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ABSTRACT

The surface sorption nature of the activated carbon derived from Achyranthes aspera plant (ACAA) towards an
anionic dye, Alizarin red S has been investigated by adopting batch modes of extraction using simulated water. The
influence of various physicochemical parameters like pH, sorbent concentration, agitation time, temperature and
initial concentration of the dye have been probed and the conditions have been optimized for the maximum removal
of the dye. The effect of the presence of fivefold excess of co-ions on the % removal of the dye has been investigated.
The adsorption data is analyzed for understanding the nature of adsorption using Langmuir and the Freundlich
isotherms and found that the Langmuir model has better describes the adsorption process indicating the
homogenous mono-layer nature of the adsorbate (Dye) layer on the adrsorbent, ACAA. The R = 0.48 of the
Langmuir model indicates that the adsorption of the dye is onto the surface of the active carbon, ACAA and further,
the sorption of the dye is confirmed using FTIR data. The kinetics of adsorption has been analyzed using pseudo
first order and pseudo second order models and observed that the adsorption kinetics follows pseudo second order
asit has R? vale: 0.9757 which approaches to 1. The thermodynamics parameters namely; AH, ASand AG revealed
the spontaneous and endothermic nature of adsorption process. The procedures developed in this investigation have
been applied to the samples collected from the effluents of textile industries and found to be successful.
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INTRODUCTION

The contamination of water bodies with residuesyoithetic dyes coming from the effluents of texiiidustries is
endangering the biota and aquatic life prevailimnghie water bodies due to the toxic nature of sofrthe dyes or
their degradation products. Further, the color atew bodies due to the residues of dyes obstrecstin-light to
reach to the biota or aquatic life and therebyrditg or effecting the natural phenomenon suctphstosynthesis,
metabolisms etc [1].

It is reported that every year nearly 10% of dyedus Textile industry is lost through the sewagd & proper
extraction and disposal methods are not envisagatiebindustries, they enter into the water bodeassing grave
threat to aquatic life [2, 3].

Alizarin red S (ARS) is widely used in textile irgtty and due its thermal, biological and opticalbdtty, the

effluents of industry contains adequate amountthefsaid dye. This is an anthraquinone dye andurinot be
degraded naturally due to the complex structuremrafatic rings and hence its turns to be a patetukic to the

biota and aquatic life. The consumption or useaters containing residual amounts of toxic Airaed S cause
several harmful effects, such as gastritis, matfioning of lungs, severe headache, painful mitiamj and

methemoglobinemia [4].
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Figure 1: 3,4-Dihydroxy-9,10-dioxo-2-anthracene sulfonic acid sodium salt

Of the various methods being investigated for tkigaetion of the pollutants, the methods based a@sogption
using bio-adsorbents derived from plant materisdsproving to be versatile methods. Our researobghas been
investigating on these bio-remedial methods ofytimlh control and successfully developed methagiem for the
removal of Chromium (VI) [5-8], Zinc [9, 10], Alumum (IIl) [11-14], Fluoride [15-21], Nitrite [22,3], Nitrates
[24], Ammonia [25-27], Phosphate [28, 29] and sdbyes [30-33]. Further, methods also have been dpeel by
exploring the advantage of mechanism of self purificatiomxidation ponds in controlling heavy metal ionselik
Fe*, Mn®*, zr?*, C#*, and PB" by cultivating some bio-masses [34] right in theng itself. Activated clay
modified by Iron Oxide [35], mustard husk [36], amdgnetic chitosan [37] have been investigated-daroving
Alizarin red S from polluted waters. Maryam Fayatial [38] worked on the adsorption of Alizarin r&dfrom
aqueous solution onto activated carlydfé,0; nano-composite. Ghaedi et al. [39] investigatesl kmetic and
equilibrium sorption characteristic of Alizarin r&l on to magnetically activated carbon (MAC) napoiposite
adsorbent. BAhmad et al [40] investigated the mechanisms ofain Red S bio-sorption onto olive stone by-
product. Filho et al. [41] studied the adsorptidritizarin Red S on to graphite electrode by thenptexation with
Cu ions. Kurepa et al. [42] worked on the uptake distribution of ultra small anatase TiO2 AlizaRed S nano
conjugates.

The present work is endeavored at developing simgtenomical and effective methodologies in remg\ine
toxic Alizarin red S (ARS), an anion, from induatrivastes or polluted waters using active carbaivel@ from
stems ofAchyranthes aspera plant.

MATERIALSAND METHODS

Plant description:

Achyranthes aspera (Fig No. 2) belongs to the family of Amaranthaceen is distributed in many areas as a
common weed. It is a branched herb or shrub grgwsoul5 cm height. It has medicinal values andsieduas
astringent and diuretic and as an emmenagogueriimgcskin eruptions.

Figure2: Achyranthes aspera plant identified to have affinity towards Alizarin red S dye

Preparation of active carbon:

The stems of Achyranthes aspera were cut into giedes, washed with distilled water and dried ursdelight for

3 days. The dried stem pieces were carbonized fflexfurnace at 258 for 2 hrs. After carbonization, the carbon
was washed with distilled water several times dmh ffiltered. The filtered carbon was dried in aemat 116C
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and was sieved by i ASTM mesh. The screened carbon was activateaiiipdp the carbon powder in 1N HNO
for 2-3 hours on Bunsen burner flame. After treattweith the acid, the treated material was washgh distilled
water repeatedly and brought the material to neptdaand was dried in oven at I’for 5hrs. The material was
stored in an airtight container for further useisTdictive carbon is named as ACAA (Active carborohyranthes
aspera).

Reagentsand Chemicals:

All the chemicals used were of Analytical Reagemade purchased from Merck. India Pvt. Ltd and SdeF
Chemicals and all the solutions were prepared usouple distilled water throughout this study. &tsolution of
100 ppm of Alizarin red S Dye was prepared and sugisbly diluted as per need.

Method: Batch modes of extraction were adopted [43-45]. &D®f Alizarin red S solution (20ppm) was taken
into 250 ml conical flask and to it definite quaytihe adsorbent was added. pH was adjusted &siaed value.
Then the solution was shaken in horizontal shakér2@ rpm. After a definite contact time, the cahiflask was
removed from shaker and the solution was filtefedugh Whatman No.1 filter paper and the filtrasvanalyzed
for the residual dye concentration using Spectraghetric method.

Estimation of the Dye: The dye haamax at 420 nm below pH: 3.7 and obeys Beers-Lammllaw even at low
concentrations. The O.D. measurements were mathe aaidimax using UV-Visible Spectrophotometer against
blank. The obtained O.D value for un-known solutigas referred to standard graphs (drawn betweena®d
concentration) prepared with known concentratiohthe dye by adopting method of Least Squares twnkthe
concentration of the dye.

The influence of pH, sorbent dosage, equilibratiare, initial concentration of the dye and temparaton the %
removal of the dye with the Active carbon of Achyttes aspera (ACAA) was studied and conditions were
optimized.
The dye uptake capacity was calculated using Amaasiorbed ge Mxv , & is the amount of dye

m
adsorbedm is the mass of adsorbent (§)is the volume of the solution (LE,is the initial Concentration of dye
(mg/ L), C. is the equilibrium dye concentration (mg/ L) agdis the amount of dye quantity adsorbed at
equilibrium (mg/g). The percent removal of dye frtm solution was calculated by the following edprat

% removal =(C,-C,) %100

whereCy (mg/L) andC; (mg/L) are the initial and final dye concentraton
The obtained results were presented in the GxapH-8; Table No.1-2.
RESULTSAND DISCUSSION

The sorption of characteristics of the active carhcACAA, towards the Alizarin red S dye by varyingH,
adsorbent dosage, agitation time, temperaturejalintoncentration of dye and interfering ions haserb
investigated and the finding are presented compietbely here under:

1: Effect of pH: The pH of the dye solution plays an importanériol the whole adsorption process. The effect of
pH has been studied by varying the pH from 2 taid@er other optimum parameters: initial conc. of:d0ppm;
adsorbent dosage: 5gm/l, contact times: 90minufes; 120 temperatures: 3G. The results are presented in
Graph No.1. It is observed from the Graph that 88#oval is possible at pH 2; and % of extractioddsreased to
50% as the pH increased further from 2 to 10. Siitferred that acidic conditions favour the agi¢ion of dye.
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ACTIVE CARBON OF ACHYRANTHES
ASPERA

Conc. of dye: 20ppm

100 -

Dyeremoval (%)

40 T T T T 1

pH
Graph No: 1:Effect of pH on the
adsor ption of dye

This can be attributed to the function groups presm the surface of the adsorbent and anionicreatfl the
Alizarin red S. As the pH decrease, the protonatibthe functional groups is more favoured and kethe surface
of the active carbon is endowed with positive changd consequently, the surface has affinity tosvaebatively
charged species of the dye and hence, the % rerabaaloinic dye Alizarin red S, is more at low gH

2: Effect of adsorbent dosage:
The effect of adsorbent dosage was studied by mgryle sorbent dosage from 1-10gm/l at other optimu

extraction conditions namely: pH: 2, time of eduridition: 90 min, rpm: 120; initial conc. of dye: ppm; temp.:39
C. The results are depicted in the Graph No. 2.

ACTIVE CARBON OF ACHYRANTHES ASPERA
100 - Conc. of dye: 20ppm

Dyeremoval (%)

50IIIIIIIII
1 2 3 45 6 7 8 9 10

Adsor bent dosage ( g/l )
Graph No: 2: Effect of adsor bent dosage on
the adsor ption of dye
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From the graph it is inferred that with increasthg sorbent dosage, the % removal of the dye als®ased but
after certain dosage, it remains constant. It iseolled from the Graph that the % removal of the idyiacreased
from 60% to 89% removal as the sorbent dosagecis@sed from 1 to 5gm/l. As the concentration efdbrbent is
increased, the availability of active sites incessaand hence, the increase in the % removal afiybeBut at high
concentrations of the adsorbent, some of the asttee may be blocked resulting a study state tnon dosages
of the adsorbent concentrations.

3: Effect of Contact time: To determine the optimum equilibrium time, the tilmevaried from 15 to 120 minutes
at optimum conditions of pH: 2, dosage: 5 g/I, ri20 and temp. 3C.

ACTIVE CARBON OF ACHYRANTHES
ASPERA
100 - Conc. of dye: 20ppm
90
580 -
70 -
T60 -
350 -
540 -
=30 -
220 -
010 -
0 T T 1
0 50 100 150
Time ( minutes)
Graph No: 3:Effect of contact time
on the adsor ption

It is observed from the Graph No: 3, that the %aeah of the dye is increased from 45 to 89% wittréase in the
contact time. This may be attributed to the faet thitially more active sites are available andde % removal is
more and as the time progress,the active sitepragressively used up and so, % of removal becaioeg and
eventually reaches a study state.

4: Effect of initial concentration:

In the Graph No. 4, the effect of initial concetitra of the dye on the % of extraction when all tlieer conditions
are constant is depicted. % of extraction of tlye decreases from 89 to 52% with the increase énirtfiial

concentration from 20 to 100 mg/L for a fixed comtation of the adsorbent. This is expected becatidew

concentrations of the dye, many active sites aedlahle on the adsorbent. At high concentrationthefdye, the
demand of active sites is more but the availabterasites are limited as the concentration of aldsorbent is
constant and hence, % removal is less.

ACTIVE CARBON OF ACHYRANTHESASPERA
Conc. of dye: 20ppm

40 T T T 1
20 40 60 80 100

Initial conc. of dye solution (mg/Il)
Graph No: 4: Effect of conc. of dye solution
on the adsorption of dye
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5: Effect of temperature:

The effect of temperature on the extraction ofdlge has been studied in the temperature ranget®3833 k at
optimum extraction conditions: pH: 2, agitation &n®0 minutes, rpm: 120 and dosage: 5 gm/l andebalts have
been depicted in the Graph No. 5a & b.

Free energy changeAG) (KJ/mole), enthalpy changaHl) (KJ/mole) and entropy changaS) (KJ/mole) were
determined using the equatio?$s = -RT InK;; InKy =AS/R-AH/RT; Ky = ¢/ C;; AG =AH - TAS,
where K. distribution co-efficient of the adsorption,: the amount of dye adsorbed,: €quilibrium conc. of dye,
T : the absolute temperature in Kelvin, R: the gaisstant. The values aH andAS were obtained from the slope
and intercept of the plot between Igatd 1/T. [46-50]. The values are presented indtde No: 1.

% of extraction increases from 70% to 100% withitterease in temperature from 303 to 333 k. Witlrease of
temperature, the kinetic energy of the dye molecideincreased and hence, it penetrates deepeth@teurface
layers of adsorbent through micro pores resultiogenextraction.

Further, asAH value is positive, the adsorption process is #rmamic in nature and asG value is negative, the
adsorption process is spontaneous (vide Table No. 1

ACTIVE CARBON OF ACHYRANTHES ACTIVE CARBON OF ACHYRANTHES
ASPERA ASPERA
Conc. of dye: 50ppm a5 Conc. of dye: 50ppm
120 5 | 0.6815x - 1.467
—~ 2 {4 y=0. X - 1.
100 A
S ~15 R?=0.9994
E 80 1 T
3 60 - X 1-
c
§ 40 - =05 -
o 20 - 0 . .
% 0 T T T 1 _05 % 4 6
303k 313k 323k 333k 1
Temperature (K) Ut
Graph No: 5(a): Effect of temperature Graph No: 5(b) : Effect of
on the adsor ption of dye temperature on the adsor ption of dye

Table No: 1 Thermodynamic Par ameter s of Adsor ption of dyeon ACAA
2

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

(KJ/mole)

5.66 12.19 -3.38| -4.34 | -5.33 | -6.32 | 0.999
(303K) | (313K) | (323K) | (333K)

6: Effect of Co-ions:

The interference of co-ions (fivefold excess) om % of extraction of the dye has been present&@taph No. 6a &
b.

It is observed that Carbonate and Chloride havevshmarginal effect while Sulphate, Phosphate artdaldi have
interfered in the order: Nitrate < Sulphate < Plnadp. Cations have sown less interference.

7: Adsorption I sothems:

The sorption nature is analyzed using the Freuhdbd] and Langmuir isotherms [52]. Linear formFundlich
isotherm equation is: log o log ke +(%) log G and Langmuir isotherm is : (@.) = (a/k.) Ce+ 1/k_ where Kf
and 1/n are the Freundlich constants,iskan approximate indicator of adsorption capadity is a function of the
strength of adsorption in the adsorption procesan@C, are the initial and final concentration of the dye solution

(mg LY andgeis the amount of dye quantity adsorbed at equilibriimg/g) and Kand a are the Langmuir
constants related to capacity and energy of adsorptespectively. From the Langmuir isotherm model

68



K. Ravindhranath et al

Der Pharma Chemica, 2016, 8 (9):63-73

dimensionless separation factoy, iR calculated using

Langmuir isotherm (Ce/ge Vs Ce )

- 1 . The adsorption process is unfavorableif R
1+aC)
> 1, linear if R = 1, favorable if: 0 < R< 1 and irreversible if: R= 0.

L

and Freundlsdthierm {log (@ vs log (¢)} have been presented in the

Graph No. 7a and 7b respectively. The slop(h intercept (1/k) and R and R values have been calculated and

presented in the Table No. 2.

ACTIVE CARBON OF ACHYRANTHES
ASPERA
= g0 . 875 89
O\O
=~ 88 84
T 86 82.5
c 84 80
5 5
2 78
0 76
74 U T T T T 1
QY & & & &
F & FFSTE
SEPR OO
Interferring Anions
Graph No: 6(a) Effect of interferring
anions on the adsor ption of dye

ACTIVE CARBON OF ACHTRANTHES
ASPERA

89
90
88
86
84
82
80 T T T T T 1
&
\é&0 eé\o& (‘)& QQQ
(S ©
@‘b
Interferring Cations
Graph No: 6(b) Effect of interferring
cationson the adsor ption of dye

86.5 86.5 87.5
84

Dye removal (%)

ACTIVE CARBON OF ACHYRANTHES
ASPERA
6 -
5 .
o4 -
o
O3
=0.0919x + 0.5854
2 - R%=0.9922
1 .
0 T T 1
0 20 40 60
Ce
Graph No: 7(a) LANGMUIR
ADSORPTION ISOTHERM

log(q o)

ACTIVE CARBON OF ACHYRANTHES
ASPERA
12 -
1 -
0.8 -
0.6 - y = 0.3736x + 0.3579
R?=0.9768
0.4 -
0.2 -
0 T 1
0 1 2
log(C,)
Graph No: 7(b) FREUNDLICH
ADSORPTION | SOTHERM

R? values are: 0.9922 for Langmuir isotherm model 19768 for Freundlich model indicating that trengmuir
isotherms are more suitable for describing the gui®m proves. Further, R 0.48 indicates that the adsorption of
the dye is onto the surface of the active carboBAA. Thus, the adsorption of the dye on the surfate¢he

adsorbent is homogeneous and uni-layered.
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8: Adsorption kinetics:

K
The kinetics of adsorption is analyzed using Psefidd order: log(¢-a) = logq, — 2363.’[ and Pseudo

t . .
second-order— = __1 - +i_t equations , where,dmg/g) = amount of dye adsorbed on the activéoaar
ql K2'qe qe
ACAA at various times (min), K the rate constant of the pseudo first order kingtilm™), K, = the rate constant
of the pseudo-second order kinetic (Mims given in the Graph No. 8a & b [53-55].The slomtercept and R
values calculated are presented in the Table No.2.

AVTIVE CARBON OF ACHYRANTHES ACTIVE CARBON OF ACHYRANTHES
ASPERA ASPERA
0.4 - 40 -
. 0.2 - \ 35 -
& 0 7S 30 -
ICD 1 25 .
502 9 150 5 20 - .
~~
®] +~ 15 -
— -0.4 - 10 -
0.6 | y=-0.0107x +0.4 5 - v= OR'zzflé‘ ;'7%:346
-0.8 - Rz =0.9113 0 T — T 1
1 . . 0 50 100 150
Graph N -'rflimeP( mtljn)f' s ord Time (min)
raph No: (Iz)netsiegs OTirst order Graph No: 8(b) Pseudo second order
kinetcs
Table 2: Adsorption and Kinetic parameters
S.No. | Adsorption isothermsand Kinetic models Slope Intercept | R?
1. Freundlich isotherm 0.3736 0.357 0.9768
2. Langmuir isotherm R 0.48| 0.0919 0.5854 0.9922
3. Pseudo first order model -0.0107 0.45¢ 0.9113
4 Pseudo second order model 0.221 6.834 0.9757

From the data, it may be inferred that Pseudo skooder model well describes the kinetics of adsonpas the R
value for Pseudo second order model: 0.9757, isehithan Pseudo first order model: 0.9113.

9: | R Spectral Data:

Before Adsorption.O
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L L L L L L L
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25366 —
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-
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Figure 3(a): FTIR spectrum of the ACAA befor e adsor ption of dye
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After Adsorption.O
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Figure 3(b): FTIR spectrum of the ACAA after adsorption of dye
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Figure 3(c): FTIR spectrum of the pure dye (ARS)

FTIR data before and after adsorption of the dpa@lwith the pure dye(ARS) has been presentederiig No.
3a-c. It is revealed from the data that the surfatéhe active carbon has a number of functionaugs: the
frequencies in the range 3498- 310 for —OH/-NHtshiag; 2699 to 2926 cthfor —-CH, and —CH, 1311and 1054
cm* for C-O-C group; 1453 to 1653 for aromatic ngturé29 and 1818 for C=0. On comparison of the
frequencies before and after adsorption, it isrnefi that many frequencies are shifted with lesmore intensify
and some new bonds pertaining to the dye appe@hede data confirms that the functional groupshensurface of
the active carbon binding the dye.

4: APPLICATIONS

The procedures developed in this investigation wagplied to the samples collected from effluentstepdtile
industries at Mangalagiri and Machilipatnam of AralPradesh. The samples were analyzed for thel @shaunts
of the said dye and then the samples were fedkmiblivn amounts of the dye.

Table 3: Removal of color in swages of dying industries
Ci (mg/lit) Ci (mgl/lit) % Removal
S. No. | Water samples | (initial concentration of dye) | (concentration of dye after removal)
1 Sample 1 22 0 100
2 Sample 2 30 4 93.3
3 Sample 3 42 8 80.9
4 Sample 4 56 15 73.2

Then these samples were subjected to extractioptiadathe methodologies developed in this work. Bbeined
results were presented in the Table No. 3. It caisden from the table that the procedure develapéus work
successfully remove the said anionic dye.

CONCLUSION

» Active carbon is derived from the stems of Achyhestaspera plant (ACAA) and its adsorption natoveatds
the Alizarin red S, an anionic dye, is probed atotss conditions of extraction namely, pH, sorbemtcentration,
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agitation time, temperature and initial concentratof the dye adopting Batch methods of extractod using
simulated water. The extraction conditions arerojzied for the maximum removal of the dye.

» 89% of the dye is removed from simulated watethatoptimum conditions of extraction viz., pH: Zfraction
time: 90 minutes; 120 rpm, temp: &Y initial conc. of the dye: 20 ppm and sorbentades 5 gllit.

* % removal of the dye when fivefold excess of cosisommonly found in industrial sewages namely, KOs,
SOZ, PQ*, CO? , c&" zr?*, Fé*, Mg and Cd'has been investigated.

» The adsorption process is analyzed using Langmnmadrthe Freundlich isotherms and found that the barig
model better describes adsorption process. Thisdates homogenous mono-layer nature of the dye lagehe
surface of the adrsorbent, ACAA. Further, the=R.48 of the Langmuir model indicates that theoapison of the
dye is onto the surface of the active carbon.

e The FTIR data also confirms the adsorption of the id on to the surface of the adsorbent.

« The kinetics of adsorption is analyzed using psefid order (R value: 0.9113) and pseudo second order
models (R value: 0.9757) and found that the latter modékiter fit.

» The effect of temperature on the % removal of the ldas been studied in the temperature range: 3333 k
and found that the % removal increases with theease in temperature. The thermodynamics parasnesnely;
AH, AS andAG have been calculated and found that the adsargtiocess is endothermic in nature and also
spontaneous.

» The Methodolology developed in this investigati@vé been applied to the samples collected fronefiigents

of textile industries and found to be successful.
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