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ABSTRACT

High crystalline ZSM-5 was synthesized by hydrothermal method using
local Kaolin (Zonouz-East Azarbaijan- Iran). The effect of several parameters
such astime and templ ate type on ZSM-5 crystallization and al so cal cination
medium were studied. The as-synthesized ZSM-5 was characterized by
XRD, FT-IR, SEM, TEM and BET surface area techniques. The ratio of
Si:Al of synthesized ZSM-5 was 13 with a surface area of around 300 m?/g
using TPABr astemplate. TheZn(I1)-ZSM-5, Cu(l1)-ZSM-5and Ni(l1)-ZSM-
5 sorbentswere prepared through liquid phaseion exchange (L PIE) method
at room temperature. Cation Exchange Capacity (CEC) for this zeolite was
determined with ICP-AES technique. The ion exchanged ZSM-5 zeolites
were used as adsorbents for removing of fuel organosulfurs in order to
reduce air pollutants. The effect of each individual adsorbent is studied by
using amodel fuel (2000 ppm thiophene in toluene). The efficiency of the
adsorbents was determined by Gas Chromatography analysis. II-
complexation between thiophene ring and metal loaded in adsorbents is
considered as removing mechanism. By increasing the cation amount in
the adsorbents, the removing process improves. The Zn(l1)-ZSM-5
adsorbent with the most metal 1oading amount showed the best performance
in thiophene removing (~64%). © 2014 Trade Sciencelnc. - INDIA
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Zeolitesare crystalineauminosilicateswith peri-
odic arrangements of cages and channelsthat find ex-
tensiveindustrial use as catalysts, adsorbentsandion
exchangerd. Many researches on zeolite have been
focused on M typezeolites(i.e. Slicdite-1 and ZSM-
5),

ZSM-5, first madeby Argauer and Landoltin 1971,

isamedium pore zeolitewith three-dimensional chan-
nelsdefined by 10-membered rings. Duetoitsunique
channd structure, thermal stability, acidity and shape-
selective property ZSM-5 has been used as sorbent
and catayst, so increasi ng attention hasbeen devoted
to the synthesis, the properties and applications of
ZSM-5 zeolites. Thismolecular sevewith MFI struc-
tureissynthesi zed from hydrogel s containing precur-
sorsof silicon and aluminum at autogenous pressure


mailto:mkhatamian@yahoo.com

MSAIJ, 11(2) 2014

M.Khatamian et al. 75

and temperature above 100°C. MFI-type zeolites are
generally synthesized in the presence of organic tem-
plates. Thechdlengein preparing zeoliteswith high slica
toduminaratios(SAR), likeZSM-5isto stabilizethe
voidregionwithinthezeoliteframework against disso-
|ution and transformation to denser, more stable phases.
Thiscan be achieved by addition of an organic mol-
eculetothe synthesisgel. Sincethe organic template
strongly influencesthe phasethat iscrystalized, itisre-
ferred asastructuredirecting agent (SDA). A variety
of templates has been reported for the synthesis of
ZSM-5 zeolites, such astetrgpropylaminecations. The
physicochemical propertiesof ZSM-5 zeolitesarein-
fluenced by the compound used astemplate, the gel
composition, thenature of the reagentsand other fac-
torg®.

lon exchanged zeoliteswith some cationslike Cu,
Zr?* and Ni?* are promising sorbentsfor organosul fur
removing duetotheir selectivity, easy usageand high
performance. Thesulfur level of commercia fuelsand
emissionsfrom refineriesis one of themain targets of
current environmenta regulations. Desulfurization by ad-
sorption is based on the ability of asolid sorbent to
sel ective adsorbing of the organosulfur compounds.
Thereisan ongoing effort to devel op new adsorbents
to removethiophenefrom commercia fuel viarn-com-
plexation. Inthe n-complexation mechanism the cat-
ionsintheion exchanged zeolites, canformtheusua o
bondswith their sorbitals, and in addition, their d or-
bitals can back donate electron density to the
antibondingn* orbitalsof thesulfur ringg*®.

Theamof thiswork isto synthesizehigh crystdline
ZSM-5zedliteusinglocd kaolinandinvestigatetheeffect
of severd parameterssuch astime, templatetypeand dso
cacinationmediumonthesructura characterigticsof the
prepared ZSM-5. Inthe next step, ion exchanged ZSM-
5(Zn(11)-ZSM-5, Cu(I1)-ZSM-5and Ni(Il)-ZSM-5) are
prepared and it isexpected to throw further light onthe
performance of ZSM -5 based adsorbentsin thiophene
removing asamode aromaticorganosulfur that may mix
withcommerdid fudsinrefining process.

EXPERIMENTAL

Synthesisof ZSM-5 zeolite
ZSM-5was synthesized hydrothermally. Thefol-
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lowing reagentswereused for synthesisof zeolite: local
kaolin (from Zonouz-Azerbaijan, Iran) as alumina
source, Silicic acid (Fluka) as silicasource, sodium
hydroxide (Merck), concentrated sulfuric acid (Merck)
and tetrapropylammonium bromide (Merck) asSDA.

Pretr eatment of kaolin

Kaolinwas prepared from Zonouz mineand pre-
heated at 600-700°C. The amorphous preheated
metakaolin phasewas acid washed in order to reduce
any possibleimpuritied”.

Synthesisprocedureof ZSM-5 zeolite

Two solutionswere prepared separately. 0.5 g so-
diumhydroxide, 2.01gslicicacid, 1 ml n-propylamine
and 1.01 gtetrapropylammonium bromidewere added
to5ml distilled water to get solutionA. Solution B was
obtained by adding 0.2193 g of metakaolin and 0.05
ml of concentrated sulfuricacidto 5 ml distilled water.
SolutionA wasadded to solution B whilestirring. After
the addition wascompl eted, thegel wasstirredtoget a
homogenousgel, andthegel wastransferredtoastain-
less-stedl autoclavewith 70 mm long tube having 41
mmi.d. and 5 mmthickness. Thesed ed autoclavewith
Tefloninternal vessd washeated at autogenous pres-
sureinanair oven maintained at 433K for two periods
(44 and 50 hours).

Pretr eatment of ZSM -5 zeolite

Calcination of zeolitewas performed in order to
removethetemplatefrom the as-synthesi zed samples.

Thezeoliteswerecacined to 773°C in increments
of 50to 100°C, with 4°C/min temperature ramp and
thenin 100to 500 °C with 10 °C/min temperature ramp.
Cacinationwascarriedoutinairinaneectricfurnace;
model PCD Shinbafrom Exciton Company; and aso
inthe presence of N, in ahorizontal 808P Carbolite
furnace.

Char acterization of zeolites

Theprepared MFI zeoliteswere characterized for
their chemica composition, crystdlinity, surface behav-
ior and morphol ogy. Thedetermination of duminumand
dlicon contentsin zeolite sampleswascarried out using
standard inductively coupled plasma(ICP) method. The
samplesfor ICP analysiswere prepared by fusing the
zeolitewith sodium hydroxide.

TheFT-IR spectrawererecorded usng BRUKER
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Model Tensor 27 Infrared Spectrophotometer in the
range 4000400 cm™ onthin wafersof KBrinwhich
1% (w/w) of zeolitewas dispersed. Crystalinity was
checked using aSiemens D500 X -ray diffractometer
equipped with aCu finefocus X-ray tubeworking at a
generator potentia of 40kV. Thezeolite sampleswere
also characterized by scanning el ectron microscopy
using a Leo scanning microscope model 440i. The
samples in the powdered form were dried at 453K
overnight and then mounted onduminumdisks. Inthis
process, athinlayer of sample powder was spread and
deposited on each d uminum disk having carbon pads.
These sampleswerethen evacuated, and thenimmedi-
atdy coated with gold. Thegold coated diskswerethen
mounted in the sample holder of theinstrument. Sur-
faceareaand pore structurewere measured using fully
automated ASAP 2010 equipment (Micromeritics,
USA). Thezeolite sampleswereheated overnightinan
ovenat 473K in order to removemoisture. A weighed
quantity of dry zeolite samplewas degassed overnight
at 573K under avacuum of 3mmHg. Thesamplewas
allowed to cool, reweighed and connected to theanaly-
sisport as quickly as possible in order to avoid any
readsorption of moisture. At theanaysisport, nitrogen
was fed into the tube and adsorption of the gas took
place. Thiswasfollowed by desorption of nitrogen and
then cal cul ation of the surface areaand other param-
eters.

Selective adsor ption evaluation of ZSM-5 zeolite
inthiopheneremoving

Sorbent preparation

The powder form ZSM-5 was modified by liquid
phaseion exchange (LPIE), using different cations.
Cu(I)-ZSM-5, Ni(Il)-zSM-5and Zn(I1)-ZSM-5 were
prepared by 72 h ion exchanging ZSM-5 with satu-
rated solutions of Cu?*, Ni?* and Zn?* acetate salts at
ambient temperature. After the exchange, the zeolite
suspension was filtered and washed with copious
amountsof deionized water.

Sor bent activation

All of theion exchanged sorbentswere activated at
120°C for 2 h in the presence of N, in order to remove
themoisture and open the framework poresfor better
adsorption. Auto reduction of Cu(ll)-ZSM-5to Cu(l)-

Woateriolsy Science  mmm——

ZSM-5was carried out in He at 450°C for 6 hi89,
Adsor ption set-up

All adsorption experimentswere performed with
down-flow in a vertical custom-made quartz tube
equipped with asupporting packed glassfilter. Afterin
Stu activation of theadsorbent, amode sulfur contain-
ing solution (2000 ppm thiophenein toluene) was al-
lowed to contact the bed and the effluent thiophene
concentration wasmonitored asafunction of passing
times. Effluent samplescollected during theexperiments
wereandyzed using aShimadzu GC-2010 unit equipped
withaCP-20 capillary columnand flameionization de-
tector (FID). All of the adsorption experimentswere
carried out at ambient temperature and atmospheric
pressure.

RESULTSAND DISCUSSION

Char acterization of synthesized zeolite
Si/Al ratio

Different duminasourceslikeduminumhydroxide,
auminumsulfate, etc. havebeen usedin literaturg 1014,
inorder to ZSM-5 synthesis. Inthiswork local kaolin
with high Sl amount and 18.44%Al,0,, wasused as
auminasource. Completechemicd anayssof Zonouz
kaolin can befound elsawherd”. TheSi/Al ratioisan
important factor in ZSM-5 synthesis. Thecrysta size
of the ZSM-5 zeolite decreases with increasing the
SIO/ALO=M. Inthiswork, the SIO/ALO, ratiowas
selected 39intheinitial gel composition. After crystal-
lization, thisratio decreases remarkably to about 13,
because of thealkaline nature medium (pH=10-11) of
thegd. Alkdinity leadsto dissolvemoreand moreslica
intheliquid phase and therefore, lesssilicabecomes
incorporated into the crystalline solid phase; so acon-
siderabledecreaseinthe Si/Al ratio takes place after
crystalization.

X-ray diffraction studies

Figure 1 showsthe X-ray diffraction patterns of
ZSM-5 zeolite powder synthesized at 160°C using
tetrapropylammonium bromide as SDA for two series
of crystalizationtime (44 and 50 h). Wetried to syn-
thesizeZSM-5 zeolitein shorter timecomparing to pre-
viousworkg®.. Theresultsshowed that crystallization
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iscompleteinlessthan 2 days. Increasing the crystali-
zation time to 50 h not only does not lead to better
crystalization, but & so causesto decomposethe ZSM-
5crygdlized phase. Inthe XRD pattern of ZSM-5(50)
peaksat 20 = 7-9° have been omitted. The XRD pat-
tern for ZSM-5(44) shows peaks at 20 = 7-9° and
23-25°, which correspond to the specific peaks of
ZSM-5 zeolite¥. No other peak could be observed
other thanASTM data, indicating the high purity of prod-
uct. Therelative crystallinity of ZSM-5was calculated
based on theintensity of the peaks of angel 20= 22-
25°8, Averagecrystal size measured about 21 nm for
ZSM-5(44) by Scherer’s equation (D= KA57.32 /
Bcosh) from XRD peaks between 20 = 7-9°.
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Figurel: XRD patternsof ZSM-5(TPABr) for (a) 44 h and
(b) 50 h crystallization time

In order toinvestigate how cal cinationinthe pres-
enceof N, effectsthecrysta phaseof theZSM-5, ZSM-
Swascdcinedbothintheair andinthepresenceof N,
(ZSM-5(air) and ZSM-5(N.,) respectively). Figure 2
showsthe X-ray diffraction patternsof as-synthesized
ZSM-5 zeolite powder synthesized at 160°C using
tetrapropylammonium bromideas SDA for ZSM-5(air)
and ZSM-5(N,). InZSM-5(N.,) therelativeintensity
of the pesksof angel 26=22-25° is higher than peaks
of angel 20 = 7-9°, while in ZSM-5(air), peaks of an-
gel 20 = 7-9° has higher intensity. This results show the
crystal structure difference between ZSM-5(air) and
ZSM-5(N.,); thus respectively monoclinic (P12,/n1
space group) and orthorhombic (Pnma space group)
Symmetry can be suggested.

Different templateshave been used inliteraturefor
ZSM-5 synthesig4. Figure 3 shows X-ray diffraction
patternsof ZSM-5 zeolite powder synthesized at 160°C
using tetrapropylammonium bromide (TPABY),
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Figure2: XRD patternsof (a) ZSM-5(air) and (b) ZSM-5(N,)

tetrapropylammonium hydroxide (TRPAOH) and etha-
nol-ammonia(Et-Am) asSDA. Cryddlizationwith both
TPABr and TPAOH isacceptable; however, abetter
crystdlinity isachieved by TPABr consderingtherea
tiveintensity of the peaksof angel 20=22-25°1"1, Us-
ing Et-Am astemplate does not lead to ZSM-5 syn-
thess
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Figure 3: XRD patternsof (a) ZSM-5(TPABr), (b) ZSM -
5(TPAOH) and (c) ZSM-5(Et-Am)

Fourier transfor minfrared spectr oscopy

TheFT-IR spectraof the synthesi zed zeoliteswere
recorded intherange4000400 cm™. Figure4 shows
theinfrared spectraof ZSM-5 zeolite synthesized at
160°C using tetrapropylammonium bromide as SDA
for both ZSM-5(air) and ZSM-5(N.,). Bands around
791, 1080 and 1219 cm'! are characteristic of SO,
tetrahedron units'®. Absorptionsat 1219 and 542 cm’™
provideinformation on the differences between these
zeolitesand other zeolitetypes. Theexterna asymmet-
ric stretching vibration near 1219 cm™ isdueto the
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presence of structures containing four chainsof five-
membered ringsarranged around atwo-fold screw axis,
asinthe case of ZSM-5 structure®®. The absorption
band around 1080 cm™ is attributed to the internal
asymmetric stretching vibration of S—O-T linkage of
zeolite ZSM-5. The absorption near 790 cm™ isas-
signed tothe symmetric stretching of theexternd link-
ages, and theone near 542 cm’™ isattributed to astruc-
ture-sengitivevibration caused by the doubl efive-mem-
bered rings of the external linkages. The absorption
band near 450 cm™ isdueto the T-O bending vibra-
tionsof the SO, andAlQ, internd tetrahedra. Thepres-
ence of absorption bands around 542 and 450 cm’™
are characteristic of the ZSM-5 crystalline structurd®
and theratio of theintensities of thesetwo peaks pro-
vides an approximate estimate of the degree of crysta-
linity of agiven zeolite sample. These vauescompare
toaliteraturevalue of 0.8 suggested for pure ZSM-5
zeolites, indicating that both as-synthesized zeolitesaso
exhibit good crystalinity. Inthe FT-IR spectraof ZSM-
5(N,) theintensity of peaks at 450 cm* and 550 cm™*
isnearly identica which showscompletecrystdlization
of theproduct. TheFindingsemergethat the bandsnear
1080 cm'* (Internal asymmetric stretch), 790cnr?(ex-
ternal symmetric stretch), 542cm't (doublering vibra-
tion) and 450cm* (T-O bend) were presented for two
samples, dueto formation of only ZSM-5 phase.
Figure 5 showsthe FT-IR spectraof synthesized
ZSM-5 samplesusing different templates. The spectra
show thegppearance, intensity lowering and disappear-

()
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anceof by using different templ ates.

Inthe case of TPABr and TPAOH, thisband has
grown better whilein tetrabutylammonium hydroxid
(TBAOH) theintensity of the bandislowered consid-
erably. Using Et-Am astempl ate causeto disappearing
542 cm™ band, so no ZSM-5 phaseisexisted in the
sample.

Cong dering thedatacoming from FT-IR and XRD
results, tetrapropylammonium bromidewas selected as
theoptimum template.

Scanning electr on micr oscopy

The scanning electron micrograph of ZSM-
5(TPABIr) isshownin Figure 6 and showsthat thiszeo-
liteiscrystalizedin spherica to cubical shapecrystals.
No amorphous phase is observable, indicating high
purity of thesample.

Transmission electron microscopy

Asshowninthe TEM imagedepictedin Figure7
(8), theZSM-5 sampleprepared with TPABY, isformed
by small crystallites, with size aslow as 20-30 nm.
Thesecrystalsarenot present asisolated particles, but
they are primary particleswhich tend to be aggregated
into secondary particleswith szearound 2000 nm. The
well deve oped secondary particles(Figure 7 (b)) show
quasi -spherica morphol ogy which confirmsgood crys-
tallinity of the sample under the mentioned condition.
Selected areadectron diffraction (SAED) reconfirms
that these as-prepared secondary particlesareinsingle
crystd form.

2000 1500 1000 %00

Waverumber om-1

Figure4: FT-IR spectraof (a) ZSM-5(N,) and (b) ZSM-5(air)
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Figure7: TEM imagesof ZSM-5(TPABr) (a) small crystallitesand (b) secondary particlesalong with selected area electron

diffraction (SAED)
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Surfaceareaand porestructuredeter mination

Figure8illustratesthe N, adsorptionisotherm at
76.46 K for the synthesized ZSM-5(TPABT) zedlite.
Theadsorption at low relative pressures corresponds
with themicroporefilling?. However, thiscurve can-
not beclassified smply astypel isotherms, which are
typica of purely microporoussolids. A very important
adsorptionisobserved at highrelative pressures, which
originatesfrom thenitrogen adsorptionintheinterpar-
ticlevoids. Likewiseasgnificant adsorptiontakesplace
atintermediaterelative pressuredueto the N, adsorp-
tion on the external zeolite surface. The samplepre-
sentsexternal surfacewith valueupto108 m?/gwhich
isinagreement with being formed by small crystdlites.
Another remarkablefact isthelower t-plot micropore
volumeand micropore surface of thesample compared
with theval ues corresponding to micrometer Sze ZSM-
5 sample (0.18 cm?®/g and 400 m?/g, respectively). J.
Aguado et d .Y devel oped amathematical model that
correlatesvariation of the ZSM-5 textura properties
with changesinthecrystal size. Thismodel introduces
the concept of surface enhancement and crystal aggre-
gation factorsto explain theincreasein both the exter-
nd andtheoverdl zeolitesurface asthecrysta sizeis
reduced. Consdering thismode thetota surfacearea,
that would be comparablewiththe BET surfacearea,
can be determined asthe sum of bothinterna and ex-
ternd contributions:
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Figure8: N, adsorptionisothermat 76.46 K ZSM-5(TPABr)

Syor (M7G) = S . (7/0) + S, (M)
S, =108.13 + 164.71 = 272.84 (m?g)

TABLE 1 summarizesthe completeresultsof sur-
face area determinations for synthesized ZSM-
5(TPABY). Porevolumeand poresizeinformation are
collectedinTABLE 2.

TABLE 1: Surfaceareainformation of synthesized ZSM -
5(TPABr)

Single point surface area at P/IP*= 304.9361
0.30520395 m?/g
BET surface Area 272?4 25
m</g
Langmuir surface Area Mr?riz/;%
BJH Adsorption Cumulative Pore area of 65.1914
pores between 17 and 3000 A Diameter mlg
BJH Desorption Cumulative Pore area of 74.8532
pores between 17 and 3000 A Diameter mlg
Micropore Area 164.7128
PO mlg
External surface Area 108'3 297
m</g

TABLE 2: Poreinfor mation of synthesized ZSM-5(TPABTr)

Single point total pore volume of pores 0.178983
less than 742.9814 A at PIP*= 0.97324272?  cm’lg
BJH Adsorption Cumulative Pore Volume 0.07 cm¥/g
of pores between 17 and 3000 A Diameter?
BJH Desorption Cumulative Pore area of 0.073571
pores between 17 and 3000 A Diameter cmg
. 0.103311
Micropore volume 3
cm’/g
Average pore Diameter (BET) 26.2397 A
BJH Adsorption Average pore Diameter 43.3283 A
BJH Desorption Average pore Diameter 39.4780 A

ZSM-5 zeolite performancein thiopheneremov-
ing

Sor bent prepration and structural propertiesof ion
exchanged zeolite

The sorbents used in the present paper were pre-
pared by using liquid phaseion exchange (LPIE) tech-
nigue. LPIE isusualy limited by the (a) selectivity of
thezeolitefor the new cationic specieshavebeenintro-
ducedintotheframework; (b) passage of solvated cat-
ionsthrough the zeolite gpertures; (c) hydrolysisof cat-
ion speciesinthe aqueous solution?. Many research
groups have studied agreat deal about cation exchange
equilibrium andtheresultsarevery well documentedin
theliterature®!. In order to guaranteethemaximumion
exchanged capacity, itisdesired to useexcessloadings
and/or increase thetemperature during the exchange
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process. However, for aparticular zeoliteand cation
species combination, increasing the exchange process
temperature could lead to collapsing of the zeolitic
framework?, Thusall of theion exchange processes
inthiswork were carried out at ambient temperature
but using high concentration of cation solutions (satu-
rated solutions). In order to lessen the hydrolysis of
cation speciesin the aqueous sol utions, the solution pH
waskept about 6 during the exchange process. In gen-
eral, alower pH value diminishesthe occurrence of
hydrolysisspecies.

The cation exchange capacity (CEC) of synthesized
ZSM-5 (TPABF) zeolitefor Cu?, Ni2" and Zn?* cation
species, determined by ICP analyses, are summarized
in TABLE 3. The selectivity of synthesized ZSM-
5(TPABI) zeolitefor these cation speciesisasfollow:
Zn?> Cu?* >Ni

Theion exchange capacity depends on anumber
of factorssuch ascation sizeand oxidation state, level
of hydration of the zeolite, Si/Al ratio of the frame-
work!?4, These factors determine thelocation of the
cations and al so the extent and kinetics of theion ex-
change. Thus, the higher ion exchange capacity of
Zn(I1)-ZSM-5 as compared to Ni(I1)-ZSM-5 could
be dueto an effectiveinteraction of Zn?* ion with zeo-
liteframework ascompared to theinteraction of Ni".
Thehydrated Ni?*ionsremain strongly coordinated to
water moleculeswhilewithin the zeolite pore struc-
ture?,

According tothe sudiesonthemetd ion exchanges
inzeolites, most of thetransition metd ionsintroduced
by ion exchange at room temperatureare hydrated in-
sidethe cages. Upon drying and cacinations, theions
migrateto variousion exchangesites?.

Powder X-ray diffraction (XRD) patternsof ion
exchanged zeolitesafter drying have been collectedin
Figure9, inorder toinvestigateif thezeolitestructureis
retained after exchange process. Thesimilarity inthe
XRD patterns, especialy inthe 20 ranges 7-9° and 23-
25°, between ZSM-5 zeolite and ion exchanged ZSM-
5zeolitesimpliesthat theorigina zeolitestructureisre-
tained. However, asmdl shift aswell asalittleintensity
reduction takes placein the XRD patternsof ion ex-
changed zeoliteswhichismoreobservablein Zn(I1)-
ZSM-5 sample. High Zn?* |oading amount leadsto this
dight differenceinthe XRD pattern of Zn(l1)-ZSM-5
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comparing to pure ZSM-5. Considering the CEC
amounts, Cu?* ionshavestill relatively high loading
amounts (63.5 mg/g zeolite), however, the XRD pat-
tern of Cu(ll)-ZSM-5 showslittledifference compar-
ing to pureZSM-5. It seemsthat the cationic sites of
Cu?" inthe as-prepared ZSM-5 framework are prob-
ably far frominterplanedistanceswhich arereflectedin
the XRD pattern (011, 200, 051, 033, and 313 crysta
planes), so theloading of Cu?* cation speciesintheses
cationic Stescausetojust negligibledifferenceinthe
interplane distance (d) vaues.
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Figure9: XRD patternsof (a) pureZSM-5, (b) Ni-ZSM -5, (¢)
Zn-ZSM-5and (d) Cu-ZSM-5

In order to perform moreinvestigation onthe ef-
fect of ion exchange processon ZSM-5 structure, the
FT-IR spectraof both Zn(11)-ZSM-5 (having the high-
est CEC amount) and pureZSM-5 aregivenin Figure
10 Noremarkabledifferenceinthe main structure sen-
sitive peaks (542 and 1219 cm!) isobservable, indi-
cating that the ZSM-5 structural phaseremained intact
even after high cation loading amounts.

Sor bent activation

Asmentionedin section 2, all the sorbentswere
caefully activated ingtu, to avoid any exposureto mois-
ture. For Cu-zeolites, thisiscritical since Cu* species
arehighly unstable. Cuprousionsareknownto dispro-
portionateinthe presence of water asfollow!?27;
2Cu*+=> Cu* +Cu°

Another problem that needsto be avoided during
activation of the copper zeolitesisthepossihility of fast
re-oxidation. TurnesPalomino et a. and Llabre’s i
Xamenaet al.? studied there-oxidation of auto-re-
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Figurel0: FT-IR spectraof (a) pureZSM-5, (b) Zn-ZSM-5

duced copper exchanged ZSM-5 and Mordenite zeo-
lites, using e ectron paramagnetic resonance (EPR) and
X-ray absorption near edge structure (XANES) andy-
ses. In bothworksit was determined that the Cu* ions
became oxidized in the presence of water or oxygen
mol ecules and that the processwas accelerated inthe
smultaneous presence of both oxidative species. These
results reinforced the need for proper activation of
ZSM-5to maintain the maximum possi bleamount of
cuprousionsbefore desulfurization tests.

Adsor ptivedesulfurization

After activation of theadsorbent bed, a20 ml sample
of model solution (2000 ppm thiophenein toluene) was
allowed to contact the beds (containing 0.1 g of each
adsorbent) and the effluent totd thiophenecontent was
monitored periodically. Breskthrough adsorption curves
were generated by plotting thethiopheneremoving per-
cent versusthepassing times. Figure 11 showsthere-
sulting breakthrough curves for the Zn(11)-ZSM-5,
Cu(l)-ZzSM-5and Ni(11)-ZSM-5 beds. These sorbents
are capabl e of removing morethan half of thiophene
content frommode solution, only after 10 times pass-
ing. Among the adsorbentstested, the Zn-exchanged
ZSM-5(TPABY) zeoliteexhibited better performance
adsorbing about 64% of thiophene content after 10
timespassingof solutionthroughtheZn(I1)-ZSM-5bed.
Theadsorption datainfer that theadsorption efficiency
isenhanced upon increasing the meta loading. Thus,

Wotoioly Science  mm—

the cation species loaded on the ZSM-5 zeolite are
responsi blefor desulfurization of thiophene. Thisfactis
inagreement with metal-thiophenering bonding during
adsorptive desulfurization process.

——- Ni-Z5M-5
Cu-ZSM-5

=é=In-ZSM-5

thiophene removing percent

1 2 3 4 5 6 7 8

9 210 11 12

passing times
Figure1l: Breakthrough adsor ptivethiopheneremoving
curvesof Zn(l1)-ZSM-5, Cu(l)-ZSM -5 and Ni(l1)-ZSM -5
adsor bents

The concentration of effluent total thiophene con-
tent (ppm) collected in TABLE 4 wasca culated onthe
basisof calibration curve (R?=0.9999).

CONCLUSIONS

A highly crystdlineZSM-5 zeolitewas synthesized
from amorphous metakaolin prepared by hydrochloric
acid leaching of akaolin mineral from Zonouz mine,
Iran. The syntheseswere conducted with variationsin
the crystallization time, templ ate type and calcination
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condition. Optimum conditionwasobtained at 160°C
for 44 h, using tetrapropylammonium bromideas SDA,
followed by calcinations at 500°C in the presence of
N.,.. Theas-synthesized ZSM-5 zeolite presentscrystal
sizein therange 20-30 nm, that tend to form larger
aggregates with asize around 2000 nm. TheZSM-5
samplepresentshigh surfacearea, with vaueup to 300
m?/g. The average pore size of the sample is in
mesoporousrange. Inthe next processNi(l1)-ZSM-5,
Zn(11)-ZSM-5 and Cu(ll)-ZSM-5 adsorbents pre-
pared by L PIE method used for thiophene adsorption.
All of thesorbentswere capable of removing morethan
half of thiophene content from mode sol ution, only &f-
ter 10timespassing. Thethiopheneremoving process
isimproving asfollow by increasing the metd |oading
amountsin ZSM-5 zedlite:
Zn(11)-ZSM-5>Cu(1)-ZSM-5> Ni(l1)-ZSM -5

NOMENCLATURE

SAR . dlicatoadumiaratio

SDA . sructuredirecting agent

LPIE . liquid phaseion exchange

Cu(ll) ZSM-5 . as-synthesized ZSM-5 zeoliteion
exchanged with Cu?* cation spe-
ces

Ni(l)-ZSM-5 : as-synthesized ZSM-5 zeoliteion
ex changed with Ni?* cations spe-
ces

Zn(I1)-ZSM-5 : as-synthesized ZSM-5zeoliteion
exchanged with Zr?* cation species

Cu(1)-ZSM-5  : auto-reduced Cu(Il)-ZSM-5 after
activaion

ZSM-5(50) . asgynthesized ZSM-5 zeolitewith
50hcryddlizationtime

ZSM-5(44) . as-synthesized ZSM-5zedlitewith
44 herysdlizationtime

ZSM-5(air) . as-synthesized ZSM-5 zeolitecal-
cnedinar

ZSM-5(N.,) . as-synthesized ZSM-5 zeolitecal-

cinedinthepresenceof N,

ZSM-5(TPABr) : as-synthesized ZSM-5 zeolite us-

ing tetrapropylammonium bromide
asSDA
SAED . selected areadectrondiffraction
CEC . cation exchange capacity
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