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ABSTRACT

The adsorption capacity of Balsamodendroncaudatum wood waste virtual to Reactive yellow 86was tested in fabric
wastewater organization .Balsamodendroncaudatum wood waste activated nano porous carbon material (BANCM)
was treated by sulphuric acid to pick and choose up adsorption competence for the elimination of Reactive yellow
86 ( C.I. No 70865-29-1) from aqueous solution. The treated (BANCM) with sulphuric acid was analyzed
bySEM,XRD, FT-IR and TGA-DTA Analysis.Present study deals with the use of BANCMwaste as an adsorbent for
the removal of Reactive yellow 86dye from its aqueous solutions.The studies show that sorption is powered by
initial dye concentration, dye solution pH and adsorption temperature have been investigated in the present study.
Isotherms for the sorption of Reactive yellow 86on (BANCM)were tested by the Freund lich and Langmuir isotherm
equations. A Kinetic study of dye followed the pseudo-first-order, pseudo second-order and Elovich models
respectively .Equilibrium isotherms for the adsorption of Reactive yellow 86on (BANCM)were analyzed by the
Langmuir isotherm. Up shot indicate that the pseudo-first-order kinetic model was found to compare the
investigational statistics fit.

Keywords: adsorption, reactive yellow 86, kinetics, low-cost adsorbents, aqueous solution
© RASAYAN. All rights reserved

INTRODUCTION
Water is essential to all forms of life. It acts as a medium, catalyst and applicant in various chemical
reactions occurring in our environment. In natural history, a no of dictatorial mechanisms plays and vital
role in controlling the physic-chemical properties of important as well as the number and types of its
biological populations. Irrespective of basis, it constantly contains a complex mixture of organic and
inorganic substances main of which are of natural origin resulting from complex contact between water,
soil and underlying environmental status.
The biological and microbiological process taking place in soil and water. Balanced and colloidal mineral
matter, plant detritus, algae and protozoa are also commonly established and reported'.There has been
proof of a connection between arsenic levels in water and frequency of skin cancer?.
Activated nano porous carbon is costly and its recovery and use gain create it more costly’. However, in
observation of the high cost and related problems of regeneration, there is a regular search for alternate
low-cost adsorbents. Such types of adsorbents comprise pine tree leaves®, bagasse fly ash’, rice husk ash®,
(Arundo donax) reeds’, red mud® TiO, nanocomposites’® agricultural waste and timber industry waste
carbons for the exclusion of various dyes from wastewaters'®. Significant review of low-cost adsorbents
for wastewater treatment has been offered by earlier researchers''.
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EXPERIMENTAL

Adsorbent

Balsamo dendron caudatum timber ravage was gained from a range of places of Coimbatore &Tirupur
Districts, Tamil Nadu, and India. The learning of Balsamo dendron caudatum wood squander matter is
used as the adsorbent is anticipated to be low-cost, environmentally safe and it has a realistic implications.
To build up adsorbents, the textile was first ground and washed with distilled water and then dried out.
The dried substance thus obtained was treated with hydrogen peroxide (40w/v) at room temperature for
concerning 24 hrs to oxidize the adhering organic substance. The resulting substance was systematically
washed with twice as distilled water and then subjected to the temperature of 120°C for the wetness
removal. Onepart of the above material was covered with water well with a sulphuricacid solution for a
period of 24 hours. At the end of 24 hrs. Then the materials were positioned in the muffle furnace
carbonized at 120-130°C. The dried materials were pulverized and activated in a muffle furnace kept at
800°C for a period of 60 minutes. After commencement, the obtained carbon was washed suitably with a
large volume of water to eliminate free acid. Then obtained substance was washed with an abundance of
water to eliminate the excess of acid, dried than to preferred particle size.The resultant carbon named as
BANCM.

Preparation of aqueous dye solution
The stock solutions of the dye (1000 ppm) were equipped by dissolving 1 g of dye in one liter of water
without any more treatment. For group study, an aqueous solution of this dye was arranged from stock
solutions in deionized water.

Table -1: Individuality of the dye used

Category Sample General name C.I. No. Mw
Reactive RE 86 Reactive yellow 70865-29-1 667357
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Fig.-1: Structure of Reactive yellow 86

The pseudo first — order equation
The pseudo first - order equation'?is generally expressed as follows:
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dq,
dt

=k,(q,—q,) (1

Where, q. and g, are the adsorption capacity at equilibrium and at time t., respectively (mg g, ki is the
rate constant of pseudo-first —order adsorption (I min™).

The Pseudo Second — Order Equation
The pseclildo second-order adsorption kinetic rate equation is expressed as'?
qt _ k ( 2
=k,(q,~q,)
d t 2 t

Where k, is the rate constant of pseudo-second order adsorption (g. mg™!. min'). where,k, is the rate
constant of pseudo-second order sorption (g. mg™'. min™). If the first sorption rate h (mg g! min™') is

(2)

h =k »q e2 (3)
The Elovich Equation
The Elovich model equation is normallyexpressed'“as:

dq

- - =aexp(-faq,) @

t
Where,o is the initial adsorption rate (mg.g"!' min''), B is the sorption constant (g. mg™') during any one
conduct test.

RESULTS AND DISCUSSION

Characterization of sorbent
The exterior area of the BANCM was designed throughout Njsorption at 77K using a NOVA1000,
Quanta chrome company. The pH of BANCM was measured by a PHS-3C pH meter. pH of zero charges
(pHpzc) of the samples was definite using pH drift method'>. The surface area of the BANCM obtained
from the N equilibrium sorption isotherms was found to be 760 m*g. The outcome of “pH drift” test,
from which the pHpzc of BANCM studied in this test was found to be the 4.The better color removal of
the dye, Reactive yellow 86, was notified at pH of 6.

120 -

100 -

80 A
60 T
N l
O' T T T T T T T T
2 3 9 10

4 5pH 6 7 8

q. mg/g

N
o
1

Fig.-2: Effect of pH on % of elimination of Reactive yellow 86by BANCM

Influence of pH

The arrangement of experiments conducted to find the effect of pH on sorption. It was observed that pH
influences BANCM surface dye essential sites and the dye chemistry in water. Fig.-2 show the measure of
dye removed,using acid activated sorbent at initial pH value. In this testing, the initial dye concentration
was fixed at 20 ppm. From the quaver flask experiments, improved color removal of the dye, Reactive
yellow 86, was observed at pH of 6 .The uptake of Reactive yellow 86was establishes to be best at pH 6
with the maximum dye uptake of 89 %. As the external charge density decreases with an increase in the
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solution pH, the electrostatic repulsion between the positively charged dye and the surfaces of sorbent is
reduced, this causes more sorption '¢.

Influence of concentration

The group sorption experiments were carried out by using three diverse concentrations of dye viz.
20mg/L, 40mg/L and 60mg/L at pH 6.The reaction temperature of 30 °C was chosen for sorbent.The rate
of confrontation was maintained constant at 200 rpm. The colorful profiles were obtained using the
absorbent BANCM.
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Fig.-3:Effect of concentration on adsorption of Reactive yellow 86on BANCM at pH 6.

SEM investigation

The SEM of the sorbent revealed in Fig.-4 open to the elements that, it is exceedingly permeable in
nature. From the SEM consequences, it was found that there are matching holes and cave category
openings on the facade of the sample that would completely have greater than previous to the surface

area'’.

Fig. -4:SEM investigation for BANCM

XRD investigation

Figure- 5 shows the extensive angle XRD prototype for nanoporous carbon sample. The XRD study of
nanoporous carbon proved that the carbon equipped by acid behavior shows the X-ray diffraction angle
20 =23 it is similar to the reported graphitization timbersquander's.
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FT-IR investigation

The FT-IR spectrum of the Balsamo dendron caudatum wood squander activated nano porous carbon
prepared by a range of treatment processes shown in Fig.-6 revealed that the carbons evaluated contain
four classes of surface groups: carboxyls, lactones, phenols and carbonyls.. Shifts in sorption location
may be caused by factors such as intramolecular and intermolecular hydrogen bonding, steric
consequence and number of-conjugation'®2°,

TGA-DTA investigation

The Thermal stability of the carbon materials prepared by sulphuric acid was analyzed by the TG&DTA
are shown in Figure 7. The curve obviously exemplifies that the carbon samples begin to drop weight at
about 60° C due to the volatilization of tiny molecules and it started to lose weight intensively above
600° C could be due to the decomposition of polymeric molecules formed through the carbonization
process.
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Fig.-6:FTIR Spectra for BANCM

Influence of the Temperature on Kinetic Rate Constant and Rate Parameters

Adsorption test was conceded out with fixed initial dye concentration (20mg/L) at pH 6 and at a variety of
temperature viz. 30 °C, 45 °C and 60 °C. The examination of the data in (Table-1) reveals that the
influence of the temperature of the dye has very little control on the pseudo second-order rate constants.
The Table-2 also reveals that the influence of the temperature of dye on Elovich and pseudo first order
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rate constant is neither substantial nor little. It is apparent that the sorption of dye on the BANCM waste
activated carbon is best described by first-order rate equation with regression coefficient value is greater

than 0.99.
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Fig.-7: TGA Curve for BANCM
Table- 2: The sorption kinetic model rate constants for BANCM various temperature
Pseudo Pseudo Elorich
first order Second order Model
Initial K>
Sorbent Temperature k; X gmg! h B ) B o | 2
Imin-! r min- ! mg. g r ¢ min! mg g’
min ! min !
30°C 0.0124 | 0.9268 | 0.00787 | 0.4237 | 0.9237 | 0.1678 | 0.5345 | 0.9887
BANCM 45°C 0.0075 | 0.8258 | 0.0286 | 5.4469 | 0.4563 | 0.1928 | 0.62467 | 0.93567
60°C 0.0344 | 0.6689 | 0.0344 | 0.1157 | 0.6367 | 0.4956 | 0.4359 | 0.9789
Isotherms

The Langmuir, Freundlich isotherms are the most commonly used two-factor models in the literature
connecting the non-linear balance between the amount of dye adsorbed on the acid treated (BANCM)(ge)
and the equilibrium concentration of the solution (Ce) at a constant temperature ( 30°C).

Langmuir Model
Langmuir model was developed based on the suggestion of the arrangement of a monolayer of the
adsorbate class onto the surface of the element of the adsorbent. It has also been assumed that the surface
sites are totally actively homogeneous. But in the true sense, the sorbent surface is actively
heterogeneous!. This model is the most widely used two-parameter equation, normally expressed in the
form by the subsequent equation:
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Where,
de = the quantity of dye removed at equilibrium (mg/g)
C. = the equilibrium concentration of dye (mg/L)
Qo = the Langmuir constant, related to the adsorption capability (mg/g)
b = the Langmuir constant, related to the energy of sorption (L/mg)
K1 = direct measure of the intensity of the adsorption (L / mg)

Ce/qge was plotted against Ce using linear deterioration examination, as shown in Fig.-7.The constants Qo
and K were resolute from the intercept and slope of the linear plots, correspondingly. As shown in Table-
4, the Qo from the Langmuir isotherm were 149.15mg/g forReactive yellow 86. The values of K it could
be concluded that sorptions of acid dye (K. = 0.08838). The necessary feature of Langmuir equation can
be expressed in terms of a dimensionless division factor Ri??>.The essential uniqueness of Langmuir
isotherm can be uttered in terms of a dimensionless parameter, R, which is defined by RL = 1/1+ bCy,
where, Cp is the initial dye concentration (mg/L) and b is the Langmuir constant (L/mg). The parameter
indicates the form of isotherm as given in Table-3.

Table -3: Parameters for types of Isotherm

Rr Type of isotherm
R >1 Unfavourable
RL=1 Linear

O<RL< I Favourable
RL=0 Irreversible

In the current research work, the researcher aims at shaping how well the Langmuir model can be applied
to the chosen adsorbate —sorbent structure.

Re = (1/1+K1Co) (6)
Where,
Co = (mg /L) is the first dye concentration.

R = the nature of the adsorption process.

Table- 4: Equilibrium isotherm constants at 30°C

Freundlich isotherm Langmuir isotherm
Ki(mg/g) 1/n R? Kpl/mg qomg/g R?
6.0455 0.5312 0.9989 0.08838 149.15 0.9989

The intended Rp values of acid dye are found to be between 0.3857,0.3286 and(0.3351for dye
concentrations viz. 20 mg/L, 40 mg/L and 60 mg/L, respectively (data not shown). The extent of the Rr
values, i.e., 0 < R<1, indicated the good sorption of each of the dye.

Freundlich Model
At Equilibrium conditions, the adsorbed amount, g. can also be predicted by using the Freundlich
equation:

Qe = kf Celln (7)
Where, ge = dye concentration in solid at balance (mg/g)
C. = dye concentration in solution at balance (mg/L)
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ke
n

measure of adsorption capacity
adsorption intensity

A logarithmic form of the above equation is
logqe =log k¢ + (1/n) log C. ®)

The ideals of n and ki were stubborn from the plot log Ce.vs log q. .Where, k¢ is the idea of the sorbent
capacity and 1/n is a compute of surface heterogeneity, ranging between 0 and 1, attractive more various
as its value gets nearer to zero.The Freundlich equation predicts that the dye concentration on the sorbent
will hoist so long as there is an expansion in the dye concentration in the liquid. The investigational
evidence indicates that an isotherm is reached at a limiting value of the solid phase concentration. The
equation itself does not have any real physical significance. Freundlich isotherm fitted well to the data
with correlation coefficient value 0.9871. The designed Freundlich isotherm constants at 30°C are as
shown in Table 4. The value of Freundlich model n = 1.7227 lying in the array of 1 - 10, designate
sympathetic sorption.
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Fig.-8:Langmuir plot for Reactive yellow 86asorption onto BANCM. M, 100 mg; V, 50 ml;
Co, 20 mg/L; pH, 6.5; temperature, 30°C )

CONCLUSION

Sorption of Reactive yellow 86dye on the BANCMwas determined to be reliant on the pH, (The most
favorable pH of Reactive yellow 86was 6), temperature and concentration of sorbent. Adsorption
equilibrium was reached within 220 min contact time for reactive yellow 86dye used in this experiment.
The entitlement saturation was found to be almost 99% for the BANCMcorrespondingly. The kinetics of
Reactive yellow 86sorption on adsorbent was found to follow a pseudo-first-order rate equation. The
sorbent was employed to adsorb Reactive yellow 86from aqueous solution explicitly and showed high
removal capability at fitting conditions, indicating that the secondary sorption was an efficient and low-
priced way for recycling of the used sorbents. A stability isotherm for the adsorption of Reactive yellow
86on BANCM was analyzed by the Freund lich, and Langmuir isotherm equations. The absolute result
showed that the Freund lich isotherm best-fit the Reactive yellow 86 sorption.
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