1 M XED PHASE, MJLTI STAGE ALKYLAROVATI CS PRODUCTI ON FI ELD OF THE

| NVENTI ONvDQO@r11333% present invention relates to a procexy/is2007/008708
produci ng al kyl aromati ¢ conpounds, particularly ethyl benzene.
BACKGROUND OF THE | NVENTI ON [ 0002] Et hyl benzene is a key raw nateri al
in the production of styrene and is produced by the reaction of

et hyl ene and benzene in the presence of an acid catal yst. d der

et hyl benzene production plants, typically built before 1980, used
Al1Cl13 or BF3 as the acidic catalyst. wer plants have in general
been switching to zeolite-based acidic catal ysts. [0003] Conmerci al

et hyl benzene MHXEDREHASE; Y DSTAGE ALKYLAROWMATIQE RRODUECTION of

pol ynmer grade ethylene, which has a purity exceeding 99.9 nol.%
However, the purification of ethylene streans to polyner grade is a
costly process and hence there is considerable interest in devel oping
processes HIFAD U THRINVENTION ower grade ethyl ene streans. One
such ethylene _source is the dil.ute ethylene obtained.as. a

rom the DU atl B yrsient FeRiSR FOes 1o B AFRTeat AP ogripE graroftai
petr ol eumcbﬁlfpbagdgpmcgﬁﬂyaﬂﬁsaﬁeﬁmval of reactive inpurities, such
as propylene, typically contains about 20-80 wt. % ethyl ene, W|th t he
remei nder being ethane together with mnor anpunts of hydrogen,

met hane a@Aéﬁﬁﬂﬁmﬂ‘@thHEWEﬁﬁilw et hyl ene source is the feed
streamto ene ane distiiration splitter, L0004] Thr ee types
of et hyl atlPe#}r ea(ﬁtbﬁ‘lbgly@éﬁ%a%ﬁé ey depterial 1p,the pEednstian f shEspeand is
namel y, apqgauo%ﬁ & Fedcon S E@YRne dndlbéhRREIR th@%&&hc@ \E N Boid

and m xed ase reactor systens
catalyst Older ethylbenzene productlon plants, typically built before 1980, used

AICL; or BF; as the acidic catalyst. Newer plants have in general been switching
to zeolite-based acidic catalysts.

[0003] Commercial ethylbenzene manufacturing processes typically require
the use of polymer grade ethylene, which has a purity exceeding 99.9 mol.%.
However, the purification of ethylene streams to polymer grade is a costly process
and hence there is considerable interest in developing processes that may operate
with lower grade ethylene streams. One such ethylene source is the dilute
ethylene obtained as an off gas from the fluid catalytic cracking or steam cracking
unit of a petroleum refinery which, after removal of reactive impurities, such as
propylene, typically contains about 20-80 wt.% ethylene, with the remainder
being ethane together with minor amounts of hydrogen, methane and benzene.
Another such dilute ethylene source is the feed stream to an ethylene/ethane
distillation splitter.

[0004] Three types of ethylation reactor systems are used for producing
ethylbenzene, namely, vapor phase reactor systems, liquid phase reactor systems,
and mixed phase reactor systems. '

[0005] In vapor-phase reactor systems, the ethylation reaction of benzene and
ethylene is carried out at a temperature of about 380-420°C and a pressure of 9-15
kg/om>-g in multiple fixed beds of zeolite catalyst. Ethylene exothermally reacts
with benzene to form ethylbenzene, although undesirable chain and side reactions
also occur. About 15% of the ethylbenzene formed further reacts with ethylene to
form di-ethylbenzene isomers (DEB), tri-ethylbenzene isomers (TEB) and heavier



[ 0005] I n vapor - phase reactor systens, the ethylation reaction of
benzene awo 20¢tmsBzsse is carried out at a tenperature of pTUS2007/008708
380-420C and a pressure of 9-15 kg,/cnR2-g in nmultiple fixed beds of
zeolite catalyst. Ethylene exothermally reacts with benzene to form
et hyl benzene, al t hough undesirable chain and side reactions al so
occur. About 15% of the ethyl benzene formed further reacts with
ethylene to formdi-ethyl benzene i SOMes s (DEB), tri-ethyl benzene

i somers (TEB) and heavier 2 aromatic products. All these chain
reaction products are commonly referred as pol yet hyl at ed benzenes
(PEBs). In addition to the ethylation reactions, the formation of
xyl ene | scwematia predugte Hibthges shajpgreion produes ags coognly Teferred as
xyl ene for | ' r : | :
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Mor eover, although commerci al vapor phase processes enpl o%/rl ng dilute
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i nvestment gosts associated with these processes is high and the
products contaln high concentrations of xylene inpurities. [0009]In
recent yeaf@0Fhe tBeraay rofi exiuspley vaper pbese eihylationt ofihepzeneopverapher -

crystalline aluminosilicate zeolite ZSM-5 is disclosed in U.S. Patent Nos.
3,751,504 (Keown et al.), 3,751,506 (Burress), and 3,755,483 (Burress).

[0008]) In most cases, vapor phase ethylation systems use polymer grade
ethylene feeds. Moreover, although commercial vapor phase processes employing
dilute ethylene feeds have been built and are currently in operation, the investment
costs associated with these processes is high and the products contain high
concentrations of xylene impurities.

[0009] In recent years the trend in industry has been to shift away from vapor
phase reactors to lignid phase reactors. Liquid phase reactors operate at a
temperature of about 180-270°C, which is under the critical temperature of
benzene (about 290°C). One advantage of the liquid phase reactor is the very low
formation of xylenes and other undesirable byproducts. The rate of the ethylation
reaction is normally lower compared with the vapor phase, but the lower design
temperature of the liquid phase reaction usually economically compensates for the
negatives associated with the higher catalyst volume. Thus, due to the kinetics of
the lower ethylation temperatures, resulting from the liquid phase catalyst, the rate
of the chain reactions forming PEBs is considerably lower; namely, about 5-8% of

the ethylbenzene is converted to PEBs in liquid phase reactions versus the 15-20%



phase reactors to |iquid phase reactors. Liquid phase reactors

oper at e awoao0txrspeEBat ure of about 180-270C, which i s undaT/wd2007/008708
critical tenperature of benzene (about 290C). One advantage of the

| i qui d phase reactor is the very |low formati on of xyl enes and ot her
undesi rabl e byproducts. The rate of the ethylation reaction is
normal Iy | ower conpared with the vapor phase, but the | ower design
tenperature of the liquid phase react id;pn usual |y economically
conpensates forte negatives associated with the higher catalyst

vol une. Thus, due to the kinetics of the | ower ethylation
tenperatures, resulting fromthe |liquid phase catalyst, the rate of
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pressure at the reaction I's maintained. The reaction is
conduct ed remain ¢ssettiallyrigl the liquid phase. However, reactive distillation units are

complex and expensive and the catalyst is prone to deactivation as a result of the
production of ethylene oligomers.

[0013] U.S. Patent No. 6,252,126 discloses a mixed phase process for
producing ethylbenzene by reaction of a dilute ethylene stream containing 3 to
50 mol.% ethylene with a benzene stream containing 75 to 100 wt.% benzene at a
temperature at least 10°C. below the boiling point of benzene at the pressure at

which the reaction is maintained. The reaction is conducted in an isothermal



4 ethylation section of a reactor vessel that also includes a benzene
stri ppi ngveeot38353wher e t he unreacted benzene is ther m@dyusoorigogmd
fromthe ethylation products. Integrated, countercurrent vapor and
liquid traffic is maintained between the ethylation section and the
benzene stripping section. [0014]U. S. Patent No. 6,995, 295 descri bes
a m xed phase process, for producing ethyl benzene from a conbi ned

et hyl ene/ et hane feed using a nultista reacti on system conprising a
plurality of series-connected al kyl ation reacti oxi zones each
containing an al kylation catal yst. The process enpl oys interstage

separation of ethane and/or other diluents fromthe unfeacted feed to
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of the volune of Tiquid to the volupe of vapor. . .
producing se%—butyl enzene from cﬁrl%te Cso gﬁ% streams in which one or more

alkylation stages are operated with the benzene being split between the liquid and
vapor phase.

[0016] According to one embodiment of the present invention it has now been -
found that, in an aromatics alkylation process using a dilute alkene feed, by
conirolling the process operating conditions within each reaction zone for
alkylation or transalkylation such that the ratio of the volume of liquid to the
volume of vapor of feed is in the range of about 0.1 to about 10, the alkene
conversion in said zones may be maximized and byproduct production minimized
without the need for interstage separation of alkane from the unreacted feed. It
has also been found that, whereas most alkylation catalysts or transalkylation

catalyst are less active at the lower temperatures required for liquid phase



SUMVARY OF THE I NVETION [0017]1n one aspect, the present invention
resi des iwoaoprmsess for produci ng an al kyl aromati ¢ conp@Ies2007/088708
mul tistage reaction systemconprising at least first and second
series-connected reaction zones each containing an allcyl ation

catal yst, the process conprising: (a) introducing a first feed
conprising an al kyl atabl e aromati c conpound and a second feed
conprising an al kene and one or nore a kanes into said first reaction
zone; (b) operating said first reaction zone under conditions
effective to cause al kyl ation of said al kyl atabl e aromati ¢ conpound
by said al kene, said conditions bein% such that part of, said L

al kyl at ablatkylatinmatNMENGRpenshits | sreralnana|Qgise a5p B AREVE Rt the Jiquid
the 11 ui dpalagen (el VAbOIHEAY Bkchy MBS cbibfetlion B8 BL ARARAPIAR
ef f | uent ébnpr|3|ng Sai d” al kyl'aromati c conpound, unreacte ) .

al kyl at abnsixed pimse slkytatiponrdrananlikylation eacter syisican epersting 4t digh radiee ;

and (d) w.thout. re i n ' said effluent, supplying
sai d ef f1 GEHES Y gﬁ‘%ﬁigoﬁégfgi@ﬁegfs‘g gir?d reaction zone; and (e)
operating said second reaction zone under conditions effective to
€alSe  SUMMARY OF THE INVETION

[0017] In one aspect, the present invention resides in a process for producing

an alkylaromatic compound in a multistage reaction system comprising at least
first and second series-connected reaction zones each containing an alkylation
catalyst, the process comprising:

(a) introducing a first feed comprising an alkylatable aromatic compound and
a second feed comprising an alkene and one or more alkanes into said first
reaction zone;

()] operating said first reaction zone under conditions effective to cause
alkylation of said alkylatable aromatic compound by said alkene, said conditions
being such that part of said alkylatable aromatic compound is in the vapor phase
and part is in the liquid phase;

(c) withdrawing from said first reaction zone an effluent comprising said
alkylaromatic compound, unreacted alkylatable aromatic compound, ‘any
unreacted alkene and said alkane; and

(d) without removing said alkane from said effluent, supplying said effluent
and said alkene to the second reaction zone; and

(e) operating said second reaction zone under conditions effective to cause
alkylation of said alkylatable aromatic compound by said alkene, said conditions
being such that part of said alkylatable aromatic compound is in the vapor phase
and part is in the liquid phase;

wherein the operating conditions in (b) and (e) are such that the ratio of the
volure of liquid to the volume of vapor in each of said first and second reaction
zones is from about 0.1 to about 10.

[0018] Preferably, the operating conditions in (b) and (e) are such that the

ratio of the volume of liquid to the volume of vapor in each of said first and



al kyl ation of said allcylatable aromatic conpound by said al kene,
sai d condwDi20em13883ng such that part of said al kyl at abl eeCavusrat7o08708
conpound is in the vapor phase and part is in the |liquid phase;
wherein the operating conditions in (b) and (e) are such that the
ratio of the volume of liquid to the volunme of vapor in each of said
first and second reaction zones is fromabout 0.1 to about 10. )
[0018] Preferably, the operating conditéons in (b) and (e) are such
that the ratio of the volune of liquid to the volune of vapor in each
of said first and 6 second reaction zones is fromabout 0.2 to about
5, such as fromabout 0.4 to about 2.0, for exanple frgmabout 0.5 to
about 1. [66uBl mpgtiem|dopes isEoBeabitl G249 abeWLP: seeh a3 froanabow.dtoo,
of said alglies oSixAhpld BB ALY 800 Whorttrof said al kene. Typically,
al'k i B

the or eac ahe in's second feed has the sane nunber, or |ess,
carbon at A81%s sdypicdllyetis: sdco0d Badncamprisehiad dtasb R0 widhiof said alkene,
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a t enper atggeendfecd 2as the 2nGranbkraoiess sanbon afony’ss said SBO4:.kPa.

002t (o 000" R°SS Taouichl s Ak AeRBle 2R LS BOMRP ¥ilprises
benzene and said second feed comprises ethylene. Conveniently, said conditions
in step (a) include a temperature of 120 to 270°C and a pressure of 675 to 8300
kPa.
[0021] In another embodiment, said alkylatable aromatic compound comprises
benzene and said second feed comprises propylene. Conveniently, said conditions
in step (a) include a temperature of 80 to 180°C and a pressure of 675 to 4000 kPa.
[0022] In yet another embodiment, said alkylatable aromatic compound
comprises benzene and said second feed comprises 1-butene and/or 2-butene.
Conveniently, said conditions in step (a) include a temperature of 50 to 250°C and
a pressure of 445 to 3550 kPa.
[0023] Conveniently, said alkylation catalyst is selected from the group
consisting of MCM-22, PSH-3, 88Z-25, ERB-1, ITQ-1, ITQ-2, MCM-36, MCM-
49, MCM-56, faujasite, mordenite, TEA-mordenite, zeolite Beta, zeolite ¥,
Ultrastable Y (USY), Dealuminized Y (Deal Y) ZSM-3, ZSM-4, ZSM-5, ZSM-18,
ZSM-20, and mixtures thereof.
[0024] In a further aspect, the invention resides in a process for producing
ethylbenzene from a feed comprising benzene, ethylene and ethane in a multistage
reaction system, said reaction system comprising at least first and second series-
connected alkylation reaction zones each containing an alkylation catalyst and at
least one transalkylation reaction zone comprising a transalkylation catalyst, the
process comprising:

(@) operating said first alkylation reaction zone under conditions
effective to cause alkylation of said benzene by said ethylene, said conditions
being such that part of said benzene is in the vapor phase and part is in the liquid
phase;



benzene and sai d second feed conprises propyl ene. Conveniently, said
condi ti ongOi2n07a38333(a) i nclude a tenperature of 80 1o 1PCT/Ew26072008708
pressure of 675 to 40001cPa. [0022] In yet another enbodi nent, said
al |l cyl atabl e aromati c conpound conpri ses benzene and said second feed
conprises 1-butene and/or 2-butene. Conveniently, said conditions in
step (a) include a tenperature of 50 to 250C and a pressure of 445 to
3550 kPa. [0023] Conveniently, said allgylation catalyst is selected
fromthe group consisting of MCM 22, PSH 3, SSzZ-25, EBB-1, ITQ 1,

I TQ 2, MCM 36, MCWMA9, MCM 56, faujasite, nordenite, TEA-nordenite,
zeolite Beta, zeolite,Y, Utrastable gﬁéu , ..Deal um ni zed Y %%al Y)
ZSM 3, ZSM 4, Z8w 5, withslrayang frgpp sgid q?@%?wwmwe IBEATE a
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et hyl benzene“trom a feed conprising benzene, ethylene and ethane in a
mul ti st ag@dmhxlbwesymagﬁh@n%eact i on system conprising at |east
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sai d secongyalk¥h 8dacABn z6A&ab@N zone; and (d) operating said
second al kylation reaction zone under conditions, eff Cttinvlﬁ to caus
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transalkylating conditions in said transalkylation zome, to form additional
ethylbenzene;

wherein the operating conditions in (a) and (d) are such that the ratio of the
volume of liquid to the volume of vapor in each of said first and second reaction
zones is from about 0.1 to about 10; and
wherein the alkylation catalyst in each of said first and second alkylation reaction
zones and said transalkylation catalyst in said transalkylation reaction zone
includes a molecular sieve selected from the group consisting of MCM-22, PSH-
3, S8Z-25, ERB-1, ITQ-1, ITQ-2, MCM-36, MCM-49, MCM-56, zeolite Beta,
zeolite Y, Ultrastable Y (USY), Dealuminized Y (Deal Y), mordentie, TEA-
mordenite, ZSM-3, ZSM-4, ZSM-5, ZSM-18, and ZSM-20, and mixtures thereof.
[0025] In a yet further aspect, the invention resides in a process for producing
cumene from a feed comprising benzene, propylene and propane in a multistage
reaction system, said reaction system comprising at least first and second series-
connected alkylation reaction zones each containing an alkylation catalyst and at
least one transalkylation reaction zone containing a transalkylation catalyst, the
process comprising:

(a) operating said first alkylation reaction zone under conditions

effective to cause alkylation of said benzene by said propylene, said conditjons



(e) separating said polyethyl benzene fromsaid effluent of said
second aWbgbatssm reacti on zone, and (f) cont a®dmigs2ai7/doerst
a portion of said polyethyl benzene with additional benzene in the
presence of a transal kyl ati on catal yst under transallcylating
conditions in said transallcylation zone, to form additional

et hyl benzene; wherein the operating conditions in (a) and (d)
are such that the ratio of the volune of liquid to the vol une of
vapor in each of said first and second reaction zones is from about
0.1 to about 10; and wherein the al kylation catalyst in each of said
first and second al kyl ation reaction zones and said transal kyl ation
cat al yst ibsingasughtthatiprat /said bevzene it in B8 VABARPRARE 2nd darids h%%l@déﬂlﬁ‘ﬂ
si eve sel %%ged fromthe group consisting of MCM 22, PSH3, SSZ-25,
EBB-1, IT , 1 TQ 2, MCM 36, MCM 49, MCM 56, zeolite Beta, zeolite Y,
Utrastable Y (UBY), withdtawingifren seid Bestl alirylationrigastionezone an effluent

et oof - 1B, seiforeufppfnepizad el bendly Gl heafB, TRibYILR

t hereof . [Oh 1 aspect , e in tion resi
process f golyisestupyibgntemeprael faidpropatiesed conpri si ng benzene,

propyl ene and pyopane.in a nultistage reactjon syst aid reacti.qn
syst em conpri si {‘?8 at Vﬁlfbgg TeRORS SHY RIERBIT LRy ?%‘i-"g@#ﬁ‘ Cﬁugafymg Sat

al kyl ati oncfngagith efidzebaid ARGIALi6N Radtich BGnedandl kyl ation catal yst and
at | east one tranpsal kyl atjion feacti gn one cont aj ni n%)

. l a -
transal | cyl ati o¥)cat 8P§FEHNE (K §FOR HeR iteaciipn zahepadet sangitiansy

first al KylglchiQB 1bQahild AMkykRRE JNGRd beRRME UyOsHd Prépéne/ RaldOccnitiths
al kyl ati on of said benzené by said prop%{ ene, said conditjqons 8

bei ng suchbaingsughathet part of seidhenzensds in thevanes Phassondorarkis 1 ke Hapid
isin theri)}jlagg.i d phase; (b) wwthdrawing fromsaid first
al kyl ation reacti on zone an effluent conprising said cunene,

unreact ed benzef®, angprantinmseiddrglyisppiopsbengrsicy froup sugysiBupptent saidnd

sai d propape; —{ it t..renovi ng said propane from said
ef fl uent, %&8%?ﬁllkﬁéansogirgac%%g%m{do said second allcylation reaction

zone; and  (f) (dyonijaeting iahdeastiad.postiomed saidk pblyisopropyespzensn wibne
onder cond goR T HhSat e T BRSO e W
is in the wamalkydtase conditipas tini said ntradsaldylationd spdteme;to form additional
cumene;
wherein the operating conditions in (2) and (d) are such that the ratio of the
volume of liquid to the volume of vapor in each of said first and second reaction
zones is from about 0.1 to about 10; and
wherein the alkylation catalyst in each of said first and second alkylation reaction
zones and said transalkylation catalyst in said transalkylation reaction zone
includes a molecular sieve independently selected from the group consisting of
MCM-22, PSH-3, §SZ-25, ERB-1, 1TQ-1, ITQ-2, MCM-36, MCM-49, MCM-56,
zeolite Beta, zeolite Y, Ultrastable Y (USY), Dealuminized Y (Deal Y), mordenite,
TEA-mordenite, ZSM-3, ZSM-4, ZSM-5, ZSM-18, and ZSM-20, and mixtures
thereof.
[6026] In still a further aspect, the invention resides in a process for producing
sec-butylbenzene from a feed comprising benzene, 1-butene and/or 2-butene and
butane in a multistage reaction system, said reaction system comprising at least

first and second series-connected alkylation reaction zones each containing an



(e) separating said polyisopropyl benzene fromsaid effluent of said
second alwgl2a¢i/a3xseacti on zone, and (1l)contacting at | eaIVUS2007/008708
portion of said polyisopropyl benzene with additional benzene in the
presence of a transal kyl ati on catal yst under transal kyl ati ng
conditions in said transal kyl ati on system to form additional cunene;
wherein the operating conditions in (a) and (d) are such that the
ratio of the volunme of liquid to the vglune of vapor in each of said
first and second reaction zones is fromabout 0.1 to about 10; and
wherein the al kylation catalyst in each of said first and second

al kyl ation reaction zones and said transal kyl ation catalyst in_said
t ransal kylalkylaon ceaielysh sisheati feasio@ge a tpfalikylption szeRs,” comprising a

i ndepende .sting of MCM 22, PSH 3,
SSzZ- 25, Ewﬁ§#§&%%ay§?é%%gﬁ%ﬁ% I\/C!%/#SG, zeolite Beta,
zeolite Y, U tr@3tabbpertifg fdaid/)firsDedkylation Aeactipr pen¢ woder ngandiifnse
TEA- nordenit.e.. ZSM 3. Z . 7S . T 7S ) S
t her eof . [%%‘28]"? ﬁo S %@fé’&r" ﬁh%f; §aé% ??%%n%t?%g?ﬁvgﬁﬁgﬁ a"rﬁg&r eéﬁﬁé%&a
process f odaideamtliiomobang sl thhbpat ofisaifl benzeaefiegutheormpor phasg and part
benzene, 1-hutene a(gd‘lor_z- butene and butane in a nultistage reaction
system satd? WORIst em conprising at |east first and second
ser.i es- connect egh)al kyhigidtawingefcin suid Zie alkghtioncreattvmizoge an effluent
al kyl ati on catalyst and a{) | east one transal kyl ati on zone ri §i ng
a transal k§ImBPRYRE é&%aﬁ% uty{hrazene, dugeactseh bppaeng,, any unreacted 1-butene

and/or 2-butene, polybutylbenzene, and said butane;

(©) without removing said butane from said effluent, supplying said
effluent to said second alkylation reaction zone; and

(d) operating said second alkylation reaction zone under conditions
effective to cause alkylation of said benzene by said 1-butene and/or 2-butene,
said conditions being such that part of said benzene is in the vapor phase and part
is in the liquid phase;

(e) separating said polybutylbenzene from said effluent of said second
alkylation reaction zone, and

§3) contacting at least a portion of said polybutylbenzene with
additional benzene in the presence of a transalkylation catalyst under
transalkylating conditions in said transalkylation system, to form additional sec-
butylbenzene;

wherein the operating conditions in (a) and (d) are such that the ratio of the
volume of liquid to the volume of vapor in each of said first and second reaction
zones is from about 0.1 to about 10; and
wherein the alkylation catalyst in each of said first and second alkylation reaction
zones and said transalkylation catalyst in said transalkylation zone includes a
molecular sieve independently selected from the group consisting of MCM-22,
PSH-3, SSZ-25, ERB-1, ITQ-1, ITQ-2, MCM-36, MCM-49, MCM-56, zeolite
Beta, zeolite Y, Ultrastable Y (USY), Dealuminized Y (Deal Y), mordenite, TEA-~
mordenite, ZSM-3, ZSM-4, ZSM-5, ZSM-18, and ZSM-20, and mixtures thereof.



(a) operating said first alkylation reaction zone under conditions

ef f ect i vewbDeog7zn33zs3al kyl ati on of said benzene by sai d 1-PoavES?e07408708r
2-butene, said conditions being such that part of said benzene is in
t he vapor phase and part is in the liquid phase; (b)

wi thdrawing fromsaid first al kylation reaction zone an effl uent
conprising said sec-butyl benzene, unreacted benzene, any unreacted

1- but ene and/ or 2-butene, polybutyl bengene, and sai d butane;

(c) without renoving said butane fromsaid effluent, supplying said
effluent to said second al kyl ation reaction zone; and

operating said second al | cyl ati on_reaction zone under condltlons

ef f ecti ve DESCRERFIGNQFAMEDEA NINEHenzene by said 1-butene and/ or

2- but ene, [ﬁﬁi’ﬂ coplid @S a%ﬁ%eﬁéﬂ&? cIMroQ@é’sWonnoﬂﬁbﬁ = BBzehS ih N

t he vapor e and part 1s In quid phase;
separ at i ngcwdmwomﬁbumybmbn@mtbfthﬂmwmw@ffI uent of said second

oo SRS BT 070 e a8 U o)

presence thh}&bénzaﬂs aByﬂ:mﬂuammghaﬂayistagaimdeahe ratémetithi vphané afliquid to

conditions, in said frans | at i on, syste to.for | 4] | .- .
secbut yl bdhg ¥pwme of vap %rr rvebend g%’éﬁa &Pn%lﬁ %Qﬁ?tgﬁes&sirg%c ively dn
(d) are sugé Hbﬁblahhﬁrdcaﬁd mcafikymeng/eémae it & aniked feed dethplenerandf
vapor in eacﬁ %ﬁlw |reEé ﬂ]gsecond reaction zones is from about
0.1to abc?ﬁ"t‘mf@es aLkyl ation catalyst in each of said
first and second al kyl ation reaction zones and said transal kyl ati on
catal yst in said transal ky I ation zone i ncI udes a._mol ecul ar si eve

i ndependen2EJAJR QN QF JHE SME JENES v\ 22, PSH- 3,
SSZ-25, Rlpreﬁéﬁglgverm# ﬁl‘@wm ﬂl@xedW\sé@:m@e@@ |ﬂ)lt frodeting

zeol i te Y, tras I'e Y (US Deal unai ni zed m)rdenl te,
TEAnor deni alkyla@emtiy, congpgunds g, dijuty aligne é?mism @owh&hdhm ady

T, R S e s oot

particularly directed to the productlon of ethylbenzene from dilute ethylene, it is

J--.

equally applicable to the production of other C;-Cs alkylaromatic compounds,
such as cumene and sec-butylbenzene, as well as Cgt alkylaromatics, such as Cg-
Cj¢ linear alkylbenzenes. Where the feedstock is dilute ethylene, the impurities
present will normally include ethane, methane and/or hydrogen.

[0030] The process involves reactiﬁg an alkylatable aromatic compound with
the dilute alkene feedstock in a multistage reaction system comprising at least
first and second, and normally at least three, series-connected alkylation reaction
zones, which each contain an alkylation catalyst and which are typically located in
a single reaction vessel. Each alkylation reaction zone is operated under
conditions effective not only to cause alkylation of the aromatic compound with
the alkene in the presence of the alkylation catalyst, but also to result in the
aromatic compound being partly in the vapor phase and partly in the liquid phase.
More particularly, as will be discussed in more detail below, the operating
conditions in each reaction zone are conirolled such that the ratio of the volume
of liquid to the volume of vapor in each reaction zone is from about 0.1 to about
10, for example from about 0.2 to about 5, such as from about 0.4 to about 2.0, for
example from about 0.5 to about 1. In determining the liquid to vapor volume

ratio in a given reaction zone, the total volume of all the reactants in the liquid



accordance with one enbodi nent of the invention. [0028] Figures 2 to 4
are graphwombert3sssg t he di et hyl benzene (DEB) to et hyl bertavies2(0ER)s708
product weight ratio against the ratio of the volunme of liquid to the
vol une of vapor for the second, third and fourth catal yst beds
respectively in the pilot plant process for al kylating benzene with a
m xed feed of ethylene and et hane described in the Exanple. DETAI LED
DESCRI PTI ON OF THE EMBODI MENTS 10029} {he present invention provides
a m xed phase process for producing allcylarornatic conpounds froma
di lute al kene feedstock, in which the feedstock al so includes an

al kane and typically other inpurities. Athoy t he process i,s
parti cul afhgsejiin cthe creagtion [reng r{fer examRleyfl! %&%%%gﬁné'mdlﬁs?mz@

ethylene, diyibs, €618l LinaAlllEARLE byahk HoPyERE bOAI e RkbRAsGA 166

al kyl aromati’c conpounds, such as cuiene and sec-butyl benzene, as wel |
as C6+ al pipar phaseiinghe sepsHon 2oms (o1 Gxpple cthyl¢ney ebBAe end yapgphase

t he feedstb%%]geﬂi dilute ethylene, the inpurities present wll
normal Iy inc tae et hane, nethane and/or hydrogen. [0030] The process
i nvol ves r{0631] ng Te efflhent! fatmizhach atkybationcreactmporomg comprises gheddesired

al kene feedstock in a nmultistage r ti e I Sl I t
first and Bi%\‘:‘ﬂ"r?&’f”ﬁna“%%ﬁf y eaetg‘glstaﬁ{}rllé:%@% s@é@ﬁé@é cgﬁrﬁg%@add w8y
al gym_t i ﬁﬁnfr%@éd' Qﬁerﬁ)(w?ralwtikgie_ mbrsﬁmn?s&impeaatti &0 be:?B@BLQQ%):atdgﬂwst
an ic re typica 0C .in a single reaction vessel. Eac

al kyl at i orﬁ’f‘%"&fcﬁwt&o cha E"é}“&'t r@ﬂ“t&ﬂ}ﬂg‘?ne’c Pt Sﬁ%epg? retilf’tl 58%%‘[6
only to cagsft ailyisidricaéfiorPZorel & MER PRisE 16 BgQibachusnt blkyltionlrkaioni n
the presence of the al kyl ation cafal yit, but _alaazdé éo result in, hﬁlg
aromatic ceMsowherenaddigopal, ¢ifye AikencoIeedigrk Jp adde Aar FEIiop '
l'iquid phaggeadyd Grdiadtd Eothpbhng. Rowdvel, BRIl theUsoestsidestriied BeUS.|

bel ow, the operating conditions in_each reaction zone are controll %d

such that Paient Npi 6,996,298 theoefifwentfron gashgalkglatinn rgentiopezade 1§ 384 n

S, AP AR gkl pi e i

exanpl e frothenldduents. fomothg eftlnent. therehyeeléminaging the meed | fgnisemeocostlyor
vol une rat%%ii%eﬁﬁ gi ven reaction zone, the total volune of all the
reactants TH the ‘iquid 11 phase in the reaction zone (for exanple,
| i qui d benpHBR)] andnamyditions td,vend etpspiceme ofndhorscdesraornectes @ilyilatiss

Cactton GV B ioacielt T s ciine et e ¢ AR R Yo bl

ane an r-p
benzene) . béd)3idhes mrhdaligribediedin £ pnfireatioy bafarata fropa dtd emaisive of the

comprises g'la%%%iréa?c%on zone, but is part of the reaction system. The reactive guard bed
is also loaded with alkylation catalyst, which may be the same of different from
the catalyst used in the series-connected, multi-stage reaction system, and is
maintained under ambient or up to alkylation conditions. The alkylatable
aromatic compound and at least a portion of the dilute alkene feedstock are passed
through the reactive guard bed prior to entry into the first zone of the series-
connected alkylation reaction zones. The reactive guard bed not only serves to
effect the desired alkylation reaction but is also used to remove any reactive
impurities in the feeds, such as nitrogen compounds, which could otherwise
poison the remainder of the alkylation catalyst. The catalyst in the guard bed is
therefore subject to more frequent regeneration and/or replacement than the
remainder of the alkylation catalyst and hence the guard bed is normally provided
with a by-pass circuit so that the alkylation feedstocks may be fed directly to the

series-connected alkylation reaction zones when the guard bed is out of service.



al kyl aromati ¢ conpound, unreacted al kyl at abl e aromati ¢ conpound, any
unr eact edwel2k@evssisaver al | al kene conversion i s expect ed PCG/US2007/008708
98-99.99% and the al kane inpurity. Each al kyl ation reaction zone

ef fluent, except for that fromthe final alkylation reaction zone, is
t hen passed to the subsequent al kylation reaction zone where
additional dilute al kene feedstock is added for reaction with the
unreacted aromati ¢ conpound. However, j4inlike the process described in
U.S. Patent No. 6,995,295, the effluent* fromeach al kyl ati on
reaction zone is passed directly to the subsequent reaction zone

wi t hout prior repoval of the al kane qr other, diluents frqm.the.
ef fl uent ({IRErERGHS swﬁaqun@aw@%%dﬂ@&ngﬂepl@agtqrymeﬁai Rhashn co-

[0032] In adbhi @Mdv or A0nIPHI0pEARA] . the seri es-connect ed
al kyl ati on react’ion zones, the'reaction systemnmay al so jnclude a

by- passabl[@3Hact iThe sgrigs-gonnegiedvwrItirsiage Tepion) Systegt dpeskin the process
pre-react of ﬁ:%pﬁ'{v@flﬁox{ 5t rﬂ&rﬂﬁ%l?e B8 sOhs [iBCadiéN éﬁdeﬂﬁalbe%%hiéﬂéte
0 0 d bed is

zone, but 1s par he reac system The reactive guar

al so | oadednwersionabk yheatalkene dat the yditute \wikans feggstbek.t Hdoweayas, dor some
different fromthe catalyst gJn.t L18S; ge
eact ! on SpEReionyf By S hentBBR g bhile BERHBY FONRARKRL colfrbiba 3D
condi t i onemplbg akdpatae Fhiishiag ecatorcdavaneamndofithe sdricseasnecdedontltibn

of the dilute al kene feedsto are passed t hrou the reacti d
bed prior ¥ FHAPORNPEhe ﬁ"f’ s'ﬁmfﬁﬂﬁ Wcﬁoﬁewg'gl& 5@90‘6%%%& %‘%yﬂl%;l
al | cyl at i qatdtpacivhivh daiebe theaneaacdifferng fonttheadtaipdt veed in Gersedes-t o

effect the desired {;Hk.g/l ation.reaction Qut |s, also g‘_ ed to renove any
react i ve |SAPRRTET.CRUIthHeaeTaRctRR SYSterBind Copld pegRRIED ISR HPOR RiRSH

coul d ot hegyii8 $hRk GQRixed hiRMkyldesn &ndithénsal | cyl ation catal yst. The
catalyst in the guard bed is therefore subjegt to, nore fr%gue %i_asﬁ%
Fk‘g n

regener at | BA34hd/ dp ansmbedimsnt ohthg ipYRNtoB, henifEiesGPRGeS

catal yst %Qﬁws tiHCuH Sndthb stk s TYF 1R ihvertidaY sUREh W bdlediveytaPafes
circuit so that the al kylation feedstocks may be fed directly to the

seri es- condesired dnencalkydated products sush asoptbylbgpzgne; hut gomnallyppieduees#
: ey . ) el
g BRI L85 BPOSE, Thalls o

phase or mXe e’ I'n” co-carrent u . own
[ 0033] The therfiand-aikylation sthge mompirisss Alage desiveck monoallislated product and e

process of the,inyention is_nor S 3?9&}3 \
essenti al IE/OIX%[%?C{;S B ﬁe\/sefglgfl%r‘l'gg* %gaa?%gg%ei ﬁf tg'ﬁ%)t’ I'Tut {eega% Ir?gd
f eedst ock. arddmaticasomponnd sadeha pliahe.aThisnsffluett isppsied tdesparaiidresthgme
operate at, belo 00% al kene conversi on_and -at :
fini shing ’r"e&'&’f"gr gfﬁo%%‘ﬁ’ é’é?ﬁ?%g&t CliEs PRLECTSS ﬁlé%’é%, a%%%gl?sct%gl pund,
react i on 'sysd @¢siredigofali-ihied prodire herseriaily sepaksted.cont ai n al kyl ati on
catal yst, i coul d be the.sa r different, from.the catalyst used
in the ser mléi%i onngt PBY ,emhﬁﬁ’ﬁﬂ‘@’gf%fgté‘erlgﬁﬂe%}o&ﬂ t@?é‘f‘gbﬁsﬁ%%l r%ac?gif’é yEem
Ope{jf’i: ed Uﬁi}[ﬂge(r) ‘éﬁcjﬂ?ﬂesm A&t ohéd ﬁuﬁﬁtu@ﬂaf R?hzme rﬁax&if[g @hmsmg%ladldt';drmaitamst-
condi ti ons, ln one odj nrent o e jinvention,.the .

seri es- conABe re@alniRg miygﬁggéﬂdr PEEIEH Hfed R their ﬂ?@h‘yﬁlﬂ‘%nﬁ’r whishmay
the invent bpﬂady&ldiilﬁmegmw 86kl th6 alildthn £Aifs] WaerdWiEddat yotoalkylated

product, such as ethyl benzene, but nornally produces, at | east sone,

pol yal ky| apesiuspisareducedihyrreacting the mplyalraad spepprrswith addfpRaleremptiom
the final gbﬁ%hﬁﬁd fl—[‘thlﬁ nELOPhE $Rsd aﬁ’&?bitﬂgsﬁonom kyl at ed
t yal Kyl'a

product an e po ted species along wth unreacted al kene (if
any), unre®egednsl | cyl ated aromatic conpound and the al kane. This

effluent i sed-to se tion.sch ' [ es ﬁﬁ&g d

unr eact ed i?@ne, Rr Eeé"g?‘é ar %/Ilgllt g‘?aérrg?m i ch%?rpgﬁlﬁ , alﬁc vude &

desi red noablylaybletzesinptiocimpoardamier dibite glkerpalkytating 22U35] | n one

enbodi ment o e RVEnt] oot e THkihiR0%, hEAGk)ARbRY SRR hRE
are useful herein is to be understood in accordance with its art-recognized scope

which includes alkyl substitated and unsubstituted mono- and polynuclear




React ants [0036] The reactants used in the process of the invention

I ncl ude amoabdwyisaisabl e aromati c conpound and a dil ute alpkanes2007/008708 .
al kyl ati ng agent. [0037] The term "aromatic" in reference to the

al kyl at abl e conpounds which are useful herein is to be understood in
accordance with its art-recogni zed scope which includes al kyl
substituted and unsubstituted nono- and pol ynucl ear 13 conpounds.
Conmpounds of an aromatic character whjg£h possess a heteroatom are

al so useful provided they do not act as catal yst poi sons under the
reaction conditions selected. [0038)Substituted aronmatic conpounds

whi ch may be al kcill ated herein nust possess at ﬁ@tp one I%dro en atom
directly bempeendso Gorapannsivetion apuesiin haxaply FYESt A HgeT

substi tut %e?lalgB ang7 ¥ %g[ AoKYdt 2@ ¥4 ca?a'l cllson%l hﬁ@éi'Ytheafe\Abt%’ﬁ/

cycl oal kyl’, ) her groups wh o not interfere with
t he al kyl aomchﬁoneaaiedtcfh. [ 0039] Sui t abl e aromat i ¢ hydrocarbons include

benzene, m?f] hal &QBsituted aromatic compounds which may be alkylated herein must
possess at least one hydrogen atom directly bonded to the aromatic nucleus. The
aromatic rings may be substituted with one or more alkyl, aryl, alkaryl, alkoxy,
aryloxy, cycloalkyl, halide, and/or other groups which do not interfere with the
alkylation reaction.
[0039] Suitable aromatic hydrocarbons include benzene, naphthalene,
anthracene, naphthacene, perylene, coronene, and phenanthrene, with benzene
being preferred.
[0040) Generally the alky] groups which may be present as substituents on the
aromatic compound contain from about 1 to 22 carbon atoms and usually from
about 1 to 8 carbon atoms, and most usually from about 1 to 4 carbon atoms.
[0041] Suitable alkyl substituted aromatic _compounds include toluene, xylene,
isopropylbenzene, normal propylbenzene, alpha-methylnaphthalene,
ethylbenzene, mesitylene, durene, cymenes, butylbenzene, pseudocumene, o-
diethylbenzene, m-diethylbenzene, p-diethylbenzene, isoamylbenzene,
isohexylbenzene, pentaethylbenzene, pentamethylbenzene; 1,2,3.4-
tetracthylbenzene;  1,2,3,5-tetramethylbenzene; 1,2,4-triethylbenzene; 1,2,3-
trimethylbenzene, m-butyltoluene; p-butylioluene; 3,5-diethyltoluene; o-

cthyltoluene; p-ethyltoluene; m-propyltoluene; 4-ethyl-m-xylene;
dimethylnaphthalenes; ethylnaphthalene; 2,3-dimethylanthracene; 9-
ethylanthracene; 2-methylanthracene; o-methylanthracene; 9,10-

dimethylphenanthrene; and 3-methyl-phenanthrene. Higher molecular weight
alkylaromatic hydrocarbons may also be used as starting materials and include
aromatic hydrocarbons such as are produced by the alkylation of aromatic
hydrocarbons with olefin oligomers. Such products are frequently referred to in
the art as alkylate and include hexylbenzene, nonylbenzene, dodecylbenzene,
pentadecylbenzene, hexyltoluene, nonyltoluene, dodecyltoluene,

pentadecytoluene, etc. Very often alkylate is obtained as a high boiling fraction in



ant hracene, napht haeene, peryl ene, coronene, and phenanthrene, with
benzene bworegoprsesdsarred. [0040) General |y the al kyl groupTwsE2007/008008
be present as substituents on the aromatic conpound contain from
about 1 to 22 carbon atonms and usually fromabout 1 to 8 carbon
atons, and nost usually fromabout 1 to 4 carbon atons.

[00411Sui tabl e al kyl substituted aromatic conpounds include tol uene,
xyl ene, isopropyl benzene, nor mal propyl bgnzene, al pha- net hyl napht hal ene,
et hyl benzene, nesityl ene, durene, cynenes, butyl benzene,
pseudocunene, o-

di et hyl benzene, m di et hyl benzene, p- di et hyl benzene, i spanyl henzene,

i sohexy! bevhienthe gkpt a@pawtﬁeh%%e‘ghe ﬁé?fﬂ&%?ﬂ@f’%ﬁ%??elﬁ spze frgm about

t et raet hyl l, 2,3, 5-tetranet hyl benzene; 1,2,4-triethyl benzene;
1,2, 3- trf%ggégﬁﬁgﬁ%éne, m butyl t ol uene; p-butyltol uene; .

3, 5- di et hy[0842]uen&efaroaty br chitithsreof sontaining sphbiemial mupntitigs efdenesns,

4-et hyl - mxyvl ene: .di ; ﬁ&ﬁ ne. ;
2, 3-di et ﬁg}f(\ %‘{]%Pg%g @1@}(4 ggﬁ{ﬁtgéh% ﬁapg(ﬁggﬁielml - et f;?éaeﬁlt rratglg naél%(ylatlon
o- met hyl anprintess efithis Bveftionli net hyl phenant hr ene; and

3- et hyl - nt hrene... Hi gher mpl ecul ar .wei gh I J |..C:

hydr ocar bgﬁﬁ y ﬁ&&“ﬁgaﬁ%ag%@ USEY &7 Hbe I?raféesrs?oafllﬁsdsir?ggﬁ]d& 16181é1des a
aromatic hmﬂgdté)ﬁﬂdeg@ﬁ&ds u&iri]clﬁm:&msmtoéhscede ykaniecaral typicalllycn ledst one
aromatic rocarhons with ol efin I goners. Suc rpduct s, are
frequent | lkaoechaving the spme pumber gscag'?%/ e %g"{)ﬁ@ﬁeﬂﬁ‘e%or example,
hexy| benzegjgsre 1RO HIRSRZRRhyldaslemy | diepeeney Heesthastacylptalignée dilute
hexyl t ol uene, nongl t ol uene, do eCé| t ol uene, &ﬂ}ent adecyt o ueneq? ?%ﬁ
Very of t erplkgrieyfestl comprisps 3t fragt 28 w481 alkePRgSYPLRS BT 3aput £4 to
whi ch the aloky ko QAP Ft &aeHRE flomh hhisut HOOWRIboGt BOGIESofMAE aBené.N Isisze
from about Co to about C z.

recognized that feed sources may undergo purification (for example by

distillation) prior to being fed to the alkylation catalyst. One particularly useful
feed is the dilute ethylene stream obtained as an off gas from the fluid catalytic
cracking unit of a petroleum refinery.

[0044] Preferably, the reactants in the process of the invention are benzene
and dilute ethylene and the desired reaction product is ethylbenzene.

Alkylation and Transalkylation Catalysts

[0045] In one embodiment of this invention, the alkylation catalysts and
transalkylatior-x catalysts used in the process of the invention may comprise one or
more molecular sieves selected from the group comsisting of MCM-22, PSH-3,
8SZ-25, ERB-1, ITQ-1, ITQ-2, MCM-36, MCM-49 and MCM-36.

[0046] MCM-22 and its use to catalyze the synthesis of alkylaromatics,
including ethylbenzene and cumene, are described in U.S. Patent Nos. 4,992,606;
5,077,445; and 5,334,795. PSH-3 is described in U.S Patent No. 4,439,409. SSZ-
25 and its use in aromatics alkylation are described in U.S. Patent No. 5,149,894.
ERB-1 is described in European Patent No.0293032. ITQ-1 is described in U.S.
Patent No 6,077,498. ITQ-2 is described in U.S. Patent 6,231,751. MCM-36 is
described in U.8S. Patent Nos. 5,250,277 and '5,292,698. U.S. Patent No. 5,258,565
describes the synthesis of alkylaromatics, including ethylbenzene and cumene,
using a catalyst comprising MCM-36. MCM-49 is described in U.S Patent No.
5,236,575. The use of MCM-49 to catalyze the synthesis of alkylaromatics,



[ 0042] Ref ormat e or cut thereof containing, substantial quantities of
benzene, wolxwevs3zmad/ or xyl ene constitutes a parti cul ar lpcvaseboroosmed
for the alkylation process of this invention. [0043] The al kyl ating
agent useful in the process of this invention includes a dilute

al kene feed which contains at |east one al kane and typically at |east
one al kane having the sanme nunber of carbon atons as the al kene. For
exanpl e, Where the allcene is ethylen 5 t he al kane nay be et hane.
Typically, the dilute al kene feed conpfises at | east 20 w. % of the
al kene, such as from about 20 to about 80 vvt % for exanple from
about 60 to about 80 wt.% of the allcene. I s recogni zed that fe d
sour ces mincluding edylysarene @dtqumﬂ{?ﬁéldﬁmﬁém% Pd’i“'s'g NQsapASHPOD AR

to being fsog Aol Hﬁcﬁh %Kh@ﬁés@ﬂb%@hﬁ]@tl’ateg'ﬁop?,f%ﬂ B9 AT u!éé@fNiCN/Ieed

is the dilU et hyl'éne "stream obt al ned as an off gas fromthe fluid
catal ytic mrtamhaangemn symliesis @ﬁaalkyihmmnce,fmdadyng ctinduerizene fed epnene,

the reactan ces vent

et hyl ene éﬁéesf’ﬂge‘%‘&eﬁjge attgg ()S:ﬂg%ro '&5&’% ylﬁﬁﬁg. gﬁA}?&tglbgt i on
and Tr anSth‘é[ﬁcﬁHp@ftnfE}ie@iﬂtﬁhﬁns irea%};boaateahemrbbﬂfeﬁanncmf th| S

I nvention, the alk Ig#lon st transaIkJatl % Yal§
used in t HAOHA oce ulap 6V eS ISSIF‘Fée‘glm i Brevecing

nol ecul ar gﬁka% ﬁéd §1h@érﬂieB@nﬁf@1m sBBASérhhhded 20ky1Mdd 2Zivity and
P511-3, SSZ ERB— TQ 1, 1TQ 2, MCM 36, MCM 49 and MCM 56.

[ 0046] MOM selechiyidy inrthe bﬂ@*@%@%‘f%@@%@%ﬁﬁ%@??@? al kyl aromati cs,

i ncl udi ng [@g&%' benz enguRP IR A'tRisARv&HHoRE Chi: kY 1stiorPadtaRits biag .
4,992, 606; ,445; and 5, 334,795. PSH-3 is described in U S Patent

No. 4,439, malks@zlgs catlysts soem @omnaq= SR QICORF Repedipy oKy grolecular

d bed gﬁgﬁ,

Eﬁfg[);aﬁ Pslﬂ%%%h%@%ﬁ%@lﬂn%i& SCI’I bé%ﬁ‘ri’d@ﬂéﬂag%eﬁ[mlﬁgm)
6,077, 498. intMiging ZSMSSEEMaEl, ZEMIIE, ZSM—%RuZ%Mzm Z3NI-3 5 amd 365 Ms48.
Sescti o9 SO RaCRUSRl vl B PRDARCH N2 o2 by

No. 5, 258, Phe syn 'S0 I ncl udi ng
et hyl benZemlsaimdcrmtﬂﬁﬂdﬁtausnﬁgSaPﬁaitaﬂqﬁﬂm |EMg1mMesmbemm$)

is described i nt 7 t

catal yze tﬁ%t %‘;NR ﬁsgﬁs‘{‘@f %ﬁ%ﬁ%ﬁdﬁﬁ‘{fﬁ%ﬁm@§ Bi6n Mo, Y67 Zsmas
is described in U.S. Patent No. 4,076,842. ZSM-35 is described in U.S. Patent No.
4,016,245. ZSM-48 is more particularly described in U.S. Patent No. 4,234,231,

The entire contents of all the above patent specifications are incorporated herein by

reference.

10049} In still another embodiment of this invention, the alkylation catalysts
and transalkylation catalysts may comprise one or more large pore molecular sieves
having a Constraint Index less than 2. Suitable large pore molecular sieves include
zeolite Beta, zeolite Y, Ultrastable Y (USY), Dealuminized Y (Deal Y), mordenite,
'I'EA—morﬂenite ZSM-3, ZSM-4, ZSM-18, and ZSM-20. Zeolite ZSM-14 is
described in U.S. Patent No. 3,923,636. Zeolite ZSM-20 is described in U.S. Patent
No. 3,972,983. Zeolite Beta is described in U.S. Patent Nos. 3,308,069, and Re.
No. 28,341. Low sodiurn Ultrastable Y molecular sieve (USY) is described in U.S.
Patent Nos. 3,293,192 and 3,449,070. Dealuminized Y zeolite (Deal Y) may be
prepared by the method found in U.S. Patent No. 3,442,795. Zeolite UHP-Y is
described in U.S. Patent No. 4,401,556. Mordenite is a naturally occurting material
but is also available in synthetic forms, such as TEA-mordenite (i.e., synthetic

mordenite prepared from 2 reaction mixture comprising a tetrasthylammonium

o



15 includi ng ethyl benzene and cunene, is described in U S. Patent

Nos. 5, 49800667/883535, 371, 310. MCM 56 is described in U 8CTR#ze0Ti008%08
5,362,697. The use of MCMb6 to catal yze the synthesis of

al kyl aromati cs, including ethyl benzene and cunene, is described in

U S. Patent Nos. 5,557,024 and 5, 453,554. The entire contents of al
the above patent specifications are incorporated herein by reference.
[0047] MM 22 and the rel ated nol ecul ajgsi eves discussed in the
precedi ng paragraph are preferred since these materials show enhanced
allcylation activity and selectivity in the liquid phase as conpared

w th the vapor phase. [0048]1n anqt e hi s lopn ,
the al | cydiresting agand). y Eé‘léﬁtfleﬂtﬁﬁ%g}slcwgg bﬂgrc]%"}t %@% se
one or di ufpo RRHtET ofS ARV Bt RBYVE PalerfEOsecfatibng REEX
of 2-12 (agsggé@nedq:hﬁ tllEJIﬁlégD(%Datertlt ? . 4,016, 218)(‘:b mclﬂjtfgl ng ZSM 5,

ZSM 11, Z$hdotporaEgiierin by siereace. ZSM 35, and ZSM48. ZSM5 is
descrlbed eta

ZSML1 i s JQQS% begjh" Bople: tole S BevdsHiay gen‘tz%omge Qﬁgag%cgt% Mo
descri bed tiansdlkPatidtataalystNo the3pr88is 44 the iAGMRE withatw gay binder ermesrs,
Pat ent No.. 4, 556, 47 desc

4,076, 842 13 5%C ?‘ieddé"jgt’?'ﬂ’edd%‘?‘ﬁ“ U, éitg’%g%%? R?c? “{E’?%f?‘%&z%% 75 2%
i s nore paptdposital hrythdmsﬂfet Eederiad which iPasiztnt Mo thedte@DpéraBes afithether
entire cont enl s of ab at ent ..spe cati o

i ncor por atsoadiiops FWP&V é élf‘eeﬁ&la%f”éﬁwf‘f’ﬁ g‘ﬁ' i 3? Euedr?bac? v Een
of this i nygiitveQRatetifls and kytBdticOsr satbrally skcurting z"edil&ﬁ§ﬁ§ iyl asiinorganic

catal ysts nmay conprige one or nore ] arge pore l.ecul.ar si. havi ng
a Constr alfﬁﬁteﬂﬁlée&"’he%% Ciaﬁﬁrﬁnﬁjorsai“fl%lsgcﬁ éfm ?aecﬂf éléqné%

i ncl ude zegldy Egﬂéﬁé&a{mﬁ&e&wm@@hﬁdmw&mes E’EﬁéuﬁbmydeY
(Deal Y), m)rdenl te, nordenite ZSM 3, ZSM 4, ZSM 18, an M20.

Zeolite zmnna@rﬂlemm@a ar in thesformapfgelatigaus pregipitates or eols inelpdin

ggg/t: rzloblaz ﬂﬁﬁ:ﬁ}r EB? ghb ¢ an rﬁgtaf) @%ﬁg% Bé%gs ﬁzagzct?so%gmclaﬁéﬂ Wit tﬁ..e&)ﬁdé ﬁ/pe

sodi um Ul t bind¢rabibemydify | the uheghanicaly Prqpeg®s) of they é@éb’ﬁ‘béﬂ tP rAsgisisin its

Patent Nos, %@%&9%5%“9?% %ﬁ%ngfgn cgﬁ_%lngl%lg'véﬁp the ﬁ_ﬁ)@édlﬁaﬁ 41%'1 eY)

may be pr eﬁlgP t he oun at ent
Zeol i te U édinbined thh&ewnhtmdpmserﬂu dBrinaitse nynthiesis, 4vHich iG8H 1smdmdlar

is a naturall]y occurrin terial. but Jis als a y

f or s, suc?f”éé E‘grﬂpgoﬂ‘?@?ﬂ ﬂurheffleam é}eﬁlpétg {p estf)aF% e rom
a reacti onmpteralsy ﬁnﬁB@ﬁer% ag cﬁlubﬁﬁsrwettdmyrbhrma)anmmnt a6 convegsion 1sg that
agent). TEA-noprdenite is .disclosed

3, 894, 104. PrAfEcte may ke Qhiripehteongrichlly ai!‘ﬂé’r%ed@f/‘gﬁfb%‘i‘ H‘PI°3'6“Z%6 SPPCaeRl

are i ncor pggragdifirolgigetiit Bye be€freddidae. me&SQﬂaTetmsahmyebmmmmd into

sieves may ngt%ralflizegccgsnr}ghc aflsl lé)él al;[elngo%t%at 3 léxoiin,otro 1tanrove the crush strength
of the catalyst under commercial operating conditions and function as binders or
matrices for the catalyst. The relative proportions of molecular sieve and inorganic
oxide matrix vary widely, with the sieve content ranging from about 1 to about 90
percent by weight and more usually, particularly, when the composite is prepared in
the form of beads, in the range of about 2 to about 80 wt.% of the composite.
[0051] In any of the embodiments of this invention, the alkylation catalyst or
transalkylation catalyst used in one stage of a series-connected, multi-stage
alkylation or transalkylation reaction zone may be the same or different from the
alkylation catalyst or transalkylation catalyst used in other stage of such alkylation
or transalkylation reaction zone. In addition, the alkylation catalysts or

transalkylation catalysts used in one or more reaction zones may comprise a single



transal kyl ati on catalyst in the process of the invention wthout any
bi nder orwoe0i/3633353i . e., in so-called self-bound form AdCTarNIeA7/00810y,
t he nol ecul ar sieve nay be conposited with another material which is
resistant to the tenperatures and ot her conditions enployed in the

al kyl ati on reaction. Such materials include active and inactive
materials and synthetic or naturally occurring zeolites as well as
inorganic materials such as clays andf{#r oxides such as al um na,
silica, silica-alumna, zirconia, titania, magnesia or m xtures of

t hese and other oxides. The latter may be either naturally occurring
or in the formof gel atinous prec'ipi ates or,_gels incl U%HI m Xt ut es
of sili cammerularnsigve ok prapixturerhipg Y- &Qgﬁ saEe TR Shy "‘g"{%‘geg}& de

type binderssha BRI MdAKIRAGRBE ORE rBARRE Zohe ForoflkylRgorr of fleyisiseat

to assist 1nits nmanufacture. Use of a material in conjunction with
t he nol ecpraress | Rgrably.doweverridiffrent oatalysls ane chpsey fas g Wa FOReSy SP 8%
synt hesi s [ ' Tl bl dl 4V | GRARGSMPIRE i

conver si o \gr%dtfri{g?ﬂcégﬁlégﬁ @é}rﬁéh%{‘ %:ah{e;&icsa%/aa gisétd ﬁlIeiﬁlg'gﬁc(t iqﬂ\?e matfé_rl éﬁ gl_le
sui tabl y eatbodimentdidotitrBeta oo MGN-22) eithee irabmundtorambewd @ srsed in

t hat produycts be t ai ne nomi a r A _
enpl oyi ngL{%E FF@EB%%%%S?DS& %eSﬁfe?%%ﬁ({r?g e&?a e 1\%}'3‘%‘?%@%%29%%%56
mat eri al s jgayed tn tHecRERS-Cohmdtdd) bhonltiatapeadlk glatimc traciion zoteay spd @eqgjite
bentonite and kaol.in, tq_inproyve, . th rash_strengt f t

under conBR AOTEEEEat ?ﬁﬁ‘%@f‘f‘&f‘?‘?’o %; ﬁ?ﬁ%‘? ?gh r@%aﬁt%ﬁlgeﬁé @Bﬁ’
matrices fodalbhimigal @l Dokl YTNESKES aéi Z8Mp4 GPasdd imnthe afansalkylatibm zone.
sieve and inorganic oxide matrix v&rdéb%gel ME‘ %g t he siﬁve cont ent
anging | rRFRBEMRY. MCH-2BoMCM GG, 55 MEMTE mavceli e Seet i 65
parti cul ar&%ﬁsam?ﬁﬁoﬁ hEn& ORP S £ LRbBARRAL, Syl finitkigg keiciorGoulieRdidei N
the range of about 2 to about 80 wt.% of the conposite. [0051]1In any

of the enM@iNe:for Bauid phaseapgmaiionsn Z5Mrd 1oy K3Ro%PheRF WEEEPYst or
transal kyl gt | 90, @h2kvsk Used in one stage of a series-connected,
g‘e—f?}%y'l—ar—o—nﬁl

multi-sta r transal kyl ation reaction zone nay be the
same or di@Ps2knt Inrthenpronessipf dyd itvieohiom dhe ajksation repetinma ik gack: oiofhe

catal yst used in ot her j . i
enct] on SEREs PRORGHET AR R in LS Bk fiodd i BF Ryl VB
t r ansal kyl plidse rcoaditiahy sthichumey tenmeinained Hupeghoss sudtoronesnsushrihpt the
conprise a Si 17 | ecul ar, sieve or..a u.x I PP
si eves. Thﬂﬁzﬁ?f’é’?w{’ﬂﬁaggf°‘ﬁ£9“‘b"em Sagtgy f%three‘gg? Iltﬁllli] %%Iﬁ%%ﬁrﬂ (S liquid
transal kyl ghdsen Morédver, rtheeiperking wonditions dh keathtallodatoh teactipr eswnare
rocess. Preferahly, however, different talysts are ch n.for_the
!to Wo zones, °%‘5f°é'§3tsé %¢%¥qt’8r‘gd&h? Jl P{"t“Fm oﬁgﬂﬁdgtﬁ |‘§? volume &zﬁa ot ff ek
cat al yzed (agfi6h Rond R fréhi ABBLED.1it0 abBat 0rfoder@nple franlabbet B2tta about

MCM 22, either in bound or. unbound form is ysed in th eactiyv
guard bed; Szeshiasdram abow,0-4 ket 2ipre: g1 BroREN] Sertout s By

in the Serhﬁ&i‘cﬁﬂﬂ%eﬁieefﬁtionw tHe d10gR af Kl i0the PelaineOsr wapiasat wosk
zeolite Beta, nordenite, TEA-nordenite, ZSM4, zeolite,Y,,U trastable

Y (USY), Dievelsitis foundyhetiiga plkene cougrsion ghay/bgmaximize withpyt ipjezstage
transal kyl eéﬂagg%&%? t}hda‘ﬁlkﬁﬁé‘%iaﬁﬂly}’ espheMIBZ whikvhe @lkyMedn? Eat a1y stMsMnb 6
In the transal kyla

may al so be ‘use | ti'on zone. In such an enbodi nent,
any fi ni shiMigM-28adamoily owdgcalarsistvede MCM 22 for |iquid phase operation

b 0cess of 098171 LEHS FesBE, B 128, berirkLiga AL e 1809 of P VS hmRe bbe
liquid to the volume of vapor in a mixed phase alkylation reactor employing a
dilute alkene feed is a function of many variables, including temperature, pressure,
dilute alkene feed composition, the weight ratio of aromatics to alkene, and the
number of interstage feed injection points (feed distribution among the reaction

zones). Each of these variables must be understood and monitored in order to
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series-connected al kyl ation reaction zones takes place under m xed
i qui d amnslOovagrars3gsiase conditions which may be mai nt ai nedTIUs20079hEn08
such zones, such that the al kyl atable aromatic conpound is partly in
t he vapor phase and partly in the liquid phase. Mreover, the
operating conditions in each allcylation reaction zone are controlled
so that the ratio of the volune of liquid.to the volunme of vapor in
each reaction zone is fromabout 0.1 §g about 10, for exanple from
about 0.2 to about 5, such as fromabout 0.4 to about 2.0, for
exanple fromabout 0.5 to about 1. By maintaining the ratio of the
volume of liquid to the volune of v \por. at -t hese Ievels it . is, fo

that the maie@m teripipeidh i totheyolwre OF | apar %&%ed"'s‘fe
separati op.pf the al kane |npur|ty, espeC|aIIy when the al kyl ati on
catalyst is an MCM 22 fam |y nol ecul ar sieve. [0053]1n this respect

it isto W%ﬂpremc&ﬁrtmmoné fentcrayie ewethgomined Bhaspuﬁla!raﬁ%%e

ST o PR PR B AT S5t f o

dilute al many varia udi ng
t enper at u rabompt 50 snunlout A700€ £2 prdsewre dfexbut 6P s abmﬁ r13309 H&Papehefhes a

rati o of aromm s to al ken e 0 r

i nj ect i on {HEP B Fro B P2 Coni B b KA 15004 4066%pe, o
of these VWHSS.b bﬁﬁ:drms kthiplens of drosh aboutadl tdmbomtolr(blir 1, and admpiet ratio 16
maintain the ratio of t F# d to the volune of vapor at
the desir E¥PFERRIP sth H? @gﬁﬂﬁﬁb ‘tions for carrying out the
m xed phasggsdky! qiah‘ﬁﬁil.lﬁ'f chRIE@REfoM dafrydid yhe ae hﬁxeﬁﬂ @HaHBealkylanon of

et hyl benzene nmay include a tenperature of from ut 150 t
270C, a priessercevwih BOBHIES 19 oS AT %actﬁmasmﬁm Rom

tenperat Ura?ooilf 80" @bt 1§@°d Q PrSurd e ABHRSETI & Qfamftbﬂ]@t) MR Quilo 24-@00

1cPa, a WHSV based on et hyl ene” of from about O. t 10 0/ and
a nol e rattewpefatigerfranaboat Hhia LG auhpressye © aP@“ta to13f

[ 0055] Par th@;&%gﬁgﬁ &}-c{iaﬁrﬁeng% LYHRD. PYS abdift 100 Hi‘édarmqﬁﬁ%le ratio of

al kyl ation 0 propyl ene to produce cunene may include a
terrperaturmménémp&imﬂmabouhbﬁmah@@@oa pressure of about 675

pr eosure ofoaibur BabElel Sl SR LG QT Whed slald algiiollX

about 0.1 bemzaiimutlthr(}bhuehe amdidr 2-bmizne to @rodmcgfsedabmﬁmzqns mroylega
fromabout 1.0 to about 1 0056] P |

carryi ng ol FOREFE RS ﬁn %%Oéﬁgb @0 ?%%b ]ﬁggﬁg % %ﬁifg,gﬁ g about
and/ or 2- bBSSNEPs,® mmmaseslmlmga dsfeﬁnmmboua@/l mabmd@oahrfeam’e& altolﬁr e
of from about 5Q to about 25 sur f out 355 to about 3550
kPa, a WHSH ‘8&?3’8“6‘??3535&786 g’f’fq‘ %6’%% i@c}ﬁtagﬁ‘%ll ‘?[g about 20 hfl, and a
nol e ratiogs7penzwifrd thebilkfingord £yaront eshided adetativelymatd bal, @his may be

operated under liquid phase conditions or vapor ﬁhase conditions or mixed

liquid/vapor phase conditions, but is preferably operated under liquid phase
conditions. In the case of ethylbenzene production, the guard bed will preferably
operate at a temperature between about 20 and about 270°C and a pressure between
about 675 to about 8300 kPa. In the case of cumene production, the guard bed will
preferably operate at a temperature from about 25 to 180°C and pressure from about
675 to 4b00 kPa. In the case of sec-butylbenzene production, the guard bed will
preferably operate at a temperature from about 50 to 250°C and pressure from about
445 to 3550 kPa.

[0058] The transalkylation reaction may also take place under liquid phase
conditions or vapor phase conditions or mixed liquid/vapor phase conditions, but

preferably takes place under liquid phase conditions. Particular conditions for



[ 0057] Where the allcylation systemincludes a reactive guard bed,

thi s may we 20¢m33dsed under |iquid phase conditions or vaoarugiErnes7os
conditions or m xed |iquid/vapor phase conditions, but is preferably
operat ed under liquid phase conditions. In the case of ethyl benzene
production, the guard bed will preferably operate at a tenperature
bet ween about 20 and about 270C and a pressure between about 675 to
about 83001cPa. In the case of cunmeneygroduction, the guard bed wl|
preferably operate at a tenperature from about 25 to 180C and
pressure from about 675 to 4000 1cPa. In the case of sec-butyl benzene

production, the guard bed w N Ereferably erate at, a te%&)ature
f r om aboutaggingootsie lgnid phasss Fresaikyliion R penzase Mt pelyeihslbenzencs

L 0058] The o 4 PSRl ¥l B Bgﬂn{r 3¢ HoRNBFRY 150-E0tdl Ao G¥CS airel 7000

phase con |ons or va ase conditions or mxed_|iquid/vapor
phase condiPeiarriess, lauWIﬁWéft@quOly tht’aWéghbpﬁél@ Wéﬂ‘#‘l drerdcfo g seaction
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phase t r affSR on o benzene W t'h pol yet y benzenes nmay i ncl ude a
t enper at ur;mlydthjlbameabmﬂ fribbi0 @bt hBotst aBGGC30.8. prP@s:!miae efnditipos fopa

Ceacts on FAHR Rk B B Potrca-PaRARBHL Do R ERaFARIbRE,
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benzene to, aglgvliﬁgbﬁpﬂé)ﬁ Zi8NGhadé thab&IARGH oft b@nﬁe@xea\blﬂwtpolg%u@lbenzenes

Particul ar tions f r carrying out the liquid phase

transal | cymay ivarudd aitemperaturai afhl (fotoy BRAH. Hepreesiee Oﬁd@‘)pﬁélwg Pa, a
tenperature of 100t o 300C €58 Lt RnAGloht
hour |y spa‘é’g gi?& Eﬂ?'ySpd’i‘f;e WtwpCI giiu{ oﬁethgt a%pftéetgldz‘&gigﬁaa%enzeng to
pol ybut yl beslzbinglbenizedd weight matiofofabouit 1 Qt@abcmtaﬂdl,lt 10 0. [0059] One

enbodi nent _of 1 he roces i nvention, | abl e
aronatic cgﬁ?ﬁg E‘e b%‘ﬂé%qo'}g‘eﬁﬂo"f é’F?(%?F%\t?fngh agent tﬂlgg ghd % %e

et hyl ene Sﬁlkﬁﬁfﬁblé arshend chmpbingd!ie bénzene 0] fef alkylating rpent is fudg;lmee
1, a benzene feed 11 is Sglassed to a ,drying colum 12, where the water

content of eleng SHEAReIS SROPRAR EIBIBF J- r educed to bel ow 20 ppm From

the drying cﬁﬁhy”ﬂ k@ferﬁﬂg nBANEEPRkS 1PaSEREehd fdr ES & p@ssediéabww
of treaters 13" wh serve to renove catal yst poisqgns, %819&)
m

ni trogen ageiumw ¥%rwhﬁiﬁﬁ1&ﬂ WRtEE c‘é‘?tﬁ%ﬁﬂf&h% BeRacee 1§ P15 rf"ﬁ‘é‘ rB
the reserveyn, 11{1 FioR tpf G}ﬁﬂg cbRuii! ﬁ@eﬂe tuaneeﬂaqatpa@eaharmeeﬁ&r Miiey e
c

t he benzene | Indire eated by high pressuré steam bef ore_bei ng
fed to a raavtofteeajersrip b@éphlwf‘émﬁ) T9ONe eatalystapoiponsy particularly mtfogen

and sulfur contajning organic species fiom the benzene. From the reservoir 14,

the benzene is pumped to a heat exchanger 15, where the benzene is indirectly
heated by high pressure steam, before being fed to a reactive guard bed 16 and
transalkylator 31.

[0061] The reactive guard bed 16 also receives a dilute ethylene feed 17 from
a compressor 18 such that the benzene and dilute ethylene pass cocurrently down
through a bed of alkylation catalyst in the reactive guard bed. Altemately, the
flow may be co-current upflow. The reactive guard bed 16 typically operates at or
near to 100% ethylene conversion but may operate at lower conversions
(alternately, no ethylene may be introduced to the reactive guard bed) so that the

reactive guard bed effluent 19 leaving the reactive guard bed is composed of



[ 0061] The reactive guard bed 16 al so receives a dilute ethylene feed
17 from avoeopwsssar 18 such that the benzene and di | ut ecatigzb@mnes7os
pass cocurrently down through a bed of al kylation catalyst in the
reactive guard bed. Alternately, the flow nay be co-current upflow.
The reactive guard bed 16 typically operates at or near to 100%

et hyl ene conversion but nmay operate at | ower conversions .
(alternately, no ethylene may be intrg@uced to the reactive guard
bed) so that the reactive guard bed effluent 19 | eaving the reactive
guard bed is conposed of 20 ethyl benzenes, unreacted benzene and
unreactive light inpurities (muinly ethane) fromthe dilute eth Iege

feed. The ethylhanzoresgunragcisd beapqme fndrunteactiye dighh ppurdties (rainlyethas
bed in a gaingal Jgﬁiﬁé yPihe 286! Phe %%cﬁ‘v@éfr&a@d beg bERs: 29 R iHedlphtkdeb

vertically spaced, serres-connected catalyst beds 22. Each catal yst
bed 22 al sie topdeidias: mhin alkylatien sbipr @hewhishdnalndes @ plurality of yertically
et hyl ene and t.he benzene- bl reactl lesh I "
fromthe 58%&‘38’ BT n%rSCt% ﬁggﬁéb?%sf%egaﬁcﬁgﬁp%ocur ?Iesﬁtr %%Svme
t hr ough t Rigduenithlleat foatll 2 2uchhai the edpfiereatnal the behzmhe ZDntining acachive

allcylation reactor. 21 js.typically opera at or near %

et hyl>lene (gb‘ﬁ{}:ﬁ$§éo?fﬂ%ﬁf‘{ lengrgg} 3]!‘%%"?‘% éﬁ%le{%l 85,"%'%%& }Orutg'?b?]dg?e{t pass
bed(s) of chbg@rémiydavhaitiodighGhe E£akbObed2d2. MApatpedcht aatayst| led 22 bisthe
100% et hyl ene conversion while the oyerall cqnversion is g‘, or nfar
10096 (f of BRENFKEIHERISOHPT 3086 HPIALYCPRITHER 3 P A dateh 100 PRl e

22, exceptoshbrsidie RRLMAIEIE ot Al Afhitidis the Bist (16t bEE(E) oflthy nalin alkylation
reactor 21 Is passed directly to the next, adjacent bed@fgﬁltgh ut an

i nt er st agereatiphRhmasn operaly Rbises tharnO0ke ethylinegonvsfon adlerhe Qurl
23, whi ch g@&ﬁid}ﬁsta?grﬂsﬁi1%%%#&@3{1@9@0@%?11& as well as

uru-eacte enzene and snal | tif of pol yet hyl at ed _benzenes and

et hane, i s0062] i niThea¢ffipenoirampash catalysohed 32. exroph &rehe hottameatalysts
Cota ned bt BE MEPmaAABRIRETchdors OB WIRRT AECLUNG o BB WG Abed

retained in ane | sor y r exanple, %ol yet hyl ated -
benzenes pwithomtenhyiinterstagpsapendion ofabianes PEBbettorn atabyst brd etfbhiwnt 35

fraction fr the prefractio 0h.25 1S 27
whore. ¢ e WRFEASEEE DR Tensey Shflbefons PrRARY 8 niell 18 JBROLRG R0l e
recycl ed temilhephattiey aff pdiethfheed diehpames farsic tthonef iofed hnitbdlyz tnea
tower is pasisred_to anggth | be ze‘%{ﬁ colum 28 where the,desired

e

et hyl benz eRfERENRARY, &P cHDEE WS TFRAVRES, OXRHRerd SEPTSRS © 2

fraction sidreEuer28hohdre apd$eRLkeetainRER 2l athianed9 ad3drbed by Yot bydmpled
benzenes, nostly diethyl benzene, arg_r enoved in the P cgl uml}&z) and
at | east athﬁd}qut’(}hyla#déng%qségﬁﬁl% iR theRrogessy iy S5 Pubbet *26

bef ore bei pgdiRs mRtibEBrdiR e eftRtiBniton RS ak )asddoto 8benddiR column 27
transal kyl ator 31 al so receivés _a supply of henzene fro7m

the
reservoir Whemsrdeiunregsisdbenrenp dvemaygdiasioyreead SHep £ az?él-gefﬁ%%?d fhe

pol yet hyl a n Bt i DI ZERE toweiCis Bfabiddedt arB2
fromthe t{r}%ﬁrseg%%ﬁaf‘gr a"fh:‘,’ conb\{ﬁlgg&vﬁﬁgﬁ?eef fl uen'fo 23 fS?%m tgge%
d

mai n al kyl ethybrenzeneceanmm28whene the desiredieshylhenzspe iy HEPYHRRRS LV

T oo RO T e A o 2 ) Tl 5.

ref er ence The opdlpethflakddoenzenEs,ampokily diothytberzene, are removed in the PEB
column 29 and at least a portion of PEB stream 33 is passed through the scrubber
26 before being fed as PEB feed 34 to a transalkylator 31. The transalkylator 31
also receives a supply of benzene from the reservoir 14 and is operated under
conditions such that 20-80% of the polyethylated benzenes are converted to
ethylbenzene. The effluent 32 from the transalkylator is combined with the
effluent 23 from the main alkylation reactor 21 as it passes to the prefractionator

25 and then the benzene column 27, ethylbenzene column 28 and PEB column 29.



[ 0064] The al kyl ati on of benzene with a feed conprising 65 nole %

et hyl ene wodoBHi30383e % et hane was tested in an adi abati equyd®bomosns
reactor conprising 4 vertically spaced catal yst beds, each containing
0.45 kg of an MCM 49 catal yst (80 wt.% MCM 49/ 20 wt. % al um na) and

wi th each of the three | ower catal ysts beds being | ocated below a 6
inch (15.2 cnm) thick |ayer of sand. Water cooling coils were provided
after the second and third catal yst bg/ps. [ 0065] The et hyl ene enpl oyed
was chem cal grade ethylene (99.0 wt.%purity) supplied by Ar

Li qui de, whereas the ethane (99.0 w.%purity) was supplied by Ar

Li qui de. The benzene (99.99 + wt. % purity) was obtained directly from
the Exxonf$dps BIhe dmyentns widlarow bsmoremasticlarly desaribed svighy refpience
pilot pla ' Epitial |y passed through a nol ecul ar sieve drier
to rermvep‘%/\gltlég?ﬁ%%%atny 1gic impurities. [0066] All of the benzene
was fed t Exhimplaipper nost catal yst bed at a rate of 24.762 | b/ hr

(11.191 k , reas.t.he mxed eth / 3 i J '
to each o%‘ﬁ% c\(il\lﬁ‘gf3 ?&yéatboéﬁé? %fnzgncr ﬁdé‘eag)% ef?t:u%-g’ﬁg\%gﬁi %@gen%a%h%ﬁ iC
feet per ha@ns5(oRSH dtBddt was testedtihah ddixbat pjloe plant\HEtoraeniprizig 4 he
total benzene to ethy]ene nolar ratio qver t cat al S
2.9: 1. Thé’e’b*fcéhﬁcgﬂ’a?‘?go?ﬁtg]i%{’i‘{ét 5 ?0“3%‘8111%@'%3‘&@%%&%%%&?%&
i nterst ag@s@m%mmﬂmamo wit9% tahﬁniﬂeyanlcggiictmagh gggﬁe tli:eeéﬁ&}raizmia;ysts
reactor tenperature and_pressure wer a Si
and the cbgds beggdorsied heloveg & !ﬂ"h\ﬂég@ ‘i’i%)rﬁhéfg‘ Weﬁﬁfﬁ%‘ tﬁé‘%?actofjgg‘%f
the vol umgoff vhekdipichided 4628 (VOB Qfd haoktdlystdaad) bed. For exanpl e,
an increase In tegl%%rature or a_ decrease_in pressgre causes

t

decrease i[A08Fe rditeoctrlansecmplayrd Wes |shgmicel grapheety Bﬁe‘gﬁp Y46y .
Conver sel %ﬁ@fiﬁe@ﬁﬁy'&iﬂ ﬂﬁ;éﬁ@é, afndreds gk efhafit N9 Wile RirftAN a8l

an i ncrease | zene to ethylene nolar rati o causes an increase

in the ratsuppladd thyeAvoLigridef Thelienzans (395% ot wrkde aprrityhavas ahigineds

o L. i ) I ) I, g
et hyl benz eyilot (FER)t tnit evashingtiadlyupdsset teangiwasmoisaslar sikveTdrderr tostemoye

are shown in Fi res, 2.to 4. .fromwhich it will 22 be seen that the
wei ght rat‘i"%‘%‘?‘%’%ﬁﬁ'?ac?‘%’f??ﬂ“i:eﬁe product from each catal yst bed

d](cacr eases poped! y A% ofhke rbaﬁie@leaizasltfed toahel rmppah:jd_s’t qatiatyst bed Iae?\raﬂemfe.
of vapor (as sur t ot actual Leactor conditions and re e
to aspact .(2412)&?% ﬁg)l |1r}(5r}ﬁ"3’ W ﬁreﬁﬁ‘teé’égcgg e&y@w&%ﬁ?eb%g&]%ag Sﬁé\éhee%of
decr ease bRGARE ST HESEatRIy N8 VEaS 8fa Bifte bNB.05QSCFH) stillard ohbio®eadipet honri d
to the vol ume of ,vapor aﬁgroaches Oimj_lg 068 Alitug,pat(fa;st Eﬁag ent .
appl i cat i o908% & gﬁ‘éﬁl’e t the ethylege o¥dfrdntis, and the total benzene to
ethylene molar ratio over the 4 catalyst beds was 2.9:1. The product from each

catalyst bed was cascaded, without interstage ethane removal, to the next adjacent
bed.

[0067] The reactor temperature and pressure were 190°C and 350 psig (2514
kPa) and the conditions in the reactor were varied to adjust the ratio of the volume
of liquid to the volume of vapor in each bed. For example, an increase in
temperature or a decrease in pressure causes a decrease in the ratio of the volume
of liquid to the volume of vapor. Conversely, an increase in the molar ration of
ethylene to ethane or an increase in the benzene to ethylene molar ratio causes an
increase in the ratio of the volume of liquid to the volume of vapor. Samples of
the product exiting each catalyst bed were analyzed by gas chromatography and
the weight ratio of diethylbenzene (DEB) to ethylbenzene (EB) in each product

stream was measured. The results are shown in Figures 2 to 4, from which it will



articles, publications, manuals, and ot her docunents cited herein are
ful ly i nomoposrausssksby reference for all jurisdictions i romis2zoraosis
incorporation is permtted. [0069] When nunerical lower limts and
nunerical upper limts are listed herein, ranges fromany lower limt
to any upper limt are contenplated. [0070]Wile the illustrative
enbodi nents of the invention have been described with particularity,
it will be understood that various other nodifications will be
apparent to and nmay be readily made by those skilled in the art

wi t hout departing fromthe spirit and scope of the invention.

Accordingly, it is not intended that the scope of the clains ncﬂed
hereto bebtisedn bt the weightsesioideERa Bl dr FlTepﬁrPgﬁ%t ap 55 £pialiet Be
but rather &rgg%egtﬁ{@gﬁeég 1R Bfo GFL VHRMASE RAGATBARS vBHn® bf V&Rr (as

features 6[? novelty which reside in the present invention,
i ncl udi ngnedaburké at thesctusl rehactap aputliens ahreferreds togpstavelnFaig) HB B f
by those skil.led in A ' t I LV €04 r.t.al %3 th
QL ai v 1. Repesteese® %, T et Sk e oS el ¥ BEHRAR 185 hBincea & the
mul ti st ageaticeadihe aohays bEHywidnp thesvalgmeatof vepmtappraashesshf. second

series-co ed glkylatjon reaction zones e

Pyt ColOBhS!, Rl b RolSE ShRBGPRECf PSP 9 Htumen,

i né roduci %thiiﬁ?sf,i g@&néaae_ﬂs,_cmmum@j m&daﬁthaf ?dcamhtse ched nhi]rekm exnfolind
and a second feed conprising an ene.and ope qr. .nore al kanes..int.
a0 d 11 1 SanERYRIE] BH TeUERbo ot Bh SR ESese  TER SaP SPAEG N 8
al kyl ati o%ehgﬁggdi_on zone under conditions effective to cause

al kyl ation of said al kyl atabl e aromatic conmpound tiy sai g, al kene,. s. id
condi ti ond0869Ing SWhen mmmernisal fowsr Lty apdi hrmenienl ppep fHpS: aicohf)%gnd

I's in the li{e?aﬁ,rra.ﬂ&@ssﬁéﬁ%yﬁ@%r {iit 18 ah?%pbéﬂﬁhﬁ aPdesiRemplated.
[0070] While the illustrative embodiments of the invention have been
described with particularity, it will be understood that various other modifications
will be apparent to and may be readily made by those skilled in the art without
departing from the spirit and scope of the invention. Accordingly, it is not
intended that the scope of the claims appended hereto be limited to the examples
and descriptions set forth herein but rather that the claims be construed as
encompassing all the features of patentable novelty which reside in the present
invention, including all features which would be treated as equivalents thereof by

those skilled in the art to which the invention pertains.



(c) withdrawing fromsaid first al kylation reaction zone an effl uent
conprising said al kyl aromati c conpound, unreacted al kyl at abl e
aromati ¢ conpound, any unreacted al kene and said al kane; and (d)

wi t hout renoving said al kane fromsaid effluent, supplying said

effl uent and said al kene to the second al kyl ati on reacti on zone; and
(e) operating said second al kyl ati on 2&acti on zone under conditions
effective to cause al kyl ation of said al kyl atabl e aromati ¢ conpound
by said al kene, said conditions being such that part of said

al kyl at ab, £A mati ¢ conmpound is in the vapor phase and part is in
the i qui ; Wherein the operating conditions in (b) and (e) are
such that the ratio of the volunme of liquid to the volunme of vapor in
each of said fjrst and secqnd reaction zones is fromabouyt. 0.5 to,
about 10, Eand ‘%\/r?é?"e’?ﬁ %raP‘iffg‘é‘f“P%W a@fﬁ?{"@éi‘%|°9’§P%“nrdnme%dﬁ‘ﬂH?‘a%eaffiﬂ‘c‘*_mn
first and secopgeml &\ﬁhﬁl{swi[r:%‘natrl%ﬁhk&@né QBR%d GeNRLdonRed®dd AIRAStorP Rec@in
MCM 22, I TQ 1,  MCM 36, M 49 and MCM 56. 24 2. The process of claim
1, wherein t hezoppietagh conjainimsah plkyision gatglystp thePiycessrpnipeisingrtee gepstof:

of said 111t Gha SAEHEE il Qhihed b R ok Rl BRE

3. The process of a stendlifeedduaiieisingtdneallcpenad bigoranmdiatkaaesSintonsakl s

(b) and (e) are sug@g&hat the ratio of the volunme of liquid to the

vol ume of vapor in #1081 HPYZ9M% st and second reaction zones is
rocess of claim1, wherein_the

fromabout 0.5 to about, 2. 4.. Th > ]
operating condPii orf®ering t%@@sﬁrftm?kﬁﬁwn(réacwéogﬁeﬂdqrwafldlfl%s Treiye o
the volune of |iquigndealkNSioObLIRG AlkyVRMN afo%a%@%m?t)ulﬁﬁbg shild ten@nd
second reaction zones is fromabout 0.5 to about 1. 5. The process of

claim 1, wherein sapid cvnditings edegsuch that paresf wid dlkatable @ramatPocompgaridd

al kene. 6. The pro i i | gnd feed conpri ses

about 20 to about ggﬁaP?&?%#%g%%éngﬁggﬁg#ﬂ?ﬁ§#&ga%%%cess of claim1,

wherei n sai d ge00nd, ficed 60 ROLS AN ka2 BOboS e ShOorkithd
comprising said alkylaromatic compound, unreacted alkylatable aromatic

compound, any unreacted alkene and said alkane; and

(d) without removing said alkane from said effluent, supplying said effluent
and said alkene to the second alkylation reaction zone; and

(e) operating said second alkylation reaction zone under conditions effective
to cause alkylation of said alkylatable aromatic compound by said alkene,
said conditions being such that part of said alkylatable aromatic compound
is in the vapor phase and part is in the liquid phase;
wherein the operating conditions in (b) and (e) are such that the ratio of
the volume of liquid to the volume of vapor in each of said first and
second reaction zones is from about 0.5 to about 10, and wherein said
alkylation catalysts in each of said first and second alkylation reaction
zones comprise at least one of MCM-22, 1TQ-1, MCM-36, MCM-49 and
MCM-56.



8. The process of claim1, wherein said alkane in said second feed
has t he same nunber, or |ess, carbon atons as said al kene. 9. The
process of claim1, wherein said al kene includes ethylene, said

al kyl atabl e aromati ¢ conpound i ncl udes benzene and said al kyl aromatic
conpound i ncl udes et hyl benzene. 25 10. The process of claim?9,
wherein said conditions in step (b) iB84lude a tenperature of about
120 to about 270C and a pressure of about 675 to about 8300 kPa. 11.
The process of claim1l, wherein said al kene includes propyl ene, said

al kyl atah] e arQmati c coppound inpncl.udes benzene gnd said al kyl a tic
Compound 1o BTG RERR . YRG5 e SRGR Grditind B oL IR
condi tions in sgéiethaf the ratie bingie valuhRngdiqald foeth@f ol W vBFbrlif cadhosl said
180C and a pressure of about 675 to about 4000 kPa. 13. The process

of claim 1, wibenA send reaciemernehs fipge abort Bitte dROWRd/ or 2- but ene,
sai d al kyl at abl e aromati c conmpound i ncl udes benzene and said

al kyl aromati ¢ conpound i ncludes sec-butyl benzene. 14. The process of
cl ai m 13,3.wherdierprecessiotdaii 1 whereinrthe bpgratiry) canditionslen stepise(brp amdafe) aee

f about 50 bout . 250C _of about 35 b 50
cpa 15, he pracaeb e e JoRRRERIFCle GOThug 3 nhpor i Al SR

second- al ky| atfiretrin@ 3yl $éa8tibiz@R@€ R fAfm skdud 0f5it6 sbowand second
al kyl ation reaction zones further conprise a nolecul ar sieve having a
Constraint Index of about 2 to about 12. 16. The process of claim 15,

wher ei n sgi d rRl.esMRS oBLISHE 1 NANLEE B CRRStHRIMkiRISXstos BPAME (F ated

about 12 include a nol ecul ar 'sieve sel ected Tromthe group consiSting
of ZSM 5, ZSMstdh thasiexatio gl 2plunzINiHiEid BSh S6lumESvASyr ingach of said

m xtures ther qofe 14<cchi y a%ﬁ&?%a%eg’{? 1?411%1%%015%% §q said first and
second- al kyl atiton catalysts i n edach "or sal TSt and second
allcylation reaction zones further conprise a nolecular sieve having
a Constraijnt Lﬂpex of less than 2. | X

5. e process of claim 1, wherein said second feed comprises at least 20 wt.% of

said alkene.

6. The process of claim 1, wherein said second feed comprises about 20 to about 80

wt.% of said alkene.

7. The process of claim 1, wherein said second feed comprises about 60 to about 80

wt.% of said alkene.

8. The process of claim 1, wherein said alkane in said second feed has the same

number, or less, carbon atoms as said alkene.

9. The process of claim 1, wherein said alkene includes ethylene, said alkylatable
aromatic compound includes benzene and said alkylaromatic compound includes

ethylbenzene.



26 18. The process of claim 17, wherein said nol ecul ar sieve having a
Constraint Index of less than 2 include a nolecul ar sieve sel ected
fromthe group consisting of zeolite Beta, faujacite, zeolite Y,
Utrastable Y (USY), Dealumnized Y (Deal Y), nordenite,
TEA-nordenite, ZSM 3, ZSM 4, ZSM 18, ZSM 20, and m xtures thereof.
19. The process of claim1 and furthepsconprising the steps of:
separating said polyal kyl ated aromati ¢ conpounds from said effl uent

of said second al kyl ation reaction zone, and (g)contacting at | east

portion of saig polyal kyl.ate romati.G compounds wi i h, itional said
Bl kyl at abi%e ar GRAFFESLOR oG PHFTRSTH cORBHRs ey 0! %ﬁ? Ry PERSTHre
cat al yst underofrlip@ngad kvt wec andh biedfige of Holi0s 7 18 dBlbti390@kPa.
nonoal kyl aromati ¢ conpound. 20. The process of claim1l and fin-ther

conprising the step of contacting said feed with an al kyl ati on

catal yst 4in a - nre- £Qr: .S r u
cai d bori'e. oo RARSELL el § LAAEh ORI WM BR) DEGHIBIe
claim1l and f wrdrhetic @omennd inethdedh bersbmpanlf sadbalkplatonmagic wompantdeiticludes
al kyl at abl e aromati ¢ conpound and utu-eacted al kene from said

mul ti stage redCt™Bh system under al kylation conditions with an

al kyl ation catalyst in a finishing reactor separate from and

downstream of said multistage reaction system 22. A process for
pr oduci ngZet hylihs@recesecficlaim 1 , mhergincwifhronditiegs Besicnelhe Inchydp pltetpperatiee

ethane in a Nf%g@{t%??o Et?cﬁ;?ﬁ%@@ aﬁH%&u‘?&E&ur%f&Lo&?é‘% Jooago%%@gﬁgﬁ.on

conprising a irst and second series-connecte
reaction zones each containing an al kylation catal yst and at | east

one transal kyl.ati on reagction .zone co ising.a transal kylatjio
catal yat Tt he Theaues® BEHERT 41 NGEioRd albenp s PHitent afa/of 3-butene,
said alkylatable aromatic compound includes benzene and said alkylaromatic

compound includes sec-butylbenzene.

14.  The process of claim 13, wherein said conditions in step (b) include a temperature

of about 50 to about 250°C and a pressure of about 355 to about 3550 kPa.

15.  The process of claim 1, wherein said first and second-alkylation catalysts in each
of said first and second alkylation reaction zones further comprise a molecular

sieve having a Constraint Index of about 2 to about 12.

16.  The process of claim 15, wherein said molecular sieve having a Constraint Index
of about 2 to about 12 include a molecular sieve selected from the group
consisting of ZSM-3, ZSM-11, ZSM-12, ZSM-22, ZSM-23, ZSM-35, ZSM-43,

and mixtures thereof.

17.  The process of claim 1, wherein said first and second-alkylation catalysts in each
of said first and second alkylation reaction zones further comprise a molecular

sieve having a Constraint Index of less than 2.



(a) operating said first alkylation reaction zone under conditions
effective to cause al kylation of said benzene by said ethyl ene, said
condi tions being such that part of said benzene is in the vapor phase
and part is in the liquid phase; (b) withdrawing fromsaid first

al kyl ati on reaction zone an effluent conprising said ethyl benzene,
unreact ed benzene, any unreacted ethyhkene, pol yethyl benzene, and said
ethane; (c) without renoving said ethane fromsaid effluent,
supplying said effluent to said second allcyl ation reaction zone; and

(d) oper 'n |d seco tian r, zone,under condi.tions

U ool y ald 0 DR uRodRs o Qe K ol gbi e sy e bt g aycarmint B85

condi tions behﬂQm%Wﬁ&nQW@Mu&@%hn@%mﬁﬁ*ﬁmQ%&k@&ﬂ:&&nHHe%hﬁ W%Bﬁhnﬂbéﬁe

and part isinthe liquid haseh@gélkse paratin ald pol eth | benzene
I

from sai d ef f |4gelif¢ Eis*a Saliatiteerco yﬁ%%hl@)h’ tD@ﬁmzlan@d flgeal Y),
(() contacting lﬁé;rd!elﬁéstmg&)w&ﬂn@f Eé‘wﬂﬁwﬁﬁt 20024, ¢ gg mixtures

addi ti onal benzene I'h the presen’ce a trarsa yst
under transal kiggra¢fi ng conditions in said transal kyI ation zone, to
form addi ti onal ethyl benzene; wherein the operating conditions in (a)
and (d) are such that the ratio of the volune of liquid to the vol une

of vapor jm eaﬂﬁ}ﬁaiceg%fd:lém{ﬁindamﬁh&%féﬁ@ﬁmhg%tsﬁt@aoi!ones is from
about 0.5 to about 10; and wherein the al kylation catalyst in _each of

said first andDsecoferraingsad pelyalkylatedi aéwnétmw@@nmwéﬁr ifrom gaid eEhsnt ohe
of MCM 22, ITQ 1, s3%nd %nq&%g@{t J@! ecul ar sieve and said
In al sa

transalkylation cata yst tran ylatlon reaction zone

i ncl udes a nol{etul aonwtingatdedsepdrtaon Hf sand pdigalgyletep acomsicsbinpguials with
MCM 22, PSH- 3, SSZz- T | TQ- 2, MCM 36 49, MCM 58,
zeolite Beta, zeol |af21§lt9nﬁuffi“? a‘ﬂlﬂ%l@ Yarf%g% COPRRYHhiMi g%cpr?se{lﬁeé??
Y), nordenite, TEAwmsdienidd G&Ws8, wd&W drandaBi&ingZ dndBion8ndo form
ZSM 20, and mixtures thereof. 28 23. A process for producing cunene

froma feed conpri safiﬁ’é‘%@r‘l&‘é}?élkybf%wwéﬁ@%ﬁﬁi propane in a nultistage
reaction system said reaction systemconprising at |least first and
second series-connected al kyl ati on reaction zones each containing an
al kyl at i oif). catBieymoceandf ataimelastd bmther campriding that stepnof exmtacitiog szidrfeed

g?gg;l 3:‘ ng at r%sa%l al%ylahon caga?ys?l XSt byt Pa%sa%ieo%?es ?eactom[af)asréte gfronq and

upstream of said series-connected, multistage reaction system.

21.  The process of claim 1 and further comprising the step of contacting unreacted
alkylatable aromatic compound and unreacted alkene from said multistage
reaction system under alkylation conditions with an alkylation catalyst in a
finishing reactor separate from and downstream of said multistage reaction

system.

22. A process for producing ethylbenzene from a feed comprising benzene, ethylene
and ethane in a multistage reaction system, said reaction system comprising at
least first and second series-connected alkylation reaction zones each containing
an alkylation catalyst and at least one transalkylation reaction zone comprising a

transalkylation catalyst, the process comprising the steps of:



(a) operating said first alkylation reaction zone under conditions
effective to cause al kylation of said benzene by said propyl ene, said
condi tions being such that part of said benzene is in the vapor phase
and part is in the liquid phase; (b) withdrawing fromsaid first
allcylation reaction zone an effluent conprising said cunene,
unreact ed benzene, any unreacted propgfene, polyi sopropyl benzene, and
sai d propane; (c) w thout renoving said propane fromsaid effluent,
suppl ying said effluent to said second al kyl ation reaction zone; and
(d) operating id seca | atign.reaction zone,under..condi.ti.on
6T ective t o dhlise TR PRATS YA iP BroioRoRs DEd FORTHEN Blreiveh o
condi tions being suatsc dRFlatdadl f Qfid SaiLnd B8P ZEAthySere szhﬂl%oﬂtﬂﬁ@{s miagse
and part is in the liquid phase; (e) separating said

pol yi sopr opyl benzerféch taghpakeisaskiengasds withe xaner garse aad parkipliathediguid
reaction zone, andﬁm gontacting at |east portion of said
pol yi sopropyl benzene w't h additional benzene in the presence of a

transalkylat!gﬁ)cagﬁi%ﬁﬁmygdﬁ% §%§¥lﬂ%ﬂﬁﬂmp %&hghog '%ns%ﬁﬁwnt

transal kyl at i zone rnlad nene; erei
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(d) operating said second alkylation reaction zone under conditions effective
to cause alkylation of said benzene by said ethylene, said conditions being
such that part of said benzene is in the vapor phase and part is in the liquid
phase;
(e) separating said polyethylbenzene from said effluent of said second
alkylation reaction zone, and
) contacting at least portion of said polyethylbenzene with additional
benzene in the presence of a transalkylation catalyst under transalkylating
conditions in said transalkylation zone, to form additional ethylbenzene;
wherein the operating conditions in (a) and (d) are such that the ratio of
the volume of liquid to the volume of vapor in each of said first and
second reaction zones is from about 0.5 to about 10; and
wherein the alkylation catalyst in each of said first and second alkylation
reaction zones comprise at least one of MCM-22, ITQ-1, MCM-36,
MCM-49 and MCM-56 molecular sieve and said transalkylation catalyst
in said transalkylation reaction zone includes a molecular sieve selected
from the group consisting of MCM-22, PSH-3, SSZ-25, ERB-1, ITQ-1,
ITQ-2, MCM-36, MCM-49, MCM-56, zeolite Beta, zeolite Y, Ultrastable
Y (USY), Dealuminized Y (Deal Y), mordenite, TEA-mordenite, ZSM-3,
ZSM-4, ZSM-5, ZSM-18, and ZSM-20, and mixtures thereof.



“in said transal kyl ati on reaction zone includes a nol ecul ar sieve

sel ected fromthe group consisting of MCM 22, PSH 3, SSZ-25, ERB-1,

I TQ 1, 1TQ 2, MCM 36, MCM 49, MCM 56, zeollte Beta, zeolite Y,
Utrastable Y (USY), Dealumnized Y (Deal Y), nordenite,
TEA-nordenite, ZSM 3, ZSM 4, ZSM5, ZSM 18, and ZSM 20, and m xtures
t hereof 24. A process for produci ng seegbutyl benzene froma feed
conpri sing benzene, 1- butene or 2-butene and butane in a nultistage
reaction system said reaction systemconprising at |east first and
second sg# es éonnec%ﬁd al k lation reacti n zones .e ch cont ai nif‘%

al kyl at i cat §PIaduting cpmgpgeiiom R%}P%RSP% P PORYZBHEN

conprising a tﬂr@ﬁh%@'dﬂé'rﬁﬁlhﬁ CRh@or steﬁnh%lwféaﬁﬁéﬁsﬁféﬁpéd@ﬂb%gt:R%ast
steps of: (a) operating said first a kﬁ; ation reaction zone under

condi ti ons ef fliet pve seogne gerigs-canksetest plsplaten s@puomémmctwommmg an

1-but ene or 2-hunene Cﬂﬁﬁgﬂ andiy gAs‘P%ﬁ l%xl%g | Rﬁ%{ﬁ)lgl {eQ&cm asep%l?fg%

benzene is |n e vapor ase an par I qui
wi t hdr awi ng f riesmsalyldtidn ¢asdlysa thy biattso BompAsihg the sepnef: an ef fl uent
conpr|3|ng sald sec- but, Ibea ne, nreact ed benzen unreacted 1-

butene or 2- bufkne, PFBFHH! oo igetion 2906, Fpds SOnGi PR thfoctive to

removi ng sal d but art@usferﬂmmﬁindofeswd Bi2Rine YRR yﬂopgeﬁalsﬁdect)mlﬂsﬁgt bdisth
sai d second al kyl ation reaction zone; and operating said second

al kyl ation reacti orsugloihet pavtfrsaiddivaencanin the yanor phase gad partiisan the liquid
al kyl ati on of sai dd}ﬂ% fzene by said 1-butene or 2-butene, said
conditions being s that part of said benzene is in the vapor phase

and part s | of he LAhaBNass: AEPIEAL! BISRLC LOLKPULHOZ R o

fromsaid effluent o secon n Féaction zone
contacting at | eastcoppritingrsaiaf comértt, pmkgabwﬁydehmma@ \ihidactadl irdp ydehe)

benzene in the prese?ce of transal kyl ati on catal yst under
transal kyl ati ng 3cpolyisopropylbenzene, and sald propane;

(c) without removing said propane from said effluent, supplying said effluent
to said second alkylation reaction zone; and

(d) operating said second alkylation reaction zone under conditions effective
to cause alkylation of said benzene by said propylene, said conditions
being such that part of said benzene is in the vapor phase and part is in the
liquid phase;

(e) separating said polyisopropylbenzene from said effluent of said second
alkylation reaction zone, and

(f) contacting at least portion of said polyisopropylbenzene with additional
benzene in the presence of a transalkylation catalyst under transalkylating
conditions in said transalkylation zone, to form additional cumene;
wherein the operating conditions in (a) and (d) are such that the ratio of
the volume of liquid to the volume of vapor in each of said first and
second reaction zones is from about 0.5 to about 10; and
wherein the alkylation catalyst in each of said first and second alkylation
reaction zones comprise at least one of MCM-22, ITQ-1, MCM-36,
MCM-49 and MCM-56 molecular sieve and said transalkylation catalyst



conditions in said transal kyl ation reaction zone, to form additi onal
secbutyl benzene; wherein the operating conditions in (a) and (d) are
such that the ratio of the volunme of liquid to the volunme of vapor in
each of said first and second reaction zones is fromabout 0.5 to
about 10; and wherein the al kylation catalyst in each of said first
and second al kyl ati on reaction zones @onprise at | east one of MCM 22,
| TQ 1, MCM 36, MCM 49 and MCM 56 nol ecul ar sieve and said

transal kyl ati on catal yst in said transal kyl ati on reaction zone

i ncl udes a nol ecul ar si.eve l.ected fromthe group copsisting of

NOM 22, PSt 3, ssz psaidgirmsalylilies eactopczone npere: Molsep e SieNRTlesicd

zeolite Beta, zeol iffdin Yhe EHolip @6hading of NIURYD2, BRml3NEEAIBeERE-{ Daad-1,

Y), nordenite, TEA-nordenite, ZSM 3, ZSM 4, ZSM5, ZSM 18, and

ZSM- 20, and mi xtur dTQr 2, MENF-36, MCM-49, MCM-56, zeolite Beta, zeolite Y, Ultrastable
Y (USY), Dealuminized Y (Deal Y), mordenite, TEA-mordenite, ZSM-3,

ZSM-4, Z8M-5, ZSM-18, and ZSM-20, and mixtures thereof.

24, A process for producing sec-butylbenzene from a feed comprising benzene, 1-
butene or 2-butene and butane in a multistage reaction system, said reaction
system comprising at least first and second series-connected alkylation reaction
zones each containing an alkylation catalyst and at least one transalkylation
reaction zone comprising a transalkylation catalyst, the process comprising the
steps of:

(a) operating said first alkylation reaction zone under conditions effective to
cause alkylation of said benzene by said l-butene or 2-butene, said
conditions being such that part of said benzene is in the vapor phase and

part is in the liquid phase;

(b) withdrawing from said first alkylation reaction zone an -effluent
comprising said sec-butylbenzene, unreacted benzene, any unreacted 1-

butene or 2-butene, polybutylbenzene, and said butane;

(c) without removing said butane from said effluent, supplying said effluent
to said second alkylation reaction zone; and

(d operating said second alkylation reaction zone under conditions effective
to cause alkylation of said benzene by said 1-butene or 2-butene, said
conditions being such that part of said benzene is in the vapor phase and
part is in the liquid phase;

(e) separating said polybutylbenzene from said effluent of said second
alkylation reaction zone, and

@ contacting at least portion of said polybutylbenzene with additional

benzene in the presence of a transalkylation catalyst under transalkylating
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conditions in said transalkylation reaction zone, to form additional sec-
butylbenzene;

wherein the operating conditions in (a) and (d) are such that the ratio of
the volume of liquid to the volume of vapor in each of said first and
second reaction zones is from about 0.5 to about 10; and

wherein the alkylation catalyst in each of said first and second alkylation
reaction zones comprise at least one of MCM-22, ITQ-1, MCM-36,
MCM-49 and MCM-56 molecular sieve and said transalkylation catalyst
in said transalkylation reaction zone includes a molecular sieve selected
from the group consisting of MCM-22, PSH-3, SSZ-25, ERB-1, ITQ-1,
ITQ-2, MCM-36, MCM-49, MCM-56, zeolite Beta, zeolite Y, Ultrastable
Y (USY), Dealuminized Y (Deal Y), mordenite, TEA-mordenite, ZSM-3,
ZSM-4, ZSM-5, ZSM-18, and ZSM-20, and mixtures thereof.



