WO 20071057153 PCTIEP20061010895 5 PROCESS FOR THE
PRODUCTION OF HIGH-OCTANE HYDROCARBON COM- POUNDS

w&%idE=ELECTIVE DIMERIZATION OF ISOBUTENE CQM@W]MSI
A STREAM WHICH ALSO CONTAINS C5 HYDROCARBONS. 10 The

present invention relates to a process for the production of high-octane
hydrocarbon compounds by means of the selective dimerization of
isobutene and, to a lesser extent, of possible linear olefins, in the
presence of C5 hydrocarbons and oxygenated compounds, which favour
the 15 formation of higher selectivities on the part of the cata- lyst. The
mixture obtained can then be hydrogenated with canventional methods to
obtain a product with further en- hanced octane characteristics. 20 For
mainly environmental reasons, the composition of gasolines is being
reformulated and the general tendency is towards the production of fuels
which burn better and have lower evaporative emissions. The main
measures for achiev- ing this objective are listed below (D. Sanfilippo, F.
An- 25 cillotti, M.Marchionna, Chim.& Ind., 76 (1994) 32) 1 WO

2007/057153 PCTIEP2006ITJI0895 -r B ?}?59 t'&)M«»
P@&ﬁ%ﬁﬁn&?%nﬁ%nﬁfiﬁaﬁlo Penzene red |on In thevglgE é%a
HORRRINESLOMPINIMIZE: ~rTyy DIMERIZATION OF ISOBUTENE CONTATNED
IN 2 STREAM WHICH ALSO CONTAINS s HYDROCARBONE.

The present invention relates to a process for the
production of high-octane hydrocarbon compounds by means of
the selective dimerizaticon of isobutene and, tc a lesser
extent, of possible linear colefins, in the presence of Cg
hydrocarbons and oxygenated compounds, which favour the
formation of higher selectivities on the part of the cata-
lyst.

The mixture obtained can then be hydrogenated with
conventional methods to obtain & product with further en-
hanced octane characteristics.

For mainly environmental reascns, the composition of
gasclines is being reformulated and the general tendency 1is
towards the production of fuels which burn better and have
lower evaporative emissions. The main measures for achiev-
ing this objective are listed below (D. Sanfilippo, F. An-

cillotti, M.Marchionna, Chim.& Ind., 76, (1994), 32):
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evaporative losses; 5 - reduction in the content of light olefins,

hotochemi- cally extremely reactive; - reduction in the sulf f
WQ?F@FHBT&% point of the gasolines. All these measures cor?slié%%r@%}ﬂ?&gs

create the necessity 10 of projecting new production processes of purely
hydrocar- bon compounds capable of positively contributing to the above

- desdands.skmongtthesepalkytated Protu@rsarece APBRRRART Gt hEL -
they have a high octane number, a low volatility 15 and are practically
frRaCaf3lefifhsftF&Rriatic compounds. The alkylation process in liquid

phase is a reactjon be- twee isopg;lr. ffinic h drocarpons, suchas_._ ...
-~ is56GRREGRd Dlefin&Sfork é’r}aarﬁﬁré%‘rgpy?e%e,gg”ﬁt%ﬁég?[?en%%ﬁegﬂ ZT

rg@é lye mixures, in.the presence of an acid catalyst for the 20
production of C7-C9 hydrocarbons with a high octane number to be used

- in,gagolipes (A Gormma, A-darinez, GataiRew- SCidEng:s 35,(293p488%1 -
The main problem of alkylation processes is due to the fact that, with
graling emvdremmeptateegulatiens, both of 25 the traditional processes
(with hydrofluoric and sulfuric 2 WO 2007/057153 PCT/EP2006/010595

- acleyurs eABoUMeliNG coNSidERAbROTFRMtcRP A hicH Rledte T 110G POIRT

uncertainties for the future; the process with hy-
of the gasclines.

271 these measures consequently create the necessity
of projecting new production processes of purely 'hydrocax—
bon compounds capable of positively contributing to the
above demands.

Among these, alkylated products are extremely impor-
tant as they héve a high octane number, a low volatility
and are prac.tical'ly free of clefins and aromatic compounds.
The alkylaticn process in liquid phase ig a reaction be-
tween isgoparaffinic hydrocarbons, such as isoputane, and
olefins, for exawple propylene, butenes, pentenes and rela-
tive mixtures, in the presence of an acid catalyst for the
production of C,;-Cs hydrocarbons with a high octane number
to be used in gascolines (A. Corma, 4. Martinez, Catal.Rev.-
Sci.Eng., 35,(1993),483) .

The main problem of alkylation processes is due to the
.fact that, with growing envirommental regulations, both ot

the traditional processes {with hydroflucric and sulfuric
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drofluoric acid due to the toxicity of this acid, espe- cially in populated
areas, and that using sulfuric acid, as 5 a result of the large production of _
WOAT4EHGR as well as the considerably corrosive nature of tHe CATAaE

Alternative processes with solid acid catalysts are being developed but

their commercial applicability has yet to be demonstrated. 10 A
abydiocarben poctictoéthisitypecorsthéesthbi handi i beedmisg . which

increasingly more requested due to its octane characteristics (both the
cResbarchrOBEE Nukfser IRONYRhd T ®Btor E¢taRE REMTSer {MON)™Y -

are_high) and those relating to the boiling point (limited.volatility but low.
AZRAEIRA 4 5 3Hich Bb‘ﬁtio%w"it in‘the &n%’ugpgciftéém%%si%m Ca8( i SPe-

NS ofagreaf in-
<iELestfor obiaping gasollnesauhich.gle care carmngie: piburigdla, as
ghvironmental requiréments. An alternative refinery process for obtaining

=Produgcts. With characteristics skailardodnose obalkylatedipeadusts @@XANas
be offered by the hydrogenation of so-called "polymer" gasoline.

+Qligemesizatioanirocessesfften inaccurately cabed qedlgdtesization in the
refining industry) were widely used in the 130s' and 140s' for converting
low-baling@30ue5 BiEtins A6 Yadtlines. ThelprodésstieddTRiRBES are
production 3 WO 2007/057153 PCT/EP2006/010895 .of %%solinehwith a..

RAgRDCEFHE nERIErIRON BB oGt SATBIE O1a+ appLicadiiity has ve

to be demonstrated.

A hydrocarbeon product of this type, on the other hand,
is becoming increasingly more reguested due to its octane
characteristics (both the Research Octane Number (RON)} and

the Motor Octane Number (MON) are high) and those relating

to the boiling point (limited volatility but low end-point)

which position it in the group of compositions of great in-
terest for obtaining gasolines which are more compatible
with current environmental regquirements.

an alternative refinery process for obtaining products
with characteristics similar to those of alkylated products
can be offered by the hydrogenation of so-called “polymer”
gacoline.

Oligomerization processes (often Iinaccurately called
polymerization in the refining industry) were widely used
i the '30s’ and ‘'40s’ for converting low-boiling C3-C

clefins into gasolines. The process leads to the production
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~ with a high sensitivity (difference between RON and MON) due to the
urely clefinic nature of the product (J.H.Gary, G.E. Hand‘ﬁ'ggﬁtmoomms%

WoRRHBRE L Refining : Technology and Econom- 5 ics", 3rd

Dekker, New York, (1994), 250). Typical olefins which are oligomerized

are mainly pro- pylene, which gives dimers or slightly higher oligomers de-
opeadgmpor the processasetiganadsebiremahfch mdfly aiees differsbuct

but is always accompanied by a considerable 10 quanéih%/ of higher

. + ] t
whfigorRerd: WithSFAHLHaY akEntiGH o REIGOMBRZARGH of obtehe, TP
is known that this reaction can be carried ouf ejther batchwise, :
dggmﬁ%a?éﬁw%%rﬁi c%llﬁ%%%ﬁg, & Herin %%s‘bp? iqquic phéf}e, (gJe'n}é'rglfS/ry'

cattemperatures 15 £anging fiompo-to 300C and attirosphets BrasstfRm -

or such pressures as to maintain the reagents in liquid phase, if
ineeessary gRypical calalysts-forthe industrjal aligemerization . process of

isobutene are represented by phosphoric acid, 20 generally supported on

a solithffarcexampetkisselgahoh, ereativhioohangeatidrssing g pro-

latter allow blander con- ditions to be used compared with supported
PpR6SEhorttacil BoHER EHIRIST tBipRratdie-and ﬁ@ﬁﬁe‘igéw Snde-

0.2-3 MPa with respect to 200-220C and 3-10 MP i‘é?rx%th%rh%&?lysnt% inl
PE7ARE cfiiméd’fh [RETAITE; bothi > wd 2007 - Y

g@gggE%%%¥y91Q§§§ is always accompanied by & considerable
guantity of higher oligomers.

With particular attention tcoc the cligomgrization of
isobutene, it is known that this reaction can be carried
out either batchwise, semi-batchwise or in continuous, ei-
ther in gas or liguid phase, generally at temperatures
ranging from 50 to 300°C and at atmospheric pressure o
such pressures as to maintain the reagents in ligquid phase,
if necegsary.

Typical catalysts for the industrial oligomerization
process of isobutene are represented by phosphoric acid,
generally supported on a solid (for example kieselguhr), or
cation-exchange acid resins. The latter allow blander con-
ditions to be used compared with supported phosphoric acid
both in terms of temperature and pressure (50-100°C and
0.2-3 MPa with respect to 200-220°C and 3-10 MPa) .

Other catalysts are also claimed in literature, both
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liquid acids such as HZSO4 and derivatives of sulfonic ac- ids, and solids

WOZ%L{)%QII[@ 1%:leico-aluminas, mixed oxides, zeo- lites, fluorinat%@&gsgggjmg

uminas, etc.; none of these catalysts however has so far enabled an
industrial 5 process to be set up, as in the case of supported phospho- ric
acid (F. Asinger, "Mono-olefins: Chemistry and Technol- ogy", Pergamon
1 Press BESRE payes 485-456 and itht @ TdahEshs6. SehapRelc ac-
_Hydrocarbon Proc., April 1973, 171). 10_From the pro,ducépointgf vievvi i
1¢%e nfiA FFODILTT oF HAlS FrocEsSHiEs iRt it that BXeREsiVE- =% 2&°

Sive

LJeisentagies o sawy oloTEis SUGLERFErS SRIECIVIYOf 204000 o

and- tetramers (%ele% |viﬁ/ of Isobutene, are produced In the

rRlgamerization.phase.Jefiamers arecompletely:au Idsside thergasoting a1
fraction as they are too high-boiling and therefore represent a net loss in

pyisid isgasoline; ssfaums timets attheoneesnedtheimmpncenatiapdwspho -
should be greatly reduced as they have a boiling point (170-180C) at the

rlimitoffutut@ spkeificgtions Uicthe-finkt poirg of FEREBANYIgEE Technol-
gasolines. The problem of reducing the formation of oligomers higher

OffiEh difRFS I BBrcBhtRfes I&R?él"ﬁ%n 189S ofithe 4 ﬁérﬁéﬁd, Ehét ot
Qe St e loaettain o Ropuich.gasloe Mpiss 0o
i%§4%985)193)fThB 5

From the product point of view, the main problem of
this process lies in the fact that excessive percentages of
heavy oligomers such as trimers (selectivicy of 20-40%) and
cetramers (selectivity of 1-5%) of iscbutene, are produced
in the oligomerization phase. Tetramers are completely out-
side the gasoline fraction as they are too high-bolling and
therefore represent a net loss in vyield to gasoline; as far
as trimers are concerned, their concentration should be
greatly reduced as they have a boiling point (170-180°C) ac
the limit of future specifications on the final point of
reformulated gasolines.

The problem of reducing the formation of oligomers
nigher than dimers to percentages lower than 15% is, on the
other hand, a problem typical of the oligomerization of
isobutene, as alsc indicated in literature (C.T.0’Connor,

M. Kojima, X.W. Shcumann, Appl.Catal., 16, (13985),192), This



level of heavy compounds is slightly higher than that of an alkylated
product and is still tolerated in the gasoline pool. From what is specified
above, there is evidently great interest in obtaining a new dimerization
process of isobu- tene which allows the synthesis of a higher-quality prod-
uct, through reaching greater selectivities. By carrying out the selective

dimerization reaction of isobutene in.the prese 0, te,guantifies
1%¥%§y8§n%§tae‘6ypr%%%%??hg p%osdusg%éﬁk&%yfrglgﬁjﬂngg glj%%%mers IS 88 an
aSelectively obiaingdwhigh issparticuianrichdn imees (318p& Red gasoline
practically free of tetramers and higher oli- gomers (<0.50). The reaction
peeaduct is then preferably hydrogenated to give a completely saturated
end-product with a high oc- tane number and low sensitivity. The
hydrdgeratiehadaniise epmiadf ogtwabevavelisg matiigsdantly great
described, for example, in F. Asinger, "Mono- olefins: Chemistry and

' . ] y .

inEERRabgy "™ PRRGAMDTFSIeds Atto R FEge a 58 CRomfiGaRR o 15008
purposes, Table 1 indicates the oc- tane number and relative hailin _
B SHimE b1 THE prCRcty SHETTAR by e G P pobease L 2P

INts 'OT SOMe o1 the” pro y means of t €ss,

Jhe, presentdisclogwies 6.1 ¢09:4007 ERZ006Q1089% 5 .

By carrying out the selective dimerization reaction of
isobutene in the presence of moderate guantities of oxygen-
ated products, the production of a fraction of cligomers is
selectively obtained, which is particular rich in dimers
(>85%) and practically free of tetramers and higher oli-
gomers (<D.5%}.

The reaction product is then preferably hydrogenated
to give a completely saturated end-product with a high oc-
tane number and low gensitivity.

The hydrogenation can be carried out with conventional
methods az described, for example, in F. Asinger, “Mono-
oclefins: Chemistry and Technology”, Pergamon Press, Oxford,
page 455.

For illustrative purposes, Table 1 indicates the oc-
tane number and relative boiling pointg of some of the
products obtained, by means of the process, aim of the

present disclosure.
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TABLE 1 C) Diisobut105 iso-octa9 Tri-isabul85 180 EM170-180

Hydrogenated tri-isobutenes Summary In a first aspect, there is provigepdamsoll{3895
a process for the production of high-octane hydrocarbon compounds by

the selective dimerization of isobutene contained in a stream also

containing C5 hydrocarbons, characterized in that: - the reaction is

carried out in two distinct stepg,zra.cgtalytic distillation is used as second

step, - the reaction is carried out in the presence of oxygenated
compounds selected-from-a-pranched-alechet-alone-or-taibtend—with
* 1 g hd .

linear alc@hsdmend alkyl ethers, wRER branghed M&8hols IJormbaEe(oﬁbplc

mxtgres-with-the-cs-hydroegrbonsin-suchp—guantty as id na\é%én,‘g})e
Difsmlitegein the case of the presencé®®f a br hnchedfSicohol alone, a molar

ratio-of-oxygemnated—compound/ ISQ‘?{ tene hdlghert 0.00%, in thggase
IsgoH@Sresence of a branched alcohdl in a blend, a molar ratio of

OxXygenaied compound/isobytene tin er thgn 0.013g a C5 hydreesrigms
TPEREIEE alcohol azeotropic seoara%%n stelp is carried out

Hydrogenated tri-isobutenas 101 102 170-180

summary

In a first aspect, there 1Is provided a process for the production
of high-octane hydrocarbon compounds by the selective dimerization
of g iscbutene contained in a stream alsc containing Cs

hydrocarbons, characterized in that:

- the reaction is carried out in Two distinct steps,

- a catalytic distillation is used as second step,

- the reaction is carried out in the presence of oxygenated
compounds selected froma branched alcchol alone or in a blend
with linear alcohols and alkyl ethers, where branched alcohols
form azeotropic mixturses with the Cs; hydrocarbons, 1n such a
guantity as to have in the feeding, in the case of the presence
of a branched alcohol alone, a molar ratio of oxygenated
compound/isobutenehighexthan.G.OOS,jjuthecasecﬁfthepresence
of a branched alcohol in a piend, a molar ratio of oxygenated

compound/isoputene higher than 0.01;
- a Cs: hydrocarbons/branched alcohol azeotroplc separation
step is carried out.

The process, aim of the present disclosure, for the

production of high-octane hydrocarbon compounds by the ge—



The process, aim of the present disclosure, for the production of
high-octane hydrocarbon compounds by the se- 7 lective dimerization of
isobutene contained in a stream also containing C5 hydrocarbons, is
characterized in that: NVA and Cote s$s - the reaction is carried out n two
distinct steps, - a catalytic distillation is used as second step, - the
reactign is carried.out in_the presence of oxygenated praoducts selecled,

tect rom aaﬁ?lgzrfcjh%%%%%ho %}one or in a blend with linear alcohols and alkyl

als0CNBIEa LIYRD &, GHgalvasishave intheraedipgeinithecase atike:
presence of a brasnched alcohﬁi\al@de,aﬁsmdﬁar ratio oxygen- ated

- therasktidebutése tegherdtiap B, ihvwbe dasd bhakie pPreésence of a
branched alcohol in a blend, a molar ra- tio oxygenated product/isobutene

- a ARRkYEAS 0BEt REsIaRcHSy BRePoRE+ T OPRE 557N step s
carried oat. it should also be pointed out that in the case of hy- dracarbon
- Eh& ESRRAISE c%r%p?%%rglgfﬁe%%geﬁlr%s,% easpliﬁ‘(é:'en %Cﬁger?/ed that at least a
prodﬁ@:rtt.gf they lafteL gandigconverteshbygaction-withisohutene ialo the: =
hydrocarbon -7a WO 20071057153 PCT/EP2006/010895 product
blenditheut alteringethe oethnehwilue. itrig theldfye preferable tdeffettan 2
enriching treatment, by means of pre-isomerization, of the internal linear
quangldtis, #F orger have in the feeding, in the case of the
presence of a branched alcohol alone, a molar ratio oxygen-
ated product/iscobutene higher than 0.005, in the case of
the presence of a branched alcohol in a blend, a molar ra-

tio oxygenated product/iscbutene higher than 0.01,
- a Csébmnohacl sleohol atesTropit separsfion slep o corried out.

Tt ghould also be pdinted out that in the case of hy-
drocarbon gtreams also ccmpri.sing other olefins, it has

been observed that at least a part of the latter can be

converted by reaction with isobutene into the hydrocarbon

~7a-



to favour the overall octane number of the mixture. 5 The process claimed
herein can be applied to cuts mainly containing isobutane, isobutene,
WORE®YIesn-butenes and saturated and olefinic C5 hydroddrbgiEge0s/016895
Although a wide variety of sources are available for the supply of these
streams, the most common are those de- 10 riving from Dehydrogenation
pPsecrssesielisapasaffinsremdre Coniten Steam fracking b pragessésre
for the produc- tion of pure isobutene such as the dehydration of tert- butyl
peddehoi§IBA) or thé f@racking o MTBE dnd/oF EFBEetiese Bife A3 wiffept
from each other in the content of iso- 15 butene and linear butenes, as
PEROWIARCFARR 2 Tabled Sthan-Fetr DrhydidyeiatiBhePar® CraBkingds™

isobutene Isobutene 3Q-50 10-25 45-55 > 90 25-50 1-2 <10 20
t%ﬂ-&é‘éﬂ% Sté}%gcﬁv%%? 28T V- 1555280 4%'?5?%%? BRoGl streams

g  from ﬁ%%a%é%é%@gg coniaipgiolefinsinaddition othe desiteth +o curs
mono-olefins, they must be 25 eliminated by means of typical removal
mieatnenbHes exame 8: 68840041 114du2 2006010895 sit-Solveplitenes

extraction or selective hydrogenation). .
and saturated and olefinic C; hyvdrocarbons.
Although a wide wvariety of sources are available for
the supply of these streams, the most common are those de-
10 riving from Dehydrogenation processes of isco-paraffins,
from FCC units, Steam Cracking or processes for the produc-
tion of pure isobutene such as the dehydration of tert-
butyl alcohol (TBA) or the Cracking of MIBE and/or ETBE;

rhese streame differ from each other in the content of iso-

15 butense and linear butenes, as shown in Table 2.

Takble 2
Steam FCC ( Dehydrogenation Pure
Crasking ispbutene
isobutene 30-50 10-25 45-55 > 80
20 n-bHutenes 35-60 25-50 : 1-2 <10
Saturated C. | 4-10 30-80 45-55 <1

1 i
1

Should streams from Steam Cracking contain diolefins
in addition ©to the desgired mono-clefins, they must be

25 eliminated by means of typical removal treatment (for exam-
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Saturated and olefinic C5 hydrocarbons can be present in these streamgos010895
in various amounts (0.2 - .20%), depending on the efficiency of the C4-C5
separation step. The Cs ole o fins possibly present can be involved in

dimerization reac- tions. The stream sent to the reaction steps can contain

branched alcohols or a blend of alcohols and alkyl ethers, 1\,z brancl,gx
ple s%l;?r%%, can.azoabile inaddijerta the hydiesaeheacdamponents. iornn

ter; t Stream sent LO e%actlon steps; which is # 10 The linear

algohelswsedgantainerannbeceof badoncatdrararkifg REMPERFPERNd
those preferred are methanol and/or ethanol. The branched

Icohols
in tihave fsameBits 6 cir- HOH RS HRRIMBSe bPef%rrédQ‘a?r%é)tertE%ﬁ?Fé%Bﬁol
(TBA) and/or tert-amyl alcohol éTAA .15 The alkyégé er used Gan hes -
on theleidd rEpRTDSR! coRttEminga % rear%%%%rbon Igtjt'oms rang?ng from

o 210 10, MTBE (methyl ter-tutyethen EIBE(ctinded tutylathenac-
£ins WEE%&I‘@FS%’&%EW% ether), ESBE (ethyl sec-butyl ether), TAME
cion methyl tert-amyl ether), TAEE (ethyl tert- 20 amyl ether) or mixtures

thereof are preferred. Isobutene, together with the hydrocarbon stream. in
whigh itdgeantaineshis sent Withetha BREGETRedSHORS uctdlin SOm=a+2
stoichiometric defect, into contact with the acid catal

st t
prandinestizatioptiakes Brace. PheTriedr 25 pHfTAY %Icﬁ%éh%%%ﬁg%ﬁ%%éﬁ{al o e
in algde,}i.dtdjlg%n g?slrg%reacl%rdrocarbon components. éermu} %ﬁ fw&i% wester in-the sTream

SonT To fhe rachion cteps , whith & #

The linear alcohols used contain a number of ' carbon
atoms ranging from 1 to 6 and those preferred are methanol
and/or ethanol. The branched alcohols have from 3 to 6 car-
bon atoms and those preferred are tert-butyl_ alcohol (TBA)
and/or terc-amyl alcchol (TRA).

The alkyl ether used can be selected from those, con-
taining a number of carbon atoms ranging from S to 10: MTBE
(methyl ' tert-butyl ether), ETRE {ethyl tert-butyl ether) ,
MSBE (methyl sec-butyl ether), ESBE (ethyl sec-butyl
ether), TAME ({(methyl terc-amyl ether), TAEE (ethyl tert-
amyl ether) or wixtures thereof are preferred.

Tsobutene, together with the hydrocarbon stream in

which it is contained, is sent with the oxygenated prod-

ucts, in astoichiomecric defect, into contact with the acid

catalyst where the dimerization takes place. The linear

primary alcoohol, possibly present, in addition to interact-

% ca?a\ﬂe Oé &ermfmé he inmno%aol abeohel ?frwcff{n% w(ﬁm e Tert'a.rf o\z}{n uncier the mc}ﬁon

cm\g\l(\'-‘m 5.

AMENDED SHEET
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Ca Ormfnqg one rono~ud atco60L pR,3~"~nq Wain the trtiarY 06 n un~r h2
nacilon Un'.'tons. of V0 a-9 - AMENDED SHEET WO 2007/057153

- WOREIEB5506/010895 ing with the catalysts, also helps to Finft fha706/010895

possible cracking of the alkyl ether and can possibly react with the
dimers and linear C4 olefins, whereas the branched alcohol (tertiary)
i flges/nehreges with tha piafins duedo itaeldsterichirdiance. therdpptsible
obtain the dimerization product with the desired selectivity to dimers, it is
cessénitig to marainl Bicbnetare fe Rt df exFgSRRBHPDIYERFY the-th the
reaction en- vironment to form the catalytic species with the correct 1

0
4By AR STRHIRGTHe opfifiat ifvel BPERFENatels pPOARIE Bresentifo*
the reaction environment, to obtain se: lectivities to dimers cloge to 65; by ..
(%%Fd-‘rﬁﬁa‘égen 3%n cé‘ltcorﬁf:")%gi ion"of the ﬁ%&roc%?grgr% %ﬁarée.eTh%O ®

S@gpggtlgﬁn@ggﬁ&gment in the ch.arge, the lower f[he amount of oxy- 15
genated products to be used. A wide variety of acid catalysts can be used
for thisn pencess, byt these prefenred aransiyrene-divinybbeszene with the
polymeric resins having sulphonic groups as catalytic cen- tres. 20 A large

desangesaf apdrative conditions ¢andesused-toi proekfertigh-ocmenaintalin
hydrocarbons from isobutene in the de- . )

a constant level of oxygenated products in the reaction en-

vironment to form the catalytic species with the correct
activity and stability. The optimal level of oxygenated

products present in the reaction environment, to obtain se-

. lectivities to dimers close to BS5% by weight, depends con

the composition of the hydrocarbon charge. The higher the
olefin content in the charge, the lower the amount of oxy-
genated products to be used.

A wide variety of acid catalysts can be used for this
process, but those preferred are styrene-divinyl benzene
polvmeric resines having sulphonic groups as catalytic cen-
tres.

A large range of operative conditiong can be used toO
produce high-octane hydrocarbons from isobutene in the de-
sired selectivities. It is possible to operate in vapour or
licquid-vapour phase, but operating conditions in liguid
phase are preferred.

The pressure is preferably higher than the atmospheric

14



sired selectivities. It is possible to operate in vapour or licruid-vapour
phase, but operating conditions in liquid phase are preferred. 25 The
pressure is preferably higher than the atmospheric 10 value, in order to
maintain the reagents in liquid phase, generally below 5 MPa, more
preferably between 0.2 - 2.5 MPa. The reaction temperature preferably

ranges from 30 to_120C. The feeding . space velocities qf th ated-
Vﬁ?yfﬁe éer %:o ma%_en;%%fyn] t%Pe rea&eﬁtt;s C_Jr_n ?L_:Q%Ylga l}'ﬁ%‘se,

bon st
oc¢arbon stream are pre ower than , more prete

Janeing fromglang 15 hybdsohyteqe igf@@@%m@ﬁeaeew@yﬁe rgagtian 5 5

zone, however portions of the other paraffins which are present can also
Mescomuesteckto-useftl| praduet:an priscipies fibesd are raliguts tdthen 30 to
concentration of iso-olefin in the hydrocarbon fraction, even if
icoht@ntrations ranging from 2 to 605. are preferred; in case of streams
having a high isobutene concentration (dehydration or cracking) it is

therefSRecorffsifiéRtto dtifE e cHatge Withe€4-CF hy-diBcaribRgenated-
There are no limits, on the contrary,. for ratio between isohytene and
Iﬁﬁgﬁ?ﬁfgﬁﬁ%‘} TRePTEfEsE 5 or%ﬁ%rpartggéfntgd?%%s&%at%n%o% effetted” -
ﬂ%@@gﬂf ip.¢ {@505§pg¢qri%@ mind-how- ever that the latter is

much more advaritag€éous in indus- trial practice.
Isobutene is mainly converted in the reaction =zone,

however portions of the other paraffins which are present
can also be converted to useful product; in principle,
there are no limits to the concentration of iso-olefin in
the hydrocarbon fraction, even if concentrations ranging
from 2 to 60% are preferred; in case of streams having =a
high isobutene concentration (dehydration or cracking) it
is therefore convenient to dilute the charge with C,-Cy hy-
drocarbons. There are no limits, on the contrary, for the
ratio between isobutene and linear olefins,

The process, aim of the present disclosure, can be
effected batchwise or in continuous, bearing in mind how-
ever that the latter is much more advantageous in indus-
trial practice.

The reactor configuration selected includes a first
reaction step {one or more fixed bed reactors)} and a second
step consisting of a catalytic distillation which avoids

the use of a reactor and a distillation column, as in a

11
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The reactor configuration selected includes a first reaction step (one or
more fixed bed reactors) and a second step consisting of a catalytic
wdistitagersavhich avoids the use of a reactor and a distillatipOrBlamer) &s9s
ina 11 WO 20071057153 PCT/EP2006/010895 conventional plant. The
presence of CS hydrocarbons in the feed, however, complicates the
rocess sch e%é%%tthese compounds have intermediate boiling

cﬁenrﬁggra L?rneas bétween C9 and oxygenated 5 products, and they also form

azeowgpic mixtugs with-the, branghed-alsehels ag shawndadabledwever,
which indicates the boiling points of the most representative low-boiling
cCRPipoaests presenbin e strasrhemable 3240 QonspouncrBoilingipoibk ve
C C4 /Methanol azeotropic product -5 C4 products -.12/1
isbpeneahbiTB Arsebtrpic pRIRIE 78T RopeAtHRe?s 35 fpénfewggnated
2-methyl- | -butene 31 n-pentane 36 il 12-methyl-2-butene 39

products, and they alsc form  azeotropic mixtures with the
pranched alcchaols as shown in Table 3, which indicates the

boiling points of the most representative low-boiling com-

ponents present in the streams

Table 3

Compound Boiling point, °C J
Cs/Methanol azeotropic preduct ! -5 |
Ca products -12/1
isopentane/TBA azeotropic product 25

Isopentane 28

l-pentene ' 30
2-methyl-1-butene 31

n-pentane 36
2-methyl-2-butene 3¢
| cyclopentane 49

MTBE _ 55

Methanol 65

Dimers/TBA azeotropic product 78

TBA 82

Dimers 100 - 105

The C: products cannot therefore be removed Ifrom the
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cyclopentane 49 20 MTBE 55 Methanol 65 Dimers/TBA azeotropic
product 78 TBA 82 | Dimers 100- 105 25 The Cs products cannot

wahesdfsresbe removed from the 12 WO 2007/057153 PCT/EP2006/010895

PCT/EP2006/010895 plant together with the C4 products, as they would
intro- duce oxygenated products (branched alcohols) into the stream,

oWhigh arg difficuit tg remove by meansalithedra-ditional techpiaues tsedo -

for removing methanol (water wash 5 ing) and which are poisonous for the
dsulseqigridreatment ppratesses of theasiteams (palyatesizationinte  the
alkylation and metathesis). The C5 products, on the other hand, cannot
she gagin- wined imthe dyifarrtdd steamesrteyRyomaaapidfadete 10ra-
mulate. With respect to the schemes shown in literature (US 6,011,191), it

distherstbre AERBISRIS ToHIFEd d&F a *EBAF ARG SIeHPot a2 ¥8r6ific W& S h-

.Separation step, which can_be inserted.in several itions of the. plant, in
*F&ation o t%P&% Bhter® i i7" gﬁlasrge Ghd %ﬁls“o t 1gjgrgi?a f%/%%bﬁ%@g ment

cenfration.of the Gy praducts presenf When the,oxygenatedproduetis aang
pbranc ed alcohol alone, the proceqses) is, in particular, preferal:%;r/ effected =
metathesis) .

The C; products, on the other hand, cannot be main-
tained in the oxygenated stream as they would rapidly accu-
mulate, With respect tc the schemes shown in literature (US
6,012,191), it is thersfore mnecessary to introduce a
Cs/branched alccheol azeotropic separation step, which can
be inserted in several positions of the plant, in relation
to the C:; content in the charge and alsc the relative con-
centrai:ion of the C; products present.

When the oxygenated product is a branched alcohol
alone, the process is, in particular, preferably effected
with =z molar ratio of oxygenated product/isobutene lower
than ¢.6, through the following essential steps:

a) feeding the C,-Cs hydrocarbon cut containing isobutene
to the first reaction step (consisting of one or more
reactors), together with one or more streams containing
oxyvgenated products;

b) using a catalytic distillation column as second reac-

tion step, wherein the iscbutene conversion is com-

i3
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with a molar ratio of oxygenated product/isobutene lower than 0.6,
through the following essential steps: 20 a) feeding the C4-C5
whgdrseaedn cut containing isobutene to the first reaction SEPREBIG&IHHITES
of one or more reactors), together with one or more streams containing
oxygenated products; b) using a catalytic distillation column as second

reags12a- Hon step, whesein:the isebutane.coneysiaisciomoi3 Wik  rea-
20071057153 PCTIEP2006/010895 pleted, in addition to the separation

of theetess /genisipraducts; c) recovering the CS hydrocarbon/branched
alcohol azeo- tropic product, in one or more fractionation columns, 5 also

ceatalyrieyesriasd stleam Csidaxat oF BsRem/ BHRBATY retydifitPthe 2220~
stream containing_the oxygenated products and ]Ilvossi,blgéshe, reintegrated

oxyJERET rOEME o e (e RGtidR SEps: 10 ) TR Te S RAMT S
part of the C4 products to the first reaction step, inrder o paxipize, e o,

isobitene con- version. The first reaction step can consist of one or more
fixed,bed, tubular and/or adiabatic reactors. 15 The separation of the
C5/branched alcohol azeotropic product of step (c) is preferably effected

dstarting-fféening the stream containing the oxygenated products
and possibly the reintegrated oxygenated products, CO
the two reagtion steps;

e) possibly recveling part of the C; products to the Iirst
reaction step, in order to maximize the isobutene con-
version.

The first reaction step can consist of one or wmore
fixed bed, tubular and/or adisbatic reactors.

The separation of the Cs/branched alcohol azeotropic
product cof step (¢} is preferably effected starting Irom
blends:

a) C: - oxygenated products - reaction product, wherein
the Cs; hydrocarbons are recovered as azeotropic com-
pound with the branched alcohol, as head effluent,
using & scheme based on one or two fractionation
columns;

b} ¢, - Tz - oxygenated products - reaction product,
wherein the C; hydrocarbons are recovered as azeo-

tropic compound with the branched alcohol as side

14
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blends: a) C5 - oxygenated products - reaction product, wherein the C5
hydrocarbons are recovered as azeotropic com- 20 pound with the

wbrariasetialcohol, as head effluent, using a scheme basedP&A/BREEHRES

fractionation columns; b) C9 - C5 - oxygenated products - reaction
product, wherein the C5 hydrocarbons are recovered as azeo- 25 tropic

compoupgd withhe bragchedalcohgl as side A4 OcIAHAS 7dEEn whose
PCT/EP20061010895 cut of a catalytic distillation column from whose

head thexEdaprogcts, apa-tetovesed andmatdhe doténeadblehd Wentdinkg ™
the oxygenated products and the reaction product; 5 c) 04 - C5 -
oxygenatedprotiictsywirksiintie Wy R SRRB5RS aRrREBTERPES  the
azeotropic compound with the branched alcohol as the bottom effluent of

a fractioh2doR IUMRAIBH whose head the C4 products are recovered.

10 \When the oxygenated product.is a branch d%ogpéiqiatmme[em@m“
lin& ralc‘dhdls%ﬂd”al%cpf Ié?ég? e%lr"&?zg%“i% preferably effected, in

particulag, with amalagratig of eogenaled pradictisobutensrpwenthami th

0.7, by means of the following essential steps: 15 a) feeding the C4-C5

hydrocarbes cyi-eentaking-isebitene s the bottom effluent of a
fractionation column from whose head the C, products
are recovered.

When the oxygenated product is a branched alcchol in a
mixture with linear alcohols and.alkyl ethers, the process
is preferably effected, in particular, with a molar ratio
of oxygenated product/isobutene lower than 0.7, by means of
the following essential steps:

a) feeding the C,-C; hydrocarbon cut containing isobutene
to the Ffirst reaction step (consisting of one or more
reactors), together with one or more streams contain-
ing oxygenated products (linear and branched alcohols,
ethers and water);

b) using a catalytic distillation column as second reac-
tion step, wherein the isobutene conversion is com-
pleted, in addition to the separation of the rea-
gents/products;

¢) separating the C;/linear alcohol azeotropic product

and pessibly C; products from the remaining oxygenated

—t
h



to the first reaction step (consisting of one or more reactors), together
with one or more streams contain- ing oxygenated products (linear and
wahelidhedalcohols, ethers and water); 20 b) using a catalyic' GiEHIL(GRE>
column as second reac- tion step, wherein the isobutene conversion is
com- pleted, in addition to the separation of the rea- gents/products; c)

separaiipshthede4/lingaraisehelaz aelmpie-praset 2boant possiblydie or
products from the remaining oxygenated 15 WO 2007/057153
PCT/&P2006{610895 wompauridstasd frohs theBy@rdraison product, in
one or more distillation columns, also catalytic; d) recovering the linear
al€ohbeRoNE B 8ze 5R6pic PRERTC VAilITBIPE4 doriPounds, by Afeans B¢

conven- 5 tional processes such as water washing or adsorption. o :
inorg&r"ﬁ%%‘fids;‘%ﬁgco%ﬁngcﬁwec(?g%?élﬁlc ed agc\(/)hgiea%%%tr(g%c onven

product, in n%%%%b%gggcgﬂgﬁti%sc%@@% alsqcatalytic, agdigadotion

stream, Side ¢ ottom stream; 10 f) recycling the stream containing
the oxygenated prad- uets {Beanched alcohol and ether) and possibly the
re- integrated oxygenated products and recovered linear alcohol, to the

twe reasctionestens; gHeoSSiblyrrecyolng partohtie €aqwbdaptstoRreduct,
in one or more fractionation columns, also catalytic,
as head stream, side cut or bottom stream;

£) recycling the stream containing the oxygenated prod-
ucts [branched alcohol and ether) and possibly the re-
integrated oxygenated products and recovered linear
alcchol, to the twe reaction steps;

g) possibly recycling part of the G4 products to the
first reaction step, in order to maximize the isobu-
tene conversion.

The first reaction step can consist of one or more adia-
batic reactors, such as traditional, boiling point, ex-
panded bed reactors.

The separation of the Cs/branched alcohol azeotropic
product of step (e} is preferably effected starting from
blends of:

a) ©s - oxygenated products (ethers and branched alco-

hols) - reaction product, wherein the C; hydrocarbons

are recovered as an azeotropic compound with the

16



is first reaction step, in order to maximize the i i
e _ a , e isobu- tene conversio
7-09-2007 first reaction step can consist of.one or more adia- batic reactors 515%521206010895

traditional, boiling point, ex- panded bed reactors. 2 i
( , : . 20 The separation of
. the C5/branched alcohol azeotropic product of step (e) is prgferably

effected starting from blends of: a) C5 - oxygenated products (ethers and

g%? ched alco hols) - reagtionypraduct srhei@itt the'ss hydracasbors25

covered as an azeotropic compound with the 16 -

EB2006010895nbranckesd-alesholods héad eiﬂu@ﬁ#,l%lé;]’g %’%Ofﬁf?f;?ﬁ‘éea
based on one (recovery of the remaining oxygenated products as side
cufy-entwadrastionatien columies; BYE 5! ‘F%?gdlﬁ’fbdﬁ%gl Ethérs
and branched alcohols 5 dieters, ip which the Q drocarho

b) rEsove Rty SR ES SHEPYSHRt With %Ebrgﬁ%ieé a?g midehole

resoveres ; ] ohol as head
. filuent of 2 fragtionation cqlyunce) G-Ee axyasnate aroductietiats
an hd “Branched alcohols) - reaction product, effluent froma 10

r%%ctigggg%éﬁggre?gggﬁhydi:ﬁ@arham aterpegthvedreasanol  as
azeotropic compound with the branched alco- hol as side cut of a

gﬁ)g%%ﬁlsggm@ﬂom whase ihead v CHRREERAIcohol azeotropic

o) C,-Cs - oxygenated products (ethers and linear and

branched alcohols) - reaction product, effluent from a

1¢ reaction step, wherein the GCs ‘hydrocarbons are recov-
ered as an azeotropic zompound with the branched alco-
hol as side cut of & fractionation column from whose
head the C./linear alcohol azeotropic product and pos-
sibly the C; products are recovered, whereas a nixture

15 containing the oxygenated products and the reaction
product is recovered at the bottom;

4) 0,-Cs - oxygenated products (linear and branched alco-
hois) wherein the Cs hydrocarbons are recoversd as &an
azeotropic compound with the branched alcohol as bot-

20 tom effluent of a fractionation column f£rom whose head
the C4/linear alcohold azeotropic product and possibly

C. products are recovered.
For the two précesses comprising the essential steps

e Co/banchd Sleohol stealrepic @clucf 5 mixed with The Ywa’ﬁonpfﬁc‘iu(ﬁ’ or
Specified above (a-e and 2-g)" The C:; products are present

25 4in the streams prevalently containing C products in a

- 17 -
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sibly the C4 products are recovered, whereas a mixture 15 containing the
oxygenated products and the reaction product is recovered at the bottom;
C4-Cs - oxygenated products (linear and branched alco- d) hols) wherein

the Cs hydrocarbons are recovered as an azeotropic compound with the

branched alcohol as bot- 20 tom effluent of a fractionation column from

cﬁzgg%%%Q§argltg%é‘r%a§a&akq§&9!9a@&9pi9.%rogacaaed sebbgicA

oducts are recovered. For the two processes comprisin the essential
stepsy dpefrdds Onech eded VM e CEhDIRL1i6 rdiguizmiaBd Wien. order
Yeac~fon 'aCt J specified above (a-e and a-g) the c5 products are
presdant25 in thelstreams prevaleptheecentaininigC4qerodeacts ina 17
AMENDED SHEET quantity preferably ranging from 0.5 to 10% by weight,
SebéAprecasSEIEEs BFESRERN FThGMRs i kinGreRr Yo dieaffy st 1ia-

illustrate the present disclosure. F(iagureokzshows a process ﬁgem%with

CABRyticRERIa TR RAER Es BrodulR ar®heEsesentin e SR &

e chargée

[Be Oéﬁ%%%tgge% odughisa branchegd alcohol sTBA)-Fhe stream, (1)

contal Isobutene, together with the reintegration feeding of TA (or
possilly waterr{2)@and thentecysiatstreashatexngenatekpiogucta{8h isthe

sent to a first reaction step (R1), which can consist of one or more
reintegration feeding of TA (or possibly water)} (2) and the
recycled stream of oxygenated products (9}, 1s sent to a
first reaction step (R1l), which can consist of one or more
fived bed reactors, in which the ¢, iso-olefin is selec-
tively converted to dimers.

The effluent {4) from the f£irst reaction step, is sent
to a catalytic distillation (Cl) in which the iscbutene
conversion is completed. A stream {5) essentially contain-
ing C, hydrocarbons is removed £from the head of this col-
umn, whereas a stream (6) essentially containing the reac-
tion product and the oxygenated compounds, is collected at
the bhottom.

Thig stream (6) is sent to a further separation column
(C¢2) wherein a stream {8) is collected at the head, con-
taining the dimers/TBA azeotropic product which is recycled
to the two reaction steps (streams ¢ and 10}, whereas the
reaction product {7) essentially consisting of dimers and

trimers, is collected from the bottom.

18



fixed bed reactors, in which the Cq iso-olefin is selec- tively converted to
dimers. The effluent (4) from the first reaction step, is sent to a catalytic
walistiflasiuns(Cl) in which the isobutene conversion is compRESERRISHEHIFPS
(5) essentially contain- ing C4 hydrocarbons is removed from the head of
this col- umn, whereas a stream (6) essentially containing the reac- tion

praduct and the oxygenafed compounds, isicallected abiihe bode@. Ihison-
stream (6) is sent to a further separation column (C2) wherein a stream
s(@ds eellectethaithe heads sonotaining thel dimersAlBkazestiopic is in-
product whichis recycled to the two reaction steps (streams 9 and 102,
swhetedsthed reactiovoprodact (Xyresssatally Colsptingast dinercasg) and
trimers, is collected from the bottom. 18 WO 2007/057153
CPEEPYBDBITITEO T RFhBER ctiGT oF BRER it iSHRAoR dllows a con

siderable simplification of the plant scheme, which,is in,stead baged pp......
S B TERCon WEhe (B BRI TERCIure) S (b TacCubon comme ™=

ctionation columns,

o %ﬁ@om%m%@gci%weegﬁ hygdrocarbansare piesent in the,ehargeraa

Ifferent plantconfigurations can be used to recover the C5/TBA

HBZENRRIS Prosiustdependis-ad they quantithef Ghiprod-wictsogresenprod-
and the required purity of the streams. Figure 3 shows a possible process
woheme sduct dffeisthe required purity cf the streams.

Figure 3 shows a possible process scheme which differs
10 from that of figure 1 due to the fact that the C;/TBR azeo-
tropic product (11} is recovered from the head of the c:;al—
umn C2, which can possibly be joined to the reaction prod-
uct, whereas the stream containing the oxygenated products
to be recycled (TBAR/dimers azeotropic product) is removed

15  from the column C2 as side cut (8).

The process scheme is mere complex when a more efficient
separation of the two C3/TBR and dimers/TBA azeotropic
products is to be eflected, as a new fractionation column
(C2) must be inserted, as shown in figure 4. In this new

20 scheme, the head stream of the column C2 (8) is sent to a
new column (C3) whnerein the Cs/TBA azeotropic product (11)
iz separated at the head and the dimers/TBA azeotropic
product (12) which is recycled toc the Two reaction steps
{streams 9 and 10), is separated at the bottom.

25 Alternatively, the Cs;/TBR azeotropic product can be re-
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10 from that of figure 1 due to the fact that the C5/TBA azeo- tropic
product (11) is recovered from the head of the col- umn C2, which can

WpoEsibiy 5@ joined to the reaction prod- uct, whereas the stPEGHREZ006/010895

containing the oxygenated products to be recycled (TBA/dimers
azeotropic product) is removed 15 from the column C2 as side cut (8).

~Ehe pEecess seheme-isdnaere gomplex nhepsaimere efientr separgtivigure
of the two C5/TBA and dimers/TBA azeotropic products is to be effected,
5as a new fractionation column (C3) must be inserted, as shown in figure

4. In this new 20 scheme, the head stream of the column C2 (8) is sent to.

a helesioRth QI RRerdiheHE CHTBA $256tr8pic FIBATECA 11 Hs SEn1ng
separated at the head and the dimers/TBA azeotropic product (1 ich
581807388 16 The twB T8 586N %fjep%{lfstr%e%ar‘i%s § LZatxrf%’lino)O,gislés?(lé‘f)zafrga%ﬁélg %% ©

he boftom.. 25 Alternativel -GRLT B4 azeotepic pro gandbe rgnld in
%t%?%s%%sé%%%%é% 6/(%%%9? G sid%%ﬁt G inthe
ol reackr Gldfigure Ay further ptiemeshowitein figlre 6, eensistsdmpic

sending this azeotropic product to the head stream of the catalytic 5
histiflation salurnstogethepwith(thie! Ceprddubts arddresing atneie  head
column (C3) to recover the C5/TBA azeotropic product at the bottom (11)
&kl C4 products at the head (12) .

Figure 7 shows a possible process scheme when a mixture
of oxygenated products, consisting of alkyl ether (MTBE) ,
linear alcohol {(Methanol) and branched alcoheol (TBA), is
used. In this case, the stream (1) containing isobutene,
together with the reintegration feeding of methanol and TBA
{or water) (2) and the recvcled streams of oxygenated prod-
ucts (MTBE and TBA) (9) and methanol {14), is sent to the
first reaction step (R1), which can consist of one or more
reactofs, in which the C, iso-olefin is selectively con-
verted to dimers.

The effluent (4) from the first reaction step is sent to
catalytic distillation (Cl}, which represents the second
reaction step, together, possibly, with the recycied
streams of oxygenated products (10) and methanol (13). 2
stream (5) is collected from the head of this column, es-

sentially containing ¢ hydrocarbons and methanol, which 1is

fad to a unit for the recovery of the alcohol (MR) which

2
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Figure 7 shows a possible process scheme when a mixture 10 of
oxygenated products, consisting of alkyl ether (MTBE), linear alcohol

“wghethenol) and branched alcohol (TBA) , is used. In this cRE&E/RPROEAIBFPS

(1) containing isobutene, together with the reintegration feeding of

methanol and TBA (or water) (2) and the recycled streams of oxygenated
cRkod d5ustsd MTRE- aret TRA)L9) axd methansbiiA): issesytathe fiist mo-
reaction step (R1), which can consist of one or more reactors, in which
eG4 tseokefiads selectivebpten- vertdtircdirreisiThe eflubpt-{@) fiBRes,
the first reaction step is sent to 20 catalytic distillation (Cl), which
tHepradamb the SEEOVELRACHSR StefRTogth &S PosSBRF with theSelytied ©”
streams of oxygenated products (10) and methanal (13). A stream (5) IS..
Ateeled réRthe %T‘éﬁ%%fs[hi%:%co(ﬁ]n n,jégs)- Ser‘ﬁ?‘aﬁ ﬁ/_ec%sntéiﬁﬁlglg? Wl oo
hydrocar hanglswhich.is,25. %g: i recovery of
?Hé%?g‘ohrcﬁ& %%E% %%%o%o%nos séthﬁac%%g%%%kgﬁ)ﬁos% can
consist, forexample-afran @Jsasptiemsysiemuan mo- lesulaesieves, ef Eur-
water washing column. In both cases, the alcohol recovered (12) can be
1qeat baskia the two telastion(steps (Eteeams: 18 antdrer whefeasthptain-
hydrocarbon 5 stream (11) can be used in subsequent operations. The
imtorinetréafir ey eheR colaPnCGl AFSONTeRfur Dt Separdtiore T Lected

column (C3) wherein a stream (15) contain- .
at the(heéd, a stream (é) éssentially containing MTBE, TB2

and dimers, as side cut, which is recycled tc the two reac-
tion steps (streams 9 and 10), whereas the reaction product
(7}, essentially consisting of dimers, trimers and small

guantities of oligomers is recovered from the bottom.
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ing the CS/branched alcohol azeotropic product is collected at the head,
a stream (8) essentially containing MTBE, TBA 10 and dimers, as side
cut, which is recycled to the two reac- tion steps (streams 9 and 10),
whereas the reaction product (7), esggmidyg consisting of dimers,
--rimers and small quantities of oligomers is recovered from the bottom.
1. 15 20-25=2% GlAIMS 4. Process:forthesiroductiorcafttaglizobtasieccarbon
hydrocarbon compounds by the selective dimerization of isobutene
copgrtamed iy asteeamialst toataihingCs aydrotapions aharscterized irmined
that, - the reaction is carried out in two distinct steps, - a catalytic .
irdistifaionel Wsetlas sedahid dtep, Cthe Yéd@isnibeasiedbigierized in
presence of oxygenated compounds selected from a branched alcohol
tI&6ne or in a blend with linear alcohols and alkyl ethers, where branched
alcohols form azeotropic mixtures with the CS hydrocarbons, in such a

~ qudntity"ZS tofAve n theféedifg hthe Rasd Bf thie“pre8éiice” of 3>

branchc;a alcohol alone,.a molar ratig of oxygenated compoun [/isobutene
Higher ﬁdalﬁ/ %160 ,}nsﬁwleléfste&gﬂhjé%réls,gé%r%geagf 3 %Fanr(l:ﬁea alcghol in a

- blspd. admolay £atia of exygenated, compoungjisabuteng higherthag 0z + e

compounds selected from a branched alcohol alone or in a blend
with linear alcohols and alkyvl ethers, where branched alcohols
for% azeotropic mixtures with the Cs hydrocarbons, in such a
guantity as to have in the feeding, in the case of the presence
of a branched zlcchol alone, & molar ratio of oxygenated
compound/isobutene higher than 0.005, in the case of the presence
of a branched alcchol in a blend, a molar ratic of oxygenated

compound/isobutense higher than 0.01;

- a Cs hydrocarbons/branched alcohol azectfropic separation

step 1s carried out.

2. The process according to claim 1, wherein the first
reaction step is carried out at a reactioﬁ temperature
ranging from 30 to 120°C, at a pressure lower than 5 MPa
and feeding space velocities lower than 30 h™".

3. The process according to claim 2, wherein the feeding space
velocities range from 1 to 15 h™t.

4, The process according to ciaim 1, wherein the branched

alcohol has a number of carbon atoms ranging from 4 to 7.

5. The process according to cilaim 4, wherein the branched

alcohol is selected from tert-butyl alcohol or tert-amyl

22



- a C5 hydrocarbons/branched alcohol azeotropic separation step is
carried out. 2. The process according to claim 1, wherein the first reaction
step is carried out at a reaction temperature ranging from 30 to 120C, at a
pressure lower than 5 MPa and feeding space velocities lower than 30
algpena The process according to claim 2, wherein the feeding space
velocities range from 1 to 15 h-'. 4. The process.according o claim 1

€. wheréilIhB brafched aicohor s Bhumberor carbbiatoms F’é%@lenfg +S
from 4 to 7. 5. The process accarding.to claim 4, wherein the branched
feqf which 13 C Eab¢e %r#¥}n AL %ﬁgé% ‘?8g ? e
aléobiol is Selected from tert?bLutyI alconol or tert-amyl 2 alcohiol. 6. The *
rYocess agearding 1o claim 1, whegein water is fed, which.is capable efonq: -
forming the branched alcohol by reacting with the tertiary olefin under the
 ireastion condi- tions. 7. The process according to claim 1, wherein the
linear alcohol has a number of carbon atoms ranging from 1 to 6. B. The
7 processaccording to-elatna 7Tnwhereih dhe lineatalcehol 1k saleeted:frobcohol
methanol and/or ethanol.. 9. The process according to claim 1, wherein
hdlse alkyletiver hds amtmierasf casborratphrsirahging fromes to 10. 10.
The process according to claim 9, wherein the alkyl ether is selected from
8 MTBELE PBECHMSBE: ESBE TEAME; TAEE or Wigfids: the linear alcohol
is selected from methancl and/or ethancl.
9. The process according to claim 1, wherein the alkyl ether
has a number of carbon atoms ranging from > to 10.
10. The process according to claim 9, whereln the alkyl ether
ig selected from MIBE, ETBE, MSZRE, ESBE, TAME, TAEE or mixtures
therecf.
11. The process according to claim 1, wherein other C; and Cs
olefins also possibly present in the charge react to form
high-octans products.
12. Tne process according to claim 1, wherein the oxygenated
compound is the branched alcohol alone, comprising the following
steps:
a) feeding the C;~-Cs hydrocarbon cut containing iscbutene to the
first reaction step (consisting of one or more reactors),
together with one or more streams containing oxygenated

compounds;

b} using a catalytic distillation column as second reac-

™~
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thereof. 11. The process according to claim 1, wherein other C4 and C5

olefins also possibly present in the charge react to form high-octane

products. 12. The process according to claim 1, wherein the oxygenated
tieempospd isthke bianches alsobaltatone ccomprisingotheifollowimngl steps: in

a) feeding the C4-C5 hydrocarbon cut containing isobutene to the first
adréiction step (donsistipgof therorarforelreactess)edgether@ithone or

more streams containing oxygenated compounds; b) using a catalytic ‘
c) dissitstivrresianiihas Secord Fe86- 1200 step CWRerein B kbbatpRt Toric

conversion is completed, in addition to the separation of the ,
PhRAYEHts/proditsS §)TeEG &R te 5 hyaro GRBoHBanchetPafdohdt ¥t 1 ¢

azeotropic_product, in one or more fractionation columns, also catalytic,

25 Vel STEEAT sideélit of BottBi Stfeamtt) Fe&ydihg the stream
d)cogtgé,né'ﬁ‘q{;,%e %ggesr%atggrgtﬂéncpn%g%i%nd Rossibly %H’%{@@c@ra@&nﬁounds
n 0

T
oxygenated tompounds, e'two reaction steps; e) possibly recyclirg

aﬁ%%&%% Eﬁ@*%%%&;ﬁ&@élﬁ%%@%é@@ in grder 19dmaximize e tyo

e isobutene conversion. 13. The process according to claim 12, wherein
rihe-separatioppaf the C5/branched alcohol azeotropic product is effected

g) possibly recycling part of the C; compounds to the

first reaction step, in order to maximize the isobutene
COnversion.

13. The process according to claim 12, wherein the separation

of the Cs/branched alcohol azeotropic preoduct 1is eifected

starting from blends of:

a. Cs; - oxygenated compounds - reaction product, wherein
the Cs hydrocarbons are recovered as an azeotropic com-
pound with the branched alcohol, as head effluent, using
a scheme based on one or two fractionation columns;

b. Cs - Cs - oxygenated compounds - reaction product,
wherein the Cs hydrocarbonsiare recovered as an azec-
rropic compound with the branched alcohel as side cut
of a catalytic distillation column from whose head (4

compounds are recovered and from the bottom a blend con-

24



starting from blends of: a. C5 - oxygenated compounds - reaction product,
wherein the C5 hydrocarbons are recovered as an azeotropic com-
pound with the branched alcohol, as head effluent, using a scheme based
on one or two fractionation columns; b. C4 - C5 - oxygenated compounds
taiphetorn produciI WIHEHER thHetts PYafstafbthsare rétoveredasuPauct ;
azeo- tropic compound with the branched alcohol as side cut of a
<) chtalytic distifHEFERGRN fIoRTRABEE Reali €4 Tompéinds gdrocarbons
recovered and from the bo%tom a blend con- %4 tqrgipg éhgzvo>%/§qr(la€r;gt&(laolcOho1
aréioJrﬁr?p“ocf}ﬁ%l'*sean%%ﬁé1 feaction %%"é: uct: mé:)o(LfE SEs™ oi(ygen‘a?e - o
aLOMIRAUIS, WASLEIING.C ucgcarbgns Are feaguaiRd 28,20 A88QlInIG oo
compoundwﬁh the branc ea alcohol,”as bottom effluent of a fractionation

wreolemn from whose head the.G4 cpmpounds are recovered. 14. The
process according to claim 12, wherein the first reaction step consists of

1 One o gk fixed bed dululag andior adiabatics reactors: 15. Ahe-preeess: ion
according to claim 12, wherein the molar ratio of oxygenated

s ceompourd/isobuténeis lowenthart 0:6=46:dde process accoiding toddlaipatic
1, wherein the oxygenated compound is the branched alcohol in a blend

regiti-linear alcohols and alkyl ethers, comprising the following essential

steps: a) feeding the C4-C7 hydrocarbon cut containing isobutene tothe
1irst FaRIDACRES TcBASISHING BFoRe Giimefe 12, Wherein the molar ratlc

of oxygenated compound/isobutene is lower than 0.¢.
16. The process according to claim 1, wherein the oxygenated
compound is the branched alcohol in a blend with linear alcchols
and alkyl ethers, comprising the following essential steps:
a) feeding the C;~C; hydrocarbon cut contaiﬁing ischutens
to the first reaction step (consisting Qf one Cr mors
reactors), together with one ¢r more streams containing
oxygenated compounds {linear and branched alcohols,
athers and water):
b) using a catalytic distillation column as second reaction
step, wherein the i1sobutene conversicon is completed in
addition to the separation of the reagents/products;

¢) separating the C; compounds and Cs/linear alcohol azeo~

o
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reactors), together with one or more streams containing oxygenated
compounds (linear and branched alcohols, ethers and water); b) using a
catalytic distillation column as second reaction step, wherein the
isobutene conversion is completed in addition to the separation of the

CrrRgenRASIOaGE s EPBepatating the/ EE Wormpothds antEa/fiiéar=teshot "9
azeo- 2 5 tropic product from the C5 h%gro%argons, from the remaining,

O RnAL 8%%%%@%’ S From e Ryarocarbon product rone or - °ne

o distlation calumnts, alse.catavtic, dl tecoyerng fhe jnear alcohol

from the azeotropic product with the Cu compounds; by means of

a conventignal processes such- aswalgrwashing Qradsoypien 88+ ¢ product

inorganic solids; e) recovering the C5/branched alcohol azeotropic

wiRrpdust i oneRl-mere frastionatiensceltinns, @dso: catalytics asdeagle s such
stream, side cut or bottom stream; f) recycling the stream containing the

a oxygenatedproductse (bradehethaltcelholandiether) and-passihly the
reintegrated oxygenated compounds and the linear alcohol recovered, to

e)the swoweattign steps; g)ipossiblyerécyclingipal- efthetlCosompourtds ot
the first reaction step, on order to maximize the isobutene conversion.

1N PIEhEBrocess accordingte el 160 WHERSIn the Sepatation’ ‘of the @8 head

CS/branched alcohol azeotrogic product can be effected starting from
Sﬁﬂéﬁﬂgoﬁlde cut or pottom stTream;

f) recycling the stream containing the oxygenated products
{branched alcohol and ether) and possibly the reintegrated
oxygenated compounds and the linear alcohol recovered, to the
two reaction steps;

gy possibly recycling part. f the C; compounds to the first
reaction step, on corder Lo maximize The ischutense conversion.
17. The process according to claim 1€, wherein the separatiocn
of the Cs/branched alcohol azeotropic product can be efifected
starting from blends of:

a) Cs =~ oxygenated compounds {(ethers and branched alcchols)
- reaction product, wherein the Cs; hydrocarbons are recovered

asan azectropic compound with the branched alcchol, as head

effluent, using a scheme
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a) Q - oxygenated compounds (ethers and branched alcohols) - reaction
product, wherein the C, hydrocarbons are recovered asan azeotropic
compound with the branched alcohol, as head effluent, using a scheme

26 based on one (recovery of the remaining oxygenated products as_side
bagey op e fradticiztioh Colafmnis? ©) TH 2 dRygeht8d EBRbotMds (@MErss as

and branched alcohols) - dimers, in which the C5 hydrocarbons are re
s1665verad hsn ﬁ‘%t%pi‘éﬁﬂ% With BraneiEtalcohol as head effluent

ofafractlonatlonc lumn; ¢) CS-C5 - oxygenated com ounds (et er
Y fiftear aRd Gﬁfé?‘l%ﬁgd aics rrﬁ}ocl"lsl) - rea&?oxr%{%roducrfd(;ﬁﬁg Efi6m atfrce%c

a %g wherein %he %‘5 ngr%carbg dﬁ are r%cqvgread gs an.. azeotropic
al )

compduncfwnh the branchéd ol as side cut of a fractionation column

cofw?a@%%e head the G4/linearalcohol- azeotropic.product and possibly nheaq

the Cy compounds are recovered, whereas a mixture containing the

= faXygenateg-compeunds and thesreaetion-product is recovered at the
bottom; d)C,-C, - oxygenated compounds (linear and branched alcohols)

o) wherein-the £ hydrocarbons are-recoverestas-=an azeotrdpic scampound
with the branched alcohol as bottom effluent of a fractionation column

b frome b sehesdbthe) aze otrepic: produpt: CBlinearafdohatandf rom &
possiblyC4 compounds are recovered. 18 .The process according to

r i E6: WheFeinthe fitstrehbfoR: S E61sists OF DIt 6r HiFe Bdiaties an
reactors such as ~
azeotropic compound with the branched aicchol as side cut of

a fractionation column from whose head the C;/linear alcohol
azeotropic product and possibly the C; compounds are recovered,
whereas a mixture containing the oxygenated compounds and the
reactidn product is recovered at the bottom;
d)Cq—ng*oxygenated, compounds (linear and branched alcohols)
wherein the C: hydrocarbons are recovered as an azectropic
compound with the branched alcchol as bottom effluent of a
fracticnation column from whose head the azeotroplc product
C4/linéar alconcl and possibly Cy compounds are recovered.
18. Theprocessaccordingtoclaimlie, whereinthefirstreaction
step consists of one or more adiabatic reactors such as
traditional, boiling point, expanded bed reactors.

1%. The process according to claim 16, wherein the molar



traditional, boiling point, expanded bed reactors. 19. The process
according to claim 16, wherein the molar ratio oxygenated
compound/isobutene is lower than 0.7. 20. The process according to claim

12 or 16, wherein the C5/branched alcohol azeotropic product mixed
ratic GV HE R Ao B Sa e TSt OR Ty eI 1. wherain,

,, Un the case of concentrated |sqbutene treams, the charge,| |I} with
20. ?,54 6?%ydrocafb%‘ns g .2S é wherel % 15'1 (lilﬁgrancnec{

alcohol azeotroplic product i1s mixed with the reaction product.
21. The process according to claim 1, wherein, in the case of
concentrated iscobutense streams, the charge is diluted with C4-Cs

hydrocarbons.



