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ABSTRACT

Thisstudy revealsthe use of polypyrrole/Alumina (PPy/AlO) composite as an adsorbent for theremoval of the dye,
Congo red, from aqueous solution. A small amount (0.05 g/50 ml) of the adsorbent could decolorize as much as 18
mg/g of the dye from an aqueous solution (40 mg/L) at 30°C if agitated for an hour. The adsorption of the dye was
appreciable in awide range of pH. This showed that adsorption of the dye could be carried out using polypyrrole/
alumina composite without adjusting the pH of the medium. The experimental datayielded good fit with Langmuir
when comphared to Freundlich isotherm equations. The values of the adsorption coefficients computed indicated
the potential of the adsorbent for practical applications in colour removal process. The adsorption of Congo red
onto polypyrrole/alumina was spontaneous at higher temperature and lower concentration. Change in enthalpy
suggests the process is endothermic in nature. The enthalpy change for the adsorption process was observed to be
8-86 kJ mol 1, which indicated the absence of very strong chemical force between the adsorbed dye molecules and
the polypyrrole/Alumina surface. Hence, physisorption seems to be the major mode of adsorption.
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INTRODUCTION

Synthetic dyesareextensively used inmany fields
of up-to-datetechnology, e.g., in various branches of
the textile industry, in paper production, in food
technology, in agricultura researchinlight harvesting
arrays, in photo electrochemica cells and in hair
coloring. Moreover, synthetic dyeshave been employed
for thecontrol of efficiency of sewage and wastewater
treatment, for the determination of specific surfacearea
of activated dudgefor ground water tracing etc.

Synthetic dyes exhibit considerable structural
diversity. Thechemicd classesof dyesemployed more
frequently onindustrid scdearetheazo, anthraguinone,
sulfur, indigoid, triphenylmethyl and phthalocyanine
derivatives. However, it hasto beemphasi zed that the

overwheming mgjority of synthetic dyescurrently used
intheindustry areazo derivatives. It should be noted
that azo-keto hydrozone equilibriacan beavital factor
inthe easy break down of many azo dye system.
Unfortunatdly, theexact amount of dyesproducein
theworld isnot known. It is estimated over 10,000
tons per year. Exact data on the quantity of dyes
discharged intheenvironment arealso not available. It
isassumed that aloss of 1-2% in production and 1-
10%lossinuseareafair estimate. For reactive dyes,
this figure can be about 4%. Due to large-scale
production and extensive gpplication synthetic dyescan
cause considerable environmental pollutionand are
serioushedth-risk factors. Although, thegrowingimpact
of environment promotes the development of eco
friendly technol ogies, reduced consumption of fresh
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water and lower output of waste water, the rel ease of
important amountsof synthetic dyesto theenvironment
causes public concern, legislation problemsandisa
serious challengetotheenvironmentd scienti<t.

Becauseof their commercid importance, theimpact
and toxicity of dyesthat arereleased in environment
have been extensively studied. As severa thousand
different synthetic dyesthat areemployed exhibit various
biologica activities, it is understandable that our
knowledge concerning their behavior intheenvironment
and hedthhazardsinvolvedintheir useisdill incomplete
Traditional wastewater treatment technologies have
been proven to be markedly ineffectivefor handling
waste water of synthetic textile dyes because of the
chemica stability of these pollutants. A widerange of
method has been developed for theremova of synthetic
dyesfrom waters and wastewaters to decrease their
impact on theenvironment. Thetechnologiesinvolved
adsorption on inorganic or organic matters,
decol orization by photo catalysis, and/or by oxidation
process, microbiologica or enzymatic decomposition,
etc. Adsorption!**¥ has undoubtedly been on of the
most popul ar techniquefor theremoval of dyesfrom
agueous solution and is widely used in wastewater
treatment applicationsthroughout theworld.

I mportanceof polypyrrole

Sincethediscovery of conducting polymersthree
decadesago, alarge volume of research work hasbeen
performed associated with the physicsand chemistry
of conducting polymers. Polypyrroleisoneof themost
environmenta ly stableknown conducting polymer and
a so oneof themost commonly investigated conducting
polymer duetoitshigh eectrical conductivity and ease
of preparation™. Polypyrrolefind gpplicationsinvarious
fields such asmicroel ectronics, composite materias,
optics and biosensord?” and as adsorbent!??2, The
deve opment of such materia swould beuseful inmaking
sensorsfor theidentification of certain classesof dyes
even at ppm levels. The polypyrrole has been used
successfully for the sel ectiveremoval of anionic dyes
from agueous sol ution>24, Theinteraction betweenthe
negatively charged anion of the dyeand the positively
charged polymer backboneisresponsiblefor theanionic
dye adsorption by polypyrrole from aqueous dye
solution.
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Aim and scopeof the present work

Dyesarewidely used inindustriesto colour their
products duringwhichthesedyesareinvariably leftin
the industrial waste waters. Dyes even in very low
concentrations affect the aquatic lifeand food chain.
Hence, the removal of dye from process or waste
effluents becomes environmentally important.
Conventiona phys cochemical andbiologicd trestment
methods areineffectivefor their removal. Thisledto
thestudy of other effectivematerials. Themgor objective
of the present work, therefore, is to investigate the
equilibrium, kinetic and thermodynamic aspectsof the
adsorptive removal of Congo red by polypyrrole/
aluminacomposite. The adsorption processisone of
theeffectivemethods used to removedyesfrom agqueous
solution.

EXPERIMENTAL SECTION

Materials

All chemicadsused wereof andytical reagent grade
(Sd-fineMerck, Indig). Doubly digtilled water wasused
throughout the study.

Thestructure of Congo red (Direct Red, C.I.NO.
22120) isgiven below.

Congo red (C_H,,N.Na,O,S) is a secondary
azodyesbearing R-N=N-R’ as the functional group.
The solubility of congo red inwater 40 gram per litre.
Themaximum absorptionwavelengthinthevisiblelight
rangeis497 nm.

Prepar ation and char acterization of polypyrrole/
aluminacomposite

Polypyrrole/aluminacomposite (PPy-AlO) was
prepared by the method adopted for the preparation of
polypyrrole/alumina composite®. About 2.1 ml of
pyrrolewasdissolved in 50 ml of methyl al cohol and
then dumina(2 g) wasaddedinal00 ml beaker. This
mixturewasgtirred for 10-15 minusing magnetic stirrer.
Tothisstirred mixture, 7.18 g of ferric chloridewas
added. The colour of the solution gradually changes
from dark brown to black. Thereaction was allowed
to proceed for 16 h at about 0-5°C with stirring. The
resulting black product was filtered and washed
thoroughly with methyl alcohol until the filtrate is
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colourless. Findly, theproduct wasdriedinan oven at
60°C for 24 h. The conducting polymer/alumina
compositeswere characterized usng FT-IR, XRD and
SEM techniques.

InFigure 1, theband at 1542 cm? isassigned to
pyrrole ring i.e., the combination of C=C and C-C
stretching vibrations. The peak at 1463 cm? is
associated with Al-O stretching vibration. The peaksat
1304 and 1180 cm* are attributed to the in-plane
vibrationsof C-H. A sharp and intense peak at 924 crm
1 shows the 2,5 coupling between the monomer
moleculesof pyrrolein polypyrrol€?d. Thestrong pesks
at 1050 and 1451 cm* arethe characteristic vibrations
of dumind?’. The SEM image of the compositeis
showninFigure 1c. Inthisimage polymer as spongy
likestructureand duminaascrystaline particles®.

M ethodology

The concentration of dye solutionswere measured
using UV-Vis ble Spectrometer (JASCO, V-630). The
XRD (X’ Pert PRO PANalytical, Netherlands) patterns
of PPy was recorded at the National Institute for
Science and Technology, Thiruvananthapuram, India.
The SEM (HITACHI-S-3400H) image was obtained
from Pondicherry University, Pondicherry. FT-IR
spectrawere recorded using KBr disc on a JASCO
FT-IR 460 Plus spectrometer.

Batch adsor ption experiments

Adsorption experiments were performed by
agitating 50 mg of adsorbent with 50 ml of dye solution
of desired concentrations at 30 + 0.5°C in different
stoppered bottlesin ashaking thermostat machine. At
the end of pre-determined timeintervalsthe sorbate
was filtered and the concentration of dye was
determined col orimetrically by employing Shimadzu
UV-VIS spectrophotometer. All experiments were
carried out twice. Adsorbed dye concentrationswere
the means of the duplicate experimental results.
Experimental variable considered were (i) Initial
concentration of dye 20-100 mg/L; (ii) contact time
between adsorbent and the dye solution 10-60 min;
(iii) pH 3-11; (iv) dosage of adsorbent 25 mg to 250
mg/50ml; (v) temperature 30-50°C and (vi) co-ions Cl-
and Ca(ll).

Theamounts of adsorption were cal culated based
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Figurel: (a) FT-IR Spectraof thepolymer beforeand after
treatingwith congored; (b) X-ray diffraction pattern of the
polymer/alumina; (c) SEM imageof polypyrrole/alumina

on the difference of dye concentrations in aqueous
solutions before and after adsorption the volume of
aqueous solution (50 ml) and theweight of adsorbent
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(0.05 g) according to equation 1.

Adsor ption capacity Q,=(C_-C) V/IW (@)
Were C, istheinitial dye concentration (mg/L), C_is
theequilibriumdyeconcentration (mg/L), V isthevolume
of thedyesolution (ml) and W istheweight of adsorbent
Q).

Data analysis

Theexperimenta datawereandyzed usng Microca
Origin (verson 6.0) computer software. The goodness
of fit was discussed using coefficient of determination,
r, and standard deviation, sd.

Adsor ption isotherm

The adsorption isotherms generally used for the
design of adsorption system. The Langmuir? and
Freundlich®) equations are commonly used for
describing the adsorptionisotherms. Thelinear equation
of Langmuir and Freundlich arerepresented asfollows
Eqgns. (3) and (4), respectively.

CJQ.=(CJQ%) +(1VQ°b) ©)

log Q,=1/nlogC_+log K 4
WhereQ_and C_havetheusua meaningsand Q° and
barethe Langmuir constants, indicating theadsorption
capacity and energy of adsorption respectively. K and
naretheempirica constantsof the Freundlichisotherm
measuring the adsorption capacity and intensity of
adsorption respectively.

Thermodynamic parameters

The standard free energy change (AG®), enthal py
change (AHP) and entropy change (AS’) wereca culated
from the variation of thethermodynamic equilibrium
constant K . The K _ for the adsorption process was
determined by the reported method®!. The
thermodynamic parameterswere cal culated using the
following equations,

TABLE 1: Equilibrium parameter for theremoval of dye per
unit mass (mg/g) of PPy/AlO

Ce (Mmg/L) Qe (Mg/g)
[Dyel mg/L 30° 40° 50°C 30° 40° 50°C
20 882 531 345 112 147 165
40 220 173 172 180 227 228
60 407 372 353 193 228 247
80 471 453 427 329 347 373
100 7513 69.8 67.3 249 302 327
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InK,=(AS”R) - (AH/RT) (6)

AG°=-RTInK, ™
AHCand AS’were determined from the slope and

intercept of theplot of INK _ versus 1/T respectively.

RESULT AND DISCUSSION

Effect of agitation timeand initial concentration

Theequilibrium parametersfor the adsorption of
dyeonto PPy/AlOarecollectedinTABLE 1. Theresults
reveal that, theamount of dye adsorbed per unit mass
of theadsorbent increased withincreasein concentration
and rise in temperature. The variation of Qe with
temperatureindicates that the adsorption processis
endothermic in nature. The effect of contact time
between the adsorbent and adsorbate is depicted in
Foure2. Itisevident fromthefigurethat theequilibrium
was established after 40 minfor al theconcentrations.
Further, the curvesin Figure 2 aresingle, smooth, and
continuous, leading to saturation, suggestingthepossible
monolayer coverage of the dye onto the PPy/AIO
surfacel’®l,

Effectsof adsor bent dosage

The amount of dye removed as a function of
adsorbent dosageat 40 mg/L of initial concentration of
dyesolution at 30°C wasshown in Figure 2. Adsorbent

40

—C—20
1 =40
40— 60
—®— 80
——— 100 mg/L

30

Amount adsorbed, Q (mg/g)

Time (mn)
Figure2: Effect of contact timeand initial concentration for
theadsor ption of congor ed onto PPy/AIO
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Figure3: Effect of dose of the adsor bent on theremoval of

congored

dosage was varied from 25 mg to 250 mg per 50 ml
and equilibrated for 60 min. Fromtheresultitisevident
that optimum dosage of 0.05g/50ml is required for
maximum remova for dyesolution.

Adsorption isotherms

To quantify the adsorption capacity of the chosen
adsorbent for the remova of dye from water, the
adsorption data have been fitted to the Freundlich
isotherm. Thelinear plotsof log Q, versuslog C_(Fig
4) indicatethe applicability of Freundlich adsorption
isotherm. Theresults(TABLE 2) indicated theva ue of
intensity of adsorption (n) isgreater than unity Sgnifies
that theforceswithin the surfacelayer areattractive®.
Freundlich equation deals with physicochemical
adsorption on heterogeneoussurfaces. Thegpplicability
of Freundlich isotherm to the PPy/AlO impliesthat
heterogeneous surfaces conditionsused. Theadsorption
propertiesof theadsorbent arethuslikely to becomplex,
involve morethan onemechanism=,

The plot in Figure 5. shows that the Langmuir
equation provides an accurate description of the
experimenta data, whichisfurther confirmed by the
extremdy high va uesof thecoefficient of determination.
Inorder to find out thefeasbility of theisotherminthe
essentid characteristicsof the Langmuir isotherm can
be expressed interms of dimensionless constant
separationfactor or equilibrium parameter R, whichis
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defined by Hall et al.1*, as;

R, =1/ (1+bC) (5)
wherebistheLangmuir constant (L mg™) and C_isthe
initial dye concentration(mgL™). Thevalueof R is
computed and presentedin TABLE 4. Thevaueof R
indicates the shape of the isotherms to be either
unfavorable (R >1),linear (R =1), favorable(0<R_
<1)orirreversble(R_=0).InthiscasetheR values
arelessthan onewhich suggeststhe adsorption process

1.6

log Q,

1.0 +——+—-"—F—"+—7—"—"T"—1+—1"—1
04 06 08 10 12 14 16 18 20

log C,

Figure4: Freundlich adsor ption isothermfor theremoval of
dyeonto polymer composite

3.0 O 30 @]
m 40
A S0°C

Figure5: Langmuir adsor ptionisotherm for removal of dye
by polymer composite
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isfavorable.
Thermodynamic parameters

The standard free energy change, enthalpy and
entropy changes a ongwith equilibrium constantswere
giveninTABLE 5. Theendothermic natureof adsorption
isindicated by anincreasein K withriseintemperature,
The AG° vauesarenegativea higher temperatureand
lower concentration, which mean that thereactionis
spontaneous at lower concentration and higher
temperature. Theva uesof entha py changeof asorption
process may be used to distinguish between chemical
and physical sorption. For chemicd sorption, enthdpy
vauesrangefrom 83to 830 kJmol 2, whilefor physicd
sorption they rangefrom 8 to 25 kJmol=. Onthebasis
of theabovedistinction, we concludethat dye sorption
by the PPy/AlO isaphysical process. Positivevalues
of AH° suggest that the processisendothermic, soan
increase of temperatureencourages dye adsorption. As
indicated inTABLE 5, AS° valuesfor the adsorption
process arepositive. Thisobservation suggestsahigh
degreeof disorderlinessat the solid-solutioninterface
during the adsorption of the dye onto polymer
composite. Thismay bedueto thefact that the adsorbed

TABLE 2: Equilibrium parameter sand isother m constants
for theretrieval of dyeby PPy/AIO

Statistical Temp (°C)
I sotherm par ameter
/constant 30 40 50
Freundlich r 0.87 0.91 0.91
sd 0.098 0.07 0.07
n 1.49 3.36 4,03
K 4.66 916 1175
Langmuir r 0.93 0.96 0.96
sd 0.38 0.23 0.21
Qo 1.07 3448 37.03
b 0.52 8.79 7.66

TABLE 3: R, valuesfor theremoval congored by PPy/AIO
composite

[Dye] R.

mg/L 30 40 50°C
20 0.088 0.006 0.006
40 0.221 0.816 0.794
60 0.070 0.020 0.021
80 0.151 0.384 0.378
100 0.062 0.025 0.026
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water mol ecules, which are displaced by the adsorbate
species, gain moretrandationa entropy thanislost by
theadsorbate molecules. Thusdlowing the prevalence
of randomnessinthesystem. Further thepositivevaues
of entropy reflect the affinity of the adsorbent materia
for the dye®d.

Effect of pH

Theeffect of pH of the dye solution ontheamount
of Congo red, acationic dye, adsorbed was studied at
pH 3, 5, 7, 9 and 11. The percentage of the dye
adsorbed wasfoundto be 13.81, 15.0, 18.2, 17.7 and
17.18 mg/g, respectively. Theresult indicated that the
adsorbent show commendable capacity inwiderange
of pH.

Effect of co-ions

Theeffect of added co-ionsviz. Cl-, and Ca?* on
theamount of dyeremoved (mg/g) isgiveninTABLE
6. Theresultsindicated that addition of these common
co-ions, doesnot haveany marked effect ontheremova
of congo red by PPy/AlO compositeunder the present
experimentd conditions.

Kineticsof adsorption

Thesorption of dyeformliquid phaseto solid phase
may beexpressed as:
k;

A &8

k,
where k; is the forward rate constant and k , is the
backward rate constant. A representsdyeremainingin
the bulk solutionand B representsdye retained on the
surface of PPy/AlO. Thereactionintheboth directions
isof first order. Therate constant for the adsorption,
k ,wasdetermined using theNatargian-Khaaf equation

©)

TABLE 4: Equilibrium constantsand ther modynamic pa-
rameter sfor theremoval of dyeby PPy/AlO composite

Ko AG°
EE)Qy/‘i] 30° 40° 50°C 30° 40° 50°C AT A4S
20 127 276 479 -06 -264 -427 54 181
4 082 131 133 051 -071 -077 20 65
60 047 061 07 18 127 096 16 46
80 07 077 087 09 069 036 15 27

100 033 043 049 279 218 194 16 34
AG® = (kImoal™); AH® = (kImol™) and AS” = (K™ mol ™)
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TABLE 5: Effect of co-ionson theamount of dyeremoved
(mg/g) by PPy/AIO

Amount adsor bed, mg/g

Co-ion
100 200 300 400 500
Chloride 18 17.7 175 178 169 184
Calcium 18 18.2 18.7 17.7 181 17.2

[dye] = 4 mg/L; Temp = 30°C; pH = 7; Contact time = 30 min

TABLE 6: Rateconstantsfor theadsor ption of dyeand the
rateconstantsfor forward (k,, min*) andreverse(k , min)
processes

[Dye] mg/l 10%ad 10%, 10%_,
20 8.1 45 3.6
40 37 1.6 21
60 2.6 0.8 1.8
80 6.1 25 36
100 2.3 0.6 1.7

as described earlier®. The rate constants for the
adsorption (k) and forward (k,) and reverse (k )
processesarepresentedin Table 7. Theresultsindicated
that the k_, values increased with an increase in
temperature suggesting endothermic nature of the
adsorption process. Further, thevauesof k, werefound
to belaesser than that of k | suggesting desorptionis
dominant over adsorptioninthe present experimenta
condition.

FT-IR, XRD and SEM studies

The FT-IR spectra (Figure 1 a) and X-ray
diffraction pattern of the PPy/AlO before (Figure 1b)
and after treatment with Congo red (Figure 1c) are
showninFigure 1. Thespectraafter adsorption showed
no significant change except the hydration of the
adsorbent indicating that the removal of thedye may
occurred viaphysisorption.

CONCLUSION

Thepolypyrrole/AlO hasdemonstrated sufficient
promise as an adsorbent for the removal of the dye,
Congored, from aqueous solution. A smal amount (0.05
o/50 ml) of the adsorbent could decolorizeasmuch as
18 mg/g of thedyefrom an agueous solution (40 mg/L)
at 30°C if agitated for an hour. The adsorption of the
dyewasappreciablein awiderangeof pH. Thisshowed
that adsorption of the dye could be carried out using

ESAIJ, 12(2) 2016

polypyrrole/d uminacompaositewithout adjustingthepH
of themedium. Theexperimental datayielded goodfit
with Langmuir when comphared to Freundlichisotherm
equations. Thevalues of the adsorption coefficients
computed indicated the potentia of the adsorbent for
practical applicationsin colour removal process. The
adsorption of Congo red onto polypyrrole/auminawas
spontaneous at higher temperature and |lower
concentration. Changein enthal py suggeststhe process
isendothermicin nature. Theenthal py changefor the
adsorption processwas observed to be 8-86 kJmol 2,
which indi cated the absence of very strong chemical
force between the adsorbed dye molecules and the
polypyrrole/Aluminasurface. Hence, physisorption
seemsto be the ma or mode of adsorption.
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