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ABSTRACT KEYWORDS
An experimental design has been drawn up to optimize the experimental Marine sponges;
conditions of the preparation of an adsorbent material from residues of Adsorbent material;
marine sponges. A series of adsorbent materials have been prepared by Chemical activation;
chemical activation with sulfuric acid. Central compositedesign (CCD) was Optimization;
applied to study the influence of activation temperature, activation time Experimental design.

and percentage of sulfuric acid on the chemical activation process of adsor-
bent material. Two quadratic model swere devel oped for yield of adsorbent
material and methylene blue adsorption capacity using Design-Expert soft-
ware NEMRODW. The models were used to cal cul ate the optimum operat-
ing conditions for preparation of adsorbent material providing a compro-
mise between yield and adsorption capacity of the process. Theyield (58.14
wt.%) and adsorption capacity (77.41%) of theadsorbent material produced
at these operating conditions showed an excellent agreement with the val-
ues predicted by the models. The optimal conditionswith 77.41% of meth-
ylene blue adsorption capacity and 58.14% of adsorbent material yield are
obtained when using 150.3 min as activation time 237°C as activation tem-
perature and 48% as percentage of sulfuric acid.
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INTRODUCTION that continueto inspiretheeffortsof synthetic organic

chemistd*3. They areeven considered to bethemore

Among marineinvertebrates, thesponges (Phylum  prolific producers of new marine natural products.
Porfera) continueto be arich sourceof novel second-  Until now, morethan 5000 different compounds have
ary metabolites, withadiversity of biologica activities  been isolated from about 500 species of sponges®.
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However theresiduesof extraction obtained fromthese
marine sponges, which represent morethan 80% of the
weight of theraw materia, are not expl oited enough.
Thisrequiresavalorization of thesesresidues by the
elaboration of new adsorbent materids.

Thepreparation of adsorbent materidsisinfluenced
by many factors. For thisreason apreliminary study on
the effect of thesefactorson the preparation was car-
ried out in order to determinethe most important ones
andtheir regionsof interest. Themost influentia factors
werefoundto beactivationtime (X), activation tem-
perature (X.,) andthe percentageof chemica activating
agent (X,). Thus, inthe present work, we prepared a
series of adsorbent materialsfrom residuesof marine
spongeswithvauesof (X)), (X,) and (X,) includedin
the suitablerange. Desirabl e preparation outputs based
onmeassyield (Y,) and capacity of adsorption (Y ,) were
considered asresponses. Thus, an experimental design
methodology isapplied to rel ate the experimental con-
ditions of the activated process with properties of ad-
sorbent materia g7,

MATERIALSAND METHOD

Materials

The sponge used in this study was collected from
atlanticlitora of Morroco. All thereagents used were
of anaytica grade. Distilled water wasused to prepare
al solutions.

Prepar ation of adsor bent material

Prior to extraction, the marine spongeswereiden-
tified, lyophilized and ground using an e ectric grinder
to aparticlesizebetween 1 and 2 mm. Theres dues of
extraction obtained from these marine spongesareim-
pregnated with thesamemassof sulfuricacid and mixed
for half an hour in the ambient temperature. The ob-
tained pastasare carried in thetemperature of 120°C
for 24 hours. The obtained materialsunderwent there-
action of ectivationinaleading e ectric thermolyneoven
to self-regulation provided with aprogrammer of tem-
perature, connected with the oven by athermocouple
and aspecid sted reactor. Thedomainsof variation of
temperature, timeactivation and percentage of chemi-
cd activated agent weredefined ontheunivariateandy-
gs. After activation, theadsorbent materid sarewashed
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with digtilled water until al acid wasdliminated, dried,
ground and sifted to obtain a powder with aparticle
Size capableof passing through a100pm sieve.

Univariateanalysis

Univariateanaysisisthefirst step of analysisof
processvariables (temperature, time and chemica ac-
tivating agent). Theanalysisiscarried out with thede-
scription of asinglevariable and its attributes of the
applicableunit of analysis. Thisstep wasusedinthe
first stages of research, in analyzing thedataat hand,
before being supplemented by multivariateandysisus-
ing experimentd design.

Temperatureof activation

Theweight loss behavior of theresiduesof marine
sponges was measured by using a thermobalance
(TGA- SETARAM). Thesamplewasheated up tofi-
nal temperature of 600°C at a heating of 10°C/min un-
der heliumgas.

Timeof activation

Theanalysisof activationtime effect was defined
using adsorptiontest of cationic dye, themethyleneblue
(MB), onthe adsorbent materia s elaborated at an ac-
tivation temperature of 225°C for activation time than
15min, 45min, 75min, 105min, 135min, 165 min, 195
min, 225 min, 300 min and 360min and using concen-
trated sulfuric acid. Thislatter iswell known asprecur-
sorsactivating agent, allowsthedevel opment of alarge
porosity intheactivated materia®19,

The change of the adsorption performance based
ontheactivation timeisdetermined at room tempera
ture onto methylene blue solution of knowninitia con-
centration (10mg/ L). The adsorbent materialsin par-
ticlesizeof lessthan 100im are dispersed in 100 ml of
MB solution at therate of 200mg of adsorbent per liter
of M B solution. The suspens onswerecontinuously &gi-
tated throughout themani pul ation (overnight) to ensure
abetter contact between the pollutant in contact and
theactive stesof the product. Themeasurement of the
concentration of methylenebluewasdetermined using
UV-vigblespectrometer (Perkin EImer) at awavelength
A = 664.

Per centage of chemical agent activating
To minimizethe production cost of adsorbent ma-
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teridsviatheactivation by thesulfuricacid. Westudied
theimpact of thisfactor on theactivation of residuesof
the sponges by testing the methylene blue adsorption
capacity andthemassyidd of adsorbent materidspre-
pared at 225 ° C, 150min and at different concentra-
tionsof sulfuric acid. Theevolution of the adsorption
capacity and massyield versus percentage of sulfuric
acid wasdetermined at room temperatureon asolution
of methyleneblue (10mg/L). Theadsorbent materids
inparticlesizeof lessthan 100im are dispersed in 100
ml of BM solution at therate of 100 mg of adsorbent
per liter of M B solution. Thesuspensonswereagitated
continuoudy throughout themanipulation (5 hours) to
ensureabetter contact between the pollutant in contact
andtheactivesitesof the product. Themeasurement of
the concentration of methylene blue was carried out
using UV-visiblespectrometer at awavelength A = 664.

The adsorbent material yield was cal cul ated based
onEq. (2).

. We
Yleld% =WOX1OO (1)

whereW _isthedry weight (g) of final activated mate-
rial and W, isthedry weight (g) of precursor.

The capacity of adsorption (%) was calculated
based on Eq. (2).

C,-C,
Capacity of adsorption (%) = OC x100 (3
0

where C and C_aretheinitial andfinal dyeconcentra-
tions(mg/L) respectively.
Multivariate experimental design

Response surface methodology (RSM) isastétis-
tical method that uses quantitative datafrom appropri-
ate experimentsto determine regression model equa-
tionsand operating conditiong™. RSM isacollection
of mathematica and statistical techniquesfor modeling
and anaysisof problemsinwhich aresponse of inter-
estisinfluenced by severd variables'd. A sandard RSM
design called centra compositedesign (CCD) wasap-
pliedinthiswork to study thevariablesfor preparation
of adsorbent materia from res duesof marine sponges.

Thecentral composite design waswidey used for
fitting asecond-order model. By using this method,
modelingispossibleandit requiresonly aminimum
number of experiments. It isnot necessary inthe mod-
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eling procedureto know the detailed reaction mecha
nism sincethemathematica model isempirical. Gener-
ally, the CCD consists of a2" factorial runswith 2n
axia runsand n_center runs. Thesedesignsconsist of a
2" factorial or fractiona (coded to theusual +1 nota-
tion) augmented by 2n axial points (+a.,0,0,..., 0), (0,
+a,0,...,0),..., (0,0, ..., £a), and n_center points (0, 0,
0, ...,0)=*, Thecenter pointswere used to evaluate
theexperimenta error and thereproducibility of thedata
The axial points are chosen such that they allow
rotatability*®, which ensuresthat the variance of the
modd predictioniscongant at dl pointsequidistant from
the design center. Replicates of thetest at the center
arevery important asthey providean independent es-
timateof theexperimental error. Eachvariableisinves-
tigated at twolevels. Meanwhile, asthenumber of fac-
tors, n, increases, the number of runsfor acomplete
replicate of thedesign increasesrapidly. Inthiscase,
main effectsand interactions may beestimated by frac-
tiona factoria designsrunning only aminimum number
of experiments. Individua second-order effectscan not
be estimated separately by 2" factorial designs. The
responses and the corresponding parametersare mod-
eled and optimized using ANOVA to estimate the sta-
tistical parametersby meansof response surface meth-
ods.

Basically thisoptimization processinvolvesthree
major steps, which are, performing thestatisticaly de-
Sgned experiments, estimating the coefficientsinamath-
ematica mode and prediicting theresponseand checking
theadequacy of themodel.
Y=f (X1, X2, X3, Xa..., Xn) )

whereY istheresponseof thesystem, and X isthe
variablesof action called factors. Thegoal isto opti-
mizetheresponsevariable (Y). Itisassumed that the
independent variablesare continuous and controllable
by experimentswith negligibleerrors. Itisrequired to
find asuitable approximation for thetruefunctional re-
lationshi p between independent variablesand there-
sponse surface®®l,

The experimenta sequencewasrandomizedin or-
der to minimizetheeffects of theuncontrolled factors.
Theresponsewas used to develop an empirical moded
that correl ated the responsesto the adsorption of me-
thylene blueand production of adsorbent materia pro-
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Figure2: Theeffect of theactivation time on theadsor ption capacity of methyleneblueon theelaborated materials

cessvariablesus ng asecond-degree polynomial equa
tion asgiven by thefollowing equation:

Yob e 3hX «Y0X T TBXX,
i=1 i=1

i=1 j>1

whereY isthe predicted response, b, the constant
coefficient, b thelinear coefficients, bij theinteraction
coefficients, b, thequadratic coefficientsand X, X ae
the coded va ues of the production and adsorption of
methylene bluevariables. Thenumber of testsrequired
for the CCD includesthe standard 2" factoria withits
origin at thecenter, 2n pointsfixed axialy a adistance,
say o fromthe center to generatethe quadratic terms,

and replicatetestsat the center; where nisthe number
of variables. Hence, the total number of tests(N) re-
quired for thethreeindependent variablesis:

N=2"+2n+n =2°+(2x3)+2=16 ()
Oncethedesired ranges of valuesof thevariables

aredefined, they arecodedtolieat +1 for the factorial
points, Ofor thecenter pointsand+4 for the axial points.

Moddl fitting and statistical analysis

The statistical software package Design-Expert,
NEMRODW, wasused for regression anaysisof ex-
perimentd datatofit theequationsdevel oped and a'so
to plot response surface. ANOVA was used to esti-
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Figure3: Theeffect of the per centage of H,SO, on theyield and adsor ption of methyleneblue onthe materialselabor ated

TABLE 1: Experimental domainsof thefactorsintervener in
theelaboration of adsor bent materials

Factors L ower Central Higher
Level (-1) points(0) level (+1)
Time of activation (X;) 15 min 82,5min 150 min

225°C
10%

300°C
40%

375°C
70%

Temperature of activation (X3)
% activating Agent (X3)

matethedatistica parameters.
RESULTSAND DISCUSSION

Univariateanalysis

The curveshowninFigure 1 representstheevolu-
tion of thenormalized mass of marinespongesresidues
during pyrolysisin accordance with the temperature.
Thethermogram of marine spongesres duesshowstwo
distinctlosses:

Thefirst took place between 25 and 225 °C, and
correspondsto aslight loss, mainly dueto the depar-
ture of water. The second loss from 225 to 600 °C,
which correspondsto alarger and complex loss. This
lossbeginsat 225 °C and reaches its maximum at about
375 °C before ending at 600 °C. It corresponds to a
lossinweight, dueto the departure of moleculesde-
rived from the decomposition of organic matter.

Timeof activation

From the Figure 2 we find that the maximum ad-
sorption capacity isreached from 150 min. Thesere-
sultsallowed us define the experimental field of study

activation timewhichisbetween 15 and 150min.
Per centage of activating chemical agent

From the Figure 3wefind that the adsorbent mate-
ria prepared at 225 ° C and activated with sulfuric acid
a 70% isthe onethat givesthebest adsorption capac-
ity. Theseresultsalowed usto definethe experimental
fidd of study inthepercentageof sulfuricacidwhichis
between 10 and 70%.

Synthesisof univariateanalysis

Theunivariate study allowed to determinethe ex-
perimental domainsfor each of thethree sel ected fac-
tors. Theresultsareshownin TABLE 1.

Development of regression model equations

Centrd compostedesign wasused to devel op cor-
rel ation between theadsorbent materid preparation vari-
ablesto the methylene blue adsorption capacity and
adsorbent materia yield. Runsl5 and 16 at the center
point were used to determine the experimental error.
Thedesign of thisexperimentisgiveninTABLE 2, to-
gether with theexperimentd results. Regression andy-
siswasperformedto fit the responsefunction of meth-
ylene blue adsorption capacity (%) and adsorbent ma-
terid yield (%). Themodd expressed by Eq.(4), where
the variablestake their coded values, represents ad-
sorbent materia yield (Y ) and methyleneblue adsorp-
tion capecity (Y ,) asafunction of activationtimes(X,),
activationtemperature (X,), and percentage of chemi-
cd activating agent (X,)). Thefina empirical modelsin
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TABLE 2: Experimental design matrix and results.

Coded level Actual level of variables o . .
Run - Adsorbent material yield, Y, (%) Capacity of adsorption, Y, (%)

X1 Xz Xz Xi(min) X; (°C) X3 (%)
1 -1 -1 -1 15 225 10 42.20 46.83
2 +1 -1 -1 150 225 10 57.30 59.17
3 -1 +1 -1 15 375 10 54.70 24.75
4 +1 +1 -1 150 375 10 45.15 10.28
5 -1 -1 +1 15 225 70 40.80 57.10
6 +1 -1 +1 150 225 70 50.76 78.17
7 -1 +1 +1 15 375 70 55.05 43.41
8 +1 +1 +1 150 375 70 44.35 33.95
9 -« 0 O 15 300 40 62.83 69.91
10 +a 0O O 150 300 40 62.23 54.77
11 0 - O 82.5 225 40 52.17 80.01
12 0 +a O 825 375 40 52.05 32.85
13 0 0 - 825 300 10 63.85 45.54
14 0 0 +a 825 300 70 57.80 62.03
15 0 0 O 825 300 40 63.35 54.26
6 0 0 O 825 300 40 62.90 54.43

TABLE 3: Analysisof variance (ANOVA) for responsesur-
facequadratic model for adsor bent material yield (Y.).

Sourcg of Sum Of  Degreeof Mean Feo Signif
variation sguares freedom sguare
Regression 926.3612 9 102.9290 53.3368 0.0176***
Residual 11.5788 6 1.9298
Lack of fit 11.4775 5 22955 226716 165
Pure error 0.1013 1 0.1013
Corrdationtotal 937 9400 15

*** Gignificant at 2 99.9 % level of confidence

termsof coded factorsafter excluding theinsignificant

termsfor adsorbent material yield (Y ,) and methylene

blueadsorption capacity (Y ) areasfollows: Egs6and

7

Y, =63.242 +0.420X, + 0.807X, - 1.445X,

- 0.776X X, - 11.188X X, - 2.476X X,

- 5.663X X, - 0.787 X X, + 0.937 X X, (6)

Y,=59.768 - 0.567X, - 17.604X, + 8.809X,

- 0.142X X, - 6.050X X, - 8.692X X,

- 7.167X X, + 1.718X X, + 1.634X X, @
Positivesigninfront of thetermsindicates syner-

gigticeffect, whereasnegative sgnindicatesantagonis-

tic effect. Thecoefficient of themodel for theresponse

was estimated using multi pleregression anaysistech-

niqueincludedinthe RSM. Fit quality of themodels

wasjudged from their coefficients of correlation and

determination.

Satistical analysis

Eq.(4) hasbeen used to visuaizetheeffects of ex-
perimental factors on methylene blue adsorption ca
pacity and adsorbent materid yie d percentageresponse
inFigures. 6, 7,8and 9. Thequality of themodel de-
vel oped was eval uated based on the correl ation coeffi-
cient value. The R? values for EQs.(6) and (7) were
0.988 and 0.939, respectively. Both the R?values ob-
tained wererelatively high (closeto unity), indicating
that there was agood agreement between the experi-
mental and thecalculated values of the determination
coefficientsof themultilinear regressionfromthe mod-
és

The adequacy of the model swasfurther justified
through analysisof variance (ANOVA). TheANOVA
for thequadratic mode for adsorbent materid yieldis
listedinTABLE 3.

Readingthedatain TABLE 3reved sthevalidity of
themodel sincethevalueof F_ ) (22.67), whichisthe
ratio between theLack of fit and the pureerror,ismuch
lower thanthecritical valueof Fisher (F,, ., =5764)
at a99.9 % leve of confidencewith 5 and 1 degreesof
freedom.

Theresultsof theANOVA (TABLE 3) a'so shows
that the experimental value of Scnedecor (Fexp=
53,33), which istheratio between the square of the
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TABLE 4: Analysisof variance (ANOVA) for response surface quadr atic model for methyleneblueadsor ption capacity (Y 2).

Sour ce of variation Sum of squares Degree of freedom Mean squar e Fexp Signif
Regression 4,94626E+0003 9 5.49585E+0002 380335531  0.827 **
Residual 3.21093E+0002 6 5.35154E+0001
Lack of fit 3.21078E+0002 5 6.42156E+0001 4443.9870 1.43*
Pure error 1.44500E-0002 1 1.44500E-0002
Correlation total 5.26736E+0003 15

** Significant at a99% level of confidence; * Significant at a 95 % level of confidence
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model and the average mean square of theresidue, is
largely higher thanthecritica vaueof Fisher (F, ., 8
=18,69) at a99.9 % level of confidencewith9 and 6
degreesof freedom. Consequently, theregressonisthus
very Sgnificant andthemode! iscons dered correspond-

ing.

TheANOVA for the quadratic model for methyl-
eneblueadsorption cgpacity isligedin TABLE 4. Read-
ingthedatain TABLE 4 reved sthevalidity of themodd
sincethevaueof Foo (4443,99) islower thanthecriti-
cal valueof Fisher (F, ., 650" 5764) ata99.9%leve
of confidencewith 5 and 1 degrees of freedom.
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Theresultsof theANOVA (TABLE 4) also shows
that the experimental value of Scnedecor (Fexp=
38033,55), islargely higher than thecritical value of
Fisher (F, 5, o = 18,69) at 299.9 % level of confi-
dencewith 9 and 6 degreesof freedom. Consequently,
theregressionisthusvery significant andthemodel is
considered corresponding.

Theresidue analysis of responsesY, and Y, are
shownin Figures4 and 5. Therepresentationsascloud
point depending on the val ue of the cal cul ated response
(Figuredaand 53) alow to verify that the experimental
variance remains constant regardless of the response
values. Indeed, theresidues are randomly distributed
around zero. The Henry’s straight line (Figure 4b and

HAnalytical CHEMISTRY o
A Tndéan ﬁammf



ACAIJ, 15(2) 2015

M.Tarbaoui et al. 63

—— Fyll Peper

TABLES5: Modd validation

Activation time,
X1(min)

Activation temperature,

X5(°C) agent (%)

Per centage of activating

Adsorbent material yield, Y1(%)
Predicted

Adsor ption capacity, Y, (%)
Predicted

Experimental Experimental

150,3 237 48

58,14 59,45 77,41 78,65

5b) allow to deducethat the residuesfollow anormal
distribution; infact, the pointsareamost alignedina
graph.

Theoverdl qudity of regressonsisconsddered good
with respect to thevalues of correlation factors R?
multilinear and to the random dispersion of residues,
thislater resultisillustrated by thedignment of thepoints
representing thevaues of the probability asafunction
of resdues.

Adsorbent material yield

Toinvestigate theeffects of thethreefactorsonthe
Adsorbent material yield, the response surface meth-
odology wasused, and two and three-dimensiond plots
weredrawn. TheAdsorbent material yield percent re-
sponse surface graphswas shownin Figures. 6 and 7

The examination of the response surface corre-
spondingto thismodel showsthat:

b, coefficient (0.807) isthemost important factor
inthemodd , thereforethetemperature (X 2) isthemost
influentid factor onthemassyidd. Indeed thegraphica
study (Figure6) showsthat theincreaseintemperature
indicatesasgnificant improvement inmassyield of the
adsorbent that exceeds 64% for the values of tem-
perature around the 300 © C which is then of the order
of 40% for the temperature around the 225 and 375 °©
C. Under these conditions, thetemperatureat 300° C
remainsthe most suitablefor abetter devel opment of
the adsorbent material yield asthe variation of tem-
peratureissubstantidly linear asafunction of massyidd.

Theinfluenceof theactivationtime (X 1) onthemass
yield of theadsorbent materid islessthantheactivation
temperature (b1 = 0.420). The mass yield remains
maximum throughout thetimeinterval 15-150min (Fg-
ure. 6). This can be explained by agiven time of 15
min, provesto be sufficient for maximum massyield.

Theinfluence of percentage of chemica activating
agent on adsorbent material yield (b, =-1.445) isless
thanthat of thetemperature. The negativesignof b,
provesthat adecreasein percentage of chemical acti-
vating agent resultsanimprovement of massyield (Fig-
ure?).

Theisoresponse curvesand the response surface
(Figure 7) show clearly that the highest yield (64%) is
achieved with apercentage of chemical activating agent
= 30% and an activation temperature=300° C.

Adsor ption capacity on methyleneblue

Theeffectsof the threefactorson the methylene
blue adsorptionwereshownin Figure8and 9.

b, coefficient (- 0.567) of thetime (X ) inthemodel
is more important than the temperature (X,) (b, = -
17.60), itisthereforethemost influentia factor onthe
adsorption capacity. Indeed thegraphical study shown
infigure8indicatesthat theincreaseinthetimeresult-
ingasignificantimprovement of themethylenebluead-
sorption capacity that exceeds 80% for thevalues of
thetimeinthevicinity of 150 min. Under these condi-
tions, thetimeat 150 ministhemost appropriatefor a
better devel opment of the adsorption capacity of the
adsorbent materia asthetimevariaionissubstantialy
linear asafunction of the adsorption capacity.

Theinfluenceof thetemperature of activation (X2)
on theadsorption capacity of theadsorbent materia is
lessthan that of the activation time; theadsorption ca-
pacity ismaximal at thetemperaturesinthevicinity of
225°C (Figure. 8).

Theinfluence of percentage of chemical activating
agent (b3 = 8.809) on the adsorption capacity isvery
important compared to that of the temperature. The
positive sign of b3 provesthat anincreasein of per-
centageof chemicd activating agent resultsanimprove-
ment of the adsorption capacity (Figure9).

Theisoresponse curvesand the response surface
(Figure 9) show clearly that the maximum adsorption
capacity (80%) isachieved with apercentage of chemi-
cal activating agent = 60% and an activation tempera-
ture=225°C.

Processoptimization

Inthe production of adsorbent material, oneof the
main aims of this study wasto find the optimum pro-
cess parametersrelatively high product yieldsare ex-
pected for economical feasibility and themost impor-
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tant property of adsorbent material isits adsorption
capacity. Therefore, the adsorbent materia produced
should have ahigh massyield and al so ahigh adsorp-
tion capacity for economical viability. However, to op-
timizeboththeseresponsesunder thesame conditionis
difficult becausetheinterest region of factorsisdiffer-
ent. WhenY , increases, Y, will decreaseand viceversa,
Therefore, in order to compromi se between thesetwo
responses, thefunction of desirability wasapplied us-
ing Design-Expert software NEMRODW. Theexperi-
mental conditionswith the highest desirability werese-
lected to be verified. The adsorbent materia waspre-
pared under theexperimenta conditionsgivenin TABLE
5, together with the predi cted and experimenta values
for methylene blue adsorption capacity and adsorbent
materia yield. Theoptimal adsorbent material wasob-
tained using preparation condition as: 150.3 min acti-
vationtime, 237 °C activation temperature, and 48 %
of H,S0,: chemicdl activating agent, which resultedin
58.14% of massyield and 77.41% of methyleneblue
adsorption capacity. It was observed that the experi-
mental val uesobtained werein good agreement with
thevauespredicted from the models, with relatively
small errorsbetween the predicted and the actual val-
ues, whichwas 2.2% and 1.58%, respectively, for ad-
sorbent materid yield and methylene blue adsorption

capacity.
CONCLUSION

Theresiduesof marine spongesareagood precur-
sor for the optimization of adsorbent materiadswithin-
teresting characteristics (great adsorption capacity and
highmassyidld).

Theresponse surface methodol ogy isan appropri-
atetool to study optimization of the activation process
to prepare adsorbents materialsto beusedinagiven
technological process.

Inthe present paper, thisoptimization wascarried
out to obtain adsorbent materia sfrom marine sponges
residueswith suitable characteristicsfor usein water
treatments.

Theoptimal adsorbent materia wasobtained using
237°C activation temperature, 150.3 min activation time
and 48% of chemical activating agent, resulting in
58.14% of massyield and 77.41 % of methyleneblue

adsorption capacity. Theexperimental vauesobtained
for the methylene blue adsorption capacity and mass
yield werefound to agree satisfactorily with thevalues
predicted by the models.
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