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ABSTRACT

The enhanced adsorption abilities of Hydrogen pel@xreated red mud are investigated for the renh@faan
anionic dye, Naphthol green B dye from polluted enavarious physicochemical parameters like pH,bsot
concentration, agitation time, temperature and ialitconcentration of the dye are optimized for theximum
removal of the dye from simulated waters. The matofr adsorption is analyzed using Langmuir, Freigidl
Temkin and Dubinin-Radushkevich isotherms and fothad the adsorption is well described by Langmuir
adsorption model with R 0.9728; R. 0.0634 suggesting the monolayer formation ontcstitéace of the adsorbent
and further, Temkin and Dubinin-Radushkevich isottsereflect the ‘physisorption’ nature. On the bsés of
kinetics of adsorption by Pseudo-first-order, psewdcond-order, Bangham’s pore diffusion and Elovic
equations, it is revealed that adsorption folloveepdo-first-order kinetics. The thermodynamic stsdeveal that
adsorption of the dye onto the surface of the aoksot, is an exothermic process. The developed gures are
successfully applied to the samples collected ttmreffluents of textile industries.
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INTRODUCTION

In the recent past, increasing research intereseisg envisaged in finding methodologies for teenoval of
pollutants from water/waste waters based on un-eotienal methods because the traditional methodscastly
and complicated and moreover, they have one omther disadvantage. Our research group is pursihiege
aspects of un-conventional methods and successfafiydeveloped methods based on the bio-sorbettediérom
plant materials for the extraction of Chromium (YL}-4], Zinc [5, 6], Aluminum (Ill) [7-10], Fluorié [11-17],
Nitrite [18, 19], Nitrates [20], Ammonia [21-23]hBsphate [24, 25] and some Dyes [26-31] and soraeyhmetal
ions evoking the mechanism of oxidation pondg.[32

Red mud, a waste product of Aluminum industriesnieresting the researchers as it possesses goptioso
characteristics and it is being investigated a®nt for the removal of pollutants from waterente successful
investigations for the removal of As (lll, V) (33), Pb (Il) (35,36), Cr(VIl) (37), Co(ll) (38%n (1) (39,40),
Phosphate (41-43), Nitrate (44) and Dyes (45-49m waste waters using red mud as adsorberg baen
reported in the literature.

In the present work, Hydrogen peroxide treated medl is used as adsorbent in the removal of higbhutive
anionic dye, Napthol green B dye. This dye is tbhei®m salt of Naphthol Green Y and is soluble inesalt is
used in various dying industries for staining nylawol, papers etc. This dye is not bio-degradable its presence
in water is highly undesirable. Its presence inweer bodies imparts color to the waters and theadfects the
photosynthesis and other metabolisms resultingtifess on biota and aquatic life. [48-50]. Hertlhe,removal of
this dye from polluted waters assumes significance
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In the present investigation, the removal of Naphtireen B dye is studied using Hydrogen peroxidated Red
mud as adsorbent. The sorption characteristidseohtisorbent are optimized for the maximum remowtie dye.

NaO5S
3

Figure 1: Napthol gree B dye structure
MATERIALS AND METHODS

2.1. Adsorbent:

Table No:1 Chemical properties of red mud
PARAMETER RESULT (%)

Alumina as AlO; 15.47
Iron as FgO3 58.78
Silica as SiQ 6.58
Titanium as TiQ 4.39
Soda as N#® 3.63
Calcium as CaO 1.49
Phosphorus as,0s 0.159
Vanadium as YOs 0.110
LOI (105-1006C) 7.22

Red mud collected from Utkal Alumina, Rayagada,s&aiwas washed with distilled water repeatedlyl tiné
filtrate shown neutral pH, dried at 1W5for two hours and meshed to 75 p. Then to alsleitamount of red mud,
6% H,0, was added in 1:2 ratio (w/w), stirred well andediged for 24 hrs at room temperature®30 Then the
sample was filtered, washed with distilled watetiluhe filtrate shown neutral pH and dried at 305or two hours.
Thus obtained sample was used in this work. Thepoaition of the active red mud was analyzed adgptire
standard procedures available in literature beffe@ment and results were presented in Table 1.

2.2 Reagents and Chemicals:

A.R. grade chemicals purchased from Merck. India Bid and Sd. Fine Chemicals were used and thatisnk
were prepared with double distilled water. Stockison of Naphthol green B dye of concentration Q@pm was
prepared and the solution was suitably dilutedeastpe need.

2.3: Method: Batch methods of extraction were adopted [51-B&finite quantities of treated red mud were
added to 100 ml of Naphthol green B dye soluf®0 ppm) taken into 250 ml conical flask, pH veafusted to a
desired value and resulting solution was subjetteéequilibration in horizontal shaker at 300 rpiiter certain
contact time, the solution was filtered through Wien No.1 filter paper and the residual dye inftheate was
analyzed using Spectrophotometric method.

Estimation of the Dye: The dye hagmax at 714 nm and obeys Beers-Lambert’s law evéomatoncentrations.
The O.D. values were measured at the saidusing UV-Visible Spectrophotometer (SL-159, Eliegjainst blank.
The O.D values for un-known solutions were refertedstandard graphs (drawn between O.D and known
concentrations) to find the residual concentratibthe dye.

The dye uptake capacity was calculated using Amauaisbrbed ge Mxv , where g= amount of dye
m

adsorbedm = mass of adsorbent (¢y,= volume of the solution (L)C, = initial Concentration of dye (mg/ LE. =
equilibrium dye concentration (mg/ L) angd= amount of dye quantity adsorbed at equilibriung/gi The percent

removal of the dye from the solution was calculdigdhe following equation: % removal €, -C,) 100" where

0
Co(mg/L) andC; (mg/L) are the initial and final dye concentragaespectively.
Effect of various physicochemical parameters suchpid, sorbent dosage, equilibration time, initi@hcentration
of the dye and temperature on the sorption natiiieeocof the Hydrogen peroxide treated activatetmeid towards
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the anionic dye, Naphthol green B, was studiedthadresults were presented in the Graph No. Ta8je No.2
and 3.

RESULTS AND DISCUSSION

The adsorption nature of the Hydrogen peroxide¢reeed mud towards the dye has been found tofheited by
various parameters as has been described hereunder.

3.1: Effect of pH: The effect of pH on the adsorption of Naphthaen B dye has been studied by changing the pH
from 2 to 10 while maintaining the other optimuonditions of extraction: initial conc. of dye: 1Qfip; adsorbent
dosage: 0.3gm/100ml, contact time: 40 minutes; rB60 and temperatures: %3D. The results are depicted in
Graph No.1. At low pHs: 2 and 4, substantial amswitthe dye have been removed; at pH: 4, 99.0%veahis
observed. But with the increase in pH, the % ofaetion is decreased.

Adsorbent dosage: 0.3 g/100 mi
Conc. of Napthol green B dye: 100ppm

120 -
100 -
80 -
60 -
40 -
20 -

O T T 1
0 5 10 15
pH

Graph No:1 Effect of pH on the adsorption of the dg

% removal

This is expected because at low pH values, theaseirfOH groups on the activated red mud are ptetinand
thereby, the surface of the red mud acquires pestharge and this positive charge imparts affinftyhe surface
towards anions. Hence, Naphthol green B dye beaingnéon at pH: 2 and 4, has shown substantial eidraat low
pH values. With the increase of pH, deprotinatimecurs and also the surface —OH groups get dissakciand
thereby, endowing the surface a negative chargethlis negative charge doesn't favour the adsamptibthe
anionic dye on to the surface of the red mud amtdeess removal of the dye is observed at highalhies.

120 - Conc. of Napthol green B dye: 100ppm
100 -
gBO 1
o
£60 -
g
40 -
20 -
O T T T 1
0 200 400 600 800
Adsorbent dosage
Graph No: 2: Effect of dosage on adsorption of the
dye

405



K. Ravindhranath et al Der Pharma Chemica, 2016, 8 (19):403-414

3.2: Effect of adsorbent dosage:

The effect of sorbent concentration on the % rerowas investigated by changing the sorbent dodeme
100mg to 500mg/ 100 ml at other optimum extractonditions (pH: 4, time of equilibration: 40 mimm: 300,
initial conc. of dye: 100 ppm, temp.%T) and the results are presented in the Graph No. 2

It is observed from the Graph that as the adsorttesaige is increased from 100 mg to 500 mg/10®aremoval
of the dye is increased from 60.0% to 99.0%. Thasgervations may be accounted as with the incrizadee
concentration of the sorbent, the available actites also increase and hence % removal is mdiallyi But when
the concentration is high, some of the active sitay be blocked and thereby, a study state istesbahd hence at
high dosage, % of extraction is marginally affected

Adsorbent dosage: 0.3 g/100 ml
120 Conc. of the Napthol green B dye: 100ppm
100 -
g 80 -
o
£60 -
o
§4O 1
20 A
0 T T T 1
0 20 Time (rﬂ'l%utes) 60 80
Graph No: 3: Effect of contact time on adsorptiorof dye

3.3: Effect of Contact time: The influence of contract time on the % removathe dye has been evaluated by
changing the time of equilibration from zero to ®ih at other optimum conditions of extraction nayngH: 4,
sorbent dosage: 0.3g/100ml, rpm: 300 and tem}C 3@d the results are presented in Graph No: 3

It is seen from the Graph that % of extraction éses almost linearly up to 40 min and then onwarsteady state
is resulted. The maximum extraction is found t®B&% at 40 min of equilibration

Adsorbent dosage: 0.3 g/100 ml
120 ¢ Conc. of Napthol green B dye: 100ppm

100 -
80 -
60 -
40 -
20 -

0 T T T T T
0 50 100 150 200 250 300

% removal

Initial Concentration
Graph No: 4 : Effect of initial concentraion on theadsorption
of the dye
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3.4: Effect of initial concentration:

The influence of initial concentration of the dye the % removal when all the other conditions dfaotion are at
optimum levels has been probed and the resultslgpieted in the Graph No.4. It can be noted thahasnitial

concentration changes from 50 to 250 mg/L, % rerolvtne dye changes from 99 to 34% for a fixedamniration
of the adsorbent, 0.3g/100ml. This is as expecesdilise at low concentrations of the dye, sufficaetive sites on
the adsorbent are available but at high conceatrstof the dye, the demand for active sites is nimrethe
available active sites are limited and hence, thegfoval is less.

3.5: Effect of temperature:

The influence of temperature on the % removal lné Naphthol green B dye (200 ppm) has been irgagsti by
changing temperature from 303 to 333 k at optimwinaetion conditions ( pH: 4, equilibration timed 4ninutes,
rpm: 300 and dosage: 0.3 g/100 ml) and the reatdtshown in the Graph No. 5a & 5b.

Adsorbent dosage: 0.3 g/100 ml
Conc. of the Napthol green B dye:
200ppm

70
60—.\\‘
50

40
30
20
10 -

O T T T 1
300 310 320 330 340

% removal

Temperature (k)
Graph No: 5(a) Effect of temp on adsorption of the
dye

Adsorbent dosage: 0.3 g/100 ml
Conc. of the Napyhol green B dye: 200ppm

0

0.0029 0.003 0.0031 0.0032 0.0033 0.0034
-0.2

y = 1616.8x - 5.8397
-0.4 - R? = 0.9884

-0.6 -

In kd

-0.8 -

-1 A

1.2 - uT

Graph No: 5(b) Effect of temp on adsorption of the
dye

Table No: 2 Thermodynamic Parameters of Adsorptiorof dye on treated Red mud
AH A4S AG R?
(KJ/mole) (J/mole) (KJ/mole)
1.26 1.75 2.23 2.72

-13.44 4855 | 303 | (3130 | (323K | (333k) | 0988

Thermodynamic parameters namely free energy cha@@) (KJ/mole), enthalpy changeH) (KJ/mole) and
entropy changeAS) (J/mole) were determined using the equatias; = -RT In Ky; In Kq =AS /R -AH / RT;

Ko = @/ GC; AG =AH - TAS, where K: distribution co-efficient of the adsorption,.: ghe amount of dye
adsorbed, € equilibrium conc. of dye, T : the absolute tengbere in Kelvin, R: the gas constant. The valuestbf
andAS were obtained from the slope and intercept optbebetween In Kand 1/T. [54-58]. The values are given
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in the Table No: 2. % of extraction decrease frat#@o 53% with the increase in temperature from 80333 k

for dye solution (200 ppm concentration).

The positive values oAG indicate that the adsorption of the dye is nooRrgpneous in nature. However, /&S < 0
and AH < 0, the process is spontaneous at low tempesatame non-spontaneous at high temperatures.

negative value oAH (-13.44 kJ/mol) reflect the exothermic naturehaf adsorption process.

3.6: Effect of Co-ions:

% of extraction has been studied in the presenciévefold excess commonly found co-ions , both asi@and
cations, in water and the results are presentéideirGraph Nos. 6a&b. The % of extractions is |dscted. In the

case of cations, the interference is of the order:

CU">Zn**>Mg®">Ca*=F&" and in the case of anions, the order is ;’POICO*>NO*=SO,*>CI

Hydrogen Peroxide treated Red
Mud

100

% removal

Interfering anions
Graph No:6(a) Effect of interfering anions on
adsorption of the dye

Hydrogen Peroxide treated Red
Mud

[

00

©
(3]

% removal
o O
ol o

Interfering Cations
Graph No:6(b) Effect of interfering cations on
adsorption of the dye

3.7: Adsorption | sothems:

The adsorption nature has been analyzed by usimgnBlich [59], Langmuir [60], Temkin [61] and Duim-

Radushkevich [62] isotherms. Linear form of Freigtdlequation is log (= log k +(%) log G Linear form of

Langmuir equation is &) = (a/k )Ce+ 1/k . The nature of the adsorption process is unfavoraiien R > 1,
linear when R = 1, favorable when 0 <R 1 and irreversible when R= 0 and further, the significant feature of

the Langmuir isotherm model is defined by the digienless separation factor, R 1/ (1+ aC;) The linear plots of
these two adsorption isotherms were as shown iplGr&Nos :7a &b and isothermal constants along whth

correlation coefficient values are presented inl@8b

Freundlich isotherm {log @ vs log (¢)} and Langmuir isotherm (Ce/ge Vs Ce )

have been ptedein the

The

Graph No. 7a and 7b respectively. The slopé(} intercept (1/K) and R and R values have been calculated and

presented in the Table No. 3
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With R? value of 0.9728, Langmuir isotherm model is meuitable to describe the adsorption process than
Freundlich model with R= 0.6355. Further as R 0.0634, lying between zero and one, indicate$ tha
adsorption of the dye is onto the surface of thaterd red mud.

Hydrogen Peroxide Treated Red Hydrogen Peroxide Treated Red
Mud Mud
1.8 y =-0.2202x +1.6146 6 - y =0.0787x - 0.4696
1.4 0 o > ]
1.2 1 4 -
o 1- ¢ © 5
208 - o
oV )
0.6 - O 2 A L
0.4 -
1 -
0.2 - (
0 T T T 1 0 T T T 1
0 0.5 1 1.5 2 1 20 40 60 80
log Ce . ce L
Graph No:7(a) Freundlich adsorption isotherm Graph No:7(b) Langmuir adsorption isotherm

Further, the adsorption process is analyzed wittedi form of Temkin equationgg BInC. + BInA where RT/b
=B and Linear form of Dubinin-Radushkevich eqoati Inq.= -e® + In @ , wheree = RT In(1+1/Ce). The linear
plots are shown in Graph. No: 7c¢ & d and isothéroamstants along with the correlation coefficieatues are
presented in Table 3. The mean free energy (E)aat of sorption (B) are characteristics of ad$onpand as E
value is less than 8 kJ/mol and B is less than/ptid]) the adsorption is “physisorption” in nature.

3.8: Adsorption kinetics:

Kinetics of adsorption is s studied using pseudst-firder model [63,64], pseudo second-order m@ge|66],
Bangham'’s pore diffusion model[67,68] and Elovicfuations[69,70]. The pseudo first-order equatiolods (g —
o) = loga — kt/2.303; the pseudo second-order equation is=t/d/k.q2 — (1/q) t; Bangham's pore diffusion
equation is log [log (ICi-ym)] = log (k/2.303V) +a log(t) ; Elovich equation is;& 18 In(ap) + 18 In(t)

The data of these four kinetic models are preseint&taph Nos: 8-a to d, and rate constants alatigthve
correlation coefficient values are presented inl@ &b

Table 3: Adsorption and Kinetic parameters
S.No. | Adsorption and Kinetic parameters Slope | Intercept R?
1. Freundlich Isotherm -0.220Rp  1.6146 0.6355
2. Langmuir Isotherm & 0.0634| 0.0787| -0.4696 0.9728
3. Temkin Isotherm B=-4.8605 -4.8605 37.479 0.7400
4. Dubinin-Radushkevich Isotherm E=0.5 KJ| 2E-0b 08D 0.3028
5. Pseudo- first-order model -0.034 1.7005 0.9871
6. Pseudo-Second-order model 0.0199 0.528 0.9586
7. Elovich Model 13.356 -18.022 0.9684
8. Bangham'’s pore diffusion model 0.5978 -2.354 9609
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Hydrogen Peroxide Treated Red Hydrogen Peroxide Treated Red
16 - Mud 5 . Mud
: y =-0.034x + 1.7005 18- v=00199x+0528 4
1.4 - R? =0.9871 16 - R? = 0.9586
= 1.2 - 1.4 -
o 1 - o 12
% 0.8 - 3 oé 1
o i 27
IS 0.6 0.6 -
0.4 0.4 -
0.2 - 0.2 -
0 T . \ 0 T T T 1
0 20 20 60 0 20 40 60 80
Time (Min) Time (min) o
Graph no:8(a) Pseudo first order kinetics Graph no:8(b) Pseudo second order kinetics
Hydrogen Peroxide Treated Red
Hydrogen Peroxide Treated Red Mud
MUd 0 T T T 1
40 - ) 0.5 1 1.5 2
35y|= 13.356x - 18.022 ? 05 |
30 1 R2=0.9684 s y = 0.5978x - 2.354
25 | L R?=0.9619
— O
o 20 - = 1 -
15 - %
10 - IS}
5 - S -1.5 -
0 : . . 2
0 2 4 6 ”
In(t) ) log(t)
Graph no:8(c) Elovich model Graph no:8(d) Bangam's pore diffusion model

It may be inferred from correlation coefficient’jRalues that the kinetics of adsorption follows trder: pseudo
first-order > Elovich model> Bangham'’s pore diffusi> > pseudo second-order. So, the adsorptionigins well
defined by pseudo first-order and least by pseedorgd-order.

3.9: | R Spectral Data:
FTIR data before and after adsorption of the dgepaesented in the Fig No. 2.
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Before adsorption
100, — After adsorption

Transmittance(%)

543

20
4000 3500 3000 2500 2000 1500 1000 500
Wave number

Figure 2: FTIR Spectra of Hydrogen peroxide treatedRed mud before and after adsorption of the dye

It is seen from the spectrum that broad band at®@4#7 cm' and the narrow band around 1641 cassigned to
the -OH stretching and bending vibrations (of aedrwater and/or surface hydroxyl groups) aretethifo 3456
and 1691 ci respectively with decrease of intensity afterdle is onto the surface of the red mud.

Further, the appearance of new small bands inahger 1400 to 1550 chpertain to the aromatic nature and a new
band at 1874 cih, indicate that the dye is onto the surface efréd mud.

The sifting of band from 993 crh(before adsorption) to 976 ¢m (after adsorption) pertaining to asymmetric
stretching of Si-O-Si and bending vibrations of @dSi, and shifting of band from 543 &nto 552 cm* pertaining
to stretching vibrations of Fe-O reflect the samptof the dye on to the surface of the red mud.

APPLICATIONS

The developed methodology in this investigation veaplied to effluents samples of textile industrigs
Mangalagiri and Machilipatham of Andhra Pradeshe Eamples were analyzed for the actual amountiseo$aid
dye and then the samples were fed with known anscafrthe dye.

Table No:4 Removal of colour in swages of dying ingtries
L Ci (mg/lit) Ci (mg/lit) o
S.No. | Water sample (initial concentration of dye) (concentration of dye after removal) % Removal
1 Sample 1 50 1 98
3 Sample 2 75 6 92
4 Sample 3 100 17 83

Then these samples were subjected to extractiorttendbtained results were presented in the TabledNIt is
inferred from the table that the procedure deveddpethis work is effectively removing the Naphthlgseen B dye
from waste waters.

CONCLUSION
» Hydrogen peroxide treated red mud has been imastigfor its ability to remove anionic dye, Naphtbeeen

B dye adopting batch methods. Extraction conditisnsh as pH, adsorbent concentration, equilibratiome,
temperature and initial concentration of the dyeehlaeen optimized for the maximum removal of the.dy
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e 99.0% extraction of the Naphthol green B dye isnfbat pH: 4; agitation time: 40 minutes; 300 rpemp:
30°C, initial conc. of the dye: 100 ppm and sorbersagde: 0.3 g/100ml.

« Normally found co- ions in waters viz., NOCO;”, CI, PQ¥, SQZ, Zré*, C&*, Mg?*, Fé*, and Cd" have
least interfered.

* The sorption nature is analyzed using Langmuirufaéch, Temkin and Dubinin-Radushkevich isotheand
noted that the adsorption of the dye onto the sarfaf the activated red mud is ‘physisorption’ iature with
monolayer formation.

* The kinetics of adsorption are analyzed using psdist-order, pseudo-second-order, Bangham’'s pore
diffusion and Elovich equations and found thataleorption follows the pseudo-first-order kinetics.

e On the analysis of the thermodynamic parameters,riévealed that the adsorption of the dye isathermic
process and the adsorption is less favored attelgM@mperature.

e The investigated methodologies are successfullliepfor the removal of anionic dye from the effhig of the
textile industries.
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