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ABSTRACT

Experiments were conducted to study the efficiency of green carbon pre-
pared from natural sourcefor removal of abasic dye Methylene Blue (MB).
The effect of various process parameters such as temperature, initial pH,
contact time, adsorbent dosage and initial dye concentration of the solu-
tion were studied by running batch experimentsin Erlenmeyer flasks. Mod-
eling equation was devel oped to study the effects of all the parameters on
dye removal by Response Surface Methodology to optimize the process
parameters. ANOVA analysis was also studied to know the interaction ef-
fect of dye and adsorbent. This experiment revealed that the adsorbent
exhibited high adsorption capacities and this adsorption capacity was af-
fected by the changes in temperature, initial pH, contact time, adsorbent
dosage and initial dye concentration of the solution. The results obtained
were aso modeled by usingArtificial Neural Networks (ANN). High values
of correlation coefficientsindicated the best fit of experimental resultswith
that of values obtained from modeling. From these studies, it may be con-
cluded that green carbon adsorbent prepared is efficient and economical
for Methylene blue removal from aqueous solutions.
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INTRODUCTION

Dyepollutantsfrom variousindustriesarean impor-
tant source of environmental contaminations. Mostin-
dustries usedyes and pigmentsto color their products,
whichindudetextile, tannery, food, pgper and pulp, print-
ing, carpet, and minerd processingindustries. Colorisa
visible pollutant and the presence of even very minute
amount of coloring substance makesit undesirabledue
toitsgppearance. Disposal of dyeeffluentsinto thewa
ter streams causesdamageto aquatic lifeaswell ashu-
mans by mutagenic and carcinogenic effectg” 827,

Biosorption processis one of themast promising
method used for dye remova becauseof itssmplicity,
high efficiency, and wideranging availability® 221, The
researchers studied thefeasibility of low cost materids
such aspest, pinusbark, orange pedl, bananapith, cot-
tonwaste, rice husk, bentonite clay, neem |l eaf powder,
bamboo dust, coconut shell, ground nut shell, cassava
peel, duck weed industrial waste, zealites, etcfor re-
moval of dyesfrom effluentg® 131920, But ill thereisa
need to devel op economical and highly effective ad-
sorbent to treat dye effluents. Hence, the present work
isaimed to develop asimple, cost effective and envi-
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ronmental ly benign method for removal of methylene
bluefrom agueous solution using carbon prepared from
AcaciaArabicaseeds (AAS) as sorbent.

Neura network isanew classof information pro-
ng techniques. Themaost bas c componentsof neurd
networks aremodel ed after the structure of the human
brain; like humaninformation processing systemsartifi-
cia neura systemsor networksacquire, storeand uti-
lizeknowledge. It hasbeen gppliedinsolvingwidevari-
eties of problems. The most common is the use of
neura network to forecast what will most likely hap-
pen. It hasaunique ability to recognizerelationship
beforeinput and output events. Numerous researches
have applied neural networksin themodeling of vari-
ous systemsinwhich no explicit scientific solutions
were available® 11 15.16.21. 25,31 The present study is
focuson devel opment of efficient modelsfor predict-
ing percentage of removal of dye by using RSM and
ANN methods.

MATERIALSAND METHODS

Materials

Methyleneblue, HCl and NaOH used in thisstudy
were purchased from | otus enterprises, visakhgpatnam,
India. Deionized water was used to prepare the dye
solutions. All theglassvare waswashed thoroughly with
deionized water before use.

Prepar ation of biosor bent

TheAASmaterial was collected from nearby for-
est areain sted plant, Visakhgpatnam, AndhraPradesh,
India. TheAASwere separated from the waste mate-
rid and washed with deionized water till no color was
obtained in effluent water. Then it wasdried in sunlight
for overnight, crushedinroll crusher andgroundedina
ball mill for 20 minutes. The grounded material was
placed in amuffle furnace at 500°C for 3 hr and re-
sulted activated carbon (AASC) wasscreened usinga
seveshaker for 30 minutesthen different szed particle
mixtureswerecollected ssparatdy fromthedeveandyss
and stored in adessicator for further use.

Experimental procedure
The stock solution of dyeat desired concentration
was prepared by dissolving accuratdly wei ghed amount
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of MB dyein deionized water in 1000 ml volumetric
flask. It was diluted to the required concentrations of
dye (0 ppm - 150 ppm) in 250 ml Erlenmeyer flasksby
mixing with appropriate volumes of deionized water.
Dyesolutionsof 50 ml weretakeninal100 ml Erlenm-
eyer flasksand required pH’swere maintained by us-
ing 0.1N HCI or 0.1N NaOH. Dye sol utionswere con-
tacted with the appropriate amounts of biosorbentsand
kept at 200 rpminan orbita shaker. The solutionspH
was measured by using apH meter. Dye concentra-
tionswere determined by using UV-Vis Spectropho-
tometer at awavel ength corresponding to the maxi-
mum absorbanceof dye.

Experimental Design and DataAnalysis

A Central Composite Design? was usedto eva u-
atetheeffects of process parameterson dyeremoval
efficiency. Temperature (x,), pH (X,), time(x,), adsor-
bent dosage (x,) andinitia dyeconcentration (x,) were
chosen astheindependent variables. Percentage of dye
remova (YY) from water was sel ected asthe dependent
output variable. A half fractionfactorial Central Com-
posite Design (CCD), with sixteen cube point runs, ten
axia point runsand 6 replications at the centre point
leading to atotal number of 32 experimentswereem-
ployed for the optimization of parametersfor removal
of MB dyefrom agueous sol ution. For statistical calcu-
lations, thevariablesx, werecoded as X according to
equation-1.
X i X oi

X, = i=123..k

i 1)

WhereX. isthedimensionlessval ueof anindepen-
dentvariable, x. istherea vaueof anindependent vari-
able, x ; isthereal vaue of theindependent variable at
the centre point, and Ax. isthe step change. All inde-
pendent variableswerecodedto fivelevels.

A second degree polynomial (Equation-2) wasde-
veloped to estimate the response of the dependent vari-
able.

k k-1
Y=b,+Z. =1b X +Z.

Dy @

k
2z

k
XX +X.
| = | =

2bij i 1

WhereY isthe measured response, b, wasthein-
tercept term, b, werelinear effects, b, werethe squared
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effectsand bij weretheinteracting effects.
RESULTSAND DISCUSSION

Central Composite Designisavery useful tool to
determinetheoptimal level of variousgrowth param-
etersanditscongtituentsand their interaction. TheCCD
design matrix and the observed responsesweregivenin
TABLE-1 All experimenta runswereconducted & three
replicatesand averagevad ueswereshownin TABLE-1.

TABLE 1: CCD plan matrixin coded valuesand Responses

% Removal of dye

Run Order X1 Xo X3 X4 Xs -
Observed Predicted

1 0 0 0 0O 81.72 81.7380

2 -1-11 -1 -1 8074 80.7344
3 -1 1 -1 -1 -1 8373 83.7144
4 -1-1-1-1 1 71.60 71.6019
5 0 0 0 0O 81.70 81.7380

6 0 00 -20 73.36 73.4345

7 1 1 -11 -1 8250 82.5778
8 -:1-11 1 72.65 72.7453
9 -1 -1 1 1 78.34 78.3728
10 111 -1-1 869 86.8853
11 2 0 0 0 O 78.69 78.5778
12 0 0 0 2 0 82.15 81.9778
13 0 0 2 0O 85.29 85.3028
14 0 0 0 0O 81.70 81.7380
15 0 0 0 0 -2 8350 83.4045
16 111 -11 82.54 82.4703
17 -11 1 1 -1 9360 93.6153
18 -:11 111 88.50 88.5228
19 0 0 00 2 76.90 76.8978
20 0 0 00O 82.12 81.7380
21 111 11 89.60 89.6236
22 -2 0 0 0 O 84.50 84.5145
23 1 -1-1-1-1 7380 73.8569
24 1111 -1 7870 78.7878
25 -2 0 0 72.14 72.0095
26 -1 -1 -1 1 -1 7629 76.3769
27 1 1-1-11 78.72 78.7128
28 0 0 0O 81.82 81.7380
29 1 -11-11 68.47 68.4728
30 0 0 00O 81.27 81.7380
31 0 2 0 0 O 93.27 93.3028
32 0 0 -2 00 77.70 77.5895
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The RSM analysisfor the optimization of param-
etersshowsthat dyeremoval percentagewasafunc-
tion of temperature, pH, time, adsorbent dosage and
initial dye concentration. Themain effects of each of
the parameter on dye removal efficiency were deter-
mined and shownin Figure-1. A plot of temperature
versus percentageremoval of MB showsthat the per-
centageremoval of dyedecreased withincreased tem-
perature. Thisindicatesthe exothermic nature of the
process. Similar temperature effectswere obtained with
other adsorbentsalsoi*”). The present study revealsthe
fact that in general increasing of temperatureleadsto
decrease of adsorption.
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Figurel: Main effectsplot for per centageremoval of M B dye
One of theimportant factorsthat effect adsorption
processis pH thus the effect of pH on MB removal
wasstudiedintherangeof pH 2-11. It isclear fromthe
Figure-1that percentageremoval increased within-
creased pH and reached maximum at pH of 11. Smilar
observationswerenoticed for biosorption of dyefrom
agueous sol ution® 224, Time course profileof Figure-
1 showsthat removd efficiency increased withtimeup
to 52.5 minutesthereafter dyeremoval rate proceeds
at dower ratetill equilibriumisreached. Thismight be
attributed that increased time alowed the particlesto
reach equilibrium hence, removal efficiency increased.
These results are in accordance with the results ob-
tained by other researches on dyeremoval =,
Theeffect of biosorbent’sdoseonremova of MB
dyefrom solutionwassignificant asseenin Figure-1. It
was noticed that percentageremoval of MB increased
significantly with increased adsorbent dosageupto 0.2
g. However, beyond the dosage of 0.6 g changesin
percentageremova of MB ismargina. Similar trends
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werereported in case of other adsorption processes
ondyeremoval™ %!, Theeffectinitid dyeconcentration
plot indicated that the effect of dye concentration on
removd of dyeismodest. Theremovd efficiency gradu-
aly decreased. Thismight beduetothenon availability
of active sitesto thedye particlesg?!,

From theresults of the experimentsthefollowing
second order polynomial equation (3) was devel oped
to represent the percentage removal of MB dye.

Y, =80.009-0.183X, -0.976X,, + 0.053X, + 23.949X
-0.139X, - 0.001X,2+0.045X 2 +0X ? - 403.182X 2
—0.001X2 +0.01X, X, + 0X X, -0.427X X,+

0X X, +0.005X X, + 6.078X X, + 0.015X X, +
0.317X,X, -0.001X X, + 1.365X X, (3

The predicted values of percentageremoval us-
ing the above equation (3) were given along with ex-
perimental data (TABLE-1). Response Surface
Method (RSM) analysis givestheinformation about
guadratic and interaction effects along with the nor-
mal linearised effects of the parameters. Theregres-
sion equation-3 for percentage removal of dye was
evaluated by regression coefficients, standard error,
t-values, p-vaues, correlation coefficient (R) and the
determination coefficient, R?, (TABLE-2). The pro-
posed model suggeststhat the dye concentration and
pH had a strong effect; linear and quadratic terms
had moreinfluencein comparison to theinteraction
term. Here, the value of correlation coefficient (R=
0.998) indicates a high agreement between the ex-
perimenta and predicted values. Thefitted full qua-
dratic model of percentageremoval of MB dyewas
tested for its adequacy usingANOVA (TABLE-3).
P-value of for regression model equation from
ANOVA impliesthat the second-order polynomial
model fitted to the experimental resultswell.

The graphical representations of the regression
equation (3) could be exhibited by the 3D response
surfaces. All these response surfaces were presented
inFigures: 2-11, from which the optimum combina-
tion of all parametersfor percentage removal of dye
was predicted by using prediction profiler of the soft-
ware. Themaximum removd efficiency waspredicted
to be 95% which was obtained at atemperature of
20°C, pH of 11, contact time of 180 min, adsorbent
doseof 0.05gandinitial dye concentration of 20 ppm
(Figure-12).
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TABLE 2: Response Surface Regression of percentagere-
moval efficiency of MB dye

Term Constant SE t p
b0 80.009 2.1978 36.403 0
by -0.183 0.0648 -2.83 0.016
b, -0.976 0.1939 -5.035 0
bs 0.053 0.0116 4.616 0.001
by 23.949 8.7771 2.729 0.02
bs -0.139 0.0219 -6.356 0
b, + by -0.001 0.0007 -1.213 0.25
b, « b, 0.045 0.0078 5.809 0
bs * bs 0 0 -1.846 0.092
by« by -403.182 15.8075  -25.506 0
bs+ bs -0.001 0.0001 -10.038 0
b+ by 0.01 0.0032 3.154 0.009
by« bs 0 0.0002 1.051 0.316
b+ by -0.427 0.1427 -2.99 0.012
by« bs 0 0.0004 1.075 0.306
b+ s 0.005 0.0006 8.503 0
b« by 6.078 0.4756 12.778 0
by« bs 0.015 0.0012 12.965 0
b« by 0.317 0.0285 11.096 0
b« bs -0.001 0.0001 -18.852 0
by bs 1.365 0.0535 25.51 0

TABLE 3: Analysisof Variancefor Removal of M B dyeusing
CCD

Sour ce DF SS MYAd) F p
Linear 20 110252 55.12597 1203.34 O
Square 5 99521 1.04997 22.92 0
Interaction 5 3612 722355 15768 O
Residual Error 10 71.2  7.11954 15541 O
Lack of Fit 11 05 0.04581
Pure Error 6 013 002177 029 0.917
Total 5 037 0.07466

S=0.2148 R = 0.9854 R-Sq = 98.7% R-5q(ad]) = 98.1%

% Removal

024
0,14
0.2 Adsorbant Dosage
0.0E

Figure2: Surfaceplot of per centageremoval of M B dye, pH
and Adsor bent dose
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TABLE 4: ANN Infor mation about % Removal

Training - Training  Error Hidden Output
Network Name Performance Test performance Training Error  test error Algorithm function activation activation
MLP5-7-1 0.992095 0.991269 0.000539 0.004629 BFGS45 SOS Tanh Identity
Neuron

Inputs Outputs

__:’-;7_"' .

" Ouiput layer
Hidden layer

Figure13: Multilayer Perceptron Neural Network

In achieving the set goal of thestudy, an artificial
neural Network (ANN) wastrained and validated. A
total of 96 data sets obtained from the experimental
work was used in this study. About 60 sets of these
data sets we assigned the training set while the re-
maining 36 setswereused asthevalidation sets. There
arefiveinput variables, which are: applied pressure,
pressing time, moi sture content, heating temperature
and heating time. The desired output istheoil yield
from the coconut kernel. TheANN wastrained using
standard back propagation architecture with BFGS
training algorithm and thisarchitecture used was com-
prised of two layers. Figure 13 showsthearchitecture
of thenetwork used. Thetansigmod function wasused
asthetransfer functionin the hidden layer duetoits
suitable application for the data set of thiskind. The
output layer was made up of purelineartransfer func-
tion. Theoptimal hidden layer wasdetermined by vary-
ing the total number of neurons from 1 to 20. The
resultsof ANN during training and testing weregiven
in TABLE-4. The stop criteriawere based on mean
square error (M SE) on the validation set for model
generaization. The optimum hidden layer comprised
of 7 neurons. Incremental training styleisused where
the weights and biases of the network are updated
each timeaninput is presented to the network.

CONCLUSIONS

Inthiswork, statistical methodswere successfully
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applied for optimization of processvariablesfor the
remova of M B dyefrom aqueous solutions. Withthe
application of Central Composite Design ahighre-
moval efficiency designwas successfully devel oped.
Highly significant quadratic polynomiaswereal so
obtained. Theresults clearly showed that the M B re-
moval efficiency washighly influenced by initial pH
and dye concentration. However the effects of tem-
perature, contact time and adsorbent dosage were
margind.

Response Surface M ethod was employed to de-
termine the optimum combination parameters for
higher removal efficiency. The optimum temperature
of 20°C, pH of 11, contact time of 180 min, adsor-
bent dose of 0.05 g and initial dye concentration of
20 ppm were obtained which resulted 95% of MB
dyefrom solutions. The above studies proved that the
RSM could be effectively used to optimize various
parametersin MB removal process. Careful Experi-
mental design hasresulted thelessnumber of repli-
cates and number of observations. Inoverall there-
sultssuggest that activated carbon prepared fromAAS
could be used to remove the M B dye from aqueous
solutions effectively. Thismethod may resultsinre-
duction of environmental problemswithout compro-
mising plant productivity.

Effect of various parameters on percentage of dye
removal could be predicted well by both response sur-
face method and ANN. Prediction ability of both the
methodswerevery high (>99%) however, ANN gave
more accurate results. Back propagation neural net-
work model was designed, trained and validated for
the prediction of MB removal. The network had five
input variables. The network performed well during
vaidation. Theaccuracy of predictionwassignificantly
improved compared to statistical model. The neural
network model devel oped could better predict the prop-
ertiesthan the previously regression model. The net-
work modd had R = 0.999 whi ch showed that the neu-
ral network model was capableof learningtherelation-
shipsamong theinput and output variablesfor given
data set.
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