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i soners are produced in large volunes from petrol eumas feedstocks j?%u@zma
variety of inportant industrial chem cals. The nost inportant of the

xyl ene isoners is paraxylene, the principal feedstock for polyester which 5
continues to enjoy a high growmh rate froml arge base demand. Ot hoxyl ene
is used to produce phthalic anhydride, which has high-volunme but mature
mar kets, Metaxylene is used in |lesser but grow ng volunes for such
products as plasticizers, azo dyes and wood preservers. Ethyl benzene
generally is present in xylene mxtures and is occasionally recovered for
styrene production, but usually 10 is considered a | ess-desirabl e conponent
of Co aromatics. Anong the aromatic hydrocarbons, the overall inportance of
the xylenes rivals that of benzene as a feedstock for industrial

chem cals. Neither the xylenes nor benzene are produced from petrol eum by
the reformng of naphtha in sufficient volume to neet demand, and
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plasttcazers azo dyes and wood preservers. Ethylbenzene generally is present in
xylene mixtures and is occasnonal!y recovered for styrene production, but usually

10 is considered a |es:s-desirab!e component of Cg aromatics.

| Among the aromatic hydrocarbons, the overall importance of the
xylenes rivals that of benzene as a feedsiock for industrial chemicals. Neither the
xylenes nor benzene are produced from petroleumn by the reforming of naphtha in
sufficient volume to meet demand, and conversion of other hydrocarbons is

15 necessary to increase the yield of xylenes and benzene, Most commonly,
toluene is dealkylated to produce benzene-or disproportionated to yield benzene
and Cs aromatics from which the individua! xylene isomers are recovered. More
recently, processes have been introduced to disproportionate toluene selectively
1o obtain higher-than-equilibrium yields of paraxylene,

20 A current objective of many aromalics complexes is o increase the
yield of xylenes and to deemphasize benzene'production. Demand is growing
faster for xylene derivatives than for benzene derivatives. Refinery modifications
are being effected to reduce the benzene content of gasoline in industrialized
countries, which will increase the supply of benzene available to meet demand.

25  Benzene produced from dispropertionation processes often is not sufficiently
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pure to be conpetitive in the market. A higher yield of xylenes at the
expense of benzene thus is a favorable objective, and processes to 1 AUG 2004
transal kylate C9 aroma- tics along with toluene have been com’rercial%z (yto
obtain high xylene yields. US-A-4,016, 219 (Kaedi ng) discloses a process for
toluene 5 disproportionation using a catalyst conprising a zeolite which
has been nodified by the addition of phosphorus in an anount of at | east
0.5 mass-% The crystals of the zeolite are contacted with a phosphorus
conmpound to effect reaction of the zeolite and phosphorus conpound. The
nodi fied z ' | r at Lgieid '!we%datr[ﬁéreix eR®d efi al s.
10 US-A-4, gg}‘f @z%é ?E@é’%ﬁg‘t’&g\ Fis'er}ﬁggdgﬁe? |?gp‘lﬂ@?\lglddcis‘:g}{proportionat Fon for the
sel ective penzerd thas isfa faaneabié ebeatise ngnd prassisses taraosaligetaud &refdae
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phosphor us-nodi fi ed al um na hydroge ormed by gel ati on of a honpbgeneous
hydroso$ . dkerepomosation bsiag & catelyat corapsising ghzenlitd adihalnasbeen iiedt50
n2/g and high activity and selectivity in 1- t ene_conversipon tests. 20
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hydr ocarbons to yie desira omatic isoners. A specific
obj ective isolite ahtlaiphosptomis ybelmbuot. pamhey Indfied Szdgjiteli kienomady i @Mat i on
of toluene, This inventjon is ba t he di scovery that high activity

ed on
with pot entNcgfporaiad iglg indicaied g}wirg( B8 -ene is obtained by

gi Spropert i onati o4 PHYeNS (ikidleral) tdNa%Iblueha Higilogomahklichicth- r ay
iffraction pattern, conprising a“zeolite oil- dropped wth an al um num
phosphat e beledtive prdduction of paraxylene using a zeolite which has undergone
controlled precoking. The zeolite may be ion-exchanged with a variety of
elements from Group IB to VIll, and composited with a variety of clays and other
porous matrix materials.
15 US-A-4,629,717 (Chao) discloses a phosphorus-modified alumina
hydrogel formed by gelation of a homogeneous hydrosol. The composite has a
relatively high surface area of 140 - 450 mzlg and high activity and selectivity in 1-

heptene conversion tests.

20 SUMMARY OF THE INVENTION

It is an object of the present invention to provide an improved process
for the disproportionation of aromatic hydrocarbons to yield desirable
alkylaromatic isomers. A specific objective is to obtain a high yield of paraxylene

25 by disproportionation of toluene.
This invention is based on the discovery that high activity with potential

for selectivity to paraxylene is obtained by disproportionation of toluene using a
catalyst, having a particular X-ray diffraction pattern, comprising a zeolite oil-

dropped with an aluminum phosphate binder.



3 1 AUG 2004 The present invention therefore is directed to an oil-dropped
spherical catalyst conprising a zeolitic alumnosilicate having a gargG 2004
di aneter of from about 5 to 8 A and an al umi num phosphat e bi nder. The

catal yst has an X-ray powder diffraction pattern such that the ratio of
peak intensities at respective two 5 O Bragg angl e values of 48.5:46.5 is

at least about 1.1, and optinmally the ratio of peak intensities at
respective two-9 Bragg angl e values of 48.5:47.5 is at |east about 1.0.

The preferred catal yst of the present invention conprises a zeolitic
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OF THE PREFERRED EMBODI MENTS
spherical or generally spherical catalyst.

The invention also comprises a process for the disproportionation of a
toluene feedstock using the present catalyst to obtain a product comprising
paraxylene. Preferably the product contains paraxylene in excess of its

15 equilibrium concentration at disproportionation conditions. The catalyst
preferably is subjected to a precoking step prior to its use for
disproportionatiorn/transalkylation in order to deposit a controlied concentration of
carbon on the catalyst and increase its selectivity to paraxylene in the product. A
process combination optionally comprises a xylene-separation zone using

20 adsorptive separation.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows an X-ray diffraction pattern for a catalyst of the

25 invention.
Figure 2 shows conversion and selectivity in a pilot-plant test of toluene

disproportionation.



The feedstock to the subject process conprises substantially pure aromatic
hydr ocar bons derived fromone or nore sources. Aromatics nay be prngm§hm4
synthetically, for exanple, fromnaphtha by catalytic reformng or by 5
pyrolysis foll owed by hydrotreating to yield an aromatics-rich product. The
aromatics feedstock may be derived fromsuch product with suitable purity
by extraction of aromatic hydrocarbons froma m xture of aromatic and
nonar omati c hydr ocarbons and fractionation of the extract. Large
guantities of aromatic hydrocarbons are recovered commercially in this

manner. The ar omat i GESGHIPTIORADEIHE PREFERAEDSEMBBDIMENDSe of tol uene,
xyl ene isoners, ethylbenzene, or CO and heavier aromatics. A preferred

Lol uene feedst ockrndrigRasdeki b i SuBRNqhobessacoingrSed radstanaiigdpte
separate benzene and aromatics, and the degree of fractionation may be
adj ust ed iaroacttiortdaincearbbhb degiveddmiro drac LOMOIEF SQUiEEH SYPBRGIES | HAARDN
process. 15 The tol uene feedstock, usually in.adm xture.\
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economic factors of the disproportionation process.

15 The toluene feedstock, usually in admixture with toluene recycled from
the products of the disproportionation reaction, is preferably admixed with free
hydrogen to effect a combined feed to a disproportionation zone. If present, the
hydrogen need not exceed a 20:1 molar ratio to feedstock hydrocarbons to effect
satisfactory stability in the disproportionation reaction, and preferably is in the

20 range of from about 0.5 to 10 molar ratio. The hydrogen may contain
hydrocarbons, such as methane and ethane, and inerts such as nitrogen, but
preferably is in a concentration of at least about 90 mole-% to avoid large
hydrogen losses and unfavorable process economics. The disproportionation
reaction yields a paraxylene-containing product which usually also comprises

25  penzene, other Cg aromatics, and smaller amounts of Ce+ aromatics.

The combined feed to the disproportionation zone usually is first heated
by indirect heat exchange against the effluent of the reaction zone and is then

further heated in a fired heater. The resulting vaporous stream is then passed

through a reaction zone which may comprise one or more individual reactors.




-4 3 1 AUG 2004 Passage of the conbined feed through the reaction zone
effects the production of a vaporous effluent stream conprising hy@rofniis
and both product and wunconverted feed hydrocarbons. This effluent is
normal Iy cool ed by indirect heat exchange against the streamentering the
reaction zone and then further cooled 5 through the use of air or cooling
wat er. The tenperature of the effluent stream generally is | owered by heat
exchange sufficiently to effect the condensation of substantially all of
the feed and product hydrocarbons having six or nore carbon atons per

mol ecul e. PhesdRsSH hantoribxed-RBaIRratightinal reaciisrs 26k ieffeotsathegpreductidrgui d
separator wheréin the two phases are separated and from which the 10
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about 200 to 25C. 25 The di sproportionation zone is o&ter,a ed at

moder at el ysepasatardd passeskiite A SHERING ol ig Whish sbsiantedy alpSst 3% MPa
L hag‘;rﬁére F\%lro%grbons present in the effluent are concentrated into an overhead

stream and removed from the process. An aromatics-rich stream which is
referred to herein as the disproportionation effluent stream is recovered as net

15  stripper bottoms.

Conditions employed in the disproportionation zone of the subject
process normally include a temperature of from about 200° to 600°C, and
preferably from about 350° to 575°C. The temperature required to maintain the
desired degree of conversion will increase as the catalyst gradually loses activity

20 during processing. Normal end-of-run temperatures may therefore exceed start-
of-run temperatures by 65°C or more. In the transalkylation embodiment wherein
toluene and Cs aromatics are present in the combined feed, reaction
temperatures generally are somewhat lower within the range of about 200° to
525°C.

25 The disproportionation zone is operated at moderately elevated
pressures broadly ranging from about 100 kPa to 6 MPa absolute. A preferred
pressure range is from 2 to 3.5 MPa. The disproportionation reaction can be
effected over a wide range of space velocities, with higher space velocities
effecting a higher ratio of paraxyiene at the expense of conversion. Weight

30 hourly space velocities generally are the range of from about 0.2 to 10 hr'.
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pressure range is from2 to 3.5 MPa. The disproportionation reaction can be
effected over a w de range of space velocities, wth higher space 1 AUG 2004
velocities effecting a higher ratio of paraxylene at the expense oé
conversion. Wight 30 hourly space velocities generally are the range of
fromabout 0.2 to 10 hr". -5 3 1 AUG 2004 It is within the scope of the
invention that the combined feed includes a heavy-aromatics stream
conprising CO aromatics as a conmponent of the conbined feed to the present
process. Transal kylation of toluene and Cs aromatics is effected thereby

W thin the di spropgs fitArcthbitopensiithe anantes erathrd confined fedabinelutes a
heavy-aromatics stream may be derived fromthe sane or different known
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conbi ned  faathi-a gl HRIKRO BRI tharmpsyorabhation toneitiens detsciilsed
preferred that the 10 feedstock consists essentially of toluene in order to
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I spropgrtiognation effluent stre 1:S.S d, J | I
stream = GAPE KERUTOETnenhaRy UEASRICaSRaE S gt IR uand eetidsds ©
aronmatics éﬁcﬁ/‘éﬁmmﬂ‘e pear wb@@e-ﬁgm atHy ngeparadost dfaythee pmtuct o frmxyl ene
15 separation zone for recovery of pure paraxylene; optional]y, other

xyl enes andispeidoytidrenivetieansiativlation. Renzesswyemaydppiesept Bd0e combrpRd
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I 'briumconcentrdti

di sproppr t jRRtdRNcEMMIstt ofmtialprat tolekelmibkderato leffast aabight degreeas- %
paraxylene, and nost preferably at |east 20 about 85 nass-% paraxylene. The
| i ght " r ecypamxylenemeleniiyityas gieseripedihe@igi@¥. uses such as to benzene and

o spr opor t1 onat ] oAREGHgbieP AR afof S tean i B AR ko dhfpnt recyole
stream, a paraxylene-containing mixed-Cg-aromatics product and a heavy-
aromatics stream. The paraxylene-containing product may be sent to a xylene

15 separation zone for recovery of pure paraxylene; optionally, other xylenes and
ethylbenzene also may be recovered as pure products. The paraxylene-
containing stream preferably contains paraxylene in proportion to total xylenes in
excess of its equilibrium concentration at disproportionation conditions, more
preferably at least about 80 mass-% paraxylene, and most preferably at least

20 about 85 mass-% paraxylene. The light recycle stream may be diverted to other
uses such as to benzene and toluene recovery, but optionally a portion is
recycled to the disproportionation zone since it contains not only benzene and
toluene but also amounts of nonaromatics which would remain with the benzene
and reduce its commercial value. The heavy recycle stream contains

25  substantially all of the Ce and heavier aromatics and may be either withdrawn as
a product of the process or partially or totally recycled to the reaction if
transalkylation is an objective of the process. The xylene-separation zone may
utilize one or more different separation techniques such as fractionation,
crystallization or selective adsorption to recover pure paraxylene from the

30 paraxylene-containing stream in the xylene-separation zone.
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t ol uene but al so ambunts of nonaromatics which would remain with the
benzene and reduce its comrercial value. The heavy recycle stream hﬁﬂ?ﬂ‘f]
25 substantially all of the C9 and heavier aronmatics and nay be eitﬁgf y
wi thdrawn as a product of the process or partially or totally recycled to
the reaction if transalkylation is an objective of the process. The

xyl ene-separation zone nay utilize one or nore different separation

techni ques such as fractionation, crystallization or selective adsorption
to recover pure paraxylene fromthe 30 paraxylene-containing streamin the
Xyl ene-separation zone. -6 31 AUG 2004 The catal yst of the present

I nvention conprises a nolecular sieve and a refractory inorganic oxide.
The preferred nol d¢elcatalgseofahe present abviention caimprniseairhdleatlas sisvedmndrmy be
any of those which have a Si:Al2 ratio great r than 5 about 10, preferably
greater th&fraaRyaorgaps: ¥famet £he of %{86%5 Bqleruiar QRES o (Pt
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preferred RAOSEOHE Aol Sreafic xampiesAbaRRIeS Mheh éﬁf‘)’i‘ . %'I*I"l%eé@(ﬁ ?@%Nﬁ
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anmoni um c Peptasil deoliteist MFRMELr MOW aFlaeT @Noaret preferaelp ant é pl-gpertedlitest he
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|1
about ~ 30 15ften dgdignatad %@%én@reeﬁﬁﬂjeﬁ%g?@f Bfrﬁ_dfrom about 50 to 80 mass
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silicon content, roportion of si n at the surface of
zeol i te i sagr cBtereditan gemergllyoqrer preparddnby trystdiiding afmixheezawitaingg dme
"surface" is defined for pyrposes of the, presen
alumina source, a si icg source, an alkgh meta‘ source, water and an alky!
ammonium compound or its precursor. The amount of zeolite present in the
catalyst can vary considerably but usually is present in an amount from about 30
15 to 90 mass percent and preferably from about 50 to 80 mass percent of the
catalyst.

Preferably the zeolite has an enhanced surface silicon content, i.e., the
proportion of silicon at the surface of the zeolite is greater than the proportion in
the bulk of the zeolite. The “surface" is defined for purposes of the present

20 invention as a layer at the external surface of the zeolite which is less than about
100 angstroms in depth, and usually about 10 angstroms or less in depth.
Optimally the silicon/aluminum ratio, expressed as Si/Al, is increased by about 5
or more at the surface of the zeolite relative to the ratio in the bulk of the zedolite.
Elemental surface analysis to assess component ratios is effected by any

25 suitable method as taught in the art, e.g., XPS, Auger spectroscopy or SIMS.
XPS, or x-ray photoelectron spectroscopy, is particularly effective in determining
surface ratios of framework components.

An enhanced surface silicon content is effected by treating the zeolite
with a dilute acid solution or an aqueous solution of a weakly acidic ammonium

30 salt, either as the bound zeolite or preferably before being composited with a
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20 invention as a |layer at the external surface of the zeolite which is

| ess than about 100 angstrons in depth, and usually about 10 angstr UB"004
less in depth. Optimally the silicon/alumnumratio, expressed as éfyilg,
is increased by about 5 or nore at the surface of the zeolite relative to
the ratio in the bulk of the zeolite. Elenental surface analysis to assess
conponent ratios is effected by any 25 suitable nethod as taught in the

art, e.g., XPS, Auger spectroscopy or SIMS. XPS, or x-ray photoel ectron
spectroscopy, is particularly effective in determning surface ratios of

franmewor k pipaepNenPfeABd ea@BC edidUrtbrCReatind CiPB CaBbeAd keorbf eediate by
treating the zeolite wth a dilute acid solution or an aqueous sol ution of

a weakl y abydrochlanapaceiin, rdocsphesphericrand aspadialybedivbc Acidy. t Angponium
preferably fore being co sited with a. -7 1 AUG 2004 bi_nder
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zi rconi a, bindenshouiditeawitormisraampasitinn and slativelk refeactenido she ceaditieN$ini na
o onent | 8L PR pRAGHLC I inacts ifbiBEE iREGERIc AT s8n B8!Sl or
more of alumina, magnesia, zirconia, chromia, titania, boria, thoria, zinc oxide
and silica. Alumina and/or silica are preferred binders.

15 A preferred binder or matrix component is a phosphorus-containing
alumina (hereinafter referred to as aluminum phosphate) component. The
phosphorus may be composited with the alumina in any acceptable manner
known in the art. The zeolite and aluminum phosphate binder are mixed and
formed into particles by means well known in the art such as gellation, pilling,

20 nodulizing, marumerizing, spray drying, extrusion or any combination of these
techniques. A preferred method of preparing the zeolite/aluminum phosphate
support involves adding the zeolite either to an alumina sol or a phosphorus
compound, forming a mixture of the alumina sol/zeclite/phosphorus compound
into particles by employing an oil-drop method as described hereinbelow and

25  calcining the spherical or generally spherical particles.

The preferred oil-drop method of preparing the aluminum phosphate is
described in US-A-4,629,717. The technique described in the 717 patent
involves the gellation of a hydrosol of alumina which contains a phosphorus
compound using the well-known oil-drop method. Generally this technique

30 involves preparing a hydrosol by digesting aluminum in agqueous hydrochloric
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alum na (hereinafter referred to as al um num phosphate) conponent. The
phosphorus may be conposited with the alum na in any acceptabl e mann b

known in the art. The zeolite and al um num phosphat e bi nder are nixeg fWSZW4
formed into particles by means well known in the art such as gellation,
pilling, 20 nodulizing, marumerizing, spray drying, extrusion or any

conbi nation of these techniques. A preferred nethod of preparing the

zeol it e/ al um num phosphate support involves adding the zeolite either to

an alum na sol or a phosphorus conpound, formng a mxture of the alum na

sol / zeol i t gfphas PIRIKUSGSTRRHES of| ABdut Bt {oCh @52y RIBPFARY BE aflin@uht & op

met hod as described hereilnbel ow and 25 calcining the spherical or
gener al | y shplogdedalthpad irahgss frohe apoetf @7retb did:1dnaps mBichod pifiognhesas i ng

t he al um num phosphate is escribed in -A-4,629,717. The technjque
descri bed Pﬂm(%‘?@ng?@?n‘ﬁ‘é{t @ﬂgegitﬂv&evégl' t #ge@éﬁdapﬁeﬁol'zﬂm% GRIH sq&re

al um na whj ' USriAC i | - id - dro
method . GoRReSR e RES. (bIRAARBRAN Bcia A A ORI O BNAR. oy oaive ~dr oP
di gesti fig amountuwh pmosodnoess sanidy diuothbior expre8sa] in Audapgadosncanges fosh | ux

t t f t 105C. ' Th ' f al um .cf ' '
S0l r anges apPG Bd0c!: 606 BsPectel. Bn Atalement bHR NI REPIE * BUHSBh [ o
now added {0 Lin®RAn PRESHRAERERYRBESIPAR Yle GRIFRAENESHIEE. ORASPREIS ofCi d,

Id an ngDnl um p i

phosphor ous ac osphate. The relative 5 anount of

phosphor us gaflidgahismixturedrpoless edmbiming kageliirg agentraitiytwe frixinie apddrer1o: 1
to 1:100, respectively, o n el emental basis. The zeolite is added to the
al uni num pﬁ@?ﬁ_ﬁ%ﬁ‘% tﬁ?d?ﬁ%@?rﬁaﬁn?'ﬂ_@g_rm%{%?énfos _aaecl"\ éat% %go%rt ng:%olpas

gel l'inggt hgéeﬁ‘ Kb A8 'tﬂvé?b\\lﬁﬁdcfémbék'aﬂge@ SR et dBRRTorNdcBulsheyitli Xhelr e
and then I spersing the resultant conbined m xturé into an oil bath or

t ower whi cforheiobOofbsmherbidat partictesel Bvageling cigestawhicksmaydie vsed igtis at i on

RS o Beb s A AR AR lentPlTaAIRL, B bF hiRturdd ittt | heG8MMhg
agents release ammonia at the elevated temperatures which sets or converts the
hydrosol spheres into hydrogel spheres. The combined mixture preferably is

15 dispersed into the oil bath in the form of droplets from a nozzle, orifice or rotating
disk. The spherical or generally spherical particles are then continuously
withdrawn from the oil bath and typically subjected to specific aging and drying
treatments in oil and in ammoniacal solution to further improve their physical
characteristics. The resulting aged and gelled particles are then washed and

20 dried at a relatively low temperature of about 100° to 150°C and subjected to a
calcination procedure at a temperature of about 450° to 700°C for a period of
about 1 to 20 hours.

The amount of phosphorus-containing alumina component present (as
the oxide) in the catalyst can range from about 10 to 70 mass percent and

25 preferably from about 20 to 50 mass percent. The aluminum phosphate
binder/matrix optionally may contain lesser proportions of other inorganic oxides
including, but not limited to, magnesia, beryllia, boria, silica, germania, tin oxide,
zinc oxide, titania, zirconia, vanadia, iron oxide, chromia, cobalt oxide and the like

which can be added to the hydrosol prior to dropping.



process are hexanethyl ene tetraam ne, urea or m xtures thereof. The gelling
agents release ammoni a at the el evated tenperatures which sets or converts
the hydrosol spheres into hydrogel spheres. The conbined nixture 31 AUG 2004
preferably is 15 dispersed into the oil bath in the formof droplets froma
nozzle, orifice or rotating disk. The spherical or generally spherical
particles are then continuously wthdrawn fromthe oil bath and typically
subj ected to specific aging and drying treatnents in oil and in amoni acal
solution to further inprove their physical characteristics. The resulting

aged and gell ed paibi %’!Lﬁﬁinﬁﬁﬁ ﬁ@@ﬁh%@:ﬁi@ﬁe@’%&%l@r iisegarfrgpf;fboﬁg,l gid vehy 1 ow

tenperature of about 100 to 150C ‘an ected to a a aton procedure
at a tenpebeder enaiériabe essdially of 200Cphous eharactend Rréferatiig essithao &dubour s.

The amount  of phosphar us-cont ai ni ng al um na conponent present (as .th

oxi dey L {RemBaE 2 y31 MEaARengr? o HBoS: TEORIS MRS S RURTSInG 25

pref erabl ychsemriPRiserd, b e Mtfodfs llime MsieabiMAnm BNAsOMabEso,

bi nder/ matri'x optionally may contal esser proportions of other inorganic

oxi des 5 i nehddiptignallyuess dtharh i24 tof dhé qorenghesea, Clystafline alunbinoplosidté ca,

germani a, tin oxide, ' | de, ti tagmc,)r zirconi a, vanadi a, 'hron, oxi de,
C

chroni a, gaﬁwa' i ciSHtADIen Bindek aMalgiipl for RFEAAINGAA eI aNg. ¢ HbshyaF 5@t
' t ' . ) I [
prior to deseRisRd-mafidl hAUS 450 Thea bwﬁoﬂg%mp?@é@p'@gggﬁaﬁn%a y

i s anor phous, ‘i .e. r material I's essentia a ous
char act er . g@marizzghiphipa) as she phosptmus cohtentres amérphotaluminder plposphaiel une
I's mcropore, volu

m cropor e %‘F%ﬁf@aﬁ%léﬁg%gﬁ jé‘;g fp}rﬁ!)é:orﬁf@gso%[cﬁgﬁt{g@% Eﬁ%ﬁ%ﬁgﬁ{a![ i%{:r%ﬂal%_ggi tegget han
O L EEAQATan ) A B 45 BRI BRI iR, o0
catal yst. Mgher ipabpartian of phesphorusadecneasghdus ayhege belredendity. | Sujaesent
gﬁosgﬁm- g}elémarlls?o; is(':j1 Scc;[nrt]r%llgg 083‘/) h;%oussph%(r)&st ecrc])E'iteorIt: agglr?rq 2-%1 L?m?nlau%]il-nc!l]rg]pped
spherical particles typically have surface areas up to about 250 m2/g, while
spheroidal particles of aluminum phosphate may have surface areas of up to
15 about 450 mzfg. Al/P atomic ratios of the binder/matrix generally range from
about 1/10 to 100/1, more typically from about 1/5 to 20/1, and often between
about 1:1 and 5:1.
Best results are achieved when the catalyst has an X-ray diffraction
pattern showing characteristic intensities of peaks at specified Bragg angle
20 positions. Specifically, the preferred catalyst has an X-ray powder diffraction
pattern such that the ratio of peak intensities at respective two-@ Bragg angle
positions of about 48.5:46.5 is at least about 1.1 and preferably the ratio of peak
intensities at respective two-@ Bragg angle values of about 48.5:47.5 is at least
about 1.0. The X-ray pattern may be obtained by standard X-ray powder
25 diffraction technigues, of which a suitable example is described hereinbelow.
Typically, the radiation source is a high-intensity, copper-target, X-ray tube
operated at 45 KV and 35 mA. Flat compressed powder samples illustratively
are scanned in a continuous mode with a step size of 0.030° and a dwell time of
9.0 seconds on a computer-controller diffractometer. The diffraction pattern from

30 the copper K radiation may be recorded with a Peltier effect cooled solid-state
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is decreased, therefore, the proportion of crystalline material is

i ncr eased. The 10 average bul k density of the spheres also varies w.t m?ﬁ
phosphorus content, as a higher proportion of phosphorus decr eases 9t hd A
average bul k density. Surface area also is controlled by phosphorus
content: ganma-al um na oil-dropped spherical particles typically have
surface areas up to about 250 nR/g, while spheroidal particles of alum num
phosphat e may have surface areas of up to 15 about 450 nR2/g. A/P atomc
ratios of the binder/matrix generally range from about 1/10 to 100/1, nore

typically HERBGIIHE dla/ta‘?sh@ata%ﬂe sREY Af §BRalasiMBER thakeHtoling cantbured -

Best results are achieved when the catal ySt has an X-ray diffraction
pattern shﬁher[@d&hhe@btaanslt peak mlosl’n@nt‘»l e@ ofadh&aks the creputer guoBeragy
angl e 05|t|o rre tal yst has an X-ray
powder d|f rﬁ’é‘f)f‘ t‘ﬁ%? tfhgf?ch g 89 a"A%nsiti es at
respective two-e E%'%%trﬁﬁ‘%@sc&%b? HfH‘ﬁw@ﬁn@rbm&t t4S cath®t 2ohfaind al Pasd
about 1.1 and preferably the ratio of peak intensities at respective
two- () Br aggmpogkst, v;adettmabtyf selsoted 85 commnientsatof |tbasgroupbeansistiig ofhe

X- tt b bt ta d wd t
echai buaes GoBHMANTEaRISNS APHaBisg el cor Be el e o ortabiebrrods¥ls
Typi cal l'y, sthentAadit i) lﬁﬁlﬂb%lhé‘at'é' KeVihd b §Iewe wam@@pwrohabg@m 5Xor ay

tube operated at 45 KV and 3 Fl at conpressed powder sanpl es
illustrati @l gandmealeammmd)hoaplaatedmderuous node with a step size of 0.030

d dwel | d N f
The ai 117 acti on patRISFAN OiH SO R6YpBe Jtaiva: PoRrhey™oe f SRbPHAA v ¢
a Pel t :l@r ficdesde GRObRI IR Qf’ §£r@§<?[ené(?n 3hd CRdrorids dRdRt ORredbianga a

suitably are stored in'digital format in the controlli n% conputer. "The
peak hei ghtlee gmelserdatatplyst wffeats ar prapesibrt obrpardveyl@fsmputtee pr@p%@bgve

et o g B TeSRl o, Dokl R O Pubhedll 8 Adlpeo't e
mass-% and optlmally about 90 mass-% or more of the Cg aromatics. Precoking
is effected on fresh or regenerated catalyst prior to its use for disproportionation

15 at precoking conditions comprising usually at one or more of a higher
temperature, lower space velocity, and lower hydrogen-to-hydrocarbon ratio
relative to the disproportionation conditions. Such operating conditions generally
are within the ranges of those disclosed before for disproportionation, with
operating temperature generally being higher, and preferably being at least about

20 50°C higher than the disproportionation temperature. Precoking time ranges
from about 0.5 hours to 10 days. Precoking effects a catalyst carbon content of
between about 5 and 40 mass-% carbon, and preferably between about 10 and
30 mass-% carbon. A coke-forming feed for precoking may comprise the
feedstock as described herein, or other specific hydrocarbons or mixtures

25  preferably comprising aromatics may be used.
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5 conmponent, preferably selected from conponents of the group consisting of
gallium rhenium and bisnuth. Preferably, however, the catalyst ConSiﬁt§QE?%4
essentially of a zeolitic alumnosilicate having a pore dianmeter of ﬁro
about 5 to 8 A and an al um num phosphate binder. Optionally, the catalyst
may be subjected to precoking in order to 10 increase the proportion of
paraxylene in the CB aromatics product. Precoking of the present catal yst
effects a proportion of paraxylene in the product above equilibriumlevels
at disproportionation conditions, preferably at |east about 80 mass-% and
optimally about 90 mass-% or nore of the Ca aromatics. Precoking is
effected on fresh or regenerated catalyst prior to its use for

di sproportionation 15 at precoking conditions conprising usually at one or
more of a bExameleltenperature, |ower space velocity, and | ower

hydr ogen- ! o-hyd¥ 0agr BRPninAH-Bhod oA b¥End %#p@yﬁégw APG IHOMIABn was

condi tions. Such operating c ons genera re wthin the ranges of

those di scgrmmfbd)af:o@@irig)to thes fullopiig paeatiuen, AvirshsolotieT alaisnyepargebyat ur e
general ly being higher, and preferably being at |east about 20 50C hi gher
than the drd@iNEpRhesRIMEIC BRI EmAsy AdUPeUS o # l’ﬂ‘?’ﬁ?ﬁ‘ertaﬂ@@%te"ﬁaﬂm‘gbout

0.5 hours - S j . ff . 1

between abliV TS i apBLAER! YBY & i hdsBhBlS hior g P BOMeEBine®l of

?0 (rijS- ‘l’(/o aamgmm Atg @gbﬁn@ @olitios Wwﬁréparaqbmqlfaﬂdin;]@dmgammmaimhahged
eedstock as described herein, or_other specific rocarbqns, or. m xtures
25 pr ef er abfJ-tRmpesliteghayiggedn c%'?%)faiff?e Cﬂs%?f’“'%sq tﬂlﬁ“%‘@ﬂ%ﬂ QI3 & An
al um num p - b VE .al : f i ! ald e

Scoor di g’ PETRREN BYPAUBGAT Indt@hE fihirfarflin rHBrCRIGR wa8, Wi PCRaiife
addi ngiphospfitent i tei fhitlbedicatalyst @guabtl abown/ Hmassxaret hgdectven eoiudians ne

(T o et ARGt Soehicn ams RIS S BhARS AR, frictoh Bl nee
ammoni a- exgRANAS Lol and zeolite. This admixture was dispersed as droplets into an oil
bath maintained at about 93°C. The droplets remained in the oil bath until they
set and formed hydrogel spheres having a diameter of about 1.6 mm.
15 The spheres were removed from the oil bath, water washed, air dried, and
calcined at a temperature of about 650°C. This disproportionation catalyst of the

invention was designated Catalyst A.

Example 1l
Aluminum-phosphate-bound MFI catalysts not of the invention were

20 prepared according to the procedure described in Example | with variations in the
ratio of phosphorus to aluminum in the binder as indicated. A first solution was
prepared by adding phosphoric acid to an aqueous solution of
hexamethylenetetraamine (HMT) in an disproportionation amount to yield a
alumina:phosphorus atomic ratio in the binder as shown below. A second

25  solution was prepared by adding an ammonia-exchanged MFI-type zeolite
having an Si/Al; ratio of about 39 to enough alumina sol, prepared by digesting
metallic aluminum in hydrochloric acid, to yield a zeolite content in the finished
catalysts as shown below. These two solutions were commingled to achieve a

homogeneous admixture of HMT, phosphorus, alumina sol, and zeolite which

12-



MFl -type zeolite having an Si/Al2 ratio of about 39 to enough alum na sol,
prepared by digesting netallic alumnumin hydrochloric acid, to yiijqf@ 04
zeolite 10 content in the finished catalyst equal to about 77 mass-% ggg
- two solutions were conm ngled to achi eve a honbgeneous adm xture of HMI
phosphorus, alum na sol, and zeolite. This adm xture was di spersed as
droplets into an oil bath maintained at about 93C. The dropl ets renai ned

in the oil bath until they set and formed hydrogel spheres having a

di aneter of about 1.6 mm 15 The spheres were renoved fromthe oil bath,

wat er washeehs alispatsé@das adebpletal itoedn abil abatAnpesintaiicdl oft abeut BBEC. This
di sproportionati on catal yst of the invention was designated Catal yst A

Exanpl e 11 Th& dRPIRESTYR8EEALE e &l iathventidher ispt ead fermest hydregehseiarean

were 20 pr, i C ri 1N . Lth
vari ations mﬁ'ﬁé}i ﬁ%r@?égﬂlfagé&;?r Of)'ﬁto“tsegﬁb%@’ o&%ﬁ"tﬁ%q%u mapﬁﬂiegeaEﬁ %%Eﬂﬁ%dsa%
i ndi cat ed. témpéeratires adfutabont Wes0°Qr e PR dedtilystdivigrephesifietéd asd dnb@ an

aqueous sol ution_of hexanethyl enetetraam ne (HMI) in an disproportionation
anount fo REIRPSHIONGh@mGtaliphssthiotowsat onic ratio in the binder as shown

bel ow. A second 25 solution was pr epﬁa{igﬁlﬂ E¥r @%g! ng Qp W,a- exchanged
MFl -type zeolite having an Si/Al2 i t %h al um na sol,
prepared by digestCatglystBtal lic alum numiin hydrochlorigp acid, to yield a
zeolite content in_the finished catalysts as shown bel ow. These two
sol utions were corf'AlyPtd to achieve a~ hdnmpgeneous admi’xture of HMT,
phosphorus, al um 8’% and zeolite whi q@ -12 3 1 AUG-2004 was di spersed
as droplets into an ol ath mai ntai ned at about 93C. he dropl ets
remained in the oil bath until they set and formed hydrogel spheres which
wer e rebovékatpeniit he oi |l bath, water washed, air dried, and calcined at a
temperature of ab%ur;[ aér%%a—gggncf q\t/IEI ycsattgly:\SIYe Lv%sd%% r}géegs % drerf]fgrgnce for

contrasting characteristics and results with the disproportionation catalyst and

process of the invention. Hexamethylenetetraamine (HMT) was added to a solu-

tion prepared by adding an ammonia-exchanged MFI-type zeolite having an

15  Si/Al; ratio of about 39 to enough alumina sol, effected by digesting metallic

aluminum in hydrochloric acid, to yield a zeolite content in the finished catalyst

equal to about 70 mass-%. The components were commingled to achieve a

homogeneous admixture of HMT, alumina sol, and zeolite. This admixture was

dispersed as droplets into an oil bath maintained at about 93°C, wherein they

20  remained until they set and formed hydrogel spheres having a diameter of about
1.6 mm. The spheres were removed from the oil bath, water washed, air dried,
and calcined at a temperature of about 650°C. This reference catalyst was

designated as Catalyst X.



5conposition characteristics as follows: A /P Mlar Rati oM, Mass-%
Cat al yst B180 Catal yst C277 Catal yst D1070 10 Exanple Il An alunina-qq@&d
M-I catal yst was prepared as a reference for contrasting characteri 3tli 2004
- and results with the disproportionation catalyst and process of the

i nvention. Hexamet hyl enetetraam ne (HMI) was added to a solu- tion prepared
by addi ng an amoni a- exchanged M-I -type zeolite having an 15 Si/A 2 ratio

of about 39 to enough alum na sol, effected by digesting netallic alum num
in hydrochloric acid, to yield a zeolite content in the finished catal yst
equal to alExaimplé Ivass-% The conponents were conmingled to achieve a

h dm xt f HMI, alum na, sol, d lite. Thj dmi xt
di sper sed as. dr opl BI& X-yoPaicel ATlasliomBRIEE Abfraiaybdbt BoSc, DuABRekn
they 20 T eigpiBesle bk oy 38 b ARFo S BEREChHEs00° s RAGE A BBVERGA o

di anet er of about e sphieres were renoved fromthe oil bat
wat er washeigh-aitengity, edppeataigetalXeraetutz opetatepat uiiky ahdaBdutA656MEt This

reference catal yst was designated as Cat altist X. 3.1 AUG 2004 Example |V
The X—réy G@W?S%ﬁq PPweer éﬁ”k?éqst BiERe srapge I"ﬂ/ét%o'ﬁ\',”uﬂ}ls@o 2 VKU @yeteRer e
obt ai ned by: st apdaraas- qu@[ i radi.atl ] a
hi gh-i nt en)séljzt%y?ﬁcggégr -%rgdr/gegt , X rtgﬁé:rgl}bg%g%gfgﬁg% (g'? %Sd%tg%g%@ran%? Fl at
5 conpr essdliffrpotutiestes aifhé efffraetian patemeidomrtha coppei Kuadiationaerairetordedt ep

size of 0.0300 and . a dwell tinp of 9.0 seconds on a conputer-contraoller
di f f r act om¥ti&y 8 Hellereifect faolesh splidt-siale defesint hﬁh%&ag%%ﬁer%ﬁ&t'ﬂ SN@r e

recor ded %ﬁ‘ﬁhtgip%let STt AlEESmPORI 8T bk HejtRs APIUESE AR podiiEnsldlciener €

stored in digit
10 read from the computer plot as a function of two times theta (two-0), where theta

is the Bragg angle, and are shown for Catalyst A in Figure 1. The ratio of peak
intensities at respective two-@ Bragg angle positions of about 48.5:46.5 and the
ratio of peak intensities at respective two-©@ Bragg angle values of about

48.5:47.5 were determined for each catalyst as follows:

15 Intensity Ratio
48.5:46.5 2-0 48.5.47.5 2-9
Catalyst A 1.190 1.069
Catalyst B 1.077 0.866
Catalyst C 1.083 0.945
20 Catalyst D 1.034 0.968
Catalyst X 0.710 0.917
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format in the controlling conputer. The peak heights and peak positions
were 10 read fromthe conputer plot as a function of two tines thet%
(two-e), where theta is the Bragg angle, and are shown for Catal yst hAp%ZM&
Figure 1. The ratio of peak intensities at respective two-e Bragg angle
positions of about 48.5:46.5 and the ratio of peak intensities at
respective two-e Bragg angl e values of about 48.5:47.5 were determ ned for
each catalyst as follows: 15Intensity Ratio 48.5:46.5 2-e48.5:47.5 2-e
Cat al yst Al.1901. 069 Catal yst B1.0770.966 Catal yst C1.0830.945 20Cat al yst
D1. 0340. 968 Catal yst X0.7100.917 3 1 AUG 2004 Exanple V Pilot-plant tests

were carri Egagﬂretjo determ ne the conparative performance of the catalysts
descri bed ove in a disproportionation reaction. The catal ysts

fi15t, were br ecokesdophiapONiitd IS ARAks! 9t p0 ceRITRR e mdlilthe 500C

and 4 wei ght hourly space velocity presence of a 1:
hydr ogen: npérfograndelddr thealcataljsis degueibeddherfeindbovesuf fa clispropoionafidrect
approxi mately 90 nol e- % paraxyl ene in total ggl enes. 'eroport i pnation of

pur e thol uefRECKIABN wh5ecERIANTS oSt alve® ABefpsEandt £ PnCPAR % ehce of
‘ . . .
pur e hygI oo Aty A i SRSEAAN BB BB Sflabe VARG @Y Gomer si on

of 10 tolue sul en were norna ased on pi pl ant
correl at i opmesience it avi dehydrogepaitaigenemoiar aatio &1 @ pefioth of 2ievee suidicient émes i n

the product at 30% conversion and 90% par axyl ene/ xylenes. Catalyst A was
precoked ofeCt-aRRIPXIRAtEl B4 MRIB7e RASAPIYNE t‘%{alc)é%‘%%??- Bispropofiohatiod

of pure toluene then was carried out at 2.45 Mpa and 4 WHSV in the presence of
pure hydrogen at varying temperatures as required to achieve 30% conversion of

10 toluene. Results then were normalized based on pilot-plant correlations to
provide a comparative molar ratioc of benzene to xylenes in the product at 30%
conversion and 90% paraxylene/ xylenes.

Catalyst A was precoked over a period of 61 hours to provide a carbon
content sufficient to control activity and selectivity as described hereinabove.

15 Disproportionation of pure toluene then was effected at varying temperatures of
460° and 445°C.

Catalyst B was precoked over a period of 20 hours to provide a carbon
content sufficient to control activity and selectivity as described hereinabove.
Disproportionation of pure toluene then was effected at varying temperatures of

20 461° and 451°C.

Catalyst C was precoked over a period of 55 hours to provide a carbon
content sufficient to control activity and selectivity as described hereinabove.
Disproportionation of pure toluene then was effected at varying temperatures of
454° and 441°C.

25 Catalyst D was precoked over a period of 42 hours to provide a carbon

content sufficient to control activity and selectivity as described hereinabove.

Disproportionation of pure toluene then was effected at varying temperatures of

460° and 448°C.




content sufficient to control activity and selectivity as descri bed

her ei nabove. 15 Disproportionation of pure toluene then was effect gdaﬁf
varying tenperatures of 4600 and 445C. Catal yst B was precoked ove 1AUG 2004
period of 90 hours to provide a carbon content sufficient to control
activity and selectivity as described herei nabove. Disproportioriation of
pure tol uene then was effected at varying tenperatures of 20 461 and 451
C. Catalyst C was precoked over a period of 55 hours to provide a carbon
content sufficient to control activity and selectivity as described

her ei nabove. Di siiatplyst Kovas pracoked pyee atpsiriodd Mhkoudde Pepvide Betaraen
varyi ng tenperatures of 454 0 and. 441C. , 25 t.al yst rec ver a
peri od of £ontesvrsyficen: o rartrdl %&P’ Brﬁndcﬁﬁl?gﬁw%s%?fqegpﬁﬁ%d ?‘(‘ﬁ%@%ﬁ Er;\(’) '
activity a i ‘ s"RQNSY at PaBPRORpé@natEaQn of
pure tol ueEgsqrﬁéﬁﬁ@géhée%{fog?tugﬁﬁgpéegggé}ﬁg@tsﬁper at ur esﬁ/ﬂgj 46% and 448C.
-15 3 1 AU@ﬁQmMrmm"O.( was precoked over a period of 34 hours to

provi de a carbon content sufficient to control activity and selectivity as
descri bgd herei nabpye. resiiiagr BeOZdricpnadnonatds patr 80tol commersidreranthsI0%
effected at varying tenperatures of 457, 4400 and 431 C. 5The resulting
benzene/ xyIpamaxyend/vdeags 8698 as IS on and 90% par axyl ene/ xyl enes were as

follows: Catalyst Al 45 catalyst Bl.57 Caigkyst Cl.58 10Catal yst DL.74
Catal yst X1.73 a3t 5 fab

Catalyst B 1.57
Catalyst C 1.58
10 Catalyst D 1.74
Catalyst X 1.73

Catalyst A of the invention clearly featured the most favorable ratio of benzene to

xylenes.
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Catalyst A of the invention clearly featured the nost favorable ratio of
benzene to xylenes. 3 1 AUG 2004 CLAIMS: 1. An oil-dropped catalygty ayg 2004
conprising a zeolitic alumnosilicate having a pore dianeter of from about
5 to 8 A and an al um num phosphate binder, the catalyst having an X-ray
powder diffraction pattern such that the ratio 5 of peak intensities at
respective two-e Bragg angle values of 48.5:46.5 is at |least about 1.1. 2.
The catalyst of Claim1 further having an X-ray powder diffraction pattern
such that the ratio of peak intensities at respective two-e Bragg angle

val ues of 4Bapndr. 5 is at least about 1.0. 10 3. The catalyst of daiml
wherein the zeolitic alumnosilicate conprises a pentasil zeolite sel ected

fromthe group coRsi styniphrodbbe Walalyst MEMhRRSIngON. zéoliflhealaatimbyiisatef
Caim1l wherein the catalyst O%gs as hyeri cal go -grgener all'y spher isgal shape.
15 5. The batiayyestposs diiraptardofntiemerRothE 9edlA tacthas AHTUHHANRRYEPIGR f ace

ssenttal | inger S e et et o g o EhPh ORI DR SRR B3R T,

about 55 t 0,84, @aReRitiePhUBPEIRNRPEB @ ghidNdRs valdls of 48.54®66s @t faarst t he
di sproportionation of a toluene-containing feedstock conprising contacting

t he feedstab&ut.th an oil-dropped catalyst conprising a zeolitic

al um nosi | i cate hgving. a r i ter r 5
al um num phosphat g bi %ﬁ?ﬁﬁﬁgggg{f&'@"s} %rﬁg\@ﬁoﬁ ?(é@/gjo&{ eer% Cﬂ@%ﬁ@%ct i on
pattern SUEPttéﬂ?@éuéH‘%dt?tzgorg% depkai tensiids as redpectispenbia Bragg-andie agg

25 angl e values of 48.5 Is at least about 1.1, in a dispro ' '
zone at values of 48.5:47.5 is at least about 1.0. ’ proportionation

10 3. The catalyst of Claim 1 wherein the zeolitic aluminosilicate
comprises a pentasil zeolite selected from the group consisting of MFI, MEL,
MTW and TON.

4. The catalyst of Claim 1 wherein the catalyst has a spherical or
generally spherical shape.

15 5. The catalyst of Claim 4 wherein the zeolite has an enhanced
surface silicon content.

6. The catalyst of Claim 1 wherein the catalyst consists essentially of
a zeolitic aluminosilicate having a pore diameter of from about 5 to 8 A and an
aluminum phosphate binder.

20 7. A process for the disproportionation of a toluene-containing
feedstock comprising contacting the feedstock with an oil-dropped catalyst
comprising a zeolitic aluminosilicate having a pore diameter of from about 5to 8
A and an aluminum phosphate binder, the catalyst having an X-ray powder
diffraction pattern such that the ratio of peak intensities at respective two-@ Bragg

25 angle values of 48.5:46.5 is at least about 1.1, in a disproportionation zone at
disproportionation conditions to obtain a paraxylene-containing product.

8. The process of Claim 7 wherein the disproportionation conditions
comprise a temperature of from about 200° to 600°C, a pressure of from about

100 kPa to 6 MPa absolute, and a weight hourly space velocity of from about 0.2
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di sproportionation conditions to obtain a paraxyl ene-containing product. 8
The process of Caim7 wherein the disproportionation conditions co rﬂ@‘(}nm
a tenperature of from about 200 to 600C, a pressure of fromabout 1

to 6 MPa absolute, and a wei ght hourly space velocity of fromabout 0.2 -17
3 1 AUG 2004 to 10 hr' t and free hydrogen is present in a nolar ratio to
feedst ock hydrocarbons of about 0.5 to 10. 9. The process of Claim7
wherein the catal yst consists essentially of a zeolitic alumnosilicate
having a pore dianeter of fromabout 5 to 8 A and an 5 al um num phosphate
bi nder. 10to TH@ fwi'ocess fefe Gyarageh fisir presentdnpr iasingadentisi td deedétoblet ween
about 5 and 40 nmass-% carbon on the catalyst prior to its use for

di spr opor t Ng@@RCREPNsofaRout Bia Hek .

9. The process of Claim 7 wherein the catalyst consists essentially
of a zeolitic aluminosilicate having a pore diameter of from about 5 to 8 A and an
5 aluminum phosphate binder.
10.  The process of Claim 7 further comprising deposition of between
about 5 and 40 mass-% carbon on the catalyst prior to its use for

disproportionation of the feedstock.
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