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PCT PATENTAPPLICATION

PROCESS FOR THE PRODUCTION OF XYLENES AND LIGHT QLEFINS FROM
HEAVY AROMATICS

Field of the Invention

{6601}  This invention relates to the use of heavy reformate for the production of xyienes.
More specifically, this invention relates to the use of heavy reformate for production of
xylenes through transalkvlation, and also relates to the use of by-product light gases as

feedstock for the production of ethylene, propylene and butadiene.

Backevound of the Iuvention

[36062]  Heavy reformate, which typically inchudes greater than about 90% by weight C9+
aromatics, was blended into gasoline stream.  With cwrrent regulations on the aromatics
content and high end boiling point of gasoline, however, it is no longer possible to blend
heavy reformate into gasoline. Considering the market growth rate of demand on para-
xylene, the conversion of heavy aromatics to para-xylene by transalkyiation is considered to

be one economically viable way to utilize the heavy reformate.

16663]  The restrictions on the aromatics content in gasoline are compelling the petroleum
refiners to find alternative routes for utilization of excess heavy rcformate obtained from
catalytic reforming of naphtha. Heavy reformate streams are typically include a high
concentration of C9+ aromatics, typically consisting of at least 90% by weight C9 aromatics.
Thus, because of the strict restrictions on the content of aromatics in gasoline, additional uses

for aromatics, such as are found in a heavy reformate stream, must be found.
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SUMMARY OF THE INVENTION

186647  Generally, a2 method for the transalkylation of a heavy reformate to produce a

xylenes-rich stream is provided.

166057 A mecthod for the transalkylation of a heavy reformate includes the sieps of
providing a heavy reformate comprising at least about 90% by weight C9+ aromatics and
hydrogen gas to a transalkylation reactor, the transalkylation reactor being charged with a
transalkylation catalyst to selectively convert the C9+ aromatics to a xviene-rich product
stream, the transalkylation catalyst including at least two solid-acid zeolites selected from the
group consisting of mordenite, beta zeolite, Z8M-5, ZSM-11, ZSM-12, Z5M-22, ZSM-23,
MFT topology zeolite, NES topology zeolite, EU-1, MAPG-36, SAPO-5, SAPO-11, SAPO-
34, and SAPQ-41, and at least three metal selected from the Group 4 Lanthanoids, Group 6
and Group 10 of the Periodic Table of the Elements; separating the xylene-rich product
stream into a light gas recycle stream, a C9+ heavy aromatic recycle stream and a mixed
aromatics product streamy; scparating the mixed aromatics product stream into a benzene
stream, g toluene stream and a xylenes stream; and separating light alkanes from the light gas
recycle stream and supplying the light alkanes to a steam cracker, wherein the light alkanes

are converted o mixed olefins.

18666]  Tn certain embodiments, the method also mcludes separating hydrogen gas from
the light gas recycle stream and recycling the hydrogen gas to the transalkvlation reactor. In
certain embodiments, the transalkylation reaction zone is maintained at a temperature in a
range of from about 200 °C to about 540 °C. Tn certain embodiments, the transalkylation
reaction zone is maintained at a pressure n a range of trom about 1 MPa to about 5 MPa. In
certain embodiments, the ratio of hydrogen to heavy reformate is in a range of from about
0.1:1 to about 1G:1. In cerfain embodiments, the steam cracker imcludes a reaction zone that
is maintained at a teroperature in a range of from about 600 °C to about 850 “C. In certain
embodiments, the residence time of the light alkanes in the steam cracker reaction zone is less
than about 0.1 seconds. In certain embodiments, the two solid acid zeolite components of the
catalyst have different physical and chemical characteristics. In certain embodiments, the
transalkylation catalyst includes a first solid acid zeolite that is present in an aroount in a
range of from about 10 % to about 90 % by weight of the total catalyst weight. In certain
embodiments, the transalkylation catalyst inchudes a second solid acid zeolite that is present
in an amount in a range of from about 10 % to about 90 % by weight of the total catalyst

weight.  In certain embodiments, the transalkylation catalyst further includes a binder

K
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selected from inorganic oxides. In certain embodiments, the metal components are present in
an amount in a range of from about 0.01 % to about 5 % by weight of the total catalyst

weight.

BRIEF DESCRIPTION OF THE DRAWINGS

{36077  These and other features, aspects, and advantages of the present invention are
better understood with regard to the following Detailed Description of the Preferred

Embodiments, appended Clatms, and accompanying Figures, where:

[6008]  Figure 1 shows destred transalkylation reactions;

[B689]  Figure 2 shows undesired transalkylation side reactions; and

16618}  Figure 3 is a schematic of an embodiment of a transalkylation apparatus.

DETAILED DESCRIPTION OF THE INVENTION

18611}  Although the following detatled description confains many specific details for
purposes of illustration, it 18 understood that one of ordinary skill in the art will appreciate
that many examples, variations and alterations to the following details arc within the scope
and spirit of the invention. Accordingly, the exemplary embodiments of the invention
described herein and provided i the appended figures are set forth without any loss of

generality, and without imposing limitations, on the claimed fuvention,

8612}  As previcusly noted, heavy reformate streams fypically have high concentrations
of C9+ aromatics. Due to strict restrictions on the amount of aromatics that can be inchided
in gasoline, portions of these streams cannot be used directly as gasoline additives. Oue
economically viable option for making use of the aromatics found in heavy reformate streams

is to convert the C9+ aromatics present in the stream into xylenes by transalkylation.

{3613}  Transalkylation allows for the mtegration of certain refining processes and results
in the production of economically valuable petrochemicals. The extra C9+ aromatics that
result from the refining process that are typically rejected and removed from the gasoline
blending pool because of environmental regulations and maximum boiling point restriction,
can be used as a feedstock for production of valuable petrochemicals and light olefing
inchuding para-xylene, ethylene, propylence and the butenes.

#0314}  Steam cracking is one petrochemical process by which saturated hydrocarbons can
be broken down imto smafler, often unsaturated, hydrocarbons. It is the most common

mdustrial method for producing light alkkenes (that 1s, olefins), including cthene and propene.
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16618} The feedstock to the transalkylation process can include heavy reformate. The

composition of a usefid heavy reformate 1s provided in Table 1.

Major Compound Compaosition (wt.%
Iso-propyl benzene L7
n-propyi benzene 4.3
I-methyl-2-ethyl benzene 6.5
I-methyl-3-ethyl benzene 18.3
t-methyl-4-cethyl benzene 9.1
1,2,3-tri-methyl benzene 6.6
1,2 4-tri-methyl benzene 390
1,3,5-tri-moethyi benzene 10.0
Total 9 aromatics 959
n-butyl benzene .5
1,4-diethyl benzene 0.8
I,3-diethyl benzene 0.4
1,3-dimethyl 5-ethyl benzene (.8
1,4-dimethyl,2-ethyl benzene 3.4
Other C10 compounds 1.2
Total C10 aromatics 4.1

Table 1. A useful heavy reformate composition.

[3616]  In certain embodiments, an integrated process is provided where a heavy reformate
feedstock can be utilized as the hydrocarbon feed to a transalkylation process to produce
xylenes and byproduct light gases. The byproduct light gases can inchude light paraftins that
can be fed imto a steam cracker for the production of light oletins. During the transalkylation
of the heavy reformate feedstock, as shown in Figure 1, the most desirable reactions lead to

the production of mixed xylenes, benzene and methyl aromatics. Undesirable side reactions
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are shown in Figure 2. During the transalicylation reaction, approximately 10-20 9% by weight
of the light gases that are present, which generally include C1-CS paraffins, are produced. A
typical composition of the light gases produced by the transalkylation of a heavy reformate 15

fisted in Table 2.

Compound Conceniration (wi.%)} | Novrmalized concentration (wt.%)
Methane 0.2206 1.44

Ethane 10.4601 068.41

Propane 37232 2436

Isobutane (3.5212 341

N-butane 0.308 2.0%

Isopentane 0.0538 06.37

Table 2. Composition of light gases produced in the catalytic transalkylation of heavy

reformate at reaction temperatore of 400 °C.

3617 In certain embodiments, provided is a method for using heavy reformate for the
production of xylenes through transalkylation, and the subsequent use of by-product light
gases as the feedstock to a steam cracker tor the production light olefin, such as ethylene,
propylene and butadiene. In this regard, n certain other embodiments is provided is an
mtegrated apparatus for fransalkylation processes and stearn cracking processes. Parathn
gases resulting from the transalkylation process can then be used as a feedstock for steam

cracker.

[8618] A schematic for an embodiment of an integrated process for the transalkylation of
heavy reformate and the subsequent steam cracking of light gases is provided in Figure 3. A
heavy reformate feed and hydrogen gas is provided via line 102 to transalkylation reactor
104, Transalkylation reactor 104 can include the transalkylation catalyst as described in a
transalkylation reaction zowne. The transalkylation effhuent product stream  from
transalkyfation reactor 104 can be supplied via line 106 to splitter 108, which separates the
product stream info a light gas recycle stream 110, a U9+ heavy aromatic recycle stream 116,
a roixed aromatics product stream, that can then be separated into a benzene stream 118, a
toluene stream 120 and a xylene stream 122, Light gas recycle stream 10 can jnchude

hydrogen, as well as light alkanes, and can be supplied via line 114 to the reaction zone of

hr
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cthane steam cracker 124, which produces light olefins, including ethylene, propylene and
butadiene, which are collected via lines 126, 128 and 130, respectively. Aliernatively, the
hight recycle stream can be diverted to other uses, such as to benzene and toluene recovery, or
alternatively can be recycled partially to the transalkylation zone. Optionally, a portion of the
light olefin stream can be recycled with hydrogen from splitier 108 via line 112 to the
transalkylation reactor 104,  Similarly, C9+ heavy aromatic recycle stream 116 can be
partially or wholly recycled to transalkylation reactor 104, where it can be combined with
feedstock and hydrogen gas supplied via line 102, Alternatively, C9+ heavy aromatic recycle

stream can be removed from the process for disposal or other processing.

18619]  “Mixed xylenes” refers a class of C8 aromatics used for the production of para-
and orffio-xylene, and in certain applications as solvents. These compounds have many
different uses and can be used as feedstock for the preparation of certain industrial scale

chemical reactions.

[6828]  For example, para-xylene can be used as a principal feedstock for the preparation
of polyester, which continues to enjoy a high growth rate from large base demand; orthio-
xylene can be used as feedstock for the preparation of phthalic anhydride, which is used in
high-volume and has mature markets; and mefa-xylene can be used for the preparation of
various products, including plasticizers, dyes and wood preservatives, although typically in
fesser but growing volumes as compared with orthio- and para-xylene, Ethylbenzene is
another compound that can be present in xylene mixtures, and is occasionally recovered for
use in the production of styrene. Hihylbenzene, however, is generally considered to be a less
desirable component of C8 aromatics, and for this reason is not always separated and

recovered.

16621}  In general, the production of xylenes can be increased in a variety of known ways.
For example, xylene production can be increased through: (i) xylenes isomerization, (it)
toluene dis-proportionation, and (1ii} transafkylation of toluene and C9+ aromatics.
Comparing the economics of the various different processes for increasing xylenes
production depends upon a variety of factors, including the current market situation,
separation costs, C9+ aromatics availability, and environmental concerns. Transalkylation of
toluene is a maximum xylene production mode and disproportionation is a maximum benzene
production mode. The flexibility of the reaction mode that is selected cnables a
ransallovlation onit to be operated i accordance with market dynamics and feedstock

gvailability,
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16622}  The wransalkyaltion of heavy aromatics into xylenes as previously described is one
method for complying with the current stringent gasoline specifications, thereby responding
to a future decline in gasoline derand and complying with growing market demands of
xylenes and benzene, Where heavy aromatics were previously used as additives, now the
transabicylation of heavy aromatics allows for certain synergics between the refining and
petrochernical operations o be realized.  The cconomics of the transalkylation of heavy
aromatics depends on the price differential between gasoline and xylene, and can in certain
mstances be further influenced by site specific constraints.  Although higher in investment
compared to classical xylenes production, transalkylation can be soccesstul in an

environment with low reformate availability.

166237 Typical aromatic production processes yield xviene nuxtures having a ratio
approaching thermodynamic equilibrium (t.e,, about 24:53:23 for para-, meia-, and ortho-
xylene isomers, respectively), while the current market demand for each of these xylene
isomers is i the ratio of about 80:2:18. Efforts have been made to adjust the composition of
the xylene mixture beyvond the thermodynamic value. These efforts have included certain

mnovations both in catalyst development and process design.

18624}  Typically, production of mixed xylenes can be achieved via catalytic naphtha
reforming, particularly when used in recovery of and purification into ortho- or para-xylene.
Alternatively, mixed xylenes can also be recovered from pyrolysis gasoline (an aromatic-rich
by-product of an ethylene cracker process), but the ethylbenzene content of the resultant

stream 1s generally prohibitively high, limiting use in the solvent market.

[B825)  In certain embodiments, if is desirable to increase the yield of xylenes and to de-
emiphasize benzene production. It is understood that demand for xylene derivatives is
growing at a greater rate than demand for benzene derivatives. In certain processes, refinery
modifications can be effected to reduce the benzene content of gasoline in industrialized
countries, which will in furn increase the supply of benzene available to meet demand. A
higher vield of xylenes at the expense of benzene is a favorable objective and the result of
certain processes as deseribed. In certain embodiments, processes to transalkylate €9+
aromatics along with benzene or tohuene have been comamercialized, resulting in high xylene

vields,

[8626] In certain  embodiments, mixed xylenes can be obtained from the

disproportionation of toluene or the transalkylation of C9 aromatics. The various production

~¥
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routes {and the considerations) can include: distillation of mixed xylenes (C8 aromatics feed
at blend value); extraction of xylenes (with C8 aromatics at gasoline blending value, and
extraction costs distributed on a prorated vield basis across benzene, toluene and xvienes
(BTX)); conventional tolucne disproportionation (with toluene at ifs cxiraction cost and
market value as pertinent); selective toluene disproportionation producing benzene and
xylenes in similar proportions, while permitting the selective production of para-xylene (with
toluene at its exiraction cost and market value as pertinent); combined toluene
disproportionation and 9 wansalkylation (with toluene at its chemical value and market
value and the C9 aromatics at its gasoline blend value as pertinent; and transalkylation alone
(which treats feeds comprising heavy reformate C9+ and produces principally xylenes and,

lower amounts, benzene and liquetied petroleum gases).

136277  The complexity of xylene production can vary substantially depending upon the
process employed. There can be, by design and unit synergy, nuch flexibility with which to
vary the product slate regardless of the distribution of aromatics from the reforming unit.
These processes can include processes to alkylate, dealkylate, isomerize, disproportionate and
transalkylate aromatics, such that the production of the desired aromatic can be increased
froma the distribution produced in the reforming unit.  In certain embodiments, xvlencs
production can be selectively converted to any of the desired para-, meta- or ortho-xylene
isomers by separating the desired component and recstablishing the equilibrivm distribution

of the remaining xylenes.

6028}  There are many known transalkylation processes tor xylenes production available
in the world chemical market. The primary function of all these processes is to increase the
production of para-xylene from an aromatics complex by converting surplus low-value heavy
aromatic streams to additional xvlenes via rearrangement of the alkyl groups attached to the
henzene ring. The selection of which process or fechnology to employ depends on many
considerations, and generally the choice is the technology that offers the highest overall yield
of para-xylene from fresh feedstock. Table 3 provides a list of the various advantages and
disadvantages associated with certain major transalkylation processes, as well as the various

properties of different transalkylation technologies.
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Technology Advantages Disadvantages
Toluene No metals on catalyst, high quabity | No atilization ot heavy

Disproportionation

benzene byproduct, and low

hydrogen consumption

aromatics, low xylenes
vigld, high benzene yield,

shorter catalyst cycle length

Selective Toluene

Disproportionation

High para-xylene vield, no metals
on catalyst, and low hydrogen

consumption

No utilization of heavy
aromatics, low xvlenes
vield, high benzene yield,

shotter catalyst eyvele length

Transalkylation of
Toluene and Cq

Aromatics

Highest xylenes yield, tow benzene
yield, no metals on catalyst, high —
quality benzene byproduct, low

hydrogen consumption

Low uttlization of Cro, Cru,

shorter catalyst cycle length

Transalkylation of

Toluene and Co/Cry

High xylenes yield, low benzene
vield, longer catalyst cycle length,

higher utilization of Cip, Cny

Catalyst roquires metals,

benzene requires extraction

Transalkylation of

C.;/C i

High xvlenes yield, low benzene
yield, Jonger catalyst cyvele length,

I

higher utilization of Cy, C))

No utilization of toluene,

catalyst contains  metals,
benzene requires extraction,

high hydrogen consumption

Transalkyiation of

Benzene and Co/Crp

Utilization of  ethyl  groups,

utilization of surplus  benzene,

higher para-xylene yield

Shorter catalyst cycle length

Table 3. Propertics of different transalkylation technologies.

[0029]

xylenes from inexpensive heavy reformate feedstock

In certain embodiments, a solution is provided for the production of valuable

A typical composition of a heavy

reformate feedstock conternplated for use herein is summarized in Table 1. The light gases,

which arc by products from transalkylation process and which include mainly light paraffing,

can be further processed in a steam cracker fo produce ethylene, propylenc and butadiene. In

certain embodiments, the catalyst atitized in the transalkylation process can be any of the

catalysts described in US. Published Patert Application No. 2010/0029467. The
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transalkyiation reaction temperature of the process can be in a range from about 206 °C to
about 540 °C, the reaction pressure can be in a range from about | MPa to about S MPa, and
hiquid hourly space velocity (LHSV) can be in a range from about 1 to about 5 per hour, The

ratio of hydrogen to heavy reformate ratio can be in a range from about 1 o about 4.

[3636]  As shown in Figure 3, liquid products from the transalkylation includes benzene,
tohuene and xylenes. Hydrogen gas and C9+ hydrocarbons can be separately recycled back
mto the transalkvlation reactor. The hight gas, such as may be collected from the top of the
splitter, will be recovered and supplied into a steam cracker under typical steam cracker
reaction conditions to produce eihylene, propylene and butadiene. As is known in the art,
stcam cracking is a process by which saturated hydrocarbons can be broken down into
smaller, often unsaturated, hydrocarbons. Steam cracking is a principal industrial method for
producing light alkenes {or olefing), including cthene (or ethylene} and propene (or

propylene).

[B8631]  Generally, during stearmn cracking, a gaseous or lguid hydrocarbon foed like
naphtha, LPG or cthane is diluted with steam and then heated im a furnace. The reaction
temperature is typically very high, greater than about 600 °C and typically about 850 °C, but
the reaction residence time 1s very short, typically less than 0.1 seconds and more frequently
fess than about 0.01 scconds, resulting in gas velocities reaching speeds beyound the speed of
sound, in an effort to improve the vield of desired products. After the cracking temperature
has been reached, the gas is quickly quenched in a transfer line heat exchanger to stop the

reaction.

[6832]  The products produced by the steam cracking reaction will depend upon the
specific composition of the foedstock, the hydrocarbon to steam ratio, the cracking

temperature and furnace residence time.

18633} In certain embodiments, based upon the trausalkylation reaction conditions, the
hight hydrocarbon feedstock (which can include ethane, LPGs or light naphtha) can produce a

product stream that is rich in the lighter alkenes, such as ethylene, propylene and butadiene.

[3634]  Tables 4 and 5 provide recent trends for gasoline specification trends in North
America and Furope. As shown in cach of the tables, the amount of aromatic content has
stcadily dechined. This makes it necessary to find other uses for the heavy reformate
produced catalytic reformers in refineries. The reduced RVFP (Reid vapor pressure) also

dictates for decreased reformate concentrations in gasolines,

-10-
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Fuel (Gasoling) Prior to 1994 | 1995-2000 Beyond 2800
Lead Phase out 0.0 % 0.0 %
Benzene (vol%) - 1% 0.8 %
Aromatics (vol%) max | - 25 % 22 %

Olefin (vol%) max 4%

Oxygen {(vol%) min -~ 2 2
{oxygenates)

RVP psi Lower RVP 7.8/8.1 pstmax | 7 psi max

Table 4. Trend in gasoline specification in North America.

Fuel (Gaseline) 1594 1995 2000 20058 2818
Sulfur (ppm max} 1000 500 156 56/10 <10
Benzene (vol%) 5% - 1% 1% <i%
Aromatics (vol%) max | - -= 42% 35% <35%
Olefin {vol®6) max - - 18% 1&8% <1¢%
Oxygen (wi%) romn -~ 2.7% 2.7% 2.7% --
{oxygenates})

Table 5. Trend in gasoline specification in Europe.

[0035]

In an embodiment of the system, the transalkylation reactor includes a novel

multimetal zeolites-based catalyst developed for converting & heavy reformate teedstock into

benzene, tolucne and xylenes (hereinafter, “BTX"), and n particular the commercially-

valuable xylenes, Additionally, the roultimetal zeokite-based catalyst produces petrochemucal

feedstocks, particularly €2 and C3 hydrocarbons, as a byproduct of the transalkylation

reaction.

[0036]

In certain embodiments, the multimetal catalyst can be formed by mixing at least

two zeolites selected from the group consisting of mordenite, beta zeolite, Z8M-5, ZSM-11,

ZSM-12, ZSM-22,

-11-

Z8M-23, MFT topology zeolite, NES topology zeolite, EU-1, MAPQO-36,
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SAPO-5, SAPO-11, SAPO-34 and SAPO-41, and the addition of at least three metal
components selected tfrom the Group 4 Lanthanoids and Group 10 of the Periodic Table of
the Elements. The two zeolites should have ditferent physical and chemical characteristics,
for example, pore size and acidity. One exemplary catalyst includes zeolites such as zeolite

beta and ZSM-5, and metals such as cerium, nickel and platimum,

{86371 The transalkyiation reaction can be conducted in one or more reactors with a fixed
bed, moving bed or radial flow reactor. The reaction temperature can be m a range of from
about 200 °C to about 540 °C, alternatively in a range of from about 200 °C to about 400 °C,
alicrnatively in a range of from about 350 °C to about 540 °C, altematively in a range of from
about 200 °C to about 300 °C, alternatively in a range of tfrom about 300 °C to about 400 °C,
alternatively in a range of from about 400 °C to about 500 °C, or alternatively in a range of
from about 450 °C to about 540 °C. The reaction pressure can be in a range of from about |
MPa to about 5 MPa, alternatively in a range of from about | MPa to about 3 MPa,
alternatively in a range of from about 3 MPa to about 5 MPa, alternatively m a range of from
about 1 MPa to about 2 MPa, alternatively in a range of from about 2 MPa to about 3 MPa,
alternatively in a range of from about 3 MPa to about 4 MPa, alternatively in a range of from
about 4 MPa to about 3 MPa. The liquid hourly space velocity can be in a range of from
about 1 per hour (hr'') to about 5 hr', alternatively in a range of from about 1 hr'' to about 3
hr!, alternatively in a range of from about 3 b to about 5 hr', alternatively in a range of
from about | hr'l to about 2 ™', alternatively in a range of from about 2 hr™ to about 3 hr'',
alternatively in a range of from about 3 e to about 4 b, alternatively in a range of from

about 4 hr'' to about 5 hr'

16638} The heavy aromatics feed siream fo the conversion process can be a heavy
reformate, generally including alkylaromatic hydrocarbons in the carbon number range of C9
to Cli+ that may include, for example, such hydrocarbons as propylbenzenes,
cthylmethylbenzenes,  tetramcthylbenzenes, cthyldimethylbenzenes,  dicthylbenzenes,

methylpropyvibenzenes and mixtares thereofl

16639}  The heavy aromatics feed stream, characterized mainly by C9+ aromatics, results
mn effective transalkylation of light aromatics such as benzene and toluene with the heavier
C9+ aromatics, vielding additional C8 aromatics that are preferably xyienes. The heavy
aromatics stream preferably comprises at least about 95% by weight CO aromatics. In certain
embodiments, the heavy aromatic foed steam can be derived from the same or different

known refinery and petrochemical processes. i certain embodiments, the heavy aromatics

-12-
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feed stream can include, at least in part, feedstream that is recycled from the separation of the

product stream and light gases from transalkoylation.

[3640]  Transalkylation of the feed stream can occur in the vapor phase and in the presence
of hydrogen. The hydrogen is typically supplied with the feed stream, and with any
sptionally recyeled hydrocarbons, in an amount from about 0.1 moles hydrogen per mole of
alkylaromatics up to about ten wmoles per mole of alkylaromatics (that is, a
hydrogercalkylaromatic ratio in a range of from about 0.1:1 to about 10:1). In certain
embodiments, the hydrogen:alkylaromatic ratio can be in a range of from about 0.1:1 to about
2:1; alternatively in a range of from about 2:1 to about 5:1, alternatively in a range of from
about S5:1 to about 10:1. The ratio of hydrogen to alkylaromatics may also be referred fo as

the hydrogen-to-hydrocarbon ratio,

{3641}  In certain embodiments, the heavy aromatic feed to the transalkylation reaction
zone can be heated. For example, in certain embodiments, the feedstock can be heated first
by indirect heat exchange agamnst the effiuent of the reaction zone, and then heated to reaction
teraperature. The feedstock can then be passed through a reaction zone, which may include
one or more individual reactors. In certain embodimenis, the reactor mcludes a single
reaction vessel having a fixed cylindrical bed of catalyst. In alternate embodiments, a
moving catalyst bed or radial flow reactor, or combination of one or more of the above
reactors, can be employed. Passage of the combined hydrogen and heavy aromatic feed foed
through the reaction zone results in the production of an effluent stream comprising

unconverted feed and the desired product hydrocarbons,

[0042]  The transalkylation reaction uses the transalkylation catalyst as described in at least
one zone. The process can also inchude the use of additional catalysis. The heavier aromatic
compounds present in the feedstock readily undergo conversion into lighter aromatics. The
conditions employed i the transalkylation zone normally include a temperature in a range of
from about 200 °C to about 540 °C, and moderately elevated pressures, broadly in a range of

from about 1 MPa to about 5 MPa.

{3643}  The transalkylation catalyst utilized herein is based upon solid-acid materials
combined with a metal component. Generally, the catalyst can include two solid-acid zeolite
materials. The first solid-acid zeolite can imclude all forms and types of mordenite, beta
zeolite, Z5M-5, ZSM-11, ZSM-12, ZSM-22, ZSM-23, MFI topology zeolite, NES topsology
zeolite, EU-L, MAPO-36, SAPO-5, SAPO-11, SAPO-34 and SAPO-41, and silica-alumina or
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ion-exchanged versions of such solid acids. The first zeolite can be present in an amount in a
range of from about 10 % to about 90 % by weight of the total catalyst amount in its final

dried and calcined form.

#6447  The sccond zeolite incorporated in the catalyst recipe is differenmt from the first
zeolite in both physical and chemical characteristics, generally having a higher acidity, and is
a zeolite that 1s also selected from the group including mordenite, beta zeolite, ZSM-5, ZSM-
i, Z8M-12, ZSM-22, Z8M-23, MFT topology zeolite, NES topology zeolite, EU-1, MAPO-
36, SAPO-5, SAPO-11, SAP(O-34 and SAPO-41. The second zeolite can be present in an
amount in a range of from about 10 % to about 80% by weight of the total catalyst amount in

its final dried and calcined form.

13645]  The catalyst can optionally include a refractory binder or matrix is to facilitate
fabrication of the catalyst, provide strength to the catalyst and reduce fabrication costs. The
binder should be unitorm in composition and relatively refractory to the conditions used in
the process. Suttable binders can mnclude inorganic oxides, such as one or more of alumina,
magnesia, zirconia, chromia, titania, boria, phosphate, zinc oxide and silica. In certain
embodiments, alumina can be used as the binder. Typically, the two zeolite materials are
mixed with the alumina binder in dry powdered form to yield a homogeneous mixture, thus

ensuring that a homogeneous coraposition of the extrudates formed therefrom.

16646]  The multimetal zeolites based catalyst also includes at least three metal
components, selected from the Group 4 Lanthanoids, and the Group 6 and 10 metals. In
certain embodiments, two of the preferred metal compounents are selected from Group 10,
such as nickel and platinum metals, although palladium reay be used in licu of, or in addition
to, platimum. In certain embodiments, a Group 6 metal, such as molybdenum, chronmium or
tungsten, can be included in the catalyst. The third metal component can be selected from the
Group 4 Lanthanotids, such as cerium. In certain embodiments, the metal components can be
mchided within the final catalytic composite as an oxide, sulfide or halide, in chemical
combination with one or more of the other ingredients of the composite. In certain
embodiments, the Group 4 Lanthancid can be included in elemental form.  The metal
component can be present in the final catalyst coraposite in an amount that is catalytically
etfective, tor example between about 0.01 % and about 5% by weight of the final catalyst as
calculated on an elemental basis. The metal component can be incorporated into the catalyst
in by any suttable manner, such as co-precipitation or co-gelation with the carrier material,

ion exchange or impregnation.

-14-
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Examples

186477  In the examples as provided, the exemplary heavy reformate used for testing had a

composition as provided i Table 6.

Major Hydrocarbons Amount (wt%)
{sopropy!i benzene 1.8
n-Propyl-benzene 4.4
1-Methyl, 3-cthyl benzene I8.5
1-Methyl, 4-ethvi benzene 9.1
1,3,5-tri-methyl benzene 10.1
1-Methyl,2-ethyi benzene 6.5
1,2 4-trimethy! benzene 393
1,2,3-trimethyl benzene 6.6
Total C9 Components 96.1
Total C10 Components 38
Total Components 100

Table 6. Composition of a typical heavy reformate.

{3348}  For exemplary purposes, a zeolites-mixed-zeolite multimetal catalyst according to
the present invention, designated as Catalyst ot the Exaraple 1, was prepared and tested. The
catalyst of the Examplc 1 has a zeolite-mixed-zeolite support, and includes three metal
components loaded on the zeolite and alumina binder in a predefined fashion, and then mixed

and bind together into extrudates.
Example 1 Preparation of the Catalvst.

16649  Beta zeolite {ammontum form, HSZ-240NHA, obtained from Tosoh Chenucal
Corporation, Japan), having a Si0»/AL G, molar ratio of 37, BET surface area of 570 squared
meters per gram {m’/g), a mean particle size 6 microns and a nominal content of Nay0 0.08
% by weight was used in the catalyst preparation. The Beta zeolite was stirred with nickel
nitrate hexahydrate aquecus solution to ion-cxchange nickel, and the solid that was obtained

was dried and impregnated with platinum chioride aqueous solution to produce Ni-Beta-Pt

[
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according to the following procedure: Nickel nitrate hexahydrate, NiNG3h 6H0, was
dissolved 1n distilled water to produce 200 nulliliters (ml) of 10 % by weight solution.
Thirty g of uncalcined Beta zeolite was added to this solution and stirred continuously for |
hour, then filtered, and finally washed two times {o remove the nitrate ions. The resulting
solid was dried at room temperature for 2 hours, and then oven dried at 120 °C for 3 hours.
The Ni-Beta was then impregnated with 0.1 % by weight platinum solution. In this method
based on the wettability test, 0.038 g of platinum chloride, P(CH,, was dissolved in 36,1 g of
distilled water. To dissolve the platinum chloride completely, 2.5 mL of ammonium
hydroxide solution was added to the mixture with stiring.  The Ni-Beta was then
impregnated by incipient weiness method using this solution. The resultant solid was dried at
room femperature for 2 hours and then oven dried at 120 °C for 3 hours, Then 4 g of alumina
binder {Cataloid AP-3, obtained from CCIC, Japan} in dry powder form was dispersed in a 16
ml agqueous sohition containing 0.62 g cerium nitrate, Ce(NG;3».6H20, and stirred
continuously for 30 minutes to prepare a homogenously dispersed alumina, To this mixture,
4 g of uncalcined and untreated ZSM-5 (CT-435, obtained from CATAL, UK) having silica
to ahumina molar ratio of 27 was added in powder form to the slurry, Subsequently 12 g of
MNi-Beta-Pt was added and mixed thoroughly to produce a thick paste which was ther
converted into 1.0 millimeters {mm) extrudates. The ratio of Beta to ZSM-5 to AP3 was
3:1:1. The extrudates were dried at room temperature overnight, then dried in air-circulated
oven at 120 °C, and then calcined in 8 furnace at S8 °C for 3 hours. The catalyst developed

can be symbolized as follows: [(Ni-Beta-PO+ZSMS+HCe-AP3)L
Example 20 Testing of Catalyst of Example 1.

[6658]  The catalyst of the Example 1 was tested for transalkylation reaction in a bench top
reaction systern using heavy reformate to test the effectiveness of the catalyst for €9
conversion and products selectivity.  The testing method consisted of loading a vertical
reactor with 2.0 mL of the catalyst extrudates in the middle of reactor together with the inert
alumina balls in the lower and upper parts of the reactor. The total volume of the reactor was
5 mbl. The catalyst was activated and redoced under a flow of pure hydrogen at SO
mbl/minute gas and was maintained at a temperature of 400 °C for 2 hours. Then, the reactor
temperature was reduced to 340 “C and 20 bar pressure and the heavy reformate was supplied
at a rate of 4.8 mL/h. The composition of heavy reformate s provided in Table 6. The
reaction was ran 3 hours at this fomperature betore collecting the samaple.  The reaction

product was then directly injected into an on-line gas chromatograph equipped with flame

16~
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ionization detector. The hydrocarbon separation was carried out on 5¢ meter long and 0.15
mm diameter column under temperature programmed conditions.  The temperature was
increased to 360 °C and the reaction was continued for 2 hours before analyzing the gas and
fiquid products. The reaction was also run at reaction teraperatures of 380 °C and 400 °C. In
this manner, the reaction product were analyzed at 340 °C, 360 °C, 380 °C and 400 °C
reaction temperatures. The componenis were separated according to thetr boiling pomts.
The components were identified using a calibration that was accomplished using a standard
hydrocarbon mixtare sample having the components of known composition. The
composition of the gaseous product was analyzed off-line by a Shimadzu gas chromatograph
model 148, equipped with a flame ionization detector and thermal conductivity detector. The
gaseous hydrocarbons and hydrogen were separated on alumina PLOT, 50 meter capillary
column.  Various feed conversion levels were obtained at different temperatures and the
results show low and high severity conversion of C9 components. Total €9 conversion (by
wit%) was calculated using the following cquations. An analogous expression was also used

for calculating conversion of individual C9 compounds.

{6651} Tables 7 and 8 demonstrate that the Catalyst of the Example 1 shows relatively
high C2-C4 petrochemical feedstock production at low severity reaction tomperatures of 340

°C and 360 °C, as well as at high severity reaction temperatures of 380 °C and 400 °C.

166521 The C6-C8 compositional data shown in Tables 9 and 10 demonsirates that the
Catalyst of the Example | shows high production amount of mixed xyienes, at low severity
reaction temperatures of 340 °C and 360 °C, as well as at high severity reaction temperabires
of 380 °C and 400 °C. The data shows that the catalyst is quite active and gave high xylenes
yields at low temperatures. The data also shows low benzene and toluene production,
mdicating low selectivity for C6 and C7 components.  Ethylbenzene production was

negligible at both tow and high severity reaction conditions.

136537 Tables 11 and 12 provide the C9-C10 product composition data at low reaction

temperature of 340 °C and 360 °C as well as at high reaction temperature of 380 °C and 400

Ot

[6054]  Tables 13 and 14 show relatively high conversion of individual C9 hydrocarbons at
tow severity reaction temperatures of 340 °C and 360 °C, as well as at high severity reaction
temperature of 380 °C and 400 °C. The data also shows that C% hydrocarbons conversion

was guite high even at low severity. Conversion of methyl-cthyl benzencs (MEBs) was

17



WO 2013/151986 PCT/US2013/034930

higher as compared to trimethyl benzene (TMBs) conversion, thus showing xylenes

production selectivity.

Catalyst of Example 1 Catalyst of Example 1
Temperature 344°C 3s0°C
2 4.88 6.41
3 4.63 6.08
C4 3.02 3.96

Table 7. C2-C4 Composition (vol.%) of the reaction producis obtained using the catalyst of

the Example | at low severity reaction temperatures of 340 °C and 360 °C, LHSV of 2.4 b,

and 20 bar hydrogen pressure,

Catalyst of Example 1 Catalyst of Example
Temperature 380°C 460°C
2 7.98 11.52
C3 325 4.03
C4 1.22 0.45

Table 8. C2-C4 Composition {vol.%) of the reaction products obtained using the catalyst of

the Example 1 at high severity reaction temperature of 380 °C and 400 °C, hydrogen pressure

of 20 bar, and LHSV of 24 B\

Catalyst of Example 1 Catalyst of Example 1
Temperature 346°C 360°C
LHSY 24 2.4
Benzene .87 1.19
Toluene 10,49 13,16
Ethyibenzene G.75 .31
p-xylene 6.69 7.38
#-xyiene 1488 16.44
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a-xylene

5946

6.63

Total Xylenes

27.53

30.45

Table 9. C6-C8 Composition {wi%} of the reaction products obtained using the catalyst of

the Example 1 at low severity reaction temperature of 340°C and 360°C, hydrogen pressure of

20 bar, and LHSV of 2.4 k',

Catalyst of Example | Catalyst of Example
Temperature 3BP°C 488°C
Benzene 1.86 1.32
Toluene 15.26 13.57
Ethylbenzene 0617 0.600
pxylene 7.65 7.74
ae-Xylene 16.90 17.06
g-xylene 6.94 7.7
Total Xylenes 3149 31.97

Table 10, C6-C8 Composition (wt%) of the reaction products obtained using the catalyst of

the Example 1 at high severity reaction temperature of 3806°C and 400°C, hydrogen pressure

of 20 bar, and LHSV of 2.4 1",

Catalyst of Example {

Catalyst of Example §

Temperature 344°C 368°C
t-methyl-4-ethyl benzene 0.60 0.43
I~methyl-3-cthyl benzene 177 1.18
1.3,5-trimethy! benzene 6.08 6.44
t-methyl-2-ethyl benzene 0.43 0.34
1,2.4-trimethyl benzene 13.49 15.02
1.4-dicthyl benzene 1.63 0.58
1,2, 3-trimethyl benzene 1.66 2.01
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1,2~ diethy! benzene 0.83 (.39
1,2,4,5-tctramethyl benzene 1.91 1.52
1,2,3,5-tetramethy] benzene 2.42 1.93
1,2,3,4-tetramethyl benzene {8.54 (.54

Table 11. C9-C10 Composition (wi%) of the reaction products obtained using the catalyst of

the Example | at low severity reaction teraperature of 340°C and 360°C, hydrogen pressure of

20 bar, and LHSV of 2.4 b,

Catalyst of Example 1 Catalyst of Exampie 1
Temperature 380°C 480°C
t-methyl-4-ethy] benzene 0.00 0.00
I~methyl-3-cthyl benzene 0.36 0.20
1.3,5-trimethyl benzene 6.20 6.15
t-methyl-2-ethy] benzene 0.00 0.00
1,2, 4-trimethyl beazene 14.02 14.12
1.4-diethyl benzene 0.22 0.00
1,2, 3-trimethyl benzene 1.81 1.87
1,2- diethyi benzene 0.18 0.00
1,2,4,5-tetramethyl benzene 141 1.42
1,2,3,5-tetramethyl benzene 177 1.77
1,2,3,4-tetramethyl benzene 4.42 .42

Table 12. C9-C10 Composition {wit%) of the reaction products obtained using the catalyst of

the Example 1 at high severity reaction temperature of 3806°C and 400°C, hydrogen pressure

of 20 bar, and LHSV of 2.4 1",

Catalyst of Example 1

Catalyst of Example 1

Temperature

346°C

360°C

LHSY

24

2.4

20-
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123TMIB Conversion 74.85 6955
124TMEB Conversion 65.50 62.07
135TME Conversion 39.80 36.24
Total TMBs Conversion 61.95 57.94
IMZER Conversion 93.38 94.77
IM3ZEB Conversion 50.43 93.62
IM4ERB Conversion 93.41 95.27
Total MEBs Conversion 51.79 9428

Table 13, Conversion (wi%) of C9 hydrocarbouns at low severity reaction temperature of

340°C and 360°C, at LHSV of 2.4 I, using the Catalyst of Example 1.

Catalyst of Example 1 Catalyst of Example 1
Tempeorature 386°C 466°C
123TMB Conversion 72.58 71.67
124TME Conversion 64.60 64.34
135TMB Conversion 38.61 3911
Total TMBs Conversion 60.52 (.32
IMZEB Conversion 180.00 186,060
IM3EB Conversion 88.05 88.92
IM4EB Conversion 180.00 100.00
Total MEBs Conversion GR8.94 99.41

Table 14: Conversion (wi%) of individual C9 hydrocarbons at high severity reaction
temperature of 380°C and 400°C LHSY of 2.4 1, using the Catalyst of Example |

[3655] The methods and compositions as provided solve scveral problems that are
frequently encountered.

[6056]  Although the present imvention has been described in detail, #t should be

understood that various changes, substitutions, and alterations can be made hercupon without

departing from the principle and scope of the mvention.  Accordingly, the scope of the

-
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present invention should be determined by the following claims and their appropriate legal
equivalents.

i

13657 The singular forms "a", "an” and "the" include plural referents, unless the context

clearly dictates otherwise.

{3658}  Optional or optionally means that the subsequently described covent or
circumstances may or may not occur. The deseription includes instances where the event or

circumstance occurs and instances where 1t does not occur.

[B059]  Ranges may be expressed herein as from about one particular value, and/or to
about another particular value. When such a range is expressed, it is to be understood that
another ernbodiment is from the one particular valoe and/or to the other particular value,

along with all combinations within the range.

i6666]  Throughout this application, where patenits or publications are referenced, the
disclosures of these references in their entireties are intended to be incorporated by reference
mto this application, in order to more fully describe the state of the art to which the inveuntion

pertains, except when these references contradict the statements made herein.

{3061}  As used herein and i the appended claims, the words "comprise,” "has," and
"include” and all grammatical variations thereof are cach intended to have an open, non-

himiting meaning that does not exclude additional elements or steps.

18662}  As used herein, terms such as "first” and "sccond” are arbitrarily assigned and are
merely intended to differentiate between two or more components of an apparatus. 1t is to be
understood that the words "first” and "second"” serve no other purpose and are not part of the
name or description of the component, nor do they necessarily define a relative location or
position of the component. Furthermore, it 18 to be understood that that the mere use of the
term "first” and "second” does not require that there be any "third" component, aithough that

possibility is contemplated under the scope of the present invention.
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CEAIMES
That which is claimed is:

1. A method for the transalkylation of a heavy reformate, the method comprising the

steps of:

providing a heavy reformate comprising at least 90% by weight C94+ aromatics and
hydrogen gas to a transalkylation reactor, the transalkylation reactor being charged with a
transatkylation catalyst to selectively convert the C9+ aromatics to a xylenc-rich product
stream, the transallylation catalyst comprising at least two zeolites selected from the group
consisting of mordenite, beta zeolite, ZSM-5, ZSM-11, ZEM-12, Z8M-22, ZSM-23, MFI
topology zeolite, NES topology zeolite, EU-I, MAPQG-36, SAPG-5, SAPG-11, SAP(O-34 and
SAPO-41, and at least three metal selected from the Group 4 Lanthanoids, Group 6, and

Group 10 of the Periodic Table of the Elements;

separating the product stream into a light gas recycle stream, a C9+ heavy aromatic

recycle siream and a mixed aromatics product streamyg

separating the mixed aromatics product stream into a benzene stream, a tohiene

stream and a xylenes streany and

separating light alkanes from the light gas recycle stream and supplying the light
alkanes to a steam cracker, where the light alkanes are converted to mixed olefins.

2. The method of claim 1 further comprising the step of separating hvdrogen gas from
P £ p ¥ £ nyqrogen g

the light gas recycle stream and recycling the hydrogen gas to the transalkylation reactor.

3. The method of claim 1 or claim 2 where the transalkylation reaction zone is
maintained at a temperature in a range of from 200 °C 1o 540 °C.

4. The method of any one of claims 1 to 3 where the transalkoylation reaction zone is
maintained at a pressure ju a range of from | MPa to S MPa.

5. The raethod of any one of claims 1 to 4 wherein the ratio of hydrogen to heavy

reformate s in a range of from 0.1:1 to 1011

6. The method of any one of claims 1 to 5 wherein the steam cracker includes a reaction
zone that is maintained at a temperature in a range of from 600 °C to 850 °C.

~3

7. The method of any one of claims 1 to 6 wherein the residence tiroe of the light

alkanes in the steam cracker reaction zone is less than 0.1 seconds.
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&. The method of any one of claims 1 to 7 wherein the two solid acid zeolite components
of the catalyst have different physical and chemical characteristics,

9. The method of any one of claims 1 to § wherein the fransalkylation catalyst includes a
first solid acid zeolite that is present in an amount in a range of from 10 % to 50% by weight
st the total catalyst weight.

10, The method of any one of claims | to 9 where the transalkylation catalyst includes a
second solid acid zeolite that is present m an amount in a range of from 10 % to 90% by
weight of the total catalyst weight.

11 The method of any one of claims 1 to 10 where the transalkylation catalyst further
inchides a binder selected from norganic oxides.

12. The method of any one of claims 1 to 11 where the metal components are present in

an amount in g range of from 0.01 % to 5% by weight of the total catalyst weight.

4.



