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ABSTRACT KEYWORDS

This study reveals the possibility of the use of Conducting polymer/ Dye;
inorganic hybrid composites. They have large surface areas, which makes Congored;
the adsorbent properties of the polymer composites as good the Polypyrrole;
constituents. Polypyrrole/montmorillonite (PPy/MMT) composite was Montmorrillonite;
prepared, characterized (Fourier transform infrared, scanning electron Composite;
microscopy, energy dispersive spectroscopy and X-ray diffraction patterns) Dyeremoval;

| sotherms.

and used as adsorbentsfor the removal of congored from aqueous solution
by batch adsorption method. The spectraof before and after the adsorption
are recorded to get better knowledge regarding the mechanism of the
adsorption process. The results indicated that the removal of congored
from wastewater by PPy/MMT composite occurs via physico-chemical
mechanism. The amount of congored removed by PPy/MMT is46.5 mg/g
at 50°C. This study obey Freundlich adsorption isotherm than Langmuir.
The adsorption of Congo red onto polypyrrole/Montmorillonite was
spontaneous at higher temperature and lower concentration. Change in
enthalpy suggests the process is endothermic in nature.
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INTRODUCTION ing majority of synthetic dyescurrently usedinthein-

dustry are azo derivatives. It should be noted that azo-

Organicdyesareusedin many industriesliketex-
tile, paper, food technology, and dsoinagriculturd in-
dustries. Thedischarge of theseindustry wastewater
may contai N maximum amount of dyemolecule¥. The
chemica classesof dyesemployed morefrequently on
industrial scale are the azo, anthraguinone, sulfur,
indigoid, triphenylmethyl and phtha ocyaninederivatives
However, it hasto be emphasi zed that the overwhem-

keto hydrozone equilibriacan beavital factor inthe
easy break down of many azo dye system.

Because of their commercial importance, theim-
pact and toxicity of dyesthat arereleased in environ-
ment have been extensively studied. Asseveral thou-
sand different synthetic dyesthat areemployed exhibit
varioushiologicd activities, itisunderstandablethat our
knowledge concerning their behaviour inthe environ-
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ment and hedlth hazardsinvolvedintheir useisstill in-
complete. Traditiona wastewater treatment technol o-
gies have been proven to bemarkedly ineffectivefor
handling wastewater of synthetic textile dyes because
of thechemica ability of thesepollutants. A widerange
of method hasbeen devel oped for theremoval of syn-
thetic dyesfrom waters and wastewatersto decrease
their impact on the environment. Thetechnol ogiesin-
volved adsorption oninorganic or organic matters, de-
colorization by photo catdys's, and/or by oxidation pro-
cess, microbiologica or enzymatic decomposition, etc.
Adsorption has undoubtedly been the most popular
techniquefor theremoval of dyesfrom agqueous solu-
tion andiswidely used inwastewater trestment appli-
cationsthroughout theworld.

Theliterature on various adsorbent devel oped for
the adsorption of dyesfrom aqueous solutionsisvolu-
minous. Few of theworksinthisfield of sudy areme-
thyleneblueon kaolinite?, Orang I, Crystd violet, Re-
active blue 5 and p-nitro phenol on Chitosan®,
congored onleaves of Azadirachtaindica®, Reactive
yellow on diatomite®, sugar solution on anionic res-
ing®, satranine on ricehusk carbon'™, remazol black!®,
methylene blue on saga un saw dust'®, on cellulose
based adsorbent from saw dust*?, acid dyes on ben-
tonite*¥, malachite green on proscopis cinerariasaw
dust!*?, dye and related compound on silica*?, anionic
dyeson crosslinked chitosan beads'¥, maachitegreen
on pithophorasp*™, methylene blue on activated car-
bon from gulmohar treefruits*®, congo red on pleurotus
ostreatus*”, basic dyes on akash kinari coal™® and
supranol yellow 4 GL on Clay!*® were reported by sev-
erd authors. Recent past reviewssuggest the possibili-
tiesof usng conducting polymer anditscompositesas
adsorbent to remove hazardous chemicassuch asdye
and other metals present in aqueous solution. The
present study reveal sthe possibility of the using PPy/
MMT compositeasviabledecol ourising agent for the
removal of congo red.

METHODS

Materials

All chemicasused wereof andytical reegent grade
(Sa-fineMerck, Indig). Doubly digtilled water wasused
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throughout the study.
Thestructure of Congo red (Direct Red, C.I.NO.
22120) isgiven below.

b P
NH;
Na
N
0=5=0
ONa
B - 2
Congo red (C,,H,,N.Na,O,S) is a secondary

azodyes bearing R-N=N-R’ asthe functional group.
The solubility of Congoredinwater is40 g/litre. The
maximum absorptionwavdengthinthevigblelight range
1S497 nm.

Prepar ation and char acterization of polypyrrole/
montmorillonite

Polypyrrole/montmorillonite composite (PPy-
MMT) was prepared by the reported procedure?,
About 2.1 ml of pyrrolewasdissolvedin 50 ml of me-
thyl acohol and then montmorillonite (2 g) wasadded.
Thismixturewasstirred for 10-15 min usng magnetic
dtirrer. Tothisstirred mixture, 7.18 g of anhydrousfer-
ric chloridewasadded. Thecolour of thesolution gradu-
ally changesfrom dark brown to black. Thereaction
was allowed to proceed for 16 h at about 0-5°C with
stirring. Theresulting black product wasfiltered and
washed thoroughly with methyl alcohol until thefiltrate
iscolourless. Finally, the product wasdriedinan oven
at 60°C for 24 h.

The conducting polymer/montmorillonitecompos-
iteswere characterized using FT-IR and XRD tech-
niques. TheFT-IR spectraof PPy-MMT areshownin
Figure 1. Thepeaksat 1151, 1047 and 913 cm™ cor-
respondsto variousvibrations of Si-O group and the
peak at 789 cnrt correspondsto Al-OH vibrationin
MMTRU, Theband at 1542 cm isassigned to pyrrole
ringi.e., thecombination of C=C and C-C stretching
vibrations. The peaks at 1304 and 1180 cm™ are at-
tributed to thein-planevibrationsof C-H. A sharp and
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intense peak at 924 cm* showsthe 2,5 coupling be-
tween the monomer molecules of pyrrole in
polypyrrol€??. The XRD patterns of the composites
suggest that the crystallinity isdueto the presence of
montmorillonite. The SEM imageshowstheparticlesize
of the polymer compositesislessthan 100 nm.

M ethodology

The concentration of dye sol utionswere measured
using UV-Vis ble Spectrometer (JASCO, V-630). The
XRD (X’ Pert PRO PANalytical, Netherlands) pat-
ternsof PPy wasrecorded at the National Institutefor
Science and Technol ogy, Thiruvananthapuram, India.
The SEM (HITACHI-S-3400H) image was obtained
from Pondicherry University, Pondicherry. FT-IR spec-
trawererecorded usng KBr disconaJASCO FT-IR
460 Plus spectrometer.

Batch adsor ption experiments

Adsorption experimentswere performed by agi-
tating 50 mg of adsorbent with 50 ml of dyesolution of
desired concentrationsat 30+ 0.5°C in different stop-
pered bottlesin ashaking thermostat machine. At the
end of pre-determined timeintervalsthe sorbate was
filtered and the concentration of dyewas determined
colorimetricaly by employing Shimadzu UV-VIS spec-
trophotometer. All experimentswere carried out twice.
Adsorbed dye concentrationswere the means of the
duplicate experimental results. Experimental variable
consdered were(i) Initia concentration of dye20-100
mg/L; (ii) contact time between adsorbent and thedye
solution 10-60 min; (iii) pH 3-11; (iv) dosage of adsor-
bent 50 mg to 200 mg/50ml; (v) temperature 30-50°C
and (vi) co-ionsCl-and Ca(ll).
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Figurela: FT-IR Spectraof the polymer beforeand after
treatingwith congored
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Figurelc: SEM imageof PPy/MMT composite
Data analysis

Theexperimentad datawereanayzed usngMicroca
Origin (version 6.0) computer software. The goodness
of fit wasdiscussed using coefficient of determination,
r, and standard deviation, sd.

RESULTS

Effect of agitation timeand initial concentration
Theequilibrium parametersfor the adsorption of
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dye onto PPy/MMT are collected in TABLE 1. The
resultsrevesl that, theamount of dyeadsorbed per unit
mass of the adsorbent increased with increasein con-
centration and riseintemperature. Thevariation of Qe
with temperatureindicatesthat the adsorption process
isendothermicinnature. Theeffect of contact timebe-
tween the adsorbent and adsorbateisdepicted in Fig-
ure2. Itisevident fromthefigurethat theequilibrium
was established after 40 minfor all the concentrations.
Further, the curvesin Figure 2 aresingle, smooth, and
continuous, |eading to saturation, suggesting the pos-
sblemonolayer coverageof thedyeontothe PPy/MMT
surface®,

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

C. (mg/L) Qe (Mg/g)

[Dye] mg/L
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lowing acontact time of 60 min. In both the casesthe
amount of dyeuptakeincreased with adecreasein ad-
sorbent dose. Thisincreasein congored remova isdue
totheavailability of higher number of fluorideions per
unit massof the polymer composites, i.e., higher dye
molecule/compositerdtio. Further experimentswerecar-
ried out using 50 mg of adsorbent per 50 ml of fluoride
ion solution, asit exhibits appreciableremoval capac-
ity, for the optimization of adsorption parameters.
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Figure2: Effect of contact timeand initial concentration for
theadsor ption of congored onto PPy/MM T

Effectsof adsorbent dosage

Theeffect of adsorbent dose ontheamount of fluo-
rideion removed (Figure 3) wasstudied at 30°C and at
aninitial fluorideion concentration of 40 mg/L by al-
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Figure3: Effect of dose of theadsor bent on theremoval of
congor ed

Adsorption isotherms

To quantify the adsorption capacity of the chosen
adsorbent for theremoval of dyefrom water, the ad-
sorption data have been fitted to the Freundlich iso-
therm. Thelinear plotsof log Q, versuslog C_(Figure
4) indi cate the applicability of Freundlich adsorption
isotherm. Theresults(TABLE 2) indicated theva ue of
intensity of adsorption (n) isgreater than unity signifies
that theforceswithinthe surfacelayer are attractive®.
Freundlich equation dedl swith physicochemica adsorp-
tion on heterogeneous surfaces. The applicability of
Freundlichisothermtothe PPy/MMT impliesthat het-
erogeneous surfaces conditions used. The adsorp-
tion properties of the adsorbent are thuslikely to be
complex, involve morethan one mechanism,

Itisevident from thefigure (Figure5) the Langmuir
isothermisFitspoor than Freundlich, which suggests
the physico-chemical interaction of the dyeonto the
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polymer composite.
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Figure5: Langmuir adsor ption isothermfor theremoval of
dyefrom ageoussolution

Thermodynamic parameters

Thestandard free energy change, entha py and en-
tropy changes aong with equilibrium constantswere
givenin TABLE 3. Theendothermic nature of adsorp-
tionisindicated by anincreaseinK withriseintem-
perature. The AG° values are negative at higher tem-
perature and lower concentration, which meanthat the
reactionisspontaneous. Thevauesof enthal py change
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of asorption process may be used to distinguish be-
tween chemica and physical sorption4. For chemical
sorption, entha py valuesrangefrom 83 to 830 kJmol-
1 whilefor physical sorptionthey rangefrom8to 25kJ
mol 1. Onthe basis of the abovedistinction, we con-
cludethat dye sorption by the PPy/MMT isaphysica
process. Positivevalues of AH° suggest that the pro-
cessisendothermic, so anincreaseof temperatureen-
courages dye adsorption. Asindicated in TABLE 3,
AS vauesfor theadsorption processarepositive. This
observation suggestsahigh degree of disorderlinessat
the solid-solution interface during the adsorption of the
dye onto polymer composite. Thismay bedueto the
fact that the adsorbed water molecules, which aredis-
placed by the adsorbate species, gain more transla-
tional entropy thanislost by the adsorbate molecules.
Thusdlowingthe preva enceof randomnessinthesys-
tem. Further the positive values of entropy reflect the
affinity of the adsorbent materia for the dye?!.

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

1 sotherm Statistical Temp (°C)

parameter/ constant 30 40 50

Freundlich r 0.94 0.92 0.98
sd 0.131 0.083 0.041
n 1.85 121 1.13
K 0.29 6.71 7.66

Langmuir r 0.37 0.85 0.95
sd 056 029 015
Qo 48 52.63 55.56
b 042 227 3.05

TABLE 3: Equilibrium constantsand ther modynamic pa-
rameter sfor theremoval of dyeby PPy/MM T composite

Ko AG°

[Dye] mg/L AH? AS®
30° 40° 50°C 30° 40° 50°C
20 039 260 320 235 -249 -312 86 278
40 068 1.20 149 0.96 -048 -1.08 32 103
60 042 0.66 103 220 108 -0.08 37 114
80 049 0.67 078 1.8 106 068 19 57
100 0.72 081 087 082 054 038 8 22
AGP = (kJ malt); AH® = (kJ mal?t) and AS® = (JK* mal?)
Effect of pH

Theeffect of pH of the dye sol ution on theamount
of Congo red, acationic dye, adsorbed was studied at
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pH 3, 5, 7, 9 and 11. The percentage of the dye
adsorbed wasfound to be 15.34, 14.16, 17.2, 16.34
and 16.11 mg/g, respectively. Theresult indicated that
the adsorbent show commendable capacity in wide
rangeof pH.

Effect of co-ions

Theeffect of added co-ionsviz. Cl-, and Ca?* on
theamount of dyeremoved (mg/g) isgiveninTABLE
4. Theresultsindicated that addition of these common
co-ions, does not have any marked effect on the re-
moval of congo red by PPy/MMT composite under
the present experimental conditions.

TABLE 4: Effect of co-ionson theamount of dyeremoved
(mg/g) by PPy/MM T

Amount adsor bed, mg/g

Co-ion
100 200 300 400 500
Chloride 16.2 16.0 15.1 15.7 15.1 15.2
Calcium 16.2 16.2 16.3 16.7 16.9 17.2

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

Kineticsof adsor ption

Thesorption of dyeformliquid phaseto solid phase
may be expressed as:
ki

A — B

ki

wherek istheforward rate constant and k , isthe back-
ward rate constant. A representsdyeremaining inthe
bulk solution and B represents dye retained on the sur-
face of PPy/MMT. Thereactionintheboth directions
isof first order. Therate constant for the adsorption,
k_,was determined using the Natargjan-Khal af equa-
tion as described earlierl?2, The rate constants for
theadsorption (k) and forward (k,) andreverse (k )
processesarepresented in TABLE 5. Theresultsindi-
cated that thek , valuesincreased with anincreasein
temperature suggesting endothermic nature of the ad-
sorption process. Further, thevaluesof k ; werefound
to bedlightly larger than that of k, suggesting desorp-
tionisdlightly dominant over adsorptionin thispresent
experimenta condition.

FT-IR, XRD and SEM studies
TheFT-IR spectra(Figure 1 @) and X-ray diffrac-

(6)
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tion pattern of the PPy/MMT before (Figure 1b) and
after treatment with Congo red (Figure 1c¢) are shown
in Figure 1. The spectra after adsorption showed no
significant change except the hydration of the dsorbent
indicating that theremoval of the dyemay occur via
phys sorption.

TABLE 5: Rateconstantsfor theadsor ption of dyeand the

rateconstantsfor forward (k,, min*) andreverse(k ,, min™)
processes

[Dye] mgll Kag 10%k, 10%k,

20 0.39 1.45 3.68

40 0.68 3.45 5.05

60 0.42 1.87 4.48

80 0.49 0.99 2.05

100 0.72 3.12 4.32
CONCLUSION

ThepolypyrroleMMT hasdemonstrated sufficient
promise as an adsorbent for the removal of the dye,
Congored, from agqueoussolution. A small amount (0.05
o/50 ml) of the adsorbent could decol orizeasmuch as
46.5 mg/g of thedyefrom an agueoussolution (100 mg/
L) a 50°C if agitated for an hour. Theadsorption of the
dyewasgppreciableinawiderangeof pH. Thisshowed
that adsorption of the dye could be carried out using
polypyrrole/Montmorill onite compos tewithout adjust-
ingthepH of themedium. Theexperimenta datayid ded
good fit with Freundlich and poorly correlated with
Langmuir isotherm equations. Theva uesof theadsorp-
tion coefficientscomputed indicated the potentid of the
adsorbent for practical applicationsin colour removal
process. Theadsorption of Congo red onto polypyrrole/
Montmorillonitewas spontaneousat higher temperature
and lower concentration. Changein entha py suggests
theprocessisendothermicin nature Theenthdpy change
for the adsorption processwas observed to be 8-86 kJ
mol %, whichindi cated the absence of very strong chemi-
cal force between the adsorbed dye moleculesand the
polypyrroleMMT surface. Hence, physisorption seems
to bethema or mode of adsorption.
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