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ABSTRACT

The adsorption of two synthetic acidic dyes from aqueous solution has
been investigated on eggshell and its membrane. The influence of pH,
contact time, adsorbent dosage, dye concentration, agitation speed,
temperature & particle size of biosorbent on the biosorption has been
investigated. The biosorptive capacities of the biosorbents were dependent
on the pH of the dye solution, with pH 2 being the optimal one. Two
common isotherm equations were applied to model the isotherms in the
present study i.e. the Langmuir and the Freundlich models. It was observed
that the Langmuir model yields a better fit than the Freundlich model in
case of both the dyes, as reflected with the correlation coefficients (R?) in
the two cases. The adsorption capacities were found to be 4.054, 14.34,
78.67 mg/gfor ES+M, ES, ESM respectively in case of Acid BlueM TR Dye
& similarly 2317.66, 10.94, 115.5 mg/g respectively in case of Acid Yellow
5GNDye.  © 2013 Trade Sciencelnc. - INDIA
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INTRODUCTION - anionic: acid, direct and reactivedyes, cationic: basic

dyes and nonionic: disperse dyes?. Dyes may affect

Increasing environmenta pollutionfromindustria
wadtewater particularly in deve oping countriesisof ma:
jor concern. Wastewater from manufacturing or chemi-
cal processesinindustriescontributesto water pollu-
tion. Many industrieslikedye, textile, paper and plastic
industries use dyesin order to colour their products
and also consume substantial volumes of water. Asa
result they generate acons derableamount of coloured
wastewater. Thepresenceof small amount of dyes(less
than 1 ppm) ishighly visibleand undesirable. Dyesusu-
aly have synthetic originsand complex aromatic mo-
lecular structures’tl. According totheir dissociationin
an agueous sol ution, dyes can beclassified asfollows:

the photosynthetic activity inagueticlifedueto reduced
light penetration and may al so betoxicto someaquatic
life due to the presence of aromatics, metals, etc. in
themi34,

Over thelast few decades, several methods have
been devised for the treatment and removal of dyes
e.g. adsorptive bubbl e separation techniques resulted
in the efficient removal (99%) of Direct Bluefrom
wastewater™, photodecomposition of dyesunder UV
irradiation inthe presence of trivaent iron-oxaato com-
plexeswas a so reported®. M gjor drawbacks of these
conventiona methods are high dudge production, han-
dling and disposal problems, high cost, technical con-
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straints, etc. So biosorption/adsorption technology
cameto theforeground of scientific interest asapo-
tentia basisfor the design of novel wastewater treat-
ment processes.

Present study has been carried out for the
decolourization of two synthetic dyesi.e. acid blue
MTR and acid yellow 5GN dye from agueous sol u-
tion. Batch experimentswere performed by usingthree
types of low cost biosorbents prepared from eggshell.
Threetypesof biosorbents prepared werei.e. eggshel |
with membrane (ES+M), eggshell without membrane
(ES) and eggshell membrane (ESM). The present study
reportsthe r sorption potentia through kineticstestsand
sorptionisotherms, inbatch conditions. Theexperimenta
dataof dyes adsorption equilibriumwerefitted by ei-
ther the Langmuir or Freundlich equations.

EXPERIMENTAL METHODS

Procurement of eggshells- Discarded eggshdllswere
collected fromlocal restaurants. Thisisthewaste ma-
terid whichisof no cost and easily avail ablefrom mar-
ket aswell ashome.

Preparation of biosorbents- Threedifferent types
of biosorbentswere prepared by taking eggshd| asstart-
ingmeaterid
Eggshell with membrane (ES+M)

To prevent decomposition, eggshellswerefirst
washed intap water, then boiled in distilled water, and
finally dried at 105 °C in a hot air oven for 2 h. Then,
it was grinded and stored for later usein adsorption
studies.

Membrane-freeeggshell (ES)

Eggshellswerefirst washed in tap water and then
boiled indistilled water. The membraneswere sepa-
rated from the wet eggshellsby hand. Themembrane
freeeggshdlswerethendriedinhot air ovenfor 2 hrs.
and then grinded using ablender.

Eggshell membrane (ESM)

Eggshellswerefirst washed in tap water and then
boiled indistilled water. The membraneswere sepa-
rated from the wet eggshelIsby hand. The membranes
werethendried at 105 °C in a hot air oven for 2 h and
thengrinded.

325

—== Qurrent Research Papsr

Batch sor ption experimentsof syntheticdyeswith
thethreetypesof biosorbents

Thethreetypesof biosorbents prepared wereeva u-
ated for decol ourization efficiency by using synthetic
dyes. Adsorption experiment was carried out in batch
mode by using aconical flask (250 ml) in which the
sel ected biosorbent was added for treatment of syn-
thetic dyesaswell asoptimization of process param-
etersfor removal of dyes.The dye solution was agi-
tated on shaker.

Decol ouri zation Assay- Absorbance unitswerecon-
verted to concentration by using standard curves. Per-
centage dye removal was determined by using thefol-

lowingformula:

% DYEREMOVAL =

initial concentration of dye—final concentration of dye x 100
Initial concentration of dye

Optimization of processparameter stodevelop an
effectivetreatment technology with thethreetypes
of eggshell based biosor bents

Various process parameters (pH, contact time,
amount of biosorbent, concentration of dye, agitation
speed, temperature, particle size) and their effect on
decolourization activity of eggshell material wasob-
served.

Sorption studies
Sor ption kinetics

Theinitia solution dye concentration was 100 mg/
L for al experimentsexcept for that carried out to ex-
aminetheeffect of theinitid concentration of dyes. For
dyesremova kineticsstudies, adsorbent was contacted
with dye solutionin aflask agitated vigorously at con-
stant room temperature (30-35°C) with varying pH and
contact times. Their dye concentrations were deter-
mined with aUV-visible spectrophotometer. Thedye
uptake ge (mg dye/g adsorbent) was determined as
follows
ge=(Co-Ct)xV/m
Where Co and Ct aretheinitia and time dye concen-
tration (mg/L), respectively, V isthevolumeof solution
(mL), and misthe sorbent weight (g) indry form.

Each experimenta point wasan averageof twoin-
dependent sorption tests. Duplicate tests showed that
the standard deviation of theresultswas+ 5 %.
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Sorption isotherms

Theequilibriumisothermswere determined by con-
tacting sorbent materia with arangeof different con-
centrationsof dyesolutions: 50-200 ppm. Themixture
obtained wasagitatedin aseriesof 250 ml conicd flasks
with equal volumesof solution 100 ml for definiteopti-
mized timeinterva sat room temperature. Theequilib-
rium concentration of unbound dye was determined
spectrophotometrically. Theamount of dye adsorbed
by the material was determined asthe difference be-
tween the concentrationsbefore and after adsorption.

RESULTSAND DISCUSSION

Optimization of various process parameters- To
study the effect of process parameters on
decol ourization of synthetic dyesvariousoperationa
parameterswere considered like effect of pH, contact
time, amount of biosorbent, concentration of dye, agi-
tation speed, temperature, particle size. The results
obtained from the study of various parameterson the
biosorption of dyesarecompiled asfollows:

Effect of pH- To determine the effect of pH on
decolourization of synthetic dyeswithinitia dye con-
centration of 100 ppm, theexperiment wasrunwiththe
adsorbent dose of 2g/100ml of synthetic dyein case of
ES+M and ES and 0.2g/100ml in case of ESM for
both the dyes at room temperature (30°C-35°C) un-
der batch conditionsfor 3 hrsat aconstant stirring speed
of 150 rpmat different pH ranges(2,4,5,7,8). Thefil-
tered sampleswerethen used to know the optical den-
sity and concentration of the sample. In both the dyes,
it was observed that maximum decol ourization (77%)
wasachieved a pH 2in caseof ES+M, ESand ESM.
Theadsorption capacity increaseswith decreasing the
pH of the sol ution. Maximum adsorption of acidic dyes
occursat acidic pH-2. Dyesdissociated to polar groups
(R-SO;). ESand itsmembrane are comprised of vari-
ousfunctiond groups, such asamine, hydroxyl and car-
bonyl which could also be affected by the pH of the
solutions. Therefore, at various pH, the el ectrostatic
attraction aswell asthe structure of dyemoleculesand
ES & ESM could play very important rolein dye ad-
sorption. At pH 2, asignificantly high e ectrostatic at-
traction exists between the positively charged surface
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of the adsorbent dueto theionization of itsfunctional
groupsand negative charged anionic dyes. At akaine
pH, the excess of OH- ionsdestabilizetheanionic dyes
and competewith thedyeanions(figure 1).

Acid Blue MTR Dye
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Figurel: Effect of pH on % decolourization of (a) Acid Blue
MTR Dye& (b)Acid Yellow 5GN dyeby usng ES+M, ESand
ESMV

Effect of contact time

To investigate the effect of contact time on
decolourization the synthetic dye was kept in contact
with thebiosorbent at the adsorbent dose of 2¢g/100ml
of incaseof ES+M and ESand 0.2g/100ml in case of
ESM for both the dyes at room temperature (30°C-
35°C) under batch conditions at a constant stirring speed
of 150 rpm. After regular time intervals, the
decol ourization assay was done. In case of acid blue
MTR dye, it was found that after 15 min in case of
ES+M, 2 hr in case of ESand 1 hr in case of ESM,
maximum decol ourizationwasachieved. Incaseof Acid
Yellow 5GN dye, it wasfound that after 1 hr in case of
ES+M, Y2 hr in case of ES and 1 hr in case of ESM,
maximum decol ourization (77%) wasachieved. It was
concluded fromherethat initidly withincreaseintime,
adsorption increasesbut after aspecifictimeinterval,

Snoivonmental Science
A Jndian ﬂo«/md



ESAIJ, 8(8) 2013

Monika and Amita

327

—== Qurrent Research Pepsr

theequilibriumisachieved and then desorption of the  adsorbent dosages can be attributed to greater surface
dyesstartsleadingto decreasein adsorption of thedyes  areaand availability of morebiosorptionstes(figure3).
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Figure?2: Effect of contact timeon % decolourization of (a)
Acid BlueM TR Dye& (b) Acid Yellow 5GN dye by using
ES+M,ESandESM

Effect of adsor bent dose

180

The effect of adsorbent dose on decolourization
wasstudied withinitia dye concentration of 100 ppm,
with variousadsorbent doses under batch conditionsat
aconstant stirring speed of 150 rpm. After adefinite
optimized timeinterval asoptimized abovei.e. 15—
180 min., the treated samples were filtered and the
decolourization assay was performed. In case of acid
blue MTR dye, it was observed that maximum
decolourization was achieved at dosage 6gin case of
ESt+M, 3gincaseof ESand 0.6gin caseof ESM.

Incaseof Acid Yellow 5GN dye, it was observed
that maximum decol ourization (94%) was achieved at
dosage 3gin case of ES+M and ESand 0.4gin case of
ESM. Thissuggeststhat astheadsorbent doseincrease
theextent of dyeremova a soincrease but after aspe-
cific adsorbent dosage, theadsorption equilibriumisat-
tained. Theinitia increaseinadsorptionwithincreasein
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Figure3: Effect of adsor bent dosage on % decolourization
of (@) Acid BlueM TR Dye& (b) Acid Yellow 5GN dyeby using
ES+M,ESand ESM

Effect of dye concentration

To observe the effect of varying dye concentra-
tions on decol ourization the synthetic dyesof various
concentrationswerekept in contact with the biosorbent
at the adsorbent dosage of 6g/100ml of synthetic dye
in case of ES+M,3g/100ml in case of ES and 0.6g/
100ml incase of ESM incaseof Acid BlueM TR dye
and theadsorbent dosage of 3g/100ml of synthetic dye
in case of ES+M and ES and 0.4g/100ml in case of
ESM in case of Acid Yellow 5GN dye at room tem-
perature (30°C-35°C) under batch conditions at a con-
dant stirring. After adefinite optimized timeinterval the
decol ourization assay was performed. In both the dyes,
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it wasfound that maximum decol ouri zation (92%) was
achieved at dye concentration of 150 ppm in case of
ES and 100 ppm in case of ESM. But in the case of
ES+M, maximum decol ourization wasachieved a dye
concentration of 100 ppmincaseof Acid BlueMTR
dye and 150 ppm in case of Acid Yellow 5GN dye.
Thisindicatesthat theadsorption ratewill increasewith
anincreasedinitial dyeconcentration mainly duetothe
increaseinthemasstransfer fromthe concentration gra-
dient, but after acertain concentration, theremoval ef-
ficiency of adsorbent starts decreasing because of the
limited adsorption sitesavailablefor the uptake of ad-
sorbate (figure4).
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Figure4: Effect of dyeconcentration on % decolourization
of (@) Acid BlueM TR Dye& (b) Acid Yellow 5GN dyeby using
ES+M,ESandESM

Effect of agitation speed

To observe the effect of agitation speed on
decolourization, synthetic dyewithinitia dye concen-
tration of 100 ppm was mixed with adsorbent and kept
on shaker at various agitation speedsi.e. 75 rpm, 100
rpm, 150 rpm. After adefinite optimized timeinterval,
thetrested sampleswerefiltered and the decol ourization
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assay was performed. In both the dyes, maximum
decol ourization (94%) wasachieved at 100 rpmincase
of ES+M and ESand 75 rpmin case of ESM. It was
observed that rate of removal of both the dyes was
increased with increasein agitation speed in case of
ES+M and ES because resistance to masstransfer is
broken down with increasing agitation speed dueto
which moreamount of colour penetrateinto the adsor-
bent but beyond a certain agitation speed there was
decreasein dyeadsorption (figure5).
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Figure5: Effect of agitation on % decolourization of (a) Acid
BlueM TR Dye& (b) Acid Yellow 5GN dyeby usng ES+M,
ESandESM

Effect of temperature

The effect of temperature on decol ourization was
studied using synthetic dyewith both dyes under batch
conditions at aconstant stirring speed of 150 rpm at
varioustemperaturesi.e. 25°C, 35°C and 40°C. After
adefiniteoptimizedtimei.e. 15-180 min., thetreated
sampleswerefiltered decol ourization assay was per-
formed. In both the dyes, maximum decolourization
(92%) was achieved at 35°C in case of ES+M, ES
and ESM. Based on the results of the effect of tem-
peratureonthefitting adsorption capacity, themainmode
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for adsorption of acid dyes onto ground eggshell was
specul ated to be strong dispersion forcesand thusled
to significant attraction between dye moleculeand the
ground eggshel| particle, which should bean endother-
mic process, showing that the amount of dye adsorbed
onto adsorbent increaseswith raising adsorptiontem-
perature up to 35°C (figure 6).
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Figure6: Effect of temperatureon % decolourization of (a)
Acid BlueM TR Dye & (b)Acid Yellow 5GN dye by using
ES+M,ESand ESM

Effect of particlesize-Theeffect of particlesize
wasinvestigated withinitial dye concentration of 100
ppm with adsorbent of various size ranges (1.1mm-
0.5mm, 0.5mm-0.18mm, < 0.18mm) at the rate of
adsorbent dosage of 6g/100ml of synthetic dyein case
of ES+M, 3g/100ml in case of ESand 0.6g9/100ml in
caseof ESM.

In caseof Acid Blue M TR dye and the adsorbent
dosage of 3g/100ml of synthetic dyein caseof ES+M
and ESand 0.4g/100ml in caseof ESM incaseof Acid
Yellow 5GN dye at room temperature (30°C-35°C)
under batch conditions. After adefiniteoptimized time
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interval i.e. 15 min. to 180 min., the treated samples
werefiltered and decol ourizati on assay was performed.
In both the dyes, maximum decol ourization (92%) was
achieved at particlesizerange of <0.18mmin case of
ES+M, ESand ESM. Results show that for both dye
solutions, with decreasing the particle s ze, the adsorp-
tionisincreasing to some extent. Therisein dyere-
moval isthedirect effect of theincreasing surfacearea
of theadsorbent by decreasingtheparticlesize. All fur-
ther studieswere carried out choosingthe particlesize
<0.18(figure7).
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Figure7: Effect of particlesizeon % decolourization of (a)
Acid BlueM TR Dye& (b) Acid Yellow 5GN dye by using
ES+M,ESand ESM

Adsor ption kinetics

Incaseof Acid BlueM TR dye- Theinitid dyecon-
centration of an effluent isimportant Snceagiven mass
of sorbent material can only adsorb afixed amount of
dye. Asshowninfigure8, thekineticsof dye sorption
was contact time dependent. Sorption increaseswith
timeandit remains constant after acontact timei.e. the
equilibrium time. Theresponse of the sorbent materia

ey Snoivonmental Science
Au Tudian Yournal



330 Adsorption of acidic dyes from aqueous solution on eggshell and its membrane ESAIJ, 8(8) 2013

Current Research Papsr

usedisnot similar with al thepHs (2, 4,5, 7, 8). The  shell without membraneand 1 hr. at pH 2 in case of
equilibriumisachieved after 15min. at pH 2incaseof  eggshdl membrane.

eggshell with membrane, 2 hrs. at pH 2in caseof egg- Incaseof Acid Yellow 5GN dye- Figure 9 shows
that change of dye adsorption with timegoesby. Asthe
contact timeincresses, dye uptakeasogoesupinitialy
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and then become amost stable, showing an attainment
of equilibrium. Theequilibriumwasachieved after hav-
ing been shakenfor 1 hr. at pH 2 in case of eggshell
withmembrane, ¥z hr. at pH 2 in case of eggshell with-
out membrane and 1 hr. at pH 2 in case of eggshell
membrane. Theresponse of the sorbent materia used
isnot similar withal thepHs(2, 4,5, 7, 8). To assure
that thetrueequilibriumisestablished, all the subse-
quent sorption experimentswere carried out for about
3hrs.

Adsorption isotherms

Tofecilitatethe estimation of adsorption capacities
at variousliquid-phase concentrations of thetwo acidic
dyes, thetwo well-known equilibrium adsorptioniso-
therm models, Langmuir and Freundlichwereemployed
asfollows
Langmuir: g=q, K C_/(1+K C)"

Freundlich: g =K _C '

whereq, istheamount of dye adsorbed at equilibrium
per g of sorbent (mg/g); C, istheequilibrium concen-
tration of dyeinthesolution (mg/L); g, and K arethe
Langmuir model constants; K_ and 1/n are the
Freundlich model constants. Inthecaseof Langmuir
isotherm, K| isadirect measurefor theintensity of the
adsorption process(L/mg), and g, isaconstant rel ated
to the areaoccupied by amonolayer of absorbate, re-
flecting the adsorption capacity (mg/g). From aplot of
1/gevs. 1/C, g, andK  canbedetermined by itsslope
andintercept. Inthecaseof Freundlichisotherm, K__is
aconstant for the system, related to the bonding en-
ergy. K can be defined as adsorption or distribution
coefficient and representsthe quantity of dye adsorbed
onto adsorbentsfor aunit equilibrium concentration (i.e,

C,=1mg/L). Thedope1/n, ranging between Oand 1,

isameasurefor the adsorption intensity or surface het-
erogeneity. Aplotof Ing, vs.InC_enablestheempirica

constantsK _and 1/nto be determined by theintercept
and slope of thelinear regression. TABLES 1 and 2
present theresultsof Langmuir and Freundlichisotherm
fitsby using the adsorption capacity dataat 35 °C. Ob-
vioudy, it can be seenthat the Langmuir modd yiddsa
somewhat better fit than the Freundlich model, asre-
flected with corrél ation coefficients (R?) of 0.945 vs.

0.229, 0.935vs. 0.460 and 0.968 vs. 0.930in case of
acid blue M TR dyeand correlation coefficients (R?) of
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0.866vs. 0.371,0.707 vs. 0.285 and 0.905 vs. 0.896
incaseof acid yellow 5GN dye. Fromtheresults, itis
concluded that both the dyes could be adsorbed largdly
and strongly onthe ESM rather than ES or ES+M.

TABLE 1:Langmuir parametersand freundlich param-

etersof different typesof biosorbentsprepared from egg-
shell for adsor ption of acid blueM TR dye

Langmuir parameters Freundlich parameters

Sorbent Type

gm(mglg) K. (L/mg) R®> K¢ 1n() R?
ES+M 4.054 28.13 0.945 35 0.341 0.229
ES 14.34 47.54 0.935 0.7 0.929 0.460
ESM 78.67 3514 0968 0.2 0910 0.930

TABLE 2: Langmuir parametersand Freundlich param-
etersof different typesbiosorbentsprepar ed from eggshell
for adsor ption of acid yellow 5GN dye

Langmuir parameters Freundlich parameters

Sorbent Type
Om(Mg/g) Ky (L/mg) R®> Keg 1n() R?
ES+M 17.66 8378 0866 0.8 0990 0371
ES 10.94 3896 0707 081 0907 0285
ESM 1155 4692 0905 02 0980 0.896
CONCLUSIONS

The present study concludesthat theeggshell and
its membrane could be empl oyed aslow cost adsor-
bent for removal of acidic dyesfrom waste water at
low concentrations. Various process parameters (pH,
contact time, amount of biosorbent, concentration of
dye, agitation speed, temperature, particlesize) and their
effect on decol ourization activity of eggshell materia
was observed. Two commonisotherm equationswere
applied to model theisothermsin the present study i.e.
the Langmuir and the Freundlich models. It was ob-
served that the Langmuir modd yields abetter fit than
the Freundlich model in case of both thedyes, asre-
flected with the correl ation coefficients (R?) in thetwo
cases. Further investigation isrequired to study there-
usability of biosorbent. An experiment can a so bede-
signedtotest theremova of dyefrom textile effluents.
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