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a b s t r a c t
In this study, loofah was used to remove organic dyes (crystal violet, methylene blue, and basic 
fuchsine) from an aqueous solution by biosorption. The effects of operating parameters, such as 
contact time, initial pH, dyes concentration, size of biosorbent and temperature, on the discoloration 
yields were evaluated. The experimental results revealed that the highest removal efficiencies of 
crystal violet, methylene blue, and basic fuchsine were 99.5%, 98.66%, and 85%, respectively, at the 
optimum conditions (operating time of 60 min, initial pH (6.92 for the crystal violet, 6.60 for methy-
lene blue and 8.53 for basic fuchsine), dyes concentration of 6 mg/L, size of loofah squares S = 16 cm2 
and temperature of 60°C). The structural characterization of the loofah after biosorption of dyes 
using Fourier-transform infrared spectroscopy analysis showed an intensity reduction of the char-
acteristic peaks of the hydroxyl groups and the apparition of novel characteristic peaks of amine 
groups indicating thus the fixation of dyes on loofah. Equilibrium isotherms models showed that 
the Langmuir isotherm model gives the best fit for the experimental data with the best regression 
coefficient R2 > 0.99. Adsorption kinetics showed that the biosorption followed a pseudo- second-
order reaction. Thermodynamic study indicates an endothermic process with physical nature.
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1. Introduction

Dyes have discovered many packages in industries 
which including textile, paper, rubber, plastic, leather, cos-
metic, pharmaceutical, and meals processing [1,2]. Effluents 
from these industries contain various types of artificial dyes 
[3]. The increase in the polluting dyes in the environment 
is a dangerous threat to the ecosystem and public health. 
To remedy this problem, industrial effluents must be 
treated before their discharge [4–6].

Recently, several physicochemical methods have been 
used to remove dyes from aqueous media such as photo-
catalytic degradation [7], coagulation and ultrafiltration 
[8], oxidative degradation [9], adsorption [10], and other 

electrochemical methods [11–13]. Biosorption is considered 
to be a more economical and efficient method owing to the 
simplicity of design, the availability and the ability to pro-
cess the dyes in a more concentrated form and provide a 
sludge-free solution [14,15].

Various inexpensive adsorbents derived from agricul-
tural wastes or natural materials have been extensively 
studied for the removal of dyes from aqueous solutions. 
Many researchers have studied the use of cheap and effec-
tive alternative substitutes to remove dyes from wastewa-
ter. Some of these alternative adsorbents are palm ash and 
chitosan/palm oil ash [16,17], shale oil ash [18], grapefruit 
bark (Citrus grandis) [19], deoiled soybeans and bottom 
ash [20], sunflower seed shells and mandarin peelings 
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[21], wheat husks [22,23], powdered guava leaves [24] 
and wastes from the steel and fertilizers [25]. However, 
new economic, available, eco-friendly and effective adsor-
bents are still being sought. Luffa cylindrica can offer a 
new alternative adsorbent due to its availability, low cost, 
biodegradability, and micro-capillary structure. Known 
as sponge squash and cylindrical loofah, it belongs to 
the Cucurbitaceae family [26]. It consists of cellulose, 
hemicelluloses and lignin [27]. Therefore, it has a fibrous 
vascular system [28] which facilitates the elimination of 
pollutants from water. Few researchers have used cylin-
drical loofah in distinctive shapes to eliminate dyes from 
the solution. While Abdelwahab [29] used activated char-
coal loofah, Demir et al. [27] used loofah handled with 
NaOH and Oladoja et al. [30] used untreated loofah to 
eliminate dyes from the solution. The study aims to val-
orize the Luffa cylindrica biomaterial, and evaluate its 
performance in the elimination of organic dyes (violet 
crystal, methylene blue, and basic fuchsine) in an aque-
ous solution by biosorption. Various parameters affecting 
dyes biosorption such as contact time, initial pH, dyes 
concentration, and temperature were studied and dis-
cussed. Isotherms, kinetics, and thermodynamic studies 
were also investigated.

2. Materials and methods

2.1. Preparation of biosorbent

Algerian cylindrical loofah (Fig. 1a) is first thoroughly 
washed with distilled water at 80°C for 2 h to clean the 
adhering dust. It was oven-dried at 40°C for 3–4 h. After 
drying, it was cut into small squares of 16 cm2 to be used as 
shown in Fig. 1b.

2.2. Used adsorbates

Crystal violet l, methylene blue, and basic fuchsine with 
95% purity (obtained from Isma Dye Company) were cho-
sen as adsorbate and were used without any purification.

2.3. Biosorption procedure

Biosorption studies have been executed at room tem-
perature (25°C) using 250 mL vials. Each vial contained 
100 mL of dye solution (in the range of 6–100 mg/L) and 
a weighed amount of biosorbent. pH studies were con-
ducted between 2 and 9 to determine the optimal pH at 
which maximum color removal could be achieved. pH 

was adjusted to the desired value by adding either a few 
drops of hydrochloric acid or sodium hydroxide solution. 
The effect of the biosorbent size on the rate of discolor-
ation was studied for initial concentrations of 6 mg/L for 
each dye, a contact time of 60 min, an initial dye volume of 
100 mL, and at natural pH of each dye. The effect of tem-
perature on the yields of dyes discoloration was studied at 
three constant temperatures of 25°C, 40°C, and 60°C, with 
dye solutions volume of 100 mL, an initial concentration 
of 6 mg/L, an adsorbent surface of 16 cm2, and at the nat-
ural pH of each solution. All solutions are immersed in a 
thermostat bath to keep the desired temperature constant.

After each experiment, the final concentration of dye 
in the solution was measured by a UV-vis spectropho-
tometer (Model: SHIMADZU, UV mini-1240) at a wave-
length of 586 nm for the crystal violet, 574 nm for the basic 
fuchsine, and 676 nm for the methylene blue using a cal-
ibration curve. The amount of the dye removed from the 
solution was calculated by Eq. (1).
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where C0 (mg/L) is the initial dye concentration and Ct (mg/L) 
is the dye concentration at time t.

The biosorption capacity qe (mg/g) was calculated by the 
mass balance relationship:
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where C0 (mg/L) is the initial dye concentration and Ce 
(mg/L) is the equilibrium liquid-phase concentration of 
dye, V is the solution volume (L), and W is the weight of the 
dry biosorbent used (g).

2.4. Fourier-transform infrared spectroscopy analysis

Attenuated total reflection FTIR spectroscopy analy-
sis on the dried biosorbents, before and after biosorption, 
was carried out with a FTIR-8400 infrared spectrophoto meter 
(Shimadzu-Japan) from 4,000 to 400 cm−1.

2.5. Equilibrium studies

The adsorption equilibrium is generally represented by 
the adsorption isotherms, giving the relationship between 
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Fig. 1. Photograph of: loofah sponge (a) and squares of loofah (b).
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the adsorbate’s amount fixed on the solid and its concen-
tration in the liquid or gas phase. In this study, Langmuir, 
Freundlich, Temkin, and Dubinin–Radushkevich adsorption 
isotherm were used to predict the biosorption of dyes on 
loofah.

The Langmuir isotherm is applied for monolayer adsorp-
tion onto a surface containing identical binding sites with a 
finite number [31]. The linearized expression of Langmuir 
isotherm can be given as: 
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where qm is the maximum adsorption capacity, b is a coef-
ficient related to the sorbate affinity to the sorbent, qe 
is the quantity adsorbed at equilibrium concentration 
Ce. The viability of adsorption can also be defined from 
the dimensionless separation factor RL given by Eq. (4) [32].
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where C0 is the initial concentration of adsorbate (mg/L), 
and b (L/mg) is the Langmuir constant. The RL value indi-
cates either unfavorable (RL > 1), linear (RL = 1), favorable 
(0 < RL < 1), or irreversible (RL = 0) adsorption.

The Freundlich isotherm model involves heteroge-
neous surfaces in which the adsorption sites are expo-
nentially distributed with respect to the adsorption heat. 
The linear form of Freundlich isotherm may be represented 
as follows [33]:

log log logq K
n
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where Kf indicates the adsorption capacity and n indicates 
the adsorption intensity. The value of n indicates the favor-
ability of adsorption. Values of n > 1 represent a favorable 
adsorption.

The Temkin isotherm has generally been applied in the 
following linear form [34]

q B A B Ce e� �ln ln  (6)

B RT
b

=  (7)

where A (L/g) is the Temkin isotherm constant, B is a con-
stant related to adsorption heat, R is the gas constant (8.314 J/
mol K), T is the temperature (K) and b is related to the 
adsorption heat (J/mol).

The Dubinin–Radushkevich (D–R) isotherm model was 
used in order to deduce the heterogeneity of the surface 
energies of adsorption and the characteristic porosity of 
the adsorbent as reported by Dubinin et al. [35]. The linear 
form is given by Eq. (8).

ln lnq q Be D� � �2  (8)

where qD (mg/g) represents the theoretical saturation 
capacity, B is a constant dependant on the free energy of 

biosorption per mole of the adsorbate (mol2/J2) and ε is 
the Polanyi potential which is related to equilibrium as 
follows [35]: 
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where R is the gas constant (8.314 J/mol/K) and T (K) is the 
temperature. The mean sorption energy (E) is calculated 
using the following relation.
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2.6. Kinetic studies

The kinetic adsorption data were processed to under-
stand the dynamic of adsorption process in terms of the 
order of rate constant [16]. In this study, four kinetic models 
were used:

The pseudo-first-order model is expressed by Eq. (11) [36]:
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Values of K1 (min−1) can be deduced from the slope of 
the plot of log(qe – qt) vs. t.

The pseudo-second-order kinetic model is expressed 
by Eq. (12) [37]
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The Elovich equation is another rate equation in which 
the absorbing surface is heterogeneous. It is generally 
expressed by Eq. (13) [38]
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where α is the initial adsorption rate (mg/g min), β (g/
mg) is related to the extent of surface coverage and the 
activation energy for chemisorption.

The adsorption of dyes can be controlled via external 
film diffusion in the beginning and by the particle diffu-
sion later. The intra-particle diffusion model is expressed 
by Eq. (14) as reported in the literature [39].

q K t Ct � �dif
1 2/  (14)

where Kdif is the intra-particle diffusion rate constant (mg/
(g min1/2)), C is the intercept. The rate constant Kdif was 
directly evaluated from the slope of the regression line of 
qt vs. t1/2 plots.

2.7. Thermodynamic studies

The thermodynamic parameters (Gibbs energy (ΔG), 
enthalpy (ΔH), and entropy (ΔS)) of biosorption are cal-
culated from the data generated by conducting the dyes 
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biosorption process at several temperatures. These biosorp-
tion parameters, ΔH, ΔS, and ΔG, were deduced from the 
logKd vs. 1/T plots using Eqs. (15) and (16) [40].
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where Kd = qe/Ce is known as the distribution coefficient, 
T is the temperature (K), and R = 8.314 J K−1 mol−1.

3. Results and discussion

3.1. FTIR characterizations of adsorbent

The infrared analysis contributes to reveal the 
bonding mechanisms associated with biosorption [41]. 
Adsorption mechanism is identified from covalent com-
pounds present in the biosorbent material which can act 
as adsorption sites [42]. Fig. 2 shows the difference in the 
absorption bands of the functional groups in the infrared 
spectra before and after biosorption. We can see that loo-
fah displayed a number of absorption peaks before and 
after biosorption of dyes, reflecting the complex nature 
of the examined material.

Before biosorption of dyes, we observe a broad absorp-
tion peak around 3,618 cm−1 which indicates the presence 
of free hydroxyl groups on the surface of loofah. The peak 
at 1,450 cm−1 is assigned to the stretching and bending 
vibrations of the C–H bond in methyl groups of lignin. The 
broadband at 1,735 cm−1 is attributed to (C=O) stretching of 

carboxylic groups of hemicelluloses. These results are in 
fair agreement with an earlier study [43], which reported 
that the surface of loofah contains carboxyl and hydroxyl 
groups. Finally, the (C–O–C) vibration of glycosidic rings 
and the (C–O) stretching of primary alcohol groups are 
observed as a strong band at 1,026 cm−1 with a shoulder 
at 1,103 cm−1 which confirm that the cellulose is the major 
component of loofah. All of these functional groups can 
interact with the dye molecules. Similar results were 
reported in Olaseni et al. [44].

After biosorption of dyes, we can observe a reduction 
in the intensity of the band at 3,418 cm−1 corresponding to 
O–H bonds of the hydroxyl groups which can be explained 
by the decrease in the –OH groups available on the loofah 
fibers following the biosorption of the dyes molecules. The 
increase of the intensity of 2,924.18 cm−1 peak may be due 
to the contribution of additional methyl groups provided 
by the different dyes. The weak peak at about 1,651 cm−1 
indicates the presence of H–O–H bonds (adsorbed 
water). The appearance of a peak around 1,500 cm−1 is 
attributed to the elongation of the aromatic C=C bonds 
provided by the dyes. The peak at (1,250–1,300) cm−1 is 
due to the presence of C–N bonds of the amine groups 
of dyes. A significant reduction in the elongation band at 
1,026.16 cm−1 is probably due to the contribution of pri-
mary alcohol groups to the fixation of dyes on the fibers.

3.2. Effect of contact time on biosorption

The effect of contact time on the biosorption of dyes 
is shown in Fig. 3a. It’s clear that the discoloration yield 
increases with an increasing contact time and remains 
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Fig. 2. FTIR spectra of loofah: (a) before biosorption, (b) after biosorption of MB, (c) after biosorption of CV, and 
(d) after biosorption of BF.
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constant after an equilibrium time of 60 min for all dyes. 
The best discoloration rates reached are 94.3%, 85%, 
and 84.17% for crystal violet, methylene blue, and basic 
fuchsine, respectively. After the equilibrium time, the 
adsorbed amount remains constant, which shows that equi-
librium is reached between the bisorbent and the adsor-
bate. An increase in biosorption capacity with increasing 
contact time is due to the availability of biosorption sites 
on the surface of loofah and the equilibrium is explained 
by the saturation of these sites.

3.3. Effect of initial pH on biosorption

The initial pH is known to be one of the main fac-
tors controlling the phenomena of adsorption because it 
affects the adsorption capacity, dye solubility [45], solution 
chemistry and the surface of the adsorbent pore [46].

The effect of pH on the biosorption of dyes by loofah 
is shown in Fig. 3b. The discoloration rate was found to 
increase with an increasing pH until reaching an optimum 
biosorption capacity at the natural pH of each dye (pH 6.92 
for CV, pH 6.60 for MB, and pH 8.53 for BF). The point of 
zero charge (pHpzc) of loofah is equal to 5.2 as reported 
by Olaseni et al. [44], hence its surface is neutral at pH 
less than 5.2 and negatively charged at pH greater than 5.2. 
As a result, at pH lower than 5.2, the carboxyl and hydroxyl 
groups (COOH and OH) on the surface of loofah are pro-
tonated making the number of negative charges decrease 
with a decrease in dyes uptake. Lower biosorption at acid 
pH was also probably a result of the presence of excess H+ 
ions competing with the dye cations for biosorption sites. 
However, at pH greater than 5.2, the surface of loofah is 
negatively charged due to the deprotonated functional 
groups (COO−) leading to favorable electrostatic or ionic 
interactions between cationic dyes molecules and loofah. 
At higher pH, the composition of loofah may be affected 
(solubilisation of lignins and hemicelluloses) and then the 
number of active sites decreases which reduces the bio-
sorption capacity. Similar trend was observed for adsorp-
tion of methylene blue onto Posidonia oceanica (L.) fibres [47].

3.4. Effect of dye concentration on biosorption 

The effect of the preliminary dye concentrations on the 
discoloration yield was studied for concentrations of 6, 
10, 20, 40, 60, 80, and 100 mg/L for each dye, the obtained 
results are illustrated in Fig. 3c. We can see that the dis-
coloration yields for the dyes (CV, MB, and BF) decreases 
with the increase of their initial concentration. For an ini-
tial concentration of 20 mg/L, we note the values of 74%, 
73%, and 46% for CV, MB, and BF, respectively. These lev-
els gradually decrease with the increase in the initial con-
centrations to mark lowers values at 100 mg/L and which 
are estimated at 20% for MB, 19% for BF, and 48% for CV. 
At higher concentrations of dyes, molecules tend to aggre-
gate to form large-sized micelles [48]. Consequently, the 
diffusion of dyes molecules through the micropores of 
loofah becomes difficult which eliminates intra-particle 
biosorption of dyes by adsorbent biomaterial. The decrease 
in biosorption capacity with increasing biosorbent concen-
tration could also be explained by saturation of biosorp-
tion sites through the biosorption reaction.

3.5. Effect of biosorbent size on biosorption

The effect of biosorbent size on the biosorption of dyes 
on loofah was studied; the obtained results are illustrated in 
Fig. 3d. It is observed that the biosorption capacity increases 
with increasing size of the biosorbent for the three dyes 
which can probably due to the greater availability of the bio-
sorption sites or surface area at higher concentration of the 
biosorbent. The same phenomenon was earlier reported by 
Yu et al. [49] for the removal of copper from aqueous solu-
tions by sawdust adsorption. For size greater than 16 cm2, 
there is a relatively small increase in discoloration rates, 
this could be explained by the fact that the number of bio-
sorbent sites is greater than the number of dyes molecules. 
In this case, all the molecules of dyes were biosorbed on 
loofah and the discoloration yield tend to 100%. Another 
cause can be due to the splitting impact of concentration 
gradient between dye molecules and biosorbant concen-
tration causing a decrease in the amount of dye biosorbed 
onto unit weight of biomass as reported by Malik [50].

3.6. Effect of temperature

The temperature has important effects on the sorption 
processes. an increase in temperature causes the increase 
of the diffusion rate for adsorbate molecules within the 
pores as a result of decreasing solution viscosity and will 
also modify the equilibrium capacity between adsorbent 
and adsorbate [51]. The results obtained are illustrated in 
Fig. 3e. It can be observed that the increase in the tempera-
ture from 20°C to 60°C led to an increase in the biosorp-
tion capacity of dyes on loofah. The discoloration yields 
jump from 94%, 85% and 84% for CV, MB and BF at 20°C 
to achieve the best discoloration yield at 60°C which are 
estimated at 99.5%, 98.66%, and 85% for CV, BF, and MB, 
respectively. The increment of biosorption may be due to 
the increased rate of diffusion of the adsorbate molecules 
across the surface boundary layer and due to the pres-
ence of internal pores in the biosorbent. An increased 
number of molecules may obtain sufficient energy to 
succumb an interaction with active sites at the surface. 
This result indicates that a better biosorption of dye is 
obtained at higher temperature at the equilibrium time.

3.7. Equilibrium studies

Fig. 4a shows Langmuir plots for the biosorption of CV, 
MB and BF on loofah. The qm and RL constants values and the 
correlation coefficients are presented in Table 1. The plots 
were found to be linear with good correlation coefficients 
(0.99) for CV, MB, and BF. This indicates the applicability of 
this model for the biosorption of dyes on loofah. Therefore, 
we can say that the Langmuir isotherm provides a good fit 
for the experimental data. The maximum adsorbed quanti-
ties (qm), calculated according to the Langmuir model, were 
all approximately close to experimental values. The dimen-
sionless constant RL, calculated from Eq. (4), was found to 
be between 0 and 1 for all dyes used indicating a favorable 
biosorption process.

According to experimental data, the linear plot of logqe 
vs. logCe (Freundlich model) is shown in Fig. 4b. The 1/n 
and Kf values were calculated from the slope and intercept 
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Fig. 3. Effect of experimental parameters on biosorption of dyes on squares of loofah: (a) contact time, (b) initial pH, (c) initial 
concentration, (d) dimensions of squares of loofah, and (e) temperature.

respectively and they are given in Table 1. As reported in 
the literature [52], the intensity parameter, 1/n, indicates the 
deviation of the adsorption isotherm from the linearity. The 
adsorption is linear when (1/n) = 0, the sites are homogeneous 
and there is no interaction between the adsorbed species. 
The adsorption is favorable when (1/n) < 1, new adsorption 

sites appear and the adsorption capacity increases. The 
adsorption is unfavorable when (1/n) > 1, the adsorption 
bonds become weak and the adsorption capacity decreases. 
From the obtained results it can be seen that the value of 
1/n was found to lie between zero and one indicating that 
CV, MB, and BF dyes are favorably biosorbed by loofah.
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The Temkin plots (Fig. 4c) enables the determination of 
isotherm constants A and B given in Table 1. According to 
the regression coefficient R2 obtained (Table 1), it is seen that 
this isotherm can be applicable to the description of equilib-
rium data. The best regression coefficients were observed 
for all dyes. This result shows that the Temkin model can 
also describe the biosorption of dyes on loofah.

Finally, the Dubinin–Radushkevich plots (lnqe vs. ε2) 
for different dyes are shown in Fig. 4d. The calculated 
Dubinin–Radushkevich constants and mean free energy 
for adsorption are shown in Table 1. The correlation coeffi-
cients (≥90%) for CV, BM, and BF mean that the adsorption 
of dyes on biosorbent can be described by Dubinin–
Radushkevich (DR) model. The theoretical biosorption 
capacities calculated by this model are relatively close to 
the experimental values. As reported by Ozcan et al. [53], 
the energy of activation can predict the nature of adsorp-
tion whether it is physisorption or chemisorption. If the 
energy of activation is less than 8 kJ/mol, the adsorption 
is physisorption and if the energy of activation is 8–16 kJ/
mol, the adsorption is then chemisorption in nature. 
In this study, the mean adsorption energy was found to be 
in the range of 2–5 kJ/mol for all dyes used, which are in 
the energy range of physical adsorption reactions.

3.8. Kinetic studies

In Fig. 5a, the first-order kinetic model plots were found 
to be linear with good correlation coefficients (R2 > 0.90) 

for all dyes studied. The first-order-rate constants and 
the regression coefficient values are presented in Table 2. 
The theoretical qe (cal) values do not agree with the exper-
imental values qe (exp) for all dyes studied, these results 

Table 1
Constant parameters and correlation coefficients calculated 
for various isotherm models for adsorption of dyes on loofah 
(C0 = 6 mg/L, T = 25°C, initial pH (CV = 6.92, MB = 6.60, BF = 8.53))

Isotherm Parameters Dyes

MB CV BF

Langmuir

qm (mg g−1) 1.74 1.96 1.64
kL (L mg−1) 5.76 25.34 4.56
R2 0.99 0.99 0.99
RL 0.03 0.01 0.04

Freundlich
Kf (mg g−1) 2.34 2.49 2.63
1/n 0.47 0.64 0.63
R2 0.98 0.92 0.97

Temkin
Kt (L mg−1) 1.59 1.84 1.81
ΔQ (kJ mol−1) 1.55 1.34 1.36
R2 0.91 0.95 0.99

Dubinin–
Radushkevich 
(D–R)

qm (mg g−1) 1.8 2.04 1.68
K ×  108 (mol2 J−2) 6 2 9
E (kJ mol−1) 2.88 5 2.35
R2 0.98 0.92 0.99

 

   

 

 

 

 
 

 

 

 

 

 

d c 

b a 

Fig. 4. Isotherm plots for biosorption of dyes on loofah: (a) Langmuir, (b) Freundlich, (c) Temkin, and (d) Dubinin-Radushkevich.
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imply that the pseudo-first-order kinetic model can’t 
describe the adsorption of dyes on loofah. So, the experi-
mental data were then fitted with the second-order-kinetic 
model.

The plots of t/qt vs. t are shown in Fig. 5b. The predic-
tive parameters of linear regression equations and R2 values 
of the pseudo-second-order equation are given in Table 2. 
The plots were found to be linear with the best correlation 
coefficient for all dyes (R2 > 0.99). The theoretical qe (cal) val-
ues were found to be very close to the experimental qe (exp) 
values. Thus, we can say that the second-order-model is in 
good agreement with experimental data and can be used 
to describe the biosorption of dyes on loofah with a better 
fit of experimental data than the pseudo-first-order model.

The Elovich model is represented in Fig. 5c. A plot of 
qt vs. lnt gives a linear curve with a slope of (1/β) and an 
intercept of (1/β)ln(αβ). The Elovich parameters constants 
and the regression coefficient values are presented in 
Table 2. We can see from Fig. 5c that the plots are linear. 
However, comparing the value of coefficient regression, 
the theoretical and the experimental adsorption capacities 
(Table 2), we can deduce that the pseudo-second-kinetic 
model gives a better fit to the experimental data.

Finally, the intra-particle diffusion model plots are 
given in Fig. 5d. The qt values were correlated linearly with 
t1/2 values and the rate constant Kdif was directly evaluated 
from the slope of the regression line (Fig. 5d). As described 
by Kannan and Sundaram [54], according to this model, if 
the qt vs. t1/2 plot gives a straight line passing through the 
origin, then the adsorption process can be fitted by the 
intra-particle diffusion. The larger the intercept, the greater 
is the boundary layer effect. In this study, the plots of qt vs. 
t1/2 are straight lines with different intercepts. The biosorp-
tion of CV gives an intercept very close to zero and a dif-
fusion coefficient greater than the other dyes. Hence, we 
can say that the biosorption process of CV was verified 
by the intra-particle diffusion model. However, the bio-
sorption process of MB and BF was affected by the bound-
ary layer as the intercepts were so far from the origin.

3.9. Thermodynamic studies

The values of ΔH° and ΔS° were deduced from lnKd 
vs. 1/T plot (Fig. 5e), and Table 3 shows the values of ther-
modynamic parameters. As ΔH° values are positive, the 
process is endothermic and the dyes biosorption process 
was favored at higher temperatures. The negative val-
ues of ΔG° for all dyes studied indicate the feasibility and 
spontaneous nature of dye biosorption, while the positive 
values of ΔS° confirm a physical biosorption nature.

4. Conclusion

Synthetic dyes are currently used in different indus-
tries. As a result, industrial effluents are often loaded 
with these pollutants and represent a risk to humans and 
their environment. The objective of this work was the val-
orization of loofah, which belongs to the cucurbitaceae 
family and the evaluation of its performance on eliminat-
ing organic dyes (crystal violet, methylene blue and basic 
fuchsine) in aqueous media by biosorption. The biosorp-
tion of the dyes on loofah showed a relatively slow kinet-
ics, the equilibrium is reached after 60 minutes of contact 
between the adsorbate/adsorbent with discoloration yields 
of 94%, 85% and 84% for crystal violet, methylene blue and 
basic fuchsine respectively. These results were obtained at 
the natural pH of the solutions (pH = 6.92 for crystal vio-
let, pH = 6.60 for methylene blue and pH = 8.53 for basic 
fuchsine). The biosorption of dyes decreases with the 
increase of the initial concentration of dye and increases 
with the rise in temperature with maximum levels 
recorded at 60°C and which are estimated at 99.5%, 98.66% 

Table 2
Constant parameters and correlation coefficient for kinet-
ic models for biosorption of dyes on loofah (C0 = 6 mg/L, 
T = 25°C, initial pH (CV = 6.92, MB = 6.60, BF = 8.53))

Parameters Dyes

MB CV BF

Pseudo- 
first-order

K (min−1) 0.0036 0.0043 0.0614
qe (cal) (mg g−1) 4.72 3.05 2.93
qe (exp) (mg g−1) 2.44 2.20 2.18
R2 0.92 0.98 0.91

Pseudo- 
second-order

K (min−1) 0.62 0.76 0.96
qe (cal) (mg g−1) 2.55 3.25 2.79
qe (exp) (mg g−1) 2.44 2.20 2.18
R2 0.99 0.98 0.99

Elovich

α (mg g−1 min−1) 0.65 0.37 0.30
β (mg g−1) 1.80 1.29 1.33
qe (exp) (mg g−1) 2.44 2.20 2.18
R2 0.99 0.96 0.99

Intra-particle 
diffusion 

Kdif (mg/(g min1/2)) 0.17 0.31 0.21
C 0.81 0.01 0.55
R2 0.94 0.91 0.95

Table 3
Thermodynamic parameters for the biosorption of dyes on loofah (C0 = 6 mg/L, initial pH (CV = 6.92, MB = 6.60, BF = 8.53))

MB CV BF

T° ΔG°  
(kJ/mol)

ΔS°  
(J/mol K)

ΔH°  
(kJ/mol)

ΔG°  
(kJ/mol)

ΔS°  
(J/mol K)

ΔH°  
(kJ/mol)

ΔG°  
(kJ/mol)

ΔS°  
(J/mol K)

ΔH°  
(kJ/mol)

25 −1.04 −4.87 −2.06
40 −1.73 94.324 25.57 −5.31 494.39 138.07 −5.55 493.93 142.00
60 −2.22 −11.04 −8.57
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and 85% for crystal violet, basic fuchsine and methylene 
blue respectively. The applied adsorption isotherm mod-
els showed the Langmuir isotherm model with the best fit 
of experimental data. The dimensionless constant RL were 
found to be between 0 and 1 for all dyes used and indicates 
a favorable biosorption process. The kinetic studies indi-
cated that the adsorption kinetics follow the pseudo sec-
ond order. Thermodynamic studies indicate the feasibility 
and spontaneous nature of dyes biosorption which was 
favored at higher temperatures. As a result, loofah which 

is a green material, readily available and inexpensive, 
can be a cheaper alternative to commercial and more 
expensive materials for the removal of dyes from water.
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Fig. 5. Kinetic model and thermodynamic plots for biosorption of dyes on loofah: (a) first-order, (b) second-order, (c) Elovich, 
(d) Intra-particle diffusion, and (e) Van’t Hoff equation.
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