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BACKGROUND OF THE INVENTION

I, Field of the Invention

[6631] The ficld of invention relates to the production of mixed xylenes. Moere specitically,

the field relates to the production of mixed xylenes using heavy reformate.

2. Description of the Related Art

[0802] Petrochemical refiners are facing issues with the wtilization of heavy reformate
streams. Environmenial regulations are 'iiﬁ).iii:ﬂ.g the amount of aromatics {Co6+) content 1n
gasoline fuel. Gasoline refiners and blenders traditionally use C6+ aromatics, which include
the C6-8 BTEX components (Benzene, Toluene, Ethyibenzene and mixed Xylenes) to

improve ootane ratings and anti-knocking ativibutes of motor fuels

[0803] Although motor fuel use s a major consumer of BTEX cowmponents, each of the
BTEX products has aiternative markets for thewr use besides meotor fuels, Benzene 15 3
widely used precursor for many chemical and solvation processes. Toluene and ethyibenzens

are nlse renctants and precursors in chemical and polymerization processes.  The three

isomers of xyiens (CeHd ~ parae-xvienc (p-uylene), mefa-xylene (m-xylene} snd ortho-

S

svlene {o-xvlene) - are all petrochemical feedstocks of value.

{004] "Mixed xylenes” 1o mixture of all three gylene isomers. Porylens 3s a feed fo

polvester, a polymior with sigrificant and growing global demand. O-xylenc is the feedstock

for phihalic anhvdride manufacturing, which, in wmn, feeds atkyd resin and urcthans

production. A-xvlens has 3 lower commercial demand than the other two xylenes and makes

isophthalic acid and plasticizers. When mixed xylenes form during catalyviic reformation,

meig-xylene forms in greaier amouns than porg-wylene and orbo-sylene becuuse of
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thermodynamics. Market demand, however, currently favors p-xylene followed distantly by

-xylene.

{9805] Reformate, which 1s the bottoms product from vapliha catalytic reforming, and

{“pygas™}, a byproduct of ethylens cracking, are the usual sources for these

pyrolysis gasoline
compounds.  Extracting the BTEX components from reformate and pygas leaves a heavy
reformate, which comprises maindy C9+ alkyl aromatic compounds {pygas may alse contain

diolefing}. Heavy reformale can also form from running hydrogen production process at

‘70

reater severity (that is, temperature) to produce additional hydrogen alkanecs and olefins

from the same naphtha feedstock.

96057 The heavy reformate ag a chemical strearn in and of itself has little direct commercial
value.  Any ability to blend away T8+ alkyl aromatics into gasohine pools is shrinking
rapidly.

J0807] Toluene is not usually found in heavy reformate as it has been previously recovered or
the heavy reformate forms under severe processing conditions such that light aromatics like
tofluene do not form. Often petrochemical refiners that use transalkylation to convert tri-

methyi benzenes found in heavy reformate into xylenes add previously extracted ioluene back

e

imto the heavy reformate stream.  This is 2 wasie of processing energy a:

1 pnnecessarily

mereasss capital expenditure.

SUMMARY OF THE INVENTION

{B608] A deslkyiation-transatkylation system that is usefui for forming mixed xviengs from a

heavy reformate thal includes both methyl ethyl benzenes and tri-methy benrenes includes a
dealkyiation stage, a pon-arornatic product gas separaiions stage and a émns&lkyimioa stage.

iation catalyst

The deatkylation stage contains a hydrodealkylation catalyst. The hydro

is operable to selectively convert methyl ethyl benzenes and hydrogen into toluenc and a non-

)

srematic product gas.  The dealkylation stage is operable to recetve both a hydrogen-

contaming material and the heavy reformale, and it s operable 1o also produce a dealkylation

stage product thal contains toluene, tri-mothy! benzenes and non-aromatic product gas. The

1

Yation stage. The

non-aromatic product gas separations stage is fheidly coupled to the deal

non-gromatic product gas separations stage 18 operable o receive the dealkviation slage

product, and it is operable {o produce separately the non-aromatic product gas
dealkyiation heavy reformate that containg (oleene and  Wi-methyl benzenes. The

ransalkylation stage s flndly coupled to the non-aromatic product gas separations stage and



WO 2013/158956 PCT/US2013/037304

containg a transalkylation catalyst. The transalkylation catalyst is operable to selectively

convert tri-methyl benzenes and toluene te puxed xylencs. The bydrodealkylation catalyst

Cl:r

and the transalkyvlation catalyst are not the sarne malerial.  The transatkylaton stage i
operable to receive the dealkylation heavy refornate, and i is operable (o produce a
transalkylation stage product that contains mixed xylenes. The hydrodealkylation cotalyst
and the transalkylation catalyst are not contained in the same stage.

[8809] A method of forming mixed xylenes from a heavy reformate using the dealkylation-
transalkylation system includes the step of introducing both the heavy reformate and a

hydrogen-contaivmg material into the dealkylation stage of the dealkylation-transalkylation

systern such that the heavy reformate and e hydrogen-contaiung malerial intermingle and
contact the hydrodeallcylation catalyst. The introduced heavy reformate includes 3 significant
amount of both methyl ethyl benzenes and tri-methyl benzenes and is substantially free of
tohuene by weight. The introduced hydrogen-containing material includes hydrogen. The
method also includes the step of operating the dealkyiation stage such that bath 1oluene forms
from the reaction of methyl ethyl benzepes and hydrogen i the presence of the
‘hydrodealkylation catalyst and a dealkviation stage product is produced. The dealkylation
stage product includes toluene, fri-methy! benzenes and non-aromatic product gas.  The
method aise includes operating the non-aromatic product gas separations stage such that the
non-aromatic product gas and a dealkylation heavy reformale are produced separately. The
dealkylation heavy reformate comprises tohuene and tri-methy] benzenes. The methed also
includes the step of introducing the deatkylaied heavy reformate into the transalkylation stage

such that the dealloylated heavy reformate contacts a transalkviation catalyst, The method

1

also inchudes the step of operating the transalkylation stage such that both mixed xylenes

and toluene in the presence of the

forra from the seaction of tri-me
ransalkylation caralyst and a transalkylation st oroduct is produced. The transalkylation

stage product mixture includes mixed xyienes.

HHHG] A way to produce mixed xylenss and other BTEX components from a heavy
reformate containing C9+ aromatics ases transalkylation to react rismethy! benzenes

(“T™Bs™), which are €9 alky! aromatics found in heavy rcformate, with toluene in the

presence of a transatkylation-selective catalvst to form mixed xylenes.

(0611 In the method, {oluene is formed in-sifn as the heavy reformale is processed befor

gransalkyvlation. A preceding deatkyvlation process using a hvdrodesikylation catalyst a

hydrogen sclectively converts methy! othvl benzones ("MEBS”} intreduced with the heavy

s
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reformate into tohuene and ethane. A downsiream non-aromatic product gas separations
process removes the alkane product gases and wireacted hydvogen froms the dealkylated

aromatics before transalkylation,

I38#12] The method calls for converting the heavy reformate in two separate stages (reactors

&

t.')

in series). In the deallkylation stage, a selective dealkylation catalyst maximizes {he in-sit
tohuene production by selechve hydrodealkylation of the MEBs. In the transalkylation stage,
the selective transalkyiation catalyst processes the resuftant of the dealkylation stage after

degassing. Toluene in the dealkylated heavy reformate transalkylates the TMBs, which are
unconverted in the dealkylation stage, into mixed xylenes wn the trausatkylation stage. The
systera operates such that p-xylene preferably forms by appropriate section of ihe

transafloylation catalvst and managemcent of operating conditions of the fransalkyiation stage

FrE 3] Useful amounts of benzene, tohiene, alkanes and olefins, which are all commercially
valuable, form during the deatkylation-transalkylation process. In a variety of embodiments
to the method, at least some of the benrene, toluene, mwixed xylenes and m-xylene are
recycled to alter the thermodynamics of the transalkviation process and enhance ths

production of p-aviene.

[8614] The dealkylation-transalkylation method enables the maximization of xylenes from
fow-value heavy reformates (C9+), Using the dealkylation-transalkylation two-stage reaction
system, the destkylation stsge maximizes the dealloylation of the MEBs in the heavy
reformate for iu-sie generation of toluene and the downstrearn transalkylation stage
gefectively transatkylates the TMBs with the Jjo-sits generated toluene. This separate and
distinet two-part yeaction sysiem improves the vield of the mixed xylenes for the heavy

reformate material over a singic stage of vessel system. A single catalyst that is optimally

-

selective for dealbylation at a particular set of operating conditions is not alse optimally

=

selective for trassalkyviation at the same operating conditions, and vice versa,  Different

catalyst and operating conditions improve efficioncy and selectivity, Using a dual-catalyst
system i a single-stage or vessel system can cause €94 alkyl aromatics such as TMBs (o
disproportionate or transalkylaie into heavier alkyl avomatics. Such side-reactions can cause

rapid catatyst deactivanon via coking and the formation of polyaromatics.

{B015] The dealkylation-transalkylation method removes light, non-aromatic proeduct gases

i

from the dealkylation product before it is introduced into the vessel wher

transalkylation occurs. This degassing reduces the physical size of the vessel required for the
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transalkyiation stape. The removal of the non-aromatic gases also improves the efficicney of
the transalkylation process by removing diluent materials. In single-stage syslems using a
dual-catalyst system, Hght gases that form during the dealkylation process cause an increase

in the volune of the catalyst bed as entrained gases attempt to escape the caialyst bed.

{816] The dealkylation-transatkylation method does not require the introduction or recycle
of benzene, tohicne, mixed xylenes, meta-xylene or any other aromatic streams nto the
system beyond the treaied heavy reformate. Since the dealkylation stage generates toluene
in~sitis, the introduction of virgin aromatics fo assist in the conversion of C9+ alky! aromatics
is not required. Such materials can be optionally recyeled from downstream refining process

1o form desired system producls at desired ratios o one another,

18017] The method of using the dealkylation-transalkylation, using a low-value heavy
reformate stream and a Hitle hydrogen, can produce a spectrum of useful and commercially
valuable chemicals that greatly improves the economics for a petrochemical processor. The
in-situ generation of toluene as part of the process not only consumes MEBs and converts
them to useful components b also eliminates the requirement for using prior-processed
BTEX chemicals for effecting the conversion of TMBs. Optionally, at least a poriion of the
benzene, toluene, or one or more isomers of xylenes, including wixed xyiene and merq-
sylene, can be recycled and reimiroduced into the mansalkylation stage or the dealkylanion
stage to change the intermediate and final product mixtures. ihc conversion of MEBs into
toluene /i situ provides sutficient toluene for convesrsion of the remaining TMBs into mixed

xyienas

BRIEF DESCRIPTION OF THE DRAWINGS

{B018] These and other features, aspects, and advaniage of the present invention will be
better undersiood with regard to the foliowing Detailed Description, appended Claims, and

accompanying Figures, where:

819 Figure 1 ix a process flow dizgram for an embodiment of the dealkylation-
3 s fi) J

transallovlaiion system; and

28] Figure 2 s a process flow diagram for an embodiment of the dealkylation-

travsalkylation systemn that inchades additional recycling and separations processes.
[0821] In the accompanying Figures, a similar component or feature, or both, may have 4

similar referense label.
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{0022] The Figures are general process flow diagrams of an embodiment of the dealkylation-
transalkylation system. The Figiwes and #ts descrniption facilitate a better understanding of the
deaikylatton-transalkylation system and ifs method of use. In no way should the Figures Lt

or define the scope of the enifon, The Fiowres are a simple diagram for ease of
& o

deseription.  Those of ordinary skill in the art understand that such systems are complex

structures with ancillary equipment and subsysiems that render them operabie for their

imended purpose.
DETAILED DESCRIFPTION OF THE PREFERRED EMBODIMENTS
18623} The Specification, which includes the Summary of Invention, Brief Description of the

Drawings and the Detatled Description of the Preferred Embodiments, and the appended

Claims refer to particular features (includimg process or method stepsy of the invention.

Those of skill in the art understand thai the invention includes all possible combinations and

skill in the art understand

uses of particular features described in the Specification. Those o
that the invention is not limited to or by the description of embodiments given i the
Specification. The inventive subject matier is not restricted except only in the spirit of the

Specification and appended Claims.

{06241 Those of skill in the art also understand that the terminology used for describing
particular embodiments does uot Hmit the scope or breadth of the invention. In inlerpreting
the Specification and appended Claims, all terms should be interpreted in the broadest
possible manner consistent with the context of cach term. Al technical and scientific terims
used in the Specification and appended Claims bave the same ieaning as commonly

understood by one of ordinary skill in the art o which this invention belongs unless defined

otherwise.
18025 As used in ihe Specification and appended Clabms, the singular forms “a”, “an”, and
“the” include plaral referepces unless the context clearly indicates otherwise.  The verb

“comprises” and s conjugated forms should be intarproted as weferning to clemoents,
components or steps in & non-exclusive mannar. The referenced elements, compenents or

steps may be ps'eser-"s, utilized or combined with other elements, componenis or steps not

expresaly reforend ced. The verb b “eouple” and ds corgugated forms means o complete any

4

ction, inchiding clectrical, mechanical or f] o form a

plar object

e

type of reg

2
from two or more previously non-joined objects. H a first device couples 1o @ second device,

the conmaction can oceur either disecily or through a common conpector. “Optionally”™ anc

o

B



WO 2013/158956 PCT/US2013/037304

its various forms mmeans that the sobseguently described event or circumstance may or may
not ocour. The description includes instances where the event or circumstance occwrs and
instances where ot does not occur. “Operable” and its varous forms means it for 1s proper
functioning and able fo be used for #e intended use. "Associated” and its various forms

means something connacted with something else because they oceur together or that one

produces the other.

{0826] Spatial tevms deseribe the relative positton of an object or a_group of objects relative
to another object or group of ohjecis. The spatial relationships apply along vertical and
horizondal axes. Orientation and relattonal words including “upstream” and “downstream”
and other like lerms are for descriptive convenicnce and are not limiting unless otherwise

indicated,

[27] Where the Specification or the appended Claims provide a range of values, 3t is
undersiood that the inlerval encompasses each intervening valne betwaen the upper limit and
the lower himit as well as the upper limit and the lower hodt. The mvention cncompasses and
bounids smaller ranges of the injerval subject to any specific exclusion provided.
“Substantially free” means less than 1% by the indicated unit of measure.  “Significant”
means equal to oy greater than {0% by the indicaled unit of measure. “Detectable amount”

means 0.1% by the indicated unit of measure.

{DO28] Where the Specification and appended Claims reference a method comprising two or
more defined steps, the defined sieps can be carried out in any order or simuliancously except
where the context excludes that possibility.

[B028] When a patent or a publication s veferenced in this disclosure, the reforence s
mcorporated by reference and in its entirely 1o the extent that it does not contradint statements

made in this disclosure.

Figure
[0830] Figure 1 is a process flow diagram for an embodiroent of the dealkylation-

ransalkylation systom. Process 100 begins with the introduction of €9+ heavy reformate

alky! aromatics of the {8 and C10 variety and is

feed stream 102, Feed stream 102 contas

vaporized.  Feed stremm 107 combines with hydrogen recycle stream 104 and heavy

v a combined foeed stream 08, Process 160 passes

arcinatics reeyele stream 106, form

combined feed stream 108 into dealkylaiion reactor 1
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{0031] A catalytic hydrodealkylation reaction in dealkylation reactor 110 removes the atkyl
groups ctbyvl and higher from their associated aromatic rings. The conversion of the feed

ies

results in the formation of hight alkanes, which inchides cthane, and olefins, which inclu
propyieng. In addition, some unused hydrogen passes from dealkylation reactor 1100 The
tight, non-aromatic gases separate from the aromatica and move through dealkyvlator tights
‘siveam 112 o gas processing system 14, The dealkylation arcmatics, whick include
benzene, tohiene and other methylated aromatics, pass from dealkvlation reacior 110 through

dealkyiation reactor product stream 116,

[6632] Dealkylation reactor product stream 116 introduces the dealkylated heavy reformate
into trapsalkylation reactor V18 Transalkylation reacior 18 promedes the reaction of
benzene and toluene with the tri-methylated aromatics to form mixed xylenes and tolucne.
Digproportionation of methylated aromatics also creates additional mixed xylenes and €10
alikyl aromatics. The xylene-rich product stream passes from bransalkylation reactor 118
through aviene splitter feed stream 120,
{0033] Aromatics splitfer feed stream 120 iniroduces the xylene-rich product steam to
arcnatics splitter 122, Aromatics splitter 122 selectively separates apd passes product
streamas of benzene 124, toluene 126 and mixed xvlenes 128, Aromatics splitter hghis stream
30 passes atkanes and olefins formed #n transalkylation reactor 118 10 gas processing system

P14 for separation. Frocess 100 recycles heavier-than-xylene (C9+) allkyl aromatics, which

inciude CI1{ alkyl aromatics formed in fransalkylation reactor 11¥, through heavy aromatics

vele stream 106,

(.

{0034} Gas processing system 14 receives the contents of dealkvlator Hghts stream 112 and

Gromatics spimm lights stream 130 and separates the hydrogen from the alkancs and olefins.

system HHd to

HMydrogen recycle stream 104 conveys hydrogen passing from g

the upstream portéos‘: of process 100 for use in cieeﬂk},'}aii{,\n reactor 110 as a hydrogen-

containing material,  Light chemicals stream 132 transports the alkanes and the olefins to
processes ouiside of process 100

Figuse 2

HHI3S] Figure 2 i5 a process flow diagram for an embodiment of the dealkylation-

OCCSSES.  Process

transalkviation system that includes additions] recyehng and separation

: and sg Ons Pprovess 1o maximize xylene

200 takes advaniage of additional recye

£

hucuen. Process 200 beging with the introduction of C94+ heavy reformate feed stream

(“
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202, Feed stream 202 contains C9+ alkyl aromatics. Feed stream 202, hvdrogen recvele
stream 204 and heavy aromatics recycle stream 206 cach pass inlo dealkylation reactor 110

separately.

18036] The catalytic hydrodesaikylation reaction in dealkyviation reactor 210 removes alkyl
groups higher than ethyl from their associated aromatic rings. A mixed dealkylated heavy
reformate and Hght, non-aromatic gases passes from dealkyilation reactor 210 through

dealkviation reactor product stream 216,

[0837] Dealkylation reactor product stream 216 introduces the mixed dealkylated heavy
reformate and light, non-aromatic gases mto pon-aromatic gas separator 232, Non-sromatic
gas separator 252 separates the won-aromatic gases, which includes hydrogen, from the
dealkylated heavy reformate. Process 200 directs the light, non-aromatic gases from non-
sromatic gas separator 252 through dealkylator lights stream 212 info gas processing system
214, Process 200 also directs the dealkylated heavy reformate from non-aromatic gas
separator 252 through transalkylation reactor feed stream 259 toward transalkyvlation reactor

218.

[6838] Before introduction into fransalkylation reactor 21§, optionally, at least a portion of
the produced benzene is introdoced through benzene reeycle stream 254, at least a portion of
the produced toluene is miroduced through toluene recycle stream 256 and at least a portion
of the produced wrefa-xylene is introduced through m-xylene recycle stream 258, Figure 2
shows the optional abibity to supplement the dealkylated heavy reformate with at least some,

if not all, of the production mmounts of m-xylene, tohene and benzene, forming 2

supplemented dealkylated heavy reformaie. clective supplementation mcreases the ratio
of C6-8s in the transaikyiation reactor feed strecam 250 1o aller the reaction output of

transalkyiation reactor 218 and facilitate p- and o-xylene production.

08397 Transaliiylation reactor feed stream 250 miroduces the supplemenied dealkylated
heavy reformate into transalkyiation rcactor 218, Transalkylation reactor 218 facilitates the
benzene and toluene reaction with the methviated aromatics to form mixed xylenes and
toluene.  The xylenc-rich product siream passes from transalkyiation reactor 218 through

splitter feed stream 220

schuct stream 1o aromatics

00848] Splitier feed stream 220 introduces the xvlene-rich
+ R

spiifter 222, Aromaiizs splitfer 222 separates and produees product streams of benzens 224,

toluene 226 and mixed xylones 228, Process 200 s operabic to reevele both at least a

7
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portien, if not ali, of the produced benzene through benzene recycie stream 254 and at least a
portion, if pot all, of the 1elucne through toluene recycle stream 256 (o upstream portions of
pracess 200, Aromatics splitter 222 passes the mixed xvlenes through mixed xylenes product
strear 228 to xylene separations 262 for additional processing.  Aromatics splitter Hghts
streamy 230 passes light alkancs and olefins to gas processing system 214 for further
separation.  Heavier-than-xylene (C9+) alkyl aromatics are recycled in process 200 through

heavy aromatics recycle stream 200.

8841} Xyleno separations 262 sclectively separates and produces produet streams of p-
xylene 2064, ¢-xylene 266 and me-xylene 268 from the introduced mixed xvienes streap
Process 200 is operable to recycle at least a portion, if not all, of the produced m-xylens

through m-xvlene recycle sircam 2358 to upstream portions of process 200,

{38427 Gas processing system 214 receives dealkylator lights stream 212 and aromatic
spiitter lights stream 130 and separates the alkanes and the clefins from fhe hydrogen.

Hydrogen recycle stream 204 passes hydrogen from gas processing svstem 214 1o

dealkviation reactor 210. Light chemicals stream 232 transports the alkanes and olefins away

from process 200,
Process reactants

{6043} The intreduced reactant matenials for the method of dealkylation-transatkylation are

heavy reformate, which contams €9+ alkyl aromatics, and hydrogen-containing material,

b

which contams }

iy ORehn

(0844} The hydrocarbon feed for the dealkylation-transalicylation is a “heavy”™ reformate.
Modern catalytic reformmng processes and cthylone crackers operate to maxunize hght gas
and hydregen production by catalytically reforming naphtha fead stocks. In turn, aromatics
and alkyl aromatics concentrate in the botioms or fails sireams of these process tiv form 3

retformate. aromatics from the reformate or a great enocugh severity in

ie from

refornung naphtha produces a “heavy” reformate. The heavy refonmate can orig
sources infernal to or external of the processing facility. One source is from a bottoms or taiis
sirearn aftey reforming naphtha and extracting the BTEX compounds. This heavy reformate

vl aromatics and is sufficiently free of C6-8s. The heavy

has a typical composition of {8+

reformate can be what s considered straight reformate, which contains Co+ aromatics and

v fractio

7

alkyl aromatics.  Ho ci of pyrolysis gascline or Hguids coal materials from

coking operalions can supply “heavy™ reformate. The dealkylation-transalkyvlation process
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itself can also provide a recycle stream containing unreacted C9+ alkyl aromalics. One of
ordinary skill in the art can clearly recognize other sources of C9+ alkyl aromabics thai are

useful for the deatkylation-transalkylation process.

13457 Begardless of the scurce, useful beavy reformate comprises MEBs suitable for
conversion into toluene and TMBs suitable for conversion into mixed xylenes. Useful heavy

formate comprises MEBS fn a range of from about 15 wi% 1o about SO wi.% and TMBs in
a range of from about 25 wi.% to about 30 wt.%. The weight ratio vaiue of MEBs to TMBs
i heavy reformaic compositions can be from about 0.01 to about 100, An embodiment of
the method includes where the weight ratio valoe of MERs to TMBs in the heavy reformate is
i a yange of from aboul 8.1 to abouwt 3. Other components are optionally present in the
useful heavy reformate, including other C9 aromatics, including isopropvibonzene, which are
present in a range of from § wi. % to about 15 wi. %, C10 aromatics, which are presentin a
range of from 0 wi. % to about 25 wi. %, C11 aromatics, which ave present in a range of from
{10 about 5 wi. %, and a combination of mixed xylenes and ethylbenzene, which are present
as # combination in a range of from 0 to about 5 wt. %, Useful heavy reformates are
optionaily substantially free of any of the other C9 aromatics, C10 aromatics, €11 aromatics,
mixed xylenes and cthylbenzenss, and combinations thereof. Useful heavy reformates may
contain less than deteciable amounts of any of the other C9 aromatics, C1{ aromatics, C11

aromatics, mixed xylenes and ethylbenzenes, and combinations thereof

[1#46] An embodiment of the method includes introducing the heavy reformate that is
substantially free of all of the mdividual BTEX compounds. The heavy reformate has been
sreviously processed in a BTEX recovery unit before passing to the dealkylation-
transalkylation systemn.  An embodiment of the method includes introducing the heavy

reformate having less than detectable amounts of the individual BTEX compounds.

180471 Table | shows an example assay of a heavy reformate stream produced from a

naphtha reformer system,

Majer Compound Abbreviation {omposttion, wi%
Iso-propyl benzene PR b7
n-propyl benzene nPi 4.3
tornethyt 2-ethyi benzene IMZEB 6.3
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i-methvi 3-ethyl benzene IM3ER 18.5
1-methyl 4-cthy! benzene IM4EB 9.1
1,2, 3-tri-methyvl bepzene 123TMB 8.6

£,2 4-tri-methy] bepzene 124T™MB 39.0

Xasy

1,3,5-trismethyl benzese 135TMB 16.1

Total €8 aromatics 88.%

n-butyl benzene nbB 0.5

I 4-dicthy! benzene 14DER 0.5

{,3-dicthyl benzene 13DEB (.4

1,3-dimethyl, 5-ethyl 13DMSER 0.8
benzene

i 4-dimethyl, 2-ethyl JADMZER .4

benzene

(Others ClOs 1.2

Total 18 avomatics 4.1

Table 1: Example assay of a usefu! heavy reformate.

{6348] The total amount of methyl cthyl benzences i the heavy reformate composition of
Table 1 is approximately 34.1 weight porcent. An embodiment of the method of forming

mixed xvlenes from a heavy reformate inchudes intreducing heavy reformate having methyl

ethy! benzenss comprises at least abowt 20 porcent by wel The cumulavve amount of -

i

methyi benzenes ("TMBs™) in the same heavy reformate compogition is approximately 357
weight percent. An embodiment of the method includes mtroducing heavy reformate having

2 greater amount of TMB3 than MEBS by weight. The weight ratio value of MEBs to TMBs

far the heavy reformate composition in Table | s about .61,

[084%] The heavy reformate of Table | is substantially free of toluene. An embodiment of

fudes introducing heavy

the method of forming mixed xylencg from o heavy reformate i

reformate that is substaniially free of tolaene.  An embodiment of the method of forming

nixed ,\\'L‘m% from a heavy reformate wcludes ntroducing heavy reformate that comprises
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legs than a detectable amount of toluene by weight. MEBs are the toluene precursor for the

method. Toluene formed ig-site from the MEBs transalkylates with the TMBs.

188501 The introduced bydrogen-containing material contains hydrogen.  The hydrogen
supplicd to the dealkviation stage through the hydrogen-containing malerial can originate
from various sources.  The hydrogen can originate from liquefied or cryogenic storage
facifitics, which vaporizes the high-pressure Hauwid hydrogen for use.  The hvdrogen-

containing maierial can come from other process wnits as a product or recyele gas siream

inchuding hydrocracking systems. Other portions of the dealkylation-transalkylation system
can also supply the hydrogen-containing material as recycled hydrogen from light gas
processing o the dealkylation stage. The hydrogen concentration in the hydiogen-containing
material can be of a refined quality (+99.9% mole purity} or it can be lower as part of a
Blended material, The other gases that comprise the hydrogen-containing material should be
ihert o the dealkylation process and not cause any side reactions, including such reactions
that cause coking or deactivation of the hydrodeatkylation catalyst. Preferably, the amount of
non-hydrogen in the bydrogen-containing material should be minimized to reduce the size of
processing cquipment snd o lower the consumption of energy. An embodiment of the
method of forming mixed xvlenes from a heavy reformate includes imroducing the hydrogen-

comtaining material where the hydrogen comprises at least about 99.9 mole percent of the

material.
Process reactions

B051] The two main reactions of the deatkylation-transalkylation method are a dealkylation
eaction, which uses hydrodealkviation 1o covvert MEBs o foluene and benzene, and a
transalkylation reaciion, which converts toluene and benzenes with TMBs into toluene and

mixed xylenes,
Beaflvlation reaeiion

ikylation reactons remove atlacked alkyl constituenis from an aromatic base,

19852] The des

¥

Hydrodealloviation, a form of dealkylation, uses a combination of hydroges and the presence

of a dealkviation cataiyst to free alkyl moieties and create alkanes through bvdrogen

saturation while mainining the unsaturanion of the base aromatic. For example, Equation 1

3

shows hydrogen and t-methyt 3-cthy! benwene (UIM3ER”, a MER) forming toluene and

cthane through the hydrodealkyiation process:
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H,C

CoHg

3 {(Fa.

[
"

[8653] The more carbons that are present on the allyl constituency, the more likely the alkyl

constituent is subject to dealkylation theough hydredealicviation. Non-MEB alkyl aromatics

iy

are capable of dealkylation in the presence of the hydrogen and the hydrodealkylation
catalyst,  Hydrodealkylation of n- and iso-propyl benzenes (0PB and iPB) can form
combinations of ethane/toluene and propane/toluene reaction producis. Hydrodeatkylaied n-
butyl benzenes (nBB) tend to form butane/iolucne reaction products — the n-butane docs not
schism into smaller alkane products in the presence of hydrogen: The formation of light
olefing during hydrodealkylation occurs in small amounts.  Methyl moicties are orders of
magnitude less reactive than the C2+ alkyl groups; however, with excess hydrogen,

prolonged residence tme and elevated te'fznperat,ure demeihylizat.iml cun oceur. Therefore,

0054] For the hydrodealkylation rcaction, a suitable dealkviation catalyst is sviccted by one
of ordinary skill in the art that maximizes the dealkylation reaction of MEBs at the operating
conditions of the dealkylation stage. Useful dealkylation catalvsts include metal-loaded

S

5 or Z8M-12 zeolifes. Another catalyst that is useful for deslkviation is the catalyst
described in co-pending U8, Provisional Patent Application No. 80/619.161 o Ercan, ¢/ af.

;v

Transafkyiation reaction
[B853] The transalkylation reaction tranafors an atkyt branch from one alkyl aromatic
compound aud altaches it 1o another aromatic o5 alkyl aromatic compound i exchange for a

hydrogen aiem. For example, Equation 2 shows 1,2.4 tri-methyl benzene (F124TMB™, one of

the TMBs) reacting with toluene to form two molecules of any of the three isomers of xviens.
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[0056] The t
reaction do not have fo be the s

reactions produce amounis of ail thee
xylenes. For the reaction

distribution of the

the isomer disiribuiion of the T™MBs, Anp
xylenes from the heavy

P

wo xyiene molecules formed iy
same tsomer of xyvlene.
xylene
ziven in BEquation

mixed xylenes, including the selection

PCT/US2013/037304

2
pa

1 Equation 2 during any given transalkylation

The reaction of BEquation 2 and similar

isomers, resulting in the formation of mixed
2, a number of factors infhience the isomer

of the transalkylation catalyst and

embaodiment of the method of forming mixed

reformate includes operating the transalkylation stage at conditions

supporting maximization of para-xylene i the produced transalkyiation stage product.

[065

xylene molecule and a C10 alkyl aromatic.

they toster deactivation of the transalkylation catalyst over time dug

7] Other transalkylation reactions inchide

disproportionation of two TMBs to form a

Disproportionation reactions are not desirable a

to coking. Hydrogen,

tight alkanes and olefins can also form in simall quantitics during the transallylation process.

OF

[B058) ¥

of ordinary skill

in
i

the art thal maximizes
xylenes at the operating conditions of the

catalysis nclude ZSk-

18659] Opticnally, a small mnouni of hvdrogen,

containing material, can be introduced as part

the transalkvlation reaction, a suitable transaikvlation catalyst is

selected by one

the transatkviation reaction o’r TMBs to mixed

sransalkylation stage.  Usetul transalkylation

12, and beta or mordenite zeolites.

inchuding hydrogen from the hydrogen-

of the overall transalkylation process to help

facilitate the trapsalkylation reactions as well as preveni the formation of Cl0+ alkyl
aromatics and polyaromatic precursors. The minor amount of bydrogen can quench reactive

gites on the base aromatic i the atkyl

zuecessiul.
Meihod of forming mixed xylenes

I8060] The heavy reformaie de

inchules imtroducing nto g dealkylation stage

heavy ref

transfer

St

ormate and hvdrogen-contaimang matoral,

bepween two alkyl aromatic molecules is not

b" Heavy reformale an

d the hydrogen

L
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gen contact the hydrodealkylation catalyst

o

are introduced such that the MEBs and the hydrog
contained in the dealkylabion stage. An embodiment of the method of forming mixed xylenes
inchides where the feed rato of hydrogen-containing malerial to heavy reformaie is n a

range of from about 1 o about 4.

36631 An embodiment of the methed of forming mixed xylenes from a heavy reformale

inciades introducing the heavy reformate and the hydrogen-containing material as separate
fluid streams o the desikylation stage. “Fluids” means vapors, liquids, gases and their
combinations at their present condition, Combining heavy reformate and the hydrogen-
containing material before introduction fute the deallovlation stage intermingles the materials

hefore contacting the hvdrodeatkylation catalyst,

[0862] The heavy reformate  and  the hydrogen-containing  material  contacts  the
hvdrodealkylation catalyst in the dealloylation stage. ‘the catalyst is operable to convert at
feast a significant portion if not all of the MEBs in the heavy reformate into toluene and

ethane at the deal ion stage operating conditions.  One of ordinary skill in the art is

capable of selecting an appropriate, commercially available hydrodealkylation catalyst for
performing  the dealkylation portion of the process without undue or excessive
expei‘imez"giation.‘ Such parameters 1n selecting the physical, selectivity and activity attributes
of an appropriate hydrodealkyiation catalyst include dealkvlation stage operating conditions,
feed stock compositions, ratios of hydrogen to MEBs, desired conversion cfficacy and

efficiency, average deal Tation s stage residence time and physical aitributes of the vessel of

the dealkylation afage.

[0863] The dealkylation stage operates such that toluene and non-aromatic gases form as
producis of the selective hydrodeaikylation of MEBs while the TM™MBs are maintained and

relatively unaifected. The reactions that occur during hydrodealiylation are similar to the

yeaction presenicd in BEguation 1. An embodiment of the method of torming mixed xylenes

¥

from a heavy reformate includes operating the dealkviation stage such that the temperature is

mainiained it a ranoe of from about 200 “C to about 540 "C. An embodiment of the mathod

wmeiudes manimaimg the pressure of the dealkylabion stage 18 10 a range of from abow 10 bars
to aboui 30 bars. An embodiment of the method inchudes matntaining the fiuid hourly space
velocity (FHSV) for the dealkylation stage is in a range of from about 1 h'! 1o aboui 5 i’
An embodiment of the method inchides introducing the hydrogen-containing malerial and the

heavy reformate such that the feed ratio Is in a mange of from sbout [ 1o about 4,
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[0064] The dealkylation stage product includes toluene and TMBs. The dealkylation stage
product can also include benzene and mixed xylenes from the dealkylabion reaction as side-

products. A useful dealkylation stage product includes tohiene in a range of from about [0

wi.% to about 45 wi. % and TMBs in a range of from about 15 wt. % to sbout 70 wi. %
Other components are optionally present in the useful dealkylation stage product, including
MEBs in a range of from 0 wi, % to about 15 wt. % benzene in a range of from § wt. % 10
about 5wt 9%; light alkane gases, which are CI-5 gases, in the range of from O wi. % to sbowt

25 wi. %; and light olefins in a range of from 0 wi. % fo about 2 wi. %,

[8065] The method of dealkylation-transalkylation includes operating the non-sromatic
prochict gas separations stage such that the non-aromatic gases formed during the
dealloylation stage separate from the dealkylation stage product, forming not only the non-
aromatic product gas but alse the dealkylated heavy reformate.  The dealkylated heavy
reformate forms before introduction nio the transalkylation stage. The selective separation
of the nou-aromatic gases from the dealkylation stage product forms the deatkviated heavy
reformate. The nom-aromatic product gas contains a uscful and recoverable amount of
hydrogen. The non-aromatic product gas also includes alkanes and alkenes that can interfere
with the transalkylation process. Removal of the non-aromatic gases improves the longevity
and effectiveness of the transalloylation catalyst.

[0066] An embodiment of the dealkylation-transalkylation system inchudes where the non-
aromatic product gas separations stage and the deallylation stage are part of the same vessel.

An embodiment of the method of forming mixed xylenes from # heavy reformate includes

where the selective separation of non-aromatic product gases and the dealkviation of the
heavy reformate occurs in the same vessel.  In such a method and system, the non-aromatic

cases pass throuch a separations means, which may include a separations membrane scieciive
o Al l 3

ior non-aromatics or a condenser that is operable fo induce phase change in aromatic

compounds bul not the non-aromaiic compounds, including ficenes, atkanes, inerts and

hydrogen. In some othor methods, a separations means sclectively separates the deallviation

non~-aromatic gases from the dealkylated heavy reformate outside the dealkylation stage.

{0867] The heavy aromatics dealkvlation-fransalkylation method inchides uroducing the
desikylated heavy reformate into the transalkylation stage. The dealkyiated hoavy reformats
is introduced such that the toluene and the TMBs contact the transalkylation catalyst

contamned i the rransalkoylation siage.
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{00638] Optionally, the introduction of supplemental benzene, toluene, mixed xylenes or
refined metg-xvlens, and combinations thereof, can aler the rvesullant mix of the
ransalloviation process, Transatkylation reactions similar to the reaction shown in BEguation 2
break down C9+ alkyl aromatics, especially C1O alky! aromatics, into useful C7-8 alkyl
aromatics. Sources of {6-8 aromatics and aikyi aromatics tnclude not only stand-alone
internal or external storage and production facibities but also recycle streams from a post-
dealkylation-transatkyiation refining and separations systers, including aromatics and xylens
separations svstems. An embodiment of the method of forming mixed xylenes from a heavy
reformate includes recycling at least a portion of the benzene selectively separated from a

produced transalkylation stage product back into the transalkylation stage. An embodiment

of the method includes recycling at least & portion, if not afl, of the ioluene selectively
separated from the produced transa y‘saiif;-'n stage product back into the transalkylation stage.
An embodiment of the method includes recychng at least a portion, if not al, of the mixed
xylenes selectively separated from the produced iransalkylation stage product back into the
transalkylation stage. An embodiment of the method includes recycling at least a portion, if
not all, of the mera-xvlene selectively sepm‘atcd from the mixed xylenes back into the
ransalkylation siage. The recycled C6-8 aromatics and alky! aromatics can form an intimate
mixture with the dealkylated heavy reformate before infroduction into the transalkylation
stage or can be separately introduced into the transatkylation stage, or both if more than one
stream is recycled,

[8869] The toliene and the TMBs n the dealkvlated heavy reformate contact the
transalkylation catalyst. The wansalkylauon catalyst is operable to copvert a significant
portion if not all of the TMBs in the dealkylaied heavy reformate into mixed xylenes at the
transalkylation stage operating conditions.  Oune of ordinary skill in the art is capable of
selecting an appropriaie, commercially available wansaikylation catalyst for performing the
transalkylation portion of the process without undue or excessive cxperimentation.  Such

s of an appropriate

parameters inclade the physical, selectivity and achvily atirib

transatkvlation catalvst include transalkvlation aperating conditions, feed stock compositions,

ratios of ioluens to TMBs, desired conversion officacy and efficiency residence time,

and physical atiribules of the second stuge reaction vessel.

180701 The configuration of the transallylation stuge can fake one of several forms. An

embodiment of the deatkyiation-transalkviaton system inclades whore the transaikylation

stage is a fluidized catalvst bed. An embodiment of the deaikylation-transalicylation system
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inciudes where the tramsalkvlation stage is a moving catalyst bed. In such configuration, the
transalkylation catalyst can be removed, regenerated extemal to the ransalkylalion stage and
seintroduced using processes known in the art stmilar to fluid catalytic cora ci\m;z {(FCCy and
continuous catalylic reformer (CCR) systoms. In such a syster configuration, the optional
hvdrogen would not be used as the transalkylation catalys would be contimially regenerated

and reintroduced.

B071] The transalkviation stage operates such that a transalkylation stage product mixture

forms from ihe selective transalkylation reaction. The reactions that occur &

trapsalkylation are sumilar 1o the reaction presented in Equation 2. An embodiment of the

kod of forming mixed xvlenes from a heavy reformate mcludes maintaiung the

temperature of the transatkylation stage in a range of from about 200 °C to about 540 °C. An

embodiment of the method includes maintaining the pressure of the transalkylation stage in a
B 3 B

range of from about 10 bars to about 50 bars.  An embodiment of the method inchudes
maintatning the flutd hourly space velocity (FHEV) for the transalkylation stage is in a range

of from about 1 b 1o about 5 hr

Y]

[0872] The transalkylation stage product includes mixed xylenes. The transalkylation siage
product can also fchude benzene, toluene, light gases, which can include alkanes, clefing or
both, and unreacted MEBs and TMBs. A useful transalkylation stage product includes mixed
xylenes in a range of from sbout 20 wi% to about 40 wt. %. Other components that arc
opiionally present include benzene in a range of from § wt. % to about 5 wt. %; toluene in a
range of from § wi. % to about 30 wi. 56 light gases in the range of from 0 wt. % to about 10

wi, % MEBs in g range of from 8 wi. % to about 15 wt. %; TMBs in a range of from § wi. %

to about 40 wi. %, and ethylbenzene in 2 range of from § wi. % to about 3 wt. %

{8073] In an embediment of the method of S‘Drming mixed xylenes from a heavy reformate,
the transaikylation stage operaics 1o selectively remove non-aromatic gases that form in the
iransatkylation  stage  reaction  before passing  the transalkylation stage  product.
Transalkyvlation stage nor-aromatic gases can include hydrogen, light allianes and soma light

0o

clefins, which are the result of parbially completed transalkylation and disassc

reaciions.

[8874] The rwransaikylation stage feeds the transalkyiation stage product info a post-

dealkylation-transalkyiation rcfining or scparations system that is operable to separale most

of the products in the uvansalkylation stage product mixture from one another.  An
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embodiment of the method of forming mixed xylenes from a heavy reformale includes
operating the dealkylation-transalkylation system such that benzene, toluene and mixed
Kylenes are selectively separated from the produced iransaikyiation siage product. The post-
deallylation-transafkylation refining system is operable to selectively separaic  the
transalkylation stage product inte several useful products, imchuding non-arcmatic gases,
benzene, toluene and mixed xylenes, The remaining CS+ alkyl aromatics, which are the
“hottoms” of the separated transalkylation siage product mixture, are conveyed into 3
separate fluid stream for other processing. As previously described, in some embodiments
the dealkylation-transalkylation system is operable to convey at least a portion, if not all, of

the benzene production, the toluenc production or the mixed xylene preduction upsircam to

the transalkylation stage, or combinations therecf.

[675] After separation, the remaining €6+ allcyl aromatics not previously eliminated are

An ambodunent of the

optionally recycled or stored for later, batch-like process

ikyviation-transatkylation systeme meclodes a reeyele Joop that flundly couples the

dealkylation stage 1o the post-dealkylation-transalkylation refining system and that is
operable to convey C94+ alkyl aromatics recovered from the post-dealkylation-transalkylation
refining system to the dealkylation stage. The unconveried or partially converted CO+ alkyl
aromatics are conveyed o the upstream portion of the embodiment of the system and
reintroduced directly into the dealinviation stage as a feedstock or blended with fresh heavy
refonnate feed.  The recycle effectively resulls a3 “recycle uniéil extincvon”™ for any
mntroduced U9+ alkyl aromatics. This climinates a potential wasie strcam and offectively
converts all of the C9+ alkyl aromatics into useful components ranging from hydrogesn to
mixed xylenes.

[8676] The post-dealkylation-transalkylation refining system can further separate the xylene
isomers inte commercial-grade producis or praducts for use as industrial feedstocks,  An

avy reformate inclodes

cmbodiment of the method of forming mixed xvilenos from & i

operating the dealkylation-transalkylation system such that ortho-xylone, para-xylene and

i_.l

mera-xylene are selectively separated from the previcusly produced mixed xyles
individual xylene isomers are uscful as products and a3s recycle feedstocks. As previousty
described, in some embodiments the dealkviation-transalhviation systemy is operable

comvey at least a portion, 1f not all, of the meraxylene production upsirearn to the

transalbylation stage,

20-



WO 2013/158956 PCT/US2013/037304

[0877] A gas separations system can selectively extract hivdrogen from the light gas streams
produced by the dealkylation and ransalkylation stages. The gas bandhing system is operable
o recover hydrogen from the deatkviation non-aromatic gases and the post-dealkylation-
transalkylation refining and scparations systems.  Excess hydrogen can be recycled to the
deallcylation stage for use in the hydrodealkylation reaction.  An embodiment of the
dealkylation-transatkylation systemn includes a recycle Joop that flutdly couples the
dealkylation stage to the non-aromatic product gas separations stage and that is operable to
convey hydrogen recovered from the non-aromatic gases to the dealkylation stage. The gas
separations system can direct the remaining gases from the process — light alkanes, alkenes
and methane — towards other chomical or petrochemical processes outsides of the

dealkyiation-transalicyiation systeni.
Supporting equipment

[6678] Embodiments include many additonal standard components or equipment that

ribed apparatus, process, method and system. Examples

enables and makes operable the des
of such standard equipment known io one of ordinary skill in the art includes heat exchanges,
pamps, blowers, reboilers, steam generation, condensate handling, membranes, single and
multi-stage  compressors, separation  and  fracbonation equipment, valves, switches,
controllers and pressure-, iemperature-, level- and flow-sensing devices,

10679] Operation, control and performance of portions of or entire steps of a process or
method can occur through human interaction, pre-programmed computer conirol and

response systems, or combinations thereot



1.

CLAIMS

A method of forming mixed xylenes from a heavy reformate using a dealkylation-
transalkylation system, the method comprising the steps of:

introducing both the heavy reformate and a hydrogen-containing material into a
dealkylation stage of the dealkylation-transalkylation system such that the heavy
reformate and the hydrogen-containing material intermingle and contact a
hydrodealkylation catalyst, where the dealkylation stage contains the
hydrodealkylation catalyst, where the heavy reformate comprises a significant
amount of both methyl ethyl benzenes and tri-methyl benzenes and is
substantially free of toluene by weight, and where the hydrogen-containing
material comprises hydrogen;

operating the dealkylation stage such that toluene forms from the reaction of methyl ethyl
benzenes and hydrogen in the presence of the hydrodealkylation catalyst and such
that a dealkylation stage product is produced, where the dealkylation stage
product comprises toluene, tri-methyl benzenes and non-aromatic product gas;

operating the non-aromatic product gas separations stage such that the non-aromatic
product gas and a dealkylation heavy reformate are produced separately and the
non-aromatic product gas from the dealkylation stage product is removed before it
is introduced into the vessel where transalkylation occurs, where the dealkylation

heavy reformate comprises toluene and tri-methyl benzenes;

-22- °



introducing the dealkylated heavy reformate into the transalkylation stage such that the
dealkylated heavy reformate contacts a transalkylation catalyst, where the
transalkylation stage contains the transalkylation catalyst; and

operating the transalkylation stage such that mixed xylenes form from reaction of
tri-methyl benzenes and toluene in the presence of the transalkylation catalyst and
such that a transalkylation stage product is produced, where the transalkylation

stage product mixture comprises mixed xylenes.

The method of claim 1 where methyl ethyl benzenes comprise at least about 30 percent

by weight of the introduced heavy reformate.

The method of claim 1 where a weight ratio value of methyl ethyl benzenes to tri-methyl

benzenes in the introduced heavy reformate is in a range of from about 0.1 to about 3.

The method of claim 1 where the introduced heavy reformate comprises less than a

detectable amount of toluene by weight.

The method of claim 1 where a feed ratio of hydrogen-containing material to heavy

reformate is in a range of from about 1 to about 4.
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10.

11.

The method of claim 1 where the selective separation of non-aromatic product gases by a
non-aromatic gas separator and the dealkylation of the heavy reformate occurs in a

dealkylation reactor.

The method of claim 1 where the transalkylation stage operates at a temperature range of
from about 200°C to about 540°C, a pressure range of from about 10 bars to about 50

bars and a liquid hourly space velocity range of from about 1 hr™" to about 5 hr'.
The method of claim 1 further comprising the step of operating the dealkylation-
transalkylation system such that benzene, toluene and mixed xylenes are selectively

separated from the produced transalkylation stage product.

The method of claim 8 further comprising the step of recycling at least a portion of the

selectively separated benzene into the transalkylation stage.

The method of claim 8 further comprising the step of recycling at least a portion of the

selectively separated toluene into the transalkylation stage.

The method of claim 8 further comprising the step of recycling at least a portion of the

selectively separated mixed xylenes into the transalkylation stage.
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12.

13.

The method of claim 8 further comprising the step of operating the dealkylation-
transalkylation system such that ortho-xylene, para-xylene and meta-xylene are

selectively separated from the mixed xylenes.

The method of claim 12 further comprising the step of recycling at least a portion of the

selectively separated meta-xylene into the transalkylation stage.



