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in an aromatics complex for producing paraxylene. More specifically, the present disclosure relates
to processes and apparatuses for toluene methylation within an aromatics complex for producing
paraxylene wherein an embodiment uses a riser reactor, another embodiment uses a pre-reactor pro-
ducing dimethyl ether, and another embodiment uses partial regeneration of the catalyst.
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PROCESSES AND APPARATUSES FOR TOLUENE
METHYLATION IN AN AROMATICS COMPLEX

CROSS-REFERENCE TO RELATED APPLICATION

6001 This application claims priority from Provisional Application No. 62/437 002 filed
December 20, 2016, the contents of which cited application are hereby incorporated by

refergnce in its entirety.

FIELD

[6002] This present disclosure relates to processes and apparatuses for toluene
methylation in an aromatics complex for producing paraxviene. More specifically, the present
disclosure relates to processes and apparatuses for toluene methylation within an aromatics
complex for producing paraxylene wherein an crabodiment uses a riser reactor, another
embodiment uses a pre-reactor producing dimethyl ether, and another embodiment uses

partial regencration of the catalyst.
BACKGROUND

[6003) The xvlene isomers are produced in large volumes from petroleum as
feedstocks for a variety of important indostrial chemicals. The most important of the xvlene
tsomers is para-xviene, the principal feedstock for polvester, which continues to enjoy a high
growth rate from large base demand. Ortho-xylene is used to produce phthalic anhydnide,
which supplies high-volume but relatively matere markets. Meta-xylene is used in lesser but
growing volumes for such products as plasticizers, azo dves and wood preservers.
Ethylbenzene generally 1s present in xylene mixtures and is occasionally recovered for styrene
production, but 18 usually considered a less-desirable component of Cs aromatics.

13004] Among the aromatic hydrocarbons, the overall importance of xylenes nvals that of
benzene as a feedstock for industrial chemicals. Xylenes and benzene are produced from
petroleum by reforming naphtha but not i sufficient volume to mect demand, thus
conversion of other hydrocarbons ts necessary to ncrease the vield of xylenes and benzene.

Often toluene 1s de-alkvlated to produce benzene or selectively disproportionated or
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transalkvlated to vield benzene and Cx aromatics from which the individual xvlene isomers
are recovered.

THETRY An aromatics complex flow scheme has been disclosed by Meyers in the
HANDBOOK OF PETROLEUM REFINING PROCESSES, 2d. Edition in 1997 by McGraw-Hill, and 15
ncorporated heremn by reference.

(G886 Traditional aromatics complexes send toluene to a transalkyviation zone to generate
desirable xylene isomers via transatkylation of the toluene with Ao components. Ao,
components are present in both the reformate bottoms and the transalkylation effluent.

160467] Paraxylene is most often produced from a feedstock which has a methyl to phenyl
ratic of less than 2. Ag a result, the paraxylens production is Himited by the available methyl
groups in the feed. In addition, paraxviene production alse typically produces benzene as a
byproduct. Since paraxylene is more valuable than benzene and the other byproducts produced
in an aromatics complex, there is a desire o maximize the paraxylene production from a given
amount of feed. There are also cases where a paraxylene producer would prefer to avoid the
production of benzene as a byproduct or paraxylene production. However, there are also cases
where a paraxviene producer would preter to limit the production of benzene as a byproduct of

paraxylene production by making adjustments.

SUMMARY

[6608] ¢ present subject matter relates to processes and apparatuses for toluenc
methyiation in an aromatics complex for producing paraxylene. More specificallv, the present
disclosure relates to processes and apparatuses for tolucne methylation in an aromatics
complex for producing paraxylene. More specifically, the present disclosure relates to
processes and apparatuses for toluene methyviation within an aromatics complex for producing
paraxylene wherein an embodiment uses a riser reactor, another embodiment uses a pre-
reactor producing dimethyl cther, and another embodiment uses partial regeneration of the
catalyst.

16009]  Additional objects, advantages and novel features of the examples will be set forth
in part in the description which follows, and in part will become apparent to those skilled in
the art upon exanunation of the following description and the accompanying drawings or may

be learned by production or operation of the examples. The objects and advantages of the

o}
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concepts may be realized and attained by means of the methodologies, instrumentalities and

combinations particularly pointed out in the appended claims.

DEFINITIONS

LEINAY

G810 As used herein, the term “stream”,

s <

feed”, “product”, “part” or “portion” can
include various hydrocarbon molecules, such as straight-chain, branched, or cvclic alkangs,
alkenes, alkadienes, and alkynes, and optionally other sabstances, such as gases, e.g.,
hydrogen, or impurities, such as heavy metals, and sultur and nitrogen compounds. Each of
the above may also include aromatic and non-aromatic hvdrocarbons.

611} Hydrocarbon molecules may be abbreviated €y, Co, Cs, Cn where “n” represents
the number of carbon atoms in the one or more hydrocarbon molecules or the abbreviation
may be used as an adjective for, ¢.g., non~-aromatics or compounds. Similarly, aromatic
compounds may be abbreviated As, A7, Ag, An where “n” represents the number of carbon
atoms in the one or more argmatic molecules. Furthermore, a superseript “+7 or - may be
used with an abbreviated one or more hvdrocarbons notation, ¢.g., Cs+ or Cs., which is
inclusive of the abbreviated one or more hydrocarbons. As an example, the abbreviation
“Cs+7 means one or more hydrocarbon molecules of three or more carbon atoms.

{012} As used herein, the term “zone™ can refer to an arca ncluding one or more
cquipmcnt items and/or one or more sub-zones. Equipmoent items can include, but are not
bimited to, one or more reaciors or reactor vessels, separation vessels, distillation towers,
heaters, exchangers, pipes, pumps, compressors, and controllers. Additionally, an equipment
item, such as a reactor, dryer, or vessel, can further include one or more zones or sub-zones.
10613] As ased herein, the term “nich” can mean an amount of at least generally 50%, and

preferably 70%, by mole, of a compound or class of compounds in a stream.
BRIEF DESCRIPTION OF THE DRAWINGS

614} FIG. 1 illustrates a toluene methyvlation riser reactor having a mixing chamber,
01 5] FIG. 2 illustrates a toluene methylation dimethyl ether pre-reactor having staged
injection.

{06816} FIG. 3 dlustrates a toluene methylation partial regencration scheme.

-3
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{0817} FI(G. 4 illustrates partial regencration of a spent catalyst to retam up to 2 wi% coke
on catalyst back to the niser.

[6G18] FIG. 5 illostrates partial regeneration of a spent catalyst 1o retain up to 6 wi% coke
on catalvst back to the niser.

G819 Corresponding reference characters indicate corresponding components
throughout the several views of the drawings. Skilled artisans will appreciate that elements in
the figures are dhustrated for simplicity and clarity and have not necessarily been drawn to
scale. For exampie, the dimensions of some of the elements in the figures mayv be exaggerated
relative to other elements to help to improve understanding of various emboduments of the
present disclosure. Also, common but well-understood elements that are usefl or necessary
in a commercially feasible embodiment are often not depicted m order to facilitate a less

obstructed view of these vanous embodiments of the present disclosure.

DETAILED BESCRIPTION

(3620} The following description is not to be taken in a hmiting sense, but is made merely
for the purpose of describing the general principles of exemplary aspects. The scope of the
present disclosure should be determined with reference to the claims.

0621} FIG. 1 illustrates a toluens methylation system 10 having a riser reactor 20 and a
mixing chamber 30, FIG. 1 illustrates a process for alkviating an aromatic hvdrocarbon
reactant with an alkvlating reagent comprising methanol to produce an alkylated aromatic
product, comprising introducing the aromatic hydrocarbon feed 40 above the nuxing chamber
30 comprising water 50. The aromatic hydrocarbon may also be injected directly into the riser
20, Additional streams are mtroduced into the riser reactor 20 which include methanol,
toluene, and water. In the example ilustrated in FIG. 1, there are a plurality of injection
points 70 into the riser portion 60 of the riser reactor 20. In one embodiment there may be
three injection points. The first mjection point 80 may comprise a mixture of toluene,
methanol, and water. The second mjection point %0 and the third injection point 100 may
comprise only methanol and water. The aromatic hvdrocarbon may include a residence time
of 0.5 seconds to 6 secounds, for producing the alkylated aromatic product. The product stream
110 may include an alkvlated aromatic product mchudes xyvlene. Some of the coked catalyst

from the reactor 140 may be recirculated to the mixing chamber 30 via line 120,

-4 .
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Alternatively, a fraction of coked catalyst is cooled in a cooler 130 to remove heat of reaction
and returned 1o the mixing chamber via the nser 60. The rniser reactor 20 comprises a
temnperature of S00°C to 700°C. The niser reactor 20 comprises an operating bed density of
0.05 kg/m3 to 0.29 kg/m3 . The weight hourly space velocity of the riser reactor 20 15 4 hr-1 to
20 hr-1.The weight hourly space velocity of the riser reactor is 10 hr-1.

022} In an embodiment, the system 10 further includes passing the alkviate aromatic
product 110 to a hight olefins column o produce a light olefins product stream. Then the light
olefins product stream may be passed to a toluene column to produce a toluene column
product stream comprising paraxylenc. In another embodiment the process 10 may melude
passing the light olefins product strean to a toluene column to produce a toluene column
product stream comprising unreacted toluene and to recycle unreacted tohiene to the reactor.
The catalyst may include a MFI zeolite with silica-to-alumina ratio higher than 20,
preferentially higher than 100, a silica or an alumina binder, or combined aluminosilicate
binder; and a clay binder. In one crabodiment, phosphorus is added 1o the catalvst. The MFI
zeolite content in the catalyst is in the range of 25 wt%to 635 wit%. The catalyst may be ina
powder format with an average particle size of 70 microns to 80 microns.

16023] FIG. 2 illustrates a process 200 for alkvlating an aromatic hvdrocarbon reactant
with an alkylating reagent comprising methanol to produce an alkvlated aromatic product.
The process 200 i FIG. 2 includes passing methanol 210 into 8 pre-reactor 220 to produce
dimethyl cther and water 230, passing dimethyl ether and water 230 and toluene 240 to a riser
reactor system 230 for producing the alkvylated aromatic product 260. The a residence time in
the reactor 250 may be 0.5 seconds to 6 seconds. The aromatic hydrocarbon reactant includes
toluene, the alkylating reagent includes methanol, and the alkylated aromatic product 260
includes xylene.

133241 The pre-reactor operates at 400°C to 500°C. The pre-reactor comprises an
operating bed density of 0.30 kg/m3 to 0.80 kg/m3. In some embodiments, the residence time
in the niser reactor 1s 4 seconds. The weight hourly space velocity of the riser reactor is 4 to
20. The weight hourly space velocity of the riser reactor 1s 10 hr-1. The riser reactor system
comprises a temperature of 360°C to 700°C. The riser reactor system comprises an operating

bed density of 0.05 kg/m3 to 0.28 kg/m3.
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16025] The pre-reactor may include a plurality of injection zones. The riser reactor may
also mehide a plurality of injection zones, as illustrated in the example m FIG. 1. [t s
contemplated that the riser reactor comprises 1 to 4 injection points. It is also contemplated
that the riser reactor may comprise 2 injection points.

8261 In an embodiment, the system 200 further includes passing the alkylate aromatic
product 260 to a hight olefins column 270 to produce a light olefins product stream 280, Then
the light olefins product stream 280 may be passed to a toluene column 290 to produce a
toluene column product stream 300 comprismg paraxvlene. In another embodiment the
process 200 may include passing the light olefins product stream 270 to a toluene coluran 290
to produce atoluene column product stream comprising unreacted toluene 310 and to recyele
unreacted toluene 310 to the reactor 250. The catalvst may include a MFI zeolite with silica-
to-alumina ratio higher than 20, preferentially higher than 100; a silica or an ahumimna binder,
or combined aluminosilicate binder; and a clay binder. In one embodiment, phosphorus is
added to the catalyst. The MFI zeohite content in the catalyst is in the range of 25 wt% to 65
wt%. The catalyst may be in a powder format with an average particle size of 70 microns to
80 microns.

6627} FIG. 3 illustrates a toluene methyvlation system 300 having a riser reactor 320, a
mixing chamber 330, and a regenegrator 450. More specifically, FIG. 3 illustrates a process for
alkviating an aromatic hvdrocarbon reactant with an alkviating reagent comprising methanol
to produce an alkylated aromatic product, comprising introducing the aromatic hydrocarbon
feed 340 above a mixing chamber 330 comprising water 350, and passing a portion of the
coked catalyst 440 to the regenerator 450, Additional streams are introduced into the riser
reactor system 320 which mclude methanol, toluene, and water. In the example illustrated in
FIG. 3, there are a plurality of injection poimts 370 into the riser portion 360 of the riser
reactor 320. In one embodiment there may be three injection points. The first injection point
380 mayv comprise a mixture of toluene, methanol, and water. The second injection point 390
and the third mjection point 100 may comprise only methanol and water. The aromatic
bydrocarbon may mclude a residence time of 0.3 seconds to 6 scconds, for producing the
atkvlated aromatic product. The product stream 410 may include an alkylated aromatic
product includes xylene. Some of the coked catalyst from the reactor 320 may be recirculated

to the mixing chamber 330 via line 420. Alternatively, a fraction of coked catalyst is cooled in

-6 -
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a cooler 430 to remove heat of reaction and returned to the mixing chamber via the niser 360.
The niser reactor 320 comprises a temperature of 500°C to 700°C. The riser reactor 320
comprises an operating bed density of 0.05 kg/m3 to 0.29 kg/m3. The weight hourly space
velocity of the riser reactor 320 1s 4 hr-1 1o 20 hre-1.The weight hourly space velocity ot the
riser reactor is 10 hr-1.

{3028} In an embodiment, the regenerator 450 produces a product stream of catalyst 460
wherein 0.1% to 15% of coke is left on the catalyst and the partiaily regenerated catalyst 460
i3 returned to the riser reactor 320. In a preferred embodiment, the regenerator 450 produces a
product stream of catalyst 460 wherem 2% to 4% of coke is left on the catalyst and the
partially regencrated catalyst 460 is returned to the riser reactor 320, In one embodiment, the
regencrator 450 is a bubbling bed regenerator. In another embodiment, the regenerator 450 1s
a swing bed regenerator. In another embodiment, the regenerator 430 1s a fixed bed
regenerator. The oxvgen concentration may be 0.3 % to 21.0%.

{06629} In an embodiment, the system 300 further tncludes passing the alkylate aromatic
product 410 to a hight olefins column to produce a hight olefins product stream. Then the light
olefing product stream may be passed to a toluene column to produce a toluene column
product stream comprising paraxyience. In another embodument the process 300 may include
passing the light olefins product strean to a tohuene cohumu fo produce a toluene column
product stream comprising unreacted toluene and to recyele unreacted tohuene to the reactor.
The catalyst may include a MFI zeolite with silica-to-alumina ratio higher than 20,
preferentially higher than 100; a silica or an alumina binder, or combined aluminosilicate
binder; and a clay. In one embodiment, phosphorus is added to the catalyst. The MFI zeolite
content in the catalyst is in the range of 25 wt% to 65 wt%. The catalyvst may be m a powder

format with an average particle size of 70 microns to 80 microns.

EXAMPLES

[6836] The following examples are intended to further 1Hustrate the subject embodiments.
These itlustrations of different embodiments are not meant to limit the claims {o the particular
details of these examples.

106317 FIG. 4 illustrates that partial regencration of a spent catalyst to retain up 1o 2 wit%
coke on catalvst back to the riser would improve 2-3% PX/X selectivity. Optimal partial

7
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regeneration level leaves a residual level of coke that suppresses back-isomerization that
would reduce PX concentration from well above equilibrium towards equilibrium. The
catalyst comprises 40 wit% MFT zeolite with silica-to-alumina ratio of 300 and was steamed
under 10530°C for 90 minutes.

(0632} FIG. 5llustrates that partial regencration of a spent catalyst to retain up to 6 wt%
coke on catalyst back to the riser would mmprove 3-5% PX/X selectivity. Additional residual
coke levels above 2% and up to 6% allows PX/X to continue to increase without a significant
and adverse effect on catalyst activity allowing PX/X to be maximized will still maintaining
an acceptable toluene conversion. The catalyst comprises 40 wit% MFI zeolite with silica-to-
alumina ratio of 300 and was steamed under 1050°C for 45 minutes.

10633} I should be noted that vanious changes and modifications to the presently preferred
embodiments described herein will be apparent to those skilled in the art. Such changes and
modifications may be made without departing from the spirit and scope of the present subject

matter and without diminishing its attendant advantages.
SPECIFIC EMBODIMENTS

3634} While the following 1s described in conjunction with specific embodiments, 1t will
be understood that this description is intended to illustrate and not limit the scope of the
preceding description and the appended claims.

{0835} A first embodiment of the invention is a process for alkvlating an aromatic
hvdrocarbon reactant with an alkvlating reagent comprising methanol to produce an alkylated
aromatic product, comprising introducing the aromatic hvdrocarbon reactant into a mixing
chamber comprising water; introducing the aromatic hvdrocarbon into a riser reactor svstem,
having a residence time of 0.3 seconds to 6 seconds, for producing the alkviated aromatic
product; and wherein the riser reactor system comprises an operating bed density of .05
kg/m3 to 0.29 kg/m3 recovering the alkvlate aromatic product, produced by reaction of the
aromatic reactant and the alkylating reagent, from the reactor system. An embodiment of the
nvention is one, any or all of prior embodiments m this paragraph up through the first
cmbodiment in this paragraph, wherein the aromatic hvdrocarbon reactant includes toluene,
the alkylating reagent includes methanol, and the alkvlated aromatic product inchudes xylene.

An embodiment of the invention 1s one, any or all of prior embodiments in this paragraph up

-8 -
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through the first embodiment in this paragraph, wherein the residence time in the riser reactor
is 4 seconds. An embodiment of the invention is one, anv or all of prior embodiments in this
paragraph up through the first embodiment in thas paragraph, wherein a fraction of the coked
catalyst is recirculated from the top of the niser to the mixing chamber. An embodiment of the
invention 1s one, any or all of prior embodiments m this paragraph up through the first
embodiment 1n this paragraph, wherein a fraction of coked catalyst is cooled to remove heat
of reaction and returned to the mixing chamber. An embodiment of the invention is one, any
or all of prior embodiments in this paragraph up through the first embodiment in this
paragraph, wherein a fraction of regenerated catalyst is returned to the mixing chamber. An
embodiment of the invention 1s one, any or all of prior embodiments in this paragraph up
through the first embodiment m this paragraph, wherein the riser reactor svstem comprises a
teraperature of 300°C to 700°C. An embodiment of the invention s one, any or all of prior
embodiments in this paragraph up through the first embodiment in this paragraph, wherein
the weight hourly space velocity of the niser reactor is 4 hr-1 to 20 hr-1. An embodmment of
the invention is one, any or all of prior embodunents in this paragraph up through the first
embodiment in this paragraph, wherein the weight hourly space velocity of the riser reactor is
10 hr-1. An embodiment of the invention is one, any or all of prior embodiments in this
paragraph up through the first embodiment i thas paragraph, wherein the niser reactor
comprises a plurality of injection zones. An embodiment of the invention is one, any or all of
prior embodiments in this paragraph up through the first cmbodiment in this paragraph,
further comprising passing the alkylate aromatic product to a light olefins cohumn to produce
a light olefing product stream. An embodiment of the invention is one, any or all of prior
crobodiments in this paragraph up through the first embodiment in this paragraph, further
comprising passing the light clefins product stream to a toluene column to produce a toluene
column product stream comprising paraxylene. An embodiment of the invention is ong, any
or all of prior embodiments m this paragraph up through the first embodiment in this
paragraph, further comprising passing the light olefins product stream to a toluene column to
produce a toluene column product stream comprising unreacted toluene and to recyele
unreacted toluene to the reactor. An embodiment of the mvention is one, any or all of prior
embodiments in this paragraph up through the first embodiment 1 this paragraph, wherein

the catalyst comprising a MFET zeolite with silica-to-alumina ratio higher than 20,

-0
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preforentially higher than 100; a silica or an alumina binder, or combined aluminosilicate
binder; and a clay. An embodiment of the invention is one, anv or all of prior embodiments in
this paragraph up through the first embodiment m this paragraph, wherein phosphorus 1s
added to the catalyst. An embodiment of the invention is one, anv or all of prior embodiments
in this paragraph up through the first embodiment in this paragraph, whercin the MFI zeolite
content in the catalyst is in the range of 25 wt% to 65 wt%. An embodiment of the invention
is one, any or all of prior embodiments in this paragraph up through the first embodiment in
this paragraph, wherein the MFI zeolite coutent in the catalyst is in the range of 25 wi% to 45
wt%. An embodiment of the mvention is one, any or all of prior cmbodiments in this
paragraph up through the first embodiment in thas paragraph, wherein the catalvst ism a
powder format with an average particle size of 70 microns to 80 microns.

[6636] Withowut further elaboration, it 1s believed that using the preceding description that
one skilled in the art can utilize the present mvention to its fullest extent and casily ascertain
the essential characteristics of this invention, without departing from the spirit and scope
thereof, to make various changes and modifications of the invention and to adapt it to various
usages and conditions. The preceding preferred specific embodiments are, therefore, to be
construed as merely illustrative, and not imiting the remainder of the disclosure in any way
whatsoever, and that if 1s intended to cover various modifications and equivalent
arcangements incladed within the scope of the appended claims.

{3837} In the foregomng, all temperatures are set forth in degrees Celsius and, all parts and

percentages are by weight, unless otherwise indicated.

=10 -
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CLAIMS:

1. A process for alkylating an aromatic hydrocarbon reactant with an alkylating
reagent comprising methanol to produce an alkylated aromatic product, comprising:

mitroducing the aromatic hydrocarbon reactant imto a mixing chamber comprising

5 water;
mitroducing the aromatic hydrocarbon into a riser reactor system, having a residence
timae of 0.3 seconds to 6 seconds, for producing the alkvlated aromatic product;
and

wherein the riser reactor system comprises an operating bed density of .03 kg/m” to

10 0.29 kg/m” recovering the alkylate aromatic product, produced by reaction of the
aromatic reactant and the alkylating reagent, from the reactor system.,

2. The process of claim 1, wherein the aromatic hvdrocarbon reactant includes
toluene, the alkylating rcagent includes methanol, and the alkylated aromatic product includes
xylene.

15 3. The process of claim 1, wherein the residence time in the riser reactor is 4
seconds.

4. The process of claim 1, wherein a fraction of the coked catalvst s recirenlated
from the top of the riser to the mixing chamber.

5. 'The process of claim 1, wherein a fraction of coked catalyst is cooled to remove

20 heat of reaction and retumed to the mixing chamber.

6. The process of claim 1, wherein a fraction of regenerated catalvst 1s retumed to the
mixing chamber.

7. The process of claim 1, wherein the riser reactor system comprises a temperature

ot 500°C to 700°C.

[
A

8. The process of claim |, wherein the weight hourly space velocity of the riser
reactor is 4 hr-1 to 20 hr-1.

9. The process of claim 1, wherein the weight hourly space velocity of the riser
reactor is 10 hr-1.

10. The process of claim 1, wherein the riser reactor comprises a plurality of injection

30 Zonges.
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