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Abstract : Inthe present investigation ahal f-frac-
tion central composite design had been gpplied for pre-
diction of Pb(I1) adsorption capacity on the surface of
microwave asd sted activated carbon. For thispurpose,
fiveinput variables such as, solution pH, initial con-
centration, adsorbent concentration, temperature, con-
tact time and one output variable, Pb(I1) adsorption
capacity had taken into consideration. The optimum

INTRODUCTION

Lead isaprimary contaminant general ly presentin
the effluentsof lead battery industry, lead wire and pipe
industry, dyemanufacturingindustry, printingindustry and
meta recydingindustry!”. Classicdly, leadintoxication
occurres due to long exposure to high levels of lead
present invariousP(11) satsand organiclead compounds
Regulationsregarding restricted useof lead have greetly
reduced | ead exposurein somedevel oped countries but
lead isstill widely used in many devel oping countries.
AccordingtotheEnvironmenta ProtectionAgency (EPA)
andWorld Hedlth Organization (WHO), thepermissible
limitsof lead for drinking water are 50 and 10 pg/L re-
spectively wheress, the EPA gandard for lead inwastewa

adsorption conditionwasfoundto bepH: 6, initid con-
centration: 120 mg/L, adsorbent concentration: 1.5g/
L, temperature: 20 °C, time: 80 min.
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K eywor ds: Response surface methodol ogy; Cen-
tra compositedesign; Statistical modeling; Activated
carbon; Optimization.

teris500 pug/LP. Therefore, remova of leadionsfrom
differentindustrid wastewater hasbecomevery impor-
tant. Many convention techniquessuch as, adsorption,
membrane separation, ion exchange, nano-filtrationare
availablefor remova of Pb(Il) micriowaveasssted acti-
vated carbon. Therefore, inthe present research, anac-
tivated carbon was prepared by carbonization of Acacia
Auriculiformisscrapwood followed by micro-wave ac-
tivation. Theadsorption characterigticsof Po(ll) had been
mode ed by using response surface methodol ogy.

EXPERIMENTAL

Materials
Lead nitrate was procured from Loba Chemie
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Private Limited, Mumbai, India. The hydrochloric
acid (35% pure), sodium hydroxide and the com-
mercial activated carbon were procured from Merck
Specialities Private Limited, Mumbai, India. All the
chemicalsused in the present study were of anal yti-
cal grade.

(a) Experimental set up

The batch adsorption study was carried out in a
mechanica shaker-incubator (Thermocon, India). The
shaker isequipped with adigita temperature control-

ler-cum- indicator and rpmindicator. A timer isalso
attached with the shaker.

(b) Procedure

Thekinetic study was carried out by adding 0.1 g
of adsorbent into aseriesof 250 mL conical flaskscon-
taining 100 mL solution of Pb(I1) and wereshakenina
mechanica shaker-incubator (Thermocon, India). The
sampleswerewithdrawn from theflasksat fixed inter-
val of timeand werefiltered. Thenthe sampleswere
andyzed for determiningtheresidua Pb(Il) concentra-
tioninthesolution.

(c)Analysisof Pb(l1)

The concentration of Pb(11) in solution was mea-
sured by using an atomi c-absorption spectrophotom-
eter (AAS) (PerkinElImer Andlyst 300, USA). TheAAS
reports the concentration of ametal in ppm (mg/L).
Prior totheanaysis, theinstrument was calibrated by
using some standard sol utions of known metal concen-
trations. The absorbance of these solutionswas mea-
sured to establish ardlation between the measured ab-
sorbance and themetal concentration.

RESULTSAND DISCUSSIONS

Satistical modelingby CCD

The Pb(Il) adsorption processwas successfully op-
timized by using central compositedesign (CCD). In
the present study, solution pH (x,), adsorbent concen-
tration (x,, g/L), initia adsorbate concentration (x,, mg/
L), contact time(x,, min) and temperature (X, °C) were
selected astheinput variableswhereasthe amount of
Pb(I1) adsorbed Y (mg/g) was selected asthe output
variable based on theliterature and batch adsorption
study discussed inthe previous sectionsof thischapter.

Theaverage particlesizeand agitation speed were kept
constant at 105.5 um and 200 rpm respectively. The
statistica andysisof thedevel oped model was statisti-
cdly performed by using Design expert software (Stat-
Ease, Inc., version 8.0.7.1, Minneapolis, USA). The
input parametersaong with their respectivelevelsare
shownin TABLE 1. Each experimental parameter was
coded at fivelevels. —a, -1, 0, +1 and +a. Theranges
of the each experimental parameter are shown in
TABLE 1.

TABLE 1: Therangeand levelsof theinput variables

Ranges and levels
-« -1 0 +1 +a
Solution pH (X4) 4 5 6 7 8
Adsorbent concentration, (g/L) (x,) 1.0 1.5 2 25 3.0
Initial concentration, (mg/L) (Xs) 80 100 120 140 160
Contact time, (min) (X4) 15 40 65 90 115
Temperature, (°C) (xs) 10 20 30 40 50

Input variables

Inthe present study, the central compositedesign
wasdeve opedfor fivefactorid designswhich cons sted
of thirty two experimenta runswith six replicatesat the
center pointsasshownin TABLE 2.

The model equation and analysis of variance
(ANOVA)

Theanaysisof variance (ANOVA) for Pb(I1) ad-
sorption aong with the model F-value and the prob-
ability valueisshownin TABLE 3. Itisobserved from
TABLE 3tha themodd isstatistically significant with
F-vaue of 228 and probability value of <0.0001. The
value of theregression coefficient (R?) for the model
is found to be 0.998 which is quite close to unity.
Therefore, the devel oped model isableto predict the
response variable successfully. Thevaue of adjusted
determination coefficient (“Adj R-Squared” = 0. 993)
signifiesthat only 0.7% of thetotal variableisnot de-
scribed by themodel. The predicted determination
coefficient (“Pred R-Squared” =0.939) is found to
be very closeto the adjusted determination coeffi-
cient whichindicatesahigh significance of thedevel -
oped model. Besides, the values of the coefficient of
variation (CV) and standard deviation have a so been
shownin TABLE 3which signifiesagood precision
and reliability of the experimentg?.



56

ChemXpress 6(2), 2014

ORIGINAL ARTICLE

TABLE 2: Completedesign matrix with theresponsevariable  gblesintermsof coded variablesisasfollows:

for Pb(I1) adsor ption
Run x; Xz (g/L) X3 (mg/L) X4(min) Xs(°C) Y (mg/g)

1 6 2 160 65 30 61.54
2 7 25 100 90 20 39.79
3 6 2 120 65 10 59.81
4 6 2 120 65 30 59.88
5 5 15 140 40 20 63.91
6 6 1 120 65 30 61.37
7 6 2 120 65 30 59.88
8 7 25 140 90 40 35.02
9 7 25 140 40 20 55.81
10 7 25 100 40 40 39.79
11 8 2 120 65 30 59.88
12 6 2 80 65 30 38.21
13 6 3 120 65 30 39.04
14 5 15 100 40 40 12.06
15 5 25 140 40 40 19.49
6 7 15 100 40 20 66.60
17 6 2 120 65 30 59.88
18 6 2 120 65 30 59.88
19 5 25 140 90 20 34.44
20 5 15 140 90 40 41.12
21 5 25 100 40 20 11.89
2 6 2 120 65 30 59.88
23 6 2 120 65 50 5.05
24 5 25 100 90 40 15.78
25 7 15 140 90 20 85.75
26 7 15 100 90 40 17.12
27 4 2 120 65 30 29.34
28 5 15 100 90 20 40.71
29 7 15 140 40 40 20.12
30 6 2 120 115 30 42.53
31 6 2 120 15 30 35.45
32 6 2 120 65 30 59.88
TABLE 3: TheANOVA for Pb(I1) adsorption
sglrjirz:tieir?é sSqu urzrcgs Dfsgerede?n? f sigl ue::\arn e va'I: ue Probability
Model 12209.22 20 610.46 228 <0.0001
Residual 29.45 11 2.68
Error 0 5 0

Sandard Deviation = 1.64; CV = 3.76; R? = 0.998; Adj-R? =
0.993; Pred-R2=0.939

After performingtheANOVA, aregression equa-
tion for the quadratic model wasobtained. Theregres-
S on equationwhich correl atestheinput and output vari-

Y =60.17 + 7.57x, - 5.84x, + 6.61x,, + 1.43x, - 12.83x,
+3.56% X, - 2.82% X, - 1.83x X, — 4.59 x X - 2.31X X,
—1.50x.x, +8.42x X_ + 3.37X.X, — 3.12x X, -0.94% X,
-4.11x 2 - 2.71x,7 - 2.79x,7 — 5.51x,7 — 7.15x.? (@)

Thissecond-order full polynomia equation repre-
sentsan empirical relationship between theamount of
Pb(I1) adsorbed and the solution pH, initial adsorbate
concentrations, adsorbent concentration, contact time
and temperature. In the present study, asecond-order
response surface model was studied to predict the
Po(11) adsorption characteristics. Theresultsof there-
gression analysisobtained fromANOVA areshownin
TABLE 4. Thesignificance of each coefficient wases-
timated through the determination of p-valuesasshown
inTABLE 4. Themode termswith aprobability of F-
statistics value less than 0.0500 are found to have
sinificant effectsa 95% confidenceleve @,

In the present study, the first-order main effect
(p<0.0001) and the square effect (p<0.0001) of solu-
tion pH, adsorbent concentration, initial concentration

TABLE 4: Theresultsof regression analysisfor Pb(I1) ad-
sorption

Regression  Standard

Model term coefficient error p-value
I ntercept 60.17 0.65 -
X1 7.57 0.33 <0.0001
Xo -5.84 0.33 <0.0001
X3 6.61 0.33 <0.0001
X4 1.43 0.33 0.0113
Xs -12.83 0.33 <0.0001
X1Xo 3.56 0.41 < 0.0001
X1 X3 -2.82 0.41 < 0.0001
X1 X4 -1.83 0.41 0.0009
X1 Xs -4.59 0.41 < 0.0001
X2 X3 -2.31 0.41 0.0002
X X4 -15 0.41 0.0038
X2 Xs 8.42 0.41 < 0.0001
X3 X4 3.37 0.41 < 0.0001
X3 Xs -3.12 0.41 < 0.0001
X4Xs 0.94 0.41 0.0415
X1 -4.11 0.3 < 0.0001
X 271 0.3 < 0.0001
X -2.79 0.3 < 0.0001
X4 -5.51 0.3 < 0.0001
X5 -7.15 0.3 < 0.0001
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and temperature have significant effect on Pb(l1)
adsorption. Thissignifiesthat small changeinthese
parameters can affect Pb(I1) adsorption to alarger
extent.

In case of contact time, the square effect
(p<0.0001) ismuch moresignificant thanitsfirst-order
main effect (p=0.0113). Itisevident from thisresult
that asmall changein contact timecan causelargevaria-
tionin Pb(I1) uptakeaswith progresses of timetherate
of adsorptionincreases.

The combined effects of pH and adsorbent con-
centration, pH andinitial concentration, pH and time,
pH and temperature, adsorbent concentration and ini-
tial concentration, adsorbent concentration and time,
adsorbent concentration and temperature, initial con-
centration and time, initial concentration and tempera
ture, timeand temperaturearefound to havesignificant
effectsof Pb(I1) adsorption.

Effectsof experimental parameterson Pb(l1) ad-
sorption

Theeffectsof variousexperimenta parameterssuch
assolution pH, adsorbent concentration, initial Po(l1)
concentration, contact timeand temperature onthead-
sorption of Pb(ll) werestudied indetail. Thecombined
effect of solution pH and initial adsorbate concentra-
tion on Pb(Il) adsorptionisshown through surface plot
(Figure 1). It is observed that the Pb(I1) adsorption
increaseswithincreasein solution pH and initia con-
centration. Theadsorption of Pb(Il) favorsat compara

653912

Amount of Pb(II) adsorbed (mg/g)

Initial concentration (mg/L) %

tively higher pH va ues because of decreasein compe-
tition between positively charged Pb(l1) ionsand hy-
drogenions(H").

Conversdly, at lower solution pH, the adsorption
of Pb(I1) ions decreases dueto excessive protonation
of theactivated carbon surface’®. The Pb(l1) adsorp-
tionisfoundtoincreasewithincreaseininitia concen-
trationsbecause of high concentration gradient between
thebulk liquid and the adsorbent surface®.

The combined effect of solution pH and adsorbent
concentration on adsorption of Pb(11) isshownthrough
contour plot (Figure?2). Itiseasily observed from Fig-
ure 2, that with increase in adsorbent concentration,
the adsorption capacity decreases as the adsorption
capacity is expressed as the amount of pollutant
adsorbed per gram of adsorbent. It may al so happen
due to overcrowding of the adsorbent particles. At
higher adsorbent concentration, conglomeration of ad-
sorbent particles can also happen dueto decreasein
theeffectivesurfaceared®.

The combined effect of initial adsorbate concen-
tration and contact timeon Pb(I1) adsorptionisshown
inFigure3.

Itisobserved from Figure 3 that the Pb(11) adsorp-
tionincreaseswithincreasein contact time. Initidly, a
largenumber of vacant surfaceStesareavailableonthe
activated carbon surfaceand with the progressesof time
the vacant sites are being occupied by the adsorbate
molecules. Therefore, the adsorption process becomes
dower and it finaly reachesto equilibrium®.

10000 500

Figurel: Effect of pH and initial adsor bate concentration on theadsor ption of Pb(l1)
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Figure?2: Effect of pH and adsor bent concentr ation on theadsor ption of Pb(l1)
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Figure3: Effect of initial adsor bateconcentr

The combined effect of adsorbate concentration
and temperature on adsorption of Pb(I1) isshownin
Figure4.

Itisfurther noticed from Figure 5, that the maxi-
mum amount of Pb(ll) adsorption (72.90 mg/g) is
achievedwithaninitia concentration of 138 mg/L and
20 °C approximately. Besides, amount of Pb(Il)
adsorbed per unit mass of activated carbonisfoundto
decreasewithincreasein temperature. Thismay hap-
pen dueto weakened force of physical attraction be-
tween the adsorbate mol ecule and the adsorbent sur-

./-
9600

Initial concentration (mg/L)

ation and timeon theadsor ption of Pb(I1)
faceat higher temperature!.

Comparison of experimental and model predicted
valuesof responsevariable

Theexperimenta and model predicted val ues of
the response variable were compared. The plot be-
tween experimental (actual) and predicted val ues of
amount of Pb(I1) adsorbed isshowninFigure5. Itis
noted from Figure 5 that both the valuesarein reason-
able agreement with each other. It impliesthat agood
correl ation between input and output variables could
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Figure4: Effect of initial concentration and temperatur eon theadsor ption of Pb(I1)
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Figure5: Comparison of actual and predicted amount of Pb(11) adsorbed

bedrawn by the model devel oped.
Optimization of processvariables

Thenumerica optimizationwasgppliedtooptimize
the Pb(I1) adsorption process and the optimum val ues
of various parametersareprovided in TABLED5.

Themode predicted value of Pb(Il) adsorption ca
pacity at thisoptimum conditionwasfound to be 76.60
mg/g.A desrability vaueof 0.963 wasobtained after op-
timizingthe processparameters. Theexperimenta vaue

of lead adsorption capacity at thisoptimum conditionwas
determined and thevauewasfound to be81.03 mg/g.

TABLES5: Theoptimum valuesof theexperimental param-
eters

Parameters Optimum values
Solution pH 6
Initial concentration (mg/L) 120
Adsorbent concentration (g/L) 15
Contact time (min) 80
Temperature (° C) 20
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CONCLUSION

The batch adsorption study of Pb(ll) wascarried
out by using micro-wave assisted activated carbon. The
residual Pb(Il) concentrations, at theend of the batch
studies, werefound to be below the ISl specified per-
missiblelimit (0.1 mg/L). Theadsorption processwas
successfully optimized by using acentral-composite
design (CCD) and the optimum processcondition was
foundto beat apH of 6, initial concentration of 120
mgy/L, adsorbent concentration of 1.5¢/L, contact time
of 80 min and temperature of 20 °C. It was observed
that the experimental and predicted values of Pb(ll)
adsorption capacity werein well agreement with each
other.
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