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ABSTRACT

Loofah sponge and activated carbon (AC) made from it were used to adsorb rhodamine B
(RhB) onto aqueous solutions. Scanning electron microscopy of the two materials revealed
they possessed rough surfaces; loofah sponge featured a high surface area of 132.6 m2/g,
which increased to 842.3 m2/g for AC. Fourier transform infrared spectroscopy indicated
that the surface of both materials was abundant in O–H, C–H, and C=O groups, which may
increase their adsorption capacities. The kinetics, isotherms, and optimum conditions for
RhB removal were studied. RhB adsorption by the adsorbents was consistent with pseudo-
second-order equations. The adsorption isotherms revealed that the adsorption process of
loofah sponge involved multilayer adsorption, while that of AC was monolayer adsorption.
The optimal performance of AC (removal ratio of 99.20% and equilibrium adsorption of
191.43 mg/g) was achieved using a temperature of 313 K, AC content of 0.6 mg/L, and ini-
tial RhB concentration of 120 mg/L. AC displayed an increased adsorption capacity for RhB
compared with that of loofah sponge; the maximum equilibrium adsorption of AC reached
333.33 mg/L, which is 14 times that of loofah sponge. AC derived from loofah sponge is a
promising adsorbent for RhB removal from aqueous wastewater.
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1. Introduction

Dyes have been used for a long time. Early natural
dyes were nontoxic and stable, but they have gradu-
ally been replaced by synthetic dyes because of their
limited availability, low yield, and high cost [1]. Since
their first synthesis in the 1850s, synthetic dyes have
slowly been popularized by virtue of advantages such
as easy use, low cost, high yield, high stability, and
abundant varieties [2]. With the large-scale use of
dyes, dye wastewater discharge has been increasing
rapidly [3]. The textile, leather, paper, and printing
industries all produce colored effluents, which may
contain many toxic dyes that are stable to biodegrada-
tion and oxidizing agents [4]. In China, around
160 million cubic meters of dye wastewater is dis-
charged into the water environment annually. Directly
discharging dye wastewater into natural rivers can
greatly harm the environment, while obviously affect-
ing the appearance of the water. A decrease in water
transparency lowers the photosynthesis of aquatic
plants, slowing the growth of animals and plants. Dye
wastewater may also damage human health via toxin
enrichment in the food chain [5]. Meanwhile, dye
wastewater can contain large amounts of organic sub-
stances that are rich in phosphorus and nitrogen.
Therefore, the discharge of dye wastewater can cause
water eutrophication. The degradation of organic sub-
stances by micro-organisms consumes a lot of the oxy-
gen in water, therefore affecting fish and other aerobic
organisms [6]. In addition, some dyes and their degra-
dation products are highly toxic, and some are terato-
genic, carcinogenic, and/or mutagenic [7]. Rhodamine
B (RhB) is a water-soluble organic dye that is widely
used in fluorescent staining, cosmetic products, food
processing, and textiles. RhB can burn eyes and irri-
tate the skin and gastrointestinal and respiratory tracts
of humans. Thus, the treatment of dye effluents before
their discharge into the receiving water environment
is important [4,8].

Dyes are difficult to remove from wastewater
because of their complex compositions, high stability,
and low biodegradability. Thus, finding an effective
way to remove dye contaminants from wastewater
has become an urgent issue [9]. Treatment of highly
colored wastewater containing hazardous industrial
chemicals is a growing need at present. Current dye
wastewater treatment methods can be divided into
physical-chemical and biological methods, among

which the common methods include adsorption, bio-
logical treatment, chemical flocculation, chemical oxi-
dation, and electrochemistry. These methods have
been used by numerous researchers to remove organ-
ics and inorganics from wastewater, as reviewed else-
where [10–12]. Adsorption has proved to be an
efficient and economical process for decontamination
of water samples from dyes using different adsor-
bents. Ion-exchange fibers, natural minerals (diatomite,
bentonite), industrial waste (fly ash, cinders), and acti-
vated carbon (AC) are common adsorbent materials
[13,14]. The adsorption characteristics of ion-exchange
fibers mean there is no loss of adsorbent after regener-
ation, but these fibers are not suitable for all kinds of
dyes. Both cinders and fly ash are excellent adsorbents
with a honeycomb structure, but their specific surface
area is low, resulting in poor treatment efficiency [15].
In contrast, AC is effective for all kinds of dyes. There-
fore, some low-cost agricultural by-products or waste
and the AC obtained from these raw materials are
attracting interest in biological adsorption research for
dye wastewater treatment [16–18].

AC has a large specific surface area and large quan-
tities of pores, allowing it to strongly adsorb toxic sub-
stances onto the liquid phase or even gas phase.
Therefore, AC obtained from raw plant materials is
one of the most commonly used adsorbents in current
studies [19]. The raw materials used to prepare AC are
generally the substances with a high carbon content
and low content of inorganic matter. A common early
raw material was wood, but deforestation damages the
environment and timber resources are limited. There-
fore, wood has been replaced by coal, which is abun-
dant and cheap. As the energy issue becomes
increasingly prominent, raw materials for AC that are
inexpensive, high performing, and abundant have
become desirable [20]. Recently, AC has been prepared
from agricultural wastes, such as breadfruit skin, pea-
nut shells, oil palm fiber, corncobs, palm kernel shells,
and bamboo stems, as well as peat [21–24]. The plant-
derived loofah sponge is an inexpensive, readily avail-
able biological material with high void volume and
permeability, making it suitable as an adsorbent [25].
The AC produced from loofah sponge may have a high
adsorption capacity for dye contaminants, but this has
not been investigated previously. Thus, it is important
to study the adsorption of representative dye RhB by
loofah sponge and AC produced from loofah sponge.
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In this paper, loofah sponge and AC prepared
from loofah sponge are used as adsorbents to remove
RhB dye from aqueous solution. The specific surface
area and pore size of these two adsorbents are mea-
sured. Kinetic and thermodynamic models of adsorp-
tion and applicable adsorption isotherms are
determined for these adsorbents. This allows us to
identify the mechanisms of RhB adsorption by loofah
sponge and AC prepared from loofah sponge. Our
work reveals a new method to remove dyes from
water using loofah sponge.

2. Materials and methods

2.1. Material preparation

Loofah sponge (obtained from a local market in
Jinan) was cleaned and dried at 100˚C for 12 h, and
then processed into lengths of about 3–4 mm with a
grinder. The minced loofah sponge was placed in a
heat-resistance box at 120˚C for 12 h. The dried loofah
sponge was soaked in an appropriate amount of 85%
phosphoric acid in deionized water (1:1, v/v) for 12 h
[26]. The ratio of the mass of loofah sponge to solution
volume was 1:5 (m/v). The activated loofah sponge
was placed in the resistance box and carbonized at
450˚C for 1 h. After cooling, the carbonized loofah
sponge was washed with distilled water until the pH
reached 7. The cleaned AC was dried at 120˚C for
12 h, cooled, ground with a mortar and pestle, and
then sieved through 150–200 mesh to obtain the
desired AC. RhB (SR662601 Tianji, China) stock solu-
tion with a concentration of 1,000 mg/L was prepared
using distilled water. Other RhB concentrations were
obtained by diluting the stock solution with distilled
water.

2.2. Characterization of adsorbents

The surface structure of the loofah sponge and AC
prepared from loofah sponge was observed via scan-
ning electron microscopy (SEM; SUPRA™ 55, Zeiss,
Germany). Total specific surface area was determined
using the Brunauer–Emmett–Teller (BET) theory. Four-
ier transform infrared (FTIR) spectroscopy (Fourier-
380 FT-IR, America) was used to reveal the adsorption
mechanism and explore the influence of adsorption on
the functional groups in the loofah sponge and AC.

2.3. Adsorption experiments

RhB solutions were diluted to different concentra-
tions and detected at 552 nm using an ultraviolet (UV)
spectrophotometer (T6, Xinshiji, Beijing) [27]. The

solution after adsorption was filtered using a filter
membrane with a pore size of 0.22 μm, and then its
absorbance was measured with the UV spectropho-
tometer at the maximum absorption wavelength of the
dye (552 nm). A standard curve was used to calculate
dye concentration. The following equations were used
to calculate the removal ratio η and equilibrium
adsorption Qe of the adsorbents [28]:

gð%Þ ¼ C0 � Ce

C0
� 100% (1)

Qe ¼ ðC0 � CeÞV
W

(2)

where C0 and Ce represent the initial dye concentra-
tion and the dye concentration at adsorption equilib-
rium (mg/L), respectively, V represents the volume of
the solution (L), and W represents the mass of the
adsorbent (g).

The pH experiments were conducted in the pH
range of 1–14 with phosphoric acid or NaOH solution
while other process parameters were kept constant.
Loofah sponge (0.2 g) or AC (0.08 g) was added to
RhB solution (100 mg/L, 100 mL) in a series of 150-
mL Erlenmeyer flasks. The Parafilm-covered flasks
were put on a shaker at 180 rpm and 298 K for 3 h to
attain equilibrium. The suspensions were filtered
through a syringe-driven filter and then the RhB con-
centrations of the filtrates were measured by absorp-
tion spectroscopy.

To determine the effect of adsorbent dose on RhB
removal, adsorption experiments were performed at
adsorbent doses of 0.4, 0.8, 1.2, 2.0, 2.4, 3.2, and 4.0 g/
L for loofah sponge and 0.4, 0.8, 1.0, 1.2, 1.6, and
2.0 g/L for AC. Different adsorbent doses were added
to a series of flasks filled with RhB solution (100 mL,
100 mg/L) at natural pH (=4.1). The flasks were agi-
tated on a shaker at 180 rpm and 298 K for 3 h. The
sampling and analytical procedures were the same as
those described above.

2.4. Adsorption kinetics

RhB adsorption kinetics of the loofah sponge and
AC were examined by conducting experiments at a
given initial RhB concentration of 100 mg/L and speci-
fic adsorbent dose of 2.0 g/L for loofah sponge and
0.8 g/L for AC. The pH of the solutions was kept at 1.
The adsorption reaction was performed at 180 rpm
and 298 K using a thermostatic shaker. At different
intervals, aliquots were taken from each solution and
filtered. The filtrates were analyzed by absorption
spectroscopy to determine RhB concentrations.
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2.4.1. Pseudo-first-order equation

The pseudo-first-order equation is widely used to
describe the adsorption kinetics of aqueous solutions.
Its theoretical basis is that adsorption ratio is affected
by solution concentration and adsorption, and the lim-
iting factor of adsorption is the mass transfer resis-
tance within the particles. The equation is written as:

lnðQe �QtÞ ¼ ln Qe � k1t (3)

where Qt represents the adsorption (mg/g) at time t,
and k1 represents the pseudo-first-order adsorption
ratio constant (1/min). A curve was plotted with t as
the horizontal axis and ln(Qe − Qt) as the vertical axis,
and subjected to linear fitting. The slope of the fitted
straight line was used to calculate kl, while Qe was cal-
culated from the intercept [29].

2.4.2. Pseudo-second-order equation

The pseudo-second-order equation is also widely
used to describe the kinetics of adsorption. This equa-
tion holds when the adsorption mechanism limits
adsorption instead of the mass transfer resistance
within particles. The pseudo-second-order equation is
written as:

t

Qt
¼ 1

k2 Q2
e

þ 1

Qe
t (4)

and

V0 ¼ k2 Q
2
e (5)

In these equations, V0 represents the initial adsorption
ratio (mg/(g min)), and k2 represents the pseudo-sec-
ond-order adsorption ratio constant (g/(mg min)). A
curve was plotted with t as the horizontal axis and t/
Qt as the vertical axis and was also subjected to linear
fitting. The values of Qe, k2, and V0 were calculated
from the plot of t/Qt vs. t [30].

2.4.3. Particle diffusion equation

Internal diffusion controls the adsorption ratio in
many adsorption processes. We can confirm the type
of control process using the particle diffusion equa-
tion, which is expressed as follows:

Qt ¼ kpt
1=2 þ C (6)

where kp represents the ratio constant of particle diffu-
sion equation (mg/g min1/2), and C represents the
intercept, which reflects the thickness of the boundary
layer; i.e. the smaller C is, the less influence the
boundary layer will have on adsorption. A curve was
plotted with t1/2 as the horizontal axis and Qt as the
vertical axis and subjected to linear fitting. The values
of kp and C were calculated from the slope and inter-
cept of the fitted line, respectively. When the fitted
line passes through the origin (i.e. C = 0), it indicates
that the only factor controlling the adsorption ratio is
the internal diffusion process [31].

2.5. Adsorption isotherms

Adsorption isotherm data were obtained as fol-
lows. Loofah sponge (0.2 g) or AC (0.08 g) was added
to RhB solution (100 mL) with a concentration of 5, 10,
20, 50, or 100 mg/L for loofah sponge and 5, 10, 20,
50, 100, or 200 mg/L for AC in a series of conical
flasks. The initial pH values of the suspensions were
1. The suspensions were shaken at 180 rpm and 298 K
for 90 min in a thermostatic shaker to ensure that
equilibrium was reached. After filtration, the filtrates
were analyzed to determine RhB concentrations.
Adsorption isotherm data were fitted to Langmuir,
Freundlich, and Dubinin–Radushkevich (D–R) models.

2.5.1. Langmuir isotherm equation

The Langmuir isotherm equation is mainly used to
describe monolayer adsorption. The general and linear
expressions are, respectively, shown as:

Qe ¼ Qm KL Ce

1 þ KL Ce
(7)

Ce

Qe
¼ 1

QmKL
þ 1

Qm
Ce (8)

where KL represents the Langmuir constant (L/mg),
which reflects the adsorption ratio, and Qm represents
the maximum adsorption capacity of adsorbent (mg/g).
A curve was plotted with Ce as the horizontal axis and
Ce/Qe as the vertical axis and subjected to linear fitting.
The values of Qm and KL were calculated with the slope
and intercept of the fitted line, respectively [23].

2.5.2. Freundlich isotherm equation

The Freundlich isotherm equation is based on
multilayer adsorption and assumes that several
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relationships exist between adsorbate and adsorbent.
The general and linear expressions are, respectively,
written as:

Qe ¼ KF C
1=n
e (9)

ln Qe ¼ ln KF þ 1

n
ln Ce (10)

where KF represents the Freundlich constant (mg/g)1/n,
and n represents the adsorption intensity; i.e. the larger
n is, the higher the adsorption performance. A curve
was plotted with ln Ce as the horizontal axis and ln Qe

as the vertical and then subjected to linear fitting. The
values of n and KL were calculated from the slope and
intercept of the fitted line, respectively [32].

2.5.3. Dubinin–Radushkevich equation

The D–R equation is written as:

ln Qe ¼ ln Qm � be2 e ¼ RT ln 1þ 1

Ce

� �
(11)

and

E ¼ ð2bÞ�1=2 (12)

where R represents the thermodynamic constant, β
represents the absorption energy constant (kJ2/mol2),
T represents the thermodynamic temperature (K), ε
represents the Polanyi potential, and E represents the
average adsorption free energy (kJ/mol). A curve was
plotted with ln Qe as the horizontal axis and ε2 as the
vertical axis and subjected to linear fitting. The values
of Qm and β were calculated as the intercept and slope
of the fitted line, respectively, and then E was
obtained using Eq. (10) [33,34].

2.6. Orthogonal experimental design and analysis

Orthogonal experimental design and analysis are
prevalently used for process optimization. Based on
mathematical statistics, probability theory and practi-
cal experience, orthogonal experiments are designed
using a standard orthogonal array. The experimental
results are analyzed to determine the best design dur-
ing the experimental design, the orthogonal array
should be selected rationally and flexibly according to
the actual levels and number of factors [35].

3. Results and discussion

3.1. Characterization of loofah sponge and AC

SEM images of loofah sponge and AC prepared
from loofah sponge are shown in Fig. 1. The surfaces
of both materials are rough and feature a highly por-
ous structure, resulting in a high adsorption capacity.
The determined BET surface area of loofah sponge is
132.6 m2/g and that of AC is 842.3 m2/g. These values
reveal that the two adsorbents may have favorable
adsorption properties.

FTIR analysis of loofah sponge allows spectropho-
tometric observation of the adsorbent surface in the
wavenumber range of 620–4,000 cm−1, providing a
direct means to identify functional groups on the
adsorbent surface. FTIR spectra of loofah sponge
before and after adsorption are shown in Fig. 2(a). The
FTIR spectra of loofah sponge before and after RhB
adsorption were similar, possibly because of the low
RhB adsorption ability of the loofah sponge. The char-
acteristic peaks at 3,338 and 1,592 cm−1 were assigned
to the stretching vibrations of the surface free hydro-
xyl groups (O–H), and that at 2,897 cm−1 was caused
by the symmetric vibrations of C–H groups [36]. The
peak at 1,734 cm−1 was ascribed to C=O stretching,
while that at 1,243 cm−1 originated from C–H stretch-
ing vibrations. The intense peaks at 1,000–1,500 cm−1

are ascribed to the aromatic groups of lignin [37,38].
The positions of the bands at around 800 and
3,500 cm−1 did not change following RhB adsorption,
indicating that RhB adsorption was a physical process
rather than a chemical one [39].

FTIR spectra of AC in the wavenumber of 400–
4,000 cm−1 before and after RhB adsorption are
depicted in Fig. 2(b). The spectra revealed that there
were different functional groups on the AC surface
after RhB adsorption. The peak that emerged at
2,921 cm−1 can be assigned to the symmetric vibra-
tions of C–H, which may be related to adsorption of
RhB [40]. Many new peaks appeared at 1,300–
1,500 cm−1 that may be caused by O–H groups and
CH2 bending after RhB adsorption, indicating that the
functional groups on the AC surface were covered or
interacted with RhB. The peak at 1,176 cm−1 was
ascribed to C–O–C stretching [36].

3.2. Effect of solution pH of RhB adsorption

Fig. 3(a) shows the effect of solution pH on the
equilibrium adsorption of RhB by loofah sponge,
revealing that pH strongly affected the removal ratio
and equilibrium adsorption of RhB. Both the removal
ratio and equilibrium adsorption of RHB were large at
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pH 1. Therefore, the pH was adjusted to 1 for subse-
quent experiments. At very low pH (1.0), the surface
of the adsorbent was highly protonated. In addition,
at pH values lower than 3, RhB is present as a cationic
monomer [41]. Thus, the RhB cations can easily enter
the pore structure of the adsorbent at low pH. Above
pH 3, the RhB removal ratio and adsorption capacity
of loofah sponge decreased compared with those at
lower pH. This is attributed to the zwitterionic form
of RhB in water showing a tendency to aggregate, so
it is unable to enter the pore structure of the adsorbent

[40]. Fig. 3(b) illustrates the effect of solution pH on
equilibrium RhB adsorption by the AC prepared from
loofah sponge. The influence of solution pH on the
RhB removal ratio and equilibrium adsorption was
very small. Therefore, pH was not adjusted in subse-
quent experiments using AC.

3.3. Effect of adsorbent content on RhB adsorption

The effect of loofah sponge content on RhB equilib-
rium adsorption and removal ratio is presented in

Fig. 1. SEM images of loofah before (a) and AC before (b) RhB adsorption.
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Fig. 4(a). With increasing loofah sponge content, the
removal ratio increased. The main reason for this is
that a larger amount of loofah sponge increases the
number of adsorption sites and dye adsorption capac-
ity. Moreover, with increasing removal ratio, the equi-
librium adsorption decreased. This is mainly because
an increased loofah sponge content decreased the con-
centration of RhB, so some loofah pores were not satu-
rated with RhB. Considering both removal ratio and
efficient use of materials, the subsequent experiments
used 2.0 g/L of loofah sponge.

As for the AC prepared from loofah sponge, the
effects of its dosage on the RhB equilibrium adsorp-
tion and removal ratio are shown in Fig. 4(b). With
increasing AC content, the RhB removal ratio
increased while the equilibrium adsorption decreased
gradually. The reason for the increase in RhB removal

ratio was the same as that of loofah described above,
and again some sites failed to reach saturation at high
AC content. In particular, when the RhB removal ratio
approached 100%, further increasing the adsorbent
amount no longer affected the removal ratio, but did
lower the equilibrium adsorption. Therefore, the opti-
mal content of AC was 0.8 g/L.

3.4. Effect of contact time and adsorption kinetics on RhB
removal

Fig. 5(a) reveals that during RhB adsorption by
loofah sponge, the RhB removal ratio increased with
rising temperature. The effect of contact time of loofah
sponge and AC on RhB removal ratio is illustrated in
Fig. 5(b). With increasing adsorption time, the removal
ratio of RhB increased gradually, and then reached
equilibrium at 180 and 90 min for loofah sponge and

0 500 1000 1500 2000 2500 3000 3500 4000 4500

Wavenumber(cm-1)

 Before adsorption
 After adsorption

500 1000 1500 2000 2500 3000 3500 4000

Wavenumber(cm-1)

 Before adsorption
 After adsorption

(a)

(b)

Fig. 2. FTIR spectra of loofah sponge (a) and AC (b) before
and after adsorption of RhB.

(a)

(b)

Fig. 3. Effect of pH on the removal ratio of RhB and
adsorption capacity: (a) loofah sponge (loofah sponge con-
tent = 2.0 g/L, C0 = 100 mg/L, t = 180 min, tempera-
ture = 298 K) and (b) AC (AC content = 0.8 g/L,
C0 = 100 mg/L, t = 180 min, temperature = 298 K).
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AC, respectively. Therefore, the optimal equilibrium
adsorption times of loofah sponge and AC for RhB
were considered to be 180 and 90 min, respectively.

The kinetic simulation results for RhB adsorption
by loofah sponge and AC are summarized in Table 1.
The simulation results for both adsorbents reveal that
they both had the largest correlation coefficient with
respect to a pseudo-second-order equation, with cor-
relation coefficients R2 of 0.9888 and 0.9999 for loofah
sponge and AC at 298 K, respectively. Therefore, the
kinetic models of these two adsorbents conform to
pseudo-second-order equations. This indicates that
the ratio-limiting step of adsorption might be chemi-
cal sorption or chemisorption (including valence
forces through the sharing or exchange of electrons)
between adsorbate and adsorbent [42]. It has been
reported that the RhB adsorption kinetics of a hyper-
crosslinked polymeric adsorbent are pseudo-second-
order [43].

3.5. Adsorption isotherms

Adsorption isotherms are critical to evaluate the
adsorption capacity of adsorbents and understand the
nature of adsorbate–adsorbent interactions. The rela-
tionships between RhB equilibrium concentration and
equilibrium adsorption of loofah sponge and AC are
shown in Fig. 6. The equilibrium adsorption of RhB
by loofah sponge was similar to the result of the Fre-
undlich simulation, consistent with the largest R2

obtained for the Freundlich simulation of 0.9905, as
indicated in Table 2. The experimental result for RhB
equilibrium adsorption by AC was closest to that
obtained from the Langmuir simulation; R2 of the
Langmuir simulation the highest of the simulation
models with a value of 0.9984. Therefore, the process
of RhB adsorption by loofah sponge involves multi-
layer adsorption, while that of AC is monolayer
adsorption, which occurs easily and quickly [44]. Fur-
thermore, the maximum RhB adsorption capacity of
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Fig. 4. Effect of adsorbent content on the removal ratio of
RhB and adsorption capacity: (a) loofah sponge
(C0 = 100 mg/L, t = 180 min, temperature = 298 K) and (b)
AC (C0 = 100 mg/L, t = 180 min, temperature = 298 K).

0 50 100 150 200 250
0

5

10

15

20

25

30

 288K
 298K
 308K

R
em

ov
al

 ra
tio

 (%
)

Time (min)

0 50 100 150 200 250
80

85

90

95

100

 Removal ratio
 Qe

Time (min)

R
em

ov
al

 ra
tio

 (%
)

110

115

120

125

130

135

140

Q
e 

(m
g/

g)

(a)

(b)

Fig. 5. Effect of contact time on the removal ratio of RhB
and adsorption capacity: (a) loofah sponge at different
temperatures (loofah sponge content = 2.0 g/L, pH 1,
C0 = 100 mg/L, temperature = 298 K) and (b) AC (AC con-
tent = 0.8 g/L, pH 1, C0 = 100 mg/L, temperature = 298 K).
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loofah sponge was 27.3 mg/g (R2 = 0.9905) and that
of AC was 333.3 mg/g (R2 = 0.9984) at 298 K, as
listed in Table 2. The adsorption capacities of the
two samples are compared with those of other
adsorbents in Table 3, which reveals that the loofah
sponge has a high adsorption capacity for RhB com-
pared with other materials [40,45–48].

3.6. Orthogonal experiment

Tables 4 and 5 present the results of orthogonal
experiments for RhB adsorption by loofah sponge
and AC, respectively. Because solution pH has little
effect on RhB adsorption by AC, it was not consid-
ered as an influence factor for the AC group. An
experimental design with three factors and three
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Fig. 6. Relationships between equilibrium concentration
and equilibrium adsorption of RhB: (a) loofah sponge (loo-
fah sponge content = 2.0 g/L, pH 1, t = 90 min, tempera-
ture = 298 K) and (b) AC (AC content = 0.8 g/L, pH 1,
t = 90 min, temperature = 298 K).
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Table 2
Parameters of the three adsorption isotherms for the adsorption of RhB on different adsorptions at 298 K

Adsorbent

Langmuir equation Freundlich equation Dubinin–Radushkevich equation

Qm

(mg/g)
KL

(L/mg) R2 1/n
KF

(mg/g)1/n R2
β
(mol2/J2)

Qm

(mg/g)
E
(kJ/mol) R2

Loofah sponge 23.70 0.0151 0.9552 0.7559 0.529 0.9905 9.0 × 10−6 8.72 0.236 0.8218
AC 333.33 0.6 0.9984 0.1639 182.29 0.9693 1.0 × 10−9 629.67 22.36 0.9814

Table 3
Comparison of maximum monolayer adsorption of RhB on various adsorbents

Adsorbents Adsorption capacity (mg/g) pH C0 Refs.

Sago waste carbon 16.2 5.7 16 [37]
Cellulose-based wastes 20.6 6–7 100 [41]
Parthenium biomass 59.2 7 250 [42]
Bagasse pith activated carbon 104 3.5 600 [43]
A-TRB 250 3.5 350 [44]
Loofah sponge 23.7 1 100 This work
Loofah sponge AC 333.3 Initial pH 100 This work

Table 4
The orthogonal experiment results of adsorption of RhB on loofah sponge

Test
number

Test conditions and results

pH
Temperature
(K)

Loofah sponge dosage
(mg/L)

Concentration C0

(mg/L)
Removal rate
η (%)

Equilibrium adsorption
Qe (mg/g)

1 1 303 1.6 90 21.94 11.85
2 1 308 2.0 100 16.24 6.83
3 1 313 2.4 110 25.87 9.87
4 1.5 313 1.6 100 19.00 11.14
5 1.5 303 2.0 110 18.921 9.86
6 1.5 308 2.4 90 28.22 10.17
7 2 308 1.6 110 12.05 7.84
8 2 313 2.0 90 17.92 7.67
9 2 303 2.4 100 19.67 7.99

Table 5
The orthogonal experiment results of adsorption of RhB onto AC

Test
number

Test conditions and results

Temperature
(K)

Activated carbon dosage
(mg/L)

Concentration C0

(mg/L)
Removal rate η
(%)

Equilibrium adsorption Qe

(mg/g)

1 313 0.6 120 99.20 191.43
2 313 0.8 100 99.46 126.71
3 313 1.0 80 99.11 82.28
4 308 0.6 80 99.40 136.93
5 308 0.8 120 99.40 144.62
6 308 1.0 100 99.52 101.73
7 318 0.6 100 99.48 163.31
8 318 0.8 80 99.57 102.28
9 318 1.0 120 99.43 101.64
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levels (nine trials) was designed. However, pH influ-
enced RhB adsorption by loofah sponge. Therefore,
nine trials with four factors and three levels were used
for loofah sponge. Judging by the RhB removal ratio
and equilibrium adsorption, the optimal adsorption
effects of the two adsorbents were achieved through
the following parameter combinations. For loofah
sponge with the most effective adsorption (removal
ratio of 28.22% and equilibrium adsorption of
10.17 mg/g), the optimal parameters were pH 1.5,
T = 308 K, loofah sponge content = 2.4 mg/L, and ini-
tial RhB concentration = 90 mg/L. For AC, the optimal
performance (removal ratio of 99.20% and equilibrium
adsorption of 191.43 mg/g) was achieved under the
following conditions: T = 313 K, AC content = 0.6 mg/
L and initial RhB concentration = 120 mg/L.

3.7. Comparison of RhB removal ratio and maximum
equilibrium adsorption of loofah sponge and AC

As shown in Fig. 7, the removal ratios of RhB by
loofah sponge and AC reached 40.03 and 99.31%,
respectively, and their maximum equilibrium adsorp-
tion reached 23.70 and 333.33 mg/g, respectively. In
previous research, the maximum equilibrium adsorp-
tion of AC prepared from bagasse pith for removal of
RhB from aqueous solution was only 198.6 mg/g [48].
After conversion into AC, the RhB adsorption perfor-
mance of loofah sponge greatly increased; the maxi-
mum equilibrium adsorption increased by 13 times.
The reason for this is that the AC prepared from loofah
sponge had a high specific surface area of 834 m2/g,
which is 82 times that of loofah sponge (10.12 m2/g)
according to the surface area analysis. The AC had a
typical hybrid microporous–mesoporous structure,

with a total pore volume of 1.012 cm3/g. Thus makes
AC derived from loofah sponge a good adsorbent, pro-
viding a new method for RhB removal from aqueous
wastewater.

4. Conclusion

AC prepared from loofah sponge displayed an
increased adsorption capacity for RhB compared with
that of loofah sponge; the maximum equilibrium
adsorption of AC reached 333.33 mg/L, 14 times that
of loofah sponge. SEM analysis revealed that both
samples had rough surfaces. Loofah sponge featured a
high surface area of 132.6 m2/g and AC had an even
higher surface area of 842.3 m2/g. FTIR analysis
revealed the mechanism of RhB adsorption and
amount of functional groups on the surface of the two
materials, which may increase their adsorption capac-
ity. The kinetic models for the adsorption process of
loofah sponge and AC were consistent with pseudo-
second-order equations. The adsorption isotherms
showed that the adsorption process of loofah sponge
involved multilayer adsorption, while that of AC was
monolayer adsorption. The optimal performance of
loofah sponge (removal ratio of 28.22% and equilib-
rium adsorption of 10.17 mg/g) was obtained when
pH = 1.5, T = 308 K, loofah sponge content = 2.4 mg/
L, and initial RhB concentration = 90 mg/L. The opti-
mal performance of AC (removal ratio of 99.20% and
equilibrium adsorption of 191.43 mg/g) was achieved
when T = 313 K, AC content = 0.6 mg/L, and initial
RhB concentration = 120 mg/L. AC derived from loo-
fah sponge is a good adsorbent and displays promise
as a new method to remove RhB from aqueous
wastewater.
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