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Abstract 

This study was directed to use the sugarcane bagasse wastes as bio-sorbent materials to remove cationic dyes; Methylene Blue 
(MB) and Crystal Violet (CV), from synthetic industrial wastewater. The collected and dried sugarcane bagasse wastes were 
treated with different concentration of H2SO4 as a pre-treatment step in the production of bioethanol after hydrolyzing the lignin 
content. Afterwards, the unhydrolyzed wastes were dried and ground with a ball mill then mixed with cellulose acetate to form 
composite sheets that directed to biosorption process. The composite sheets were functionally and structurally explored using 
FT-IR, XRD, SEM, swelling and the porosity. Optimization of the biosorption processes were performed using “One Factor at 
A Time (OFAT)” and subsequently “a full factorial design”. Results displayed that, the MB removal efficiency of 90.36% was 
accomplished using a composite sheet dose of 5 g/l treated with 4% H2SO4 for 100 ppm MB after 240 min. In addition, the CV 
removal efficiency of 89.29 % was obtained by using the same composite sheet with dose of 7g/l for removing of 500 ppm CV 
after 240 min. Isotherms and Kinetics models were also examined. Moreover, the reusability experiment was demonstrated for 
5-times use. In conclusion, the unhydrolyzed sugarcane bagasse wastes, that remained after treated with different sulfuric acid 
concentrations, combined with cellulose acetate were successfully provide different composite sheets that applied in the 3Rs 
processes, Removal, Recover and Reuse of the MB and CV dyes.  

 Keywords: Agriculture Wastes; Sugarcane Bagasse; Industrial Wastewater; Adsorption; Polymer Composite; Methylene Blue; 
Crystal Violet 

 

1. Introduction  
Nowadays Egypt is facing countless of problems 

that attributed to water availability and scarcity [1, 2]. 
The Minister of Resources and Irrigation has stated 
many barriers that face the Egyptian unstable climate, 
limited Nile water amount and the huge increasing in 
population growth [3]. Industrial discharges, which 
contain a variety of toxic and hazardous chemicals 
such as heavy metals, dyes and other organic and 
inorganic materials, are the main source of water 
pollution that may contaminate the available water 
resources. Industrial wastewater is considered as the 
most significant causes of pollution, that harming 
human being [4-6]. Dyes, for example, have a long-
term durability, low solubility, fast binding action and 

induce problems, even at a lower concentration [7]. 
Cationic dyes for example; Methylene Blue (MB) & 
Crystal Violet (CV) are types of toxic chemicals that 
are used as a coloring agent for textile, and paints 
industry. These dyes have a harmful effect on 
environment, ecosystems, and human health [8-9]. 
Different physicochemical conventional techniques 
were investigated to help such industries to eliminate 
the MB and CV dyes from their effluents before 
discharging. Moreover, these techniques had a lot of 
disadvantages such as their high-cost, and generation 
of hazardous wastes after the treatment process [10]. 
In addition, there are many desired techniques 
including adsorption, nano filtration, ozonation, and 
electro flotation that may use in this matter [11]. 
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Among them, adsorption, using agriculture biomasses 
such as sugarcane bagasse wastes, is still the best 
choice for the contaminated wastewater treatment 
[12]. The sugarcane bagasse wastes are considered one 
of the largest biomass in Egypt and worldwide [13]. 
They have been previously reported to be used as a 
feedstock in the production of bioethanol and other 
applications [14, 15]. To produce the bioethanol from 
the sugarcane bagasse wastes, it should pre-treat first 
to degrade the lignin content and liberate the available 
cellulose and hemicellulos [16, 17]. After the pre-
treatment method and the bioethanol production, the 
residual unhydrolyzed wastes afterwards provide 
highly charged materials that can be used as excellent 
sorbents. However, application of the sugarcane 
bagasse wastes, in their usable form, provides a low 
surface area which reflected in their removal 
efficiency performance reduction and prevent the 
replicability option. Incorporation of adsorbent 
materials in porous polymer matrix can enhance the 
adsorption capacity and can be produced in different 
forms as beads or sheet [18, 19]. Therefore, this study 
was directed to grind the unhydrolyzed sugarcane 
bagasse wastes, residual wastes after pre-treatment 
and be used in the production of bioethanol, with a ball 
milling method to increase their surface area and an 
easily mix with cellulose acetate forming different 
composite sheets. The pre-treatment process was 
displayed in four systems as (1) 20g bagasse with 2% 
H2SO4, (2)20g bagasse with 4% H2SO4, (3) 10g 
bagasse with 4% H2SO4, and (4) 10g bagasse with 2% 
H2SO4 in addition to the blank composite sheet 
(cellulose acetate without any unhydrolyzed bagasse 
wastes) and the control composite sheet (cellulose 
acetate with the bagasse substrate without any pre-
treatment).  

The aim of the present work is to prepare, 
characterize, and evaluate polymer composite sheets 
from cellulose acetate and sugarcane bagasse waste for 
removal of cationic dyes as methylene blue and crystal 
violet. The composite sheets were characterized by 
different techniques to determine their structure, 
functionality and reactivity using i.e.; Fourier 
transform infrared (FT-IR), (X-ray) diffraction 
(XRD), Scanning electron microscopy (SEM), 
Swelling, Porosity and Zeta potentials. Optimizing the 
adsorption processes using “One Factor at A Time 
(OAFT) and full factorial design” were performed. 
Furthermore, isotherms and kinetics models were 
studied to predict the mode of adsorption for each dye. 

Afterwards, the 3Rs (removal, recover, reuse) 
processes were obtained via reusability experiments 
for the highest removal efficiency composite sheets as 
an example for the all sheets [20, 21]. 

2. Materials and methods 

2.1. Sorbent preparation and composite sheet 
formation 

The sugarcane bagasse wastes were obtained from 
the Egyptian`s market, dried for a week, cut by a 
scissor, ground by a mixer, and sieved to relatively 
have a size of 0.5–1 cm. The materials were afterwards 
stored at a room temperature until analyses and pre-
treatment process. The pre-treatment process includes 
two concentrations of the sugarcane bagasse (10 and 
20 g), two concentrations of H2SO4 (2% and 4% v/v) 
that mixed separately in an Erlenmeyer flask (250 ml). 
Each flask was closed and autoclaved for 20 min at 
121 °C. Afterwards, the flasks were filtered after 
hydrolysis to remove the unhydrolyzed wastes. Then, 
the filtrates were neutralized, centrifuged for 10 min at 
10,000 rpm. The filtrates were used for the bioethanol 
production (Data not shown). The unhydrolyzed 
materials were distinguished as; (1) 20g sugarcane 
bagasse waste treated with 2% H2SO4, (2) 20g 
sugarcane bagasse waste treated with 4% H2SO4, (3) 
10g sugarcane bagasse waste treated with 4% H2SO4, 
and (4) 10g sugarcane bagasse waste treated with 2% 
H2SO4. In addition, sugarcane bagasse waste without 
any pre-treatment was used as a control material. 
Afterwards, cellulose, hemicellulose and lignin 
percent of all materials were measured in “the 
Agricultural Research Center, Giza, Egypt”. In order 
to increase the surface area of the bio-sorbent material 
(unhydrolyzed sugarcane bagasse wastes), it was 
ground to the smallest size using a ball mailing 
“Planetary Ball Mill PM 400, grinding stations 
Malvern UK”. The ground materials particle-size and 
zeta potentials were estimated by Dynamic Light 
Scattering (DLS) [Nano-25, Malvern UK].  The 
particle size of the samples were explored as follow; 
286.8, 455, 116, 291.4 and 295.8 nm for the materials 
of 1, 2, 3, 4, control, respectively. Afterwards, a 1.8 
gm of cellulose acetate was mixed with 10 ml of 
Dimethylformamide (DMF) solvent. Then different 
doses of the unhydrolyzed bagasse wastes (1,2,3, and 
4) in addition to a blank (cellulose acetate without any 
unhydrolyzed sugarcane bagasse wastes) and a control 
(cellulose acetate with the sugarcane bagasse substrate 
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without any pre-treatment), were added separately to 
the solution, stirred, and left to form a homogenous 
mixture. After that, the mixtures were casted onto a 
clean and dry glass plate that is tightly settled with a 
masking tape. By using a film applicator, the mixtures 
were spread out wisely without forming any bubbles 
in order to form a good sheet [22].the casted films 
were immersed directly into the coagulation water 
bath and left for 24 h with changing the water twice in 
order to remove the residual solvent from the 
precipitated sheets.  The sheets were removed and air 
dried to be ready for characterization and application. 

2.2. Characterization of the polymer sheets 

2.2.1. Fourier transform infrared (FT-IR)  

The FT-IR spectroscopy was applied in this study 
to estimate the change in vibration frequency of the 
composite sheets. The spectra were gathered using 
“Nicolet IS-10 spectroscopy, German” with a 
wavelength range of 400 – 4000 cm-1. 

2.2.2. X-ray diffraction (XRD)    

The XRD patterns were detected by the X’Pert 
PRO PAN analytical apparatus, which is a commonly 
used instrument for analyzing crystal structures. The 
XRD measurements were conducted using CuKa 
radiation, which has a wavelength of 0.1541 
nanometers. The data was collected within the 2θ 
range from 10° to 90°. The step size used was 0.02°, 
which means that the instrument recorded the 
diffraction pattern of the composite sheets at small 
intervals within the specified 2θ range.  

2.2.3. Scanning electron microscopy (SEM) 

The morphology of the composite sheets was 
assessed using scanning electron microscopy (SEM). 
This technique was operated with an accelerating 
voltage of 15 kV “(Hitachi SE 900)” and a 
magnification of 5000×. 

2.2.4. Swelling  

The swelling behaviors of the composite sheets 
were determined by immersing 5×5 cm2 from the 
composite sheets (1, 2, 3, and 4) in water for one day. 
The composite sheet’s wet weights were achieved 
after wiping the excess distilled water by a tissue. 
Afterwards, the composite sheets were dried till have 
a constant weight at 100oC, as previously reported 
[23].  

2.2.5. Porosity  

The porosity attitudes of the composite sheets were 
evaluated according to their wet and dry weight 
method, as previously reported [24].  

2.3. Application of the composite sheets in the 
removal of Methylene Blue (MB) and Crystal 
Violet (CV) from contaminated wastewater 

2.3.1. Adsorbate preparation   

Stoke solutions of the used dyes (MB and CV) at a 
concentration of 1000 ppm were prepared by 
dissolving anaccurately weighed amount of the 
individual dye in water. Subsequently, from this stoke 
solution, desired concentrations of absorbents 50, 100, 
and 150 ppm were prepared. The maximum 
absorbance (λmax) of the dyes was determined using 
UV-vis spectrophotometer “Cary 100, Agilent 
Technologies, Santa Clara, CA, USA” at different 
wavelengths with a correlation to the used dyes i.e., at 
664 nm for the MB and 590 nm for the CV. 

2.3.2. Screening experiment 

One g/l from each composite sheet was placed in 
the dye solution and shaken for 3h at 100 rpm. At the 
end of the experiment, the concentrations of dyes 
before and after the experiment were checked by the 
spectroscopy at wavelengths of 664 nm for the MB 
and 590 nm for the CV. Finally, the removal 
efficiencies (RE) were estimated according to next 
equation. 
𝑅𝑒𝑚𝑜𝑣𝑎𝑙	𝑒𝑓𝑓𝑒𝑐𝑖𝑒𝑛𝑐𝑦	(%) = !!"!"

!!
× 100     

Where Co is the initial concentration, Ce is the final 
concentration of the used dyes. 

2.4. Optimization processes    

The removal efficiencies of the dyes, using the 
selected composite sheets after screening experiment, 
were optimized via two steps, OFAT, to estimate the 
high and low levels of each factor, then “full factorial 
design experiments”. 

2.4.1. One factor at A Time (OFAT) experiments  

Different contact time were investigated; 30, 60, 
90, 120, 180 and 240 min. Then different pH values 
were tested; 3, 5, 7, and 9. Afterwards, different 
dosages of the composite sheets were investigated; 2, 
5, 7 g/l. Moreover, the change in the MB and the CV 
dye`s concentrations; 100, 200, 300, and 500 ppm 
were also estimated in the OFAT experiments, change 
one factor and fix the others.    
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2.4.2. General Full factorial design experiments 

General full factorial design experiments (23*31) 
were run for the selected composite sheets in order to 
summarize the best factors that give the highest 
removal efficiencies for each dye. The levels of the 
factors were reported in Table S1 for the MB and the 
CV used dyes. The Factorial design matrix and the 
achieved dyes removal efficiencies, with fits and 
residuals values, were reported. The effect of the 
experimental variables was attempted; contact time 
intervals, pH values, composite dose and dye 
concentration. The results were assumed by the 
Minitab 18 software.  

2.5. Langmuir and Freundlich isotherms 

For the aim of the MB and CV adsorption 
mechanism determination by using the selected 
composite sheets, as adsorbent materials, the linear 
Langmuir and Freundlich isotherms were checked as 
previously reported [25, 26]. The equations expressed 
to the Langmuir isotherm and the Freundlich isotherm 
are illustrated as follows  

Langmuir isotherm model equation: 
𝑪𝒆
𝒒𝒆 =

𝑪𝒆
𝒒𝒎𝒂𝒙 +

𝟏
𝒃𝒒𝒎𝒂𝒙 

Freundlich isotherm model equation: 

𝑳𝒏	𝒒𝒆 = 𝑳𝒏𝑲𝒇 +
𝟏
𝒏𝑳𝒏	𝑪𝒆 

Where qmax (mg/g) is maximum adsorption 
capacity, qe (mg/g) is the adsorption capacity at 
equilibrium, b (mg/L) is the Langmuir constant, Ce 
(mg/l) is the equilibrium dye concentration in the 
solution, n represents the Freundlich constants and Kf 
is associated to the adsorption density. 

 

2.6. Kinetics studies 

The kinetics studies of the present adsorption 
process were performed to investigate the rate of the 
MB and CV adsorption by using the selected 
composite sheets which controls by an equilibrium 
time. The kinetics studies; pseudo first-order (1st) and 
second-order (2nd), were examined and the equations 
were expressed using the following equations [27, 28]. 

Pseudo-first-order equation:  
𝐿𝑛	(𝑞𝑒 − 𝑞𝑡) = 𝐿𝑛	𝑞𝑒 − 𝐾1	𝑡 

Pseudo-second-order equation: 
𝑡
𝑞𝑡 =

𝑡
𝐾2𝑞𝑒# 	+

𝑡
𝑞𝑒 

Where k1 (min-1) and K2 (g/mg.min) are the pseudo 

first order and pseudo first order rate constant, 
respectively.  qe and qt (mg/g) are the amount of 
adsorbed MB dye at equilibrium and at time t (min), 
respectively. 

2.7. Desorption study 

After implementation of the optimization process, 
the optimum factors were reinvestigated to confirm the 
result of the Response Optimizer and performing the 
reusing experiment. Ethanol concentrations 100 % 
were applied to explore the reusability of the selected 
composite sheets. Results were plotted and explained 
as 3Rs (Removal, Recover and Reuse) of the 
composite sheets for many times applications. 

3. Results and discussion 

3.1. Chemical composition of unhydrolyzed 
sugarcane bagasse wastes 

The chemical composition (in terms of cellulose, 
hemicellulose and lignin) of sugarcane bagasse wastes 
before and after acid hydrolysis was investigated at 
various acid and biomass concentrations [29]. The 
materials were displayed as (1) 20g sugarcane bagasse 
waste treated with 2% H2SO4, (2) 20g sugarcane 
bagasse waste treated with 4% H2SO4, (3) 10g 
sugarcane bagasse waste treated with 4% H2SO4, and 
(4) 10g sugarcane bagasse waste treated with 2% 
H2SO4. In addition, sugarcane bagasse waste without 
any pre-treatment was used as a control. Results 
reported in Table 1 showed that the control material 
has a higher cellulose and hemicellulose content of 
41.29 and 37.02 %, respectively than lignin content of 
21.69 %. While the concentrations of cellulose and 
hemicellulose in unhydrolyzed sugarcane bagasse 
wastes were dropped and the lignin content was 
increased after acid hydrolysis. The unhydrolyzed 
sugarcane bagasse waste (4) had a higher lignin 
content of 64.10% than the other unhydrolyzed 
sugarcane bagasse waste. This result was attributed to 
the high concentration of acid and the low 
concentration of sugarcane bagasse wastes during the 
acid hydrolysis process which cause a maximum 
degradation of hemicellulose followed by cellulose, 
resulting in an increase in lignin concentration. 
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 Table (1): The chemical composition, cellulose, 
hemicellulose and lignin percent, of the sugarcane 
bagasse waste 

Materials Cellulose 
(%) 

Hemicellulose 
(%) 

Lignin 
(%) 

Control 41.29 37.02 21.69 

1 36.30 16.01 47.69 

2 35.02 15.96 49.02 

3 28.09 10.60 61.31 

4 26.70 9.20 64.10 

The Zeta potential of the unhydrolyzed sugarcane 
bagasse wastes was measured in order to detect the 
surface charges of them. The zeta potential data 
readings depended on the solution pH and had 
negative charges for all pH values (3.5, 4.5, 6.5, and 
9.5) with the average zeta potential values of -16.3, -
17.5, -9.13, -13.02, and -9.85 for the control, 1, 2, 3, 
and 4, respectively (see Table 2). The negative values 
of the zeta potential displayed the negativity of the 
material`s functional groups. This negativity groups 
were related to the hydroxyl and carboxylate groups in 
the materials. Therefore, this issue predicts an increase 
in cationic dyes removal. 

Table 2. The zeta potential data of the sugarcane 
bagasse waste without any pre-treatment 

Materials 
pH values Average 

3.5 4.5 6.5 9.5  

Control -
7.05 

-
14.8 

-
17.1 

-
26.5 

-16.3 

1 -
4.59 

-
20.3 

-
20.6 

-
24.7 

-17.5 

2 -
9.78 

-
13.5 

-
10.1 

-
3.16 

-9.13 

3 
-

11.2 
-

11.4 
-

11.4 
-

18.3 -13.0 

4 
-

12.0 
-

9.09 
-

12.0 
-

6.33 -9.85 

3.2. Characterization of the polymer sheets 

3.2.1. Fourier transform infrared (FT-IR)  

The FT-IR spectra of the blank sheet (cellulose 
acetate without any unhydrolyzed sugarcane bagasse 
wastes) and the control sheet (cellulose acetate with 
the sugarcane bagasse wastes without any pre-
treatment) and the four composite sheets (1, 2, 3, and 

4) performed from unhydrolyzed sugarcane bagasse 
wastes were displayed in Figure (1). The results 
displayed well characteristic peaks of at 1741 cm-1 
related to stretching of carbonyl (C = O) of acetate 
groups. The carboxylate C-O stretch appears around 
1230 cm−1, the peak at 1158 cm−1 corresponding to 
asymmetric stretching of C–O–C bridge, and the peak 
at 1043 cm−1related to stretching of C–O–C pyranose 
ring. The peak for OH stretching vibration was 
appeared at 3472 cm-1. The spectra of the composite 
sheets were the same spectra for the main polymer 
with slight shift in the position of peaks due to the 
similarity in the composition of the sugarcane bagasse 
waste and the cellulose acetate polymer. 

 

 
Figure 1. FT-IR spectra of the prepared composite 
sheets 

3.2.2. X-ray diffraction (XRD)    

The XRD pattern was used to determine the phase 
and the crystalline structure of the composite sheets, 
which can provide insights into their physical and 
chemical properties in addition to the blank and 
control sheets (see Figure S1: a, b, c , d, e and f). The 
blank sheet showed a XRD pattern with peaks at 2θ = 
21.4 and 25.1o. These peaks indicated the crystalline 
structure of the used cellulose acetate segments that 
obtained from aligned small chains of the main 
polymer. Furthermore, the XRD pattern of the 
composite sheets showed an additional peak around 9o 
which indicated the incorporation of cellulose moiety 
in the polymer matrix. The unhydrolyzed waste was 
expected to have high crystallinity that resist and 
prevent the acid hydrolysis through acid pre-treatment 
process. The (XRD) spectra of the composite sheets 
indicated the successful incorporation and 
compatibility of the sugarcane bagasse wastes and the 
polymer in one matrix. 

3.2.3. Scanning electron microscopy (SEM) 
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The surface morphology of the blank sheet 
(cellulose acetate without any unhydrolyzed sugarcane 
bagasse wastes), the control sheet (cellulose acetate 
with the sugarcane bagasse substrate without any acid 
treatment), and the composite sheets (1, 2, 3, and 4) 
performed from unhydrolyzed bagasse wastes was 
examined using scanning electron microscopy (SEM) 
(see Figure 2a, b, c). The blank sheet surface was 
appeared as a smooth with no pores (Figure 2a-left). 
Whereas the composite sheets with unhydrolyzed 
sugarcane bagasse wastes displayed rough surfaces 
with more pores. Moreover, some particles (ground 
sugarcane bagasse wastes) on sheet the surface were 
also detected. The composite sheet with treated 
unhydrolyzed sugarcane bagasse waste (4) showed a 
higher pore density on the sheet surface, which may be 
due to the more hydrophilic nature of this sample that 
enhance pore formation during the phase inversion 
preparation process. It was clearly shown that, both the 
blank and the composite sheets have macro-voids 
cross- section structure (Figure 2a, b, c , -right). The 
relatively low polymer content and the low viscosity 
of the casting solution may enhance the rate of 
solvent/nonsolvent exchange during the 
manufacturing processes that enhance macro-voids 
formation [30]. Moreover, the images displayed that 
the composite sheets had larger macro-void’s structure 
than the blank sheet which can aid in the penetration 
of the dyes into the polymer matrix giving at the end a 
high adsorption capacity. 

 
 

 

 

 
Figure 2: SEM of surface (left) and cross-section 
(right) of the blank sheet (polymer without any 
unhydrolyzed bagasse wastes) [a], the control sheet 
(polymer with the bagasse substrate without any acid 
treatment) [b] and one of the composite sheets (4) [c]. 
  3.2.4. Swelling 

The swelling behavior is usually used as an 
explanation of the hydrophilicity of the composite 
sheets. Results reported in Table (3) exhibited that the 
swelling behavior of the composite sheets was 
principally increased from 11.1% of the blank sheet to 
66.7 % of the control sheet. The swelling was 
increased by incorporation of the unhydrolyzed 
sugarcane bagasse wastes to be in the range of 66.7 to 
100 %. This result demonstrated that; the increase in 
the swelling behavior was attributed to the increase in 
extended hydrophilic functional groups of the 
composite sheets which composed mainly from 
unhydrolyzed sugarcane bagasse. 

3.2.5. Porosity 

The porosity values of the composite sheets were 
increased, like swelling behavior. The blank sheet 
porosity was 6.3 % in comparison to the control sheet 
with a porosity of 28.4 %. The porosity, as well, was 
increased by incorporation of the unhydrolyzed 
sugarcane bagasse wastes to achieved 28.8 % in the 
composite sheet (1). However, it decreased in the 
composite sheet 2 (18.1 %), 3 (21.12 %) and 4 (24.15 
%) see Table (3). The improvement of the porosity 
values can be attributed as well to the increase in 
extended hydrophilic functional groups of the 
composite sheets which composed mainly from 
unhydrolyzed sugarcane bagasse [31]. In addition, this 
improvement enhances the formation of the macro-
voids. The results of the porosity were well agreed 
with the SEM cross section images. The improvement 
of the swelling and porosity characteristics predicted a 
good removal efficiency of dyes using the composite 
sheets. 

 
Table 3: The swelling and the porosity measurements 
of the prepared sheets 

•

100 µm 100 µm 

•

100 µm 100 µm 

•

100 µm 100 µm 
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Sheet`s 
type 

Thickness 
(µm) 

Swelling 
(%) 

Porosity 
(%) 

Blank 0.12 11.1 6.31 
Control 0.12 66.7 28.49 

1 0.16 66.7 28.85 
2 0.13 66.7 18.10 
3 0.23 87.5 21.12 
4 0.26 100 24.15 

 

3.3. Application of the composite sheets in the 
removal of Methylene Blue (MB) and Crystal 
Violet (CV) from contaminated wastewater 

3.3.1. Screening experiment 

Figure (3a, b) displayed the preliminary screening 
experiment that was implemented to determine the 
best pre-treatment methods that gives the highest 
Methylene Blue (MB) and Crystal Violet (CV) 
removal efficiencies in addition to the blank and 
control sheets. The results demonstrated that, the 
composite sheets 1, 3, and 4 displayed the highest 
removal efficiencies; 31.5, 30.6, and 26.5 % for the 
MB and 21.8, 15.9, and 28.1 % for the CV. Therefore, 
these sheets were selected for further optimization 
process. 

 

 

Figure 3: Screening experiment concerning the 
removal of (a) Methylene Blue (MB) and (b) Crystal 
Violet (CV) efficiencies using the selected composted 
sheets.  

3.3.2. Optimization process 

OFAT experiments 
Effect of each factor on the Methylene Blue (MB) 

and the Crystal Violet (CV) removal efficiencies were 
studied according to OFAT. Optimum levels were 
applied to estimate the low and the high levels of the 
studied factors that latterly used in the factorial 
experiment (see Table S1a, b). 

 Figure (4a, b) exhibited the effect of different 
contact time intervals on the MB and the CV 
adsorption by using the selected composite sheets (1, 
3, and 4). The results demonstrated that the highest 
MB removal efficiencies of 29.9, 46.8, and 54.8 % 
were achieved after a contact time of 240 min using 
the selected composite sheets of 1, 3, and 4, 
respectively. Moreover, the highest CV removal 
efficiencies of 28.7, 26.0 and 34.2 % were 
accomplished after a contact time of 240 min using the 
selected composite sheets of 1, 3, and 4, respectively. 
The composite sheet 4 showed the highest removal 
efficiencies of the used dyes. It was noticed that, by 
increasing the contact time the removal efficiencies 
were increased. These could be related to the 
enormous active sites on the composite sheet`s 
surface, which are usually accessible in the initial state 
of the adsorption process, which in follow speedup the 
rate of adsorption in the initial time. Furthermore, by 
time, more dye`s particles were retained outside the 
composite sheet`s surface, hence the adsorption 
process became less favourable for the dyes removal 
[32]. 
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Figure 4: The effect of contact time intervals on (a) 
Methylene Blue (MB) and (b) Crystal Violet (CV) 
removal efficiencies using the selected composite 
sheets. 

The effect of pH values on the adsorption process 
changed greatly by increasing or decreasing, as pH 
values change the ionization behaviour of the binding 
functional groups of both adsorbate and adsorbent. 
Therefore, it should be studied and optimized. The 
result was presented in Figure (5a, b). The MB, a 
cationic dye, removal efficiencies were increased by 
increasing the pH values. The highest MB removal 
efficiencies of 62.2, 65.7 and 70.3 % were achieved at 
a pH value of 6.5. Afterwards they decreased for the 
composite sheets 1, 3, 4, respectively. In the case of 
CV, a cationic dye, the highest removal efficiencies of 
66.4, 65.9 and 65.8 % were obtained the same pH 
value (6.5) and after that they decreased. This result 
could be explained by increasing pH values, the OH-

ions increased the H+ protons decreased that means 
increasing in the negative charges that further helps in 
the removal of the cationic dyes [33]. 

 

 

 
Figure 5: The effect of pH values on (a) Methylene 
Blue (MB) and (b) Crystal Violet (CV) removal 
efficiencies using the selected composite sheets. 

It has been reported that, the increasing the 
adsorbent dose leads to an increase the surface area, 
including the active sites, hence achieve higher 
removal percent of the pollutant molecules [34]. The 
increase in adsorption capacity by the increase in the 
adsorption dose was a reasonable result as a result of 
the availability of more reactive sites for removal 
process. However, this reasonable behavior can be 
displayed until a specific sorbent concentration after 
that a stability attitude for the adsorption process 
obtained as previously reported [35]. The effect of the 
composite sheets dose on the MB and CV removal 
efficiencies were displayed in Figure 6a, b, 
respectively. For the cationic dyes MB and CV, the 
highest removal efficiencies were achieved at the 
composite sheets concentration of 3 g/l and afterwards 
a relatively the removal efficiencies slowly decreased 

. 
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Figure 6: The effect of composite sheet dose on (a) 
Methylene Blue (MB) and (b) Crystal Violet (CV) 
removal efficiencies using the selected composite 
sheets. 

Figure (7a, b) displayed the effect of the initial 
dye`s concentration on the removal efficiencies of the 
MB and CV dyes. The results showed that, a 100 ppm 
of the used dyes gave the highest removal efficiencies 
of by using the composite sheets. Moreover, by 
increasing the dye`s concentration, the removal 
efficiencies were decreased. Decreasing in the dyes 
removal efficiencies by rising the dye-concentration 
could be related to the early overload of the composite 
sheets by the number of dye ions until no further sites 
are available at the higher concentrations[36]. The 
composite sheet 4 has displayed the highest removal 
efficiency for the used dyes (MB and CV). 

 

 
Figure 7: The effect of dye concentrations on (a) 
Methylene Blue (MB) and (b) Crystal Violet (CV) 
removal efficiencies using the selected composite 
sheets. 

3.3.3. General Full Factorial Design 

The matrix design including the removal efficiency 
fits and residuals were shown in Table S2 (a, b). Plots 
of main effects, interaction, Pareto and response 
optimizer were discussed as follows. 

The main effects plots were displayed in Figure S2 
(a, b) which determined the average deviation of each 
factor, from the low to high levels, where the removal 
efficiencies increased by increasing the deviation from 
the low to high levels [37]. Whereas, they decreased 
by decreasing the deviation levels and considered as a 
negative effect on the removal percent. Results 
reported in in Table S3-a, and Figure S2-a 
demonstrated that, the deviation was increased from 
the low to high levels. Furthermore, the contact time, 
the composite sheet dose and the MB concentration 
have a compelling effect on the MB removal 
efficiency owning to the low P-value that was noticed 
in the ANOVA Table. All the factors displayed a 
positive effect on the MB removal efficiency where by 
increasing the values of the levels from the low to 
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high, the MB removal efficiencies were increased. 
Additionally, the results in Table S3-b and Figure S2-
b exhibited that; the composite sheets dose and the CV 
concentration have a momentous effect on the CV 
removal efficiency and both of them affect positively. 

Generally, the interaction effect is the studying of 
the interaction between the various factors to get the 
pollutant removal efficiently. When there is a change 
in a factor from low to high levels is dependent on a 
change in the factor's levels, such as when lines don't 
run parallel, accordingly, effective interaction is 
noticeable [38]. Results reported in Table S4-a and 
Figure S3-a, stated that, there is an interaction 
between the MB concentration & contact time and 
composite sheet dose &contact time. Furthermore, the 
three interactions effect of the MB concentration& 
composite sheet dose& contact time have a significant 
effect on the MB removal efficiency. Whereas CV 
removal efficiency exhibited none significant 
interacted factors as represented in Table S4-b and 
Figure S3-b. 

The Pareto chart, in general, verified the main and 
interaction effects data. Student t-test result is 
represented in the Pareto chart by a reference line, and 
all the columns that exceed the reference line considers 
as significant values whereas, the columns that not 
exceed the reference lines is non-significant [39]. The 
results outlined that, (AD) MB concentration& contact 
time, (D) contact time interaction effect, (ACD) MB 
concentration & composite sheet dose & contact ime, 
(A) MB concentration, (CD) composite sheet dose & 
contact time, and (C) composite sheet dose factors 
have a potent significant effect on the removal 
efficiency of MB (see Figure S4-a). Furthermore, 
Figure S4-b demonstrates that, (A) CV concentration, 
and (B) composite sheets type (treat) have the most 
significant effect on the CV removal efficiency. These 
results confirmed the obtained results from the main 
and interaction effects, which represented previously. 

In fact, response optimizer predicts the optimum 
combined factors that achieve high pollutants removal 
efficiency as previously reported [40]. Figure S5-a 
demonstrated that; the highest removal efficiency of 
90.36% was accomplished for MB with 1 degree of 
accuracy by using 5 g/l composite sheet dose of the 
treat sheet 4 for 100 ppm MB after 240 min contact 
time. Figure (S5-b), demonstrated that, the CV 
removal efficiency of 89.29 % could be achieved by 
using 7 g/l of the composite sheet 4 for removing 500 
ppm CV after 240 min. by 1 degree of accuracy. 

3.4. Langmuir and Freundlich isotherms 

The isotherm studies were explored by the using 
two linear forms, Langmuir and Freundlich, to 
proposed the used dyes adsorption mechanism as seen 
in the Figure 8 (a, b) and Figure 9 (a, b) [41]. The 
results of the MB and CV removal efficiencies, using 
the selected composite sheets (1, 3, and 4) performed 
from unhydrolyzed bagasse wastes, were more fitted 
with the Freundlich isotherm. This result in fact, was 
totally attributed to the higher “R2” that determine the 
fitted model as previously reported [42].  
Table 4a: The Langmuir and Freundlich isotherms of 
the Methylene Blue (MB) removal efficiency using the 
selected composite sheets (1, 3, and 4) 

 

 
Figure 8: The Langmuir isotherm of (a) Methylene 
Blue (MB) and (b) Crystal Violet (CV) removal 
efficiencies using the selected composite sheets. 
In general, fitting the data to the Freundlich isotherm 
displayed the mechanism of adsorption as a 
heterogeneous adsorption with a multilayer adsorption 
nature. Moreover, this adsorption nature was 
controlled by wander Val's forces. The maximum 
adsorption capacity (Qmax) of the selected composite 
sheets (1, 3, and 4) were represented in Table 4 (a, b). 
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Figure 9: The Freundlich isotherm of (a) Methylene 
Blue (MB) and (b) Crystal Violet (CV) removal 
efficiencies using the selected composite sheets. 

Table 4-a: The Langmuir and Freundlich isotherms of 
the Methylene Blue (MB) removal efficiency using the 
selected composite sheets (1, 3, and 4) 

Langmuir isotherm 
 

R2 b Qmax 
1 0.0039 0.00028 81.97 
3 0.448 0.00697 20.00 
4 0.119 0.00267 33.33 
Freundlich isotherm 
 

R2 n k 
1 0.77 0.58824 3457.80 
3 0.92 0.98971 35.48 
4 0.99 0.9331 13335.21 

 
 
 

Table 4-b: The Langmuir and Freundlich isotherms of 
the Crystal Violet (CV) removal efficiency using the 
selected composite sheets (1, 3, and 4)  
 

Langmuir isotherm 
 

R2 b Qmax 
1 0.78 0.00047 73.53 
3 0.9 0.00745 16.78 
4 0.74 0.00048 17.73 
Freundlich isotherm 
 

R2 n k 
1 0.99 1.08108 22.34 
3 0.92 2.78242 1.38 
4 0.98 0.85985 137.12 

3.5. Kinetics study 

Result represented in Figure S6 and S7 and Table 5 
(a, b) exhibited the kinetics analysis plots in addition 
to their parameters. The correlation co-efficient “R2” 
indicated that; the pseudo 2nd order was the fitted 
model of the MB and CV dyes removal using the 
selected composite sheets (1, 3, and 4).  This result 
could be returned to the mentioned higher “R2” of the 
pseudo 2nd order in addition to the result of the “qe 
calculated” of the pseudo-order kinetic studies, which 
was near to the “qe experimental”, unlike the state of 
the pseudo 1st order reaction [43, 44]. 

 
Table 5-a: The first (1st) and the second (2nd) order 
kinetics of the Methylene Blue (MB) removal 
efficiency using the selected composite sheets (1, 3, 
and 4) 

1storder 
 

R2 K Qeexpr. Qecalc. 
1 0.39 0.00691 20.6 208.9 
3 0.72 0.01474 32.34 2511.9 
4 0.85 0.02027 37.9 3162.3 

2ndorder 
 

R2 K Qeexpr. Qecalc. 
1 0.9 0.000212 20.6 22.72727 
3 0.89 0.000107 32.34 45.24887 
4 0.85 9.99E-05 37.9 40.32258 
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Table 5-b: The first (1st) and the second (2nd) order 
kinetics of the Crystal Violet (CV) removal efficiency 
using the selected composite sheets (1, 3, and 4)  

1storder 
 

R2 K Qeexpr. Qecalc. 
1 0.57 0.01451 25.02 1406.0 
3 0.22 0.01842 13.27 127.8 
4 0.64 0.03777 29.9 4538.4 

2ndorder 
 

R2 K Qeexpr. Qecalc. 
1 0.990 0.013719 25.02 7.87 
3 0.770 0.001128 13.27 17.57 
4 0.930 0.000391 29.9 35.5872 

3.6. Reusability experiment 

Figure 10 (a, b) demonstrated the reusability 
experiment where the highest efficient selected 
composite sheet (4) performed from unhydrolyzed 
bagasse wastes were applied successfully for five 
times in the process of 3Rs (Removal, Recover and 
Reuse) of the MB and the CV. Results obtained from 
the response optimizer were used to perform the 
reusability experiments. The results displayed the 
removal efficiencies of the MB and CV dyes were high 
at the first three runs then they declined in the fourth 
and fifth runs. The maximum removal efficiencies of 
around (95.6 and 97.3%) for the two dyes, respectively 
were achieved. The alcohol may dissociate the inter 
hydrogen bonding between the molecules of wastes 
and cellulose acetate which may increase the available 
reactive groups for adsorption resulted in enhanced the 
removal percentage. However after the third cycle the 
adsorbed dye molecules may be strongly tied to the 
adsorbate and need more condition as acid or base for 
desorb these molecules.   

 

 
Figure 10: Reusability experiment of the highly 
efficient selected composite sheet (4) in the removal of 
(a) Methylene Blue (MB) and (b) Crystal Violet (CV). 
 
 

4. Conclusion 

Different residual wastes materials, after acids pre-
treatment of collected sugarcane bagasse wastes that 
used in the production of bioethanol, (unhydrolyzed) 
were collected and ground using ball mill. The 
materials characteristics were interpreted by 
measuring the cellulose, hemicellulose and lignin 
percent in addition to assess their zeta potential values. 
The unhydrolyzed sugarcane bagasse wastes were 
successfully mixed with cellulose acetate polymer 
forming 5 composite sheets. The composite sheets 
were successfully interpreted by FT-IR, XRD and 
SEM in addition to swelling and porosity percent. The 
composite sheets were screened first for their highest 
removal of both Methylene Blue (MB) and the Crystal 
Violet (CV) removal efficiencies and the sheets, 1, 3, 
and 4 were chosen for further experiments. The 
composite sheets were optimized concerning the MB 
and CV removal efficiencies using OFAT followed by 
full factorial design experiments and the main & 
interaction effects, Pareto chart normal probability and 
the response optimizer were plotted and interpreted 
successfully. The highest removal efficiency of 
90.36% was successfully attained for the MB with 1 
degree of accuracy by using 5 g/l composite sheet dose 
of the treat sheet 4 for 100 ppm MB after 240 min 
contact time. While CV removal efficiency of 89.29 % 
was successfully achieved by using 7 g/l of the 
composite sheet 4 for removing 500 ppm CV after 240 
min by 1 degree of accuracy. Freundlich isotherm and 
pseudo second order (2nd) kinetic were more fitted 
with the data obtained from the MB and CV removal 
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efficiencies. The reusability experiment results 
displayed the removal efficiencies of the MB and CV 
dyes were high (95.6 and 97.3%) respectively, at the 
first three runs then they declined in the fourth and 
fifth runs. For further investigation in the future, the 
composite sheets can be used through a reactor design 
in order to easy application of the removal process in 
the industrial and agriculture sectors. 
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