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Abstract: The textile, leather, paint and other industries discharge lots of dyes
in their effluent which can cause major impact to environment and human life.
Therefore, it becomes necessary to eliminate the dye from the effluent before
its discharge and reuse. Several procedures for the removal and inactivation of
dyes have been proposed over past, but the adsorption has gained popularity
due to its efficiency and operational ease. Use of the biochars as an adsorbent is
gaining attention due to their low cost, availability and high adsorption cap-
ability. The current study focuses on the removal of basic Fuchsin (BF) dye by
adsorption using Jamun (Syzyum cumini) seed powder biochar as an adsorbent.
The biochar was characterized through various analyses such as: XRD, EDS,
FTIR, TGA and SEM. Adsorption was studied by varying the parameters such
as pH, contact duration, temperature, adsorbent dose, and temperature. Further,
the isotherm, kinetic and thermodynamic studies were also performed to under-
stand the adsorption mechanism. The maximum adsorption capacity for BF dye
was found with Jamun seed biochar produced at 500 °C. The study reveals that
the biochar manufactured from Jamun seed power has a significant potential
for the elimination of BF dye from wastewater.
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INTRODUCTION

The cosmetics, textiles, paper, pharmaceuticals and leather industries con-
sume enormous quantities of dyes and chemicals during the processing of raw
materials and the making of different products. Accordingly, they generate large
volumes of dyes-containing liquid effluents which need to be treated for the
removal of dyes prior to their disposal, as the untreated waste water may impart
toxicity to aquatic life and damage the quality of receiving water bodies and
environment.! There are different treatment techniques which have been used for
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the reduction of dye such as advanced oxidation, ozonation, adsorption, coagul-
ation/flocculation, aerobic and anaerobic degradation, membrane filtration, etc.2-5
Each technique is having its own advantages and drawbacks but the adsorption
has got a lot of attention because of its operational ease, low cost, flexibility,
design simplicity, efficiency and profitability.6

India’s textile sector consumes almost 80% of the overall production of
130,000 tons of dyestuff,” which include non-biodegradable dye in the concen-
trations ranging from 1 to 2500 mg L-1.8 There are about 100,000 commercially
available dyes® and basic Fuchsin (BF) dye is one of widely used dye in the
textile sector. Due to its toxicity the BF dye can cause several health issues such
as skin infection, nausea irritation, vomiting and diarrhoea, damages organs like
spleen, thyroid and liver. Also, its inhalation can result in respiratory irritation.10
BF dye is also known by the name basic violet 14, chemically known as tri-
aminotriphenylmethane (CygH»gCIN3). It is the combination of three dyes
namely, pararosaniline, rosaniline and Magenta I1.!! BF dye is commonly used
for colouring of textile and leather products.!2

There are many researchers who have worked on BF dye removal through
adsorption process using different types of adsorbents such as bottom ash,
deoiled soya, graphite oxide, polymer nanocomposite, kola nut pod carbon,
eggshell and euryale ferox salisbury seed shell, efc.10:13-17 Among these adsorb-
ents biomass has gained major attention of the researchers due to its easy avail-
ability and low cost. The biochar derived from the biomass of Syzygium cumini
has been selected as an adsorbent for this study. Syzygium cumini is locally
known as Jamun (black plum). India produces around 15.4 % of the total world
production of Jamun (approximately 13.5 million tons) and its rank is second.
Maharashtra is the main producer of Jamun followed by Uttar Pradesh, Tamil
Nadu, Gujarat and Assam.!® Large quantity of Jamun seeds are discarded into
open area as waste. The aim of this study is to use these seeds to prepare biochar
for the degradation of BF dye from the aqueous solution. No previous studies
were found using Jamun seed powder biochar (JSPB) as an adsorbent for the BF
dye removal. That is why JSPB was selected as an adsorbent for the reduction of
BF dye through batch adsorption process. The Jamun seed powder (JSP) and
JSPB were characterized using various techniques like scanning electron micro-
scopy (SEM), X-ray diffraction (XRD), Fourier transform infrared spectroscopy
(FTIR), energy dispersive X-ray spectroscopy (EDS) and thermal gravimetric
analysis (TGA); the batch adsorption experiments were conducted by varying
different parameters. The linear and non-linear form of Langmuir, Freundlich and
Temkin isotherm models were applied to understand the mechanism of adsorp-
tion process. Kinetic study for this process was done using pseudo 15t and pseudo
2nd order kinetic models. The behaviour of the adsorption process was deter-
mined by a thermodynamic study.
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EXPERIMENTAL
Materials

BF dye was purchased from Titan Biotech Ltd., Bhiwadi, Rajasthan, India. Its chemical
structure is given in Fig. 1.1° Dried Jamun fruits were purchased from the local market. NaOH
and HCI were purchased from Sigma—Aldrich, India, and used for pH adjustment of the dye
solution. Distilled water was used for the preparation of all dye solutions.

HoN ] '*NH2
=
S

NHz Fig. 1. Structure of basic Fuchsin dye.

Preparation of adsorbent

Dried Jamun fruits were soaked in water for 48 hrs followed by its peeling for seed
separation. The seeds were dried in the hot air oven at the temperature 383 K for 36 h and
broken down into small pieces using mortar pestle. The pieces of the seeds were ground using
mixer grinder followed by screening to get the powder having an average particle size of 49
pm. The screening operation was completed by using 300 and 350 mesh British standard sieve
(BSS). JSP was pyrolyzed in a pit type furnace reactor (S. D. Scientific, Kolkata make) at 773
K for 60 min. The resultant Jamun seed powder biochar (JSPB) was taken out from the reactor
and kept in air tight container at room temperature for further experiments.

Preparation of adsorbate

A dye solution of 1000 mg L-! was prepared by dissolving the Img of BF dye in the
1000 mL of distilled water. The stock solution was then diluted to the desired concentrations
of 100, 75, 50, 25, 12.5, 6.25 and 3.125 mg L-!. pH was tuned to the desired value using 0.1 M
NaOH and 0.1 M HCI solution. 1,,, of 548 nm was the maximum absorbance wavelength and
hence used as the basis for all the experiments to evaluate the BF dye concentration.

Characterizations of JSP and JSPB

JSP, JSPB before adsorption and JSPB after adsorption were characterised using differ-
ent techniques. SEM (Zeiss EVO 18) and field emission scanning electron microscopy
(FESEM, Carl Zeiss Uhr FESEM model Gemini SEM 500 KMAT) were used for the morpho-
logical study and the presence of different elements was found using EDS (INCA 250 EDS).
XRD technique was used to find out the structure (crystalline or amorphous) of the samples.
FTIR (Alfa, Bruker, Germany) spectroscopy was performed with IR-Affinity-1, Shimadzu, to
find the functional groups in the sample by recording the spectra between the frequency
ranges of 4004000 cm’!. The thermal behaviour of the JSP sample was studied by TGA
(Setaram Labsys EVO) in the temperature range of 30-850 °C.

Batch adsorption experiment

The adsorption experiments were conducted by varying different parameters to examine
the adsorption characteristics of JSPB for the removal of BF dye from synthetic solution. For
batch process, 100 mL of the dye solution (3-100 mg L!) with a 0.1-1.0 g of JSPB was taken
in the conical flask and shaken in the orbital shaker at 95+5 rpm for time 15-120 min, at pH
2.03-10.02, and temperature 298—338 K. After shaking, the suspensions were filtered and the
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BF dye concentration in the supernatant solution was measured with the help of UV—Vis spec-
trophotometer (LabIndia 3092). The absorbance values at specified wavelength (1,,,x of 548
nm) of the samples were recorded, and the equivalent dye concentration value was obtained
from the calibration graph. The adsorption capacity, ¢., and the percentage of dye removal, R,
were calculated using following equations, respectively:2°

qe:(c1 e )V 0

m
R=1009_¢C )
G
where V = volume of BF dye solution (mL), ¢; = initial BF dye concentration (mg L!), m =
= mass of JSBP (g) and c; = final concentration of BF dye at equilibrium (mg L).

RESULTS AND DISCUSSION
Characterizations of JSP and JSPB

The surface characteristics and morphological features of JSP before ads-
orption and JSPB after adsorption were determined by the SEM analysis and the
images are shown in Fig. 2. The image of raw sample of JSP shows uneven struc-
tures with less porous surface whereas the image of JSPB shows porous struc-
tures developed during the pyrolysis. After the adsorption of BF dye, the surface
of JSPB became comparatively smooth as the pores get filled up with molecules
of dye. The elemental composition (% weight basis) of JSP and JSPB before
adsorption was determined by the EDS analysis and the results are given in Table
I. The JSP surface contains various elements such as carbon, oxygen, nitrogen,
silicon, sulphur and potassium. After the pyrolysis, the weight percentage of
some of these elements (carbon, silicon and potassium) in the JSPB surface inc-
reased and that of oxygen decreased. Also, the presence of new elements like
iron and manganese has been observed. The increased percentage of the elements
and the addition of new elements may result in the improvement of the adsorp-
tion capacity of JSPB.

Lammcen_ S R
Fig. 2. SEM image of: a) raw JSP 2, b) JSPB before adsorption and c¢) JSPB after adsorption.

The XRD spectra for raw JSP, JSPB before adsorption and JSPB after ads-
orption are presented in Fig. 3a. The graph of raw JSP shows non-crystalline
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FUCHSIN DYE ADSORPTION 65 7

peak with low intensity at an angle of 26.70°, whereas the graph for JSPB has
more peaks with slightly increased intensities at the angles 26.70, 31.51, 50.08
and 59.98°. It clearly indicates the semi-crystalline nature of JSPB surface which
will favour the adsorption process. After the adsorption, the peak at an angle of
26.70° is slightly decreased and some peaks have disappeared, which confirms
the successful adsorption of BF dye on JSPB surface.2!

TABLE I. EDS analysis of JSP and JSPB

No. Raw JSP JSPB
Element Weight, % Element Weight, %

1 C 18.08 C 40.20

2 (0] 71.61 (0] 47.98

3 N 6.23 Mg 1.76

4 Si 1.54 Si 4.51

5 S 0.07 K 3.76

6 K 1.79 Fe 1.78
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FTIR spectra of raw JSP, JSPB before adsorption and JSPB after adsorption
between 400-4000 cm~! are shown in Fig. 3b. The raw JSP shows a broad-band
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around 3427 cm™! indicating O-H stretching (alcohol group). Also, this peak
shows the presence of cellulosic components. The band at 2921.30 cm™! con-
firms the presence of alkyl groups which is the indication of asymmetric C—H
band alkyl groups (methyl and methylene group). The band around 2851.05
ecm™!, is attributed to H-C=0; C-H stretching vibrations of alkanes groups,
whereas the band 2356.27 cm™! is assigned to the amino related component (-N-H
component).2?2 The band 1613.73 cm™! (C=C ring stretching) corresponds to
aromatic compounds. Aliphatic ether C—O and alcohol (C-O stretching) compo-
nents were confirmed by the peak of 1020.75 cm™1. After pyrolyzing the sample
all strong peaks like hexagonal, alkyl and alkanes groups disappeared, whereas
aromatic groups are still visible. The shallow peaks were observed in both the
samples of JSPB before adsorption and JSPB after adsorption, at the band
1595.60 and 801.68-791.96 cm™!, which can be assigned to aromatic group
(C=C ring stretching) and 2 adjacent H deformation, respectively.23 These func-
tional groups may assist in the adsorption of dye molecules on the surface of JSPB.

TGA analysis of raw JSP was performed in the temperature range 30-850
°C. Two weight-loss peaks were found which are shown in Fig. 3c. The first peak
was observed with a weight loss of 7.64 % below 100 °C, which indicates the
dissociation of water molecules from the JSP biomass. The reduction of hemicel-
lulose, cellulose and lignin from the sample was detected by the second peak in
the temperature range of 200-300 °C with a maximum weight loss of 63.89 %.
After 300400 °C, the sample began to deform, and at higher temperatures the
peak seemed almost flat and it was decomposed before its reached 850 °C. This
is the sign of complete pyrolyzation of JSP biomass. Therefore, 500 °C is con-
sidered for pyrolysis process.24

Batch adsorption study with effect of various parameters

Effect of concentration. The dye removal in the adsorption study is strongly
influenced by the initial dye concentration. The initial concentrations of BF dye
were varied from 3-100 mg L-! at pH 8.01, dosage 0.6 g, contact time 75 min,
and the temperature 318 K. The effect of initial dye concentration on the removal
has been shown in Fig 4a. It is clear from the plot that the sorption of dye is inc-
reasing from 54 to 97% (adsorption capacity increasing from 0.1-8 mg g-1) with
the solution concentration. The reason for this may be due to the availability of
more dye molecules for the limited binding sites on the adsorbent surface
accounts for the rise in BF adsorption.25-26 On the other hand, higher initial dye
concentration causes an increase in surface use of the adsorbent because of the
enhanced contact between adsorbate and adsorbent. The same trend was also obs-
erved by Bessashia et al. for BF dye.2’ The maximum removal efficiency was
found to be 97 % with the concentration of 100 mg L1
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Effect of adsorbent dosage. The JSPB dosages were varied from 0.1 to 1 g in
the amount of liquid 50 ml for each sample at the optimum parameters of contact
time 75 min, temperature 318 K and pH 8.01 (Fig. 4b). With the increasing
adsorbent dose (0.1 to 1.0 g), the removal percentage is also increasing (55.54—
—95.56 %) initially (up to 0.6 g), but no significant change occurs later on. This is
due to the fact that the dye molecules have occupied the available surface. On the
other hand, as the adsorbent dose increases from 0.1 to 1.0 g, the adsorption cap-
acity decreases dramatically from 28.67 to 5.18 mg g~!. As the JSPB dose inc-
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reases, the adsorbent particles continually aggregate or agglomerate. Thus, the
surface area per unit weight of the adsorbent is reduced, and the diffusion route
length increases. This results in a continuous loss of adsorption capacity. For
further experiments, 0.6 g of the adsorbent dose was finalised because of its ben-
efits and drawbacks in terms of removal efficiency and adsorption capacity.28

Effect of pH. The pH study was performed at the optimum parameters as
adsorbent dosage 0.6 g, temperature 318 K, concentration 100 mg L-! and time
75 min. The percentage removal was observed to be increasing with pH from
2.03-10.02 (increasing adsorption capacity 4-8 mg g~1) as shown in Fig. 4e. This
trend can be understood from the fact that at lower pH, the concentration of H' in
a solution remains higher, which will lead to the protonation of active sites of the
adsorbent. Since the BF dye is also positively charged, there will be a repulsive
force between the adsorbent and adsorbate resulting in less adsorption. At higher
pH, H" concentration is lower and hence higher percentage removal can be
obtained.?%

Effect of contact time. Completion of the process within a short time is ext-
remely important for industrial applications, in terms of cost-effectiveness and
efficiency. The influence of contact time (15-120 min) on the uptake dye sol-
ution is shown in Fig. 4d. While performing this experiment other parameters
were kept constant (pH 8.01, concentration 100 mg L1, temperature 318 K and
dosage 0.6 g). These results show that the adsorption of dye increases with con-
tact time (removal of 93-95 %, adsorption capacity 6-8 mg g!) and it remaines
constant after the equilibrium time of 75 min. This may be because of the avail-
ability of more active sites initially on JSBP for the dyes and also due to the rate
at which the BF dye solution is transferred from the exterior to the interior sites
of the JSPB particles, which controls the uptake rate as the surface adsorption
sites become exhausted.30

Effect of temperature. The effect of temperature is another significant phys-
icochemical process parameter because the temperature changes the adsorption
capacity of the adsorbent. The temperature effect on BF dye removal was studied
at the optimum conditions of pH 8.01, contact time 75 min, dosage 0.6 g and
concentration 100 mg L1, Fig. 4c. As the percentage removal of dye increased
from 96.58-98.47 % with the increase in temperature from 298 K-318 K, the
process shows the endothermic behaviour. With the further temperature rise the
removal is decreasing in the temperature range 318 K—338 K, which indicates the
exothermic nature of the process. Thus, the temperature study shows the change
in nature of the process from endothermic to exothermic. This may be due to the
decrease of the quantity of the dye molecules and the active sites on the adsorbent
with increasing temperature. Also, the swelling of internal surface of JSPB and the
increasing mobility of dye ions at higher temperatures leads to poor adsorption
capacity of the adsorbent. This pattern was also observed by Abdus et al.31.32
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Isotherms, kinetics and thermodynamic study

Isotherm study. The relationship between adsorption capacity and equilib-
rium concentration is well understood by the adsorption isotherm models. The
graph plotted between the solid phase and liquid phase concentration of the JSPB
illustrates the equilibrium adsorption isotherms. The linear and nonlinear form of
Langmuir, Freundlich and Temkin isotherms were used to describe the experi-
mental data of adsorption for this study. For the analysis of adsorption isotherms,
the experiments were conducted at pH 8.01 by adding a 0.6 g of JSPB with 50 ml
of BF dye solution and by varying concentrations from 12.5 to 100 mg L-1. JSPB
was separated from the solution after 75 min and the concentration of BF dye
was estimated using UV spectrophotometer. The experimental and calculated
data are summarized in Table II for all the three isotherms.!1.33

TABLE II. Freundlich, Langmuir and Temkin constants of linear and nonlinear isotherms for
adsorption of dye

Temperature , K

Isotherm Constant 303 308 328
Langmuir gm/mg gl 5.45 50.25 14.89
K /Lmg! 0.67 0.05 0.23

R? (Linear) 0.93 0.94 0.92

R? (Non-linear) 0.88 0.85 0.85

Ry 0.02 0.15 0.05

Freundlich n 0.09 0.10 0.11
Ki/L gl 0.002 0.006 0.021

R? (Linear) 0.88 0.88 0.87

R? (Non-linear) 0.99 0.91 0.84

Temkin Ap /L mg! 0.57 0.58 0.36
Br/Jmol’! 37.7 31.8 30.2

R? (Linear) 0.99 0.99 0.99

R? (Non-linear) 0.99 0.99 0.99

The Langmuir isotherm is applicable for homogeneous adsorption process,
in which there is no contact between the adsorbed molecules due to the mono-
layer adsorption. Nonlinear and linear form of Langmuir equations are given as:

K¢
qezqm LCe (3)
1+KLCC
Lo “

e Krqm ¢ dm
where gy, is the maximum adsorption capacity (mg g1), g, denotes equilibrium
adsorption capacity (mg g!) and c. is concentration of BF dye solution at
equilibrium (mg L-1). The plots of linear and shows low value of the R2, which
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indicates that the given adsorption data is not suitable for Langmuir isotherm.
The separation factor (Ry) of this isotherm is represented as:
1

1+ Ky ¢ @
where c¢; and Kp are the initial concentration and Langmuir constant,
respectively. The positive value of Ry (0 < Ry, < 1), shows the feasibility of
process.
Freundlich isotherm is valid for multilayer adsorption and the heterogeneous
nature of the process. The non-linear and linear form of Freundlich equations are:
1

qe = Kycd (6)

1
logq. =log Ky +;logce @)

Ry,

where the adsorption capacity is measured by intercept log Ky (Freundlich cons-
tant) and the adsorption intensity is represented by the slope 1/n. The linear and
non-linear plots were used to calculate the values of Ky and n. The value of n is
0.11 which is less than 1, and therefore indicates poor adsorption and suggests
that the adsorption data does not fit to this isotherm.

The Temkin isotherm model assumes that the heat of adsorption of all mole-
cules in the layer decreases linearly with coverage due to the adsorbate—adsorb-
ent repulsions. It also implies that adsorption occurs as a result of a homogenous
binding energy distribution.!! The Temkin non-linear and linear equation can be
given as:

RT
9 =—1n(ATce) ()
By
qe = BT ll'lAT +BT the (9)
By =" (10)

where R = universal gas constant (8.314 J mol~! K-1), 7 (K) = absolute tempe-
rature, A1 (L mg!) = equilibrium binding constant, Bt = heat of adsorption, B =
= Temkin constant (J mol-1).

The higher values of R? for both the nonlinear and linear form of this model
suggest that the Temkin isotherm is the most favourable for the adsorption data.
Positive value of B is a sign of the exothermic nature of the process.

Kinetic study. Efficiency, mechanism and potential rate controlling step (inc-
luding mass transfer and chemical reaction) of the adsorption process were deter-
mined by the kinetic study. The necessary time for the adsorption kinetics was
determined by conducting the experiment in the orbital shaker for a period of 15—
—75 min (concentrations 25-100 mg L1 at pH 8.01, dosage 0.6 g, and the tempe-
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rature 318 K). The samples were taken out from the shaker at an interval of 15
min. Data obtained from the kinetic experiments were evaluated for both linear

and nonlinear form of pseudo 15t and pseudo 2 order and are summarised in
Table II1.34:35

Pseudo-first-order kinetic model is used to describe the kinetics of many
adsorption systems. The nonlinear and linear equations for this model are exp-
ressed as follows:

6 =4e (1= (11)

ln(CIe_%)zln(KIQe)_Klt (12)
where K| = rate constant of pseudo 15t (L min~1), g¢ = adsorption capacity at time
t(mgg™).

TABLE III. Linear and non-linear kinetic parameters for BF dye adsorption

Pseudo 1%t order Pseudo 2™ order
c/ mg Lt qe,exl_al qecal K R R Gecal K R? R?
me g mg g1 ! (Linear) (Nonlinear) mg g'! ' (Linear) (Nonlinear)
12.5 0.899 0.463 -0.0002 0.86 0.80 0913 0.665 0.99 0.97
25 1.956 0.230 -0.0003  0.85 0.94 1.945 4.735 1 0.94
50 4.019 0.446 -0.0004 0.83 0.81 3.980 1.062 1 0.92
100 8.029 0.517 —0.0001 0.49 0.88 8.019 0.182 0.99 0.99

The values of K1 and g, were calculated from the slopes and intercepts of the
plot between /n(g.—q¢) and time. On the basis of lower correlation coefficients, it
is confirmed that the adsorption of BF dye on JSPB does not involve pseudo first
order kinetics.

Pseudo 214 order kinetic model stated that the rate of occupation of ads-
orption sites is proportional to the square of number of unoccupied sites. The
non-linear equation of this model is given below:

dg, 2

it _ g - 13
dt Z(qe qt) ( )
1_1 . LA (14)
4q; Kqu 9e

where K, = pseudo 20dorder rate constant (g mg—! min1).

The values of K> and R? show the continuous increasing trend for liner
pseudo 21d order, which confirms the suitability of this model for the adsorption
of BF dye on the JSPB, but the nonlinear pseudo 204 order does not fit with this
process as R2 has lower value comparatively.

Thermodynamic study. This study was conducted by shaking the 50 mL of
the synthetic BF dye solution in the concentration range 25-100 mg L1 for dif-
ferent temperatures (308—328 K) at the optimum process conditions of pH 8.01,
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664 KOSALE, THAKUR and SINGH

contact time 75 min, dosage 0.6 g and concentration 100 mg L-! in the orbital
shaker. At the end of shaking (after reaching equilibrium time), the flasks were
withdrawn, solutions were filtered and the filtrates were analysed for the content
of dye in the final solution using UV spectrophotometer. To know about the
nature of the process, the thermodynamic parameters like Gibbs energy (AGY),
enthalpy (AH") and entropy (AS”) changes were evaluated (Table IV).

The values of AHO and ASY were estimated from the plot of In K, vs. 1/T.
The negative value of AHO signify the exothermic nature of the process. The
negative values of AGO show that the dye adsorption was spontaneous. The posi-
tive value of ASO points toward the increase in randomness due to interaction
between adsorbent and dye molecules.

TABLE IV. Thermodynamic parameter for BF dye adsorption

Concentration AHO AS® AGY / kJ mol!

mg L kJ mol! J k' mol! 308 K 318K 328K
25 -19.86 06.74 -0.093 -0.142 -0.228
50 -45.51 20.34 -1.709 -2.018 -2.112
75 -04.14 10.19 -2.721 -2.822 -2.924
100 -26.73 19.11 -3.215 -3.402 -3.597

Comparison study

The comparison study of obtained result with the reported results in litera-
ture are given in Table V. JSPB shows higher adsorption capacity compared to
the reported data (Gupta et al.,10 Quin et al.,!3 Kaith et al.,37 Nwodika et al.1),
while other adsorbents show higher adsorption capacity (Guan et al.;38 Wang et
al.39) as they have used expensive chemicals to fabricate the adsorbent materials.

TABLE V. Comparison of adsorption capacity for BF dye removal with other literature data

Adsorbent Adsorption capacity, mg g1 Reference
Polymeric nanocomposite 0.439 Kaith et al.37
Graphite oxide 1.830 Quin et al.13
Base activated cola nut pod carbon (KPBC) 3.470 Nwodika et al.!
Acid activated cola nut pod carbon (KPBA) 5.760 Nwodika et al.!
Bottom ash 6.400 Gupta et al.!0
Jamun seed powder biochar 8.000 Present study
Mesoporous molecular sieve of AI-SBA-16 70.080 Guan et al.3®
Graphene based magnetic nanocomposite 89.400 Wang et al.>®
CONCLUSION

The current study confirms that the JSPB is an effective, efficient and a low-
-cost adsorbent for the BF dye removal from synthetic waste water solution. The
characterization shows that JSPB has good adsorption properties as it contains
aromatic compounds and different elements like C, Mg, K, Si and Fe. The FT-IR
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study reveals that biochar is rich in functional groups. The semi-crystalline sur-
face of the biochar was revealed by the XRD analysis, which favours adsorption.
The maximum removal efficiency and adsorption capacity of JSPB for BF dye
removal was found to be 97 % and 8.0 g respectively at the optimum conditions
of pH 8.01, concentration 100 mg L~!, JSPB dosage 0.6 g, contact time 75 min
and temperature 318 K. The adsorption capacity of JSPB is higher than other ads-
orbents (Table V) despite its fabrication through comparatively simple processes.
The suitability of Temkin isotherm for both linear and non-linear forms indicate
the uniform distribution of binding energy over the JSPB surface and also reveals
that the adsorption heat for all molecules decreases with the increasing surface
area of JSPB. Chemisorption behaviour of this process was confirmed by the
linear pseudo-20d order kinetic model. The negative values of AHO show the exo-
thermic nature and the positive value of ASY indicates increase in randomness of
the process. The overall study suggested that JSPB can be considered as eco-fri-
endly and good adsorbent for the removal of cationic dyes.

U3BO/

YIIOTPEBA BUOYTJbA Ol CEMEHA Syzyum cumini 3A YKJIAIBAILE ®YKCHUHCKE BOJE
W3 BOOEHOT PACTBOPA

DIVYA KOSALE, CHANDRAKANT THAKUR u VINOD KUMAR SINGH

Department of Chemical Engineering, National Institute of Technology Raipur, Raipur 492010,
Chhattisgarh, India

HnpycTpuja TekcTrIa, Koxe, d0ja U Apyre HHOYCTPHje UCIYIUTajy MHOTO 0ja y OTnagHe
BOJE KOje MOIy MMAaTH BEJIMKH YTHILaj Ha »KMBOTHY CPEJHHY M Jby[CKH JKUBOT. 300r Tora je
HEONXOJHO YKIOHUTH 00jy U3 OTIafiHUX BOJa Mpe HUXOBOT UCHYyIITaka U IOHOBHE yroTpede.
Y IpoIIOCTH je NpenoXKeHo HEKOJIMKO MIOCTyNaKa 3a yKkjlamalbe U MHaKTUBalKjy 0oja, anu je
azcopnuyja CTekia MOMyJapHOCT 300r cBoje eUKAaCHOCTH U jefHOCTaBHe yroTpede. Ymo-
Tpeba duoyripeBa kao agcopdeHara [oduja Ha MakKkby 300T BUXOBE HUCKE LieHe, JOCTYHOCTH
U BHUCOKe crocodHocTH apcopnuuje. OBa cTynuja je dokycupaHa Ha ykiamame 0asHOr Qyk-
cuHa (BF) nmytem ancopnuuje oBe Soje, kopuurhewmem OHOyIba Y ITpaxy Ol CeMeHa Syzyum
cumini kao ancopdeHTa. buoyram je okapakTepucaH pPa3THYUTAM aHajlHW3ama Kao IITO CY:
XRD, EDS, FTIR, TGA u SEM. Ancopriigja je mpoy4yaBaHa y3 Bapupame napaMmeTapa Kao IITo
cy pH, Tpajame KkoHTakTa, TeMmneparypa, fosa ajfcopdeHTa M Temmeparypa. M3oTepMHa,
KUHETHYKa W TepMONWHAMHUYKAa WMCIHUTHBama Cy Takohe crmpoBemeHa na OM ce pasymeo
MeXaHH3aM afcopnuuje. MakcuManHu KanmaguTeT agcopnudje 3a BF dojy je mokasao duoyrasm
cemeHa npoussefeH Ha 500 °C. OBo HCTpakuBame OTKpHBa Aa OHOyrab NPOMU3BENEH OFf,
ceMeHa Syzyum cumini ©UMa 3Ha4yajaH MOTeHNHjaj 3a enuMuHaudjy BF Boje u3 oTnagHux Boza.

(ITpumsseno 30. arycra 2022, pesupupano 25. oxTodpa 2022, mpuxsaheno 9. anpuna 2023)
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