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ABSTRACT

Large pore faujasite zeolite (Pt/H-Y) and its dealuminated form (Pt/H-DY) were applied for transalkylation of
toluene and 1,2,4-trimethylbenzene (1,2,4-TMB). The acidic properties of supportswere examined by using NH,-
TPD and FT-IR spectroscopy in the OH stretching region. XRD, SEM, DSC and FT-IR in the framework region
techniques were employed to investigate the structural changes of zeolite after dealumination process. It was
observed that the dealuminated catalyst tends to have more open structure; such structural changes are believed
to compensate for the loss of some acid sites to bring about the enhanced activity and stability over the parent
zeolite. The zeolite structure has a direct influence on aromatics conversion. It was found that the use of 1,2,4-
trimethylbenzene (TMB) as an alkylation agent gave the highest yield of xylenes. A strong competition between
transalkylation, disproportionation and isomerization of aromatic hydrocarbons takes place according catalyst

acidity and reaction temperature.

INTRODUCTION

Asitiswell known, that xylenes(Xs) areimportant
starting materialsfor theindustria processeslikethe
production of syntheticfibers, plasticizersand resins.
The mgor sourcesof thesearomatic hydrocarbons, the
reforming and pyrolysis gasolines, have also an appre-
ciablecontent of toluene (T = C,) and trimethyl bezenes.
(TMBs=C,). A convenient way to upgradelow value
C, and C, aromatics consists of their conversion to
benzene (B) and xylene (X). Inthis context, various
processes such as: the disproportionations of toluene
and trimethylbenzenes, the toluene akylation with
methanol, the tolueneand a kyl benzenes hydrode-alky-
lation or the toluene and trimethylbenzenes
transalklyation have been devel oped*3.

Thetermtransakylation generaly referstothere-
action of polyalkylated aromatics by transfer of alkyl
groupsand formation of lower akylated aromatics. For
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instance, by thismethod, someof thelo w valued by —
productssuch aspolyethyl and polyisopropyl benzenes
are converted to their mono-substituted homol ogues
having higher demands®. Thetransakylation of tolu-
enewith TMBsforming xylenesisalso an important
processinthisfidd. Acid catdystsactivaethislast equi-
librium reaction. The commercial T-TMBs
transal kylation processesuseeither silica—alumina or
zeolite—based catalysts, e.g., noble metal supported
on deal uminated mordenite®.

Because of thelarge molecul earomatic hydrocar-
bonsinvolvedinthetransalkylation reaction, only mo-
lecular seveswith large pore such asbeta, faujasite-Y
and SAPO-5" areableto catalyzethisreaction. From
the above literature survey, the poresizeand the acid-
ity of zeolitesmay bethetwo factorsof agood catayst
for transalkylation®. First, only zeoliteswith 12-mem-
bered ring-opening possess apore sizelarge enough
for transalkylation of C;" aromatics. Second, thehigher
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acidity of the zeolities, thebetter istheactivity.

In the present study, weinvestigated the catalytic
activitiesof Pt supported on H-Y zeolitewhich has12-
MR pore openings, and of itsdealuminated form. We
also examined the physicochemical propertiesof the
supportsand the catalysts by various characterization
techniques and the effects of deal umination on theac-
tivity and stability of zeolitefor transa kylation of tolu-
eneand 1,2,4-trimethylbenzene(1,2,4-TMB). Incom-
mercial processessuch asBTX units, TMB isomers
arethemajor componentsin C, aromaticsand thefrac-
tion of 1,2,4-TMB among three isomers is about
65%!%. For thisreason, tolueneand 1,2,4-TMB were
used asthereactants.

EXPERIMENTAL

Support preparation

Commercial NaY (SK-40) provided by union car-
bide Co., USA, wasused for catal ysts preparation.

NH,-Y was prepared by exchangethesodiumion
inNaY zeolite several timeswith ammonium nitrate
(NH,NO,) molar solution; eachtimewithafresh solu-
tion for 8h at 70°C. The zeolite was then separated,
washed with bidistilled water till freeof the NO} , and
thendried at 110°C overnight.

NH,-Deduminated sanple(NH,-DY) wasprepared
by extraction of someauminumoxidefromNH,-Y by
refluxing 20gm samplein 300cm? doubly digtilled weter
with9.6gmof (NH,),H, EDTAfor 4h. Thetrested sample
wasthen separated, washed and dried asmentioned above.
Detailsonthedea umination procedurearegiveninearlier
Studied?.

H-Y andH-DY sampleswereprepared by calcina
tionof theNH,-Y andNH,-DY at 450°C for 4h. This
temperature was chosen for pretreatment asat 450°C
thermal deal umination doesn’t occur in any case and a
compl ete deammoniation can beachieved*!,

Catalyst preparation

Therequired quantity of hexachloroplatinic acid
(H,PCl .x H,0), necessary for loading 0.5wt% Pt, was
dissolvedinbidigtilled water sufficient to cover thesup-
port material inabeaker. A small quantity of citricacid
was added to enhance penetration of the precursor
moleculesfrom the solution into the pores of the cata:
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lytic support!**13, This preparation was|eft overnight
at roomtemperaturethen dried at 110°C overnight. The
catalyst was calcined in air for 4h at 450°C and re-
duced at 400°C in H, flow of 20cm® min™ in aflow
reactor for 2 h*3, The physicochemical properties of
thetwo catdystsaresummarized in TABLE 1.

TABLE 1: Physicochemical propertiesof thesupports

Textural properties
Support O Na0
AlLO; 2 BET surface Porevolume, Average pore

area, m?/g cclg diameter?® A
H-Y® 27 o011 624 0.27 17.3
H-DY¢ 7.0 0.01 540 0.35 26
4(porevolume)
a: Average porediameter = —_ -, b: H-Y support,

surfacearea
and c¢: Dealuminated Y support

Support and catalyst characterization

Elemental analysiswas performed by X-ray fluo-
rescence (XRF) method. Surface areaand porevol-
umes of the supportswere determined by measuring
the nitrogen adsorption-desorptionisolthermsat 77K
(BET method) using Micromeritics Gimini 2375 sur-
faceareaanayzer, while porosity was determined by
poresizer 9320-V 2-08. The measurementswere per-
formed on samples heated at 200°C for 2hinapure
nitrogen flow. Since the average pore sizes of these
samplesaresmadl, themercury penetration method was
inadequateinthe present study.

Infrared (IR) spectra were recorded on a ATI
Mattson Infinity seriesApparatus, Mode 960 M 0009,
for characterization of supportsand cataysts. Thefinal
spectrawere taken after 64 scanswith 2 cm™ resolu-
tion.

Temperature-programmed desorption of ammonia
(NH,-TPD) was used to characterize the acid prop-
erty of the used samples?4. X-ray powder diffraction
(XRD) patternshave been recorded onaBrucker AXS-
D8Advance (Germany) by using nickel-filtered cop-
per radiation (A =1.5405A) at 60kv and 25mA with
scanning speed of 8° in 20 min over diffractionangle
range.

Themicro structureand morphol ogy of thesamples
wereexamined by scanning € ectron microscopy (SEM)
using JXA-890 microscope (Jed) at 30K V.

Differential scanning caorimetry (DSC) wasused
to determinethe changesinthestructure, i.e., trangtion
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from one crysatallineform to another, using DSC-50
Shimatzu gpparaus. Thermogravimetricanadysis(TGA)
was performed with aPerkin-Elmer gpparatus.

Thecatalytic hydroconver sion processf

All of the catal ytic hydroconversion runswere car-
ried out under vapor phase using afixed-bed down-
flow system. Theflow system consisted mainly of a
vertical tubular silica-glassreactor (1.0cminternd di-
ameter and 30.0cmlong). Containing 1.0gm of afresh
catalyst, diluted withinert non-porous solid possessing
thesamedimension of the catalyst particles, was sand-
wiched between glasswool plugsplacedinthemiddle
of thereactor. Thereactor was heated in an insulated
wider stainlessstedl tubejacket thermostated to + 1¢°.
Thetemperature of the catalyst bed insidethereactor
was measured and controlled viathermocouple and
electronic controller, Thelower part of thereactor con-
nected to adouble condenser attached to aflat flask to
collect theliquid productsfor analysis. Hydrogen gas
was used asacarrier and simultaneoudly asareactant
inthereaction under study, at aflow rateof 20 cm® mirr
tindl runs. Hydrogen was supplied tothe sysem from
acylinder. Theliquid feed was pumped to the top of
reactor by means of dosing pump. The catalyst was
reduced inH, at 400°C for 2h. Before starting there-
action runsThereaction was carried out at atmospheric
pressure. Tolueneand 1,2,4-TMB were passed over
thecatayst at 7h at the requisiteratios and tempera-
tures. Theliquid productswere collected after aninter-
vd of 30 minfor anays susing Perkin-Elmer GasChro-
matograph (Mode Clarus500) equipped with capil-
lary column 100m x 0.251D for PONA analysis (initial
temp. 80°c and final temp. 300°c). Detector and injec-
tor temperaturewas 300°c and carrier gas was He with
flow rateof 30 ml/min.

RESULTSAND DISCUSSION

TABLE 1 summarizesthe characterization results
fortheH-Y and HD-Y zeolites. The Nacontent inthe
H-Y wasreduced to 0.11 wt% by ion exchange, and
t0 0.01 wt% by dealumination. Theseresultsindicate
that theNaionswererelatively easily exchanged, to-
gether with ded umination from theframework. For both
H-Y andHD-Y zeolites, thebulk S/Al ratioswere2.7
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and 7, respectively. Theseresultsindicate the extrac-
tion of Al speciesduring EDTA treatment.

Textural properties

Surface areas, pore volumes and average poredi-
ameters of the prepared supportsarelistedin TABLE
1. The average pore diameter was calculated by the
common definition of 4(porevolume)/surfacearea. It
can be seen that the deal uminated sampl e represents
thelowest surface surface areaand highest porevol-
ume. Some mesoporosity created during the chemica
ded umination trestmentsisobserved.

FT-IR analysis

Theinfrared spectraof H-Y and H-DY supports
and catalystsin theregion of 4000-500cm areillus-
trated in Figure 1. The band at about 1635 cm? is
assigned to ascissor-typevibration band arising from
theprotonvibrationinthewater molecules. Thebands
at 1250 -620 cm? are assigned to asymetriccal
stretching vibrations corresponding totetrahedra S,Al
atomg*4

- o 3 o £ ™ =) 3

Figurel: FT-IR spectraof : (a) H-Y, (b) H-DY, (c) Pt/H-Y, (d)
Pt/H-DY
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Theband between 810 and 700cm tisassigned to
S-Osymmetrica stretching vibration, whiletheband oc-
curring at 550 to 555cm'! arises from the presence of
gructura double DER ringsinthe caseof faujasite zeo-
lite. The band appearing between 465 and 435cmcan
beassigned tothestructure- insesitiveinterna tetrahe-
dra bendingbond (T;Si or Al). Careful dealumination of
thezeolitewith dilute acide opened someof the S-O-Al
bondsand thuseincreaseinthebulk S/AI ratiowithout
collgpsingthecrystdlinestructure. With dedumination,
theintensitiesof thebandsat 730-720 and 620cm™* de-
creased moresgnificantly. Thisindicatesthat duminum
speciesin the S4AR were removed by dealumination.
Dedumination a so brought about the decreasein the
bandintensity near 950cm'?, assgned to Si-O stretching
vibration*®, Thisimpliesthat somehydroxyl nestswere
formed. Figure (1-b) dso showsalargedecreaseinthe
peak at 1634cm17,

ThelR spectrumintheregion of OH stretcting vi-
bration (3800—3400cm™) isalso presentedin Figure
1. Additiond experimenta evidenceof theformation of
hydroxel nest defective sitesduring theacid pre-treat-
ment step comesfromthe FT-IR analyssFigure 1. The
analysisof theregion between 3800-3500cm™* allows
for the study of silanol termina groopgKarge,1998].
InY zeolite,theO—hH stretch of silanol groups is typi-
caly observed at about 3740cm tand the O-H stretch
of thestrong Bronsted acid Site, ie.,S —o (H)-A,is typi-
cally observed at about 3640 cm™ Asonewould ex-
pect theinitiad material NH, Y, after ammoniaevacua-
tioningtua 723k showsavery intense pesk a 3640cm
dueto stronge Bronsted acidity with anegligible peak
at 3740hhHH cmrtindicating alow concentration of
dlanal termind groupsat theexternd surfaceof thecrys-
tals. Thel R spectrum changessgnificantly after thezeo-
litewasdealuminated. Part of the Bronsted acidity was
lost asthe presenceof silanol termina group increased,
thiswas shown by adecreasein thetheintensity of the
peak at 3640cm!, whilethe peak at 3740cm*devel -
oped. Thisiscons stent with the extraction of Al from
theframework and the consequential formation of hy-
droxyl nests. Generdly,dealumination increasesthefre-
guency of IR latt vibration and decreasestheintensity
of OH —bands (decrease in total acidity). The infrared
gpectraof P/H-Y catayst and of itsdedl uminated form
arepresentedin Figure (1c,d). Figure1-cindicatesa
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shift of the peaks at 684.9 and 589.76cm* to higher
wave numbers at 704.69 and 642.09. Figure 1-d
showsasharp decreasein theintensity of the 799.21
and 588.58cm™ and the appearance of other new
peaks at 860.82 and 652.32cm. This phenomena
shows that Pt exists in more oxide species as PtO,
and PtO™°, and that Pt particles seemsto exist onthe
outer surface of thetwo catalysts??. The 3640cm'?
band which characterize the Bronsted acidity (Figure
1-a) wasreduced after Pt loading (Figure 1-c),which
meansthat |oading of Pt lowered the Bronsted acidity
of H-Y sample?Y.

Inthe OH stretching region 3800-3400cm, Fig-
ure (1-c) showsasharp decreaseintheintensty of the
bands beyond 3640 and 3740cm* than that of H-DY
catalys (Figure1-d). Thedifferent coverageof theacid
OH groupsfor thetwo cata ystsreflect the shape se-
lectivity assome Pt particlesfitintotheH-DY channds
and other particlespresent onthe outer surface of H-Y
catdys?. In other words, the dealuminationincreases
theporesizeof H-DY sample. Theseresultsarein ac-
cordancewith thetextural properties of the samples
(TABLE 1).

The spectraof thetwo catalystsexhibitsabroad
band intherange 2150-1920cm constituted by severa
simplebandsarerelated to different electronic Pt spe-
cies® within the channels, while the spectrum at
2114cntisascribed to theeectron deficient platinum
at the outer surface?.

(b) M

(a) ’*\/\K\

t T T
0 100 200 300 400 500 600 700 800 900 1000

Temperature,*C

Figure2: NH_-TPD of () H-Y and (b) H-DY

The NH_-TPD spectraof the parent H-Y and H-
DY areshowninFigure2 The pesksresulting fromthe
signa processing have been cdlassified and attributed to
threetypesof acid Steswith different acidity strengths,
i.e., weak, medium, and strong, according to their po-
sition onthechromatogram. Thetemperaturerangefor

Desorption of NH,
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the peak maximaof theweak acid sites has been set
between 170 and 190°C, for the medium strength acid
sites between 220 and 270°C, and for the strong acid
sitesabove 350°C'%], H-Y sampleshowed threemain
desorption peaksat 350, 450 and 575°C. TheH-DY
sample showstwo main desorption peaksat 425 and
775°C and had along tailing.

Intensity(a.u.)

10 20 30 40

20 (degree)

Figure3: XRD diffractograms of(a)H-Y,(b)H-DY,(c)Pt/H-
Y,(d)Pt/H-DY

XRD analysiswas performed to analyze the pos-
sblestructurd changesof thesolidsafter thetreatments
(dedlumination, and impregnation),) towhich they were
submitted. The XRD patternsof the solids are shown
inFgure(3). Fromtheresults, thedeal uminated sample
(H-DY) waswdll crystallized solid (Figure 3b). More-
over, neither metal impregnation nor dealumination
caused significant structural disorder inthe samples,
consderingthefact that their diffractogramsweresimi-
lar to the ones of the parent HY zeolite*13, The Pt
modified zeolite sampleswere not extremely affected
by theimpregnation process, considering thefact that
thecdll unity parameter (ao0) value of these solidswas
about 24.3A°, whichissimilar to that of theparent HY,
which had an ao value of 24A°". Indeed, the XRD pat-
terns of the solids do not reflect any Pt phasesinthe
samples(Figuer 3c,d). Thus,it isreasonablethat these

—== [Fyl] Paper

oxidesareon solid surface. However, another possi-
bility isthat Pt speciesare present inlow quantitiesand
areundetectableby XRD andyss.

WD 9
Figure4: SEM micrograph of (a) Pt/H-Y, (b) Pt/H-DY

The crysta/particle morphol ogy of the zeolite sup-
ports was studied by SEM. In Figure (4) we present
the SEM images of representative calcined catal ytic
material, based on parent NaY zeolite and its
dealuminated form. The catalyst based on parent zeo-
liteNaY showed well formed particles/crystallites of
cubic-like shapewith sharp edgesandflat surfacewith
mean sizeof lessthan 1 um. Similar particles/crystal-
liteswere observed for therest of the catal ytic materi-
a sthat were based on dealuminated zeolite; however,
as it can be seen in the respective SEM images the
deal uminated sample comprised a so large aggregates
of smaller particleswith mean size of 1040 um. For-
mation of these aggregates could happen through bind-
ing and consequent condensation of thesurface hydroxyl
groups (S—OH) of neighboring crystallites which can
befacilitated at the presence of achemica dealumination
agent at relatively lower temperaturesin aqueous me-
diawhich generatesahigh number of hydroxyl nests

1Mm
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when aluminum atoms areremoved from the frame-
work!®],

The DSC/TGA of calcined, reduced and used
samplesare shownin Figure5. All of these samples
show two main endothermic effects. Thefirst endot-
hermic peakslocated at 136.7 and 156.6°C (Figure5
a, b) are related to the loss of water. Due to the
microporous structure of Pt/H-Y, water islibrated at
higher temperaturethan the ded uminated sample. How-
ever, following the dehydration period, theendotherm
observed at 442 — 460°C is due to decomposition of
oxideprecursor.

| e e
\ i _— 450C
<3 =3 — sl

| w

" 480G

Heat flow indo
|

4s0C

I
|

'wu;O0.00 300.00
Figure5: DSC profilesof: (a) Pt/H-Y, (b) Pt/H-DY, (c) Pt/H-
Y reduced, (d) Pt/H-DY reduced, (€) Pt/H-Y used, (f) Pt/H-DY
used

Thereduced catalysts show endothermic peaksat
97 and 148.69°C which are attributed to thelibration

of water with theformation of metal oxide phases(Fig-
ure5c, d). Theendothermic peak at 460°C isascribed

0.00 100.00 400.00  500.00

to changefrom reduced state to oxide state.

The endothermic pattern at 205.4°C (Figure 5-€)
of theused Pt/H-Y catalyst isattributed to the decom-
position of highly volatile speciesand light coke pre-
cursorg”. Also, the sharp endothermic patternin the
region of water; 144.69°C are dueto oxidation of the
metallic phase (Figure 5-f). The endothermic peaksat
450 - 460°C dueto phases change. TABLE 2 shows
thelosses of weight astheincrease of temperature as
obtained fromthermogravimetricanasyss(TGA).

TABLE 2: Theresultsof thermogravimetric analysis

Catalvs Pt/H-Y Pt/H-DY
YS! "Calcined Reduced Used Calcined Reduced Used
g‘ggthfcrm'c 1566 97.15 20543 13672 14869 144.7
Weightloss, % 162 252 31 138 172 22
Endothermic
femp., °C 442 460 460 460 460 450
Weight loss, % 156 24 3 133 169 20
Catalyst performancetest

During the process of toluenetransal kylation by
trimethyl benzene, besidesthetransakylation reaction
(1), aseries of secondary reactions take place. Evi-
dently, thefollowing transformation can be considered:
disproportionation of toluene(2) and trimethyl benznes
(2°), respectively, and the isomerization of xylenes (3),
resulted from transal kylation and the two dispropor-
tionation reactions, and theisomerization of trimethyl
benzene (3°) used as the starting reactant (Scheme 1).

(1) T+TMBC> 2X
(2) 2T> B +X
(2) 2TMB > X + TeMB
(3) pXe> mXey> oX
(3) 1.2,4-TMB> 1.3,5-TMB=> 1.2,3 - TMB
The conversions, either by disproportionation or
transalkylation, of toluene (X,), and trimethylbenzene
(X,,p) @edefinedas:
_ (toluenewt%),. — (toluenewt%),
- (toluenewt%) .

XT

«_ (TMBW%), - (TMBWt%),
e (TMBWt%),

Since1,2,4-TMB cansmultaneoudy undergo reections
of isomerization and disproportionation, we definethe

CHEMICAL TECHNOLOGY
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overal apparent selectivity of thesereactionsas:
(1,35-TMBWt%), + (1, 2,3- TMBWt%),
100 - (1,2,4- TMBWt%),

2(TeMBWt%),, /134
[100- (1,2,4 - TMBW1%),]/120

S (mol/mol) =

S, (mol/mol) =

S 2(TeMBwt%), /134
—(mol /mol) =

S, [22.4-TMBWt%)p+ ((1,2,4- TMBwt%)p)]/ 120
Where, thesubscriptsF and Prepresent the composition
of componentsinthefesd freemandintheproduct stream,
respectively. S issdectivity of isomerizationand S isse-
lectivity of disproportionation.

I nfluence of reaction temperature

Thereaction between 1,2,4-TM B and toluene has
beeninvestigated using Pt/H-Y catayst. Experiments
were performed to select the optimum reaction tem-
perature suitableto study the correl ation between feed
composition and conversion. Also to comparethe men-
tioned catalyst with the dealuminated catalyst (Pt/H-
DY). Figure 6 showsthat theyield of xylenesin the
conversion product increases rapidly from 300 to
350°C, thenadlight increaseisobserved leadingto a
maximumyield of xyleneisomersat 400°C. Thesetem-
peratureswill beadoptedinal thereaction experiments.

24
22 -
20 -
18 -
16 -
14 -
12 4

§ o

200 250 300 350 400 450
Figure6: Product yiddsasafunction of reaction temperature
in transalkylation of 1,2,4-TM B and toluene: () xylenes;
(W) 1,35-TMB+1,2,3-TMB; (A) TeMB. (LHSV, 7h™, H, flow

1,24-TMB

rate: 20ml/min, =1/1)

Tetramethylbenzenes(TeM B) yid dsincreasedightly
with theincreasein reaction temperature; it was asso-
ciated (attributed) with adow diffusivity of TeMBs,

—= Full Paper

which were probably accumul ated in the channd sys-
tem of zeolitein asimilar way asdescribed for m-xy-
leneinZSM-521, Thisled to significant changesinthe
concentration of aromaticsinthezeolitechannelsand it
isassumed that the methyl transfer between adsorbed
TMBsand TeMB proceeded in alarge extent Figure
6. Another remark consistsin thefact that thetota con-
version of TMB ishigher thanthetotal conversion of
toluenefor al temperaturesFigure 7.

50

40 "

i

o

—

Conversion, wt%

0

200 250 300 350 400 450
Reaction Temperature,’C

Figure7: Conversion of 1,2,4-TM B and tolueneasafunction

of reaction temperature: (¢) 1,2,4-TM B, (M) toluene(LHSV,

124-TMB =1/1)

7h™, H, flow rate: 20ml/min,

TMB isomerization proceeds by the similar
carbocationic mechanism as proposed by Cormaand
coworkerg? for xyleneisomerization. It includes ad-
sorption of one TM B moleculeand formation of proto-
nated TM B cation, which further reactswith another
TMB moleculestrongly held by thedectrogtaticfiddin
thezeolitechannd.

Referringto thedistribution of xyleneisomers, this
iscloseto those of thermodynamicequilibrium (1,2,4-
TMB — mX and 0-X) oncethe xylenes areformed,
they tend toisomerizetowardsthethermodynamic com-
position FHgure(8-a). Smilar resultshavebeen obtained
by dumitriuet al .,

Figure (8-b) showsthat inisomerization, 1,2,4-
TMB givesmore 1,35 TMB than 1,2,3-TMB.Among
thetwoisomers, themolecular sizeof 1,3,5-TMB is
thelargest!?®. Therefore, 1,2,3-TMB hasadiffusion
advantage over the 1,3,5-isomer. If the shape selectiv-
ity of the TM B isomerscomesinto effect, selectivity of
the 1,2,3-isomer formation should be greater than se-
lectivity of the 1,3,5-isomer. Nevertheless, the 1,3,5-
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isomer isthethermodynamically favorable over the
1,2,3-isomer,

20

(a)

product, wt%

(b)

Product, wt%

24 4 (©) //"_"-

Product, wt'e

200 250 3(IJD 3I50 460 450
Reaction Temperature,”C
Figure8: Product distribution asafunction of reaction tem-
perature; (a) ¢ m-X+p-X; B.o-X, (b) ¢ 1,35-TMB; B1,2 3-
TMB, (c) 1,23 5-TeMB; ¢ 1,24,5-TeMB; A 1,23 4-teMB
(LHSV, 7h™, H, flow rate: 20ml/min)

Theisomer distribution of the TeM B isashape-
sel ectivereaction and isan explanation to thethermo-
dynamic equilibrium® (Figure8-c). At highreaction
temperatures, TMB preferentialy undergoesdispropor-
tionation toisomerization Figure(9).

Assuming that xylene is produced only by
transa kylation, thexyleneproduction efficiency (ona
molar basis) of TMB (E,,, ;) and of toluene (E;) canbe
caculated as

£ 0.5(xylenewt%) /106
™8 T 1(1,2,4- TMBWt%), — (1,2,4— TMBWt%),]/120

B 0.5(xylenewt%) /106
T [(toluenewt%),. — (toluenewt%), /92

Their levels of efficiency are plotted in Figure
(10)versusthereactiontemperature. Evidently, at 300°C
the efficiency of tolueneis much greater than that of
TMB and at 250°C TMB showsasubstantial conver-
sion. Therefore, it is reasonable to believe that
transalkylationisinitiated by TMB, wherethe TMB
moleculesarefirst adsorbed on activesitesinsidethe
zeolite pores. Theadsorbed TM B moleculesthenform
carboniumions, which areready form monomol ecular
Isomeri zation, bimol ecul ar disproportionation with an-
other TMB molecules, or transa kylation with toluene
molecules. Thediffugvity of TMB islower thanthat of
toluene; therefore, thetol uene concentration insidethe
zeolite poresshould bemuch higher thanthe TMB con-
centration. Then, theadsorbed TMB carboniumions
will haveahigher possibility of reacting with toluene
mol ecul esrather than with TM B molecules. Thus, a
methyl groupistransferred from TMB carboniumion
to one toluene molecule and form 2 mol of xylenes.
Toluene then plays arole as a scavenger, removing
methyl group from TMB, and becomesthe controlling
speciesof transakylation®¥. In contrast, at high reac-
tion temperature, TMB preferentialy undergoesdis-
proportionation toisomerization Figure 9 and the xy-
lene production efficiency of TMB israised accord-
ingly. Onthebasisof theabovediscusson, itisclearly
reved ed that themethyl group isexclusvely transferred
from TMB totoluene. Theresult of thereactionsshowed
afew percent of light gases (24w%o) at 400C and total
C,- C, saturates (54w%) at the sametemperature.

Theeffect of feed composition

Reaction resultsof 1,2,4-TMB and tolueneat vari-
ous TMB-to toluene ratio (TMB/T) are shown in
TABLE 3. Withtheincrease of TMB totolueneinthe
feed, both xylenesformationand TMB conversionin-
crease continuoudy whichindicatesthat disproportion-
ation of TM B becomesthe dominant reaction at higher
TMB contentsin thefeed. Also the higher concentra-
tion of TMB relativeto that of toluenein the pore of
zeoliteswould enhancethetransfer of amethyl group
from TMB moleculeto another TMB moleculewith
theformation of TeM B. Benzeneyidd, whichisagood
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indication of toluenedisproportionation, issubstantialy
reduced in accordancewith theincrease TM B/toluene
ratio, whichmay indicatethat it isalmost not formed or
asidereaction between benzene and TM B proceeds
very rapidly towards xylene production. Theresults
presented in column 3 at low ratio of TMB/toluenein-
dicatethat TMB ismuch morereactivethan toluene.
Comparing thelast two columnsin TABLE 3, theyield
of TeM B and thedisproportionation sdectivity of TMB
islowered by adding 50% of toluene into the TMB
feed; there are also some decrease of TMB conver-
sion. Obvioudly, the presence of both reagentsin the
feed leadsto asignificant dilution of theadkylaromatics
(TMB, toluene) and, subsequently, thetransalkylation
reactionisfavored.
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0.9 1
0.8 1
0.7 1
0.6 1
0.5 -
04 1
0.3 1
02
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0.08 4
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0.06 4
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selectivity, mol./mol.
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Figure9: Sdectivitiesasafunction of reaction temperature:
(¢)S; (W) S,; (A)S/S (LHSV, 7h™, H, flow rate: 20ml/

124-TMB

min, =1/1)

Thecompetition between the disproportionation and
thetransakylation reactions can a so beexplained on
the basisof the reaction mechanism. Thetwo reactions
occur via a bimolecular mechanism with a

—= Full Paper

diphenylmethaneintermediate®l. Under these condi-
tionsthedisproportionation reaction requiresthe pres-
enceof twoidentical moleculesontwo neighboring Sites,
but thisrequirement isnot fully satisfied dueto the pres-
ence of the second reagent which will favor the
transal kylation reaction.

TABLE 3: Product distribution from theconversion of 1,2,4-
TMB andtolueneover Pt/H-Y and Pt/H-DY catalysts(reac-
tion temperature: 400°C, LHSV: 7h *and H, flow rate=20
ml/min)

Catalyst Pt/H-Y Pt / H-DY
Feed composition, wt%.
1,2,4-TMB 673 50 327 50 100
Toluene 327 50 673 50 00
1,2,4-TMB/toluene 21 U1l 12 11 -
Product distribution, wt%
Light gases 03 024 00 08 18
C; — Saturates 001 027 00 029 035
Cg — Saturates 008 017 004 023 0.33
G, — Saturates 004 010 00 0.17 022
Benzene 010 020 0.34 024 0.10
Toluene 169 345 5156 340 35
Xylene 285 22 18 27 2011
p-X +m-X 215 16.8 137 20.0 15.11
o0-X 7 52 43 70 50
TMBs
135-TMB 10 58 45 4 102
124-TMB 31 29 212 230 3587
123-TMB 35 23 15 20 35
TeMBs 95 53 28 802 240
12,4,5-TeMB 35 195 09 30 9
12,35-TeMB 48 25 15 40 12
12,34-TeMB 1.2 08 04 102 3
Otheres Traces Traces Traces Traces Traces
Conversion, wt%
124-TMB 539 42 3517 50.14 64.13
Toluene 483 31 234 32 -
Reaction selectivity, wt/wt
S, mol/mol 02 011 008 010 021
Sp, mol/mol 0.26 0.13 0.06 014 0.70
Sp/S;, mol/mol 13 12 075 14 333

S, Selectivity of isomerization.,S;: Selectivity of dispropor-
tionation

H-DY showed higher cataytic activity thanH-Y in
spite of the decrease in total acid sites content. Ac-
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cordingtoinfrared spectra(Figure 1), H-DY hasmore
open structureand thusthe acid Stesbecome exposed
to themain channel, and these acid sitescan serve as
new adsorption sitesfor tolueneand TMB. In addition,
the moreopen structure of H-DY would facilitatethe
diffusion of TMB; thisissupported by theresultsgiven
in TABLE 3 (column 2 and 4) wherethetoluene con-
versonisonly dightly increased over H-DY whereas
theconversonof 1,2,4-TMB, isconsderably increased
from 42% for H-Y t0 50.14 for H-DY (column 4 of
TABLE 3). Thismeansthat the higher yield of xylene
isomersover H-DY ismainly attributed to theincrease
of reactivity of 1,2,4-TMB. Thetwo featuresdescribed
above are understood to compensate for the loss of
tota acid sties, and giverisetothehigh activity®Y,

1
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08 -
07 -

%"067

@ 051

]
> 044
*

0.3 4

024
0.1+

0
200 250 300 350 400 450

Reaction Temperature,°C
Figure10: Plot of theoritical xyleneproduction efficiency of
tolueneand 1,2,4-TM B asafunction of reacton temperature:
(¢) E;; (W) E . (LHSV, 7h™, H, flow rate: 20ml/min,

124-TMB

TMB

=1/1)

Theresultsdiscussed above show that among the
H-Y zeolite, dealuminated catd yst showed high activ-
ity and gtability (Figure11) for transa kylation reaction.
Inconclusion Pt/H-Y could beapotentia acid catalyst
for transakylationof 1,2,4-TMB and tolueneif the par-
ent zeoliteis subjected to precauti ous dedl umination by
EDTA.

Thestability of the catalysts

Thedegreeof 1,2,4-TMB conversion over thetwo
catalystswas compared at two reaction temperatures
(250°C and 400°C). Figure 11 shows 1,2,4-TMB con-
versionsversustime on stream (T-O-S). For thetwo
catalysts, highest conversion of 1,2,4-TMB wasmea-
sured over the dealuminated catalyst at the reaction
conditionsused. Aninteresting effect inthe catal ytic

behavior of thelow Si/Al material (Pt/H-Y') was ob-
served at the lower reaction temperature (250°C).
Compared to the ded uminated catayst, thelow Si/Al
samplehaving the highest concentration of bridging hy-
droxyls of theweakest acidity seemed to possessfast
deactivation. It has been reported that cokeisformed
preferentidly onthecatalyst with high acid dendity than
on catalyst withlow acid density where coke percent-
ageonH-Y and H-DY catalystsare 1,1 and 0.7 wt%,
respectively. Evidently, it isthecombination of thezeo-
lite pore structure and its acidity (controlled by
dealumination) that canresult intimestabl e activity!*2.
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Figure1l: 1,2,4-TMB conversion asa fucntion of timeon

stream at: (a) 250°C, (b) 400°C: (M) Pt/H-DY, (#) Pt/H-Y

CONCLUSIONS

A good correlation has been found between the
Bronsted acidity characteristics (number and strength
of the acid sites) and the catal ytic performance of the
parent H-Y and the dealuminated H-DY supported
caayds.

Theactivity sequence passesthrough amaximum
forthePt/H-DY catdyst.
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ThePt/H-Y catdyst, with greater amountsof weak
acid stes, showsthehigher percent of coke; thisismost
probably dueto the strongly accel erated processes of
adsorption and accumul ation of the reactant and the
productsespecidly a lower reactiontemperatures. The
lowest activity of P/H-Y cataystismainly atributed to
diffusonlimitationsand product inhibition.

The correlation of the acidity measurementsand
catalytictestsindicatesthat thetransakylationand dis-
proportionati on reactionsoccur on medium and strongly
acid stes, whiletheisomerization reactionisactivated
evenonwesk acid Sites.

It isnoted that for thearomati csconversion system
studied here, the reactant feedsaswell asthe xylene
productsarelikely to be hydrogenated. Asthe conse-
guence of hydrogenation reactions, the formation of
saturates may also deteriorate the purity of aromatic
products. Inthiscontext the preparation of anided metd
catalyst for transa kylation processthat resulted inmini-
mum yield of saturateswhilemaintaining good cataytic
gtability remainsachdlenging task.
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