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PROCESS FOR THE PRODUCTI ON OF HI GH OCTANE HYDROCARBON
COM POUNDS BY THE SELECTI VE DI MERI ZATI ON OF | SOBUTENE
WOINTASNED | N A STREAM WHI CH ALSO CONTAI NS C5 PCT/EP2006/010895
HYDROCARBONS. The present invention relates to a
process for the production of high-octane hydrocarbon
conpounds by neans of the selective dinerization of
i sobutene and, to a | esser extent, of possible |inear
olefins, in the presence of C5 hydrocarbons and
oxygenat ed conmpounds, which favour the formation of
hi gher selectivities on the part of the cata |yst. The
m xture obtained can then be hydrogenated with
conventional methods to obtain a product with further
en hanced octane characteristics. For mainly
envi ronnental reasons, the conposition of gasolines is
bei ng refornul ated and the general tendency is towards
the production of fuels which burn better and have
| ower evaporative em ssions . The main neasures for
achiev ing this objective are |listed bel ow (D.

PrEOCESS | POR, THE. pRODUdIAON oM dbeghbore SRbRocarBYL com-
, 76, (1994), 32) :- reduction in the content of

POTRHBRL B¢ S@EPORNESTRRE BhBRINArTEN OFf I1BORIARIKE CONTAINED
reduction in the volatility of gasolines to mnimze

TRVAPSTREAN S PSS 6R1.SO CONTAINS C; HYDROCARBONS .

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 Cs
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 a product with further en-
hanced octane characteristics.

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-

cillotti, M.Marchionna, Chim.& Ind., 76, (1994), 32):
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- reduction in the content of |ight olefins,
phot ochem cally extrenely reactive; - reduction in the
wamozos7i6ont ent and final boiling point of thePCT/EP2006/010895
gasolines . Al these neasures consequently create the
necessity of projecting new production processes of
purely hydrocar bon conpounds capabl e of positively o
- cHPARE BLOR Nt t Bhe heorbene @énardsatignsAgPeHBES, arnd elimi-
al kyl ated products are extrenely inpor tant as they
hagleien hpfhoerzeme: nunber, a low volatility and are
practically free of olefins and aromati c conpounds .
- Theecaldodlaat | on prlveesmlatiliiqiy dofhagaseiines eded i oinimize
be tween isoparaf finic hydrocarbons, such as
| s eae;vandossesi ns, for exanpl e propyl ene,
but enes, pentenes and rela tive mxtures, in the
- presenceoaf ian ahed cattantstof ol ilghe: pohelfits pn phfot ochemi -
C7-C9 hydrocarbons with a high octane nunber to be

us£Tll y Nnegesahe Nesrédct Opea, A . Martinez, Catal . Rev. -
Sci.Eng., 3.5, (1993 ),483 ). The nai n probl em of

- akkylhatien phoaessesul suduecheehhe drartfimel , bvlitting point
grow ng environnmental regulations, both of the

tsadikd 0o PIAEESSES (wi th hydrofluoric and
sul furicacid) are encountering consi derable

di ffALul £hese Wﬁﬁseaéﬁ?é@&ﬁéh@il?t i@efty tHE necessity

future; the process wth
of projecting new production processes of purely hydrocar-

bon compounds capable of positively contributing to the
above demands.

Among these, alkylated products are extremely impor-
tant as they have a high octane number, a low volatility
and are practically free of olefins and aromatic compounds.
The alkylation process in liquid phase 1is a reaction be-
tween isoparaffinic hydrocarbons, such as isobutane, and
olefins, for example propylene, butenes, pentenes and rela-
tive mixtures, in the presence of an acid catalyst for the
production of C,;-Cy hydrocarbons with a high octane number
to be used in gasolines (A. Corma, A. Martinez, Catal.Rev.-
Sci.Eng., EE,(1993),483).

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

the traditional processes (with hydrofluoric and sulfuric
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drofluoric acid due to the toxicity of this acid, espe

cially in popul ated areas, and that using sulfuric
wa@eood/osas3a result of the | arge production of BCT/#P2006/010895

sludge as well as the considerably corrosive nature of

the catalyst. Alternative processes wth solid acid

catal ysts are bei ng devel oped but their_ conmmerci al .
agp@l i cabe | iIRFREESRING o HIRFrR et & ffAculties, which

hydrocar bon product of this type, on the other hand,
creabecuRcARytRABEESSI Y Wee eTHEYEESt &SRR FE swith hy-

octane characteristics (both the Research Cctane
drpfbeer i ROE ighddede tibt bre Ofoxie itynbef  thidy) aged, espe-

hi gh) and those relating to the boiling point (limted
cyaldyi intpopulatew andapoi anil whathupongt sod fiuriicn adied, as

group of conpositions of great in terest for obtaining
agasslilnesfwhheh largenpmeodionpiain b acid slndgat as well as

environmental requirements. An alternative refinery
the ocensifleralpby atorngspreduatarei bli char aateliysti.cs

simlar to those of alkylated products can be offered

by tAEt bk opesaproredfsesn- watheddpid yeeid gesohipets are
A igonerization processes (often inaccurately called

bohY MBELéabbea bltt drdief | dbige Bt A¥p1 V&8 M del has yet
used in the 30s' and M3s' for converting | ow boiling
t&3p€Ademonstrated.

A hydrocarbon product of this type, on the other hand,
is becoming increasingly more requested 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 requirements.

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”
gasoline.

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

olefins into gasolines. The process leads to the production
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olefins into gasolines. The process |leads to the
producti onof a gasoline with a high octane nunber (RON

w@bwansAF) but with a high sensitivity (differear@pP2006/010895

bet ween RON and MON) due to the purely olefinic nature
of the product (J.H Gary, G .E . Handwerk, "Petrol eum
Refining : Technol ogy and Econom cs", 3rd Ed., M.
oferkgrsoMEREYVikh @1I0gh oEmne myppesrl (BPEf pRoURhiSH but
are oligonerized are mainly pro pylene, which gives
wiltheers loigls| sghslipifiger (bl f fprance dbepwrgnnR@h &hd MON)
process used, and isobutene which mainly gives diners
dbet tosthévwaysehycobhpiinhéd bptareonsi dbeapredpednt (X \H.Gary,
of higher oligonmers. Wth particular attention to the
GOEL ghardwesk | onPetro3ebut Re€inihgi s Kechnollgly tmd Econom-
reaction can be carried out either batchw se,
ieen - Bt gldwi, S61.0Delkk edgniNag Uk ei (1tdear) ,i rRayR)Ss. or
liquid phase, generally at tenperatures ranging from
50 tpyBDOOC anér ahs ayARSRhgFECOPL g6REEE z0H SeNmainly pro-
pressures as to maintain the reagents in |liquid phase,
piienecessaey. gIyps caimeatabystiifati1yhaiighdusigliidjomers de-
ol i gomeri zati on process of isobutene are represented
pENAPRGSRIPT £ e aGrboBaNen8blY SPOiLe®ueRn@ SPhién mainly
(for exanpl e ki ésel guhr) , or cation- exchange acid
; I et .al a : digt lQnst ;
gi€8E NFimEhe { ex galdqyu Al Qgﬁggggﬂlgb k@pda QdMsiderable

usednconpare W th supported oric a
quantity of higher oligomers.

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

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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both in terns of tenperature and pressure (50-100 0OC
and 0.2-3 MPa with respect to 200-220 0C and 3-10 MPa)

WO 2@7hetisgat al ysts are al so clained in |iterat BEEEP2006/010895
bot hl i qui d aci ds such as H2SO4 and deri vati ves of
sulfonic ac ids, and solids such as silico-al um nas,
m xed oxi des, zeo lites, fluorinated or chlorinated
lapudPnasidst suchore BiS@hewwd cdernlvativesweleswHdomsis ac-
far enabled an industrial process to be set up, as in

ithe eadesoflidgppurhedspisddpice -rilamdgiag ( Mixasl myekdes, zeo-
"Mono-olef ins : Chemstry and Technol ogy", Perganon
1Ptess, fixfagridiateayesr 48514F6haard tdlatmigfasatebn.; none of
resins (G Scharfe, Hydrocarbon Proc ., April 1973,

thésy .cadbradmpste hpowduetr pEEsntsof farevendibedman industrial
problem of this process lies in the fact that

pexcessi ¢te per et ages o bravjeokbhgenerfs ssipporas=d phospho-
trimers (selectivity of 20-40% and tetraners

risehesti (Ft yaefinge?)) “Sonics@Nelrans,: Arenilsddyeeathd Mrechnol -
the oligonerization phase. Tetraners are conpletely

oﬁ Yt Si dRriigmcinspré8e, f AEIrd) asaddey 485245@0 and that of
|gﬁ b0|I|ng and therefore represent a net 10ss in

c¥t &b 4R A0l (B€; sBRakRE , ASi IR DAH eP?QBCefwij%ll 1973,
their concentration should bé greatly reduced’ as they

1? Yg a boiling point (17 0-180 0 C) at the limt of
uture specifications on the final point of

refoggy%akgg %%%&d@@spoint of view, the main problem of

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

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

M. Kojima, K.W. Shcumann, Appl.Catal., 16, (1985),193). This
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The probl em of reducing the formation of oligoners

hi gher than dinmers to percentages |ower than 15%is,
woroniee7163 her hand, a problemtypical of the PCI/EP2006/010895

ol i gonerization of isobutene, as also indicated in

literature (C. T .O 'Connor, M. Kojima, K .W.

Shcumann, Appl .Catal ., 16 ,(1985) ,193 ). Thislevel
lejfehealy e oeriirowrdAs | 1 ghel yIRF §hepioher £han &hagnof an
al kyl ated product and is still tolerated in the

ajeslited psefuctrragid what sSitd ldpetpierateBova thergaseline
evidently great interest in obtaining a new

pebheri zati on process of isobutene which allows the
synthesis of a higher-quality prod uct, through
r eadivawy whatatss spéectfiedtalksveBytbareyiagevatenthdy great
sel ective dinerization reaction of isobutene in the

ipreasesicei nf obvdénahg quarev tdiesemfzaoxygenatedess of isobu-
products, the production of a fraction of oligoners is

tetd evhivRl plobwei etk sfmehes $spafft iec b bghetr euabity prod-
dinmers (>85% and practically free of tetraners and

udt gheirShdh aess18i 1 0gr&dter dBBeteBeitDBsProduct is
then preferably hydrogenated to give a conpletely

sat Uyt BpthProgkICEneM 81 8cPi 98 QEméangablBbereaR@ion of
| ow sensitivity. The hydrogenation can be carried out

1 98 SAOVENTE 003 - JBLAOE S, ASnE8E LA L BEGuahiBl t§%8MRIEE oxygen-
In F . Asinger, ™Monool efins:

ated products, the production of a fraction of oligomers is

selectively obtained, which 1is particular rich in dimers

(>85%) and practically free of tetramers and higher oli-

gomers (<0.5%).

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

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

For illustrative purposes, Table 1 indicates the oc-
tane number and relative boiling points of some of the

products obtained, by means of the process, object of the

present invention.
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Chem stry and Technol ogy”, Perganon Press, Oxford,
page 455. For illustrative purposes, Table 1 indicates
wWo b@7o87158ne nunber and rel ative boiling poi nt BCOEPRO6®10895

of the products obtained, by neans of the process,

obj ect of the present invention. TABLE 1 The process,

obj ect of the present invention, for the production of

hi gh- oct ane hydrocar bon c@ABdlinds by the sel ective

di meri zation of isobutene contained in a stream al so

C hydrocarbos, TS chiargeterjy zed nprimat:
1 the reag%'PS‘r‘Pti s carrief ouROM twg di s¥PRet sf epi;p--( )

+ [l + P IHEP N S | A o] 1 +- )
g LalarytrcurstrrrattT oS ustu as [STLUTNIU STy = UIIT

| Bhgobutaneps carried out (n th®Gresdnce 039 oxygenat’@§-105

meadiict o caol art Ad frarm Al lhranalhad AllaalhaAl al Aanal ~r A
rJT \WAV LY L vy pe ) SCT CUUCU T 1T UINT T o7 Aarfeiicu AaATTCUTTUI AT UTTC T Ul LA
alsbtosteshewi t h | i near al cohols HHd al Kyl et!R@rs, in sud@?

auantityv ac tn have inltha feading rn-tha caco nf
WMMIILI I-] AT L TITOUV O T 11 C 1T\ LA A =L L) LAY A48

4
[¢25

t Me-igobeteeese of a branched al tighol éione,BQa nol ar 175-185

LINNLELE " I B =7 b

ratio oxygen ated product/isobutene higher than!{Q. 005,

i HydrbgertAsetridbothiengy esepce ofpta br ganchedoal cohol i170a180
lend, a nolar ra tio oxygenated praduct/isobuténe

hi gher than 0.01. It should al so be pointed out that
i n tfige CB86cOEshY oBFjRear RAN tHid egABsShE0iHOBALESINNY for the

other olefins, it has

production of high-octane hydrocarbon compounds by the se-
lective dimerization of isobutene contained in a stream
also containing Cs hydrocarbons, is 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
products selected from a branched alcohol alone or in a
blend with linear alcohols and alkyl ethers, in such a
quantity as to have in the feeding, in the case of the
presence of a branched alcohol alone, a molar ratio oxygen-
ated product/isobutene higher than 0.005, in the case of
the presence of a branched alcohol in a blend, a molar ra-
tio oxygenated product/isobutene higher than 0.01.

It should also be pointed out that in the case of hy-
drocarbon streams also comprising other olefins, it has
been observed that at least a part of the latter can be

converted by reaction with isobutene into the hydrocarbon
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been observed that at |east a part of the latter can
be converted by reaction with i sobutene into the
woygarosasbonpr oduct wi thout altering the octaneCUaP206/010895
It is therefore preferable to effect an enriching
treatnment, by means of pre-isonerization, of the
internal |inear qQlefins, in order to favour t he
PEOERSE| YdEbaHE RdHEH TG R PFIQARF evaltfe Btoddéssherefore
claimed_herein can be applied to cuts mainly
PEBhREARRILAY U oBhf Rk, arsobr EeRing- fEEaMEent- buUp¥nBsans of
and saturated and ol ef inic C5 hydrocarbons . Although
prenigemericaryons edutdes iateragd ldmear erlafigsupig yorder
of these streanms, the nost common are those deriving
tor éﬁmehyélh@g@maraéﬁ; pcoeass aumgeri of- faeamifkitvwre from
FCC units, Steam Cracking or processes for the produc
ti onThé murEaesobuilerimesuicheasinhecalzhydy abppdied to cuts
tertbutyl alcohol (TBA) or the Cracking of MIBE and/ or
m&ETBEy tbeseisingabsobhutbee,f iewbazenegt meibutmriehe n-butenes
content of isobutene and |inear butenes, as shown in
afdbkatdratddbard2oBbathd csty eapdrbcanp&heam Cr acki ng
contain diolefins in addition to the desired nono-ol ef
i ns, aAlbeyudlist RE R ivanaéed bY mrans<y 4y¥ei edlailable for
renoval treatnent (for exanpie solvent extraction or
tgel gﬁbpyg BYdr-pgeRatldtiams  Sat e ahSst aB8mRbES et those de-
hydr ocar bons can be present in these streans, in

rYRLhQUSE AR U chyPrdgen®fP8n AORSEULIWs of iso-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 MTBE and/or ETBE;

these streams differ from each other in the content of iso-

butene and linear butenes, as shown in Table 2.

Table 2
Steam FCC Dehydrogenation Pure
Cracking isobutene
Isobutene 30-50 10-25 45-55 >90
n-butenes 35-60 25-50 1-2 <10
Saturated C, 4-10 30-60 45-55 <1

Should streams from Steam Cracking contain diolefins

in addition to the desired mono-olefins,

eliminated by means of typical removal treatment

they must be

(for exam-
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on the efficiency of the C4-C5 separation step. The C5
ol efi ns possibly present can be involved in
wolkevensmat i on reac tions . The stream sent to POEEP2006/010895
reaction steps can contain branched al cohols or a
bl end of al cohols and al kyl ethers, in addition to the
hydr ocar bon conponents . The |inear al cohols used
p¢ensalveat ne¥berchbioBaPbofede6id VEaRy A IRNGH1IP™o 6
and those preferred are nmethanol and/or ethanol . The
br angaedratedhend ieahes ifniem & thydrecarbems acens bendresent
those preferred are tert-butyl al cohol (TBA) and/or
inetheamybtatanhol ifTRAYiouFhemaiungls d0her ULk )carmdpending
sel ected fromthose con taining a nunber of carbon
oat bhe edfigchigntyomiS the XO-MIBEparethph tserefp-.buthd Cs; ole-
ether) , ETBE (ethyl tert-butyl ether) , NMSBE (nethyl
fsae- posylibey hpresenESBEn( Behihvedeechutiyl ddieari)zat ibAVEreac-
(methyl tert-anyl ether) , TAEE (ethyl tertanyl ether)
tobngl xtures thereof are preferred. |sobutene, together
Wi th the hydrocarbon streamin which it is contained,
is sené Wtidednhesexygenat athdr @@adetisn | Bteps can contain
stoichionetric defect, into contact with the acid

beahah¥§t aV88h815herdiamiicarl i On 48KksBoPtag8d EN&kyl ethers,
linear primary al cohol, possibly present, in addition

1h02h81 €185 1£HIHE L BylhbBcaRbBhY SblipoRkBRshel ps to limit
t he possible

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 tert-amyl alcohol (TAA).

The alkyl ether used can be selected from those con-
taining a number of carbon atoms ranging from 5 to 10: MTBE
(methyl tert-butyl ether), ETBE (ethyl tert-butyl ether),
MSBE (methyl sec-butyl ether), ESBE (ethyl sec-butyl
ether), TAME (methyl tert-amyl ether), TAEE (ethyl tert-
amyl ether) or mixtures thereof are preferred.

Isobutene, together with the hydrocarbon stream in
which it is contained, is sent with the oxygenated prod-
ucts, in stoichiometric defect, into contact with the acid
catalyst where the dimerization takes place. The linear

primary alcohol, possibly present, in addition to interact-
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cracki ng of the alkyl ether and can possibly react
with the diners and linear C4 ol efins, whereas the
woe@nobads al cohol (tertiary) does not react w POT/ERB06/010895
olefins due to its steric hindrance . In order to
obtain the dinerization product with the desired
selectivity to diners, it is essential to naintain a
ipgnstisit the efabflygygendtic® protRt §0i ntiHet r BRet irpssible
en vironment to formthe catalytic species with the
crackeny aftthetglhypd sthbil Bng. cThepopsilipdly r@asit ofith the
oxygenat ed products present in the reaction
démgirsoanmEnfl inearoli.aiol efalrect iwhdéresss t bhdi bepsichlegsealcohol
to 85% by wei ght, depends on the conposition of the
(bydt baay pordadmr et Theabtghetth heehsd ebilefdost edtiei nto  its
the charge, the | ower the anpbunt of oxygenated
spepldChsndpabecsused. A wide variety of acid catal ysts
can be used for this process, but those preferred are

st yreneogh¥irnto hewzeie pRbYMmes izedith hewbddct with the
sul phoni c groups as catalytic cen tres . A large range

a8fipper abiyereondist itenRierRirPe Usedst 8sPEALUEE to maintain
hi gh- oct ane hydrocarbons fromisobutene in the de

aSEERILSRE Ll ¥t t b8SoxyhtnhEeROpEbALE LD 19PRR! & ddbtion en-

vapour or |iquid-vapour phase, but operating
vEPOFhELLNE ol NEd-fIULHe 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 85% by weight, depends on
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
polymeric resins having sulphonic groups as catalytic cen-
tres.

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

The pressure is preferably higher than the atmospheric

10
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phase are preferred. The pressure is preferably higher
than the atnosphericvalue, in order to maintain the
woe@gentis3in |iquid phase, generally bel ow 5 MRET/ERINO&010895
preferably between 0.2 - 2.5 MPa. The reaction
tenperature preferably ranges from30 to 120 0C . The
feedi ng space velocities of the oxygenatedhydrocarbon
valugamidr eosiRY eFabMpingadn ttHen Bergents #prdiquid phase,
preferably ranging from1 and 15 h 1 . Isobutene is
geniery} lyohedravedSi MPehe neizet boafeyablyhdwdwmgen 0.2 - 2.5
portions of the other paraffins which are present can
M®eso The comacdritaed tempeeitirer pdeferabhyprangepl €rom 30 to
there are no limts to the concentration of iso-olefin
1penw°cChe hydrocarbon fraction, even if concentrations
ranging from2 to 60% are preferred; in case of
streane hdeeddng higpgadesobudboeicoesenbrat ithie oxygenated-
(dehydration or cracking) it is therefore conveni ent

hiardchubent e et 0gryi hre@érG@h1RY Thwear Baas. 3Mere’, more
are no limts, on the contrary, for the ratio between

pre@b¥hBNg @aﬁghhgegﬁ:oﬁl af bpg 1Bhe-process, object of
the present invention, can be effected batchwi se or in

cont i gyBYSenbeard nﬂahﬂlﬁﬁ nebrveves thateddierbakk8bd Szone,

much nore advantageous in indus trial practice .
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 C4-C; hy-
drocarbons. There are no limits, on the contrary, for the
ratio between isobutene and linear olefins.

The process, object of the present invention, 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 nore fixed bed reactors) and a
W@ e@ans71st ep consisting of a catal ytic distillBCT/8P2006/010895

whi ch avoids the use of a reactor and a distillation

colum, as in aconventional plant. The presence of C5

hydr ocarbons in the feed, however, conplicates the
cpnveatsosehepantas t hese conpounds have intermediate

boi Il i ng tenperatures between C4 and oxygenat ed

pr odlbe sprasenthepfalGo Mysinacardwnopie whet fieed  wihdwever,

the branched al cohols as shown in Table 3, which
comgiliatesst heboptroogs poisttemes t has nidtese compounds have

representative | owboiling components present in the
isteenadidadl boldlThg EBmpeadiicire scetoledrhal,ebmbe dyxeygenated

renmoved fromtheplant together with the C4 products,
pasdtbey, watiid gy ca Tisis e fFoxyngenadcad-quiatduei st (beanetiath the

al cohols) into the stream which are difficult to
breABMEed by 1 88R8EsO0kst Redwrd i tTaBE  pchhligHes n@seGites the

for renoving nmethanol (water washing) and which are
b@@ﬁﬁ?ogéiﬁ@é bire tHehsRmEeNtebr83EABAL 1 PEOLIBHSBD1Afing com-

the streans (pol ynerization, alkylation and
pHﬁéﬁEEe;gfé%entThﬁ_ £ReP5ePUEHS. On the other hand,

cannot be nmain tained in the oxygenated stream as they

woul d rapidly accunul ate. Wglh,yespect to the schenes

shown in literature (US

Compound Boiling point, °C
C4/Methanol azeotropic product -5

C4 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 39
cyclopentane 49
MTBE 55
Methanol 65
Dimers/TBA azeotropic product 78
TBA 82
Dimers 100 - 105

The Cs products cannot therefore be removed from the
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6,011,191), it is therefore necessary to introduce a
C5/ branched al cohol azeotropic separation step, which
weam7hbe7isnserted in several positions of the pPamEP2006/010895
relation to the C5 content in the charge and al so the
rel ati ve concentration of the C5 products present.
When t he oxygenated product is a branched al coho
pdlate tadet herocesth | shei F.pamadndtar, 3% etbegbmpuld intro-
effected with a nolar ratio of oxygenated
duceduckligsobtedne piroderc tishan( ixagichieldr ogglratitels)  into  the
follow ng essential steps: a ) feeding the C -C5
sloyreame amiig e he atrec @hit i inuit | sobuéeoeet byt heahisr stf the tra-
reaction step (consisting of one or nore reactors) ,
diiadenhér techhiqnesousedr € ost rrearsr iconmettiangl (water wash-
oxygenat ed products; b ) using a catalytic
idig$t iddsatwioit e oh HaN pas seeeud feACthen ssibeRqusier etfeatment
t he i sobutene conversion is conpleted, in addition to

pirBeesepar af orhef dheed®a JPHISMEradGi®r, Calkylation and
recovering the C5 hydrocarbon/branched al coho

maZg8eheapks . product, in one or nore fractionation
colums, also catalytic, as head stream side cut or

bot t ok Sid, elodhor d £CYA! ItHe LHEnSET BAMLC ONL &b A9 He'main-

oxygenatea products and possi bly the reintegrated
tgéﬁganﬁheghergﬁgggﬁatga stream as they would rapidly accu-

mulate. With respect to the schemes shown in literature (US

6,011,191), it 1is therefore necessary to introduce a

Cs/branched alcohol azeotropic separation step, which can

be inserted in several positions of the plant, in relation

to the Cs content in the charge and also the relative con-
centration of the Cs products present.

When the oxygenated product is a branched alcohol
alone, the process is, in particular, preferably effected
with a molar ratio of oxygenated product/isobutene lower
than 0.6, 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
oxygenated products;

b) wusing a catalytic distillation column as second reac-

tion step, wherein the isobutene conversion is com-
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the two reaction steps,- e ) possibly recycling part

of the C4 products to the first reaction step, in
woraeensties maxi m ze the i sobutene con version. BOEEP2W06010895

reacti on step can consist of one or nore fixed bed,

tubul ar and/or adi abatic reactors . The separation of

the C5/branched al cohol azeotropic product of step (c)

i s ptetedablin effdskittdPrst &1t i hgef roapdrahdeon: af) e . rea-

oxygenat ed products - reaction product, wherein the C5

hydgenas bpneduckesr ecovered as azeotropi ¢ conpound with

t he branched al cohol, as head effluent, using a schene
chaseecoveniegorthew dsr doydoreatioon Cotameised m)caol azeo-

C5 - oxygenated products - reaction product, wherein

t het 85phy dpoodukans iar eonecovermpareasfaaebionptdéon columns,

conpound wth the branched al cohol as sidecut of a

catalydi cadisgltydiat | as chéadn dtomamhosd deeadutheof bottom

products are recovered and at the bottom a bl end

congateamig the oxygenated products and the reaction

product; ¢ ) C4 - C5 - oxygenated products, wherein

dj her&sybydhi® €nEbspscanechaeaianad aheazrfige@Rited products

compound w th

and possibly the reintegrated oxygenated products, to

the two reaction steps;

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

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

The separation of the Cs/branched alcohol azeotropic
product of step (c¢) 1is preferably effected starting from
blends:

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

b) Cs -~ Cs - 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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the branched al cohol as the bottomeffluent of a
fractionati on colum from whose head the C4 products

wae®7/sneyer ed. Wien the oxygenated product i SPEI/EP2006/010895

branched al cohol in a mxture with |inear al cohols and

al kyl ethers, the process is preferably effected, in
particular, with a nolar ratio of oxygenated product/

i sobut et | ofied tFRER Y Tic bigEdAd a6L OPhece BT BWERGM Whose
essential steps: a ) feeding the C4-C5 hydrocarbon cut

cont ai Aiegag iSwb e prodactise arier FlecoFgasomnst g the bottom
(consisting of one or nore reactors) , together with

one or aywrkendr eantatohangi thenpxpgaraa@dpprdugEss and the
(l'inear and branched al cohols, ethers and water) ; b))
usi ng aexattalort ipradiwttil | ati on col unmm as second reac

tion step, wherein the isobutene conversion is com

plet ed,c,i A @addi-t baggeaatkee papaiuattison wifertdien riglee Cs hydro-
gents/products; c ) separating the C4/linear al coho

azeot r erbgIndaet atpassed| ysChapathmiic f coampbad with
remai ni ng oxygenat edconpounds and from the hydrocarbon

productshd NbpaRcREAMRIE:SHST | hbattien Botushs,eBiBfent of a
catalytic; d ) recovering the linear alcohol fromthe

azeot r e RAHGlon ddl dhte o RSB dseadyt HBaAS ®foducts
conventi onal
are recovered.

When the oxygenated product is a branched alcohol 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,-Cs hydrocarbon cut containing isobutene
to the first 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;

c) separating the Cs;/linear alcohol azeotropic product

and possibly C, products from the remaining oxygenated
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processes such as water washing or adsorption on

inorganic solids ; e ) recovering the C5/branched
W@bl@slsi1ishzeot ropi ¢ product, in one or nore  PCT/EP2006/010895

fractionation colums, also catalytic, as head stream

side cut or bottomstream f ) recycling the stream

contai ni ng the oxygenated prod _ucts (branched al caoho

and EPREPINERd aaégsﬂraw e REdrpcREPateRTOFGENatiEd O OF

products and recovered |inear alcohol, to the two

reachiPsR 8E£6p3.11gtEoposolmns, e@IEIA KR GFAMEISH the C4

products to the first reaction step, in order to

meXi regeveléngsobheendineaverslephoThef Fonsttheac@sentropic

step can consist of one or nore adiabatic reactors,

suchpaeducadiwitmalthebofl i egmpoiunts , exbpamdedshedf conven-

reactors . The separation of the C5/branched al coho

azeotiopat prnuthestser stebp @e) wataur efashbhy eff exdsorption

starting fromblends of : a ) C5 - oxygenated products

(et hensiabdghndreckedidlsco hols) - reaction product,

wherein the C5 hydrocarbons are recovered as an

azeotreepiereagpated Cuybahbibbiaatketod! et ras digatbduct,

ef fl uent, using a schene based on one (recovery of the

remaifi BReOtdaRstLdf ractionation columns, also catalytic,

as head stream, side cut or bottom stream;

f) recycling the stream containing the oxygenated prod-
ucts (branched alcohol and ether) and possibly the re-
integrated oxygenated products and recovered linear
alcohol, to the two reaction steps;

g) possibly recycling part of the C; 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) Cs - oxygenated products (ethers and branched alco-
hols) - reaction product, wherein the Cs hydrocarbons

are recovered as an azeotropic compound with the

16



10

15

20

25

products as side cut) or two fractionation columms; b
) C5 - oxygenated products (ethers and branched

w@bk@olhsiiss - dinmers, in which the C5 hydrocar boPGT/BPE06/010895

recovered as azeotropic product with the branched

al cohol as head effluent of a fractionation colum; c

) C4-C5 - oxygenated products (ethers and |inear and

br anch&angheshd kjohok eadsi diedft oahEL UCBLf | UeFnY r m gcheme
reaction step, wherein the C5 hydrocarbons are recov

ered B8saf ®EoPREpI FeMpRINdOW tthe hseppraRéRad @rygenated
hol as side cut of a fractionation colum from whose

head phmedaztki asasidecohd!) azedwoofireoficnhadtiandpoynns ;
sibly the C4 products are recovered, whereas a m xture

cadmt & ni ngxydenakggdepabducpsodetcherandncheragathedmnmlcohols
product is recovered at the bottom d ) C4-C5 -
oxygenatiec iy, 0dimt whikhnesgdie a0gd bhyancbedbahso ah@ syecovered
wherein the C5 hydrocarbons are recovered as an

azeokhkom LesOBPEind prddudthewhtanctiesl dreofdledsalcohol as
bottorn effluent of a fractionation colum from whose

headhthe €4fhieaar ol eolfalactzentatapinc qylaguct and
possi bly C4 products are recovered. For the two

ProCesSEs Con@ﬂ@éﬁﬂtéaeg&iﬁ@{t@ @asrspaeid | @dnear and

above (a-e and a-g) the products are present
branched alcohols) - reaction product, effluent from a
reaction step, wherein the Cs; hydrocarbons are recov-
ered as an azeotropic compound with the branched alco-
hol as side cut of a fractionation column from whose
head the C,/linear alcohol azeotropic product and pos-
sibly the C; products are recovered, whereas a mixture
containing the oxygenated products and the reaction
product is recovered at the bottom;

d) C4-Cs - oxygenated products (linear and branched alco-
hols) wherein the Cs hydrocarbons are recovered as an
azeotropic compound with the branched alcohol as bot-
tom effluent of a fractionation column from whose head
the C,/linear alcohol azeotropic product and possibly

C, products are recovered.

For the two processes comprising the essential steps

specified above (a-e and a-g) the Cs products are present

in the streams prevalently containing C; products in a
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in the streans prevalently containing C4 products in

aquantity preferably ranging fromO0.5 to 10% by
wowrigls71sBeven process schenmes are shown in fi BOT/&B2006/010895

1-7, in order to clearly illustrate the present

invention. Figure 1 shows a process scheme wth

catal ytic distillation, when C5 products are not

aypeséhy PReLREORNr gangias e Bk Pgéned % SBuMeiFhts
branched al cohol (TBA) . The stream (1) containing

i SHHlATEMELOGRt HelRenE $ harfesheWnt dgr dliddefeddi’ng 81 order
TA (or possibly water) (2) and the recycled stream of
toxydenaiizdiplogtoase( he pressamt inyentfiianst reaction

step (R') , which can consist of one or nore fixed bed

r eticgwres, 1 i shows cd phec€dsi sohehef iwi tihs cedlady ttivedistilla-
converted to diners . The effluent (4) fromthe first
tieact iwtrerst@p, predsens borea matt apbyesendi sivi | thei @harge and
(CA) in which the isobutene conversion is conpleted. A

thikr eafgehpteds erbidaklty igort diranaigda leyudicdc afIBRYS. | S
renmoved fromthe head of this col um, whereas a

stTeans{ fealss@Nt | @bhiaLRDhGI Aisdputhed,eatodéOher with the
product and the oxygenated conpounds, is collected at

rtefiﬁt%&he%nmbéd&hgz@m @@ (or PIHsilIA dabidiher (2) and the

separati on colum ) V\hereln a stream (8) is

re@ Eggﬁegﬁyééﬂmoﬁe@de@ﬂ&ﬂé@'%f&h&é@%d|§?rshﬁgAsent to a
azéotropic product which is recycled

first reaction step (R1l), which can consist of one or more
fixed bed reactors, in which the C, iso-olefin is selec-
tively converted to dimers.

The effluent (4) from the first reaction step, is sent
to a catalytic distillation (Cl) in which the isobutene
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 bottom.

This stream (6) is sent to a further separation column
(C2) wherein a stream (8) 1is collected at the head, con-
taining the dimers/TBA azeotropic product which is recycled
to the two reaction steps (streams 9 and 10), whereas the

reaction product (7) essentially consisting of dimers and

trimers, is collected from the bottom.
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to the two reaction steps (streans 9 and 10) , whereas

the reaction product (7) essentially consisting of
walzomns7iand triners, is collected fromthe botPOIEFINE6/010895

i ntroduction of catalytic distillation allows a con

siderable sinplification of the plant schenme, which is

in stead based on two reaction steps (fixed bed

r e orirati- tinecof ragtadrbi Fodi66MhdARs 108s adA@KE i con-

figure 2 . Whaen C5 hydrocarbons are present in the
séhergbledisfimplddti cpitaon cohfthrpiratanohssehanpe wbd@gh gis in-

recover the C5/ TBA azeotropic product, depending on
stkadgbaseidt proftwch mrack ion sspepsetfiand bied reqetaxs) and

purity of the streans . Figure 3 shows a possible
threeessasthenatubnchodufmher, s afsr emcwmati roff ifguger € .1 due

to the fact that the C5/ TBA azeo tropic product (11)

| sWWHeat @tehgdrbrarbbhe heead pofesteme cal tmn dB2rgehi chi fferent

can possibly be joined to the reaction prod uct,

pMaateason gt €8on € 0rdai nbey tibedoxygenaicd g oduet SC;/TBA
to be recycled (TBA/ di mers azeotropic product) is

akeseyegitr PRIRRCOl ddPehding Sndecielt gh8htit¥hef s prod-
process schenme is nore conplex when a nore efficient

uSeRapabeAL OhnhihenbWe 604 TBA e ity RIS/t HRA AZRRIKHPI C

products is to be effected, asS a néw fractionati on

T B TRESTRLS HRS e e M ch putters

\ e colum C2
f£§% Eﬁaﬁegk %Qgﬂre 1 due to the fact that the Cs/TBA azeo-
tropic product (11) is recovered from the head of the col-
umn C2, which can possibly be joined to the reaction prod-
uct, whereas the stream containing the oxygenated products
to be recycled (TBA/dimers azeotropic product) is removed
from the column C2 as side cut (8).

The process scheme is more complex when a more efficient
separation of the two Cs/TBA and dimers/TBA azeotropic
products is to be effected, as a new fractionation column
(C3) must be inserted, as shown in figure 4. In this new
scheme, the head stream of the column C2 (8) is sent to a
new column {(C3) wherein the Cs/TBA azeotropic product (11)
is separated at the head and the dimers/TBA azeotropic
product (12) which is recycled to the two reaction steps

(streams 9 and 10), is separated at the bottom.

Alternatively, the Cs/TBA azeotropic product can be re-

19



10

15

20

25

new colum (C3) wherein the C5/ TBA azeotropi c product
(11) is separated at the head and the diners/ TBA
w@2@asTps ¢ product (12) which is recycled to POFEP06/010895
reaction steps (streanms 9 and 10) , is separated at
the bottom Alternatively, the C5/ TBA azeotropic
product can be recovered as side cut %11% in the )
cOFEERA BEactifie CFUuttilgdl e 13 \the jCplpPRereghtrgn 1 (figure
shown in figure 6 , consists in sending this
5ézeotropi c product to the head stream of the catalytic
distillation colum together with the C4 products and .
i P UBLRgher nelRE £l unBhPeB) ino figEEeed /t KONSH/SHSA 10 sending
azeotropi c product at the bottom (11) and C4 products
thii st Rgepsagpi 2 produicute thshdend Posamiaf friwesatalytic
schenme when a m xture of oxygenated products,
dgendildeicngnofcal kyh &phetheNMTBE)th | thearCalpobdicts and in
(Met hanol ) and branched al cohol (TBA) , is used. In
ushing caseewt lelstmeahtf)l) tocontecovey thebd-¢ABA azeotropic
together with the reintegration feeding of nethanol
papdutBA {1or that ebpt {3 afid )t handecycl ptdodticeanmtnf the head
oxygenat ed products (MIBE and TBA) (9) and net hanol
(€k4)., is sent to the first reaction step (R) , which
can consist of one or nore reactors, in which the ¢4

| sorqlef in 5Bof8l actdos b1 npyYeEs s E6hdinBEken a mixture

of oxygenated products, consisting of alkyl ether (MTBE),
linear alcohol (Methanol) and branched alcohol (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 recycled streams of oxygenated prod-
ucts (MTBE and TBA) (9) and methanol (14), is sent to the
first reaction step (R1l), which can consist of one or more
reactors, 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 recycled
streams of oxygenated products (10) and methanol (13). A
stream (5) is collected from the head of this column, es-
sentially containing C; hydrocarbons and methanol, which is

fed to a unit for the recovery of the alcohol (MR) which
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The effluent (4) fromthe first reaction step is sent
to catalytic distillation (C) , which represents the
wa@eagnarisgacti on step, together, possibly, w tPCT/EB2006/010895
recycl ed streans of oxygenated products (10) and
nmet hanol (13) . A stream (5) is collected fromthe
head of this ¢colum, es sentjially containing C4
RO s £nE Qi B FATUPTEPR SRPEefoPn mo-
the _recovery of the al cohol (I\@‘?rMi chfan consi st, .for
Lechipie, SiffVefh ok ofptiadf sy @ mh Rl FBRul &R 31 scases,
or a water washing colum. In both cases, the al coho
I eAcqvgrast bt B2 KkPE0SERE PREKr éoadth®onfwe re-
steps (streans 13 and 14) , whereas the hydrocarbon
agitieam tERS chptpransed3i mslbsthuenhespafatthendtydFrecarbon
bottom stream (6) of the colum O is sent to a fur
stthrerams dpar) atciaen beolugad (108 )sulsadianta aRaXedih qI%)
contain ing the C5/ branched al cohol azeotropic product
i sSTho|bected stredre hehdpfatber eednd) Cdssentsiexit yco a fur-
containing MIBE, TBA and diners, as side cut, which is
tiheey degairta itdre dodumreatCl ) owhsteps astetemam Aldd doptain-
, Whereas the reaction product (7) , essentially
iggnshet igbeandheadr al cbhiole ks eatdognal [propdantt tiescoilected
oligoners is recovered fromthe bottom CLAI M5 1
altr agrs hd@t, thestprashictBpneskehitghlagt ams thdiieeanNIBE, TBA
conmpounds by the selective dinerization of isobutene
a®dn didkered bR @islkr eam algl ORI IE to the two reac-
hydr ocar bons, characteri zed

tion steps (streams 9 and 10), whereas the reaction product

(7), essentially consisting of dimers, trimers and small

quantities of oligomers is recovered from the bottom.
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in that: - the reaction is carried out in two distinct
steps, - a catalytic distillation is used as second

wa@p/057153 he reaction is carried out in the prPCEEE®I©OH10895

oxygenat ed products selected froma branched al coho
alone or in a blend with |linear al cohols and al kyl
ethers, in such a quantity as_t N%fve in the feeding,
in the case of the presence 6F£% anched al coho

al one, a nolar ratio of oxy genated pr ductllso
Ihi ghBFOFRER ¢9305:0S PFHREHEEN oPE 3? drocarbon

branched al cohol in_a blend, a nDIar ratlo of

CORPGERSEe PYpr bk c FRLESEHVEN S MSGHa tiRgh of pisoputeng con-
process according to claim1 , wherein the first

tpdaed dn ot & Heac ALY F I NIRG rEadiBP RSBt R Tac-

ranging from30 to 120 0C, at a pressure |ower than 5
tpPazgdd ihesbhitg space velocities lower than 30 h 1 . 3

. The process according to claim2 , wherein the

-f ¢bei mgaspaor vel ceirtriiesl cargenf tom Bitse Tk th sktepsy, .

The process according to claim1l , wherein the
-brarahedyalcoldlsthad az immtier uske d arsb @e catrohs tregngi ng
from4 to 7 . 5. The process according to claim4 ,
-Whaeereatcheohr dschadrdlecolalt iis seeqtreddrrammof oxygenated
tert-butyl alcohol or tert-anylalcohol . 6 . The

pRoatess asCHEtial) Feofl ad Nbtanchieer edlcoWdEr all®ne or in a
blend with 1linear alcohols and alkyl ethers, in such a
quantity as to have in the feeding, in the case of the
presence of a branched alcohol alone, a molar ratio of oxy-
genated product/isobutene higher than 0.005, in the case of
the presence of a branched alcohol in a blend, a molar ra-
tio of oxygenated product/isobutene higher than 0.01.

2. The process according to claim 1, wherein the first
reaction step is carried out at a reaction 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™*.

4. The process according to claim 1, wherein the branched
alcohol has a number of carbon atoms ranging from 4 to 7.

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

alcohol is selected from tert-butyl alcohol or tert-amyl
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fed, which is capable of form ng the branched al coho
byreacting with the tertiary olefin under the reaction
wa@oeodiosilens . 7 . The process accordi ng to cl ap@1/EP2006/010895
wherein the |inear alcohol has a nunber of carbon
atonms ranging from1l to 6 . 8 . The process accordi ng
toclaim7 , wherein the linear alcohol is selected
aflegiedet hanol and/ or ethanol . 9 . The process
according to claim1 , wherein the al kyl ether has a
énunmb&heofpreadih acerrdiaggi by foleims o Mhereim Wager is
process according to claim9 , wherein the al kyl ether
fied, setleictiedi$ r capRIPBE, &TBEprivEBE, tHESBE rawtEed TAEREGhol by
m xtures thereof . 11. The process according to claim
réactihgr einhother t€4tdadyColalfem nmdersdhpossddtyion condi-
present in the charge react to form hi gh-octane
tppagucts. 12. The process according to claim1l
wherein the oxygen ated product is the branched

7al cotrak ProresscHGEISANGgt B fQlaliaming wReesihalthe linear
steps: a ) feeding the C4-C5 hydrocarbon cut

aCeBhailnhAg bSabibereofo chR®dh EXomsedeinNg@mSifdbm 1 to 6.
(consisting of one or nore reactors) , together with

goNe 9he MY RldcLHP- UM Ay NtbN@ 185 IeNnat RHe PEQHUGHS linear

alcohol is selected from methanol and/or ethanol.

9. The process according to claim 1, wherein the alkyl

ether has a number of carbon atoms ranging from 5 to 10.

10. The process according to claim 9, wherein the alkyl

ether is selected from MTBE, ETBE, MSBE, ESBE, TAME, TAEE

or mixtures thereof.

11. The process according to claim 1, wherein other C, and

Cs olefins also possibly present in the charge react to

form high—oétane products.

12. The process according to claim 1, wherein the oxygen-

ated product is the branched alcohol alone, comprising 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 contain-
ing oxygenated products;

b) using a catalytic distillation column as second reac-
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b ) using a catalytic distillation colum as second
reacti on step, wherein the isobutene conversion is com

w@b@resiisin addition to the separation of the PEREP2006/010895

gents/products ; ¢ ) recovering the C5

hydr ocar bon/ branched al cohol azeotropic product, in

one or nore fractionation colums, also catalytjc, as

head tdPeadteRi d¥heFe iy BRR t dFPENEERRM QP?V?%%&%?iﬁj com=
the stream containing the oxygenated prod ucts and
possibBiefeche iBi mAdiai@d &9 gbRat R R, 9o the Tea-
two reaction steps,- e ) possibly recycling part of

t he @eptedpersiucsstihe first reaction step, in order to
maxi m ze the isobu tene conversion. 13. The process

accbhngicnyerdng athe 1Ls whsinsiaanbomn/Sepaciiscdnasrohpd azeo-

C5/ branched al cohol azeotropic product can be effected

st ar trirog ifer gudduends of : ome . o5 morex g@raticthairisriuctslumns,

- reaction product, wherein the C5 hydrocarbons are

recowdsed astahyerept raapi headmsgimeasth W shdehecur aweheldot tom

al cohol, as head effluent, using a schene based on one

or twerkmagti onation colums; b . C4 - C5 - oxygenated

products - reaction product, wherein the C5

hydly e@a#RANSIAlEnd €60YERRI hti riZRP the oxygenated prod-
ucts and possibly the reintegrated oxygenated prod-
ucts, to the two reaction steps;

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

13. The process according to claim 12, wherein the separa-

tion of the Cs/branched alcohol azeotropic product can be

effected starting from blends of:

a. Cs - oxygenated products - reaction product, wherein
the Cs; hydrocarbons are recovered as an azeotropic com-

pound with the branched alcohol, as head effluent, us-

ing a scheme based on one or two fractionation columns;

b. C - Cs - oxygenated products - reaction product,

wherein the Cs; hydrocarbons are recovered as an azeo-
tropic compound with the branched alcohol as side cut
of a catalytic distillation column from whose head C,

products are recovered and from the bottom a blend con-
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tropi c compound wth the branched al cohol as side cut

of a catalytic distillation colum fromwhose head 4
w@er@dostis3 are recovered and fromthe bottom a PCERE2006/010895

cont ai ni ng the oxygenat ed products and the reaction

prod uct; ¢ ) C4 - C5 - oxygenated products, wherein

the C5 hydrocar bons are recovered as an azeotropic

conp&dHd NG tthe HEYFeRRIRY BFedHsrs 88dp&tomSSGY R¥htProd-
of a fractionation columm from whose head the C4

prod&&tis are recovered. 14. The process according to

claim 12, wherein the first reaction step consists of

Cdne & nofe fiRePYeRRted UBTPARChAd/ YRerd+BbRRe cCs hydrocar-
reactors . 15. The process according to claim 12,

whebens tare noeepveredoast agky@rerieepic compound with the
product/i sobutene is lower than 0.6. 16. The process
accbrdinegedo adlcahmll aswimtdion tdfef lngrgerotad protiienation
is the branched al cohol in a blend with |inear

al cabdusnafidoal khoset ers] tdemili produthe hokl oeicogered.
essential steps: a ) feeding the C4-C5 hydrocarbon cut

laont ghei nrdcaxt&aeot@ihge tbi rdtaimear? j owhstrepn the first
(consisting of one or nore reactors) , together with

rede tdbn"H st £6A8EsEBNIcH NohdJo@X gt Edxpaodée,S tubular
(l'i near and branched al cohols, ethers and water) ;

and/or adiabatic reactors.

15. The process according to claim 12, wherein the molar
ratio of oxygenated product/isobutene is lower than 0.6.

16. The process according to élaim 1, wherein the oxygen-
ated product is the branched alcohol in a blend with linear
alcohols and alkyl ethers, comprising the following essen-
tial steps:

a) feeding the C4-Cs hydrocarbon cut containing isobutene
to the first 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;

c) separating the C, products and C,/linear alcohol azeo-
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b ) using a catalytic distillation colum as second

reac tion step, wherein the isobutene conversion is
wa@om7based in addition to the separation of tPEI/ER206/010895

gents/products ; ¢ ) separating the C4 products and

CA/'l i near al cohol azeotropic product fromthe C5

hydr ocarbons, fromthe re nalnln ted c oun

and fEEORLChE IR 2 HIh b‘f‘%d&et g 8Psmo gp e re-
di stillation colums, also catal t|c recoveri

the MPi@dndalCIRANFTSSh ‘f‘l’ﬂép%‘i%%% r8Bfic fﬁPB‘dlfae qu‘-ftgocarbon

the C4 conpounds, by neans of conven tional processes
suchPaedhgter WAsKHTfY BF JUREE? pistiddatiGyafpéumns, also
solids; e ) recovering the C5/branched al coho
azeopﬁ@ﬁﬂdtpﬁoduct in one or nore fractionation
columms, also catalytic, as head stream side cut or
5 bodt eecsvezamg fther deyndamgaiisoholr ekmemont &hai g edpleropic
oxygenat ed prod ucts (branched al cohol and ether) and
possipoguciie weth nttégr aCed compgemstsed py odertrss apd ttenven-
I i near al cohol recovered, to the two reaction steps; ¢
) posdiohiay reeyrdsgrgs pauthokst heat@lr prvadbihg toor ta@dsorption
first reaction step, on order to maxim ze the
i sobdheAgotganaksiselids;
e) recovering the Cs/branched alcohol azeotropic product,
10 in one or more fractionation columns, also catalytic,
as head stream, éide cut or bottom stream;

f) recycling the stream containing the oxygenated prod-
ucts (branched alcohol and ether) and possibly the re-
integrated oxygenated products and the linear alcohol

15 recovered, to the two reaction steps;

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

17. The process according to claim 16, wherein the separa-
20 tion of the Cs/branched alcohol azeotropic product can be
effected starting from blends of:

a) Cs - oxygenated products (ethers and branched alco-
hols) - reaction product, wherein the C; hydrocarbons

are recovered as an azeotropic compound with the

25 branched alcohol, as head effluent, using a scheme
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17. The process according to claim 16, wherein the
separation of the C5/branched al cohol azeotropic

w@e@dostiszan be effected starting from bl ends BET/EB2006/010895

C5 - oxygenated products (ethers and branched al co

hol s) - reaction product, wherein the C5 hydrocarbons

are recovered as an,azeotropic con?Pund with, the

br anbREEIa| BhANE adTREQUSEYT | Yenftleyst HP2ARing oxygenated
schenebased on one (recovery of the remainin

oxy g PERCBE LS B8§usieeasysi) 4@ e P &FQRH}QQ%££%4NEQ%QﬁPS7
colums; b ) C5 - oxygenated products (ethers and

brieh€hed aPEYIPRREGd- RHOMIGES | hehReER @ dBranched alco-
hydrocarbons are recovered as an azeotropi c product

wi t hhplanchedlimenhol 18s whdgd efi¢ uent hpfirgcarbons are re-
fractionation colum; c¢c ) C4-C5 - oxygenated products

(et hepyezrd Risnear agedthomichaey calusdhalidh branghedralcohol
product, effluent froma reaction step, wherein the C5

hydr esahkeds edifé ueatowdr ed fas can capddiorogiccl wehpound

with the branched alco hol as side cut of a

f rac C, e0at Fonoxpyemat 4 orpydiset fealck theer sCAAnidnedinear and
al cohol azeotropic product and pos sibly the C4

pr oduehsiched aeconened, -WresrAas oh mprdduct cativemy from a
t he oxygenated products and the reaction product is

recoveredish tdtedotdwure th ) E4e Co, - hodyeeaabets are recov-

products (linear and branched al co
ered as an azeotropic compound with the branched alco-
hol as side cut of a fractionation column from'whose
head the C,/linear alcohol azeotropic product and pos-
sibly the C, products are recovered, whereas a mixture
containing the oxygenated products and the reaction
product is recovered at the bottom;

d) C,-Cs - oxygenated products (linear and branched alco-
hols) wherein the Cs hydrocarbons are récovered as an
azeotropic compound with the branched alcohol as bot-
tom effluent of a fractionation column from whose head
the azeotropic product C,/linear alcohol and possibly
Cy products are recovered.

18. The process according to claim 16, wherein the first
reaction step consists of one or more adiabatic reactors

such as traditional, boiling point, expanded bed reactors.

19. The process according to claim 16, wherein the molar
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hol s) wherein the C5 hydrocarbons are recovered as an
azeotropi c conpound with the branched al cohol as bot

wo om7esfissient of a fractionati on col um from whoOBEEPIwe0h0895

the azeotropic product C4/linear al cohol and possibly

C4 products are recovered. 18. The process according

to claim 16, wherein_the first reaction step consists

TG 36h ©XHTFRHE B ARG T IRUEARE skt e rieAR | Onhl
boi li ng point, expanded bed reactors. 19. The process
ZecoffienPir et araerdingr &on alsd ol 4r e4t 1§, wherein the
oxygenat ed product/isobutene is |lower than 0.7. 20.
C‘Eﬁérﬁﬂébéés HerBrall ngzeotebaiim Irefudp, ighariredt Wwéth the
C5/ branched al cohol azeotropic product is mxed with

neRe trigac tiredysitoduct . 21. The process according to

claim1 , wherein, in the case of concentrated
Zlsobfhenpraesansmcadreligtmantge dlaith |ut etherwein C4iilC7the case
hydr ocar bons.

of concentrated isobutene streams, the charge is diluted

with C4-C; hydrocarbons.
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