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(57) ABSTRACT 

Methods of forming ethylbenZene are described herein. In 
one embodiment, the method includes contacting dilute 
ethylene With benzene in the presence of an alkylation 
catalyst to form ethylbenZene, Wherein such contact occurs 
in a liquid phase reaction Zone and recovering ethylbenZene 
from the reaction Zone. 
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DILUTE LIQUID PHASE ALKYLATION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Patent Application Ser. No. 60/756,778, ?led Jan. 7, 
2006. 

FIELD 

[0002] Embodiments of the present invention generally 
relate to liquid phase alkylation. In particular, embodiments 
of the present invention relate to dilute ethylation of benZene 
in the liquid phase. 

BACKGROUND 

[0003] As a result of the high cost of pure (or high purity) 
ethylene, efforts have been directed to utilizing dilute eth 
ylene in the alkylation of benZene to form ethylbenZene. 
[0004] While it has been discovered that the use of dilute 
ethylene generally results in loW xylene formation, the high 
methane and hydrogen content thereof generally results in a 
bubble point temperature of the combined mixture of dilute 
ethylene and benZene that is very loW. For example, the 
bubble point temperature may be loWer than the activity 
temperature of the ethylation catalyst. Accordingly, it has 
not been possible for liquid phase alkylation of dilute 
ethylene. 
[0005] Therefore, a need exists to develop a method of 
utilizing loWer cost ethylene in liquid phase alkylation. 

SUMMARY 

[0006] Embodiments of the invention generally include 
methods of forming ethylbenZene. In one embodiment, the 
method includes contacting dilute ethylene With benZene in 
the presence of an alkylation catalyst to form ethylbenZene, 
Wherein such contact occurs in a liquid phase reaction Zone 
and recovering ethylbenZene from the reaction Zone. 
[0007] In another embodiment, the method includes con 
tacting dilute ethylene With benZene in the presence of 
cerium promoted Zeolite alkylation catalyst to form ethyl 
benZene. 
[0008] In yet another embodiment, the method includes 
introducing benZene to a liquid phase reaction Zone having 
an alkylation catalyst disposed therein, introducing dilute 
ethylene to the liquid phase reaction Zone, Wherein the dilute 
ethylene is introduced in a manner to contact the benZene 
and the alkylation catalyst and recovering a product stream 
from the reaction Zone, Wherein the product stream com 
prises 0.8 Wt. % or less butylbenZene. 
[0009] In yet another embodiment, the method includes 
contacting benZene With dilute ethylene in a benZene:ethyl 
ene ratio of about 8:1 or less, Wherein the contact occurs in 
the presence of an alkylation catalyst disposed Within a 
liquid phase reaction Zone and recovering ethylbenZene 
from the liquid phase reaction Zone. 

BRIEF DESCRIPTION OF DRAWINGS 

[0010] FIGS. 1A and 1B illustrate an embodiment of an 
alkylation/transalkylation process. 

DETAILED DESCRIPTION 

Introduction and De?nitions 
[0011] A detailed description Will noW be provided. Each 
of the appended claims de?nes a separate invention, Which 
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for infringement purposes is recogniZed as including equiva 
lents to the various elements or limitations speci?ed in the 
claims. Depending on the context, all references beloW to 
the “invention” may in some cases refer to certain speci?c 
embodiments only. In other cases it Will be recogniZed that 
references to the “invention” Will refer to subject matter 
recited in one or more, but not necessarily all, of the claims. 
Each of the inventions Will noW be described in greater 
detail beloW, including speci?c embodiments, versions and 
examples, but the inventions are not limited to these embodi 
ments, versions or examples, Which are included to enable a 
person having ordinary skill in the art to make and use the 
inventions When the information in this patent is combined 
With available information and technology. 
[0012] Various terms as used herein are shoWn beloW. To 
the extent a term used in a claim is not de?ned beloW, it 
should be given the broadest de?nition persons in the 
pertinent art have given that term as re?ected in printed 
publications and issued patents. Further, unless otherWise 
speci?ed, all compounds described herein may be substi 
tuted or unsubstituted and the listing of compounds includes 
derivatives thereof. 
[0013] The term “activity” refers to the Weight of product 
produced per Weight of the catalyst used in a process per 
hour of reaction at a standard set of conditions (e.g., grams 
product/ gram catalyst/hr). 
[0014] The term “alkyl” refers to an alkane absent hydro 
gen. 
[0015] The term “alkylation” refers to the transfer of an 
alkyl group from one molecule to another. 
[0016] The term “deactivated catalyst” refers to a catalyst 
that has lost enough catalyst activity to no longer be ef?cient 
in a speci?ed process. Such ef?ciency is determined by 
individual process parameters. 
[0017] The term “ole?n” refers to a hydrocarbon With a 
carbon-carbon double bond. 
[0018] The term “processing” is not limiting and includes 
agitating, mixing, milling, blending and combinations 
thereof, all of Which are used interchangeably herein. Unless 
otherWise speci?ed, the processing may occur in one or 
more vessels, such vessels being knoWn to one skilled in the 
art. 

[0019] The term “recycle” refers to returning an output of 
a system as input to either that same system or another 
system Within a process. The output may be recycled to the 
system in any manner knoWn to one skilled in the art, for 
example, by combining the output With an input stream or by 
directly feeding the output into the system. In addition, 
multiple input/recycle streams may be fed to a system in any 
manner knoWn to one skilled in the art. 

[0020] The term “regenerated catalyst” refers to a catalyst 
that has regained enough activity to be ef?cient in a speci?ed 
process. Such ef?ciency is determined by individual process 
parameters. 
[0021] The term “regeneration” refers to a process for 
reneWing catalyst activity and/ or making a catalyst reusable 
after its activity has reached an unacceptable/ine?icient 
level. Examples of such regeneration may include passing 
steam over a catalyst bed or burning olf carbon residue, for 
example. 
[0022] FIG. 1A illustrates a schematic block diagram of an 
embodiment of an alkylation/transalkylation process 100. 
Although not shoWn herein, the process stream How may be 
modi?ed based on unit optimization so long as the modi? 
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cation complies With the spirit of the invention, as de?ned by 
the claims. For example, at least a portion of any overhead 
fraction may be recycled as input to any other system Within 
the process and/or any process stream may be split into 
multiple process stream inputs, for example. Also, additional 
process equipment, such as heat exchangers, may be 
employed throughout the processes described herein and 
such placement is generally knoWn to one skilled in the art. 
Further, While described beloW in terms of primary compo 
nents, the streams indicated beloW may include any addi 
tional components as knoWn to one skilled in the art. 

[0023] The process 100 generally includes supplying an 
input stream 102 to an alkylation system 104. The alkylation 
system 104 is generally adapted to contact the input stream 
102 With an alkylation catalyst to form an alkylation output 
stream 106. In addition to the input stream 102, an additional 
input, such as an alkylating agent, is generally supplied to 
the alkylation system 104 via line 103. 
[0024] At least a portion of the alkylation output stream 
106 passes to a separation system 107. The separation 
system 107 generally includes a plurality of vessels, such 
vessels being adapted to separate components of the output 
stream 106. At least a portion of the separation system 
output, described in further detail beloW, is passed from the 
separation system 107 to a second alkylation system (i.e., a 
transalkylation system 121) as transalkylation input 120. 
[0025] In addition to the transalkylation input 120, an 
additional input, such as additional aromatic compound, is 
generally supplied to the transalkylation system 121 via line 
122 to contact a transalkyation catalyst and form a tran 
salkylation output 124. 
[0026] The input stream 102 generally includes a ?rst 
aromatic compound. The aromatic compound may include 
substituted or unsubstituted aromatic compounds. In a spe 
ci?c embodiment, the ?rst aromatic compound includes 
benZene. The benZene may be supplied from a variety of 
sources, such as a fresh benZene source and/or a variety of 
recycle sources. As used herein, the term “fresh benZene 
source” refers to a source including at least about 95 Wt. % 
benZene, at least about 98 Wt. % benZene or at least about 99 
Wt. % benZene, for example. As used herein, the term 
“recycle” refers to an output of a system, such as an 
alkylation system and/or a dehydrogenation system, Which 
is then returned as input to either that same system or 
another system the same process. 

[0027] The alkylating agent 103 generally includes ethyl 
ene. In a speci?c embodiment, the alkylating agent includes 
dilute ethylene. As used herein, the term “dilute ethylene” 
refers to alkylating agent streams having less than about 
50% ethylene. For example, the alkylating agent may 
include from about 7% to about 25% or from about 10% to 
about 15% ethylene. The dilute ethylene stream may further 
include methane, hydrogen or ethane, for example. 
[0028] Dilute ethylene may be supplied from any source 
knoWn to one skilled in the art. For example, the dilute 
ethylene may be produced from ?uid catalytic cracking 
(FCC). 
[0029] In addition to the ?rst aromatic compound and the 
alkylating agent, the input stream 102 may further include 
other compounds in minor amounts (e.g., sometimes 
referred to as poisons or inactive compounds,) such as 
toluene, ethyl benZene, C7 aliphatic compounds and/or non 
aromatic compounds, for example. In one embodiment, the 
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input stream 102 includes less than about 3% of such 
compounds or less than about 1%, for example. 
[0030] The alkylation system 104 generally includes one 
or more reaction vessels. The reaction vessels may include 
continuous ?oW reactors (e.g., ?xed-bed, slurry bed or 
?uidized bed,) for example. In one embodiment, the alky 
lation system 104 includes a plurality of multi-stage reaction 
vessels (not shoWn). For example, the plurality of multi 
stage reaction vessels may include a plurality of operably 
connected catalyst beds, such beds containing an alkylation 
catalyst (not shoWn.) The number of catalyst beds is gener 
ally determined by individual process parameters, but may 
include from 2 to 20 catalyst beds or from 3 to 10 catalyst 
beds, for example. 
[0031] Such reaction vessels are generally liquid phase 
reactors operated at reactor temperatures and pressures 
suf?cient to maintain the alkylation reaction in the corre 
sponding phase, i.e., the phase of the aromatic compound, 
for example. In one embodiment, the plurality of stages 
Within a reaction vessel may be operated With the same or 
different catalyst and at the same or different temperatures 
and space velocities. Such temperatures and pressures are 
generally determined by individual process parameters. 
HoWever, liquid phase reactions may occur at temperatures 
of from about 1600 C. to about 270° C. at 600 psig. 
[0032] The alkylation catalyst generally includes a cerium 
promoted molecular sieve catalyst. In one embodiment, the 
cerium promoted catalyst is a cerium promoted Zeolite beta 
catalyst. The cerium promoted Zeolite (e.g., cerium beta) 
catalyst may be formed from any Zeolite catalyst knoWn to 
one skilled in the art. For example, the cerium beta catalyst 
may include Zeolite beta modi?ed by the inclusion of 
cerium. Any method of modifying the Zeolite beta catalyst 
With cerium may be used. 
[0033] The Zeolite beta may have a silica to alumina molar 
ratio (expressed as SiO2/Al2O3) of from about 10 to about 
200 or about 20 to about 150, for example. In one embodi 
ment, the Zeolite beta may have a loW sodium content, e.g., 
less than about 0.2 Wt. % expressed as NaZO, or less than 
about 0.02 Wt. %, for example. The sodium content may be 
reduced by any method knoWn to one skilled in the art, such 
as through ion exchange, for example. The formation of 
Zeolite beta is further described in Us. Pat. No. 3,308,069 
and Us. Pat. No. 4,642,226, Which are incorporated by 
reference herein. 
[0034] In another embodiment, it is contemplated that a 
cerium promoted Zeolite Y catalyst may be used. It is further 
contemplated that the Zeolite Y catalyst may be modi?ed 
With cerium in the same manner as the modi?cation of 
Zeolite beta. The formation of Zeolite Y is described in Us. 
Pat. No. 4,185,040, Which is incorporated by reference 
herein. 
[0035] The alkylation catalyst may optionally be bound to, 
supported on or extruded With any support material. For 
example, the alkylation catalyst may be bound to a support 
to increase the catalyst strength and attrition resistance. The 
support material may include alumina, silica, aluminosili 
cate, titanium and/ or clay, for example. 
[0036] The alkylation output 106 generally includes a 
second aromatic compound formed from the reaction of the 
?rst aromatic compound and the alkylating agent in the 
presence of the alkylation catalyst, for example. In a speci?c 
embodiment, the alkylation output 106 includes ethylben 
Zene. The alkylation output 106 further includes less than 
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about 1 Wt. %, or less than about 0.8 Wt. % or less than about 
0.2 Wt. % butylbenZenes, such as sec-butylbenZene, for 
example. 
[0037] The transalkylation system 120 generally includes 
one or more reaction vessels having a transalkylation cata 
lyst disposed therein. The reaction vessels may include any 
reaction vessel, combination of reaction vessels and/or num 
ber of reaction vessels (either in parallel or in series) knoWn 
to one skilled in the art. Such temperatures and pressures are 
generally determined by individual process parameters. 
However, liquid phase reactions may occur at temperatures 
of from about 65° C. to about 290° C. (e.g., the critical 
temperature of the ?rst aromatic compound) and pressures 
of from about 600 psig or less, for example. Vapor phase 
reactions may occur at temperatures of from about 420° C. 
to about 450° C., for example. 
[0038] The transalkylation output 124 generally includes 
the second aromatic compound, for example. As stated 
previously, any of the process streams, such as the tran 
salkylation output 124, may be used for any suitable purpose 
or recycled back as input to another portion of the system 
100, such as the separation system 107, for example. 
[0039] The transalkylation catalyst may include a molecu 
lar sieve catalyst and may be the same catalyst or a different 
catalyst than the alkylation catalyst, for example. Such 
molecular sieve catalyst may include Zeolite beta, Zeolite Y, 
Zeolite MCM-22, Zeolite MCM-36, Zeolite MCM-49 or 
Zeolite MCM-56, for example. 
[0040] In a speci?c embodiment, the ?rst aromatic com 
pound includes benZene and the alkylating agent includes 
dilute ethylene. In one embodiment, the molar ratio of 
benZene to ethylene in the input stream 102 may be about 
10:1 or less, or about 8:1 or less or about 6:1 or less in each 
catalyst bed and the space velocity may be from about 2 to 
about 100, for example. 
[0041] In a speci?c embodiment, benZene is recovered 
through line 110 and recycled (not shoWn) as input to the 
alkylation system 104, While ethylbenZene and/or polyalky 
lated benZenes are recovered via lines 116 and 120 respec 
tively. 
[0042] In a speci?c embodiment, the separation system (or 
product recovery) 107 includes three separation Zones (illus 
trated in FIG. 1B) operated at conditions knoWn to one 
skilled in the art. The ?rst separation Zone 108 may include 
any process or combination of processes knoWn to one 
skilled in the art for the separation of aromatic compounds. 
For example, the ?rst separation Zone 108 may include one 
or more distillation columns (not shoWn,) either in series or 
in parallel. The number of such columns may depend on the 
volume of the alkylation output 106 passing therethrough, 
for example. While the temperature and pressure are system 
speci?c, the ?rst separation Zone temperature may be from 
about 130° C. to about 170° C. and the pressure may be 
atmospheric pressure to 50 psig, for example. 
[0043] The overhead fraction 110 from the ?rst column 
108 generally includes the ?rst aromatic compound, such as 
benZene, for example. 
[0044] The bottoms fraction 112 from the ?rst separation 
Zone 108 generally includes the second aromatic compound, 
such as ethylbenZene, for example. The bottoms fraction 112 
further includes additional components, Which may undergo 
further separation in the second separation Zone 114 and 
third separation Zone 115, discussed further beloW. 
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[0045] The second separation Zone 114 may include any 
process knoWn to one skilled in the art, for example, one or 
more distillation columns (not shoWn), either in series or in 
parallel. While the temperature and pressure are system 
speci?c, the ?rst separation Zone temperature may be from 
about 180° C. to about 240° C. and the pressure may be from 
about 100 psig to about 500 psig, for example. 
[0046] The overhead fraction 116 from the second sepa 
ration Zone 114 generally includes the second aromatic 
compound, such as ethylbenZene, Which may be recovered 
and used for any suitable purpose, such as the production of 
styrene, for example. 
[0047] The bottoms fraction 118 from the second separa 
tion Zone 114 generally includes heavier aromatic com 
pounds, such as polyethylbenZene, cumene and/ or butylben 
Zene, for example, Which may undergo further separation in 
the third separation Zone 15. 
[0048] The third separation Zone 115 generally includes 
any process knoWn to one skilled in the art, for example, one 
or more distillation columns (not shoWn), either in series or 
in parallel. While the temperature and pressure are system 
speci?c, the ?rst separation Zone temperature may be from 
about 180° C. to about 240° C. and the pressure may be 
atmospheric pressure to about 50 psig, for example. 
[0049] In a speci?c embodiment, the overhead fraction 
120 from the third separation Zone 115 may include dieth 
ylbenZene and liquid phase triethylbenZene, for example. 
The bottoms fraction 119 (e.g., heavies) may be recovered 
from the third separation Zone 115 for further processing and 
recovery (not shoWn). 
[0050] Unfortunately, alkylation and transalkylation cata 
lysts generally experience deactivation upon exposure to 
reaction. The life of the catalyst generally depends on 
process conditions and catalyst type. HoWever, When regen 
eration of any catalyst Within the system is desired, the 
regeneration procedure generally includes processing the 
deactivated catalyst at high temperatures, although the 
regeneration may include any regeneration procedure 
knoWn to one skilled in the art. 

[0051] Once a reactor is taken olT-line, the catalyst dis 
posed therein may be purged. Off-stream reactor purging 
may be performed by contacting the catalyst in the off-line 
reactor With a purging stream, Which may include any 
suitable inert gas (e.g., nitrogen), for example. The olf 
stream reactor purging conditions are generally determined 
by individual process parameters and are generally knoWn to 
one skilled in the art. 

[0052] The catalyst may then undergo regeneration. The 
regeneration conditions may be any conditions that are 
effective for at least partially reactivating the catalyst and are 
generally knoWn to one skilled in the art. For example, 
regeneration may include heating the catalyst to a tempera 
ture or a series of temperatures, such as a regeneration 
temperature of from about 50° C. to about 200° C. above the 
purging or reaction temperature, for example. 
[0053] In one embodiment, the catalyst is heated to a ?rst 
temperature (e.g., 700° F.) for a time suf?cient to provide an 
output stream having an oxygen content of about 0.5%. The 
catalyst may then be heated to a second temperature for a 
time suf?cient to provide an output stream having an oxygen 
content of about 2.0%. The second temperature may be 
about 50° F. greater than the ?rst temperature, for example. 
The second temperature is generally about 950° F. or less, 
for example. The catalyst may further be held at the second 
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temperature for a period of time, or at a third temperature 
that is greater than the second temperature, for example. 
[0054] Upon catalyst regeneration, the catalyst may then 
be reused for alkylation and transalkylation, for example. 
[0055] Unexpectedly, no increase in the butylbenZene 
yield Was observed. 
[0056] While the foregoing is directed to embodiments of 
the present invention, other and further embodiments of the 
invention may be devised Without departing from the basic 
scope thereof and the scope thereof is determined by the 
claims that folloW. 
What is claimed is: 
1. A method of forming ethylbenZene comprising: 
contacting dilute ethylene With benZene in the presence of 

an alkylation catalyst to form ethylbenZene, Wherein 
such contact occurs in a liquid phase reaction Zone; and 

recovering ethylbenZene from the reaction Zone. 
2. The method of claim 1, Wherein the alkylation catalyst 

is cerium promoted. 
3. The method of claim 2, Wherein the catalyst comprises 

a Zeolite beta. 
4. The method of claim 1, Wherein the molar ratio of 

benZene to ethylene is about 8:1 or less. 
5. The method of claim 1, Wherein the alkylation catalyst 

comprises a silica to alumina molar ratio of from about 10:1 
to about 200:1. 

6. The method of claim 1, Wherein the contact occurs at 
a reaction temperature of from about 160° C. to about 270° 
C. 

7. A method of forming ethylbenZene comprising: 
contacting dilute ethylene With benZene in the presence of 

cerium promoted Zeolite alkylation catalyst to form 
ethylbenZene. 

8. The method of claim 7, Wherein the Zeolite is selected 
from beta and Y. 
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9. The method of claim 7, Wherein the contact occurs at 
a reaction temperature of from about 160° C. to about 270° 
C. 

10. The method of claim 7, Wherein the contact occurs in 
a liquid phase. 

11. A method comprising: 
introducing benZene to a liquid phase reaction Zone 

having an alkylation catalyst disposed therein; 
introducing dilute ethylene to the liquid phase reaction 

Zone, Wherein the dilute ethylene is introduced in a 
manner to contact the benZene and the alkylation 
catalyst; and 

recovering a product stream from the reaction Zone, 
Wherein the product stream comprises 0.8 Wt. % or less 
butylbenZene. 

12. The method of claim 11, Wherein the alkylation 
catalyst comprises a cerium promoted Zeolite beta. 

13. The method of claim 11, Wherein the product stream 
comprises 0.2 Wt. % or less butlybenZene. 

14. A method of forming ethylbenZene comprising: 
contacting benZene With dilute ethylene in a benZene: 

ethylene ratio of about 8:1 or less, Wherein the contact 
occurs in the presence of an alkylation catalyst dis 
posed Within a liquid phase reaction Zone; and 

recovering ethylbenZene from the liquid phase reaction 
Zone. 

15. The method of claim 14, Wherein the benZene:ethyl 
ene ratio is about 6:1 or less. 

16. The method of claim 14, Wherein the alkylation 
catalyst comprises cerium promoted Zeolite. 

17. The method of claim 14, Wherein the liquid phase 
reaction Zone is housed Within a single reaction vessel. 

18. The method of claim 14, Wherein the liquid phase 
reaction Zone is housed Within multiple reaction vessels. 

* * * * * 


