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Abstract

The present study aims at evaluating the potential of synthesized biosorbents using NaOH-activated dead leaves of Ficus rac-
emosa (NTFR) and Prunus dulcis (NTPD) for the treatment of real industrial effluents containing dyes. Kinetic and isotherm
studies have been performed to establish the important design-related information for the treatment of industrial effluent using
synthesized biosorbents. The extent of dye removal obtained as 99.19% for the studies involving pure dye solution of Acid
Blue 25 dye with 50 mg L™ as initial concentration using NTFR biosorbent was found to decrease marginally to 96.72% in
the case of real effluent with similar dye loading and under similar operating conditions. Biosorption capacity for the case
of pure Acid Blue 25 dye solution obtained as 83.33 mg g™! also marginally decreased to 80.65 mg g~! for the industrial
effluent. Similarly, for the case of Acid Green 25 dye, extent of dye removal obtained as 92.09% was found to decrease to
84.51% in the case of mixed industrial effluent. In this case, reduction in chemical oxygen demand (COD) was also measured
and compared with that of pure Acid Green 25 dye solution. COD reduction was obtained as 53.97% at the optimized dose
of 18 g/L of NTPD for mixed industrial effluent which was lower than 92.05% obtained at the optimized biosorbent dose for
pure Acid Green 25 dye solution. Langmuir and pseudo-second-order model fitted well to the obtained data in the present
study. The obtained results confirmed potential of synthesized biosorbents for removal of dyes from industrial effluent and
also established the influence of other compounds present in the industrial effluent on removal rate of individual dyes.

Article Highlights

Novel biosorbents applied for treatment of real dye-containing industrial effluent.
Comparison of removal rates for real effluent and simulated solutions.

Kinetic and adsorption isotherm fitting to the obtained experimental data.

COD reduction analysis confirmed the interaction of other compounds on dye removal.
Lower dye removal observed for real effluent as against simulated effluents.
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Introduction

Water pollution is one of the serious problems, increasing
day by day and causing severe damage to the entire ecosys-
tem (Natarajan et al. 2018). Dyes are contributing signifi-
cantly to water pollution often due to the color associated
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Different industries as dyestuffs, paper and plastic industries
are using dyes widely and generating large volume of the
colored wastewater (Rangabhashiyam et al. 2013). Textile
industries also contribute significantly to water pollution
as dyes have been used intensively by these industries to
color textile products, which in turn generate dye-bearing
wastewater due to improper dye fixation (Adegoke and Bello
2015). Dye effluents also contain other chemicals such as
acids, bases, salts, surfactants, etc. which are being used
in the processing to obtain desired quality in the fabrics.
These chemicals along with the dyes increase the COD and
also can affect the removal kinetics of dyes (Ponnusami and
Srivastava 2009). Dye effluent when discharged into the
water bodies without proper treatment reduces the transfer
of sunlight and hence oxygen penetration to interior of the
water bodies, adversely affects the photosynthetic activity of
aquatic system (Li et al. 2017; Ngulube et al. 2017). Addi-
tionally, exposure of dyes to humans may cause irreparable
damage to different parts of human body as kidney, liver,
reproductive system, etc. (Wang et al. 2018). Thus, dye efflu-
ent represents a dangerous threat to ecosystem and hence it
is of utmost importance to remove dyes from effluents to
overcome the associated subsequent ecological and indus-
trial problems (El-naggar et al. 2018).

Various physical and chemical technologies such as
membrane separation, coagulation, adsorption, and oxida-
tion have been developed and applied by the researchers
to treat dye-containing wastewater. Most of these tech-
niques have their own advantages but suffer from different
limitations as sludge and byproduct formation, high cost,
longer treatment times etc. (Salleh et al. 2011; Zhou et al.
2015). Adsorption is found to be an efficient technique as
the method is cost effective, simple in design, produces
good-quality effluent after treatment and does not lead to
formation of environmentally harmful products (Crini
2006; Kim et al. 2018). Various adsorbents in their native
and activated forms have been tried by the researchers for
treatment of wastewater containing dyes. Various reports
are available in the literature on dye removal using adsorp-
tion where synthetic (simulated) dye solutions have been
prepared by the researchers and different adsorbents have
been developed and tried for the treatment of dye containing
wastewater. Very few reports are available in the literature
where dye removal was reported from real industrial efflu-
ent, obtained from the dye or textile processing industry.
For example, Ponnusami and Srivastava (Ponnusami and
Srivastava 2009) applied the teak leaf powder for methyl-
ene blue removal from simulated and industrial effluent. Dye
removal from effluent was reported as 57.41% and reduc-
tion in COD was reported as 45.95%. Ahmad and Hameed
(Ahmad and Hameed 2009) developed activated carbon
from bamboo waste based on activation using phosphoric
acid and synthesized activated adsorbent was then applied
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for color removal from real effluent obtained from textile
mill. Dye removal was reported as 91.84% and reduction in
COD was reported as 75.21% under the optimized condi-
tions of pH as 3, and adsorbent dose of 3 g L™! in a contact
time of 10 h. Considering the limited data on treatment of
real industrial effluents, the current work has focused on
treatment of real wastewater obtained from textile process-
ing industry based on two activated adsorbents developed
in the laboratory from sustainable resources. In our earlier
work (Jain and Gogate 2017a), biosorbent was synthesized
from dead (fallen) leaves of Ficus racemosa based on NaOH
activation (NTFR) and then applied for Acid Blue 25 dye
removal from synthetic wastewater. In the present study, the
synthesized biosorbent (NTFR) has been applied for treat-
ment of real industrial effluent mainly containing Acid Blue
25 dye. In another work (Jain and Gogate 2018), biosorbent
synthesized from dead (fallen) leaves of Prunus dulcis based
on NaOH activation (NTPD) was applied for Acid Green
25 dye removal again from synthetic wastewater. In the pre-
sent study, the same biosorbent (NTPD) has been applied
for Acid Green 25 dye removal from real industrial mixed
effluent. The objective of the present study is to check the
potential of synthesized biosorbents, NTFR and NTPD for
dye removal from real industrial effluent and also to check
the influence of other compounds present in the industrial
effluent on removal efficiency of individual dye. As none of
the earlier studies have reported the use of NTFR and NTPD
biosorbents for the treatment of real industrial effluent, the
novelty of the current work is clearly established. Kinetic
and isotherm studies have also been performed and obtained
results of dye removal from industrial effluent have been
compared with the results obtained for dye removal from
synthetic wastewater.

Materials and Methodology
Materials and Instrumentation

Dead leaves of F. racemosa (FR) and P. dulcis (PD) were
collected from Nashik city. Industrial dye effluents used in
the present study were obtained from Lotus Enterprises,
Mumbeai. One dye effluent contained single dye as Acid Blue
25 (targeted pollutant) along with other compounds. Another
dye effluent was a mixture of two dyes, Acid Green 25 dye
(targeted pollutant) and Acid Red 52 dye along with other
compounds. Batch experiments were conducted in orbital
shaker (Bio-Technics, India). UV-visible spectrophotometer
(UV 1800, Shimadzu, Japan) was used for analysis of the
concentration of dyes. Chemical oxygen demand (COD)
analysis was also performed using COD digester (Bio Tech-
nics, India).
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Biosorbent Synthesis

FR and PD leaves were washed with distilled water, dried in
air and crushed. The obtained powder (10 g) of leaves was
screened, impregnated with 1% NaOH solution (50 mL) and
activated in oven for 4 h at 323 K. The obtained thick brown
paste was then filtered and washed frequently with hot water
so that lignin in the leaves gets removed. When complete
lignin removal occurred as observed by no color after mix-
ing the powder in water, the obtained lignin-free powder was
then thermally activated in oven. The synthesized NaOH-
treated FR (NTFR) and PD (NTPD) biosorbents were then
kept in dessicators for subsequent use in the adsorption stud-
ies. The detailed characterization studies for the synthesized
biosorbents and method for determination of point of zero
charge (pHp,) have been already explained in our earlier
papers (Jain and Gogate 2017a, 2018).

Analysis of Dyes

Spectrums of Acid Blue 25 and Acid Green 25 dyes were
initially obtained. Maximum wavelength of UV absorption,
Amax Of Acid Blue 25 and Acid Green 25 dyes was estab-
lished using the obtained spectrums at 602 and 642 nm,
respectively. Initially calibration curves were prepared based
on the analysis of dye solutions of known concentrations.
The quantification of dyes in the residual solutions after
adsorption was then performed using established calibra-
tion curves.

Experimental Methodology

The experiments were conducted with 50 mL of solution
of dye/effluent in 100 mL of conical flasks equipped with
stoppers. Biosorbent in required quantity was added into the
solution and stirred in orbital shaker at the speed of 150 rpm
at pH of 2 and at the desired temperature. Kinetic studies
have been performed for removal of Acid Blue 25 dye from
industrial effluent and from pure dye solution using NTFR
biosorbent. Isotherm studies have been performed over
the temperature range from 293 to 323 K for Acid Blue 25
removal from industrial effluent using NTFR biosorbent. In
the case of mixed industrial effluent, effect of biosorbent
dose and contact time was studied for the adsorptive removal
of Acid Green 25 from mixed industrial effluent and also
from pure dye solution using NTPD biosorbent at pH of 2.
The obtained results have been compared in terms of extent
of dye removal and reduction in COD.

Biosorption capacity, g, (mg g~!) at any time 7 (min) was
calculated using following equation:

M

9, = ey

where C; and C, (mg L") are the initial concentration and
concentration of dye remaining in residual solution at time
t, respectively, V is volume of dye solution (mL) and M is
biosorbent mass (g).

Dye removal (%) was calculated using the equation given
below:

C, —C,
Dye removal(%) = x 100 2)

Isotherm Study

The obtained experimental isotherm data for Acid Blue 25
removal from industrial effluent using NTFR have been ana-
lyzed using following different isotherms:

Freundlich Isotherm
Freundlich model (Freundlich 1906) is expressed as below:

1/n
qde = KFCe/ ’ (3)
The model in the linearized form is as below:
1
Ing, = n—Flnce + InKg 4)

where K. is constant of Freundlich model (mg g~}
(L mg™!) Ine C, is equilibrium dye concentration (mg L™")
and np is dimensionless factor.

Langmuir Isotherm

Langmuir model (Langmuir 1918) is expressed as below:

g. = QmKLCe (5)
¢ 1+K.C,
The model in the linearized form is as below:
Cc. C, 1

— = = 4 6
9e 9m ‘ImKL ( )

where ¢g,,, is maximum uptake capacity (mg g™ and K, is
the model constant of Langmuir isotherm (L mg~").

Temkin Isotherm

Temkin model (Temkin and Pyzhev 1940) is expressed as
below:

q. = B,In(CKy) @)

q. = B|InC, + B|InK; (8)
where B, (mg g_l) and K (L mg_l) are constants of Temkin
model.

@ Springer



International Journal of Environmental Research

Kinetic Study
The experimental kinetic data of Acid Green 25 removal

from mixed industrial effluent using NTPD have been ana-
lyzed using following kinetic models:

Pseudo-First-Order Model

Pseudo-first-order model (Lagergren 1898) is described
using the following equation:

q, = q.|1 — exp(—kt)] ©)
The model in the linearized form is as below:

log ( ) = L 10

0g(de = 49) = —5353 T 1024 (10)

where g, is biosorption capacity at equilibrium (mg g~!) and
k¢ is pseudo-first-order rate constant (min™h).

Pseudo-second-order model

Pseudo-second-order model (Ho and Mckay 1999) is
described using the following equation:

2
gkt
= — 11
U= T kg (b
The model in the linearized form is as below:
Lot ’
4 4. k? (12)

where k, is pseudo-second-order rate constant
(g mg~' min7").

Fractional Power Law Model

Fractional power law model (Inyinbor et al. 2016) is
described using the following equation:

g, = ki’ (13)
The model in the linearized form is as below:

Ing, = blnt + Ink (14)

where k (mg g~! min™) and b are model constants.

Error Analysis

Error analysis was performed using the root mean square
error (RMSE) (Dastkhoon et al. 2017). The best kinetic

and isotherm model fitted to the obtained data were deter-
mined based on RMSE and correlation coefficient (R?)
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values. RMSE values have been determined using the
equation as given below:

2 1 2
RMSE = \/ v > (Gexp — deat) (15)

where N is number of observations for a particular set
of operating conditions, g, is the biosorption capacity
obtained experimentally and g, is the biosorption capacity
value obtained from the model equation.

Thermodynamic Analysis

Thermodynamic parameters such as free energy change,
AG® (kJ kmol™"), entropy change, AS° (kJ] mol~! K~!) and
enthalpy change, AH? (kJ kmol~!) have been estimated to
predict feasibility, spontaneity, and type of adsorption. Ther-
modynamic parameters were evaluated using the equation
as below:

AG' | AH® A8

InKp = —=L = -2
RT RT ' R

(16)
where K- is biosorption equilibrium constant obtained from
isotherm constants and R is gas constant (kJ kmol™! K71,

Results and Discussion
Characterization of Biosorbents

Applied NaOH treatment to dead leaves of FR and PD
removed the lignin content from interior of the pores and
resulted in an increase in surface areas as established using
the BET analysis. Surface area of the adsorbents increased
from 21.18 to 136.26 m? g~! for the FR (Jain and Gogate
2017b) and from 67.21 to 426.35 m®> g~! for the case of
PD due to applied NaOH treatment. pH,. of NTFR and
NTPD was estimated as 7.48 and 6.27, respectively (Jain and
Gogate 2017a, 2018). The targeted pollutants in the present
work are Acid Blue 25 and Acid Green 25 dye, which are
anionic dyes and hence all the experiments were carried out
at acidic pH of 2 as cationic charge will be formed on NTFR
and NTPD biosorbents in acidic medium, which will favor
removal of anionic dyes based on electrostatic attractions
(Sonai et al. 2016).

Treatment of Acid Blue 25 Dye Containing Industrial
Effluent

Kinetic Studies

Kinetic studies for the treatment of Acid Blue 25 dye con-
taining industrial effluent were carried out for the solution
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with initial loading as around 50 and 100 mg L™! of Acid
Blue 25 dye for better comparison with the results obtained
using pure dye solution (simulated effluent) of 50 and
100 mg L~! as the initial concentration of Acid Blue 25 dye.
The obtained results are depicted in Fig. 1a, b for the two
cases of initial concentrations as 50 and 100 mg L', respec-
tively. To check the influence of other compounds present
in Acid Blue 25 dye containing real industrial effluent on
dye removal and biosorption capacity of NTFR biosorbent,
operating parameters as biosorbent dose, pH, contact time
and temperature were kept constant at the optimum values
as established during the study for removal of synthetically
prepared Acid Blue 25 dye (pure) using NTFR biosorbent
[15]. As observed from Fig. 1a, b dye removal from real
industrial effluent using NTFR biosorbent was found to be
faster in the initial periods of adsorption and then decreased
gradually, a trend similar to that observed for pure solutions.
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Fig. 1 Effect of contact time on Acid Blue 25 removal from pure
dye solution and industrial effluent using NTFR biosorbent a
C=50 mg L™' b C;=100 mg L' (7=303 K, =300 min, pH=2,
m=4 gL

In the initial treatment time, more vacant sites are available,
where molecules of dye can get adsorbed easily but later
the adsorption rate slowed down based on the occupancy
of most of the sites (Jain and Gogate 2017c). Similar trend
of faster removal in early time and then gradual reduction
in adsorption extent with time was also reported for the
adsorptive removal of reactive red 120 using Chara con-
traria (Celekli et al. 2012).

The extent of dye removal obtained in the present work
was different in the two cases of simulated and real industrial
effluents with 99.19% obtained for pure dye solution and
96.72% for the industrial effluent with same initial dye con-
centration (50 mg L' and same contact time of 300 min.
Similarly dye removal obtained as 98.8% for the 100 mg L™
of pure dye solution was found to decrease to 93.84% in the
case of industrial effluent of same concentration and same
contact time of 300 min. The obtained results indicated
decrease in rate of dye removal in the case of industrial efflu-
ent in comparison with the pure dye solution attributed to the
fact that the industrial effluent also contains salts and other
compounds in addition to dye, which can compete with the
dye for adsorption on the biosorbent, resulting in decrease
in the extent of dye removal. Similar trend of decrease in
dye removal due to presence of salts in dye solution has also
been reported for the system of anionic dyes removal using
peanut hull based biosorbent (Gong et al. 2005) and carbon
nanotubes (Maleki et al. 2017). Biosorption capacity (g,) in
the case of industrial effluent was observed to increase from
12.09 mg g~! at 50 mg L~! to 23.46 mg g~! at 100 mg L~
of Acid Blue 25 concentration, similar to that observed for
pure dyes. Increase in Acid Blue 25 concentration leads
to enhanced driving force resulting in higher values of g,.
Similar trend was also reported for methylene blue removal
(Babheri et al. 2016) in the literature.

Isotherm Studies Showing Effect of Temperature

Isotherm studies at different temperatures were also con-
ducted for Acid Blue 25 containing industrial effluent. The
obtained reults for the Effect of temperature on the removal
of Acid Blue 25 is depicted in Fig. 2. As observed from
Fig. 2, equilibrium curves obtained for industrial effluent
were also found to be initially steeper and became flatter
in the later stages. It can also be seen from the Fig. 2 that
the biosorption capacity, g,, values are higher at increased
temperature and maximum value was obtained at tempera-
ture of 323 K. Quantitatively speaking, g, value increased
from 74.63 to 80.65 mg g~ !, when temperature of dye solu-
tion was increased from 293 to 323 K. Higher biosorption
capacity values at enhanced temperature may be attributed
to increased mobility of dye molecules from solution to the
biosorbent surface at increased temperatures (Abdi et al.
2017). Similar trend of higher biosorption capacity values at
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80

q. (mg g7)

150

C,(mg L7)

Fig.2 Equilibrium adsorption isotherms for removal of Acid Blue
25 dye from industrial effluent using NTFR (r=180 min, pH=2,
m=4gL™")

increased temperature has also been reported for the adsorp-
tive removal of methylene blue using saw palmetto spent
(Papegowda and Syed 2017).

The biosorption capacity for the case of pure Acid Blue
25 dye solution obtained as 76.92 mg g~! was found to mar-
ginally decrease to 74.63 mg g~! for industrial effluent at
293 K. Similarly the biosorption capacity for the case of
pure Acid Blue 25 dye solution obtained as 83.33 mg g~!
decreased marginally to 80.65 mg g~! for industrial effluent
at 323 K. The obtained results indicated decrease in biosorp-
tion capacity in the case of industrial effluent due to the
presence of salts and other organic compounds in industrial
effluent (Wang et al. 2015). Similar trend of decrease in
adsorption capacity due to the presence of salts has also been
observed for the adsorptive removal of direct 80 dye using
propylene imine-based adsorbent (Hayati et al. 2011). The
obtained results in the present study indicated that decrease
in biosorption capacity of industrial effluent was not sig-
nificant in comparison with pure dye solution, confirming
that established results in present study can be applied to
industrial effluents containing salts (appropriate care can be
taken to slightly increase the biosorbent dose so as to get the
desired removal efficacies).

Isotherm Model Fitting

Isotherm model parameters and correlation coefficient (R%)
values for the fitting have been obtained from the isotherm
plots of Freundlich, Langmuir and Temkin model as shown
in Fig. 3a—c, respectively. The isotherm parameters obtained
using model fitting, R? and RMSE, error values have been
depicted in Table 1. It can be predicted from Fig. 3a—c (rep-
resentative case at 303 K) that perfect linear fitting with
almost all points on a line is obtained for Langmuir model
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Fig.3 a Freundlich b Langmuir ¢ Temkin representative plot for
adsorptive removal of Acid Blue 25 from industrial effluent using
NTFR (r=180 min, pH=2, m=4 g L™!, T=303 K)

in comparison with Temkin and Freundlich models. It can
also be observed from Table 1 that R? values of Langmuir
model (average value of 0.9959) are very close to unity in
comparison with R? values of Freundlich (average value
of 0.9763) and Temkin model (average value of 0.9752).
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Table 1 Isotherm parameters for Acid Blue 25 removal from indus-
trial effluent using NTFR (r=180 min, pH=2, m=4 g L)

Isotherm model Parameter Values
Freundlich T (K) 293 303 313 323
Ky (mg ¢ 975 10.68  12.03 13.48
(L mg~! ) e
1/ng 0.4213 0.4176 0.4085 0.3984
R’ 0.9782 0.9765 0.9763 0.9743
RMSE 4233 4810 5244 5.661
Langmuir T (K) 293 303 313 323
g (mgg™) 7463 7692 7874 80.65
K (L mg™h)  0.059 0.067 0.080 0.095
R’ 0.9959 0.9961 0.9957 0.9959
RMSE 2.057 2.169 2510 2.751
Temkin T (K) 293 303 313 323
B, (mgg ) 1408 1429 1431 14.24
Kp(Lmg™) 086  1.02 1.31 1.69
R’ 0.9841 0.9788 0.9708 0.9672
RMSE 2333 2815 3450 3.788

Table 2 Thermodynamic parameters for Acid Blue 25 removal from
industrial effluent using NTFR (r=180 min, pH=2, m=4 g L)

AG® (k) mol™) AH° AS°

(kJ mol™") (kJ mol™! K1)
293K 303K 313K 323K
—3441 -3590 —37.55 —39.21 1261 0.16

Additionally, as seen from Table 1, least values of RMSE are
obtained for Langmuir isotherm in comparison with Temkin
and Freundlich isotherms for all the studied temperatures.
All these observations confirmed that isotherm data were in
best agreement with the Langmuir isotherm. Similar trend of
better fitting for Langmuir isotherm has also been reported
for removal of methylene blue using dead leaves of Typha
angustifolia (Boumaza et al. 2018). The trend of isotherm
fitting reported in the present work is not generalized as
other fittings have also been reported in the literature such
as for adsorption of Congo red on zinc peroxide, where Fre-
undlich fitting was reported to best (Chawla et al. 2017). It is
hence recommended to check the fitting of the experimental
data of specific system to various isotherm models as per the
methodology described in the present work.

Adsorption Thermodynamics

Thermodynamic parameters in the present study have also
been determined from the plot of In K versus 1/T and
obtained values are depicted in Table 2. AG® values for all
studied temperatures were obtained as negative, which con-
firmed feasible and spontaneous nature of the adsorption

system (EIl Atouani et al. 2018). Positive value of AH® was
obtained which confirmed endothermic nature. Value of
AH® was obtained as 12.61 kJ mol~!, which is less than
40 kJ mol~! confirming physical nature of adsorption (Bhat-
nagar et al. 2009). Positive value of AS® confirmed increased
randomness during adsorption of Acid Blue 25 from indus-
trial effluent using NTFR (Dash et al. 2018).

Treatment of Mixed Effluent Containing Acid Green
25 Dye

Mixed dye effluent was obtained from the industry to check
the influence of presence of mixtures of dyes along with
salts and other compounds present in the effluent on the
removal of individual dye (Acid Green 25). The obtained
mixed effluent was mainly containing Acid Green 25 dye
(targeted pollutant) and Acid Red 52 dye along with salts
and other compounds. Mixed effluent was found to con-
tain 409.895 mg L' of Acid Green 25 dye. The initial
COD of the mixed effluent was measured and found as
1530.14 mg L™". In this approach, studies were performed
directly on the mixed industrial effluent without dilution.
Studies related to the effect of biosorbent dose and also the
kinetic studies were performed on the mixed effluent using
NTPD biosorbent and obtained results have been compared
with results for the pure Acid Green 25 solution of similar
dye concentration as present in the industrial effluent.

Biosorbent Dose Study

The effect of biosorbent dose on the extent of dye removal
was studied for the mixed effluent by varying the biosorbent
(NTPD) dose over the range of 2 to 24 g L™!. Samples were
withdrawn from the orbital shaker and analyzed to measure
Acid Green 25 dye concentration and COD values to estab-
lish the extent of dye removal (%) and reduction in COD (%)
for the industrial effluent. The obtained results are depicted
in Fig. 4 and Fig. 5, respectively. Extent of dye removal
was observed to increase with biosorbent dose for both the
type of dye solutions, which is attributed to the fact that
when biosorbent dose is increased, amount of biosorbent
increases for the same of dye concentration and hence prob-
ability of dye adsorption increases, leading to enhanced dye
removal. Similar trend of enhanced dye removal at higher
biosorbent dose was also reported for adsorption of crystal
violet on hybrid nanocomposites (Attallah et al. 2016). In
the case of mixed industrial effluent studied in the current
work, Acid Green 25 dye removal was found to increase
from 21.89 to 84.51% with an increase in the NTPD dose
from 2 to 18 g L™!. Dye removal (%) was slightly increased
from 84.51 to 84.74% when biosorbent dose was subse-
quently increased from 18 to 24 g L~!. Similarly, the extent
of COD reduction of mixed effluent was found to increase
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Fig.4 Effect of NTPD biosorbent dose on Acid Green 25 removal
from mixed effluent and pure AG 25 dye solution (pH =2, T=303 K)
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Fig.5 Effect of NTPD biosorbent dose on COD reduction for mixed
effluent and pure Acid Green 25 dye solution (pH=2, T=303 K)

from 14.81 to 53.97% when NTPD dose was increased from
2 to 18 g L™! and remained almost constant thereafter for an
increase in biosorbent loading up to 24 g L~!. Higher value
of the residual COD as 704.35 mg L~! (COD reduction of
only 53.97%) even after significant dye removal using opti-
mum loading of biosorbent can be attributed to other dye
(Acid Red 52) and organic compounds which are present in
the mixed effluent, which are not completely adsorbed on
the biosorbent. Considering the obtained results, biosorbent
dose of 18 g L™! was finalized as the optimum for kinetic
study of mixed effluent.

The obtained results for the study of effect of biosorbent
(NTPD) dose on Acid Green 25 dye removal and reduction
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in COD under conditions of varying NTPD dose over the
range of 2 to 24 g L™! for the case of synthetically pre-
pared Acid Green 25 dye solution of similar concentration
as present in the mixed industrial effluent indicated that dye
removal increased from 29.98 to 92.09% when NTPD dose
was increased from 2 to 16 g L™!. Dye removal slightly
increased from 92.09 to 92.42% with a further increase in
the biosorbent dose from 16 to 24 g L™!. Similarly COD
of the synthetically prepared Acid Green 25 dye solution
reduced from initial COD of 712.45 to 56.67 mg L™! after
the treatment using the biosorbent dose of 16 g L™!. The
lower values of COD in pure Acid Green 25 dye solution as
compared to the case of real effluent also confirmed the pres-
ence of organic compounds and dyes in the real industrial
effluent. For the case of pure Acid Green 25 dye solution,
biosorbent dose of 16 g L™! was finalized as the optimum
and used for further kinetic study.

Kinetic Study

Kinetic study was performed for the treatment of mixed
effluent and pure Acid Green 25 dye solution using NTPD
biosorbent. The obtained results for dye removal at different
treatment times have been depicted in Fig. 6 for both types
of dye solutions. It can be seen from the figure that Acid
Green 25 dye removal was very rapid in the initial period
of adsorption for both the types of dye solutions. In the
case of mixed industrial effluent, dye removal significantly
increased from 29.02 to 84.51% when the contact time was
increased from 15 to 390 min. Subsequently, dye removal
increased slightly from 84.51 to 84.68% with an increase in
contact time from 390 to 450 min establishing that equilib-
rium was achieved at 390 min of treatment time. In the case
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Fig.6 Effect of contact time on Acid Green 25 removal from mixed
effluent and pure Acid Green 25 dye solution (pH=2, 7=303 K,
t=450 min)
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of pure dye solution as seen from Fig. 6, dye removal was
found to be higher as compared to the mixed effluent as no
other compounds were present in pure dye solution except
Acid Green 25 dye, which can compete for dye adsorption.
Dye removal was observed to significantly increase from
38.57 to 92.09% when contact time was increased from 15
to 330 min and subsequently dye removal slightly increased
from 92.09 to 92.52% when contact time was increased from
330 to 450 min, a trend similar to the industrial effluent. It is
important to note that the equilibrium time required for pure
solution is lower as compared to the mixed industrial effluent
confirming the competition from other compounds. It was
also established that maximum Acid Green 25 dye removal
was obtained as 92.09% at 16 g L™! of biosorbent dose and
contact time of 330 min for pure dye solution whereas maxi-
mum Acid Green 25 dye removal obtained was 84.51% at
18 g L™! of biosorbent dose and contact time of 390 min
for mixed industrial effluent. All the obtained results indeed
confirmed efficient removal of dye in the case of syntheti-
cally prepared effluent.

Obtained results for COD reduction (%) for both the solu-
tions have been depicted in Fig. 7. In the case of mixed
industrial effluent, COD reduction (%) was found to increase
from 16.41 to 53.97% when contact time was increased from
15 to 390 min. After 390 min, COD value remained con-
stant up to 450 min for the case of industrial effluent. COD
reduction obtained was only 53.97% establishing that Acid
Red dye and other compounds present in the mixed efflu-
ent were not adsorbed significantly on NTPD biosorbent.
In the case of pure dye solution, COD reduction (%) was
found to increase significantly from 36.36 to 92.05% when
contact time was increased from 15 to 330 min and remained
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Fig. 7 Effect of contact time on COD reduction for mixed effluent
and pure Acid Green 25 dye solution (pH=2, 7=303 K, =450 min)

constant thereafter up to 450 min of treatment time, attrib-
uted to equilibrium.

The initial COD value of mixed effluent was
1530.14 mg L', which reduced to 704.352 mg L™! at the
end of the kinetic study in the case of mixed effluent. Higher
COD value at the end of kinetic study is attributed to the
fact that Acid Red 52 dye and other compounds present in
the mixed effluent were not adsorbed on the NTPD biosorb-
ent and contributed to the residual COD. In the case of
pure Acid Green 25 dye solution, COD value was initially
712.45 mg L™, which significantly reduced to 56.67 mg L™
at the end of the kinetic study. The obtained results con-
firmed potential of synthesized NTPD biosorbent to effec-
tively remove Acid Green 25 dye from real industrial effluent
though the overall COD reduction is lower.

Kinetic Model Fitting

The kinetic model parameters obtained using model fit-
ting, along with the R? and RMSE, error values are
depicted in Table 3. The degree of the kinetic model fit-
ting to the experimental kinetic data is depicted in Fig. 8 in
terms of comparison of biosorption capacity values obtained
experimentally (g.,) and calculated using model equation
(gca)- It can be observed from the figure that g, and g, are
almost close to each other for pseudo-second-order model
and quite different for the fractional power and pseudo-first-
order models. It can also be verified from Table 3 that g,
and g, values are closer to each other for pseudo-second-
order model whereas g, and g, are significantly deviat-
ing from each other for the predictions using pseudo-first-
order and fractional power model equations. Also, R? values
obtained for pseudo-second-order model (average value of
0.9990) are closer to unity than pseudo-first-order (average
value of 0.9429) and fractional power models (average value
of 0.9658). Additionally, it can be observed from Table 3
that least values of the error function, RMSE are obtained
for pseudo-second-order model in comparison with pseudo-
first-order and fractional power models . All these obtained
findings established better fitting of pseudo-second-order
model to the kinetic data of adsorptive removal of Acid
Green 25 from mixed effluent and pure dye solution using
NTPD. Similar trend of fitting of kinetic data to pseudo-sec-
ond-order equation has also been reported earlier for crys-
tal violet removal using modified fig leaves (Alizadeh et al.
2017). The trend of kinetic fitting reported in the present
work is not generalized as cases of other best fittings have
also been reported in the literature. For example for adsorp-
tion of malachite green dye, it was reported that first order
model fitted best to the obtained experimental data (Giindiiz
and Bayrak 2017). It can be thus said that it is necessary to
check the fitting of the experimental data of specific system
to various kinetic models as per the methodology described

@ Springer
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Table 3 Kinetic parameters
for Acid Green 25 removal

from mixed effluent and pure
dye solution using NTPD
(T=303 K, =450 min, pH=2)

Kinetic model Parameter Mixed effluent Pure dye solution
Pseudo-first-order Gexp (Mg g 19.28 23.67
G (Mg g7 24.52 26.06
k¢ (min~") 0.0157 0.0161
R’ 0.9231 0.9627
RMSE 4.902 2.659
Pseudo-second-order Gexp (Mg gh 19.28 23.67
G (mg g1 21.46 25.71
k, (g mg~" min~") 0.0010 0.0011
R 0.9990 0.9990
RMSE 0.393 0.672
Fractional power law k (mg g7 min™®) 3.22 5.51
b 0.3089 0.2515
R’ 0.9634 0.9682
RMSE 0.882 0.860
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Fig.8 Comparison of ¢, and g, for removal of Acid Green 25 from
mixed industrial effluent (pH=2, m=18 g L', t=450 min)

in the present work and hence the importance of the current
work is clearly established.

Conclusions

The present study established the potential of synthesized
NTFR and NTPD biosorbents for the dye removal from real
industrial effluents. The extent of dye removal and biosorp-
tion capacity was observed to be marginally lower in the
case of real effluent as compared to the pure Acid Blue 25
dye solution, attributed to the salts and other organic com-
pounds present in the industrial effluent. In the case of mixed
industrial effluent containing Acid Green 25 dye also, similar
trends for extent of dye removal were observed though the
extent of decrease in dye removal was comparatively higher.

@ Springer

In addition COD analysis revealed that COD reduction (%)
as 53.97% at the optimized dose of 18 g L™! of NTPD for
the real effluent was much lower than 92.05% obtained at the
optimized biosorbent dose of 16 g L™! for pure Acid Green
25 dye solution. Based on the COD analysis, NTPD biosorb-
ent was established to be less efficient in removing other dye
(Acid red 52) and compounds present in the mixed efflu-
ent. The overall study established potential of synthesized
biosorbents in removing specific dyes from industrial efflu-
ents and also the influence of other compounds on removal
efficiency of individual dyes.
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