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ABSTRACT

This study investigates the usability of cheap, easy-to-use and environmentally-friendly cationic
nonwoven textiles as an alternative to the current adsorbents for the removal of dyestuffs from the
colored wastewater generated by both industrial and domestic use. The parameters impacting the
adsorption were analyzed to determine the efficacy of nonwoven textiles, and it was found that
99.47% of the dye could be removed under optimal conditions. The fit with Langmuir isotherm
models of the Reactive blue 21 dye’s adsorption onto a cationic nonwoven textile was analyzed,
along with its adsorption kinetics and thermodynamics fitting the second-order rate model. The
desorption studies performed for the dye adsorbed nonwoven textile at 50°C and 100°C were
shown that the product was suitable for industrial use. This study puts forward an economic solu-
tion to environmental issues related to color removal through a product whose efficiency has been
determined, and which we believe with contributing to a sustainable environment.
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1. Introduction

Dye-containing waters that result from, and are dis-
charged by, various industrial processes such as textile,
paper and printing industries give rise to significant prob-
lems related to environmental and human health [1,2]. Given
the quantity and composition of the wastewater they pro-
duce, the textile, dyeing and finishing processes are the most
polluting compared to the other sectors [3,4]. As a result of
the increasing quantity and variety of production activi-
ties involving dyeing processes due to growing consumer
demand, complex structures of various types and num-
bers are appearing in industrial wastewater [5]. More than

* Corresponding author.

7 x 10° tons of dye is manufactured each year, 10%—-15% of
which is released as wastewater output of dyeing processes.
Dyeing processes are of significant importance to the envi-
ronment due to their heavy use of water, the salts used for
dye fixation, the heavy metals found in some dyes and the
high amount of unfixed dyes released into the wastewater
[6,7]. The discharge of wastewater into receiving waters
causes environmental problems, including an increase in
chemical oxygen demand and toxicity in water, reduced
light penetration and damage to photosynthetic life [8].
Wastewaters that contain dyes are treated through
physical, chemical and biological treatment systems [9];
however, these types of treatment processes come with
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some disadvantages, such as high maintenance and opera-
tional expenses, high amounts of energy consumption, the
creation of sludge and secondary pollutants, as well as a
lack of effectiveness in remediating wastewater containing
different types of dyestuff [10,11]. Reactive dyes are com-
monly used in the textile sector, especially for the dyeing
of natural and regenerated cellulosic yarns and fabrics,
and a 90% fixation of reactive dyes on cellulosic materials
is possible in an application [12]. In such cases, it can be
assumed that approximately 10% of the colorants that need
to be treated prior to discharge enter the environment from
the dye house wastewater [13]. Since the efficiency of dye
removal differs based on the type of dye in the wastewa-
ter, selecting the best method for the elimination of color
from wastewater can be difficult [14]. Adsorption is pre-
ferred to other methods of dye removal, for reasons that
include lower cost, simple design, high efficiency, easy
operability and a high dye removal capacity [15].

For the removal of color, a number of cheap and
environmentally-friendly adsorbents are being developed
as alternatives to the high-cost approaches that make use of
activated carbon, which are uneconomical despite their high
adsorption capacity, wide surface coverage and microporous
structure [16].

Natural materials such as nanoclay [17], kaolinite [18],
montmorillonite [19], bioadsorbents such as chitosan [20]
fungi [21] and biomass [22], as well as agricultural and
industrial wastes such as cashew nut shells [23], olive
stones [24], lemon peels [25], fly ash [26], red mud [27] and
sawdust [28] are among the adsorbents that have been tested
in literature for the removal of dye, as an alternative to the
traditional adsorbent approaches [29]. There are ongoing
studies aimed at determining the adsorption capacity of
these new adsorbents, and at keeping the adsorbent dosage
and the resulting wastewater to a minimum [30].

In this study; cheap, easy-to-use and environmentally-
friendly cationic nonwoven textiles were analyzed as an
alternative to the existing processes in the removal of
dyestuffs for both industrial and domestic use.

2. Materials and methods
2.1. Chemicals and reagents

Reactive dyes were used in the present study, as they are
used in the production of more than 50% of all cotton fibers,
despite cotton textiles being environmentally-friendly [31].
The reactive dye used in the study was Setazol Turquoise
Blue (C.I. RB21) (98%), which was procured from Setas
Kimya Sanayi A.S. in Turkey.

The dye solutions used in the present study were
obtained through a suitable dilution of a 1 g/L stock solution.
All solutions were prepared in distilled water.

Sodium chloride (99.5%), sodium hydroxide (97%)
and hydrochloric acid (37%) were purchased from Merck
(Darmstadt, Germany).

2.2. Nonwoven textiles

A color scavenging cationic agent was applied to the
nonwoven textile (90:10 viscose/polyester) samples (trade

name is IZI-WASH) obtained from EGD Tekstil A.S. in
Turkey. A quaternary ammonium salt-based cationic agent
was applied to the nonwoven textile through the exhaust
method.

2.3. Point of zero charge determination

The point of zero charge (pH, ) of the cationic nonwo-
ven was determined by the pH drift method [32]. The pH of
the 0.01 M NaCl solution was adjusted to a value between
2 and 12 using 0.1 M HCI or 0.1 M NaOH. A cationic non-
woven (0.15 g) was added to 50 mL of the pH adjusted
solution in a capped vial. Nitrogen was bubbled through
the solution at 25°C to remove dissolved carbon dioxide
(CO,) until the initial pH stabilized. The final pH, reached
after 24 h in shaking incubator (Zhicheng ZHWY-2102C,
China) was measured (Thermo Scientific Orion 3-Star,
USA) and the change in pH (final pH-initial pH) vs. initial
pH was plotted for the determination of the pH | .

2.4. Batch studies

The parameters affecting adsorption in nonwoven tex-
tiles and those relating to isotherms were evaluated in a
batch system. The parameters affecting adsorption that
were studied included the amount of adsorbent, the ini-
tial dye concentration, the contact time and the effect of
temperature.

The maximum wavelength of the dye and the point at
which the solution-dye concentrations reached equilibrium
were determined through the use of a UV-Vis spectropho-
tometer (Shimadzu UV1700, Japan). The maximum wave-
length of the Reactive blue 21 (RB21) dye was determined
to be 661 nm.

The analysis of the parameters affecting adsorption was
performed in a shaking incubator using 200 mL samples
and a 125 rpm mixing speed at the natural pH (pH 5.78) of
the solution. Trials were conducted at 10°C, 25°C and 50°C,
based on the seasonal temperatures that can be observed
under the operating conditions of the wastewater treatment
plants in the textile industry.

The isotherm studies were carried out in a shaking
incubator at the specified temperatures, with different
amounts of adsorbent (0.1-0.9 g) added to solutions with
100 mg/L of initial dilution.

The amount of RB21 adsorbed from a nonwoven unit
and the dye removal efficiency percentage were calculated
using Egs. (1) and (2) [33].

C,-C)V
G (1)
m
Removal efficiency (%) = (C[)C;Ce) %100 (2)

0

where g, is the equilibrium adsorption capacity of adsorbent
(mg/g), C, is the initial RB21 concentration (mg/L), C, is the
equilibrium RB21 concentration (mg/L), V is the volume
of RB21 solution (L), and m is the adsorbent amount (g).
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2.5. Desorption studies

Desorption studies were performed at 50°C and 100°C.
In these studies, samples were taken over a period of 120 min
after placing in 500 mL of pure water a textile material that
had adsorbed 1 g of RB21 dye. The absorbance of the sam-
ples taken at regular periods was measured with a spectro-
photometer, from which the amount of RB21 released from
the textile was determined.

The amount of dye desorbed at 50°C and 100°C at the
end of 120 min from the RB21-absorbed nonwoven textile
was calculated based on Eq. (3) [34].

Mass of dye desorbed
Mass of dye adsorbed

Desorption (%) = x 100 ®)

3. Results and discussion

During this study, the viscose polyester fiber composi-
tion of the nonwoven textiles was determined with scanning
electron microscopy (Zeiss Supra 50 VP, Germany). The vis-
cose polyester fibers comprising the nonwoven textile are
shown in Fig. 1.

It is known that the adsorption properties of textile
materials and thus nonwoven fabrics are affected by the
geometrical characteristics of fibers and structural charac-
teristics of fabrics [35,36]. Fig. 1 illustrates the viscose poly-
ester fiber composition of the nonwoven textiles and fiber
distribution in investigated nonwoven fabrics with different
magnifications.

In order to understand the adsorption mechanism, it
is necessary to determine the point of zero charge of the
adsorbent. The pH _of cationic nonwoven was determined
as shown in Fig. 2. It was found that pH at 5.8 was a point
of zero charge, the pH value at which the surface became
neutral.

According to Fig. 2, the point of zero charge (pH,,)
which indicates the surface became neutral of cationic non-
woven fabric is at approximately pH 5.8. It also shows that
the cationic nonwoven adsorbent is loaded with a positive
charge if the pH value of the wastewater is in the range
of 2-5.8, while when the pH value of the wastewater is in

the range of 5.8-12, it is negatively charged. Park and Na
[37] reported that the point of zero charge (pH ,) of PP-g-
AA-Am fabric was at approximately pH 9.5 + 0.1 and they
stated that the surface of PP-g-AA-Am fabric was covered
with a positive charge for stated pH conditions between
pH 2.5 and pH 9.0 in their study. In another study, Wang et
al. [38] indicated that the surface of untreated non-woven
viscose material has a negative charge in the dye liquor,
however, the decolorization rate of the cationic modified
only material is bigger than that of the untreated material
due to its positively charged surface site on the sorbent
favors the sorption of negatively charged anionic pollut-
ants due to electrostatic attraction. As stated in the litera-
ture, the surface of the cationic nonwoven fabric charged
weekly positive in our experimental pH conditions
(pH 5.78) supplying higher anionic reactive dye removal.

3.1. Effect of adsorbent concentration

The effect of adsorbent quantity on the adsorption
of RB21 onto nonwoven textile was analyzed by adding
adsorbent in the range of 0.1-0.9 g to the solutions with an
initial concentration of 100 mg/L at pH 5.78, at 125 rpm, and
at temperatures of 10°C, 25°C and 50°C.

The maximum removal data on the adsorption of RB21
solutions onto nonwoven textile were calculated for 10°C,
25°C and 50°C as 98.19%, 98.89% and 99.47%, respectively.
A graph presenting the data is provided in Fig. 3. An anal-
ysis of the removal data showed the optimum adsorbent
dosage to be 0.5 g, as removal data between the 0.5-09 g
adsorbent dosages were very close. It was shown that
removal is increased by the increasing adsorbent concen-
tration due to an increase of surface area until 0.5 g and
then no significant increase was obtained at larger doses.
It may be due to a lack of efficient contact of the dye with
the increased fabric surface resulting in failure to obtain
predicted treatment efficiency. Similarly, Nojavan and
Gharbani [39] reported that removal is increased by the
increasing dosage of adsorbent due to increase of surface
area until optimum adsorbent dosage then it stayed sta-
ble due to agglomeration particles in larger amounts. In a
similar study, Rana et al. [40] reported the parallel result for

Fig. 1. Scanning electron microscopy images of (a) 500X, (b) 1.00KX, and (c) 1.00KX nonwoven textile samples.
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Fig. 3. Effect of adsorbent concentration for the adsorption of RB21 onto the nonwoven textile.

methylene blue dye from wastewater with sulfonated non-
woven PE Fabric due to due to the reduction of the external
area of the reaction site in unit weight. When the effect of
adsorbent weight was examined, it was seen that the results
presented in this article were consistent with the previous
literature.

3.2. Effect of temperature and contact time

The effect of temperature and contact time on the adsorp-
tion of RB21 onto nonwoven textile was analyzed at the
initial concentration of 100 mg/L at pH 5.78, by adding 0.5 g
of adsorbent at 10°C, 25°C and 50°C. The effect of tempera-
ture and contact time on adsorption onto nonwoven textiles
is shown in Fig. 4.

The quantity of material adsorbed at the temperatures
of 10°C, 25°C and 50°C by the end of 120 min was 32.87,
39.98 and 40 mg/g, respectively. This finding indicates that
the quantity of material adsorbed onto the nonwoven tex-
tile showed an increase with temperature. The time of
equilibrium at which the quantity adsorbed dye no longer
showed a significant change with increasing temperatures
was accepted as 30 min.

The temperature is an important parameter affecting
the adsorption performance. Fig. 4 shows the variation of
the adsorption capacity as a function of the temperature
for a dye concentration of 100 mg/L and a contact time of
120 min. The variation in adsorption capacity showed the
same trend for the three varied temperatures (10°C, 25°C
and 50°C). The recorded decrease in adsorption perfor-
mance with the gradual increase in temperature revealed
that the interaction between the nonwoven adsorbent and
the reactive anionic dye was exothermic [41]. This observed
decrease in the adsorption capacity with the increase in
temperature could be explained by the effect of the reverse
stage of the mechanism and the reversibility of the inter-
action between the adsorbent and the dye. This may be
due to the exothermic effect of the environment of the sorp-
tion process.

3.3. Effect of initial dye concentration

RB21 solutions with an initial dilution of 30-250 mg/L at
pH 5.78, were contacted with 0.5 g of nonwoven textile at
a 25°C temperature for 120 min, and the effect of the initial
dye was dilution on adsorption was analyzed, the results of
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Fig. 4. Effect of temperature for the adsorption of RB21 onto the nonwoven textile.
which are shown in Fig. 5. The quantity of material adsorbed - 1
for the initial dye dilutions of 30-250 mg/L was calculated qu = TJFW ©)
e m LTm

respectively as 11.98, 19.96, 40, 59.77, 79.93 and 98.49 mg/g.
The quantity of material adsorbed onto the nonwoven
textile showed a significant increase with increasing dye
concentrations.

Fig. 5 illustrates that with the raise of RB21 concen-
tration, the amount of RB21 absorbed per unit adsorbent
also raised. When the concentration reached a higher
value, all sites on the adsorbent surface became saturated.
Nazia et al. [42] reported similar results for methylene blue
removal acrylic acid and sodium styrene sulfonate grafted
nonwoven PE Fabric. They found the linear relationship
between C/q, and C, which indicates that the adsorption
behavior obeys the Langmuir adsorption isotherm model
using the results of the dye concentration effect on the
adsorption capacity.

3.4. Adsorption isotherms

Adsorption isotherms are crucial for analyzing the
adsorption process and understanding their design mecha-
nism [43].

The fit of RB21 adsorption into the Langmuir, Freundlich
and Temkin isotherm models was analyzed using adsorption
equilibrium data.

The Langmuir isotherm is based on the assumptions
that molecules on the surface are absorbed in one stratum, that
the adsorbed molecules do not move on the surface, that the
adsorption energy is the same across the surface, and that
there is no interaction between the adsorbed molecules.
The Langmuir isotherm is expressed by Eq. (4) [44—46].

=i @
+K,C,
where g is the maximum adsorption capacity (mg/g), K is
the Langmuir adsorption constant (L/mg).
Eq. (5) is obtained through the linearization of the
Langmuir equation.

The plot C/g, vs. C, for the adsorption of RB21 dye
on nonwoven textile in the Langmuir isotherm model
is shown in Fig. 6. The Langmuir isotherm constants g,
and K, were calculated based on this plot. The maximum
adsorption capacities calculated at the temperatures of
10°C, 25°C and 50°C are given in Table 1 as 68.97, 89.29
and 129.87 mg/g, respectively, while the K, values are given
for the same temperatures as 0.322, 0.252 and 0.303 L/mg,
respectively. The correlation coefficients given in Table 1
for the temperatures of 10°C, 25°C and 50°C are 0.987, 0.981
and 0.985, respectively, indicating a fit to the Langmuir
isotherm model.

Dimensionless equilibrium factors such as R, were
calculated using Eq. (6).

R =[1
1+K,C,

The adsorption process is unfavorable when R, is
greater than 1; linear when R, is equal to 1; favorable when
R, is between 0 and 1; and irreversible when R, is 0 [47].
The R, values calculated at the temperatures of 10°C, 25°C
and 50°C using Eq. (6) were 0.030, 0.039 and 0.032, respec-
tively, and these values were between 0 and 1, indicating
that adsorption was favorable.

In the Freundlich isotherm model, adsorption on an
adsorption surface is heterogeneous, and this isotherm
model is expressed with Eq. (7).

(6)

q.=K.C" @)
where K, is the adsorption constant that indicates the
adsorption capacity (mg/g (L/mg)""), n is the adsorption
constant that indicates adsorption intensity.
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Fig. 6. Langmuir plots for the adsorption of RB21 onto nonwoven textile at various temperatures.
The linear form equation for the Freundlich isotherm is RT
given in Eq. (8). q,= Tln(KfCe) )
Ing,=InK, + 1lnCe (8) Eq. (9) can be rearranged into a linear form as:
n
The plot of Ing, vs. InC, is used to calculate Freundlich g. = BInK, + BInC, (10)
isotherm constants K, and 7, in which K, indicates adsorp-
tion capacity, while n expresses favorability to the adsorp-
tion process. The slope of 1/n showed adsorption intensity here,
or surface heterogeneity and lay within the range of 0 to 1.
Heterogeneity increased as this value came closer to 0 [48,49].  p_ RT (11)
The RB21 dye adsorption data in the Freundlich iso- b

therm model is given in Table 1, and it was observed that
it did not fit the Freundlich isotherm model due to the low
values of correlation coefficients. As such, the Freundlich iso-
therm plot was not provided.

The Temkin isotherm, which involves interactions
between adsorbed materials and which was developed
by considering the adsorption enthalpy of all molecules
within the solution, is as expressed by Eq. (9).

where T is the absolute temperature (K), and R is the ideal
gas constant (8.314 J/mol K) [50]. B and K, were calculated
from the slope and intercept of the linear plot Ing, vs. InC,.
It was observed that the adsorption of RB21 did not fit
the Temkin isotherm model due to the low values of the
correlation coefficients given in Table 1 for 10°C, 25°C and
50°C. Thus, the Temkin isotherm plot was not provided.
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Table 1
Langmuir, Freundlich and Temkin isotherm constants for the
adsorption of RB21

Table 2
Langmuir isotherm capacities for the removal of RB21 with
various adsorbents

Temp. 10°C 25°C 50°C
Langmuir

q, 68.97 89.29 129.87

K, 0.322 0.252 0.303

R? 0.987 0.981 0.985

R, 0.030 0.038 0.032
Freundlich

n 4.170 3.514 2.723

K, 25.80 27.24 33.89

R? 0.864 0.849 0.847

Temkin

K, 11.12 6.469 5.124

B 10.14 13.76 22.04

R? 0.929 0.910 0.929

Table 2 compares the maximum adsorption capaci-
ties of different adsorbents that were determined with the
Langmuir isotherm model in previous studies from the liter-
ature on the removal of the RB21 dye.

Mohammadi et al. [57] reported that the kinetics and
isotherm studies of Reactive blue 21 dye and Ni ,Zn  Fe O,
magnetic nanoadsorbent system and they obtained that
the best fit was found to be Langmuir isotherm model for
this adsorption process following the pseudo-second-order
kinetics model. Also, Nojavan and Gharbani [39] adsorp-
tion reported that the response surface methodology for
optimizing adsorption process parameters of Reactive blue
21 onto modified kaolin, and they indicated that RB21 onto
K-CTAB was obeyed of Langmuir isotherm and adsorption
kinetics of RB21 onto K-CTAB was pseudo-second-order.
The results presented in this article appeared to be consis-
tent with the literature.

3.5. Kinetics of adsorption

Given the importance of adsorption kinetics in deter-
mining adsorption efficiency, various kinetics models were
used. To identify the adsorption steps that affect the adsorp-
tion of RB21, equilibrium data was analyzed using the
pseudo-first-order kinetic model and the pseudo-second-
order kinetic model [58].

The pseudo-first-order kinetic model specified by Lager-
gren is provided in Eq. (12).

d
T —k (g, -1,)

0t 12)

Eq. (13) was obtained by integrating and rearranging
Eq. (12) while applying the boundary conditions g, = 0 at
t=0and g,=q,att=t.

(13)

k
log(q, —q,)=logg, —[2'3103}

Adsorbent Adsorption Reference
capacity (mg/g)

Fly ash 106.72 [51]

Sepiolite 66.67 [51]

Acid-treated palm shell 24,866 [52]

powder

Chitosan 70.028 [52]

TiO, 22.79 [53]

Clay 40.385 [54]

Activated clay 34.758 [54]

Modified clay 46.511 [54]

Polyurethane foam 8.31 [55]

Clinoptilolite 9.652 [56]

Cationic nonwoven 129.87 In this study

where k, is the pseudo-first-order rate constant (1/min).

The g, and k, values were calculated from the slope
and intercept of the plot log (g, — q,) vs. t. The plot of the
pseudo-first-order kinetic model was not provided due
to the low values of the correlation coefficients, while the
q, k, and R? values for this model are given in Table 3.

The pseudo-second-order kinetic model is given by
Eq. (14), which is shown below.

d
%=kz(qe-q,)2

(14)
where k, is the second-order adsorption constant (g/mg min).
Eq. (15) was obtained by integrating and rearranging
when Eq. (14) while applying the boundary conditions
g,=0att=0andg,=q,att=t.

t 1 1
—=——+—t
q kg, 4,

(15)

By transferring the equilibrium data to the plot, the g,
and k, values were calculated from the slope of t/q vs. t-line
and the intercept of the y-axis [59,60]. The plots obtained
from the pseudo-second-order kinetic model are provided
in Fig. 7.

The intraparticle diffusion model was used to identify
the diffusion mechanism during adsorption process. The
intraparticle diffusion model is given by Eq. (16):

q :ki\/Z+Ci (16)
where k, (mg g” min™?) is the intraparticle diffusion con-
stant, C, is the constant which describes the boundary layer
affects [61].

The fact that correlation coefficients of the lines obtained
from the second-order kinetic model for the temperatures
of 10°C, 25°C and 50°C were higher than 0.99 indicates
that the adsorption of RB21 onto the nonwoven textile fitted
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the pseudo-second-order kinetic model as seen in Fig. 7.
As presented in the intraparticle diffusion model for the
temperatures of 10°C, 25°C and 50°C in Fig. 8, the intrapar-
ticle diffusion controlled the adsorption at Stage 1. Before
36 min, Stage 1 was finished and then the external surface
adsorption (Stage 2) was obtained and it continued from 36
to 144 min. Generally, intraparticle diffusion rate constant
k, was the slope of the line in Stage 1. Table 3 also listed
the rate parameter k, and its correlation coefficients. There
was some control of the boundary layer as it could be seen
from the value of C. At Stage 1, this stage was a progres-
sive process, and the rate constant k, is the highest point-
ing that the intraparticle diffusion is the main controlling
factor of adsorption rate for the 10°C, and it was seen that
intraparticle diffusion effect on adsorption was reduced
with temperature rise. In parallel with these presented find-
ings, Nazia et al. [42] reported the methylene blue removal
with acrylic acid and sodium styrene sulfonate grafted
nonwoven PE Fabric adsorption inferring the pseudo-
second-order adsorption kinetic model recommends that
the intraparticle diffusion process acted as the rate-limiting
step of the adsorption capacity.

3.6. Thermodynamic parameters

The standard Gibbs free energy (AG®), standard enthalpy
(AH®) and standard entropy (AS°) of the adsorption pro-
cess were obtained using the equations below with the
data obtained at the temperatures of 10°C, 25°C and 50°C.
The associated results are provided in Table 4.

Table 3

e 10°C
m25°C
A 50°C
60 80 100 120
Time (min)
C
K. =—4 17
=T (17)
AG°=-RTInK, (18)
InK. = _AH + AS (19)
RT R

where K_ is the equilibrium constant, C, is the RB21 con-
centration adsorbed at equilibrium time (mg/L), C, is the
RB21 concentration remaining in the solution at equilib-
rium time (mg/L), AG® is the change in free energy, R is the
universal gas constant (8.314 J/mol), and T: absolute tem-
perature (K).

The change in enthalpy (AH) and entropy (AS) calcu-
lated from the slope and intercept of the plot 1/T vs. InK,
as shown in Fig. 9, is provided in Table 4 [62].

Table 4
Thermodynamic parameters for the adsorption of RB21 onto
nonwoven textile at various temperatures

Temp. (°C)  AG® (kJ/mol) AH° (kJ/mol)  AS® (J/mol K)
10 -22.85

25 -26.38 26.00 173.71

50 -29.87

Kinetic parameters for the adsorption of RB21 onto nonwoven textile at various temperatures

Pseudo-first-order

Pseudo-second-order

Intraparticle diffusion

Temp. kinetic model kinetic model model
O

9. k, R 9. k, R k; G R?
10 4.046 0.025 0.251 34.01 0.007 0.995 6.3897 3.1597 0.991
25 7.127 0.024 0.502 40.65 0.017 0.999 4.7935 13.9200 0.997
50 -0.0007 0.817 0.0003 40 1.042 1 0.0895 39.5030 0.946




312

R?=0.9909

50
T T
40 I i
I
L
30 i .
ke &
o0 -
E 20
= ®
10 y
0
0 2 4

Fig. 8. Intraparticle diffusion model for the adsorption of RB21.
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Fig. 9. Plot of InK_. vs. 1/T for estimation of thermodynamic parameters.

A positive AH® (26.00 kJ/mol) indicates that the adsorp-
tion is endothermic, while a negative AG° for all tem-
peratures (-22.85, —26.38 and -29.87 kJ/mol) indicates
that the adsorption is spontaneous. The positive values of
AS° mean an increase in randomness at the solid/solution
interface [63,64].

3.8. Desorption

It was observed that, by the end of 120 min, 1.47% of
RB21 was released at 50°C, and 37.26% of RB21 was released
at 100°C from the RB21-adsorbed nonwoven textile. The
plot for the RB21 desorption is given in Fig. 10. El Messaoudi
et al. [65] reported similar results for the desorption
efficiency of Congo red increases from 83.13% to 92.89% for
dye-loaded Phoenix dactylifera date stones and from 77.18%
to 86.27% for Zizyphus lotus jujube shells with increasing
of the temperature from 10°C to 50°C.

4. Conclusion

The studied parameters that affected the adsorption
included the amount of adsorbent, initial dye concentration,
contact time and the effect of temperature. Whether the

adsorption of RB21 reactive dye fitted with the Langmuir,
Freundlich, and Temkin isotherm models was investigated,
and it was found that the molecules on the surface were
adsorbed in one stratum and fitted the Langmuir isotherm
model.

The results of the study can be summarized as follows:

In a comparison of the pseudo-first-order kinetic
model and pseudo-second-order kinetic model results of
the dye adsorption, it was found that the correlation coef-
ficient was significantly low in the first-order rate model,
and that the adsorption kinetics fitted the second-order
rate model. According to the intraparticle diffusion model
for the temperatures of 10°C, 25°C and 50°C, it was deter-
mined that the adsorption mechanism was controlled by
two steps: intra-particle diffusion (Stage 1) and external
surface diffusion (Stage 2). A positive AH® indicated that
the adsorption was endothermic, while a negative AG® for
all temperatures indicated that the adsorption was spon-
taneous. Positive values of AS°® indicate an increase in
randomness at the solid-solution interface.

The low values of desorption for the dye adsorbed non-
woven textile at 50°C and 100°C indicate that the product is
suitable for industrial use.
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Fig. 10. Desorption of RB21 onto nonwoven textile at various temperatures.

The nonwoven textile had a greater dye adsorption
capacity than many of the existing adsorbents. The use of
nonwoven textiles as an adsorbent for the removal of dye
from dye-containing wastewater can be considered an effec-
tive and economic method for removing dyes from textile
wastewater.
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