. Area Pct Library/ID Chemical Structure
27 13.113 14.6923 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6- \
methyl- Ho o
32 13.906  11.1541 Catechol ©i
HO, /
35 14.37 8.5091 5-Hydroxymethylfurfural \/<j\/o
OH
38 15.037 7.0078 Hydroquinone /©/
HO
OH
36 14.755  3.4192 1,2-Benzenediol, 3-methyl- i:l
OH
44 16.561  2.6517 1,2,3-Benzenetriol @:OH
OH
o
21 11.919  2.1321 Methyl 2-furoate G’)\o/
\ o
o)
20 11.738  2.1282 Furaneol \ei/o“
(o]
43 16.381 1.8522 Chloroxylenol C'/Q:
OH
14 9.067 1.7471 2-Cyclopenten-1-one, 2-hydroxy-
62 24417  1.6585 Oleic Acid e~ F o
OH O
37 14.927  1.0369 1-(2,3-Dihydroxyphenyl)ethanone Ho
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Fig. 1. Gas chromatography-mass spectroscopy (GC-MS) chromatogram of the aqueous extract of banana peels

pendently. To validate the synthesis of silver nanoparti-
cles, UV-VIS spectral scanning was performed at
wavelengths ranging from 350 to 700nm. The color
change of silver nitrate solution was seen at various
time intervals, namely 1 hour, 2 hours, 4 hours, and 24
hours, and spectra were recorded, with a sharp peak
observed at 430 nm wavelength for banana peel and
420 nm for Myrtus communis L. (Fig. 4). The color
change indicates that Ag (I) has been transformed into
Ag(0), as the intensity increases with reaction time. The
extracts' phytochemicals are essential to the environ-
mentally friendly production of silver nanoparticles. Sil-
ver ions (Agl]) can be reduced to metallic silver (Ag°)
by phenolic substances and flavonoids, donating elec-
trons to them through their hydroxyl and carbonyl
groups.

X-ray Diffraction analysis (XRD)

Using the Debye-Scherrer equation and the AgNPs
crystal size rate recorded at the 100% peak, the X-ray
diffraction spectrometer demonstrated the size and
crystal nature of AgNPs. The crystal volume rate was
45.10nm for Myrtus communis L., and the crystal na-
ture of AgNPs. The crystal volume rate was 18.56 nm
for banana peel (Fig. 5).

Scanning electron microscopy (SEM) analysis

The generated AgNPs were spherical in shape and had
a narrow size range, 33.56 and 69.71 nm, for AgQNPs of
banana bells and Myrtus communis L., respectively, as
shown in Fig. 6A and 6B. EDX patterns of cellulose
composites gave different percentages of elements,
which were attributed to Ag, C, and O. Fig. 7A showed
the presence of these elements with percentages 3.87,
42.46, and 39.90%, whereas Fig. 7B gave 5.01, 44.00,
and 41.00% for Ag, C, and O, respectively. These per-
centages enhanced the presence of Ag metal in cellu-
lose materials (Alfarraj et al., 2023)

Dye removal

Effect of contact time

The removal of safranine dye was conducted on the
effect of contact time treated with materials (CC, CAgB,

and CAgM) for a period of 0.25, 0.5, 1, 2, 3, 4, 5, and
24 hr. It is noted that there is a proportional relationship
between time and R% and g. with time, and the best
time is after 24 hr. It can be inferred that the removal of
dye using CC gave maximum efficiency R% = 84.73 as
compared with CAgM and CAgB, (R%, 82.28 and
73.88, respectively), as shown in Fig. 8. In same man-
ner, CC gave the maximum adsorption capacity (qe),
and the rank of capacity (CC; 21.17 > CAgM; 20.55 >
CAgB; 18.46 mg/g), as shown in Fig. 9. The results of
the statistical analysis indicated significant differences
between cellulose types and the time contact at <0.05.

Effect of initial pH of the solution

The pH of the dye solution is an important parameter in
the adsorption process. The results of this study are
presented graphically in the Figs. 10 and 11. The re-
moval of safranin dye was conducted based on the pH
effect treated with the materials (CC, CAgB, and
CAgM) at pH levels (2, 4, 6, 8, 10). It is concluded that
the best pH for dye removal is 8, using CC and CAgM,
which gave a maximum efficiency (R%, 89.16 and
84.22, respectively), and that the best pH for dye re-
moval is 10 using the CAgB material gave a maximum
efficiency R% = 84.04. The biosorption of SF on the
biosorbent's surface is affected by the biosorbent's sur-
face charge and the solution's initial pH. The results of
the statistical analysis indicated significant differences
between types of cellulose used and the pH at <0.05.
This interaction highlights the importance of optimizing
pH levels to enhance dye removal efficiency.

Effect of temperature

The three temperatures at which the experiments were
conducted were 25, 35, and 45 -C (Figs. 12 and 13).
The percentage of dye for safranine dropped from
89.16% to 83.01% for CC and from 84.04% to 82.89%
for CAgB, and from 84.22 % to 83.31 % for CAgM as
the temperature rose. This pattern suggests that the
process of adsorption was exothermic. Jézwiak et al.
(2024) suggest that this could be due to a rise in the
rate at which dye molecules diffuse through the
sorbent's internal pores and external boundary layer,
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Table 2. The plant components of the aqueous extract of Myrtus communis L.

Peak R.T. Area Pct Library/ID Chemical Structure
HO, /
19 14.456 30.4566 5-Hydroxymethylfurfural \ o
o =
o
16 13.035 11.9433 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6- |
methyl- HO OH
o]
OH
25 16.389 7.9822 1,2,3-Benzenetriol @:OH
OH
o)
24 16.082 4.4273 3-Acetyl-2,5-dimethylthiophene J ,
S
OH
21 14.967 4.1572 Hydroquinone /©/
HO
o
36 20371 3.5636 Benzamide, 3,4-fluoro- O*um
F
o
2,4-Dimethylpentan-3-yl (E)-2-methylbut-2-
37 20.56 3.4646 enoate N o
17 13.569 3.4459 .alpha.-Terpineol
HO’
34 19.413 2.2972 Nonane, 4-methyl-5-propyl- vbﬁ/\/
OH
18 13.804 2.26 Catechol @
OH
o}
38 20.646 1.7751 Oxalic acid, isohexyl 1-menthyl ester )\/\/OWI)LO/Q\(
0
o
12 11.88 1.6448 Furyl hydroxymethyl ketone e =
I/
OH
31 18.117 1.2473 Durohydroquinone
HO
5 9.429 1.0622 2-Furancarboxaldehyde, 5-methyl- / \

\O
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Fig. 2. GC-MS chromatogram of the aqueous extract of Myrtus communis L.

an increase in the sorbent's porosity and total pore vol-
ume, and an increase in the number of active sites that
are available for adsorption. The results of the statisti-
cal analysis indicated significant differences between
types of cellulose and the temperature at <0.05.

Effect of adsorbent dose

Adsorbent dose is an important parameter that strongly
influences the adsorption process by affecting the ad-
sorption capacity of the adsorbent. The effect of adsor-
bent dosage on adsorption for Safranine The cellulose
materials were evaluated by the weight range from 0.2
to 0.6 g and a solution of 100 ppm. As shown in the
(Figs.14 and 15), the highest efficiency is about 53.88%
for ST and 89.56% at 0.4 g. Higher removal of dyes
with increasing adsorbent dosage is attributed to the
increase in total adsorbent surface area and adsorption
sites. The results of the statistical analysis indicated
significant differences between the three types of cellu-
lose and the concentrations at <0.05.

Adsorption isotherm

The Freundlich isotherm model (Eq. 3) works well with
very heterogeneous surfaces as adsorbents (Hu et al.,
2010), where K is the Freundlich constant associated
with the bonding energy, n is the Freundlich constant,
and . is the equilibrium adsorption quantity (mg/g).
The adsorption reaction's energy and intensity are de-
termined by 1/n, and advantageous adsorption is indi-
cated by a number of n between 2 and 10.

o TR

Ing, (3

In the linear Langmuir equation (Eq. 4), q. represents
the equilibrium adsorption capacity (mg/g), C. repre-
sents the equilibrium concentration (mg/L) in solution,
and q,, represents the maximum amount of adsorption
(mg/g). In relation to the energy of adsorption, the ad-
sorption equilibrium constant is known as the Langmuir
constant (K.) (Foo and Hameed, 2010).

1
— InC, + InkK,
nne-l—nf

C. C. 1

—= 4)

de max KLQmax

Plotting the quantity sorbed ge against In Ce allowed
for the calculation of the Temkin isotherm, which is im-
plied in Equation 5 and is characterized by a uniform
distribution of binding energies (up to a certain maxi-
mum binding energy). The slope and intercept were
used to calculate the constants (Chu, 2021).

Ge =BInAr +BInC,

(%)

Where, Ar =Temkin isotherm equilibrium binding con-
stant (L/g) and B = Constant related to heat of sorption
(J/moal).

Figs. 16-18 show the adsorption isotherms of CC with
saffranine dye at three temperature degrees, 25, 35,
and 45 °C, using three isotherm equations, Freundlich,
Langmuir, and Yemkin. Freundlich and Yemkin equa-
tions (Eq. 3 and 5), which have been successfully ap-
plied to our system and many adsorption processes,

v TraeT %
Svisen [V

pil yama T G
'F-@. N \l | I H N
x AW ¥ (4 [ 1

x ) Al W ¥
£ i :
- Vel 1
H Y |
3 H

CC

Fig. 3. FT-IR spectrum of cellulose and its composites
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whereas, Langmuir equation (Eq. 4) didn’t give a good
correlation between the parameters.

Freundlich adsorption isotherm

This is frequently used to explain the heterogeneous
surface's adsorption properties (Vigdorowitsch et al.,
2021). While 1/n is a function of the strength of adsorp-
tion in the adsorption process, with less than 1 denoting
normal adsorption, the constant K; is an approximation
of adsorption capacity (Yaqoob et al., 2022). In con-
trast, Kr decreased as the temperature rose, indicating
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Fig. 9. Effect of contact time on adsorption capacity (qe)
of safranine-T by cellulose materials
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Fig. 11. Effect of pH on the adsorption capacity (qe) of
safranine- T by cellulose materials
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Fig. 13. Effect of temperature on the adsorption capaci-
ty (qe) of safranine by cellulose materials
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that the adsorption was of the physical kind, as Table 3
and Fig. 16 demonstrate.

Langmuir adsorption isotherm

This quantitatively characterizes the development of a
monolayer adsorbate on the adsorbent's exterior, fol-
lowing which no more adsorption occurs. The equilibri-
um distribution of metal ions between the solid and lig-
uid phases is thus represented by the Langmuir
(Sivaranjanee et al., 2022). As illustrated in Fig. 17, the
Langmuir isotherm does not provide a systematic cor-
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Fig. 14. Effect of adsorbent dose on the removal efficien-
cy (R%) of safranine by cellulose materials

Table 3. Constants for plotting Langmuir, Freundlich, and Temkin Adsorption Isotherms of cellulose and saffranine T dye

Temp. Freundlich Langmuir Yemkin
(°C) 1/n Ks R? Qmax b R? B Ar R?
25 0.8104 1.0874 0.9914 1.2241 9.8067 0.9328 0.5568 0.2821 0.9453
35 0.9086 0.3918 0.984 * * 0.1606 0.5888 0.6881 0.8609
45 0.862 0.365 0.9707 * * 0.2484 0.6096 0.7499 0.8396
*: didn’t give good correlation
A B C
Fig. 16. Adsorption isotherm of cellulose and saffranine T using Freundlich equation at (A) 25 °C, (B) 35 °C, and 45 °C
ul o s 1-0331?3;03359 . ' e B ] . . - .
-§03 .~y - P - \.-033_00;1;6.;54 : A r-t::ﬂui;;‘:j;:
A B C

Fig. 17. Adsorption isotherm of cellulose and saffranine T using Langmuir equation at (A) 25 °C, (B) 35 °C, and 45 °C
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Fig. 18. Adsorption isotherm of cellulose and saffranine T using Temkin equation at (A) 25 °C, (B) 35 °C, and 45 °C
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relation with the cellulose surface since it is only appli-
cable to monolayer adsorption onto a flat surface with a
finite number of identical sites.

Temkin adsorption isotherm

According to this isotherm, all of the molecules in the
layer would have a linear drop in heat of adsorption (a
function of temperature) with coverage, as opposed to
a logarithmic one (Mahajan et al., 2023). The average
values were derived from the Temkin plot in Figure 18:
average B 0.585 J/mol, which indicates the heat of
sorption, showed a physical adsorption process with
high correlation (R? > 0.8), and AT less than 1 indicated
weak adsorption (physical adsorption).

Conclusion

In the present work, it was found that cellulose and its
composites were an effective adsorbent for the removal
of saffranine dye. Effect of four parameters which stud-
ied gave information that concentration of adsorbent,
time of contact, pH of medium, and temperature played
a main role in the adsorption process at dynamic condi-
tions, it was found that the best adsorbent concentra-
tion is 0.4g, the adsorption process coefficient in weak
alkaline media, temperature proportional inversely with
adsorption removing which referred the adsorption is
physical type. Statistical studies showed that there are
significant differences between the three types of cellu-
lose and the four parameters at <0.05. Adsorption iso-
therm studies showed that there was good correlation
between Ce and g, using Freundlich and Temkin equa-
tions, and the calculated constants showed that the
type of adsorption is physical. Future research should
examine the regeneration and reusability of cellulose
and its composites, as well as their adsorption efficacy
for a broader range of colors and pollutants, in order to
determine the long-term viability of wastewater treat-
ment applications from an economic and environmental
standpoint.
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