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ab s t r ac t
EasilyseparablemagneticnanoaluminawassynthesizedfortheremovalofthetoxicdyeCongored
fromaqueoussolution.MagneticnanoaluminaparticleswerecharacterizedbySEM-EDX.Themag-
neticpropertyofthesorbentwasevaluatedbytheVSMmethod.Theobtainedsaturationmagneti-
zation of 15.88 emu g–1showedfacileseparationofmagneticnanoalumina.Theeffectofinfluential
parameters; pH, temperature, time, initial dye concentration and amount of sorbent on the removal 
(%)wereinvestigated.Theremoval(%)wasmathematicallydescribedasafunctionofexperimental
parametersandcentralcompositedesign(CCD)wasappliedtoestimatetheprocess.Thesamedesign
wasusedforathreelayerartificialneuralnetwork(ANN)model.ThepredictedCCDdatavs.ANN
showedaregressionvalueof0.9999.ThislinearagreementindicatedthattheCCDandANNcould
ideallypredict theprocess.Theresultsofthetwomodelswerecomparedintermsofcoefficientof
determinationandmeanabsolutepercentageerrortoindicatethepredictionpotentialofCCDand
ANN.TheobtainedresultsconfirmhighercapabilityandaccuracyofANNinpredictioncompared
withCCD.TheexperimentaldatawerefoundtobeproperlyfittedtotheLangmuirandFreundlich
modelwhichindicatesthatthesorptiontakesplaceonaheterogeneousmaterial.Asorptioncapacity
of 27.397 (mg g–1)wasachievedforCongored.

Keywords:Removal; Congo red; Magnetic nano-alumina; Statistical modeling; Artificial neural
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1. Introduction

Dyesarewidelyutilizedintextile,printing,cosmeticand
food industries.Mostof thesedyes are toxic and releasing
them intowater sources such as rivers, lakes and seas has
beenaseriousconcernduetothewaterpollutionandaquatic
living organism death. Water pollution is one of the most 
considerable factors of human health. Aggregation of dyes 
inwatercausescancer,geneticmutation,digestivedisorders
andpoisoning.Congoredisoneofmostwidespreadanionic
dyes used in all dye industries to provide red color. Congo 

red accumulation in human body can cause cancer, severe 
allergic reaction and acute inhalation [1, 2]. Separation and 
removalofCongoredfromwatersourcesisenvironmentally
important.Varioustechniquessuchasoxidativedegradation
[3],coagulation[4],membranefiltration[5],ozonation[6]and
adsorption[7–9]werereportedfortoxicdyesremovalfrom
aqueoussolutions.However,amongallremovaltechniques,
adsorption is much more common due to the advantages of 
simplicity, low cost adsorbents, easy industrialization, and
facile accessibility. Zeolite [10], active carbon [11] and alumina 
arewidelyusedforremovalofdifferentdyes.Aluminaisa
prevalent sorbentwhich is extensivelyused for adsorption
ofdifferent contamination [12–14].Magnetic sorbentshave
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been introduced for adsorption techniques in last decades 
which make the separation of sorbent much easier from
media and overcome the dispersion of the sorbent after
adsorption process [15–17]. Nano structurematerials have
somesignificantpropertiessuchaslargersurfaceareathan
bulkparticleswhichincreasetheirapplicationinadsorption
process[18].Nostudyhasbeenreportedforapplyingmag-
netic nano alumina for dye removal. In this study, Congo red, 
asananionicdye,wasadsorbedbymagneticnanoalumina
from aqueous solution.

In recent years, statistical models have been introduced to 
simulate different systems.Artificial neural network (ANN)
and response surface methodology (RSM) are the most prev-
alent models which can ideally predict chemical processes
[19].ANNisanadvancedpredictionmodelwhichisinitially
acquiredfromtheneuronsfunctioninhumanbrain[20].ANN
overcomesthedrawbacksofmostmathematicalmodelsdue
toANNabilityinapplicationinbothlinearandnon-linearsys-
tems[21–24].ANNcaneffectivelypredictcomplexnonlinear
relationships between parameters and prediction of output
variables.ANNhas been reported for adsorption of Congo
red[25].RSMdealswithagroupofmathematicalandstatisti-
caltechniquestofitpredictedmodeltotheexperimentaldata.
RSMisapowerfulmethodforpredictionoflargenumberof
processeswhich isapplied in twocommondesignsofBox–
Behnkendesign (BBD) and central compositedesign (CCD)
[26].Adsorption of Congo red onto cashew nut shell using
RSMwasreportedpreviously [27]. In thisstudy,removalof
Congo red by magnetic nano alumina from aqueous solutions 
was investigated.Theprocesswas consideredapplying two
potentstatisticalmodelsofRSMandANNandthecoefficient
of determination (R2) and mean absolute percentage error 
(MAPE)ofRSMandANNwerecompared.

2. Materials and method

2.1. Materials

Congo red (C32H22N6Na2O6S2) (Dyecontent≥35%)was
purchased from SigmaAldrich (Kimia-ExirCo. in Tehran,
Iran.).Hydrochloricacid,sodiumhydroxidewhichapplied
forbothmagnetizationandsettingtheacidityandbasicity
ofthesolution,werepurchasedfromMerck.Iron(II)chlo-
ride tetrahydrate (≥99.0%), iron (III) chloride hexahydrate
(≥98%) were used for preparation of magnetic alumina.
Nanoalumina (<50nmparticle size)waspurchased from
Sigma-Aldrich.Allchemicalsusedinthisstudywereana-
lytical grade with the highest purity available and they
werepurchasedfromMerckandSigma-Aldrich.

2.2. Apparatus

ThepHadjustmentintheprocesswasdoneby86502-pH/
ORP(AZInstrument,Taiwan)usingacombinedglasscalo-
melelectrode.Magneticnanoaluminawaspreparedusing
Ultrasonic bath (Sonorex Digitec, DT255H, Germany) and
oven(UniversalmodelUF55,Germany).IKAoverheadstir-
rer(modelRW28digitalPackage,Germany)withglassstir-
rerwasutilizedtostirthemagneticsorbentsamplesolution
during adsorption process. Ultrospect 3100 pro UV-visible
Spectrophotometer (Amersham Biosciences, USA) was
employed for data analyzing. In order to characterize the 

magnetic properties of synthetized magnetic nano alumina, 
the vibration–sample magnetometer (Meghnatis Daghigh
KavirCo.,Kashan,Iran)wasutilized.

2.3. Preparation of magnetic nano alumina

Magnetic nano aluminawasprepared according to the
proposedprocedure[28].Inbrief,themixtureofnanoalumina
in 100 mL of ammonia solution (1 M) was deoxygenated
(solutionA).ThesolutionofFeCl3.6H2O (1M) and FeCl2.4H2O 
(2MinHCl2M)wasdeoxygenatedtoo(solutionB).Then,
the twosolutionsofAandBwereblendedundernitrogen
atmosphere by ultrasonic treatment. To neutralize the
sorbent,itwaswashedwithoxygenfreedeionizedwaterfor
several times. Finally, the obtained magnetic nano alumina 
wasdriedat50°Cintheoven.

2.4. Determination of isoelectric point

The isoelectric point (pHIEP) or point of zero charge 
(pHpzc) is an indicative factor for linear range of pH sensitiv-
itywhichrepresentsthetypeofsurfaceactivecentersand
theadsorptionabilityofthesurface[29,30].Todetermine
the pHpzc,thepHofeightdyesolutionsweresetintherange
of 4–11and15mgof sorbentwasadded to each solution
[31]. Then, the solutions were shaken separately and let
themtoachievetotheequilibriumstatefor24h. thefinal
pHofthesolutionsweredeterminedafterthespecifictime.
ThepHpzcof8wasobtainedbytheplotinitialpHvs.final
pH of the solution.

2.5. Adsorption procedure

10 mL Congo red solution was adjusted at the CCD
experimentaldesignestimatedvaluesofparameters(i.e.,pH,
 temperature, time, initial dye concentration, and amount of 
magneticnanoalumina).Then, themagneticnanoalumina
was separated from the aqueous solution by an external
magnet and the upper aqueous phasewas determined by
UV-Visiblespectrophotometer.

Theuptakeofadsorbatecanbeexpressedasfollows:[32]

Qi = (Ci – Ce)/S (1)

where Qi is the adsorbate concentration adsorbed at the 
equilibrium condition (mg of adsorbate/g of adsorbent);
Ci is the initial dye concentration in the solution (mg L–1); 
Ce is Equilibrium concentration or final dye concentration
(mg L–1); S is Dosage concentration which is obtained as
followingEq.(2):

S = m/v (2)

wherem is the adsorbent mass (g) and v is the volume of 
adsorbatesolution(L).

Finally the percentage of adsorption percentage can be 
statedaccordingtothefollowingequation:

Adsorption percentage (%) = (Ci – Ce)/Ci × 100 (3)
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3. Experimental design models

3.1. Response surface methodology

RSM is one of the factorial designs for statistical analy-
sis.RSM isamathematicalandstatisticalmethodwhich is
basedonthefitofempiricalmodelstotheexperimentaldata
obtainedfromexperimentaldesign[26,33].RSMconsistsof
twodesignsofCCDandBBD.CCDandBBDaresuccessfully
appliedindyeremovaltechniques[34–36].Theoptimization
of adsorption process was carried out using experimental
designofCCDasapartialfactorialdesign.Theexperimental
designwasdonebyMINITABsoftwareversion16.0toopti-
mizetheinfluentialfactorsofpH,temperature,time,initial
dye concentration and amount of sorbent on dye adsorption. 
Table1showsdifferentvariables,thesymbolsandlevels.

Theprecisionoftheprocesswasevaluatedbythethree
replicates at the center of the design. In order to depict the 
interaction of the factors in the process, a full quadratic equa-
tionwasusedasfollows:
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whereY is the estimated response and b0, bi, bii and bij are the 
regressioncoefficientsfortheintercept,linearity,squareand
interaction terms, respectively, and xi and xj are the coded 
independent variables.

3.2. ANN

In the present study, Neural Network Toolbox Version
6.0.4ofMATLAB®R2010,mathematicalsoftware,wasapplied
topredict theprocess.A three-layerANNwith tan-sigmoid
andpurlinefunctionwasusedforhiddenandoutputlayers
as transfer functions respectively. A sigmoid function is a 
boundeddifferentiablerealfunctionthatisdefinedforallreal
input values and has a positive derivative at each point [37]. 
Thetan-sigmoidtransferfunctionisstatedasfollows[38]:

F(x)=1/(1+exp(–x)) (5)

In the applied ANN, feed forward back propagation
(FFBP)wasusedastrainingalgorithm.Generally,forFFBP,
the final calculated outputs are comparedwith the experi-
mentally obtained outputs, and the errors are calculated. 

These errors are then propagated backwards and used for
adjusting theweightsofneurons.Trainingnetwork is con-
sideredastheprocessofusingtheexperimentaloutputsto
minimizethemeansquarederror.Theweightsofthetrained
networkarestored,andcanbeapplied later forpredicting
theoutputsofadifferentsetofinputs.Theobtainedexper-
imental data predicted byCCDwere considered byANN.
Thirty-twoexperimentalpointswereusedtofeedthemodel,
andthen26and6datapointsastrainingandtestsetswere
applied,respectively,fordatasetderiving.Normalizationof
datapointswascarriedoutusingtan-sigmoidtransferfunc-
tionintherangeof[–0.9,0.9]asfollows:

Xnorm = 1.8 (X – Xmin)/(Xmax – Xmin) – 0.9 (6)

whereX is variable, Xmin, Xmaxareminimumandmaximum
values, respectively.

4. Results and discussion

4.1. Characterization of magnetic nano alumina

Thenanostructureof themagneticnanoaluminawas
consideredby theSEM image (Fig. 1).Thechemical com-
position of magnetic nano alumina, containing Al (%) of 
29.11,O(%)of50.84andFe(%)of20.05wereachievedby
EDX (Fig. 2 and Table 2). Themagnetic properties of the

Table1 
Codedsettingandexperimentalrangeofvariablesforremoval
of Congo red according to the central composite design

Variables Symbols Ranges and levels
–2 –1 0 +1 +2

pH x1 5.5 6.5 7.5 8.5 9.5
Time(min) x2 5 15 25 35 45
Temperature(°C) x3 25 35 45 55 65
Initial dye  concentration 
(mgL–1)

x4 10 20 30 40 50

Amount of sorbent (mg) x5 15 25 35 45 55

Fig. 1. The SEM image ofmagnetic nano alumina: (a) 500 nm
scale, (b) 200 nm.

Fig.2.TheEDXimageofmagneticnanoalumina.
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magneticnanoaluminawasconfirmedbytheVSManalysis
(Vibrating SampleMagnetometer). Themagnetic curve in
Fig. 3 shows appropriate super paramagnetic property of
magnetic nano alumina due to no hysteresis loop and no 
eminence existence. While the magnetic nano alumina
was exposed to an externalmagnetic field, it reserves no
magnetizationandredisposedaftermagneticfieldremoval.
Thesaturationmagnetizationof15.88emug–1at298Kwas
observed which proved the attraction of magnetic nano
aluminabyanexternalmagnet.

4.2. CCD Modeling 

The adsorption percent of Congo red as a function of
theindependentvariableswithintheregionofinvestigation
(i.e.,aqueoussolution)isexpressedbyEq.(7):
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Maximumadsorptionpercentof99.50%wasachieved
under the optimum predicted conditions of pH of 
7.12, temperature of 25°C, time of 22.03min, initial dye

concentrationof16.43mgL–1, and magnetic nano alumina 
amountof48.47mg.Theexperimentaldatawereanalyzed
byresponsesurfacedesign(RSD)usingtheMinitabsoft-
ware.Table 3 shows theMINITABpredictedandexperi-
mentalresponsesfor32runsbyCCDmodelofCongored
adsorption. The results of the statistical analysis includ-
ing, the estimated regression coefficients and p-values
are tabulated inTable4.Thep-values forallvariables in
the model are all <0.05, which indicate that the applied
model is successfully made an ideal prediction for the 
processwith a linear relationship between the variables.
Thep-valuesforallvariablesinthemodelwhichare>0.05,
indicate the non-linear relationship between the interest
variables; therefore, these variables would be omitted
from the proposed equation for the process. In each run, 
the predicted resultswere calculated by substituting the
coefficientsandnumericalvaluesofthevariablesinEq.(7).
Thelinearregressioncoefficients(R2) of 0.9995 for the pre-
dicteddatavs.experimentaldataprovedgoodagreements
between predicted and experimental responses. The
adjustedR2 were 99.90%,which reveal the ability of the
developed model to predict the percent of dye adsorption 
in the proposed process.

4.3. Effect of variables on dye removal

The influence of five parameters of pH, temperature,
time, initial dye concentration and amount of magnetic nano 
aluminaondyeadsorptionandtheirinteractionswerestud-
ied.TheobtainedresultsfromCCDpredictionareshownin
Fig. 4.

4.3.1. The effect of pH

Considering the nature of cationic or anionic dyes, 
acidityorbasicityofthesolutionisakeyfactorintheprocess.
Therefore,thepHofthesamplesolutionwasconsideredin
the range of 4.5–10.5, using hydrochloride acid and sodium 
hydroxide. Fig. 4(a)–(d) show that as the pH solution
increased to 7.12, the removal (%) increased and then pH 
decreasedupto7.12.Therefore,theoptimumpHof7.12was
chosen for the process. It seems that at basic conditions (high 
pH), the surface of the adsorbent becomes negatively charged 
byhydroxideionswhichreducestheelectrostaticinteraction
and theattractionofanionicdye (Congo red)on thenega-
tivesurfaceoftheadsorbent[39,40].AtlowpH,thesurface
ofsorbentispositivelychargedwhichintensifiestheCongo
red adsorption on the surface. Moreover, the optimum pH 
was lower thanpHpzcwhichwasexpected foranionicdyes
(pH<pHpzc) [41].

4.3.2. The effect of temperature

Generally,inalladsorptionprocesses,temperatureplays
animportantrole.Thetypeofdye(cationicoranionicdyes)
can provide exothermic or endothermic system [30]. In an
endothermic system, as the temperature increases, the per-
cent of adsorption increases due to the adsorption capacity 
enhancement. Interestingly, the adsorption of anionic dyes is 
exothermic.SinceCongoredisananionicdye,thisstatement
cametrueforit.Inanexothermicsystem,themechanismis

Fig.3.Thehysteresisloopsofmagneticnanoalumina.

Table2 
ThechemicalcompositionofmagneticzeoliteobtainedbyEDX

Element W%(weightpercent)

O 50.84
Al 29.11
Fe 20.05
Total 100.00
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Table3 
Experimentalmatrixforfive-level-fivefactorsCCDforremovalofCongored

Exp.No. Factors Removal (%)
pH Temperature

(°C)
Time
(min)

Initial dye con. 
(mgL–1)

M.A. amount 
(mg)

Obtained Predicted

CCD ANN
1 7.5 25 45 30 35 70.6 70.751 70.683
2 7.5 25 45 30 15 55.1 54.422 54.727
3 8.5 15 35 20 25 67.2 67.441 67.333
4 7.5 25 45 30 35 70.6 70.751 70.683
5 6.5 15 55 20 25 64.2 64.233 64.218
6 7.5 5 45 30 35 56.9 57.338 57.141
7 7.5 25 45 30 55 83.1 83.372 83.250
8 7.5 25 45 10 35 60.5 59.988 60.218
9 6.5 35 55 40 25 60.8 61.000 60.910

10 7.5 25 25 30 35 92.8 92.322 92.537
11 8.5 35 35 40 25 54.3 54.708 54.524
12 7.5 25 45 50 35 61.8 61.905 61.858
13 7.5 25 45 30 35 70.7 70.751 70.728
14 7.5 25 65 30 35 82.5 82.572 82.540
15 8.5 15 55 20 45 54.9 54.766 54.826
16 6.5 35 35 20 25 57.1 57.591 57.370
17 6.5 15 35 40 25 48.6 48.616 48.609
18 9.5 25 45 30 35 48.7 48.355 48.510
19 8.5 35 55 40 45 70.3 70.333 70.318
20 6.5 35 55 20 45 54.0 54.116 54.064
21 5.5 25 45 30 35 47.1 47.038 47.066
22 6.5 15 35 20 45 58.5 58.433 58.463
23 8.5 15 35 40 45 62.5 62.350 62.418
24 8.5 15 55 40 25 53.5 53.450 53.473
25 6.5 15 55 40 45 87.9 87.541 87.703
26 7.5 25 45 30 35 70.7 70.751 70.728
27 8.5 35 35 20 45 104.2 104.525 104.379
28 7.5 45 45 30 35 64.5 63.655 64.035
29 6.5 35 35 40 45 75.2 75.300 75.255
30 8.5 35 55 20 25 44.1 44.525 44.334
31 7.5 25 45 30 35 70.7 70.751 70.728
32 7.5 25 45 30 35 70.8 70.751 70.773

Table4 
Analysisofthevariance(ANOVA)forthefitoftheexperimentaldatatoresponsesurfacemodel

Sources Degreeoffreedom Adjustedsumof
squares

Adjustedmean
squares

F value P value

Regression 20 5,874.12 293.706 1,035.65 0.000
Linear 5 1,467.71 293.542 1,035.07 0.000
Square 5 1,930.03 386.006 1,361.12 0.000
Interaction 10 2,476.38 247.638 873.21 0.000
Residual error 11 3.12 0.284
Lack-of-fit 6 3.09 0.515 90.92 0.000
Pure error 5 0.03 0.006 — —
Total 31 5,877.24 — — —
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vice versa. Increasing the temperature results in decrease in 
thesorptiveforcesbetweentheactivesitesonthesorbentand
thedyemolecules[42].Theeffectoftemperaturewasstud-
iedintherangeof25°C–65°C.AsshowninFig.4(c),(g),(h)
and (i), by increasing the temperature, a very slight decrease 
wasobservedinpercentofremovalwhichcanbeneglected.
Therefore, foreaseofprocess, theoptimumtemperatureof
25°Cwasconsidered.

4.3.3. The effect of time

One of the most important factors in all chemical pro-
cesses is reaching to the equilibrium state. In adsorption 
process, the equilibrium between aqueous solution and

sorbent can noticeably influence the dye removal (%).
Consequently, the adsorption timewas considered in the
range of 5–45min.As shown in Fig. 4(d), (e) and (f), by
increasing the contact time, the removal (%) increases to 
22.03 min and remains nearly constant in the range of 22.03–
45 min due to the more accomplishment of the adsorption. 
Hence,theoptimumtimeof22.03minwasachievedforfur-
ther studies.

4.3.4. The effect of initial dye concentration and amount of sorbet

Thevacantbindingsitesonthesurfaceoftheadsorbent
and theconcentrationof thedyeare two important factors
that directly the percent of dye removal in the solution.

Fig.4.Thesurfaceplots:showingtheeffectoffiveinterestparametersonthepercentofCongoredremovalatoptimumconditionsof
7.12,25°C,22.03min,16.43mgL–1, and 48.47 mg, for pH, temperature, time, initial dyes concentration and adsorbent mass.
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Therefore, initial dye concentration was considered in
therangeof10–50mgL–1. As the dye concentration increases 
the active sites saturates the magnetic nano alumina [43]. 
Fig. 4(b), (f), (h) and (j) show that dye removal percent is
almostconstantfrom10to16.43mgL–1andupto16.43mgL–1 
a decreasing trend is observed. Hence, the optimum dye con-
centrationof10–16.43mgL–1wasconsideredfortheprocess.
It can be stated that the more the amount of sorbet is the more 
the vacant and unoccupied sites are on the adsorbent struc-
ture to adsorb the dye molecules and also the more contact 
surfacewillbeprovided[30].TheresultsinFig.4(a),(e),(g)
and(j)showthedyeremovalpercenthasanincreasingtrend
andtheoptimumsorbentamountof48.47mgwasselected
for the process.

4.4. ANN modeling

The input variables of trainedANN are pH, tempera-
ture (Temp.), time, initial dye concentration (Conc.), and
amount of magnetic nano alumina (M.A.) and the outputs 
is adsorptionefficiencyofCongo red.Fig. 5 represents the
topology ofANN inwhich the number of layers, neurons
of each layer and their interconnects are clarified. Table 2
showsthepredictedvaluesbyANN.Theregressionanaly-
sisbetweenexperimentaldataandpredicteddatabyANN
showedR2valueof0.9998whichrepresentedproperagree-
ments betweenpredicted and experimental responses. The
mainpurposeofANNtrainingistoobtainthebestweights
with minimum values of prediction error. The number of
neurons in hidden layer, transfer functions and repetition of 
trainingstepwerechangedtocalculatetheminimumpredic-
tionerror.Severaltopologieswereinvestigatedtoobtainthe
optimum number of neurons in hidden layer, various topol-
ogieswereconsidered.Theerrorofeachtopologyisshown
inFig.6.TheANNwith11neuronsinhiddenlayerhasthe
minimumvalueofmeansquareerror(MSE).Themostprofi-
cientandcapableexperimentalmodelsuppliestheminimum
MSE.TheequationofMSEfunctionisasfollows:

MSE pre ex= −
=∑1 2
1N
Y Y

i

N ( )  (8)

whereYexistheexperimentaloutput,Ypreisthenetworkout-
put and N is the number of data points [44].

TheaccuracyofANNwasinvestigatedbyusingtestdata
set(Table5).ThevaluesofMAPEwereacquired0.2%which
revealshighaccuracyoftheANNmodelforprocess.Fig.7
representstheMAPE(%)ofRSM(CCD)andANNvs.num-
berofexperiments.ItisobviousthattheMAPEvalueofRSM
modelismorethanANNmodelforeachexperimentaltest.
Therefore, theaccuracyofANNmodel ishigherthanRSM
model.

5. Regeneration of adsorbent

Theused sorbent can be regeneratedby a suitable sol-
vent.Tothisaim,thepollutedsorbentwaswashedbymeth-
anol, ethanol, andacetone.Thedesorptionpercentof 60%,
92%,and65%wereobtainedat35°Cformethanol,ethanol,
and acetone respectively. Therefore, ethanolwas chosen as
regenerative solvent.

6. Adsorption isotherms

The adsorption isotherm is one of themost important
criteriaforanadsorptionprocess.Theadsorptionisotherms
refer to the partition of adsorbate molecules between the
liquid phase and solid sorbent in the adsorption process. 
In fact, the adsorption isotherms clarify the relationship 
betweentheadsorbentandadsorbateataspecifictempera-
ture.Theadsorptionisothermindicatesinformationofhow
muchmaterialwilladsorbforaknownsetofstatevariables.
The amount of adsorbedmaterial can be given as surface
coverage, i.e., the fractionof occupied/available sites taken
upbythesumofparticlesadsorbedinthefirstmonolayer.
In practice, the uptake of adsorptive of a given catalyst
material is adecisivequantity, sinceahighuptakeusually
means a (desired) high catalyst efficiency. The respective
uptake is often called sorption capacity and characterized
by the sorption (or adsorption) isotherm. The form of the
sorption isothermprovidesa lotoffirst-glance information
about the chemical and physical properties of the catalyst Fig.5.Optimizedtopologyofartificialneuralnetwork.

Fig.6.Themeansquareerrorbasedonvariationofneuronsin
hidden layer.
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material and about how the adsorption process proceeds
overagivensurface.Inprinciple,variouskindsofisotherms
(suchasLinear,Langmuir,Freundlich,andBET)canbedis-
tinguished, depending on the nature of the catalyst and the 
kindofinteraction[45].Therefore,toevaluatetheadsorption
isotherm of the proposed method, the common isotherms 
ofLangmuirandFreundlichwerestudiedatdifferentcon-
centrationsintherangeof5–200mgL–1 at optimum condi-
tions.Langmuirisothermhasarationalbasisandimpliesthe
monolayer adsorption on a homogenous adsorbent. As a site 
is occupied by an ion, no further molecule can be adsorbed at 
thatsite[46].TheLangmuirequationisasfollows[47]:

Ce/Qe=1/(Qmb)+Ce/Qm (9)

whereQm is the saturation adsorption capacity (mg g–1) and 
btheconstantrelatedtothefreeenergyofadsorptionwere
obtained from the slopeand the interceptof equation.The
plots of Qe vs. Ce, and Ce/Qe vs. CeareshowninFig.8.The
favorability of Congo red adsorption onto the magnetic nano 
alumina can be assessed by dimensionless constant called 
separation factor, RL (Eq. (10)).

RL =1/(1+bC0) (10)

In this equation, C0 (mg g–1) is the highest initial ions 
concentration in adsorption isotherm studies. The value of
RL implies the unfavorable (RL>1),linear(RL = 1), favorable 
(0<RL<1),andirreversible(RL = 0) type of the adsorption 

isotherm.AstheresultsshowinTable6,thevaluesofRL for 
two ions are 0 <RL < 1whichare favorable for adsorption
isotherm [15, 48].

TheFreundlichisothermisanempiricalequationwhich
is commonly applied for many adsorption processes. The
Freundlich isotherm was also considered for the process
applyingEq.(11)asbelow:

Qe = Kf Ce (1/n) (11)

Thiscanbelinearizedasfollows:

LogQe = log Kf+1/n log Ce (12)

wheretheKf is Freundlich constant related to the adsorbent 
capacity, and n is the constant indicative to the intensity of 
theadsorptionprocess.Thevaluesoftheconstantn and Kf 
werecalculatedfromtheslopeandtheinterceptsofequation
and shown in Table 5. The Langmuir and Freundlich iso-
thermplotsareshowninFig.8.TheFreundlichintensitycon-
stantofCongoredwasasn>1whichshowsthesignificant
adsorption of Congo red in the proposed procedure even at 
highionsconcentration.Thediagramsshowedmodelswere
ideallyfitted to thedataof adsorptionofCongo red.As it
isobvious,Langmuirisothermplotswereobtainedbymean
correlationcoefficientof0.9138.Inaddition,Freundlichiso-
thermwassatisfactorilytodescribetheadsorptionofCongo
red on magnetic nano alumina.

7. Real sample analysis

Theproposedprocesswascarriedoutontworiverwater
sampleswhichhadthepossibilityandpotentialofdyepol-
lution due to their closeness to the companies and factories 
usingdyeintheirindustrialprocesses.Astheresultsshowin
Table7,atoptimumconditions thepreparedsorbentcould
ideally adsorb Congo red from the industrial samples.

8. Comparison of the maximum adsorption capacity with 
other studies

RemovalCongoredfromaqueoussolutionwithmagnetic
nanoaluminawascomparedwithsomeotherstudies.Asthe

Table5 
ComparativeresultsoftheexperimentandpredictedvaluesbyANNandCCDfortestdataset

No. Factors Adsorption (%) APE (%)
pH Time

(min)
Temp
(°C)

Initial dye 
con.(mgL–1)

M.A.C amount 
(mg)

Exp. ANN CCD ANN CCD

1 7.5 25 45 30 35 70.6 70.751 0.214 70.683 0.118
2 8.5 35 35 40 25 54.3 54.708 0.751 54.524 0.413
3 6.5 35 35 20 25 57.1 57.591 0.860 57.370 0.473
4 5.5 25 45 30 35 47.1 47.038 0.132 47.066 0.072
5 8.5 15 55 40 25 53.5 53.450 0.093 53.473 0.051
6 6.5 35 35 40 45 75.2 75.300 0.133 75.255 0.073

MAPE (%) 0.36 0.20

Fig.7.MAPE(%)ofRSM(CCD)andANNvs.numberofexper-
iments.
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resultsindicatedinTable8,theproposedsorbenthasaccept-
ablemaximumadsorptioncapacityof26.04mgg–1.Besides
the acceptable maximum adsorption capacity of magnetic
nano alumina, the facile separation of the magnetic sorbent 
fromthemediaisthesignificantadvantageofthissorbent.

9. Conclusions

Magnetic nano alumina was prepared and used for
removalofCongoredfromaqueoussolution.Theoptimum
conditions of 7.12, 25°C, 22.03min, 16.43mg L–1, and 48.47 
mg, for pH, temperature, time, and initial dye concentration, 
andamountofsorbentwereacquired,respectively.Themax-
imumexperimentallyachievedremovalpercentof99.5±0.2
wasobtainedunderoptimumconditionswhichrepresentsthe
significantpotential of the synthetized sorbent. The adsorp-
tion isothermsstudies indicated favorablefittingof thepro-
cess in Langmuir and Freundlich isotherms. Two statistical
modelsofRSMandANNwereappliedeffectivelytopredict
theprocesswithMAPE(%)of0.36and0.20,andthedetermi-
nationcoefficient (R2)of0.9995and0.9998, respectively.The
resultsprovedthatANNwasmorepowerfulandcapablefor
estimation of the proposed method. Moreover, the proposed 

Fig.8.Theadsorption isotherms: (a)Langmuir isothermplots,
(b) Freundlich isotherm plot and (c) obtained at optimum 
 conditions.

Table6 
Isotherm parameters for adsorption of Congo red (CR) onto the magnetic nano alumina at the optimum conditions

Dye Langmuirisotherm Freundlich isotherm

Qmax(mg g–1)  b (L mg–1) R2 RL Kf 1/n N R2

CR 26.0416 0.09148 0.9138 0.0518 2.1552 0.614   1.6286 0.8405

Table7 
Analysis of real sample

Sample Spiked 
(mgL–1)

Measured 
(mgL–1)

Removal 
(%)

Karoon Rivera 0 1.8 —
5 7.2 102.0

15 17.0 92.0
Maroon Riverb 0 1.1 —

5 6.3 96.0
15 15.9 98.7

a Karoon river in Ahvaz, Khozestan Province, Iran
b Maroon river in behbahan, Khozestan Province, Iran

Table8 
Comparisonofmaximumadsorptioncapacityoftheproposed
sorbentwithotherstudies

Sorbent Qmax Reference

Magnetic alumina 26.04 Thisstudy
Apricot stone 23.42 [49]
Bananapeel 18.2 [50]
Pineapple 
(Ananas comosus) plantstem

11.966 [51]

Roots of Eichhornia crassipes 1.58 [52]
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sorbent of magnetic nano alumina utilized in this study can be 
properlyapplied in industrial scaledue to low-costsorbent,
easy separation and high percent of dye removal.
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