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The present invention relates to processgs for upgrading the reformate
product of an effluent streamfroma reformng unit. Specifically, the
present invention relates to processes of upgrading for increasing the
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The present invention relates to processes for upgrading the reformate
product of an effluent stream from a reforming unit. Specifically, the
present invention relates to processes of upgrading for increasing the
benzene, xylene and Cs- content of a reformate product.
15
Benzene is a highly valuable product for use as a chemical raw material.
Xylene and, in particular, para-xylene, is a valuable chemical feedstock
which can be separated for use in the synthesis of polyesters from mixed
xylenes by fractional crystallization, selective adsorption, or membrane
20 separation.

The presence of benzene and xylene in petroleum and other naphthas has
long been recognized and many techniques have been described for
recovery of the single ring aromatics from their admixture with aliphatic
25 hydrocarbons of like boiling peoint. Early practice favored extraction with
selective solvents to separate aromatics from aliphatics. The aromatic
concentrate so derived was readily distilled to yield benzene and toluene
of desired purity. The four Cgs aromatics, ethylbenzene (EB) and the three
xylene isomers posed a more difficult problem because of their boiling
30 points which are within the narrow range of 136.2°C (277.1°F) for EB to
144°C (292°F) for orthoxylene (o-xylene). The great differences in
freezing point provided a basis for separating Cg components by fractional




freezing point provided a basis for separating C8 conponents by fractional
26 MAR 2004 2 crystallization. Extensive facilities were installed for
recovery of para- xylene (p-xylene) in this manner, after whichptMi 2
aromatics mxture lean in p-xylene could be subjected to catal ytic

i sonerization to generate additional desired p-xylene from o-xylene and
net a- xyl ene (m xylene) and 5 the product enriched in p-xylene recycled to
the fractional crystallization stage. This left EB unchanged to accumul ate
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the other C8 20 aromatics to produce equilibriummxtures of xylenes, and
thus increase the yields of the desired xylenes, has becone increasingly
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whi ch has been enpl oyed for t'he conversion of paraffins
and dehydrogenated to xylene. Concurrent conversion of xylene to
undesired by-products is such as to result in net loss of xylene despite the
15 conversion of EB to xylene. That history of Octafining is set out in more
detail by US-A- 3,856,872, which discloses isomerization in the presence

of a catalyst in which the acidic component is a zeolite such as ZSM-5.

As commercial use of xylene has increased, isomerization of the other Cg

20 aromatics to produce equilibrium mixtures of xylenes, and thus increase
the yields of the desired xylenes, has become increasingly important. At
present, several xylene isomerization processes are available and in
commercial use. For example, US-A- 4,163,028 and 4,236,996 disclose
processes for isomerizing xylene and converting ethylbenzene to benzene

25 at high temperatures in the presence of a ZSM-5 catalyst. The processes
provide for the conversion of ethylbenzene to benzene without the loss of
xylenes by disproportionation.

One process which has been employed for the conversion of paraffins
30 and/or olefins to aromatics is M-2 Forming, which is described US-A-
3,760,024; 3,756,942; No. 3,845,150; and 4,090,949, M-2 forming is
concerned with upgrading relatively poor quality olefinic gasoline, for



30 and/or olefins to aromatics is M2 Form ng, which is described US-A
3,760, 024; 3,756,942; No. 3,845, 150; and 4,090,949. M2 forming is
concerned with upgradl ng relatively poor quality olefinic gasol 7 bR 2 6
MAR 2004 3 exanple, by conversion thereof in the presence of hydrogen
and/ or carbon hydrogen contributing fragnments and an acid function

catal yst conprising a crystalline zeolite of selected pore
characteristics, such as ZSM5. 5 US-A- 4,851, 604; 5, 365, 003; 5,455,213 and
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hydr ocar bons sypségeéntRsealcihed.  The conversion conditions comprise a
temperature of from 100°C to 760°C, a pressure of from 0.1 atmosphere to
200 atmospheres, a weight hourly space velocity of from 0.08 to 2000, and

15  a hydrogen/hydrocarbon mole ratio of from 0 to 100.

US-A- 5,406,016 discloses a process for simultaneously converting
benzenes to predominantly methylbenzenes and simultaneously reducing
the concentration of Cyo+ alkyl aromatics in a naphtha boiling range

20 refinery process stream. The stream is contacted at a temperature in the
range of 250°C to 450°C, and a pressure of 2.76 to 17.24 MPag, (200 to
2500 psig), with a 12-ring zeolitic material such as USY, faujasites and
zeolite beta. The zeolite is loaded with a metal having a hydrogenation
function, such as Re.

25
A process for transalkylation of alkylaromatic hydrocarbons is disclosed in
EP-A- 816311. This process exhibits a percentage conversion of
ethyltoluene higher than 50 wt%. The hydrocarbons are contacted with a
catalyst composed of mordenite (100 pbw), inorganic oxide and/or clay

30 (25-150 pbw), and at least one metal component selected from rhenium,

platinum and nickel. Xylenes are a preferred product.




EP- A- 816311. This process exhibits a percentage conversion of
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processes enpl oyl ng refor nat gradi ng have use eed refornate that
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benzene and t@ldusézend) dneSéslediiectolldtie disPRIPERIhaADA to benzene and p-
xylene. Catalysts suitable for toluene disproportionation may comprise
zeolites, or non-zeolitic materials, although shape selective zeolites are
15  preferred. The process schemes described herein have the most potential

value at refineries where chemicals are highly valued.

Most previous processes employing reformate upgrading have used as
feed reformate that had been fractionated prior to entering the upgrading

20 reactor.

US-A- 5,865,986 discloses a process for upgrading a petroleum naphtha
fraction. The naphtha is subjected to reforming and the reformate is
cascaded to a benzene and toluene synthesis zone over a benzene and
25 toluene synthesis catalyst comprising a molecular sieve of low acid
activity. The preferred molecular sieve is steamed ZSM-5. The benzene
and toluene synthesis zone is operated under conditions compatible with
the conditions of the reformer such as pressures of above about 50 psig
(446 kPa) and temperatures above about 800°F (427°C). In one aspect of
30 the invention, the benzene and toluene synthesis catalyst includes a metal

hydrogenation component such as cobalt, nickel, platinum or palladium. In

one mode of operation, the benzene and toluene synthesis catalyst




25 tol uene synthesis catal yst conprising a nol ecular sieve of |ow acid
activity. The preferred nol ecul ar sieve is steaned ZSM5. The lgeﬁnﬁm%and
t ol uene synthesis zone is operated under conditions conpatible wth ~the
conditions of the refornmer such as pressures of above about 50 psig (446
kPa) and tenperatures above about 800F (£427C). In one aspect of 30 the

I nvention, the benzene and tol uene synthesis catal yst includes a netal
hydr ogenati on conponent such as cobalt, nickel, platinumor palladium In
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catalysts that exhibit toluene disproportionation activity are the most

suitable.

15 Summary

This application discloses an integrated process for reformate upgrading.
Such a process enables production of a high value product slate, at
potentially low cost since the existing reformate stream already contains

20 hydrogen and is at elevated temperature. The step of reforming is
incorporated along with reaction/diffusion with a zeolite. In the instant
invention, reformate upgrading occurs prior to fractionation. Furthermore,
the upgrading catalyst performs toluene disproportionation, ethyl benzene
dealkylation and/or cracking of paraffins.

25



I nvention, reformate upgrading occurs prior to fractionation Furtherrmre

t he upgradi ng catal yst perforns toluene disproportionation, &;a)aﬁene
deal kyl ati on and/or cracking of paraffins. 25 2 6 MAR 2004 6 5 M
Description of the Drawings Figure 1 illustrates the process schematic for

the upgrading of the entire reformate pyoduct. Figure 2 represents a
sinplified version of Figure 1, showing a series flow schene. Figure 3
illustrates a parallel flow schene wi th the upgrading vessel 10 operating

in parallel 15 Detail ed Description of the

| nventi on Bridt Dogoribiioh wih Enbodi ment Schematic of process for
upgrading entire reformate product. Fi gure 1 represents a typical reforner
| oop, havi ng ves for f or mat e u in such as,.a T t ol uene
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ref or mer |00F?efoTﬁ1%téFFtSHddP.” of the tail-end vessel nmay alternately be

served by a final alyst bed (in a fixed-bed reforner). |If a separate
ref or mat eSupgr adi ng vessel is used, any type of reforner could be enployed

Cont i nuous | R ration..Reformn Sem ner tive, or
Oyol o uni ¢ s PTG e BSEne 4 N IERE raoh S Tiodse hshaihg Ssispeds ey
be used to agBheme.the desired chem stries. The integrated process to

produce additional benzene and xyl ene can also include xyl ene
I somerization units, product recovery units, and associated recycle

streans. Figure 3 illustrates a paraliel flow scheme, with the upgrading vessel
10  operating in parallel with the reformer reactors.

Detailed Description of the Invention

Description of the Preferred Embodiment

15
Schematic of process for upgrading entire reformate product.

Figure 1 represents a typical reformer loop, having a vessel for reformate
upgrading [such as a TDP (toluene disproportionation) reactor] integrated
20 into the tail end of the reformer loop. The function of the tail-end vessel
may alternately be served by a final catalyst bed (in a fixed-bed reformer).
If a separate reformate upgrading vessel is used, any type of reformer
could be employed (Continuous Catalyst Regeneration Reforming or CCR,
Semi-Regenerative, or Cyclic units which employ swing reactors). One or
25 more catalyst beds may be used to achieve the desired chemistries. The
integrated process to produce additionali benzene and xylene can also
include xylene isomerization units, product recovery units, and associated

recycle streams.

30 In Figure 1, the reformer effluent, or reformate, enters a TDP reactor. The
TDP reactor is in this case the reformate upgrading reactor. Following

toluene disproportionation, the effluent exchanges heat with reformer feed



30 In Figure 1, the reforner effluent, or reformate, enters a TDP reactor.
The TDP reactor is in this case the reformate upgradi ng reactor. Fol |l ow ng
t ol uene di sproportionation, the effluent exchanges heat w th ref@rmeriifieed
26M 82004 7 and recycle streans, then proceeds to a dei sobutanizer. The

dei sobut ani zed stream then proceeds to a fractionator. A portion of the
toluene in the stream along with snaller nol ecul es passes to the gasoline
pool fromthe fractionator. Another portion of the toluene is recycled to
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20 The feed tged ’réﬁd)f%e%’fé ﬂ°%m%{'f§§ﬁ5 ﬁgér}g&dl'ﬁ Figures 1-3 nmay be

napht ha alone or in conblr'nation wt e refornming effluent which
enters the upgrading zone straight run product, is a blend of toluene and

reformate, a . al so cqgnbined with streans selected fromthe group
consi sting oﬁ&ﬂé@ﬁ&@ﬁaﬁmﬂe, dehexani zed reformate, CCR 25 product.
Upgr adi nggCat al yst's

The reformate upgrading zone is to be maintained under conditions of

temperature ranging from at least 300°C (572°F) to 1200°C (2192°F) and

pressure of from 103 kPa (0 psig) to 6895 kPa (1000 psig), WHSV of from

0 to 50/hr and a hydrogen to hydrocarbon mole ratio of from 0 to 10. The

15  preferred ranges for the reformate upgrading zone conditions are from at

least 399°C (750°F) to 560°C (1050°F), 103 to (0-400 psig) 2859 kPa a

WHSYV of from 0.5 to 30/hr and a hydrogen to hydrocarbon mole ratio of

from 1 to0 5.

20  The feed to the reforming loops illustrated in Figures 1-3 may be naphtha
alone or in combination with toluene. The reforming effluent which enters
the upgrading zone straight run product, is a blend of toluene and
reformate, and may also be combined with streams selected from the
group consisting of full range reformate, dehexanized reformate, CCR

25 product.

Upgrading Catalysts

The upgrading catalyst used in accordance with the instant invention
30 comprises a molecular sieve, preferably a zeolite. It is contemplated that
any molecular sieve having a pore size appropriate to admit the bulky alkyl
aromatic hydrocarbons and catalytically disproportionate and/or dealkylate



The upgradi ng catal yst used in accordance with the instant invention 30
conprises a nol ecular sieve, preferably a zeolite. It is contenpl ated that
any nol ecul ar sieve having a pore size appropriate to adnit the? BRI kyl
aromati ¢ hydrocarbons and catal ytically disproportionate and/or deal kyl ate
2 6 MAR 2004 8 the aromatics can be enplpyed in this reformate upgrading
process. The nol ecul ar sieve which generally catalyzes the reformate
upgrading reactions of this invention is an internediate or |arge pore
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I ntermedi ate pore size zeolite and a |l arge pore size 20 zeolite. An
exanpl e of such a mxture is ZSM5 and zeolite beta. The nol ecul ar sieve
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six tinmes, wilddrAa 46Vedd2y MChy22 gescribed dnlUkd- 26962250, andaMCM-S6L vent .
e el et R S5 B, BRI Vv BB oGR8 8. ™
use in this process are the crystalline silicoaluminophosphates (SAPO),
which are described in US-A- 4,440,871, and the aluminophosphates (e.g.
15 ALPO). These are described in US-A- 5,304,698. Examples include
SAPO-11, SAPO-34, SAPO-31, SAPO-5, and SAPO-18.

For control of benzene to xylene ratio in the product, it may be desirable to
employ a mixture of an intermediate pore size zeolite and a large pore size
20  zeolite. An example of such a mixture is ZSM-5 and zeolite beta.

The molecular sieve used in accordance with the instant invention,
whether incorporated with a binder or in unbound form, may be contacted,
preferably between two and six times, with a selectivating agent dissolved
25 in an organic solvent. The selectivating agent comprises a compound or
polymer containing a main group or transition metal, preferably silicon.
The catalyst is contacted with a solution of the silicon-containing
selectivating agent in an organic solvent at a catalyst/selectivating agent
weight ratio of from 100/1 to 1/10, at a temperature of from 10°C to 150°C,
30 at a pressure of from 0 to 1.38 Mpag (0 psig to 200 psig), for a time of from
0.1 hr to 24 hours. The organic carrier is preferably removed, e.g., by
distillation or evaporation, with or without vacuum. The catalyst is then



The catalyst is contacted with a solution of the silicon-containing

sel ectivating agent in an organic solvent at a catal yst/sel ect iZ\baM.‘mf@mlagent
wei ght ratio of from 10011 to 1/10, at a tenperature of from 10C to 150C,
30 at a pressure of fromO to 1.38 Myag (0 psig to 200 psig), for a tine of
from 0.1 hr to 24 hours. The organic cagrier Is preferably renoved, e.g.,
by distillation or evaporation, with or wi thout vacuum The catalyst is
then 2 6 MARL 2001, 9 calcined. This nethodol ogi cal sequence conprising the
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I ndi cate su[)bgga %%%#@L%ﬁr@ﬁﬁ%?ﬁ%@ﬁt hgg%%@etbggl 8@??\%??}#%}6‘%?

cat al yti c510 leastdwol of theisevselectivatien deguerces. eUS-A- BB8E 028 cortaimsng

commercially _acceptable |evels qof .hydrqgcarban conversion. Such substances
i nclude, forMmeked ?@?d afaﬁqmei@ns‘%ﬁ"%ﬁ%%%ﬂaﬁﬂﬂs such as phenyl net hyl
silicone, dinethyl silicone, and bl ends thereof which have been found to

be suitable. In general, such organosilicon conpounds nust be soluble in
15 organi ¢ sdveiged herainasthendemn deslectivatingel"sgentéris usedi to indicatieli ti on,

o subst ancLLSAGES ler "wiF JPeBaHP. MR VENess RRER & & [saedhidi |
appr eci atg t hadleeglar! $ievs . tobeiid detheld VeI AHilR Adintaihihg CEorhhfivtiaMy! si ons.

20 Preferably, the kinetic dianeter of the high efficiency, selectivating

agent is | aBgeepiabis levals of diydracasler canvensian:. | Sushosubstancesaingludeent ry of
the selecti i nt..J . a coml lan in the
e et et ! ¥t Re PR brdahsljB6n R s Bt Y3 BRbAHHeth Yifddrd’
dimethyl silicone, and blends thereof which have been found to be
suitable. In general, such organosilicon compounds must be soluble in
15 organic solvents such as those described elsewhere herein. In addition, a
"solution” is intended to mean a uniformly dispersed mixture of one or
more substances at a molecular or ionic level. The skilled artisan will

appreciate that solutions, both ideal and colloidal, differ from emulsions.

20 Preferably, the kinetic diameter of the high efficiency, selectivating agent is
larger than the zeolite pore diameter, in order to avoid entry of the
selectivating agent into the pore and any concomitant reduction in the
internal activity of the catalyst.

25 Examples of suitable organic media (carriers) for the organosilicon
selectivating agent include linear, branched, and cyclic alkanes having
three or more carbons. In the methods of the present invention it is
preferred that the carrier is a linear, branched, or cyclic alkane having a
boiling point greater than about 70°C, and preferably containing 7 or more

30 carbons. Optionally, mixtures of low volatility organic compounds, such as

hydrocracker recycle oil, may be employed as carriers. Especially



25 Exanpl es of suitable organic nedia (carriers) for the organosilicon

sel ectivating agent include |inear, branched, and cyclic al kanes havi ng
three or nore carbons. In the nethods of the present invention it is
preferred that the carrier is a linear, branched, or cyclic al kane having a
boiling point greater than about 70C, an preferably containing 7 or nore
30 carbons. Optionally, mxtures of low'volatility organi c conpounds, such
as hydrocracker recycle oil, my be enployed as carriers. Especially 10

Pl ude. - decdnercares Yoty PYRLCRRGR GhirEHS of srpElvlnaldeed fgfdan.c.
w th the instdethnerarehndodacanel | 5 al so exhibit diffusional properties.

Those properties can be identified by noting the time (in mnutes) required
to sorb 30% of the equilibrium capacity of ortho-xylene at 120C and at an

o- Xyl ene par t4 /= 5. .- A), a

tes%/ desclroi bgﬁ HBW ga?y?tg%%a IH%QP%‘%aﬁgﬁ%eg Ilgsltg%g'{veﬁﬁﬁ:’%w t hat

equi | i bri am edsmexhipitodiffiiSional propertien e Thesdgiropedies cagy betidentifisanby gr am

of xyl ene(s)ﬁiagl %pg_rarrs of, zeolite. For this invention, certain zeolite
o]

based cataly RN (piMIRs) nrpguired  tor §PFR miP % r ok die caquijlirum

exam ned. Botdynge id(.gi?eﬂ_ / 2@6? b YAt &1 - ith and
wi t hout net al Ipoa |(r21)5, t hat Iéﬁe}gﬁa}ait %ﬁggg ?“"\?/‘. ?%@yeéas@%?}eéﬁhﬁ%ro\get ed
chemi stries GUOHAE0 Bas.0pdi-0i8onmmi oh nugrcuny}uantest cddsenibedeinatS-Ay| ene,
deal kyl ati on ,0 y r e n ki ng.of, upconverted |inear

par af fi ns. Tﬁ"ei gﬂﬁéﬁtﬂ&%@w E%‘?Eiaey&ﬁ%c-v@e%"&o‘!}épesv'ﬁﬁ@émmcﬁv er

p- xyl ene 1and dpgizRNené AIEEMed adYrédtet 84S PYIFEM ST 9fdriel(§Sper T80 grams

unsel ecti vated catal ysts give product slates wth’increased benzene and

m xed xyl ene ofzeptte; and hi gh benzene purity (over 99.94%, even at high

space velocities. The econom cs of toluene disproportionation in the
reform ng | oop as descri bed herein nay have

For this invention, certain zeolite based catalysts for product upgrading in
reforming processes were examined. Both selectivated and

15 unselectivated ZSM-5 catalysts, with and without metal loading, that
exhibit TDP activity were studied. Targeted chemistries include
disproportionation of toluene to benzene and xylene, dealkylation of heavy
aromatics and cracking of unconverted linear paraffins. The selectivated
catalysts give product slates with higher p-xylene and benzene contents,

20 at low space velocities. The unselectivated catalysts give product siates
with increased benzene and mixed xylene yields, and high benzene purity
(over 99.94%), even at high space velocities. The economics of toluene
disproportionation in the reforming loop as described herein may have
advantages over a stand-alone TDP plant.

25



advant ages over a stand-alone TDP plant. 25 2 6 MAR 2904 11 Figure 1.
Schematic of process for upgrading entire reformate product. 5 10 40rnr8
-.Td 2wl Kenp* WM Oafar.w 15 R nmnt Fndt  Rayo+ 20 Figure 2 is al Ao 2004
sinplified illustration of the flow schene of Figure 1, . showing a "series"
flow schene. It illustrates bl ending ofqnaphtha (line 1) wth toluene from
reformer 20 (line 2) recycled to create the feed to the refornmer (line 3).
The feed is heated by heat exchange with reforner upgradi ng reactor
effluent in ﬁél‘éﬁéai"ggg;héﬁatié%ff9fcﬁ:eeéﬁcﬂfdp”gyadia§mnhim reforma® produetef or mat e of
line 4 enters®the reformate upgrading reactor 30, where it is contacted
wth a catalyst conprising a zeolite. The effluent of reactor 30 (line 5)
is cooled by heat exchange with feed in reactor 10 before passing to a

hi gh pressure separator 40. In the high pressure separator, light ends are
conpressed, and regycled to the feed while heavier materials exit the 30
separator as prodf, line B 6 MAR|2004 12 Figure 3 (parallel flow) In
this confdguration ithelrefpr tﬁlupgl adi,_nj catalyst is contained in a
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20 Figure 2 is a more simplified illustration of the flow scheme of Figure 1,
showing a "series" flow scheme. it illustrates blending of naphtha (line 1)
with toluene from reformer 20 (line 2) recycled to create the feed to the
reformer (line 3). The feed is heated by heat exchange with reformer
upgrading reactor effluent in exchanger 10, before entering reformer 20.

25  The reformate of line 4 enters the reformate upgrading reactor 30, where it
is contacted with a catalyst comprising a zeolite. The effluent of reactor 30
(line 5) is cooled by heat exchange with feed in reactor 10 before passing
to a high pressure separator 40. In the high pressure separator, light ends
are compressed, and recycled to the feed while heavier materials exit the

30 separator as product, line 8.



separate vessel having its own feed stream(e.g., toluene cut fromthe 5
reformer). The upgradi ng vessel operates in parallel with the reforner
reactors. The feed streamto the reformate upgradi ng vessel (Sug AR
toluene cut from the reforner), is processed over the reformate upgrading
catalyst to 10 produce higher val ue proqgcts (e.g. additional benzene and
xyl ene). The product fromthe reformte upgradi ng vessel can then be
conbined with the reformer product, thus sharing phase separation and

extraction ' eformer. 15 Figure 3 is a sinplified
il lTustrati onfﬁ FE3 {pitdijbl el" flow schene. Naphtha (line 1) is heated
separately fromtoluene, line 2, by heat exchange in exchangers 10 and 20

respectively. #gﬁsht ha.is fed to the reformer 30, and tol uene, obtained
from the ref dPrIS cpafiguration, therefpamatenyparading satalstdsiconiainednera it is

contacted w u%g IHainePits Bvin frd U radi ng
react or 40 atrﬁp:aﬁéelere g‘r%?reHr%ﬂ It;‘:z'are cg% %(?E{é%nggﬁéﬁfgaélr?e%eg}n?a%wg
respect i vél y refammerbl ended prior to entering a high pressure separator 50,
where light ends (line 3) are conpressed and recycled to the feed while

heavier materials are renoved fromthe product (line 4). 25 Exanple |I The

base cat al yStTHtaép@raﬂﬂg%ﬁéhéél dpBHAtES M ﬁa]féﬂ]b?ﬁﬁth‘fg% rfdrvkr PEA&ESIs. Hl_fl%/g 05’

wi th Dow 550 silicone lynmer. A total of five selectivations were
carried out, feedistreame tpthe efoonatedupgradiagvessie) fsuchoas doluape cant flopst . 2 6

e o TR, R i s g 1
10 produce higher value products (e.g. additional benzene and xylene). The
product from the reformate upgrading vessel can then be combined with
the reformer product, thus sharing phase separation and extraction
hardware with the reformer.

15 Figure 3 is a simplified illustration, showing a "parallel" flow scheme.
Naphtha (line 1) is heated separately from toluene, line 2, by heat
exchange in exchangers 10 and 20 respectively. Naphtha is fed to the
reformer 30, and toluene, obtained from the reformer, is fed to the
reformate upgrading unit 40, where it is contacted with the upgrading

20 catalyst. The effluents from the upgrading reactor 40 and the reformer 30
are cooled in exchanger 10 and 20 respectively, then blended prior to
entering a high pressure separator 50, where light ends (line 3) are
compressed and recycled to the feed while heavier materials are removed
from the product (line 4).

25

Example 1

The base catalyst was prepared via multiple selectivation of parent HZSM-
5, with Dow-550 silicone polymer. A total of five selectivations were
30 carried out, each attempting to add 7.8 wt% polymer onto the catalyst.



5"jt, T. 711 -rk 1 c.. .w "i.4 C5-3.83 C6 Non-Aromatics5.52 n-Hexanel. 49
Met hyl pent anes2. 91 Di net hyl but anes0. 75 C7 Non- Aromati cs6.92 C8

Non- Aromati cs2. 91 Enzene4. 01 Tol uenel8. 04 Xyl enel9. 62 o-Xernq?aﬂgqmga

m Xyl ene9. 60 p- Xyl ene4. 30 Et hyl benzene4. 05 C9+35. 10 Exanple 3 I's exanpl e
shows an enriched product in accordance wth the process 10 of the present
I nvention. The exanple represents a procéss in which the entire reformate
may be contacted over the catalyst. The reformate of exanple 2 with tol uene
as cof eed wa ,gg}ed with the catalyst of exanple 1 in accordance with
t he process esent 15 invention. The conditions in which the feed
was contacted with the 2 6 MAR 2004 14 catal yst included a tenperature of

510C (950F), essyre of 827 kPa .
( ) Tell'nep Feed escr%ed in the foﬁowmg examples is a reformate that has the

composition given below.

3.83
Ce Non-Aromatics 5.52
n-Hexane 1.49
Methyipentanes 2.91
Dimethylbutanes 0.75
C7 Non-Aromatics 6.92
Cs Non-Aromatics 2.91
Enzene 4.01
Toluene 18.04
Xylene 19.62
o-Xylene 572
m-Xylene 9.60
p-Xylene 4.30
Ethylbenzene 4.05
Cgot+ 35.10

Example 3 *

This example shows an enriched product in accordance with the process
10  of the present invention. The example represents a process in which the

entire reformate may be contacted over the catalyst.

The reformate of example 2 with toluene as cofeed was contacted with the
catalyst of example 1 in accordance with the process of the present
15 invention. The conditions in which the feed was contacted with the



(120 psig), a WHSV to 10 hr"' and a H2/HC (nol ar) of 5:1.

n- HexaneO. 720. 00( 100. 00) Met hyl pent anes1. 391. 06( 23. 83) 2 6 M&R 2004

Di net hybut anes0. 360. 34(4. 37) Benzenel. 923. 3775. 34 Tol uene60. 7258. 33( 3. 93)
Xyl ene9. 4010. 4711. 30 o- Xyl ene2. 742. 781. 46 m Xyl ene4. 604. 610. 14

p- Xyl ene2. 063. 0849. 38 Et hyl benzenel. 941.1 8(24.07) C9+16.8216. 40( 2. 45)
Ch-1.834.23130.44 5 The data shown clearl'y denonstrates the change in

ref ormer product conposition as a result of toluene disproporti onat i on to

par 1wl ar CRATRINERAEE 5 e e @RI e kR 0 by

11. 3% and  bgm2epsig)na VEESattor 0 Bﬁb/antﬂTael-l‘lziHGd(ﬁlicﬂar)WSthe process used in
this 10 experinment. In addition, particular selectivity of p-xylene is
demonstrated in the data shown. The catalyst al so acconplishes selective
cracki ng of 3 mal
conver si on D4 15

Exanpl e 4 THi (0.

reformate, g—separat : catalyst _and the

requi r ed Methylpen anes . 1.06 (23:83)
Dimethybutanes 0.36 0.34 (4.37)
Benzene 1.92 3.37 75.34
Toluene 60.72 58.33 (3.83)
Xylene 9.40 10.47 11.30
o-Xylene 2.74 2.78 1.46
m-Xylene 4.60 4.61 0.14
p-Xylene 2.06 3.08 49.38
Ethylbenzene 1.94 1.48 (24.07)
Cot 16.82 16.40 (2.45)
Cs- 1.83 4.23 130.44

5 The data shown clearly demonstrates the change in reformer product
composition as a result of toluene disproportionation to benzene and
xylene as well as the dealkylation of alkyl benzenes. In particular, the
content of xylenes in the reformate product increased by 11.3% and
benzene increased 75.34% after undergoing the process used in this

10 experiment. In addition, particular selectivity of p-xylene is demonstrated

in the data shown.

The catalyst also accomplishes selective cracking of linear paraffins in the
presence of aromatics, with minimal conversion of branched and multi-
15  branched paraffins.



5 hydrogen is cofed. The reformate of exanple 2 with tol uene as cofeed was
contacted with the catalyst of exanple 1 in accordance with the process of
the present invention. Data were obtained at 827 kPag (120 psig»4;pﬁgﬁ
(950F), 10 WHSV 10 hr' and 2.5:1 nolar Hydrogen: Hydrocarbon. Feedc @b
n- HexaneO. 710. 42( 41. 45) N@thylpentanesl.%91.11(19.82)

D met hybut anes0. 360. 36( 0. 56) Benzenesl.é 3.4278. 67 Tol uene60. 9158. 56( 3. 86)
Xyl ene9. 3610. 239. 31 o- Xyl ene2. 732. 740. 29 m Xyl ene4. 584. 57( 0. 25)
p-Xerne2.05§%&§®@$Eg Et hyl benzenel. 931. 42(26. 72) C9+16. 7416. 25( 2. 89)
C5-1.834. 08173 data shown clearly denonstrates the change in
reformer product conposition as a result of selective tol uene

di sproportionation to benzene 15 and xylene as well| as the deal kyl ati on of

al kyl benzendd!s |§xample; reprasents 1 pregessemhese apostieny of theneefeanatenat e
product incr ¢gmKGEnlY :and ; % [ e % aft i ng the
process usedql nt R?ssgp%ép/ﬁﬁé i%o %aggi(p@%en@%t ga@s}i’d(#t i gﬁf’: Ll'ggrﬁi[’rig@ul ar
sel ectivi By diydpegen sroofed. denonstrated in the data shown. The catal yst
al so acconplishes selective cracking of linear paraffins in the

The reformate of example 2 with toluene as cofeed was contacted with the

catalyst of example 1 in accordance with the process of the present

invention. Data were obtained at 827 kPag (120 psig), 510°C (950°F),

10 WHSV 10 hr' and 2.5:1 molar Hydrogen:Hydrocarbon.

n-Hexane . 42 "
Methylpentanes 1.39 1.1 (19.82)
Dimethybutanes 0.36 0.36 (0.56)
Benzenes 1.91 3.42 78.67
Toluene 60.91 58.56 (3.86}
Xylene 9.36 10.23 9.31
o-Xylene 273 2.74 0.29
m-Xylene 458 4.57 (0.25)
p-Xylene 2.05 2.92 42.70
Ethylbenzene 1.93 1.42 (26.72)
Cot 16.74 16.25 (2.89)
Cs- 1.83 4.08 123.50

The data shown clearly demonstrates the change in reformer product
composition as a result of selective toluene disproportionation to benzene
15  and xylene as well as the dealkylation of alkyl benzenes. In particular, the
content of xylenes in the reformate product increased by 9.3% and
benzene increased 78.7% after undergoing the process used in this



5 presence of aromatics, with mniml conversion of branched and nulti -
branched paraffins. Exanple 5 10 The rhenium on ZSM 5 cat al yst 3eﬁ&?§7%€r ed
by incipient wetness inpregnation of HZSM5 extrudate with an \(gﬁ !
solution of amonium perrhenate. Exanple 6 15 The exanple represents a
process in which the entire reformate st ﬁeam may be contacted over a
catalyst. The reformate of exanple 2 with toluene as cofeed was contacted
with the 20 catalyst of exanple 5 in accordance with the process of the

Cont act ed v tRepmerte 1A Rlor, HarEart el 6 aUEReds Behidifafed
pressure of |ﬂﬂ‘§§dht&a§hc(v&r20 psig), a WHSV of 10 hr' and a H2/HC rati o of

5:1. The results of this experinent are as follows: 25 2 6 MAR 2904 17
n- HexaneO. 740. 00( 100. 00) 7 Met hyl pent anesl1. 430. 00( 100. 00)

Tol uenes. 6243 o7 By shaieaRRmIENES deterae Fradkiy of inear parsfins jnshe
m Xy ene4583memoﬁzarpnmylbe,nwﬂh(mmlmallsﬁn\lémlon of branched and multi-
branched paraffins.

Example 5

10 The rhenium on ZSM-5 catalyst was prepared by incipient wetness
impregnation of HZSM-5 extrudate with an aqueous solution of ammonium
perrhenate.

Example 6
15

The example represents a process in which the entire reformate stream
may be contacted over a catalyst.

The reformate of example 2 with toluene as cofeed was contacted with the
20 catalyst of example 5 in accordance with the process of the present
invention. The conditions in which the reformate product was contacted
with the catalyst included a temperature of 510°C (950°F), a pressure of
1827 kPag (120 psig), a WHSV of 10 hr' and a Hx/HC ratio of 5:1. The
results of this experiment are as follows:
25



Et hyl benzene2. 000. 37(81. 50) C9+17.298. 79(49. 16) C5-1.8914. 34(658.73) This
catal yst displays significantly high activity for tol uene

di sproportionation (TDP) and a substantial increase in benzene conggqﬁRq@45
567. 17% and xyl ene content of 104.24% Also evident is conversion of %dt%
n- and branched paraffins. No shape-selggtivity effects are observed in
either TDP or paraffin conversion, since the catalyst is unselectivated.
The product stream shows significant deal kyl ati on of al kyl ated aromati cs

as observed in the decline in C9+ yield by 49.16% C5- content also 10

i ncreases significantl sis of benzene purity in the product reveal ed

a purity of
coboilers. F Sk n
obt ai ni ng sdls 15 Befene w t hout0-8Q¢t ract | on. (0G0 A 2ug 18
5 10 15 20 2 T A Uit jstage [ tegragpgdprofess;t pgradi ng a
petrol eum na?ﬂ?ﬁgwdpgér;%#si ng tﬁlé'h%t eps pf: (a 'blﬁnt rodpci ng'qt?igﬁ aphtha to
a catal yti c |Difrethymgantésge corgpd7sing g plur@hpty of [ ope(#d0.08} ¥
connect ed catalast zones fincluding a first catalyst zbne and a | ast
cat a| yst Z oM @,enzene 198. 1321 56717
Toluene 59.62 42.97 (27.93)
Xylenes 9.67 19.75 104.24
o-Xylene 2.82 478 69.50
m-Xylene 4.83 10.28 112.84
p-Xylene 2.02 4.69 132.18
Ethylbenzene 2.00 0.37 (81.50)
Cot+ 17.29 8.79 (49.16)
Cs- 1.89 14.34 (658.73)

This catalyst displays significantly high activity for toluene
disproportionation (TDP) and a substantial increase in benzene content of
5 567.17% and xyiene content of 104.24%. Also evident is conversion of
both n- and branched paraffins. No shape-selectivity effects are observed
in either TDP or paraffin conversion, since the catalyst is unselectivated.
The product stream shows significant dealkylation of alkylated aromatics
as observed in the decline in Cgo+ yield by 49.16%. Cs- content also

10 increases significantly.

Analysis of benzene purity in the product revealed a purity of over 99.94%,
due to elimination of almost all benzene coboilers. Therefore, an
additional advantage of this invention is in obtaining saleable quality

15 benzene without extraction.



the | ast catal yst zone being nmai ntai ned under reformng conditions of
tenperature ranging fromat |east 482C (800F) to 1200C (2192F) and
pressure of from 103 kPa (0 psig) to 6895 kPa (1000 psig), a WHSV bof4¥ Mom
0 to 50/hr and a hydrogen to hydrocarbon nole ratio of fromO to 10, in
order to provide an internedi ate product1 conprising aromatics and
paraffins; (b) transferring without interstage separation at |east a
portion of the internediate product of the last catalyst zone, and further
conprising t@ugiMgs to a synthesis zone for benzene and xylenes, the

synt hesi s zone conprising at | east one catal yst, wherein the synthesis
zone is operatively connected to the |ast catalyst zone of the reformng
stage of step (a),,the. synthesis zone bei mai n{ ai ned under condjtions of
tenperature rangi r‘fb"?lﬁWé? 'mtsa@teéW@fég}mwdﬁbe@etm‘wmm@
pressure of from kg iding thePsteps of0 6895 kPa (1000 psig), a WHSV of from
0 to 50/ hr and a hydrogen to hydrocarbon nole ratio of fromO to 10, the
catal yst 6f the synthesis zone conprising a nolecul ar sieve having an

al pha val ue greater, than 100. and a sorptiopn tine . of .greater. than 50

ni nut es based on ﬁ?g CA'EES?: Yoyng oﬁ?or%pgﬁ%‘o t%ecat@[wglf Ppﬂmgcasg%%ty of
ortho xylene at 120C ang rl@?rh%n@ pRIFGRY UbE Per&flbly/ coldbetEé® Edtafyst- 0. 8 mm
of mercury) to 2 6 MAR 2004 1 provi de” a hydrocarbon product of Higher

benzene and xyl ene corRo8Rs in¢ludingiafitshcatalysiizane andoallrst cetalystezanest _
catalyst _ zone of the heLopll NG5} 80508 Beind FraiBHERS uBleF! Bldfiing Mer €1 1

the ranges for synthesi
10 conditions of temperature ranging from at least 482°C

(800°F) to 1200°C (2192°F) and pressure of from 103 kPa (0

psig) to 6895 kPa (1000 psig), a WHSV of from 0 to 50/hr

and a hydrogen to hydrocarbon mole ratio of from 0 to 10, in

order to provide an intermediate product comprising
15 aromatics and paraffins;

(b) transferring without interstage separation at least a portion of
the intermediate product of the last catalyst zone, and further
comprising toluene, to a synthesis zone for benzene and

20 xylenes, the synthesis zone comprising at least one catalyst,
wherein the synthesis zone is operatively connected to the
last catalyst zone of the reforming stage of step (a), the
synthesis zone being maintained under conditions of
temperature ranging from at least 300°C (572°F) to 1200°C

25 (2192°F) and pressure of from 103 kPa (0 psig) to 6895 kPa
(1000 psig), a WHSV of from 0 to 50/hr and a hydrogen to
hydrocarbon mole ratio of from 0 to 10, the catalyst of the
synthesis zone comprising a molecular sieve having an
alpha value greater than 100, and a sorption time of greater

30 than 50 minutes based on its capacity to sorb 30% of the
equilibrium capacity of ortho xylene at 120°C and a xylene
pressure of 600 +/- 107 Pa (4.5+/-0.8 mm of mercury) to



conditions are fromat |east 399C (750F) to 560C (1050F), 50- 2859 kPa
(0-400 psig) a WHSV of fromO0.5 to 30/hr and a hydrogen to hydrocarbon
nmole ratio of from1 to 5. 10 3. The process of any precedi ng cl afrifARi2A04
whi ch the catal yst of step (b) further conprises as a hydrogenation
component a netal which is selected fr_cI]?Group VIB, VIIB or VIIl of the
Periodic Table of the El enents. 15 4. e process of any preceding claim
wherein the nol ecular sieve of the catalyst of step (b) is selected from

t he group consi sting of A 4 23,
Vo 95 Pz a1 Mo SPTOfER Bvdrokarkbn grbibceor ighrienzeatil AL o)
SAPO-5, and SAPO 18. 2Godhteriththapr thexdstemrhediate rpréduct vhitied lastecatatyaltyst of
step (b) is a diffusion m)q:i {ii%ed cat al yst contai ning a hydrogenation
conponent being Pt, PFONRPT the refogmingstagea conbinati on thereof. 25 6. The
process of any preceding claim in which the synthesis zone of step (b) is
In a vessel separate fromthe reform ng stage of step (a), the synthesis

zone of sfepd b) ddwppretess af chaisel, wdareinethd rangesdor gynthesisomenat i ng of
a fixed bed, novin d_fluidized bed r_regi,ne,.
nul ti stage integr af‘t%é'gﬁﬁngc §s rqrgrﬁulgaﬁgagéf& ?%(gﬁ (5‘?5?%\ ﬁea(ﬂﬂgﬁyg)*_é@ﬁpri si ng
the steps of: 2 6 2488 K9 €0-400psid) alWHSV of from 0.5 to 30/hr and a hydrogen

to hydrocarbon mole ratio of from 1 to 5.

10 3. The process of any preceding claim, in which the catalyst of step (b}
further comprises as a hydrogenation component a metal which is
selected from Group VIB, VIIB or Vill of the Periodic Table of the
Elements.

15 4. The process of any preceding claim, wherein the molecuiar sieve of
the catalyst of step (b) is selected from the group consisting of
ZSM-5, ZSM-11, ZSM-12, ZSM-35, ZSM-38, ZSM-23, ZS5M-48,
ZSM-51, MCM-22, MCM-36, zeolite beta, SAPO-11, SAPO-34,
SAPO-31, SAPO-5, and SAPO-18.

20

5. The process of claim 3 in which the catalyst of step (b) is a diffusion

modified catalyst containing a hydrogenation component being Pt,
Pd, Re, Fe, Mo, Ru or a combination thereof.

25 6. The process of any preceding claim, in which the synthesis zone of
step (b) is in a vessel separate from the reforming stage of step (a),
the synthesis zone of step (b) comprising a vessel selected from the
group consisting of a fixed bed, moving bed, fluidized bed, or
tubular regime.

30

7. A multistage integrated process for upgrading a petroleum naphtha
comprising the steps of:




(a) introducing the naphtha to a catalytic reform ng stage conprising a
plurality of operatively connected catalyst zones including a first

catal yst zone and a | ast catal yst zone, the |ast catalyst zone bZHmar 790
mai nt ai ned under reformng conditions of tenperature ranging fromat | east
482C (800F) to 1200C (2192F) and pressupe of from103 kPa (0 psig) to
6895 kPa (1000 psig), a WHSV of fromO to0 50/hr and a hydrogen to

hydr ocarbon nole ratio of fromO to 10, in order to provide an

i ntermedi ate product conprising aromatics and paraffins; (b) passing at

| east a portion of the internmedi ate product of the |ast catalyst zone to a
separ at or oper at edapt finigbdymieg sthee; ndphthpats i angeatalytie aséformingy tstage of t he
lighter boiling effluent of  step E]Ezﬁ to a_mXi ng zone where it is conbined
with a stream which cdHIPREY +3) BRtlty 28 (eperativeiyr epnneried healdlystuent of

step (c) to a synthesi s;o%@88n |eaingb§ﬂ§§glstﬁgg (az’é)s‘ubﬁdt}ﬁfa _|é§i%a%aw§tgfoﬂe§ zone

conprising at |east one catalyst, esi' s zone
oper ativeby connected the last dadalystc aoaéybeingomainthinelde undéprneforgiisg age of

t , th t hesi bei d diti, f 2
faﬁgi ﬁlg) f romea;sylneagtSI %%ﬂt%@‘?gl gtegﬁlﬁééﬁ%gn(é@g&)sﬁa% %r L%eargrerégé#gfer om
103 kPa (0 psig) to 68380h%9 to(1329@@cg?hf92QF)\élg@%re§s&rb%mFbﬁﬂowm( nd a

hydrogen to hydrocarbon nole ratio rom 0, the catal yst of the

synthesi s zone conpri siksig)aton$i89SukRa (30QY psigdva MYHEV o franp Batov80/he

o capaci ty to sorb. acUitor MHERel iofifBh Thoteirad o7 oM RbHh e e "
120C and1a xylene 2 6 MMe2Of} provide an intermediate product comprising

aromatics and paraffins;

(b} passing at least a portion of the intermediate product of the
last catalyst zone to a separator operated at high pressure;

15
(¢) passing at least a portion of the lighter boiling effluent of step
(b) to a mixing zone where it is combined with a stream
which comprises toluene;
20 (d) transferring the effluent of step (c) to a synthesis zone for

benzene and xylenes, the synthesis zone comprising at least
one catalyst, wherein the synthesis zone is operatively
connected to the last catalyst zone of the reforming stage of
step (a), the synthesis zone being under conditions of
25 temperature ranging from at least 300°C (572°F) to 1200°C
(2192°F) and pressure of from 103 kPa (0 psig) to 6895 kPa
(1000 psig). WHSV of from 0 to 50/hr and a hydrogen to
hydrocarbon mole ratio of from 0 to 10, the catalyst of the
synthesis zone comprising a molecular sieve having an
30 alpha value greater than 100, and a sorption time of greater
than 50 minutes based on its capacity to sorb 30% of the
equilibrium capacity of ortho xylene at 120°C and a xylene



21 pressure of 600 +1- 107 Pa (4.5+/-0.8 mmof nmercury), to provide a
hydr ocar bon product of hi gher benzene and xylene content than the

i nternmedi ate product of the last catalyst zone of the reforningmfﬁqggqmﬁ
10 (e) conbining at |least a portion of the effluent of step (d) h “at

|l east a portion of the effluent of step,a), the conbined streamthen
entering a separator, fromwhich at least a portion of the lighter
fraction is recycled to either step (a) or step (b), while the heavier

fraction is renmoved aSﬂFﬁ%t of 800 14)e 1W70?§S Sl.¢8ahm bf M@@ﬂ)?éégg

preferred ranges for s esis zone conditrons are fromat

(750F) to 560C (1050F)progilezsbydroParbod-protduptsefdligheriéinzent dndrylénd to
30/hr 15 and a hydrogen to hé_\dro arbon nol e rati& of {rom 1tob5 9. The
process of claim7 or éfo'lt;\ﬂétr an terpgdiate frodued,of dhe jlast gatabysted with

streams sel ected from thpedsfaHe rénting dtageof full range reformate,
dehexani zed reformate, CCR product, stTral gh't run 20 product, or blends of

toluene ahd reformate prior to entering step (d). 10. The process of any

preceding claim i,n, which t.he catalyst of.st b i uhjected. to . one or
more silica sel ectPlat ictf’ﬁnli'f'@ﬁsa ilﬁa%tr%gprt{og %h%r%p'éﬂi'e&tsgé? ?é) w'“_% at o

shape-sel ectivity of thgastahapysiont 6f the &fasbhedf el @), e |@nBhadai ni ng
commercially acceptable |evels of hydrocarbon conversion. 11. The process
of any preceding cl ai mstieanpHhen enferipgt al senarators figpn (which3at leastedses an

alpha in the range f rorﬂo%%’n WP tﬂéﬂghter fraction is recycled to either step (a) or
10 step (b), while the heavier fraction is removed as product.

8. The process of claim 7, wherein the preferred ranges for synthesis
zone conditions are from at least 399°C (750°F) to 560°C
(1050°F), 50-2859 kPa (0400 psig) a WHSV of from 0.5 to 30/hr

15 and a hydrogen to hydrocarbon mole ratio of from 1 to 5.

9. The process of claim 7 or 8, wherein the effluent of step (c) is
combined with streams selected from the group consisting of full
range reformate, dehexanized reformate, CCR product, straight run

20 product, or blends of toluene and reformate prior to entering step

(d).

10.  The process of any preceding claim, in which the catalyst of step (b)

is subjected to one or more silica selectivation steps in order to

25 increase the shape-selectivity of the catalyst to the desired levels
while maintaining commercially acceptable levels of hydrocarbon

conversion.

11.  The process of any preceding claim, in which the catalyst of step (b)
30 possesses an alpha in the range from 200 to 750.



