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ABSTRACT

Mordenite and mordenite nanocrystal, were employed as effective
adsorbents for new methylene blue (NMB) from aqueous solution. The
adsorption kinetics was investigated. The adsorption capacity of mordenite
nanocrystal zeolite for NMB dye is more than mordenite zeolite. Kinetic
studies indicate that the adsorption follows the pseudo second-order kinet-
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ics. The effects of equilibrium time, solution pH and sorption temperature
were examined. Solution pH will affect the adsorption behavior of mordenite
and mordenite nanocrystal. Higher solution pH resultsin higher adsorption
capacity. The results show that adsorption capacity dye increase in lower

temperature. © 2009 Trade Sciencelnc. - INDIA

INTRODUCTION

Dyesareextensively used in thetextileindustry,
photocatal ytic industry, coating industry and photo-
chemical application. Treatment of colored wastewa-
ter from textileor other industriesisaserious prob-
lem that has attracted the attention of many research-
ersduringlast decades. In general, the methodsfor
the treatment of wastewater containing dyes can be
dividedintotwo main groups¥: (1) chemical or physi-
cal methods of dye removal, which refer to the pro-
cess called decoloration and (I1) dye removal by
means of biodegradation. Physical methods of de-
colorationincludedifferent precipitation methods, ad-
sorption, filtration, reverse osmosisand etc. Among
chemica methodsof dyeremoval, thereare processes

such asreduction, oxidation, compleximetric meth-
ods, ion exchange and neutralization. Biologicd treat-
ment can be conducted in the presence or absence of
oxygent?. These processes havetheir disadvantages
and limitations, such ashigh cost, generation of sec-
ondary pollutants, and poor removal efficiency. Thus
adsorption has been found to be the most effective
economic alternativewith high potential for there-
moval and recovery of dyesfrom wastewater’®4, Zeo-
lites have already found many applications because
of itshigh cation-exchange capacity and surface area,
etc. Structurally, it ismainly composed of alumino-
silicateswith athree-dimensional framework struc-
turebearing AlO, and SIO, tetrahedral that arelinked
to each other by sharing of their oxygensto formin-
terconnected cages and channel s containing mobile
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water molecules and alkalis and/or akaline earth>8l,
Zeoliteisagood adsorbent for heavy metd ionsfrom
wastewater!” and for organic dyes’®d. Of course,
mesoporous materials suchasMCM-41 and MCM -
22 are widely used as adsorbents for organic dyes.
Thelarger surface area and good adsorption capac-
ity render these materia svery interesting for adsorp-
tionand catalysig'**Y, Synthetic zeoliteshave become
increasingly important dueto thewiderange of their
chemical and physical propertiesand have been used
asadsorbents, molecular sieves, membranes, ion ex-
changer and catalystsin the past decades'®. Meshko
et al.*Y have shown that the granular activated car-
bon has ahigher adsorption capacity than the natural
zeolite. But activated carbonshave higher costin pro-
duction and regeneration. Therefore, other adsorbents
such as zeolite with higher surface area can be an
aternative. Armagan and co-workerg*2%3 examined
theability of natural and modified zeolitesto remove
reactive dyes from agueous solutions. The adsorp-
tion resultsindicated that the natural zeolitehasalim-
ited adsorption capacity for reactive dyes. Metes et
a " investigated severd synthetic zeolitesfor cleaning
printing ink wastewater and found that adsorptionis
independent of pore structure. They showed that
ZSM-5 and NH,-Betaare effective while other zeo-
lites studied Showed alower efficiency. On the other
hand, nanosized zeolitesareimportant in catayticand
adsorptive applications. Smaller crystals of zeolites
will havelarger surface areasand lessdiffusion limi-
tations compared to zeolites with micrometer-sized
crysta*s. That waswhy; we have chosen mordenite
nanocrystal zeolite as adsorbent.

In this paper, we report an investigation using
mordenite and mordenite nanocrystal asan adsorbent
to removenew methylene blue from agueous sol ution.
Thekineticsand adsorption equilibrium of thebascdye
onsyntheticzeoliteswereinvestigated. Theresultsshow
that, mordenite nanocrystd isan effective adsorbent to
remove dyewith respect to mordenite.

EXPERIMENTAL PROCEDURES

Adsorbent and dye

Mordenite zeolitewas synthes zed hydrothermally
following standard procedurereported in literature .

Waterviols Secience omm—

Mordenite nanocrystal was prepared by ahydro-
thermal synthesis method based on the published
recipe'*”). The chemical composition of themordenite
and mordenite nanocrystals gelswereAl,O,: 1550,
8.5Na,0: 1300H,0 and Al,O,: 30SiO,: 6Na,O:
780H,0 respectively. Then, thereaction mixturewere
introduced into astainless-steel autoclave, heated to
170°C and kept for a given time until crystallisation
was completed. After the autoclave wasquenched in
cold water, the crystalline products were filtered,
washed with water and dried a 110°C over night. Then
thesampleswereca cined inamufflefurnaceat 540°C
for5h.

A typical dye, new methylene blue (NMB), was
selected for adsorption tests. It wasobtained fromsigma
chemical. A stock solutionwith concentration at 104 M
was prepared and the sol ution for adsorptiontest was
prepared from the stock solution to the desired con-
centration (10°).

Adsor bent characterization

Powder X-ray diffraction patterns of the samples
wererecorded using a X ’pert diffractometer with Cu
K radiation (A= 1.54°A).

UV-vis ble absorption spectrawererecorder usng
a Shimadzu 1600 PC in the spectral range of 190-900
nm.

The specific surface areaand pore volume of the
sampleswere measured using a Sibata Surface Area
Apparatus 1100. All of the sampleswerefirst degassed
at 250 °C for 2 h.

ThepH of sampleswasmeasured asfollows: 0.1 g
of sampleswere mixed with 10 mL of distilled water
and shakenfor 24 hat 25°C. After filtration, the pH of
solution was determined by apH meter.

Sor ption tests

Adsorption kinetics and i sotherm experimentsfor
al sampleswere undertaken using abatch equilibrium
technique. The adsorption of dye was performed by
shaking 0.05 g of adsorbent in 200 mL of dye solution
with aninitial concentration of 1.00 x 10°M at 100
rpm at different temperatures. The determination of dye
concentration was done spectrophotometrically on a
Shimadzu 1600 PC in the spectral range of 190-900
nm, by measuring absorbance at A___of 632 nm for
NMB.
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The dataobtained from the adsorption testswere
then used to cal cul ate the adsorption capacity, g, (mol
g?), of theadsorbent by amass-ba ancerelationship,
which represents the amount of adsorbed dye per
amount of dry adsorbent,

(Co - Ct)
W

Where C, and C, arethe concentrationsof dyeinsolution (M) at
timet=0andt=t, respectively, V isthe volume of the solution

(dm?®), and W is the mass of the dry absorbent used (g).

qi = \ @

RESULTSAND DISCUSSION

Material characteristics

Figure 1 presentsthe XRD patternsof mordenite
and mordenite nanocrystal zeolite. The XRD profiles
of mordeniteand mordenite nanocrystal show quitewell
with patternsthat isgivenin literatures'>* which al-
lowed uptoidentify theproduct ascrystalinemordenite
zeolite
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Figurel: XRD patter nsof (a) mor denitenanocrystal zeolite
(b) mor denitezedlite.
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The specific surface areaand pore volume of the
mordenite and mordenite nanocrystal are presentedin
TABLE 1.

TABLE 1: Physico-chemical propertiesof mordenite and
mordenitenanocrystal zeolite.

SgeT Pore volume Porevolume  Si/Al
Sample (m¥g) (cm¥g) (micro)  (cm%g) (total) ratio pH
mordenite 240 0.14 0.16 6 65
Mordenite = 579 0.18 0.208 15 65
nanocrystal

It isseen that mordenite nanocrystal zeolitehasa
surfaceareaof 379 m? g* whilethe mordenite zeolite
only has240 m? g (TABLE 1). The pore volume of
two adsorbents also demonstrates that mordenite
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nanocrystal isaporousmateria having aporevolume
of 0.18 cm* g withmicropores. Itisseenthat mordenite
nanocrystal zeolite has much higher adsorption than
mordenite. The pH of the solid solutionindicatesthat
mordenite and mordenite nanocrystal zeolite exhibits
acidicproperties.

Comparison of new methyleneblueon adsor bents

Figure. 2 presents the dynamic adsorption of
NM B on mordenite and mordenite nanocrystal at ini-
tial concentration of 1.00 x 10°M and 25 °C. The
equilibrium adsorption for NMB on mordenite and
mordenite nanocrystal zeolitewere8 x 10°and 1.2 x
10“mol g*?, respectively. From TABLE 1, itisseen
that mordenite nanocrystal zeolite has higher surface
areaand porevolume, which resultsin the higher ad-
sorption capacity. On the other hand, large poresare
larger than NM B molecular size'® and are all avail-
ablefor NMB adsorption, resulting in higher adsorp-
tion capacity. Butitiscloseto NMB molecular sizein
mordenitezeolite.
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Figure 2. Comparison of dynamic adsor ption of NM B on
mor denitenanocrystal and mor denite zeolite. Absor ption con-
ditions: 0.05 g adsor bent in 200 mL NM B initial concentra-
tion 1.00x 10°M, temperature: 25°C, pH=6.5.

Effect of solution pH

Figure. 3 showsthe dynamic adsorption of NMB
on mordenite nanocrystal at threedifferentinitial pH
vauesat initid dyeconcentration of 1.00 x 10°M and
25°C. Itis seen that the amount of adsorption increase
asthepH isincreasing. Theadsorption increasefrom
1.2x10*Mto2.4x 10“*mol g, whensolutionpH is
changed from 3t0 9. Several investigationsalso have
shown that dyes adsorption have higher adsorption at
higher pH vaues®22, For cetionic dyes, lower adsorp-
tionof NMB at acidic pH isprobably dueto the pres-
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enceof excessH* ionscompeting with thecation groups
onthedyefor adsorption sites. Assurface charge den-
Sity decreaseswith anincreasein the solution pH, the
el ectrostatic repulsion between the positively charged
dye (NMB) and the surface of the adsorbent islow-
ered, which may result in an increase in the extent of
adsorption.
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Figure 3 : Effect of solution pH on NM B adsor ption on

mor denite nanocr ystal zeolite. Adsor ption conditions: 0.05¢g

adsorbent, NM B initial concentration: 1.00 x 10°M, tem-

perature: 25°C.

I nfluence of temper atureon NM B adsor ption

Figure. 4 showsthe effect of temperature onthe
adsorption of NMB onto mordenite nanocrystal and
mordenite zeolite. As seen from thefigures, tempera-
ture has effect on NM B adsorptionin zeolite. Thede-
creasein dye adsorption capacity withincreasing tem-
perature might be dueto the dye desorbed of zeolite.
Juang et d. havereported similar resultg.
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Figure 4 : Effect of solution temperature on NMB on
mor denite nanocrystal zeolite. Adsor ption conditions NM B
initial concentration: 1.00x 10°M, pH =6.5.

I nfluence of adsorbent amount used on NMB
adsor ption

Inorder to obtain the optimum zeoliteamount re-

quired for adsorption at pH 6.5, a series of experi-
ments were undertaken with different amounts of
adsorbentsin 200 mL of 1.00 x 10° M NMB solu-
tions. The NMB concentration wastasted after 2 h of
shaking at 25 °C. The zeolite amounts added against
adsorbed NMB (mol g?) are shown from Figure. 5.
Examination of thisfigurereveded that theamount of
adsorbed dye per amount of adsorbent (mol g1), in-
creaseswithincreasing amount of zeolites, because of
thenecessity of additiona filtrationtolower turbidity to
required levels, theamount of 0.05g/200mL hasbeen
found astheoptimum.
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Figure5: Influenceof mordenitenanocrystal zeoliteamount
on theadsor ption amount of NM B.

Adsor ption kinetics

A study of adsorption kineticsisdesirableasit pro-
videsinformation about the mechanism of adsorption,
whichisimportant for optimising theefficiency of the
process. Adsorption kinetics can be modelled by sev-
eral models, the pseudo-first-order Lagergren equa
tion and pseudo-second-order rate equation’® given
bel ow innon-linear form:

g,=9,(1-€“)) @
2
_ q eK zt
A= W o) ®

Where K| isthe rate constant of pseudo-first-order adsorption
(h), K, (g mol™ h*) the rate constant of pseudo-second-order
adsorption, g, and qt are the amount of dye adsorbed on the
adsorbent (mol g?) at equilibrium and at time to respectively.
We used the above two non-linear equationsfor
curvefitting by employingacommercidly avail ablesoft-
ware SigmaPlot. The parameters of kinetic models of
NMB adsorption on mordenite and mordenite
nanocrystal zeolitesare presented in TABLE 2. The
first-order model seemsto be not good in modelling

Woteriols Science  mmm—
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the kinetics of whole adsorption process and there-
gression coefficientsarel essthan theonesobtained from
the second-order-kinetics (TABLE 2). From there-
aults, itisalso seenthat theequilibriumadsorption from

—= Fyl] Paper

the pseudo-second-order model are closer to the ex-
perimental datathan the onesfrom the pseudo-first-
order kinetics, suggesting the better fit of the second-
order kinetics.

TABLE 2: Parameter sof kinetic modelsof NM B adsor ption on zeolites

o seudo- first-order model seudo- second-order model

Adsorbent TCO R0h  aumig) R Ke(hd g (molg) R?
mordenite 25 0.255 6.90x 10 0.891 1347.7 7.90% 107 0.992
35 0.122 3.18x10° 0.953 1228.9 3.65x10° 0.989
45 0.06 1.40 x 10°° 0.912 1197.5 1.22x10° 0.989
mordenitenaocrystal 25 0.442 1.02 x 10° 0.933 2587.2 118 x 10™ 0.991
35 0.235 5.10 x 10® 0.892 2223.8 570x 107 0.987
45 0.198 2.00x 107 0.883 1988.2 220x10° 0.992

From TABLE 2, one can d so seethat therate con-
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ACKNOWLEDGMENTS

Wethank the Research Vice Presidency of Idamic
Azad Universty, Rasht Branch for their encouragement,
permission and financial support and Miss. Arezoo
Pourahmad for her aids.

[1] V.K.Gupta, Suhas; J.Environ.Manag. (in press).

[2] Y.M.Slokar, A.Mgcen Le Marechal, Dyes pigm.,
37, 335 (1998).

[3] V.K.Gupta A.Mittd, L.Krishnan, JMittal; J.Colloid
Interface Sci., 293, 16 (2006).

[4] R.Han,Y.Wang, W.Zou; J.Hazard.Mater., 145, 331
(2007).

[5] W.JMortier, J.R.Pearcem; Am.Mineral., 66, 309
(1981).

[6] GM.Haggerty, R.S.Bowman; Environ.Sci.Technol.,
28, 452 (1994).

[7] M.Vaca Mier, R.Lopez Callejas, R.Gehr,
B.E.Jimenez Cisneros, PJ.J. Alvarez; Water Res.,
35, 373 (2000).

[8] V.Meshko, L.Markovsa, M.Mincheva,
A.E.Rodrigues; Water Res., 35, 3357 (2001).

[9] S.Wang, H.Li, S.Xie, S.Liu, L.Xu; Chemosphere,
65, 82 (2006).

[10] Sh.Wang, H.Li, L.Xu; J.Calloidinterface Sci., 295,
71 (2006).
[11] V.Meshko, L.Markovska, @ M.Micheva,
A.E.Rodrigues; Water Res., 35, 3357 (2001).
[12] B.Armagan, M.Turan, O.Ozdemir, M.S.Celik;
J.Environ.Sci.Heal A, 39, 1251 (2004).

[13] O.Ozdemir, B.Armagan, M. Turan, M.S.Cdlik; Dyes
Pigm., 62, 49 (2004).

[14] A.Metes, D.Kovacevic, D.Vujevic, S.Papic;
Water Res., 38, 3373 (2004).

[15] I.Schmidt, C.Madsen, C.J.H.Jacobsen; Inorg.
Chem., 39, 2279 (2000).

——, P otrioly Seience
ﬂuVWMW



438 Zeolite mordenite and mordenite nanocrystal MSAIJ, 5(4) December 2009

FPull Paper ==
[16] A.A.Shaikh, PN.Joshi, N.E.Jacob, V.PShirdkar; [21] S.B.Wang, H.T.Li, L.Y.Xu; J.Colloid Interface Sci.,

Zeolites, 13, 511 (1993). 295, 71 (2006).
[17] B.O.Hincapie, L.J.Garces, Q.Zhang, A.Sacco, [22] S.B.Wang, Z.H.Zhu, A.Coomes, F.Haghseresht,

S.L.Suib; Micropor.Mesopor.Mater., 67, 19 (2004). GQ.Lu; J.Colloid Interface Sci., 284, 440 (2005).
[18] M.M.J.Treacy, J.B.Higgins; ‘Collection of [23] L.-Ch.Juang, Ch.-C.Wang, Ch.-K.Lee; Chemo-

Stimulated XRD Powder Patterns for zeolites, 4 th sphere, 64, 1920 (2006).

Ed. Elsevier, 243 (2001). [24] Y.S.Ho, C.C.Chiang; J.Inter.Ads.Soc., 7(2), 139
[19] Sh.Sohrabnezhad, A.Pourahmad, M.A.Sadjadi; (2001).

Mater.Lett., 61, 2311 (2007). [25] S.Y.Ho, GMckay; Process Biochem., 34(5), 451
[20] X.Jin, M.-Q.Jiang, X.-Q.Shan, Zh.-g. Pei, Z.Chen; (1999).

J.Colloid Interface Sci., 328, 243 (2008).

Woteriols Science  mmm—
ﬂaVMnW



