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ABSTRACT

An active carbon derived from the barks of Ficus racemosa plant has been developed as bio-adsorbent in the
removal of Coomassie brilliant blue R-250 dye from the effluents of Industries based on the dyes. The sorption
properties have been explored towards the said dye with respect to various physicochemical parameters such as pH,
time of contact, adsorbent dosage, temperature and initial concentration of the dye and the conditions have been
optimized for the maximum removal of the dye. The adsorption process is found to be maximum at low pH values: 2-
4. The co-ions generally found in natural waters have not interfered. The adsorption process has been analyzed
using Langmuir and the Freundlich isotherms and the latter model has been found to be better fit for the observed
data indicating the heterogeneous and multilayer nature of the adsorption process. The Kinetics of adsorption is
found to follow pseudo second-order model. The FTIR data before and after the adsorption of the dye indicate the
binding of the dye to the surface of the adsorbent. The thermodynamic parameters indicate the spontaneous and
endothermic nature of the adsorption. The maximum dye adsorbed on to ACFR is found to be 65.0 mg/g. The
methodologies developed are successfully applied to real industrial water samples collected from the effluents of
dyeing industries.

Key words: Coomassie brilliant blue, active carbdiigus racemosa plant, adsorption, applications.

INTRODUCTION

Most of the synthetic dyes are non-degradable heu presence in the natural bodies is posing gpaeblems to
the aquatic life [1]. Some of these organic dydfstare carcinogenic in nature and are potentighto Further, the
presence of color in water bodies curtails the agsof light to the aquatic organisms living in pleeaters of the
water bodies and thereby, disturbs the ecologyhefwater bodies [2-4]. In view of the potential eommental
pollutive nature of the synthetic dyes, researchegsnvestigating simple and effective methodsefdracting dyes
from waster waters [5-39].

Of the various methods being probed to addresgtbblems caused by the presence of dyes in natatdr
bodies, the methods based on using bio-wastes @ridultural waste materials either in their natifcem or
activated form are proving to be effective, simphel economical especially for agricultural courdikg India. Our
research group is probing these bio-methods ofuppofi control in controlling various potential pathnts and
obtained some interesting results and they have teggorted to the literature [40-54].

The literature survey indicates that investigatibase been made for the removal of dyes usingbitresorbents
obtained from fruit peels [5,6] , sugarcane bagalgs8] , husk [9], sawdust [10], sludge [11daves and barks of
some plants [12,13], palm shells [14, 15], stal46], seeds [17], Peels of Citrus documaitus medica and
Citrus aurantifolia mosambi [18], tapioca [19&ckfruit [20], orange [21] durian [22] andaPe juice waste
[23]in the removal of dyes from waste waters. eBjike methyl red [24], ethylene blue [25] soreactive dyes
[26], n-ethylene blue [27], congo red [28] and nohige green [29, 30] have been extracted from pedlwaters.
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Basic violet 10, Basic violet 1 and Basic green 4 have been extracted using sorbents derived from Sugarcane
Bagasse. [31]D. S. Kharat [32] reviewed and amply discussed rdmaoval of various dyes using adsorbents
derived from agricultural residues.

Coomassie Brilliant Blue R-250 (Fig No. 1) is wigelsed as dye in textile and wool industry. Théuefits from

these industries possess residual amounts of yleisTthe effluents are to be treated for removirig tlye before
disposing the effluents into the water bodies. @tfse, as the dye is non-degradable in naturestié gccumulated
in the water bodies and turns to be a potentidutait as it is toxic in nature. It is reportedliterature that the
consumption of waters containing this dye causesrseeye problems, toxic to aquatic life, and caus#ation to

the mucous membranes and upper respiratory tratiheofiving organisms [35]. Further, it is liketp cause
problems with regard to inhalation, skin and ingest

(
HO,S Q >: o,
s

HNOOﬁ

Figure 1. Chemical structure of Coomassie Brilliant Blue (R-250)

The reports available in removing this potentiaicadye from waste waters are few and far betw&anga Ram
Chaudhary et al [33] studied the removal of Coomea8silliant Blue R-250 dye from water using -Fe203

nanoparticles. Sadia Ata et al [34] studied theilibgium, thermodynamics, and kinetic sorption sasdfor the
removal of Coomassie Brilliant blue on wheat braradow-cost adsorbent. Abbas Moussa et al [35s&lied the
kinetic and equilibrium of Coomassie Blue G-250agtion on apricot stone activated carbon. R. Nav@&asad et
al [37] studied the biosorption of Coomassie Bailli Blue using acid treated coir-pith using batchdes of
extraction.

While we are probing the plant materials for thggirption nature, we noticed that the active cartoerézed from
barks of Ficus racemosa have affinity towards tbher@iassie Brilliant Blue R-250 Dye. In this workethorption
nature of the active carbons derived from the p&dt has been thoroughly investigated in remotiregCoomassie
Brilliant Blue R-250 Dye from polluted waters.

MATERIALSAND METHODS

Plant description:

Ficusracemosa (Fig No. 2) belongs to the family of Moraceae @down along rivers and streams to a height of
nearly 16 m. It is reported that this plant materfeave medicinal values; leaves are used in cumingchitis; barks

in asthma curing; fruits in curing diseases of dloo

Preparation of active carbon:

Bark of F.racemosa plant were scrapped, cut into pieces, washed didilled water and dried under sunlight for 3
days. The dried bark pieces were carbonized inlméiifnace at 5T for 4 h. After carbonization, the carbon was
washed with distilled water several times and tfikered. The filtered carbon was dried in an owri10C and
was sieved by 48n ASTM mesh. The screened carbon was activatedlind the carbon powder in 1N HNfbr
2-3 hours on Bunsen burner flame. After treatmeitit acid, the treated material was washed withildidt water
repeatedly and brought the material to neutral pti\eas dried in oven at 140 for 5h. This activated carbon was
named as ACFR (Active carbonefracemosa). The material was stored in an airtight contafoe further use.
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Figure2: Ficusracemosa plant identified to have affinity towards Coomassie brilliant blue dye R-250

Reagentsand Chemicals:
All the chemicals used were of analytical reageratdg purchased from Merck. India Pvt. Ltd and Side F
Chemicals and all the solutions were prepared wsindple distilled water throughout this study.

Preparation of dye solution: Stock solution ofLl00 ppm of Coomassie brilliant blue R-250 Dye wesppred and
stored in brown reagent bottles to prevent anyatioah of the dye solution. The solution was suijatiluted as per
need.

Adsor ption Experiments. Batch adsorption experiments [55-57] were usedeterchine the adsorption capacity of
the adsorbent, active carbon, ACFR. Simulatedsiyetion of 20 ppm of Coomassie brilliant blue &«250 Dye
was prepared from the stock solution (100 ppm)audlistilled water. 100 ml of 20 ppm dye solutionswaken into
250 ml conical flask and to which weighed quanditié the adsorbent was added and pH was maintairesh the
conical flask with test solution and adsorbent wlaaken in horizontal shaker at 120rpm. After theirdd contact
time, the conical flask was removed from shaker tedsolution was filtered using Whatman No.1 filb@per and
the filtrate was analyzed for the residual dye emiation using Spectrophotometric method.

Method: The dye has\max at 547 nm and obeys Beers-Lamberts law at loncentrations. The O.D.
measurements were made at the aaidx using UV-Visible Spectrophotometer against klarhe obtained O.D
value for un-known solution was referred to staddgnaphs (drawn between O.D and concentration)gpesbwith
known concentrations of the dye by adopting metidceast Squares to know the concentration of tree d

By this way the effect of parameters like pH, atisot dosage, agitation time, initial concentratadradsorbate
(dye) and temperature on the sorption nature o&tiiwe carbon towards the dye were studied anditons were
optimized.

The dye uptake capacity for each sample was caégalikccording to a mass balance using equation (1).

(CO - Ce) XV
m

Amount adsorbed) (g Q)

wheremis the mass of adsorbent (¥)is the volume of the solution (L{yis the initial Concentration of dye (mg
L™, Ceis the equilibrium dye concentration (mgd)Landge is the amount of dye quantity adsorbed at equilibri
(mg/g). The percent removal of dye from the soluticas calculated by the following equation (2).
C,-C
% removal—(zo—') x100 )
0
whereCy (mg/L) is the initial dye concentration a@(mg/L) is the final concentration of dye in thegan.

The sorption characteristics of the active werelisai with respect to the time of equilibration, pérbent dosage,
temperature and initial concentration of adsorbite obtained results were presented in the GXapH.-6; Table
No.1-3.
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The interference of common co-ions present in @&tuaters on the % of extraction of the dye wasistiand was
presented in the Table No.3. The observed natuserption was analyzed using adsorption isotheants kinetic
studies and the obtained data was presented @réggh No: 1 to 8.

RESULTSAND DISCUSSION

The effect of various parameters such as pH, adsbrdiosage, agitation time, temperature, initiadoemtration of
dye and interfering ions on the extraction of Cossia brilliant blue R-250 dye from polluted wateras studied.
The following observations are significant.

1: Effect of pH:
The pH of the dye solution plays an important inléhe whole adsorption process. The effect of p$ wtudied in
a range 2-10 at a temperature of @0and the results were presented in Graph No.was observed from the

Graph that 100% removal is possible in the pH ra2g® 4 at other optimum conditions of extractemd % of
extraction was decreased as the pH increased furte 4 to 10.

ACTIVE CARBON OF FICUSRACEMOSA ACTIVE CARBON OF FICUSRACEMOSA
Conc. of dye: 20ppm 12 4 Conc. of dye: 20ppm
105 -+
100 -
95 - -
S 90 - =
% 85 - <
o 80+ i
75
\O
70
65 -
60 T T T T T \ 0 : | , I
1 2 3 4 5 6 2 a 6 10
pH Initial pH
Graph No: 1: Effect of pH on the Graph No: 2: Determination of P, of
adsor ption of dye ACFR

The observations may be accounted from the zenot goirface charge (zpc) of adsorbent fgHwhich plays a
significant role in mode of adsorption at differguis. As from the Graph No. 2, the pHzpc for thtiva carbon is
7.04; hence, the surface charge is positive at aldes lower than pHzpc i.e. 7.04, neutral at pHzpt.04, and
negative at pH values higher than it.

At low pH values i.e. 2-4, the surface of the atlsots is endowed with positive charge and so, st &féinity

towards the negatively charged dye species andehéme removal of the dye is 100%. But as the pH i

progressively increased beyond 7.04, the surfacthe@fadsorbent acquires negative charge and thyatimely

charges less favours the binding of dye to theaserbf the adsorbent and hence, the % extraitimw. However,
even at higher pH values, substantial removal efdye was observed. This indicates that the binftirges are not
simple electrostatic interaction but also througiieo mechanism especially via hydrogen bond fomnati

2: Effect of adsorbent dosage:

The extraction studies were made by varying thbesdrconcentrations from 0.02 to 0 .2 g/100 mitaéooptimum
extraction conditions: pH: 4, time of equilibratic®0 min, rpm: 120; initial conc. of dye: 20 pprentp. : 30°C.
The results are presented in the Graph No. 3. Astinbents concentration is increased, the % relnodvihe dye
also increased but after certain dose, it remainstant. It is observed from the Graph that theePaval of the dye
is increased from 90% to 100% removal as the sorb@mcentration is increased from 0.02 to 0.1 g/&@0The
increase of % of extraction with the increase i sorbent concentration may be attributed to thes@se in the

availability of active sites for binding the dye the surface of the adsorbent with the increaghernconcentration
of the adsorbent.
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ACTIVE CARBON OF FICUSRACEMOSA
Conc. of dye: 20ppm

102
100

% removal
[GNT.)
OoON

84 T T T T 1
0.02 0.04 0.06 0.08 0.1 0.2
Adsor bent dose (g/100 ml)

Graph No: 3: Effect of adsor bent
dosage on the adsor ption of dye...

3: Effect of Contact time: To determine the optimum equilibrium time, % remasastudied as the time is varied
from 10 to 60 minutes at pH: 4, dosage: 0.1 g/10@pmh: 120 and temp. 30. It is evident from the Graph No: 4,
that the removal of the dyes is increased withease in the agitation time. At 10 minutes itself096 dye is
removed when the concentration of the dye is 20ppththen onwards, the removal is slow down andlL@@%
removal is attained only after 30 minutes of agitatwith 20ppm dye solution. The substantial renh@fahe dye
within 10 min is due to the large availability afteve site on the adsorbent initially and as theévacsites are used
up with time, the adsorption process becomes stalhitshas taken 30 minute to remove the dye corlylet

ACTIVE CARBON OF FICUSRACEMOSA
Conc. of dye: 20ppm

20

120
< 100
3 80
£ 60
o 40
X

0 10 20 30 40 50 60

Time (min)
Graph No: 4: Effect of contact time on
the adsor ption of dye

4: Effect of initial concentration:

The effect of initial concentration of the dye ¢ %% of extraction when all the other conditions aeptimized has
been studied and the results have been depictbe iGraph No. 5. It is observed from the graph theat% removal
decreases with the increase in the initial conegiotn. Changing of the initial concentration ofdadye from 20 to
100 mg/L, % removal of the dye is decreased frof th065.8%. This may be attributed to the fact #tatigher

concentration of dye, the active sites of fixedaadent are less available and are not sufficienttie complete
removal of dye.
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ACTIVE CARBON OF FICUSRACEMOSA
120

100
80
60
40
20
0 4 . . T !
20 40 60 80 100

% removal

Adsor bate concentration (mg/lit)
Graph No: 5: Effect of adsorbate conc. on
the adsor ption of dye

5: Effect of temperature:

The effect of temperature on the % removal of dgs studied using synthetic solutions of the dyeosicentration:
50 ppm and varying the temperatures from 303 to IB38 optimum conditions of extraction i.e., pH:cgntact

time: 30 mints, rpm: 120 and dosage: 0.1gm/100imé fesults obtained were plotted in the Graph Nay); ®(b) as
temperature vs. % removal: (1/T) vs. IgIK

The thermodynamic parameters such as change irefrergy AG) (KJ/mole), change in enthalpxH) (KJ/mole)
and change in entropp§) (KJ/mole) were determined using the equatia®s; = -RT In Ky; In Ky =AS /R -AH
IRT; Ky = a/GC;; AG =AH-TAS,

where K; is the distribution co-efficient for the adsorptjag is the amount of dye adsorbed on to the ACFR at
equilibrium, G is the equilibrium conc. of dye, T is the absoligmperature in Kelvin, R is the gas constaf. is
the change in free energy is the change in enthalpy an® is the change in entropy.

The values ofAH and AS were obtained from the slope and intercept ofpllo¢ between In Kand 1/T andAG
values were obtained from the equatitdd = AH - TAS [58-62]and were presented in the Table No: 1. It is ieférr
from the graph that with increase in the tempegatuthe % removal of dye is also increased from 26%80%
(initial conc. of the dye: 50 ppm). This is duethe fact that with increasing the temperature kihetic energy of
the dye molecules is increased across the intporak of the adsorbent and hence, more removal.

It is inferred from the Table No: 1 thAH value is positive indicating that the adsorptpyocess is endothermic in
nature and\G value is negative indicating that the adsorpfiocess is spontaneous.

ACTIVE CARBON OF FICUSRACEMOSA ACTIVE CARBON OF FICUSRACEMOSA
Conc. of dye: 50ppm Conc. of dye:50ppm
80 A O T T 1
70 051 1 2 3
S 60 - 1
© 50 - S
5 40 - v -15 -
— 30 -+ = 2 A
T 25 -
0 : : : . 3 y =0.865x - 3.7623
2 2
303k 313k 323k 333k -35 - R*=0.9991
Temperature (K) T)
Graph No: 6 (a) Effect of Graph No: 6 (b) Effect of
temper atur e on the adsor ption of dye temperature on the adsor ption of dye
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Table No: 1 Thermodynamic Parameter s of Adsorption if dyeon ACFR

AH AS (KJ/mole) AG (KJ/mole) R?

(KJ/mole)

7.19 31.27 -9.167| -10.146 | -11.138 | -12.124 | 0.9991
(303K) | (313K) | (323k)| (333K)

6: Adsorption I sothems:
The nature of interaction between the adsobateadsdrbent is described by the adsoption isotheha.Freundlich
[63] and Langmuir [64] isotherms are often used et®d_ inear form of Freundlich isotherm equation lieg (@) =

log ke +(%) log G and and Langmuir isotherm equation is : Jq@ = (a./k.) Ce+ 1/k_

where Kf and 1/n are the Freundlich constantdskan approximate indicator of adsorption capaeitlyile 1/n is a

function of the strength of adsorption in the agsion process, @ndC; are the initial and final concentration of
the dye solution (mg 1) andgeis the amount of dye quantity adsorbed at equilibr{img/g) and Kand a are the

Langmuir constants related to capacity and enefgylsorption respectively.

The significant features of Langmuir isotherm mazsn be defined by dimensionless constant separédctor R
which can be expressed as :

RL = ;
1+a.C)

R_ value indicates the adsorption nature to be eitifavourable if R>1, linear if R =1, favourable if 0< R1.
Freundlich adsorption isotherm of logXys log (¢) at different dye concentrations were plotted degicted in
Graph 7(a). Freundlich constants,j 1/n were calculated from the intercept and sldpthe straight line. 1/nis a
heterogeneity parameter and if its value is smadjerater is the heterogeneity of the surface efatisorbent. If n
lies between one and ten, this indicates a faverabtption process. From the data in Table 2, #teevof 1/n is
0.7183 while n is 1.392. This indicates that adsonpon the heterogeneous surface is favourablemare over R
value is 0.9322. This confirms the applicability Bfeundlich adsorption isotherm indicating the rtayer
adsorption and heterogeneous surface of the adgorbe

Further, Langmuir isotherms of Ce/ge Vs Ce werdt@ibfor the observed data and were presented aplGNo.
7(b). The slope (#k,.), intercept (1/K) R. and R values were calculated and presented in the Tablecan be
inferred from the Table that these two models ateqaately explain the sorption nature but howeasrthe. R
value of Freundlich model is greater than tHev@ue of Langmuir model; the former model is mouited. In
summary, the surface of the adsorbent is heteragmnia nature and adsorption in multilayered.

ACTIVE CARBON OF FICUSRACRMOSA ACTIVE CARBON OF FICUSRACEMOSA
1 4 -
03 1 2.5
S5 | 2
206 - y = 0.718x + 0.0741 15| o N 4
g 05 - R?=0.9322 P
S04 - o 1- y =0.1117x + 0.3867
— 0.3 A i 2 _
8% | 0.5 R*=0.7778
0 | . 0 ¢ . !
0 10 20
0 1 2
log(C,) Ce
Graph No: 7(a) FREUNDL ICH Graph No: 7(b) LANGMUIR
ADSORPTION ISOTHERM ADSORPTION ISOTHERM
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7. Adsorption Kinetics:

The kinetic study is important for the adsorptigngess, it describes the uptake rate of adsorbatecantrols the
residual time of the whole adsorption process. &sdirst order and pseudo second-order equatioasnare
frequently used to describe the adsorption proc@se pseudo first order equation is: log g q) =

1 1

logq, - Ky t while the pseudo second order equation—;[s: = >t —1

30z o} K,qZ Q.

Where g (mg/g) is the amount of metal adsorbed on the rbés at various times (min), khe rate constant of the
pseudo first order kinetic (mi), K, the rate constant of the pseudo-second orderi&irfenin™). [65-67].

ACTIVE CARBON OF FICUSRACEMOSA ACTIVE CARBON OF FICUS
RACEMOSA
25 4
04 -+
y =-0.0228x + 0.5024 20 -
—~ 027 ‘\Q R? = 0.9681
+ -
& 0 / ' 5 £0.2532x + 8.1913
% 0.2 0 50 100 = 10 4 R? = 0.9867
-0.4 -
o 5
-0.6 -
0.8 - 0 . )
0 50 100
-1 -
Time(min) Time(min)
Graph No:8(a) Pseudo first order Graph No: 8(b) Pseudo second
Kinetics order kinetics
Table 2: Adsorption and Kinetic parameters
S.No. | Adsorption isotherms and Kinetic models Slope | Intercept | R?
1. Freundlich isotherm n=1.397 0.718 0.0741 0.9322
2. Langmuir isotherm R=0.047| 0.1117 0.3867 0.7778
3. Pseudo first order model -0.022 0.502 0.9681
4. Pseudo second order model 0.253 8.191 0.9867

The plots and values of pseudo first-order and ¢isesecond-order model constants together with dneelation
coefficient values were presented in Graph No. &8jb) and Table 2 respectively.

The correlation coefficient @R values are used to judge the best model. Inviik, the R value is 0.9681 for
pseudo first order and 0.9867 for pseudo secondrods the R values are near to unity, they indicate their
applicability and further it indicates that the pde second order model .is more probable thansbadw first order
model.

8: Effect of Co-ions:

% removal of the dye in presence of fivefold escefthe co-ions generally present in natural veabeas studied at
optimum conditions of extraction keeping the iniancentration of the at 20 ppm. The results aesgnted in the
Table No.3. It is inferred that the effect is maaji
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Table 3: Effect of interfering ionson dye removal

Adsor bent Maximum Extractability (%)
Active carbon oficus racemosa 100.0 without Co-ions (Dye conc: 20 pppH: 4, 30 mints, 1.0 g/lit)
Interfering ions Extractgbili_ty of dyein presence pf fivefold excess of (100 ppm) ' '
interfering ions at optimum conditions (Dye conc: 20 ppm, pH: 4, 30mints, 1.0 g/lit).

SQ? 97.4

PO* 96.2

Cl° 98.8
CO& 99.5

NOs 96.7

cd’ 97.7

Ccw 96.0

zZn* 98.5

9: | R Spectral Data:

Surface morphological nature of the adsorbent weipect to functional groups present on the sorhedttheir
interaction with the functional groups of the dymnde understood by FTIR data of the adsorbentrdefod after
adsorption of the dye. The FTIR data of the adsdribefore and after adsorption of the dye and HisoFTIR
spectrum of the individual dye are present in tflguife No. 3 a to c. The adsorption spectra showadmber of
absorption peaks, indicating the complex naturadsgorption phenomenon. On analyzing the spectrardeind
after adsorption of the dye, it may be inferredt tieere are many peaks either shifted or broadamedfurther,
some peaks characteristics of the dye have app@uatied FTIR spectrum of the adsorbent after adsorp

Belore Absorption.oO

3500 3000 2500 2000 1500 1000
= =
2
= N\‘_/J\/ T =
- I |
P gl eg| =
- A = i
% = el L " sE g
x D - =] = = P - 2
s /\ i - g & a =
E = 2| 2 ER| A 8 & -
!a 1 2R| & =
| B g
g § = &
= g o =
]
3000 2500 2000 1500 1000
a0 Wavenumber cm- 1 —
Figure No. 3a: IR Spectrum of the Adsorbent : Before adsorption of the Dye
AFTEIR ABSORPTION OF DYIC.O
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FigureNo. 3: b: | R Spectrum of the Adsorbent after the adsor ption of the Dye
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Figure No. 3c: | R Spectrum of the Dye

The adsorption spectra showed a number of absargi@aks, indicating the complex nature of adsomptio
phenomenon. On analyzing the spectra before aad adsorption of the dye, it may be inferred thar¢ are many
peaks either shifted or broadened and further, speaks characteristics of the dye have appear¢deirrTIR
spectrum of the adsorbent after adsorption.

The absorption peaks in the range 3129 to 3688 wray be attributed to -OH groups; 2927 and 1495 &wn
symmetric and anti-symmetric vibrations of —Cigroups; 1624 to 1681 cm-1 for C-H, -C=C and C=Gugs;
peaks around 1750 cm-1 for C=0 compounds; feledhel at 1363 cm-1 for phenol group; 1624, 1546 D
cm® for aromatic or graphene nature; These data iteichat the dye is bounded to the adsorbent riptiorough
electrostatic interactions but also through thacfions groups such as carboxylic, carbonyl, hygloMitro and
further, anionic thrust of the grapheme rings sxgel to be present in the active carbon.

APPLICATIONS

The methodologies developed in this work were igdpto purify the effluents of dyeing industriesings
Coomassie brilliant blue dye. The effluent samplese collected from the Dying industries at Mangalaand
Machilipathnam of Andhra Pradesh and were analypedhe actual amounts of the said dye and thersdneple
were fed with known amounts of the dye.

Table 4: Removal of color in swages of dying industries

Ci (mg/lit) Ct (mgl/lit) % Removal
S. No. | Water samples | (initial concentration of dye) | (concentration of dye after removal)
1 Sample 1 100 0 100
2 Sample 2 130 0.2 99.8
3 Sample 3 150 0.5 99.6
4 Sample 4 210 1.1 994
5 Sample 5 190 0.9 99.5

Then these samples were subjected to extractioptiadathe methodologies developed in this work. Bbéined
results were presented in the Table No. 4.

It can be inferred from the table that 100% of real®f the dye is possible under optimum conditiohextraction.
CONCLUSION

The active carbon derived from barks of Ficus razsarplant has been studied as an bio-adsorbeiis feorption
nature towards the removal of Coomassie brillidoe ltye from waste waters or industrial effluefitese sorption
nature has probed by varying the various physicooted parameters such as pH, sorbent dosage, tatupertime
of agitation and initial concentration of the dyalaonditions have been optimized for the maximamaval of the
said dye.

At low pH values i.e. from 2 to 4, the dye has bémmd to be very sensitive towards the adsorld1% removal
of the dye is found at these pH values and at otymiimum conditions of extraction namely: initiayed
concentration: 20 ppm; rpm: 120, sorbent dosag@g/lit, agitation time: 30 minutes and temperat3@EC.
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Even fivefold excess of co-ions such as Sulphatesphate, Nitrate, Chloride, Carbonate?’Ce&*, Zré*, Mg*,
Fé&* that are generally present in natural waters nmeeffected the % removal of the dye.

Adsorption process has been analyzed using Langanditthe Freundlich isotherms and it is found thatprocess
can well be defined by Freundlich isotherms indigathe heterogeneity of the surface of the adsuraed also the
multilayer nature of the adsorption process. Timetics of adsorption has been analyzed using psétgt-order
and pseudo second-order models and it is foungrteess follows the pseudo second-order.

The thermodynamics parameters namalfd, AG andAS are calculated and found that the adsorptiongsés
spontaneous and endothermic in nature. The olbémeecase in the % removal with the increase imptrature
may be attributed to the enhancement in the kiregtergy of the dye molecules resulting the deegfpation of the
dye across the internal pores of the adsorbenhande, more removal.

The developed methodologies have been appliedet@damples collected from the effluents from dyinduistries
and found that they are remarkably successful.

The maximum dye adsorbed on to ACFR is found t6®€ mg/g and this active carbon derived from mmon
and widely grown plant, may turn to be an effeetadsorbent in the removal of dyes from the effisi@f textile
industries especially an agricultural country likdia.
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