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ethylene or propylene by acid catalysis. In some known

processes the catalyst 1is highly corrosive and has a
20 relatively short life, e.g. AlCl;, H3PO4 on clay, BF3 on

alumina, and others require periodic regeneration, e.qg.

molecular sieves. In addition the exothermicity of the

reaction and the tendency to produce polysubstituted

benzene require low benzene conversions per pass with
25 large volume recycle in conventional processes.

To overcome many of the .disadvantages of the
conventional processes a process has been developed wherein
the reaction of the olefin with benzene is carried out
concurrently with separation of the products by fractional

30 distillation. One embodiment of that process is disclosed
in United 8States patent 5,243,115 which utilizes a
reaction system wherein the components of the reaction
system are concurrently separable by distillation, using
the catalyst structures as the distillation structures.'"

of

35 Such systems are described variously in U.S. Patents
4,215,011; 4,232,177; 4,242,530; 4,250,052; 4,302,356; and
4,307,254.

In addition, a variety of catalyst structures for this
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WO 98/ 5164%efinery are controlled by the boiling rdltdeé UsBSthe5Aadphtha
used and the crude oil source. The "reformed" product from
a catalytic reforming process is commonly called reformate
20 and is often separated into two fractions by conventional
distillations--a light reformate having a boiling range of
circa 115-250°F and a heavy reformate having a boiling
range of circa 250-350°F. The aryl compounds in each
fraction are thus dependent upon their boiling points. The
25 light reformate contains lower boiling or 1lighter aryl

compounds, e.g., benzene and toluene.
The light reformate is that portion containing benzene
- and lighter components. Now the complex model for gasoline
requires severe reduction of <the benzene content of
30 gasoline, while maintaining the octane of the gasoline.
One effective means to achieve this is to alkylate the
benzene, however the olefin streams for this purpose may be
expensive or otherwise employed. Thus in one embodiment of
the present invention olefins normally destined for fuel

35 gas are used for the alkylation.

Benzene is also contained in appreciable quantities in
such other refinery streams as straight run naphtha and to
a lesser extent naphtha from catalytic crackers. The
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aromatics leads to a complex mixture of products’ whlch may

20 include alkylated toluene and dlalkylated products. This
is not a problem in the disclosed process since the purpose
is to produce gasoline.

More recently it has been found that a primary cause of
catalyst deactivation in aromatic alkylation processes is

25 the presence of high concentrations of olefin. The present
inventors have determined that an exponential relationship
exists between olefin concentration and catalyst 1life.
Thus clearly the alkylation requires a careful control of
the olefin reactant. Further, the deactivation is mnore

30 rapid with higher olefins above C4.

The 1light reformate itself also . contains olefinic
compounds which are higher boiling. Also the benzene from
steam or catalytic cracking also contains appreciable
olefins, The highér boiling olefins are 1longer chain

35 unsaturates which can also react either with the aromatics
or with themselves. Regardless of source, the reaction of
these higher olefinic compounds is undesirable because they
coke up and foul the catalyst causing accelerated catalyst
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the olefins in the reformate or straight naphtha stream are
hydrogenated to increase catalyst life.
' "It is another advantage of the present invention that
organic sulfur is removed from the naphtha fraction prior
to hydrogenation to prevent poisoning of the catalyst.
' SUMMARY OF THE INVENTION

Briefly, the present invention is a process for the
alkylation of aromatic compounds, in particular benzene,
contained in a reformate stream, a straight naphtha stream
or other naphtha fraction, comprising treating the naphtha
to remove unsaturated materials, comprising olefins,
diolefins and acetylenes, and then alkylating the benzene

 to produce ethyl benzene or cumene. In order to protect

30

the hydrogenation catalyst and to otherwise improve the
materials for use as gasoline components, feeds containing
sulfur compounds are preferably treated to remove them,

" for example by hydrodesulfurization.

35

Each stage of the process, e.g. hydrogenation of the
unsaturates and alkylation,'is preferably carried out in a
distillation column reactor to take advantage of the
concurrent reaction and distillation within each reactor.

The olefin feed to the alkylation reaction 'is preferably

¥eRYge
of t conc (o and distillation within each reactor. The olefin
hes EiEpHELEBACKEEp.

IS
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WD 98/51648  In one embodiment used to treat naBﬁ‘EhHS&&’&ﬁEéiﬂmtalnlng
sulfur compounds, hydrodesulfurizatlon takes place in a
first distillation column reactor which takes H,S and light
ends overheads. The desulfurized bottoms are taken to a

20 second tower which acts as a dehexanizer taking Cg and
lighter material containing benzene overheads while
saturating the olefins, diolefins and acetylenes.-' The Cy
and heavier materials are taken as bottoms. The overheads
are fed to a third distillation tower which contains a

25 catalyst suitable for the alkylation of the benzene with
either ethylene or propylene. The alkylated. product,
either ethyl benzene or  cumene, is removed as bottoms and
unreacted lower boiling material is removed overhead. If
no sulfur is present in the naphtha, e.g., a reformed

30 naphtha, the first tower is not used.

In another embodiment the octane number of the 1light
reformate is improved by subjecting the whole 1light
naphtha to treatment for removal of the unsaturated
materials and then alkylation with a controlled lower

35 olefin contained in the waste gas from an FCCU.

In one embodiment the hydrogenation is carried out in
the same column as the alkylation, both being operated as
catalytic distillations. The aryl compounds catalytically
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' 'prior to introduction to the alkylation bed. This can be

" done in a conventional fixed bed in front of the

20 distillation column reactor. More preferably the
~hydrogenation is carried out in a distillation reaction
zone in the distillation column reactor located below the
alkylation zone. The alkylating olefin, e.g., the FCCU
"waste gas must be fed above the hydrogenation 2zone and

25  below the alkylation zone where it is combined with the
light reformate having a reduced olefin content rising up
from the hydrogenation zone. As in the alkylation zone the
catalyst is in the form suitable for a distillation
structure.

30 The source of the aromatic can either be from catalytic
reforming or from a steam, catalytic cracking process, or a
crude distillation (straight run naphtha). As noted above

 the 1light reformate (110-250°F) boiling material from a
catalytic reformer may contain appreciable quantities of

35 higher olefins. The 1light naphtha from the steam or
catalytic cracking processes contains more of the higher
olefins and in addition appreciable quantities of organic
sulfur compounds, predominantly mercaptans and some
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for the alkylation described herein.

20 The FCCU waste gas contains a variety of unrecovered
olefins, however the preponderant olefinic compounds are
ethylene, propylene (propenes) and butenes. The remainder
of the gas is made up of various saturated hydrocarbons.
The typical total olefin content is 42.1 percent, divided

25 into ethylene, 11.1 percent; propene, 30.6 percent; and
butenes and higher, 0.4 percent.

In any case the olefinic compounds contained in the
waste gas will always have a lower boiling point than the
higher olefins of the light naphtha.

30 In the most general embodiment the purpose is to upgrade
the octane of a light reformate. The whole light reformate
boiling about 110-250°F is fed along with hydrogen to a
distillation column reactor below a hydrogenation zone
containing hydrogenation catalyst in the form of a

35 catalytic distillation structure where the olefinic
materials contained in the reformate are saturated leaving
the aromatic compounds. A controlled olefin content gas
having only lower olefins such as the FCCU waste gas
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_ Tﬁe conditions within the hydrogenation  zone are such that

'~ the olefins are hydrogenated but the aromatics remain. The

20 first distillation column reactor is operated as a

dehexanizer to remove the Cg and lighter material

containing the benzene as overheads. The C; and heavier

materials are removed as bottoms. The bottoms material may

be passed on to the gascline blending pool or sent to a

25 hydrodealkylation unit for additional production of
benzene.

The hydrocarbon stream containing olefins along with a

hydrogen stream at an effectuating hydrogen partial

- pressure of at least about 0.1 psia to less than 70 psia,

30 preferably less than 50 psia is fed to a distillation

- column reactor. Very low total pressures may be used for

optimal results in some of the present hydrogenations,

preferably in the range of 50 to 150 psig with the same

excellent results. o

35 Catalysts which are wuseful in the hydrogenation

reaction utilized in the invention include the Group VIII

metals. Any suitable hydrogenation catalyst may be used,

for example Group VIII metals of the Periodic Table of



El ements as the principal catalytic conponent, alone or with pronoters and
nodi fiers sworsssséssal | adi und gol d, pal | adi untsilver, cobalt/zig&06s 522
pl ati num nickel preferably dep05| ted on a support such as alumna, fire 5
brick, pum ce, carbon, silica, resin or the like. CGenerally the netals are
deposited as the oxides on an al umina supgbrt. The supports are usually
smal | di aneter extrudates _or sEher es. _.The cat al {St nmust then be prepared in

the form of Ekemankpyta® &he i PEApFiRal; reatalytic Fempgnent,  alone or
distillati ogighr UpromotEis kendbl moddfiapst i @udls casal paulaaduwgm&s

the col um Padad tEnf8E e [ cBhpat e FERhaUIEE, | P e liyRe T et "
enbodi mrent ppefezablystdéposibbedi med an suppwelh wuch nash dbuminaj r ftire e

di sgcl ' d b
ot o hoos B i&%‘neﬁ‘““ca al tlciégs%ﬁids'%lon in pe{:ﬁgyllkgcorporate d

r ef er ence. ructures use for this
pur pose are di 6enexadlin tlhe% nebalat are MPQ&U-‘-GQ 8®3, 18y oxides4sn, 800

which are al by f 0 W' \é‘i‘ngﬁ
.carries out ?ﬁeiﬁg SQzgjrnat | onsTlhﬁ ? ata 52 fre gcs‘ﬂea(}q coﬁﬁgi \ﬂ;l-l can
be appreci ax&a'ud@&eéomrausp%e%%or Shﬁsé’aéﬁd-yﬁﬁrém$ﬁuthe§hb§epéf§ﬂqf%y
distillati opn Hige digsirl | &£ @n @@tanytieaai@tnsx%ﬁt etrdicturd £5S Wik

Cai st 191 | BRERINGRES cHE L el dn JBhruitsa Ryst Bt ober Atk Lon
oper ates at asvealtaaysmr anduas ofasmittalisfer Imeédbumcol The caralyst midte
bet Q f bl 2
bai g and t oRBePuiFaRdY SlblorBhS’ SR dhdvey PuithIn Mid ofuwin b3 Wt |
t he range 035158 teatzdortipr etistdd hatiizs t stasgitire £, eIng.a 1 pireferred
180[err] F afphfy h‘éﬁ‘é‘ fé(@%’?ég Rgr téé’t‘xté’fﬁéﬁ“&?ﬁ a wJ@Snf ?x‘?t‘i-ehe i

hOUI’|¥ sSpace vel oCl ty her el n under st ood nean
5

wei ghi5of f s&austnrRoas &lsalosed Hn r‘éa%t i Bt g5No. élrgﬁﬁlflséﬁroﬁlbmmrﬁﬁ per
uni t wei ght nefreliy al Yyakorpdhgteat alwmréf&tﬁdﬂcalon sbtHekur %ta'mgwf/@ry

over A Very qYlod Bup o LI {8 20T 1SR T L PO BEL e BB Vdd O
PCT/ US98/ 0583%clXbsed in U.S. Patents 4,731,229, 5,073,236 and

5,431-,890- which are also incorporated by reference.

20 The present invention carries out the hydrogenations in

" a catalyst packed column which can be appreciated to

contain a vapor phase and some liquid phase as in any
distillation. The distillation column reactor is operated
at a pressure such that the reaction mixture is boiling in

25  the bed of catalyst (distillation conditionms). _ '

The present process for olefin saturation operates at

overhead pressure of said distillation column reactor in
the range between 0 and 350 psig, preferably 250 or less
suitable 35 to 120 psig and temperatures in said

30 distillation reaction bottoms zone in the range of 150 to
230°F, preferably 175 to 200°F, e. g. 175 to 180°F at the
requisite hydrogen partial pressures. The feed weight
hourly space velocity (WHSV), which is herein understood to
mean the unit weight of feed per hour entering the reaction

35 distillation column per unit weight of catalyst in the
catalytic distillation structures, may vary over a very
wide range within the other condition parameters, e.g. 0.1
to 35 hr-l.
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'distillation is the washing effect that the internal reflux

20 provides to the catalyst thereby reducing polymer build up

and 'coking. Internal reflux may vary over the range of 0.2

to 20 L/D (wt. liquid just below the catalyst bed/wt.
distillate) to give excellent results.

The bottoms from the second distillation column reactor

25 are fed to a third distillation column which serves as the

alkylator. The third distillation column reactor contains

a catalytic distillation structure in the upper portion

which is an acidic catalyst contained in a suitable

distillation structure container. Both the bottoms from

30 the second distillation .column reactor and olefin, either

ethylene or propylene, are fed below the catalyst bed.

Also, in order to achieve high selectivity toward

" monosubstitution (which is a preferred aspect of the

present invention), there is a large excess of benzene to

35 the olefin in the reactor in the range of 2 to 100 moles

of benzene per mole of olefin, that is the net molar feed

ratio of benzene to olefin may be close to 1:1, although

the system is operated so as to maintain a substantial
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thereof.
' The success of catalytic distillation 1lies in an
20 understanding of the principles associated with

distillation. First, because the reaction is occurring
concurrently with distillation, the initial reaction
product is removed from the reaction zone as quickly as it
is formed. The removal of the alkylation product minimizes

25 polysubstitution, decomposition of the alkylation product
and/or oligomerization of the olefin. Second, because the
reaction mixture is boiling, the temperature of the
reaction is controlled by the boiling point of the mixture
at the system pressure. The heat of the reaction simply

30 creates more boil up, but no increase in temperature.
Third, the reaction has an increased driving force because
the reaction products have been removed and cannot
contribute to a reverse reaction (Le Chatelier's
Principle).

35 As a result, a great deal of control over the rate of
reaction and distribution of products can be achieved by
regulating the system pressure. Also, adjusting the
through-put (residence time = liquid hourly space velocity)



gives further control of product distribution and degree of olefin
conver.sion._ The tenperature in the reactor is determ ned by the boiling
poi nt of tH@oPP§U¥ﬂ m xture present at any given pressSure. PER@S98/05522
tenperature in the 5 | ower portions of the colum will reflect the
constitution of-the material in that part,gf the colum, which will be
hi gher than the overhead; that is, at conStant pressure a change in the
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"product and unreacted materials, providing the benefits of
20 a liquid phase system (and a vapor phase system) while
 avoiding the ‘detriment of having all of the components of
the reaction system continually in contact with the
- catalyst which would 1limit the conversion to the
equilibrium of the reaction system components.

25 Referring now to FIG. 1 the simple octane upgrading
process is shown. The distillation column reactor is
depicted at 10 with the upper and lower quarters of the
" column filled with standard distillation structure, e.gq.,
packing or trays. The upper mid-section of the column is

30 filled with the alkylation catalytic distillation structure

| as packing indicated at 12. The light reformate feed is
fed into the column below the hydrogenation catalytic
reaction zone 14 via line 2. Hydrogen may be fed via line
15 by admixture with the light reformate or directly (not

35 shown) in to the column below the bed 14. The saturated
compounds are substantially totally removed and the light
reformate passing from the hydrogenation zone to admix with
the olefin feed from 1line 2 1is free of inherent
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- top of the accumulator via line 3 and the 1liquid light
20 reformate taken out where it may be sent back to the
distillation column as reflux via line 6 or recombined with
the alkylated product via line 7. The recombined product,
having a higher octane number and a lower specific gravity
than the original light reformate may be taken to storage
25 -via line 9. ._
Such conventional items as valves, reboilers, slip
- streams, etc. are not shown, but would be obvious
expedients to those setting up such eguipment.
In FIG. 2 an overall process scheme can be seen. A Cs
30 400°F naphtha containing aromatics, olefins, and alkanes is
fed via flow line 101 to a first distillation column 110.
The first distillation serves as a desulfurization reactor
to remove H3S and light ends overhead 102. The
distillation reaction zone 128 contains a
35 hydrodesulfurization catalyst prepared as a distillation
structure. Hydrogen via line 104 is fed to the reactor
concurrently with the hydrocarbon. The Cs and heavier
material is taken as bottoms from distillation column 110




via line 107 and is conbined with hydrogen fremflow line 103 in flow |line
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hydr ocarbons are taken as bottons fromtower 130 via line 109. The C5 and
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The appr opr FanagPﬁf |ane}%éci %hae&o&? Q‘L‘%g s@ ﬂx‘éﬂaf}:tééi) naé a’ ca%arl%ﬂ'!

propy I ne 121
The akkyl aaestmmamtbn serubturet hyObeﬁzeﬁe G#Oéﬁtfé-ﬁ?@ @éﬁ%@%%@n

boi | i ng thaQ;&“Sai:ﬁ%% ﬁﬁ&e?eﬁlh?t h%ﬁa‘thésl h@l%al:%&‘ate&nr eact ed

mat eri al exi over I_.ne

accumul at ed i anomsbﬁﬁ‘ékeﬁ nﬁVéF&Faﬁ’@FTSQa’éﬁd%ék&S‘r t3% nQngB}“ﬁe%’{%“

colum 140 ggybel lhiwe amhalpﬂétnog r enfvedcgV andeasy, vfnacf:tbunl ise thken Any
pol yal kyl at ed product

h as di et Iben ene pwl e, af
renoved as BY¥erHRad Tllrglpo Qal Ryl SPEE% 8c§e§‘ar%t f?ig% e nowr%'gi%*j
subst hput edalpbaueixtesanthydreger doh \tentt heaA pea&non offorthspromaxdiend t o
nmono substituted.p S, I C % e
condensers é(r‘rgur}g‘ttdcrﬁscc‘rle oi :?sg ég{sﬁlga g@%e‘#iglr)g %% EHgﬂmH 9.%'6 %q‘d 5
08/ 51648 . portion is fed via 1line 111 peT/ BAYSK0534P 1ehipw a

i nvention cly3i quEfjl Stidn Yedkessns fAnéheiralkyl@hien ofcarithiaenpainds
contained in a

reformate @3kYaR lﬁ’@r eﬁ%@gﬁggpﬁr&é%éﬁd %%sz?t u?%f'@gf}tb cﬂl‘%}ts’{]l[]gar%je%ve
unsat ysat ed gipiRitudles, (Ihe dpecopuisee dolegahed eltihqh.teneefqr Etapyiehe,
| over "0l ef 160 2 SLAEt g, fbat on 4° Wilgn A dadReo b i o
ethylbenzene or cumene, belng higher boiling than the feed
_is removed as bottoms wvia line 119. Unreacted material
- exits overhead via 1line 135 and is condensed and
20 accumulated in condenser/accumulator 138/139 and a portion
returned to column 140 as reflux and a portion removed
overhead via flow line 117. Any polyalkylated products,
such as diethylbenzene or dipropylbenzene, are removed as
_ bottdms. The polyalkylates may be separated from the mono
25 substituted products and recycled to the reactor for
conversion to mono substituted products.
The three columns would include overhead condensers and

bottoms reboilers, all of which are not shown.
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conpounds with said | oner ol efi n| C co ounds to forma reaction product

cont ai nirng WOWR§SHUEd II'“HM’! |ng a hi gher octane necirarsososs2a
| ower specific gravit orrpounds in said light reformate
stream and (c) fractionati ng he reactlon product to separate a heavier

al kyl ated aryl conpounds fraction and a 1% hter unal kyl ated fraction. 2.
A process for the al léxl atl o0, of ar¥ conpounds contained in a |ight
reformate COMpriRYRQRELPY)C al{“?gaf' fig a light reformate containing

aryl conpoundsiand @ansprocessd fmrpdivedsaliyletden upfat ar¥ledcompenndss,

(P) 7 eedi ndogel fnbhethed hight ESEB%H?EE eaeRipy: © 511N 1O

distillati unm rea concdrren (1) bojling said
light reforma{8) intdreatingi | atikighteackretarnake cSonhainnd f AX¥d bed

aci dic cat aé?;ﬁﬁoaﬁaaaraeﬁ Agndg lirid td abbasoahaectw erbhovebyussaehyhteal | y
reacting at easﬁ@a portion of said aryl conpounds with said |ower olefinic

conpounds tPAEeF &Fkyl ated aryl conpounds having a hi gher octane nunber
and a | ower speb)fi CEgedimdyshlian txiatedt ylightpaetianatesaardl igghlower

reformats stre d ( fractlonatl h su t at

conpounds f?%ﬁ?%r 2‘3& e“H2 marEMe 5] )n&y\th t%ﬁ‘ avmur?ggt h@é%kyl%ﬂ(egié#%’g
conpounds feondibdondsst ol areantcoatmnleasftt oa apomtponnt offiel saidai aryl
reaction 6 522 16
zone; and ( %8ﬁﬁ§r;a\j‘:‘n§jﬁ%hurﬁaél§ct 18w%t e‘r’:llgfﬁn?‘?on??%ménst F-Rf' at %gynrgrgo
reactor at nepotmpnapméusal c¢ontadning adkylatred ampl p:qu@sm&ecbauing to
claim2 wheg e%ﬁg?% HEEEAE T Bl l?O'H?Qi‘n S 18werf e?aéﬂfiéoraﬁaﬁéy 98h n

reformate by enat I ng sal or mat e. rocess accordi ng
to claim3 $Eﬁ-€1héFYéoFFBF'P§Pﬁ§5( in Féé&l Ad b &'quai?eef%‘m’é' c®htai n| ng

unsaturated (¢) fractionating the reaction product to separate a
heavier alkylated aryl compounds fraction and a lighter
unalkylated fraction.

2. A process for the alkylation of aryl compounds
contained in a light reformate comprising:

(a) treating a 1light reformate containing aryl
compounds and unsaturated compounds to remove unsaturated
materials,

(b) eeding said tréated light reformate and a lower
olef;m to d:.stz.llation column reactor wherein

(c) concurrently:

(1) boiling said 1light - reformate into a
distillation reaction zone containing a fixed
bed acidic catalyst prepared as a distillation
structure thereby catalytically reacting at
least a portion of said aryl compounds with
said lower olefinic compounds to form.
alkylated aryl compounds having a higher
octane number and a lower specific gravity
than said aryl compounds in said 1light
reformate stream; and

(2) fractionating the resultant alkylated aryl

- compounds from unreacted material;

- (d) withdrawing the alkylated aryl compounds from the

distillation column reactor at a point below said reaction



conmpounds to a di st i Hat i onm—cotum—Teact-or, containing a hydrogenation
ucture into a hydrogenation feed
zone; (b) ng eed zone, and (c) contt&d %%8“%55%(1
l'ight refor rrate stream am dr*o en-with said hydrogenation catalyti.c
distillation structure in a d| still atlonlrseactlon zone t hereby
catalytically reacting at |east a portion of unsaturated conpounds to form
saturated conmeguradsl 5. The process according to claim4 wherein said
unsat ur at ed CO@OUW&&&@M ?; OhR < LR Raterihes PIEERES ©he

claim 2 furt risin arating any unyeacted gas f,roman¥

unr eact ed Idi@hllmqmt@h%ncﬁﬁﬁpﬁpﬁg a%lad RAABY 2RYVEr §RIBoFBBGRAOMW t h
sai d unreagigyb]ight reformate to provi de a mxture havi ng a hi gher octane
nunber than said Ila‘ reformate streag é ss f.or %’Fe al kyI at,ion of
benzene contaidred i Ab® | PRCeSEphRRSOEBIPAI sFAg § l’%tgpsw Ad8di ng
(1) a naphtfisftuneated otdmpoundsbaree yemoviedf i from dtheelight arefbytnartes and
or gani ¢ sulfur oun g irst distillation columm
react or whé¥ %@é‘f’g@%‘?’b%%’rlgg %f {ny eoﬁ% é&g@%&h drogenated to Herr]S
which is rennwbd aThevpmhagﬁsaﬂqnq;dﬁnQ1togFlaEmd§ funthes gouprdsingr
meterials are £leding dﬁéi?&ﬁn?ﬁ% resbefdt0conthdniAg! Ligheuzatlal Ni Ng

benzene and o ditiona rogen to a second stillation
col um reacQQ}nPQM% &9 oFloﬂéﬁtﬁd—la&%fﬁ‘-?ﬂs‘l@hdr&@&tﬂrene%"%ﬁ;%lnmg a

hydr ogenat qe&afoaéﬂfé\@fénaeathws@ prupdridiltsE apseilphtions epduatadeds a

second over heads r] _.andg heavi er WO 98/ 51648
PCT/ US98/ 05580 1% %’é‘?‘i’%’I‘a ?EhfF§ t 8RB as bottons: (c) feeding said
second Overheads)a|ﬂ@gdﬁm§hhyﬂro§eﬁlmntelsaiddféednzbhe,gandp consi sting of

t hyl d | t

enet o tn s b8Py EMeAfe b 0 ile’ St ERBGPALIET seLhR P RalRE R
product is hpfrogend withn tdaidi m&mna@imn heataiaitider d@stgélat@[oar]
and C6 mat eLf 2l Y T fnt 2keN P LY L1ARAGH | rPERERI1G Ni £6ndi Sithiehldyon

colum reactor.
catalyt:.cally reacting at least a portion of unsaturated

. compounds to form saturated compounds.

5. The process according to claim 4 wherein said
‘unsaturated compounds comprise higher olefins.

" 6. The process of claim 2 further comprising
separating any unreacted gas from any unreacted 'light
reformate and combining said alkylated aryl compounds with
said unreacted light reformate to provide a mixture having

- a higher octane number than said light reformate stream.

7. A process for the alkylation of benzene containead
- in a light naphtha comprising the steps of:

(a) feeding ( 1) a naphtha stream containing benzene,
""olefins, diolefins, acetylenes and organic sulfur compounds
" and (2) hydrogen to a first distillation column reactor

where said organic sulfur compounds are hydrogenated to
 HyS vhich is removed as overheads along with light ends,
and Cz and heavier materials are removed as bottoms,

(b) feeding said bottoms containing benzene and
olefins and additional hydrogen to a second distillation
column reactor where said olefins, diolefins and acetylenes
are hydrogenated to alkanes and the Cg and lighter material
is separated as a second overheads from the C; and heavier



8. The process according to claim7 wherein said olefin is ethylene and

et semen AR s o 55 TR

conpri ses cunene. The ‘pr 8cess acc,or ding to claim8 wherein said
al kyl ated product further conprises diethyr benzene. 11. The process
according to claim9 wherein said al kyl ated product further conprises
di propyl beaatendall Whicihisptakensaacbotttomgito claim 7 wherein the

hydrogen parti@l) prgasufigiedlid stidhd | oérflbalis! bl Wiy W' SRGERR | S

| ess t han 70f Erocess according to_ cl
hydr ogen p&alestphessiwemyi then gxwmemwsmgr aCifon athyiene cagndr is

l'ess than Eﬁ—diﬁleﬂé‘ te 2Pr eadsd a&igﬁiﬂﬁttl%nd 2bTumn\hee8tRoNewHREE
ratio of bénzéne to olefin wthin said thi distillation colum reactor is

about 20: 1benzeng, reaGLss WhthoSsaig, P&eglié'r k8 BRIBIGE sand abkydakedt ons
sltreamgl %Wm'ﬁdﬁsauag aAkpla i 3nreduds. ﬁhee@ramm” aecs:cudtnﬂrml?
claim n.said thi otto st ream st.an ure gu

A pr ocess ESCUHE ffEHRE R8P ER TR R SR RRLS IRy T Ge diaterfaf yicn
feeding (1l)}is=a tmpenhasstomhemm afnomg stadn¥ etizi rdl dﬁrsrtsi,llramlcai i uelumn
acetyl enes ;apdaqpgani ¢ sul fur conpounds and (2) hydrogen to a first

distillation colum reactor where said organic sul fur conpounds are
hydrogenated t& The pepcesgsaccording to claim 7 wherein said olefin

PCT/ US98/ 05522 etiyiene\hiaiia | sai@noyeftylateve’ pesdact OBSm%HiEeLs' 98¢t gﬂds

and CJerr] .and heavier materials are renoved as bottons
said overh eN&nt ai ni ng benzene and ol efins and addrtronal hydrogen to

a second distid) atiqrme:olpma:ers@cra%o\mrx@ sajiod eflafims7 dwRbeEinsS s&fa
it 0 20 L1 R COFORRETCEN FEGTOR W TN A,
taken as batumere. (c) feeding said second overheads al ong with propyl ene

10. The process according to claim 8 wherein said
alkylated product further comprises diethyl benzene.

11. The process according to claim 9 wherein said
-alkylated product further comprises dipropyl benzene.

12. The process according to claim 7 wherein the
hydrogen partial pressure within said first distillation
column reactor is less than 70 psi. -

13, The process according to claim 7 wherein the
hydrogen partial pressure within said second distillation
- column reactor is less than 70 psi. -

14. The process according to claim 7 wherein the molar
ratio of benzene to olefin within said third distillation
column reactor is about 20:1.

15. The process according to claim 8 wherein said third
bottoms stream is substantially pure ethyl benzene.

16. The process according to claim 9 wherein said third
bottoms stream is substantially pure cumene.

17. A process for the production of cumene comprising
the steps of:

(a) feeding (1) a naphtha stream containing benzene,
olefins, diolefins, acetylenes and organic sulfur compounds
and (2) hydrogen to a first distillation column reactor
where said organic sulfur compounds are hydrogenated to



to a third distillationcotum—reactor- where benzene reacts with said

pr opyl ene e cumene is separated as a third bottons
fromthe r‘e’@a#w g%c “! C6 material which'is tR&KEHS®WHSS22

over heads from sal d I'rd HI n: colum reactor. 18. A process for
t he production of ethyl benzene corrpri Bi ?_g the steps of: (a) feeding (1)
a naphtha stream containing benzene, olefins, diolefins, acetylenes and

organi ¢ sugghgr wxﬁrmounds :@i«b«éa aydméaasa éléﬁ&; diist li heN eq@lstm
react or wher ai d sul ounds are h ai__ o H2S Wi ch
o opvousng Baornd, BERYisH nater AT 68 LoRavdd R PPtERmSheny o
material s are(beermvetﬁeedihgt t sadd ( byerhehdadi ngnmldiimger bentenecoand ni ng
benzene n al n d

col um reac? \M%eigen é‘alggﬁ‘il@l\t‘d Li; ?&?faglgﬁs éaér)ldgace{g negi%#:g’h‘iytggn

hydr ogenat eqlumnamamramemee m@mhf@nserdmlefnas apdsapetyletess a

second oveabeaﬁija%e@da%&?c@uﬁ% eé%dméﬁé' éL &Hacmlgﬁtéékﬁat@aa%l o

bottons; feedin ald second overh [ene to at

di still at| ﬁ SEPAFIteth A% ra WReFendcAYEKBoAGS t %‘tﬂ‘%a‘?’d apdyheavies
produce ethstebéaienhiand imitdicimds l}%@m@sproduct S separ at ed as a

o o o (B0 S TSR, pREh 4 ALpS) wieh b E0rTene
to a third distillation column reactor where benzene reacts
with said propylene to produce cumene and said cumene is
separated as a third bottoms from the remainder of said Cg
and Cg material which is taken as overheads from said third
distillation column reactor.

18. A process for the production of ethyl benzene
comprising the steps of:

(a) feeding (1) a naphtha stream containing benzene,

_ .'_oiefins, diolefins, acetylenes and organic sulfur compounds
"and. (2) hydrogen to a first distillation column reactor
where said organic sulfur compounds are hydrogenéted to

- HyS which is removed as overheads along with light ends,
and Cz and heavier materials are removed as bottoms, -

(b) feeding said overheads containing benzene and
olefins and additional hydrogen to a second distillation
' column reactor where said olefins, diolefins and acetylenes
are hydrogenated to alkanes and the Cg and lighter material
is separated as a second overheads from the C7 and heavier
material which is taken as bottoms;

(c) feeding said second overheads along with ethylene
to a third distillation column reactor where benzene reacts
with said ethylene to produce ethyl benzene and said ethyl
benzene product is separated as a third bottoms from the
remdinder said Cg material which is taken as overheads
from said third distillation colunn reactor.




