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ABSTRACT

Methylene blue, a toxic and carcinogenic azo dye, is being discharged as industrial effluent to the environment posing a threat to human
health and marine life. Different methods have been developed to alleviate these problems associated with methylene blue. In this work, the
adsorption of methylene blue dye was studied using Luffa microcrystalline cellulose (Luffa MCC) under different physicochemical conditions.
Luffa MCC was synthesized through a hydrolysis process which entails the extraction of alpha-cellulose from Luffa cylindrica fibers followed
by acid treatment for microcrystallisation. The a cellulose extraction was achieved through a pretreatment process of Luffa fibers in NaOH
followed by bleaching with H,0, and finally hydrolysis of a-cellulose using HCI. Different methods were used to characterize the properties
of Luffa fibers and Luffa MCC. The morphological structure was studied through the use of Fourier Transform Infrared Spectroscopy
(FTIR), Scanning Electron Microscope (SEM), Energy Dispersive X-ray spectroscopy (EDS), and Thermogravimetric Analyzer (TGA).
Adsorptive removal of methylene blue was studied at different pH, initial dye concentration, adsorbent dosage, temperature and contact
time. Maximum adsorption efficiency of 99.69%. of methylene blue was achieved at pH 10 in 180 min. The adsorption kinetics suggests a
chemisorption process since it was favoring the pseudo-second-order reaction while the isotherm was best described by Langmuir model
which suggests that it was monolayer sorption at a homogenous surface. It can be concluded that adsorption properties were significantly
improved after the modification of Luffa fibers.
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INTRODUCTION such as chemicals, space, and technical expertise for carrying out the
processes 2. In comparison the adsorption technique has proven to be
an effective method for the removal of dyes from aqueous solutions
due to its simplicity, low cost and effectiveness '*15:16,

Non-conventional natural cellulose based fibers such as Luffa
cylindrica are becoming common adsorbents in use due to
their environmental friendliness, biodegradability, low cost, and
availability'”!$. Luffa cylindrica is found under the curcubitacea family.
It is mainly constituted of cellulose, hemicellulose and lignin, therefore
luffa is called as lignocellulosic material. These luffa constituencies
variation ratio is dependent on plant origin, weather conditions and soil
nature. Basically luffa has a range of cellulose between 55 to 90%, lignin
10 to 23% and hemicellulose 8 to 22% >, Luffa cylindrica is composed
of a fibrous vascular system that allows for usage in removal of water
pollutants. From an environmentalist perspective on land management,
luffa is biodegradable, renewable and naturally available!”.

Luffa fiber sponge is fast becoming an absolutely necessity because
of its potential wide variety industrial applications. Efforts are being
made towards the possibility of harnessing, converting and recycling
luffa cylindrical fibers into industrial, domestic or technological
resources. Luffa sponge is a suitable natural matrix for immobilization
of microorganisms and has been successful in the process of bio-
sorption of heavy metals from wastewater 2!. This emerging cash crop
will improve the economies of many countries in the future because of
the potential it possess 22.

Despite being quite cheap, renewable, and biodegradable, with low
density and high specific properties, Luffa cylindrica lack applicability
due to low adsorption efficiencies caused by hydrophobic impurities
such as waxes and pectin 2*?4. However, it can be modified to improve
the adsorption properties. Therefore, the overall scope of this study
was to modify and quantify the adsorptive properties of Luffa
*To whom correspondence should be addressed microcrystalline cellulose (Luffa MCC) as a viable option for removal
Email: lloyd.ndlovu@nust.ac.zw of dyes from wastewater.

Although industrialization is a necessity for global economic and
technological advancement; it does however present problems to the
environment through waste disposal. There has been an increase in
the usage of azo dyes in the textile industry as well as other sectors
such as leather, paper and plastic industries 2. This has resulted in
the discharge of large amounts of potentially hazardous effluent
into the environment and natural water sources. Environmental
agencies globally are becoming more aware and sensitive towards
environmental protection. This has given rise to an increase in general
awareness about the potential adverse effects of industrial effluents
contaminated with various pollutants including azo dye colorants on
the environment 3.

Disposal of azo dyes such as methylene blue (MB) is harmful to the
environment because they are toxic, that is, they have carcinogenic and
mutagenic effects emanating from the azo group *. Color is recognized
first in wastewater because very small amounts of colorants are highly
visible. The effects are on aesthetic merit and transparency of water
in addition to gas solubility which is the oxygen transfer mechanism
of these water bodies >¢. Limited light transmission caused by these
colorants affects the photosynthesis process which is essential for the
survival of aquatic flora and fauna species 7.

Further, the dye effluent has become a major environmental problem
due to the difficulty in elimination of these dyes from wastewater by
conventional physicochemical and biological treatment processes
8. Several effluent treatment methods such as coagulation, filtration,
catalysis, electrochemical reduction, and ozonation, have been under
study for removal of dyes from water *!%!12, The major limitations for
the application of these methods are capital, availability of resources
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EXPERIMENTAL
Materials

Luffa cylindrica fibers and distilled (DI) water were sourced locally in
Bulawayo, Zimbabwe. Sodium hydroxide (NaOH) > 98%, hydrogen
peroxide (H,0,) 30%, hydrochloric acid (HCI) 37%, and methylene
blue (MB), were all purchased from Sigma Aldrich (Merck),
Modderfontein, South Africa and were used as received without
further purification.

Preparation of Luffa microcrystalline cellulose

Luffa cylindrica fibers were treated with 4% (w/v) NaOH for 180 min
at 80 °C in an oil bath. After which a thorough washing and filtration
were performed followed by bleaching with 5.3% (w/v) H,O, for
15 min at 80 °C. The samples were then washed with DI water and
treated with 17.5% (w/v) NaOH at 80 °C for 60 min. The extraction
process was completed by bleaching it again with H,O, for 15 min.
The product was then thoroughly washed and oven-dried for 25
min. Production of Luffa microcrystalline cellulose (Luffa MCC), the
obtained a-cellulose was hydrolyzed using 2.5 M HCl at a temperature
0f 105 °C for 15 min. The Luffa MCC collected was filtered and washed
with deionized water to achieve a neutral pH. It was then oven-dried
at 60 °C for 60 min and stored in an airtight desiccator.

Equipment and apparatus

Surface morphology was obtained using SEM equipped with EDS,
(Model JSM-IT300, JEOL, Akishima, Japan) which was also used for
elemental analysis. For SEM analysis, the test was conducted to obtain
general microstructure properties on the surface of the test specimen.
Before imaging, the samples were gold coated using Cooler Sputter
Coater (Model Q300T D, Quorum, Laughton, UK). The gold coating
improved the electron conductivity of the samples. FTIR (Model FT-
IR100, Perkin Elmer, Shelton, USA) was used for the analysis and
detection of functional groups. The samples were tested with an IR
spectrum of the sample in the range of 500 - 4000 cm!. TGA for
thermal stability and decomposition was carried out in TA Instrument
(Model Universal Analysis 2000, TA Instruments, New Castle, USA).
Samples of known mass were subjected to a temperature program
at a heating rate of 10 °C/m. A sample was put into the sample pan
that is supported by a precision balance in a furnace and was heated
and cooled during the experiment. Nitrogen gas was used as a sample
purge gas to control the sample environment. The test was carried out
from 0-900 °C at a rate of 10 °C/min. The test for water uptake was
carried out according to ASTM D570 to determine% weight change
on adsorption for Luffa MCC upon exposure to water. Fiber samples
were immersed in deionized water for 24 h then filtered through a
filter paper then let to sun dry. A comparison was then made using wet
weight, Ww and conditioned weight Cw to obtain the% water uptake
as shown in Equation 1.
W =€y 100

C M

% water uptake =

Adsorption studies

Prior to adsorption studies, stock solutions were prepared by
dissolving MB in DI water. Following adsorption, the analysis of the
samples was carried out to estimate the MB residual concentration.
The samples were collected and then filtered through 11pm pore-
sized filter paper. MB concentration was determined using a UV-vis
Spectrophotometer (Lambda 650 S, Perkin Elmer, Shelton, USA) at
wavelength max (664 nm). All dye solution concentration calculations
were done based on the results from the UV-vis comparing them with
initial stock concentrations. Physicochemical conditions that affect
adsorption were performed in triplicate as (i) effect of pH. (ii) effect

of initial dye concentration, (iii) effect of adsorbent dosage, (IV) effect
of contact time; and (v) effect of temperature. The pH ranged between
2 and 12, initial dye concentration between 5 and 25 mg/L, adsorbent
dosage between 0.1 and 0.30 g, contact time between 30 and 240 min,
and temperature between 25 °C and 60 °C. The aforementioned batch
experiments were conducted using 50 mL centrifuge tubes which were
agitated using a thermostatic shaker model PSI-320 at 150 rpm with
one tube filled with 10 mL of dye solution per given time. Solution
concentrations were examined using UV-Vis spectrophotometer
making use of Equations (2) and (3).

%Ad = Co-Ce 100
Co )

(CO_Ce)xv

q. =
M 3)

Where% Ad is percentage adsorption (dye removal), C, is initial dye
concentration and C, is the final dye concentration (concentration at
equilibrium), and q, is dye adsorbed (mg/g), V is the volume of the
solution used and M is the mass of the Luffa MCC used.

The adsorption kinetics study illustrated the solute uptake rate
by Luffa MCC. It was determined using Lagergren pseudo-first and
second order model. Lagergren showed that the rate of adsorption
of solute on the adsorbent is based on the adsorption capacity. The
adsorption kinetics also influence the rate of adsorption. It determines
the required time to reach equilibrium for the adsorption process.
Kinetic models present information with regards to adsorption
pathways and possible involved mechanisms. The pseudo-first-order
and pseudo-second-order are expressed in equation (4) and (5)
respectively.

k
lo - =1lo B
g(q. —q,) =logq, 3303 w
t 1 1
— =t
q Kuyq; g (5)

Where q, and q, are the amounts of adsorbed dye (mg/g), on the
adsorbent at equilibrium at time ¢, respectively. K, and K, are the
pseudo first order (min!) and pseudo second order (mg/g/min) rate
constants, respectively.

Adsorption isotherms are also important in explaining how
adsorbents interact with adsorbate and suggest the adsorption capacity
giving a basic understanding of the mechanism involved. Langmuir
and Freundlich’s models are most commonly used to describe the
adsorption isotherm. Freundlich’s adsorption isotherm model
considers a heterogeneous adsorption surface with unequal available
sites with different energies of adsorption. Freundlich adsorption
isotherm is represented in Equation 6.

logq, =logK, +l(10gCe)
n (6)

Where q. represents the adsorbed amount of dye molecules at
equilibrium time (mg/g), C, represents the equilibrium concentration
of the dye in solution (mg/L), K¢ represents the capacity of the
adsorbent and » represents the intensity of adsorption constant for
Freundlich. The plot of log q. against log C, is used to determine the
K¢ and # from intercept and slope respectively. Langmuir adsorption
isotherm assumes that adsorption happens at specific homogeneous
sites within the adsorbent, and it has been used successfully for many
adsorption processes of monolayer adsorption. Langmuir equation is
expressed by equation 7.

c, ¢ 1

@ o txe
qe qm a~e (7)
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Where q, represents the amount of dye adsorbed at equilibrium time
(mg/g), C, represents the equilibrium concentration of dye in solution
(mg/L), q. represents the maximum adsorption capacity (mg/g) and
K, represents the isotherm constants for Langmuir.

RESULTS AND DISCUSSION
Yield of microcrystalline cellulose

The percentage yield of microcrystalline cellulose obtained from the
Luffa cylindrical fibers was approximately 58.31%. This percentage
yield is comparable to that reported by other researchers who
obtained a 61% yield of MCC from Luffa ». Furthermore, the
58.31% yield obtained in this study is higher than what was reported
by Ejikeme 2 who obtained a 21% extraction yield of MCC from
raw cotton of Cochlospermum planchonii and 25.3% from orange
mesocarp. Therefore, the MCC yield obtained in this study is relatively
high enough to motivate the commercialization of the farming and
extraction of Luffa MCC for effluent treatment and other possible
applications.

Water uptake

The test for water uptake was carried out according to the standard
ASTM D570. A water absorption test was used to determine the
amount of water absorbed under the specified conditions. Water
uptake was done to investigate the performance of Luffa fibers and
Luffa MCC in water and humid environments. The Luffa fibers
and Luffa MCC both had a dry weight of 0.15 g. After 24 hours of
being immersed in DI water, Luffa fibers recorded a weight of
1.38 g while Luffa MCC recorded a weight of 1.43 g. Using Equation
1, the calculated results showed a percentage water uptake of 82% and
85.33% for Luffa fibers and Luffa MCC respectively. Cellulose based
materials contain hydroxyl groups which are responsible for water
absorption and hydrophilicity. Saikia ?” investigated cellulosic fibers
for water absorption and noted that bowstring hemp had 62%, okra
had 64% and betel nut had 38%. They further affirmed the relationship
of water uptake to the cellulosic content and hydrophilic functional
groups present. In this study, both Luffa fibers and Luffa MCC had
relatively high water uptake. However, Luffa fibers had lower water
uptake due to waxes and hydrophobic impurities contained in the
fiber structure. The treatment process on Luffa fibers removed waxes
and other hydrophobic impurities to produce Luffa MCC which are
highly polar and hydrophilic. As such, Luffa MCC had the highest
water uptake compared to Luffa fibers.

FTIR analysis

The FTIR spectra for Luffa fibers and Luffa MCC is displayed in
Figure 1. It can be noted that the spectra are exhibited OH stretching
absorption at approximately 3400 cm™, CH stretching absorption
2900 cm!, C=0 stretching absorption at 1650 cm™!, and C-O stretching

absorption at approximately 1100 cm™.2® Luffa fibers and Luffa MCC
are characterized by the same functional groups as cellulose which
proves the presence of cellulose in both materials. Moreover, this
indicates that chemical treatment of Luffa fibers did not alter the
chemical structure of the cellulosic fiber.

SEM and EDS

Figure 2 displays the morphology of Luffa fibers and Luffa MCC
obtained using SEM analysis. Figure 2a shows a regular structure
having discreet net fibrils, where the presence of lignin, hemicelluloses,
and wax contributes toward the homogeneous morphology of the
natural composite structure of Luffa fiber.

On the other hand, Figure 2b shows the micrograph of Luffa MCC
which have visible surface roughness caused by chemical treatment
done to remove hemicellulose and waxes. The surface roughness
increases the surface area of the Luffa MCC and contributes towards
improved dye adsorption capacity. The increased surface area is
proportional to the increase in the number of active sites that consist
of OH functional groups on which the dye molecule can be attracted.
This is confirmed in the FTIR and EDS results in Figure 1 and Figure
3, respectively. It can be noticed in Figure 3 that Au was detected in
the Luffa samples. This is due to Au coating which was done during
the sample preparation.

Figure 4 shows carbon and oxygen distribution on Luffa MCC. Fig
4b shows carbon and oxygen elemental distribution in the Luffa MCC
chemical chain. While Fig 4c and 4d are separate carbon and oxygen
distribution respectively. These results reveal a uniform distribution
of the carbon and oxygen elements in the cellulose structure. The
uniform distribution favors an even distribution of OH groups that

Luffa MCC
Luffa fibers

Transmittance (%)

4000 3500 3000 2500 2000 1500 1000

Wavenumber (cm™
Figure 1. FTIR spectra for Luffa fibers and Luffa MCC

Figure 2. SEM micrographs for Luffa fiber (a) and Lufta MCC (b)
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facilitate MB dye adsorption.

Thermogravimetric analysis

The TGA curves for Luffa fibers and Luffa MCC are shown in Figure
5. The obtained thermograms are similar to those reported by other
researchers.?>3%3! The initial weight loss of approximately 5% can be
attributed to the evaporation of water and loosely bound volatile matter
on the surface of the materials. Luffa fibers start degrading at 200 °C
with about 60 °C temperature increase to approximately 260 °C and
loses about 5% of its weight. The fibers start the major decomposition
at approximately 250 °C with an exponential weight loss. The
decomposition process for the Luffa fibers is slowed down for the 40%
weight at 350 °C. This process may be attributed to the carbonization

N‘hl Au Aul lAul [Au Au
O R O e e e R
: 10 15 v

Figure 3. EDS for Luffa fiber (a) and Luffa MCC (b)

of the Luffa fibers.

Luffa MCCs lose 5% of its weight from the start to approximately
330 °C. Further loss in weight may be attributed to pyrolysis, that is,
Luffa MCCs were observed to decompose in the 310 °C to 340 °C
region. The loss is approximately 70% with a sharp weight decrease
which is the main thermal decomposition Luffa MCC. This is attributed
to main chain degradation due to the breakdown of glycosidic bonds
followed by the decomposition of volatile dehydrated compounds
in Luffa MCC. The final stage of mass loss ranges from the 350 °C
to 520 °C region and is ascribed to sample carbonization as a result
of the complete degradation and decomposition of the Luffa MCC
sample. The chemical treatment process increased the main chain
decomposition temperature from 250 °C to 350 °C while it also allows
holding of volatile matter as seen through the stability of Luffa fibers

Au' Au Au Au
||[-||||||l|l|x|l|||l]l|x||]||||||||||1[

f S0pm

: S0pm

Figure 4. EDS mapping for Luffa MCC showing electron image (a), layered image (b), and elemental distribution of carbon (c) and oxygen (d)
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performing better at the beginning than Luffa MCC.

Adsorption data
Effect of pH and concentration

The results on effect of pH on the adsorption of MB using Luffa
fibers and Luffa MCC are shown in Figure 6. It can be noticed that
adsorption efficiency increased with the increase in pH which showed
a significant influence of pH on the adsorption efficiency of the sorbent
32, Higher adsorption efficiency was observed at alkaline pH, having
pH 10 being the highest having an adsorption efficiency of 98.5%. At
acidic pH the hydroxyl groups of the cellulose structure of Luffa MCC
are protonated and repel the positively charged MB dye ions leading to
low adsorption efficiency. However, at alkaline pH the Luffa MCC are
deprotonated increasing affinity with the MB dye molecules. Mostly
the dye molecules are adsorbed through hydrogen bonding between
hydroxyl groups of Luffa MCC and nitrogen in MB dye molecules.
The effect of the initial dye concentration of MB was studied as
presented in Figure 6. Adsorption efficiency for Luffa MCC based on
all dye concentrations remained significantly high as it stayed above
90%. The concentration with the highest efficiency was 10 mg/L having
99.18% and the lowest was 25 mg/L having 90.70%. Concentrations
of 5ppm to 20ppm appear to reveal that the adsorption sites are in
abundance while at 25 mg/L the fibers appear to have suffered saturation

120
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Luffa MCC
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Figure 5. TGA thermograms for Luffa fibers and Luffa MCC
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and thus a slight decrease in adsorption efficiency. Luffa MCC had a
large surface area which provided an adequate surface for interaction
with the dye molecules promoting adsorption efficiency of above 90%.
A similar trend is seen in adsorption using Luffa fibers. However, Luffa
fibers recorded lower adsorption efficiency of between 38.9% and 55%
across dye concentrations. This could be due to presence of hydrophobic
impurities in Luffa fibers which prevent access to most of the adsorption
sites. It can therefore be concluded that dye concentration has little
effect on the dye adsorption efficiency of the adsorbents.

Effect of dosage and contact time

On the effect of adsorbent dosage, the study was carried out using
dosage weights 0.10, 0.15, 0.20, 0.25 and 0.30 g having 0.30 g showing
the highest adsorption efficiency. Generally, as seen in Figure 7, dosage
had an effect on the adsorption efficiency as 0.1 g and 0.30 g recorded
90.90% and 98.97% respectively for Luffa MCC. Similarly, Luffa fibers
showed lowest adsorption capacity of 49.38% for 0.10 g and highest
adsorption efficiency of 68.71% for 0.30 g. An increase in adsorption
capacity with an increase in dosage was expected since the number of
adsorption sites (hydroxyl groups) increased with dosage *.

Contact time has a significant effect on the adsorption efliciency
of the sorbent. As displayed in Figure 7, the experiment was run for
a total of 240 min and showed an increase in adsorption efficiency
as the time increased from 30 minutes to 240 min. Thus, Luffa fibers
adsorption efficiency increased from 14.11% to 74.74% while for Luffa
MCQC the efficiency increased from 64.62% to 99.64%. The increase in
adsorption efficiency may be attributed to the increased contact time
which allows the diffusion and adhesion of dye molecules into Luffa
fibers and Luffa MCCs.

Effect of temperature

Temperature is a significant Physico-chemical process parameter
because it shows the nature of the reaction taking place that is either
an exothermic or endothermic process. In Figure 8 temperature
change had a significant effect on the adsorption efficiency of Luffa
fibers and Luffa MCC, that is, increasing temperature decreased the
adsorption efficiency.

Luffa fibers adsorption efficiency was 50.72% at 25 °C and it
decreased to 44.99% at 60 °C. on the other hand Luffa MCC decreased
from 94.89% to 72.80% when the temperature was increased from
25 °C to 60 °C. Increasing temperature reduced affinity between
Luffa and MB dye molecules which led to reduction in adsorption
capacity. Thus, an increase in temperature weakened the adsorptive
forces between the active sites of the dye molecules and the adsorbent

b
;\; 80 -
g
& 60 -
e
o
o 401
>
o —a— Luffa fibers
204 —e— Luffa MCC
0 T g T g T T T T
5 10 15 20 25

Initial Concentration (mg/L)

Figure 6. Effect of pH (a) and initial concentration (b) on adsorption of methylene blue
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resulting in reduction in adsorption efficiency.** Therefore, the
decrease in adsorption efficiency is attributed to adsorption being an
exothermic process.

Adsorption kinetics and isotherms

Figure 9 represent the pseudo-first and second-order kinetic models
and also Langmuir and Freundlich isotherm models for the dye
removal of MB while Table 1 summarizes their parameters.

It is noted that the pseudo-second-order model has the highest
correlation R? of 0.99 compared to 0.88 of the pseudo-first-order
model. This means that the reaction favors the pseudo-second-and
hence it implies that the reaction involved is a chemisorption reaction.
The pseudo-second-order reaction is greatly influenced by the amount
of dye on the adsorbent’s surface and the amount of dye adsorbed
at equilibrium. The adsorption rate is directly proportional to the
number of active surface sites. For the isotherm data, it is noted that
the removal of MB dye is best suited in the Langmuir isotherm model
as R? is highest (0.93) compared to 0.88 of Freundlich model. This
means that the reaction relatively occurs by monolayer adsorption at
a homogeneous surface.

Proposed adsorption mechanism

Figure 10 shows the proposed mechanism for the adsorption of MB
on Luffa MCC adsorbents. The adsorption capacity and efficiency of
Luffa MCC is highly dependent on the number of adsorption sites and
functional groups of both Luffa MCC and MB dye molecules.

Luffa MCC is rich with OH groups while MB dye molecules have
abundant nitrogen and sulfur containing functional groups. The
adsorption of MB by Luffa MCC is due to hydrogen bonding. The
Luffa MCC structure is rich with OH groups which form hydrogen
bonds with the nitrogen and sulfur in the MB dye molecules.

The FTIR spectra for Luffa MCC and Luffa MCC/MB are displayed
in Figure 11. It can be noted that the spectra are exhibited by C-O
stretching absorption at approximately 1100 cm™, C=O stretching
absorption at approximately 1650 cm!, CH stretching absorption
at approximately 2900 cm' and OH stretching absorption at
approximately 3400 cm!. The Luffa MCC/MB spectrum is showing
a drastic change on the main band ascribed to OH functional groups.
Tan and colleagues stated that the presence of the OH main band after
adsorption may be related to the interaction between cellulose and
water in MB dye solution. The presence of MB dye is proven by a band
at 1626 cm! belonging to C=N bond. This proved that the MB dye
molecules were attached to the active site of Luffa MCCs.

a
( )100— ._*,"’/
;\; 80 -
g
2 60+
£
o
o 40-
a
—=— |_uffa fibers
20+ —e— Luffa MCC
0 T ¥ T T T x T
0.10 0.15 0.20 0.25 0.30
Dosage (9)

Regeneration studies

This process allows the usage of the adsorbents several times before
there is a significant change in the adsorption efficiency. In this
experiment, desorption of MB from Luffa MCC was done using
methanol. Moreover, other solvents such as acetonitrile, ethanol and
HCI can be investigated for the desorption of MB from Luffa MCC.

After each adsorption cycle Luffa MCC were placed in a beaker of
methanol for 3 h followed by washing with DI water. After washing the
Luffa MCC were reused for adsorption of MB. The results in Figure
12 show that the adsorption efficiency decreased per cycle carried
with first cycle recording 99.69% and fifth cycle recording 91.52%.
Therefore, these results support the reusability of Luffa MCC on
removal of MB from water.

CONCLUSION

The present study shows that Luffa MCC were successfully extracted
from Luffa cylindrical fibers and the obtained yield of 58.31% is high
enough to promote the commercialization of the method. The study
further shows that Luffa MCC can be efficiently used as an adsorbent
for the removal of MB from aqueous solutions. The obtained
maximum adsorption efficiency was 99.69% and was mostly due to
hydrogen bonding. MB adsorption was found to be influenced by pH,
concentration, dosage, exposure time and temperature Luffa MCC

100 A
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-
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E ./.\-—\.
o
o 40-
>
o
20- —=— |uffa fibers
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Figure 8. Effect of temperature on adsorption of methylene blue
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Figure 7. Effect of adsorbent dosage (a) and contact time (b) on methylene blue adsorption
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Figure 9. Pseudo first order (a), Pseudo second order (b) kinetics models and Langmuir (c), Freundlich (d) isotherm models for adsorption of methylene blue

Table 1. Kinetics and isotherms parameters for adsorption of methylene blue

Kinetics/Isotherm model Parameter Value
Pseudo first order q. (Experimental)(mg/g) 0.99
q. (Calculated)(mg/g) 447
R? 0.88
K, (min™) 1.81x102
Pseudo second-order q. (Calculated)(mg/g) 0.97
R? 0.99
K, (min™) 8.03x102
Langmuir R? 0.93
qm (mg/g) 3.97x10!
K, (L/mg) 1.30
Freundlich R? 0.88
N -1.12
K; 1.65

proved to be reusable after showing decrease of 8.17% in adsorption
capacity after 5 cycles. The adsorption kinetics suggested that the
adsorption process is a chemisorption process since it was favoring
the pseudo-second-order reaction while the Langmuir isotherm

suggested that it is monolayer sorption at a homogenous surface which
also presented us with an idea of the maximum adsorption capacity.
Therefore, it is concluded that Luffa MCCs can be effectively utilized
in effluent treatment specifically for dye removal.
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