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W02007/057151PCT/EP2006/010893 5 PROCESS FOR THE
SEPARATION OF C5 HYDROCARBONS PRESENT IN STREAMS

WREYAENTLY CONTAINING C4 PRODUCTS USED FOR %%0%%010893
PRODUCTION OF HIGH-OCTANE HYDROCARBON COMP

THE SE- 10 LECTIVE DIMERIZATION OF ISOBUTENE  The present
invention relates to a process for the separation of C5 hydrocarbons
present in the C4 charges used for the production of high-octane
hydrocarbon compounds by the selective dimerization reaction of
isobutene 15 and to a lesser extent of possible linear olefins, in the
presence of linear and branched alcohols and alkyl ethers, which favour
the production of higher selectivities on the part of the catalyst. The
mixture obtained can then be hydrogenated with conventional methods to
obtain a product 20 with further enhanced 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- 25 ing this objective are listed below (D. Sanfilippo,

PrOOE\Y OO 7 /057 L HRGEREPZMP6/020893 eiteihdAMaohiondkesENT N
Chim.& Ind., 76, (1994), 32):

STREAMS PREVALENTLY CONTAINING C, PRODUCTS USED FOR THE
PRODUCTION OF HIGH-OCTANE HYDROCARBON COMPOUNDS BY THE SE-
LECTIVE DIMERIZATION OF ISOBUTENE

The present inventicon relates to a process for the
separation o'f Cs hydrocarbons. present in the C; charges
used for the production of high-octane hydrocarbon com-
pounds by the selective dimerization reaction of isobutene
and to a lesser caxtent_ of possible linear olefins, in the
bresence of linear and branched alcohols and alkyl ethers,
which favour the production of higher selectivities on the
part of the catalyst. The mixture obtained can then be hy-
drogenated with conventional methodé to obtain a product
with further enhanced octane characteristics.

For wainly environmental reasons, the combosition of
gasolines is being reformulated and the general tendency is
towards the production of fuels which burn better aﬁd have
lower evapcrative emissions. The main measures for achiev-

ing this objective are listed below (D. Sanfilippo, F. An-
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reduction in the content of aromatic compounds and elimination of
benzene; reduction in the volatility of gasolines to minimize evaporative

Yagsesisedystion in the content of light olefins, photochemically &xiematiosoz
reactive; reduction in the sulfur content and final boiling point of the
gasolines. 10Al]. these measures consequently create the necessity of

projecting new production processes of purely hydrocarbon compounds
c%b%fétgrlpo e E5ritRBRAng &R dbdvidemafdd WiRéAg thisse:
alkx_lgt&(lj roducts are extremely impor= 15 tant as they have a

igh
octaie RGMEE?, & Tow U51atifty B ard i At o e GFESh I gnd elimi-

aroggqylc&?rg%o néjr?le%_rng alkylation process in liquid phase is a_reactlon
between isoparaffinic hydrocarbons, such as isobutane, and olefins, for

XaUBEIE,BONYPEDUNES. PEAENES AT 18 20SyERICS eIl o1

in the presence of an acid catalyst for the productitn o

hydrggarbens with 3 high-actane number to be used in gasolines (A.
Corma, A. Martinez, Catal.Rev.-Sci.Eng., 35,(1993),483). The main

prokieanet alkylation prasesses isdue ©ithg 254act Yot Awith JrowiRg: ochemi -
environmental regulations, both of WO 2007/057151PCT/EP2006/010893

thecddiffonaltpresessesudatbthyesofluoric and sulfuric acid) are
encountering considerable difficulties, which create uncertainties for the

futuregitieprogesswittn by drofliionc acid demtto thedtoXitity bf thisiddadg point
espe- 5 cially in populated areas, and that using sulfuric acid, as a result

of tHe lahge prstitikiios ®f acid sludge as well as the considerably

corrosive nature of the catalyst. Alternative processes with solid acid

cataly$ts-hre-BEIRG dBRASHES ButtREIP eBHAREEIAl SFSIRBSIlity Has Jeressity

of projecting new production processes of purely hydrocar-
bon compounds capable of pesitively crontributing to the
above demands.

Among these, al]—cylated 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 liguid phase 1s a reaction be-
tween isoparaffinic hydrocarbons, such as isobﬁtane, and
clefins, for example propylene, butenes, pentenes and rela-
tive mixtures therecf, in the presence of an acid catalyst
for the production of (-0 hydrocarbons wiﬁh a high octane
number to be used in gasolines (A. Corma, A. Martinez,
Catal.Rev.-Sci.Eng., 3&,(1993),483).7

The main problem of alkylation processes is due to the

fact that, with growing environmental regulations, both of
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10 to be demonstrated. A hydrocarbon product of this type, on the
other hand, is becoming increasingly more requested due to its octane

%@i@&}%lﬁg s (both the Research Octane Number (RON) and the Motor
ctane Number (MON) are high) and those relating 15 to the B’&E{?d’%%ﬁ%‘%ms”

(limited volatility but low end-point) which position it in the group of
compositions of great interest for obtaining gasolines which are more

.CongpatibRAWVIA GuaEnrervdeasental vidqdiremahtsif luor iAn ateinativefuric
refinery process for obtaining products 20 with characteristics similar to

tR6dclof afERatcRSIOHNER CoRthe offarsdiBy Bl iyddgsiatonlsfies, which

so-called "polymer" gasoline. Oligomerization processes (often '

inaEah At EETSF pOlARFiZ4ARN ihEfe BHAHEINIG4R) REPE ffelyith hy-

%5 in the '30s' and,'40s' for converting low-boiling C3-C4 WO |
??f%ﬁ@ﬁﬁ%z@d@ofﬁ%9§%%ﬁﬁ?ﬁ8bE\XoIiH s. fRePrress, espe-

leads 10 the production of a_gasoline wit igh octane nu r (RON |

S B L B ey (Gt SR bR R ROUGRANOIGLE, a5

guq:g)s%p%rg Iyt:?}gﬁ'ligflﬁgj rgloécgﬂzec%oc%lcgg -H '%.%{y’sﬁ%d%sr dagD .well as

Handwerk, "Petroleum Refining : Technology and Economic

MaekkesNewararks 9923 na cliRicYOlefns which are .

oligomerized are mainly propylene, which gives dimers or slightly higher

oligomgrs depanding oR-Binsess et anbisohuterg whigh MaAigydd are
gives dimers but is always accompanied by a considerable quantity of

bhigheg oligembsped but their commercial applicability has yet
to be demonstrated. |

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 Metor 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 corﬁpatible
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-cailied “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:3-C4
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With particular attention to the oligomerization of isobutene, it is known
-that this reaction can be carried out either batchwise, semi-batchwise or in

Wworsioyosmsei- 15 their in gas or liquid phase, generally at temperatpiess /010893
ranging from 50 to 300C and at atmospheric pressure or such pressures
as to maintain the reagents in liquid phase, if necessary. Typical

%afglﬁtr'ls fortt%%indéjgtrﬂgg omerization 20 pro ssgf is‘gbuga ne are ducti
[2presented By pHoSpROAE adid, ﬁe%ﬁ?%ﬁ%ﬁo EFOR a-Sli %‘(?orpro uction

le ki hr), ; joR-gxch id resins. Th | '
oy RS el A A CIpero e BRan i add) Dut

kathyin gerrﬂwﬁteg%@fgﬁmdfgg Prﬁgﬁ;%%&@%@@%é&-%ﬁ" Réha o)

with respect to 200-220C and 3-10 MPa
aa@@é?%ﬁépgﬂ%&%ogﬂe%%&% nidhercyalysirare. 3R claimed i cary,
Iq

literature, both liquid acids such as H2S0O4 and derivatives of sulfonic

acids, anpchantids suctras stigeatlMEas: e d; 0XidesuZeolies, and Econom-
fluorinated or chlorinated aluminas, etc.; none of 5 these catalysts

howeyenfassn fanenabisdar industriat rocessie be)set uppas in the
case of supported phosphoric acid (F. Asinger, "Mono-olefins: Chemistry

and Tétrmbtogy’ Rerfamonylresh, @xford,lpayes=4352466)zar thaioly pro-
cation resins (G. Scharfe, Hydrocarbon Proc., April' 1973, 10171).

Fré®nfe prodgét SoiNeEsT VEVRaRE Mainrobleml o thiohetess ieprers de-
the fact that excessive percentages of heavy oligomers such as trimers
REDEdR Ay BT 20-UB PARFREBMEES GelcRiffty PP FafsoigHe, mainly

are produced 15 in the oligomerization phase. Tetramers are complete

1

pletel
F¥Sie HGROINE fraction ALYAF arBICORRIPEG N shdndrERFe derable
reg%esergt a net I%s%:%ﬁielcéto gasoline; as far as trimers are concerned,
e E% cert atlkbr? & %% @ﬁﬁ/sr'educed as they have a boiling point
(170'%%‘[3 at, 20 {ne Iimit.of fupure spegiiicatigns e the gl RNt v son of
reformulated Baso Ines. -
igobutene, it is known that thig reaction can be carried
out either batcﬁwise, semi-batchwise or in continuous, ei-
ther in gas or liguid phase, generally at temperatures
ranging from 50 to 300°C and at atmespheric 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 sclid (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).
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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
%&?@@gﬁgaﬂon of 25 isobutene, as also indicated in literature

.T.0'Connor, M. Kojima, K.W. Shcumann, Appl.Catal., 16,(f§§§§?f§%{010893 '
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
specifie@EHewe ahbrd isshAdently geddntefestmedbtdining tteewmture, both
dimerization process of isobutene which allows the synthesis of a
highBt Gt afgsB daeC thresg Feskthinggratrarissisdtiveiesof. By fonic ac-
carrying out the selective dimerization reaction of isobutene in the
ptESen@F 6 mBdére FHuahtifes Gliker omiBRaRafod BItBREIs tdERyl zeo-

\?v‘tt?]ers, theatﬁ]roduction of a fraction_of oligomers is_selectively obtained,

Efffs partibEH AR § differ B EREAP G Drat bl et of¥éFamereene of

d higher qligomers (50.5%). The reactign product is then preferably
ﬁt;/i’clier-gégen% %c?[%’ §ive a%%‘ﬁﬁ%&"ély%aa?urg%d %ﬁg-pmfﬁﬂh Fhighpdustrial

ane oy r.and sensitivity. . hydrogenation can be carried _
gﬁ%with cmin%né%geégas\éagdle%cggegd,Xe?fé%p?; in B %ﬁ%% . p%ospho

MengelefingrChegmisipeand Tﬁ&%@@%‘ffﬁ@a@ﬁaﬁsj%ﬁéfﬁad'recmz_

page 455. Summary In a first aspect, there is provided a“process for

hgysepaationeldeh IndiasarbensBresent i GUAEY FNGINGHRM 012 of

to 20% by weight, in hydrocarbon streams prevalently containing C4

peodists usestifas thecproduciienod highyeeteas Aydrocarhen compounds,) 973,
by the selective dimerization of isobutene, characterized in that the

diMerization reaction Is carried out in the presence of linear alcohols and

alkyl ethers and branched alcohols, and which form azeotropic mixtures

with thBXS® hydrecaroriiciikybethets infsuvh awuabiity assd hayerablem of
molar ratio alcohols + alkyl ethers/isobutene in the feeding higher than

OO RECRIAS thtaephfatidifofiRE folhed Cenrancistbalesiisientages of

azeotrog%g mixtures is carried out using traditional fractionation columnsoin
VAR s2tBRRET T HHEM RS BICORORS a SR ARE MthiteOarPtfe 40%) and
{8%%‘55{8% at gﬂee?%%giit%p{tgm Qr.as si gcut. ., F(g illustrative
PUFDOSES. Tabie T i eatas YhePdetane linber 459 MERRE hoifTS paihiuced
4l soie gh e doyGe ARlgInae 0L MeALR AL NG BRSBTS oue-
present disclosure. TABL roduct
side the gasoline fraction as they are too high-hoiling and
therefore represent a net loss in yield to'gasoline; ag 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 f£inal point of
reformulated gasolines.

The problem of reducing the formation of oligomers
higher than dimers to percentages lower than 15% ig, on the

Oother hand, a  problem typical of the oligomerization of

isobutene, as also indicated in literature {(C.T.0 Connor,



RON MON b.p. (C) Diisobutenes 100 89 100-105 'so-octane 100 100 99
Tri-isobutenes 100 89 175-185

M. Kojima, K.W. Shcumann, Appl.Catal., 16, (1985),193). This
ltevel ¢f heavy compounds 1s slightly higher than that of an
alkvlated product and is still tolerated in the gasoline
pool.

From what is specified above, there is evidently great
interest in cbtaining a new dimerization process of
izobutene which allows the synthesis of a hicgher-quality
preduct, through reaching greater selectivities.

By carrying out the selective dimerization reaction of
iscbutene in the presence of moderate guantities of linear
and branched alcohols and alkyl ethers, the production of a
fraction of oligomers is selectively cobtained, which is
particular rich in dimers ({>85%) and practically free of
tetramers and higher oligomers (<0.5%).

The reacticon product 1s then preferably hydrogenated
to give a completely saturated end-product with a high
octane 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.



Hydrogenated tri-isobutenes 101 102 170-180 The process, object of
the present disclosure, for the separation of Cs hydrocarbons present, in a
guantity ranging from 0.2 to 20% by weight, in streams prevalently
containing 04 products used for the production of high-octane
hydrocarbons, by the selective dimerization reaction of isobutene, is
characterized in that the reaction is carried out in the presence of linear
SaffFBrahched alcohols and ethers in a quantity which is such as to have a

moIarEratio alfcoho!:s + ethe~r§/isc%%l11tene in the feed(i{lgdhi her than 0.0 andth
prefera%lyalowle??hanaﬁ%e.c’ " It'should élsso%%ogéin?ed sutthatintie case ¢
f ¢arbon stream comprising 04 and 05.olefins, it has.been .
et that B gt & Bare of e It care e comvertod by oacion e ™
ssghutene into theshygdrocarbop-product withoutalteringsthe ogtang vali@en+1 v
It is therefore preferable to effect an enriching treatment, by means of
cpre-isametizat,on; ofthedntetnaklinear olefias, gawardet tofavefir thiesh-cctane
overall octane number of the mixture. WO
h3007/65 151 PCTER2006/010893 thFThe prdcess thimet heréirpcantbe of

.agglki{ed to cuts mainly containing isobutane, isobutene, n-butane, ‘ .
LAISUNERRS ant Sattirated aRd ofefinic’€5 hydfocart6ns “AlhBtigh 8ider  +°

varletg/dof squrces %:e available for 5 tkﬁgL sg%)ly qf t eSszt{gI%%mgﬂh

carr out in = g%fsence of 1 alcoho % ethers
most common are thos eriving from ehy rogenation processes

2159-RAAffing, Jrom £GG, units, Sfeam, Cracking of processes. fof {08, a5 with

production of pure isobutene such as the dehydration of tertbutyl alcohol

tGEBA) ofthe Cracking of MTBR andiprETBE; A0-thesestigams, differ frlomave
each other in the content of isobutene and linear butenes, as shown in
aTables2. Table? alcohols + alkyl ethers/isobutene in the feeding
higher than 0.01, and in that the separation of the formed
Cs/branched alcohol azectropic mixtures is carried out using
traditional fractionation columns in which said formed
Cs/branched alcohols azeotropic mixtures can be recovered at the
head, bottom or as zide cut.

For i1llustrative purposes, Table 1 indicates the
octane number and relative boiling points of some of the

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

present disclosure.

ca



Steam Cracking FCC Dehydrogenation Pure isobutene Isobutene 30-50
10-25 45-55 > 90 n-butenes 35-60 25-50

TABLE 1
Product RON MON b.p. (°C)
Diisobutenes 100 89 100-105
[so-octane 100 100 99
Tri-isobutenes 100 89 175-185
Hydrogenated tri-isobutenes 101 102 170-180

The process, object of the present disclosure, for the
separation of Cs hydrocarbons present, in a guantity ranging
from 0.2 to 20% by weilght, in streams prevalently
containing €y products used for the production of high-
octane hydrocarbons, by the selective dimerization reacticn
of isobutene, 1s characterized 1in that the reaction Lis
carried out in the presence of linear and branched alcgohols
and ethers in a guantity which is such as to have a molar
ratio alcchols + ethers/iscbutene in the feeding higher
than 0.01 and preferably lower than 0.7.

it should also be pointed out that in the case of
hydrocarbon streams alsc comprising C; and Cs clefins, it
has been observed that at least a part of the latter can be
converted by reaction with i1sobutene into the hydrocarbon
product without altering the octane value. It is therefore
preferable to effect an enriching treatment, by means of
pre-isomerization, of the internal linear olefins, in order

to favour the overall octane number of the mixture.
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1-2 < 10 Saturated 04 4-10 30-60 45-55 < 1 Should streams from Steam
Cracking contain diolef ins 20 in addition to the desired mono-olefins, they

woustheselminated by means of typical removal treatment (fopexamyalR 010893

solvent extraction or selective hydrogenation). Saturated and olefinic
C5 hydrocarbons can be present in these streams, in various amounts

(0.2 - 2Qgs by weight), 25 depending on the efficiency of the C4-Cs
é’ﬁ?‘i%%gzoﬁ%g‘ﬁ [P RI00810883 TSGRt Cucs

separa?' h s
gﬁ%i I}¥ %rgg 2&%%%36 :%.nsvo l\{l %E‘ec,“mfsrgg%%%xr%i,c“gq%utame, n-butenes
and saturaﬁed and olefinic C; hydrccarbons.

Although a wide variety of sources are available for
the supply of these streams, the wmost common are those de-
riving from Dehydrogenation processes of igo-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 linesar butenes, as shown in Tahle 2,

Table 2
Steam FCC Dehydrogenation Pure
Cracking isobutene
isobutense 30-50 10-25 45-55 > 90
n-butenes 35-60 25-50 1.2 <10
Saturated C; 410 30-60 45-55 < 1

Should streams £Zrom Steam Cracking contain diolefins

in addition to the desired mono-olefing, they must be

eliminated by means of typical removal treatment (for exam-

ple solvent extraction or selective hydrogenation).

Saturated and olefinic C; hydrocarbons can be present

in these streams, in various amounts (0.2 -~ 20% by weight},

depending on the efficiency of the (;~Cs separation step.
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The stream sent to the reaction steps can contain branched alcohols or a
blend of alcohols and alky! ethers, 5 in addition to the hydrocarbon

&pérréﬁonents". The alcohols used are linear, preferably containing a
NIhBE S @drbon atoms ranging from 1 to 6, preferably from 4F{OT/EE2R L0893

“atoms; preferred linear alcohols are methanol and/or ethanol, whereas

preferred branched alcohols are 10 tert-butyl alcohol (TEA) and/or

téthanty aldehibl (EAApssiBhe alas ether used car beselecietiTem dimeri -
those containing a number of carbon atoms ranging from 5 to 10: MTBE
(RRthyintertanutylisther), ETBE (ethyl tert-butyl ether), MSBE (methyl

sec-butyl ether), ESBE (ethyl sec-butyl 15 ether), TAME (methyl tert-amyl

ether), TAEE $&thgbrertagayitether) ot huxturesitheleal arcpreferredn contain
Isobutene, together with the hydrocarbon stream in which it is contained,
iERAPHAR e ARkede oPHIcBhdId g a1 ethephiod staickiomaiigl ethers,
defect, into contact 20 with the acid catalyst where the dimerization takes

PRCEOTRE HiRBal AR H¥ERACH R GPRPRRSaEHNg with the

catalyst, alsq helps to limit the possible. cracking of the alkyl ether and can
possibﬁ%%acgwfﬁﬁﬁgesdi%? afd findarCA DlefiRE BhR&RAL Yheontaining a

d ti 5 does not react with_the olefins due to its
ok LY e P Aot hes Bianke, FERASFRPLY Erom
btal i izati Qd ' ir lectivity ta dimers, it is

e T R B el methanol

fﬁ?‘}@ﬂ eerhyenmenhitabave Alde conlPMRRIANoRUS PrEsRNse s ave
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: MTRE
(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 text-
amyl ether) or mixtures thereof are preferred.

Isobutene, togéther with the hydrocarbon stream in
which it is contained, is sent with the mixture of alcoholg
and alkyl ethers, in stoichiometric defect, into contact
with the acid catalyst where the dimerization takes place.
The linear primary alcohol, in addition to interacting with
the catalyst, also helps to limit the possible cracking of
the alkyl ether and can possibly react with the dimers and
linear C; olefing, whereas the branched alcohol (tertiary)

does not react with the olefins due to its steric hin-
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three oxygenated compounds (linear alcohol, branched alcohol and alkyl
ether) which, due to a synergic effect are capable of forming the catalytic

woesesewiiky the correct activity and stability. The optimal leve
of al- 10 cohols and alkyl ethers which should be present in thiéerflé}ggﬁ%brj]mmsgs

environment to obtain selectivities to dimers close to 85% by weight,
depends on the composition of the hydrocarbon charge. The higher the
GERRSENntent in the charge, the lower the amount of oxygenated products
to be uEed. 15_A wide va%et of acid catalysts can be used for this

proc_ess%u?ﬂ‘&%e pRfet sﬁﬂ?nél?'ﬂ?ﬁrﬁﬁrﬁéﬁf% FIRARERE re_%’}ﬁ'sh the
B S e b PR Lo Homaintain

conditions can bé use
gogg}@@aggh ired selectiviti It is possible.to oper in vapour.or _
liquid-vapour pﬁgqujibl%%pégfgé%ggggﬁﬁi r%"soé’“\f:q%lsd § aitréggrerﬁ%?er%é} > oo

Fhedusssireds prafsrahly Digher thanthe a 6.8 %%4%8@% the

to maintain the reagents in liquid phase, generally below 5 MPa, more

reiesbibewvean 8. 2-np MBRsThe reaction terpperature prefarably a71co-

ranges from 30 to 120C. The feeding space velocities of the

oy genated:hygiDcabnasireamiale, pratesabislowerthan30ik-1 JRe-t are
preferably ranging from 1 and 15 h-1. Isobutene is mainly converted in

ahpaddction Zofieridmevet part cd tad C¥iCs elefind presenteanalso berrect
converted to useful product; in principle, there are no limits to the
aontEntrationds Boadiéfln rytheThalropdrboa Irabturleveh ifhe sum of al-
concentrations ranging from 2 to 60% are preferred; in case of streams

AR a Figh Rbbtitent dertentiticHydehgtidiohdr prakenf) itia the re-
therefore convenient to dilute the charge with 04-07 hydrocarbons. There
AT TRAIRRY GrPeSIEnt BRy, #ARETafis bBRSshisbBateRe afdmasar close

The process, object of the present disclosure, can be effected

olefins.
tBat% %ﬁ’/isg’for"i’r"i=3 E3RfrucHRPBREANGTh Mtk IRRHRRS HhatGhe Rittet & hydro-
e advantageous.in.industrial practice. The reactor configuration
cggﬁggtxg%rg agjédﬁ%r"al Va d%il}kﬁléw’r‘ga?:[t%b% gtg%’%c%sﬁqp?%ﬂ%e e Eflm%%? f&g‘@rge ’

ched teasbicheathe gplionallyselated oma huiar.aqd. agiapati

reactor. The presence of 05 hydroca n the feed,
compficajes the REOCES SEeHe RS hess $OPPoURAs BaVe W® ror this

2007/057151PCT/EP2006/010893 inteediate boiling temperatures
pbetwasn Chand exypesatedeferred 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 hydrocarbone from' isobutene in the de-
sired selectivities. It is possible to operate in vapour or
liquid-vapour phase, but operating conditions in liquid
phase are preferred.

The pressure is preferably higher than the atmospheric

value, in order to maintain the reagents in liguid phase,

10



products, and they also form azeotropic mixtures with the branched
alcohols as shown in Table 3, which indicates the boiling points of the
most representative low-boiling com- 5 ponents present in the streams
Table 3 Compound Boiling point, C C4/Methanol amplTopic product -5
C4 products -12/1 Isopentane/TBA azeotropic product 25

generally below 5 MPa, more preferably between 0.2 - 2.5
MPa. The reaction temperature preferably ranges from 30 to
120°C.

The feeding space velccities of the oxygenated-
hydrocarbon stresam are preferably lower than 30 h™*, more
preferably ranging from 1 and 15 ht.

Isobutene is mainly converted in the reaction =zone,
however part of the (C;-Cs olefins present can also be
converted to useful preduct; in principle, there are no
limits to the concentration of iso-clefin in  the
hydrocarpbon fraction, even if concentrations ranging from 2
to 60% are preferred; 1in case of streams having a high
iscbutene concentration (dehydration or cracking) it is
therefore convenlent to dilute the c¢charge with Cy3-Cy
hydrocarbens. There are no limits, on the c¢ontrary, for the
ratio between isobutene and linear olefins.

The process, object of the present disclosure, can be
effected batchwise o©r in continuous, bearing in mind
however that the latter 1s much more advantageous in
industrial practice. The reactor configuration selected 1is
generally a double reaction step comprising one or mnmore
fixed bhed reactors which can be cptionally selected from a
tubular and adiabatic reactor.

The presence of Cs hydrocarpbons in the feed, however,
complicates the process schemes, as these compounds have

11



Isopentane 28 1-p enten e 30 2-methyl-I-butene 31 n-pentane 36
2-methyl-2-butene 39 .
WO 2007/057151 PCT/EP2006/610893

intermediate boiling temperatures between C, and oxygenated
products, and they also form azeotropic mixtures with the
branched alcohols as shown in Table 3, which indicates the

boiling points of the most representative low-boiling com-

5 ponents present in the streams

Table 3

Compound Boiling point, °C
Ca4/Methanol azeotropic product -5
C4 products -12/1

L0 Isopentane /TBA azeotropic produét 25
Isopentane | 28
1-pentene 30
2-methyl-1-butene 31
n-pentane 36

15 2-methyl-2-butene 39
Cyclopentane 49
MTBE 55
Methano! 65
Dimers/TBA azeotropic product 78
TBA 82

20
Dimers 100 - 105

The Cs products cannot therefore be removed from the
plant together with the C; products, as they would intro-
duce oxygenated products (branched alcohols and ethers)

25 into the stream, which are difficult to remove by means of

1z



Cydopentane 49 MTH E 55 Methanol 65 Dimers/TBA azeotropic product
78 TBA 82

the traditional techniques used for removing methanol
(water washing) and which are poisonous for the subseguent
Treatment processes of the streams (polymerization,
alkylation and metathesis). The (s products, on the other
hand, cannot be maintained in the oxygenated stream as they
would rapidly accumulate. With respect to the schemes shown
in literature (US 6,011,191}, it is therefore necessary to
introduce a Cs/branched alcohol azeotroplc separation step,
which can be inserted in different poesitions of the plant
in relation to the Cs content in the charge and also the
relative concentration of the C; products present.

The separation of the Cs/branched alcohol azeotropic
product can be effected using traditional £fractiocnation
columns in which the azeotropic mixture can be recovered at
the head, bottom or as side cut.

The process, object of the present disclosure, can be
carried out, in particular, by means of the following
esgsential steps:

a) feeding a stream containing isobutene and Cy
hydrocarbons, together with one or more streams
containing oxygenated products {(linear and Dbranched
alcohols, ethers and water), to one or more reaction
steps (consisting of cne or more reactors):

b) separating the C,/linear alcochel azeotropic product and
possibly the C4 products from the Cs hydrocarbens, from

13
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Dimers 100 - 105 The Cs products cannot therefore be removed from the
plant together with the C4 products, as they would intro- duce oxygenated

weshisisstizranched alcohols and ethers) 25 into the stream, Whieh@ R o6/010803
difficult to remove by means of the traditional techniques used for

removing methanol (water washing) and which are poisonous for the
subsequent treatment processes of the streams (polymerization, alkylation

and MtathedR)HRE 08 HrEGRas oh BiPOMEF Rafditahfipé e hydrocar-
maintained in the oxygenated stream as they wauld rapidly accumulate.

Wit HEB BEAONRE Sobn Ea BT Re AARE (LS S8 160 e

therefore n ry.to_intraduce a C5/branched alcohg| azeotropic . .
s%%ggtl%ry %t%&)%?ﬁ/hltc eca%q%éei%ger%é f%%‘gl eréiit posi |o%s%?ﬁ1getﬁ8ﬁtlﬁ ML=

relation {o he.g5 cppteat i%%MQekﬁp%ﬁ%@eo@l@%ﬁa\ﬁ%ﬁgg%%;f;xocu

of the C5 products present. The separation of the Cs/

azeglEppis peCt £3n heaffactedysing MQQE‘P“@W@HQB?&HH&@W BAS inor-
in which the azeotropic mixture can be recovered at the head, bottom or

as simeut. so171he process, object of the present disclosure, can be

carried out, in particular, by means of the following essential steps: a)
fHedigestrenmepnteimngisobpientantd€s hydrosarbenss tagatherovitBompound
one or more streams containing oxygenated products (linear and

bramdlidd &loshblsastiizesiand eciter),) toforeroiere-mactingd stepsxygenated
-(consisting of one or more reactors); b) separating the 04/linear alcohol
azeBWopie8daachniysossibhahaoagirbgucty fodutie,C5in  one or more

hydrocarbons, from : :
distillation columns, in order to obtain three streams

with the desired purity;

e) recycling the stream containing the remaining oxygenated
products and that containing the linear alcochol recov-
ered, to the two reaction steps;

f) feeding linear alcohol and water (which forms the
branched alcohol in the . reactors by reaction with the
tertiary olefin) to the reaction steps to compensate the
losses of linear alcohol, which can react with the di-
mers and linear C; olefins, and branched alcohol which,
on the contrary, leaves the plant together with the Cs
products;

g) recycling part of the C; products, with or without lin-
ear alcohol, to the reaction steps in order to maximize
the isobutene conversion.

For the process comprising the essential steps indi-

14
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WO 2007/057151PCT/EP2006/010893 the remaining oxygenated
products and from the hydrocarbon product, in one or more distillation

%Iugml)s_; i% recovering the linear alcohol from the azeotropic mix- ture
HHEXH broducts by means of conventional proc- esses sdGAZ2006/010893

washing with water or absoiption on inor- ganic solids; d) separating the
C5 products (as an azeotropic compound with the branched alcohol) from
thetrethakingrexygehaiedprasitictuand fremdhegeagarnproguct W ONg- reams

or more 10distillation columns, in order to obtain three streams with the
esiradl panity veoeuhelingithg stiearradntaining theremainingty preferably
oxygenated products and that containing the linear alcohol recovered, to
RNV R dcHem sfeps; 18 fiHekding lisdartsicohol and water (which fontts

the branched alcohol in the reactors by reaction with the tertiary olefin) to

the redchiBn S@PE1E tbRpedatdiie iSsdbranmeadaladirsipahicheantropic

with the dimers and linear C4 olefins, and branched alcohol which,

SDBRYAE co By KRG e BRAF ISR Wil e S55rodaRsTyFts of

{101 PR L CA oG A M I ek 0% o
- reaction product, wherein the Cs; hydrocarbons are re-
covered as an azeotropic compound with the branched al-
cohol as head effluent using a scheme based on a column,
with recovery of the remaining oxygenated products as
side cut, or two fractiomation columns;

b) G -~ oxygenated products (ethers and branched alcohols)
- dimers, wherein the (3 hydrocarbons are recovered.as
an azeotropic compound with the branched alcohol as head
effluent of a fractionation column;

c) Cy4-Cs -~ oxygenated products (ethers and branched alco-
hols) - reaction product, effluent from a reactién step,
wherein the C; hydrocarbons aré recoveréd asg an azeo-
tropic compound with the branched alcohol as side cut of
a fractionation column from whose head the C;/linear al-
cohol azeotropic product and possibly the @, products
are recovered, whereas a mixture containing the oxygen-
ated products and the reaction product ig recovered at
the bottom;

d) C4~Cs - oxygenated products {(linear and branched alco-

i3
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25For the process comprising the essential steps indi- WO
2007/057151PCT/EP2006/010893 cated above, the C5 products are

W& 6?% streams prevalently containing C4 products in %%p ‘
pre?erab%&ltr%ﬁlging from 0.5 to 10% by weight. The sepaar% ion 0#33%010893
Cs/branched alcohol azeotropic 5 product is preferably carried out starting
from blends of: a) Cs - oxygenated products (ethers and branched

~ alcotstdp) reubgstepivdidiewhisreliyiRcca hiadrogarbors aredorveverdd as an

as an azeotropic compound with the branched alcohol as head effluent
using A HERRE. Fa STTERP BT VT L OWieh regeveH)of trelephdidings Pottom
oxygenated products as side cut, or two fractionation columns; b) Cs -

oxydehbté®BrodbétsRethERCAHPHANERRd GRROHBR) faimfersififgeifead the
the %5 y,drocarbovi)os a,ée Eeecovered as . an eotro%f compound with

the BrenchRE Icdhot 38 Pead ABR M AT Of Eﬁ%%%&{f' At CoRRARGLY the G
Ca-Cs - nated products (ethers and branched alcohols) - reaction
pro&??gg}%ﬁ%ﬂt frogm ra#e%‘éﬁér? (sgt'ep, wherein the Cs hydrocarbons are

recoveted a5 AQZEOORIAHAIEPQUNS WP bianchid aloohol B Sl o o

cut of 20 a fractionation column from whose head the near alcohol

azeolinie produchandRassiinthe,¢4 Araducts ais, recoyered, whereas

a mixture containing the oxygenated products and the reaction product is
recoveradat-thebolipaw <5 4) pedeesoxygenates piedyds flinear apdirocar-
branched alco-

bons are not present in the charge and the oxygenated prod-
ucts are methanol (linear alcochol), TBA (branched alcohol)
and MTBE (alkyl ether).

The stream (1) cofltaining isobutene, together with the
reintegration feeding of methanol and water (2) and the re-
cycled streams of oxygenated products {(MITBE and TBA) {(15)
and methanol _(18), is sent to a. first reaction step R1,
which can consist of one or meore reactors, in which the G,
iso-olefin is selectively converted to dimers.

The effluent (4) from the first reaction step, is sent
to a first separaticn column Cl in which a stream (5) es-
sentially containing C; hydrocarbons and methanol is re-
moved from the head, whereas a stream (6) essentially con-
taining the reaction product and remaining oxygenated com-
pounds, is collected at the bottom. |

The head stream (5) is then fed, together with the re-

cycled streams of oxygenated products (16} and methanol

16



WO 2007/057151PCT/EP2006/010893 hols) wherein the C5

hydrocarbons are recovered as an azeotropic compound with the

branched alcohol as bottom effluent of a fractionation column from whose

head the C4/linear alcohol azeotropic product and possibly the C4

5products are recovered.  Six process schemes are shown in figures

1-6, in order to clearly illustrate the present invention. Figure 1 shows

@ process schemewherein=G5 thyshiocarbonsrare nohpresentin thecbakge of

and the oxygenated prod- 10 ucts are methanol (linear alcohol), TBA

C(‘B?ané’ﬁed%%ﬁtol}fﬁﬁHWBE (afiy? eRhiér). The stiga(Ipeentdiafmgent  is

but neéio ether W|th the Eelnf:eqﬂatlon feeding of methanol and water

? et cyéteg streams o oxygenated products (MTBE and TEA)

(15) Iprand methanel(18)sis sentdq a first reastion gtep Rl.which can, ;s
‘consist of one or more reactors, in which the C4 iso-olefin is selectively
scamvertetito dimers. coThaeeffllenti@yfrontthedirstreactionsstey, issent (10)
to a first segaratlon column Cl in which a stream (5) es- 20 sentially

“Cotitdintriy €4 hyardearBoRd ahd Methdrol is @Wov%mm%ﬁé%dproduct
Atergas a syeam (@) essenlialy confaining e feastion produgtand co cne

remaining oxygenated compounds is'collected at the bottom.
cheadhstream (5)4s thea fed; tagether with theae2bceycled streams@benated

oxygenated products (16) and methanol

products. The head stream (9), consisting of Cy products and
the Cy/methancl arzeotropic mixture 1is, on the other hand,
sent to an MR unit for the recovery of the zlcohol which
can consist, for example, o©of an absorption system on
molecular sieves or a water washing column. In both cases,
the alcchol recovered {(14) can be sent back tc the two
reaction steps (streams 17 and 18} whereas the hydrocarbon
stream (13} can be used in subsequent operations.

The bottom stream {6} of the column €1 is sent to.a
further separation column C3 wherein a stream {11)
essentially containing MIBE, TBA and dimers 1s removed at
the head and 1s recycled to the two reaction steps (streams
15 and 16}, whereas the reaction product (12) essentially
consisting of dimers, <trimers and small gquantities of
oligomers and ethers of dimers, is recovered at the bottom.

When Cs hydrocarbons are present in the charge, on ths

contrary, according to the present disclosure, different

17
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(17), to a second reaction step R2, which can consist of one or more
reactors, wherein the isobutene present is selectively converted to dimers.

‘R;Bez‘ﬁ{%%% 8) from the second reaction step is separated in
'Wéﬁasga

from whose bottom a stream (10) essentially containing MTB

dimerization product and part of the C4 products, is removed and sent to

the column Cl for the recovery of the product and oxygenated products.

T a0 rEEH O EhABRIMRB! & pritkdts aeheratgprthalel the fol-
eotropic mixture is, on the other hand, sent to an MR unit for the

132886’&?9' of B ERBh &I Hhictt Carf BERYISE fdrekafl S BoF ahZ¥ersiiF prod-

r a water washing column. In both cases, the

system gn molecular sieves o
aq/g ol geec%% ?14‘)“3&&‘5 SERPEHCKS 1R twhes rédctioi SlepsPresent  and
ams 17.and 18) whereas.the hydrocarbon stream (13) can be used in
gj%gseal%gaﬁloggra%%ﬁé}y O%e%c%osrg SHedm (6) of the column Cl is sent
10 adylieeseparalon seb LGN LCDAEAN (HLereltalene hicn
d 4t the hiead an

containing MTBE, TBA and dimers Is reriove IS récycled

tosthe dwo reaclipn Steps{skeams L SandiR), whereas the feactiop, o con-

product (12) essentially Consisting of dimers, trimers and small quantities

obalighmers:apskatessobd sistis reeovued atthe bettofd1y WhPEBrs ang

Cs hydrocarbons are present in the charge, on the contrary, according to
TREADresentdisclosdre; sfterent Wo20@H0E31 24P TP 2606/010898cas the
plant configurations can be used, schematised in the following figures 2-6,

5 f688VentoCSATB A ageutdipit protiact, depensingren-the ofmntitytdfe head
C5 products present and the required purity of the streams. 5Figure 2

FHeréfore svowsa posdiblastoopss salekay whichiffere dromithie the reac-
previous scheme in that the stream containing oxygenated products to be
FaQRISF ALY ¢éthers and TBA) is removed from the column C3 as side

cut, wrﬁjreas the C5/TBA azeotropic product (19) is recovered from the

head 10°6f tR& CERFfn ATFERTotonaie Be RS WiAIRESBact] a more

%3‘1%% e Thegrgcesgisggeme ecomes more,comglex when a more
eHficisnt separafion of the mixture St C5 Productiiokydefated®t & prod-

mg%%gg%ﬁg%@@%ga& %gs?%fééé&&%d’g%adne%ffaggon%%onbe ef-

o
column mu e inSerted, hown in figure nlf’hls new schéme,

#hedead syeam ofthe eplumn G3:LA)is RN {Q.A Ney GalwPN L4 WhElS g

the C5/TBA azeotropic mixture (20) is separated at the head and the
asfresnpahoxygepatparoducts AlYRS sepasatedatdhe 20 BOOMANY stream

recycled to the two reaction steps. Alternatively, the Cs hydrocarbons can

olfe raversdunsing 3he( g fractionation columns=ef the D4mproductshere the

Cs/TBA azeotropic mixture (20) is separated at the head and

the stream of oxygenated products (19) is separated at the

bottom and recycled to the two reaction steps.
Alternatively, the ;s hydrocarbons can be recovered

using the two fractionation columns of the ¢, products

wherein the C;/TBA azeotropic mixture can be thus recovered

as side cut {19} both in the column Cl (figure 4) and in

the column C2 (figure 5). A Ffurther option however consists

18



10

15

20

25

wherein the C5/TBA azeotropic mixture can be thus recovered as side cut
(19) both in the column CI (figure 4) and in 25 the column C2 (figure 5). A
further option however consists WO 2007/057151POT/EP2006/010893
%oezﬁggﬂ%dsthe separation of the C4-05 products in a last new e FRAM e55110893

as shown in figure 6, in which the C5/TBA azeotropic product is recovered
as bottom stream (19) . 510 15 20 25 CLAIMS
in effecting the separation of the C;-Cs products in a last

new column C5, as shown in figure 6, in which the C5/TBA

azeotropic product is recovered as bottom stream (19).

19
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1) Process for the separation of C5 hydrocarbons present, in a quantity
ranging from 0.2 to 20% by weight, in hydrocarbon streams prevalently
containing C4 products used for the 5 production of high-octane
hydrocarbon compounds, by the selegtive dimerization of isobutene,
characterized in that the dimerization reaction is carried out in the

1) presehcecstlinearaléatiols erm-alkybethers Gndbrircheth alcohols; aghich in
form azeotropic mixtures with the C5 hydrocarbons, in such a quantity 10

* 48'T5'havé aribfariatid aftondis + hikyFétherslisgbitehe inthe feéthiRga>on
s higher than 0,91 and in thay the, separatiop of the formed Cs/branched. ;.

alcohol azeotropic mixtures is carried out using traditional fractionation
preolupns:in which said forned Cs/branghed:-alsehols azeetiapic MIXtUEes the
can be recovered at the 15 head, bottom or as side cut. 2) The process
se jeebiding o elairr 2 tiviieraif the pholagratio sloohols sralkytl in that the
. ethers/ispbutene is lpwer than 0.7., 3) The process according to claim 1,

el 78 réaction ¥ catfied dUt 4t A t8tperdturd FardingTrem 30 o 72"
214306, At 8,20 pregsyre lower than nMBa and atifeeding, space vglocifies .,

lower than 30 H-. 4) The process according to claim 1, wherein the
azfeedingispace-veloeties mange:Fom 1iecthb bk rbonB) The PrO6RSS quantity
according to claim 1, wherein the linear 25 alcohol has a number of
as cafbohcatonts rafiginy frém P ta*6SB)TiHie proeess acesrdingtoctamisne in

th¥"¥¥ggkg§’mﬁﬁﬂér than ©.01 and in that the separation of the
formed Cs/branched alcchol azeotropic mixtures 18 carried out
uging traditicnal fractionation columns in which sald formed
Cs/branched alcohols azeotropic mixtures can be reccovered at thé
head, hottom or as side cut.

2} The process according te c¢laim 1, wherein the molar ratio
alcohols + alkyl ethers/iscobutene is lower than 0.7.

3} The process according to claim 1, wherein the reaction is
carried out at a temperature ranging from 30 to 120°C, at a
pressure lower thah 5 MPa and at feeding space velccities lower
than 30 h™'.

4) The process according to claim 1, wherein the feeding space
velocities range from 1 to 15 h't.

5) The process according to c¢laim 1, wherein the linear
alcohol has a number of carbon atoms ranging from 1 to &.

5) The process according to <laim 5, wherein the linear

alcohol is selected from methancl and/or ethanol.
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alcohol is selected from methanol and/or ethanol. 7) The process
according to claim 1, wherein the branched alcohol has a number of
carbon atoms ranging from 4 to 7. 8) The process according to claim 7,
wherein the branched alcohol is selected from tert-butyl alcohol or ‘
tert-amyl 5alcohol. 9) The process according to claim 1, wherein the alkyl
ether has a number of carbon atoms ranging from 5to 10. 10) The
process according to claim 9, wherein the alkyl ether is selected from
MTBE, ETBE, MSBE, ESBE, TAME, TAEE or mixtures 10thereof. 11)

7)The precess@accordingdorciamg 1,t'wherémiothér, pogsibie iglefinseprésentched
in the charge react to form high-octane products. 12) The process

& 15080 ifG To TIAIMA IS WhérdiA iSoButehe corftéRt 15in tHéthardeis’ -

o) modified by dilution with G4-7. streams, 13) The process geeording to at., .
least one of the previous c%ums comprising the following Steps: a feed’:\lng
a1t$h04-05 bydracarberLcut containing-isobtene, togethen with enerr« - amy1
more streams containing oxygenated products 20(linear and branched
alaldohbls, ethers and water), to one or more reaction steps (consisting of

one or more reactors); _ _ ,
8y The process according to claim 1, wherein the alkyl ether

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

10)  The précess according te claim 9, wherein the alkyl ether
ié selected from MTBE, ETBE, MSBE, ESBE, TAME, TAEE or mixtures
thersof.

11} The process according to claim 1, wherein otﬁer possible
clefins present- in the charge react to form high-octane
preducts.

12) The process according to claim 1, wherein isobutene content
in the charge is modified by dilution with ;~Cy streams.

13) The process according to at least one of the previocus
claims comprising the following steps:

a) feeding the ;~C; hydrocarbon cut containing iscbutene,
together with one or more streams containing oxvgenated products
{linear and branched alcohols, ethers and water), to one or nore
reacticn steps (consisting of one or more reactors):

b) separating the C,/linear alcchol azeotropic product
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Hiarating the C4/linear. alcgiblaraa MY
the C4 products from the Cs hydrocarbons, from 'the remaining
oxygenated products and from the hydrocarbon product, in one or more

distillation columns; c)-recovering the linear alcohol from the azeotropic

_mixture with the 04 products by means of conventional processes such as

wasHingPREE Watst diiebsErptivncsinciprdanmsdiids; @ shydmatingthens,
C5 hydrocarbons, as an azeotropic compound with the branched "alcohol,
frdmtfe FetRaFRitRs bkhgerated prodocis Rraduns thershcfionproduct by -
in one or mote fractionation columns, in order to obtain three streams with
thé)%%%?r‘é'a WaribF Oe§ FecytinG % SireBRS S ofitatting tAé bRpgsrdigans ;

products, branched alcghol and ether, end the Jinear 15 alcohol
reggvenfeeg W e TR0 %ea%tio -Steps; f%%ﬂ%h%llinggroglcom?ar‘?dz\ﬁgﬁPpm

whighdoLis Je frapaaedalcgyol g e ragsiops By reasion with e . o,

tertiary olefin, fo the react eps to comp 8 |0%ses ofine

- algehel which cansagtwvith.the 20 dimers agd linear G4-algfing. and -

branched alcohol which, on the contrary, leaves.the plant 'togethér wit

thenebquaductss 1 i@ recycling part of the C4 products, with or without
linear alcohol, to the reaction steps in order.to maxi-25mize the isobutene

canversiprr2ing the ;. hydrocarbons, as an azeotropic
‘compound with the branched ‘falc_:'ohol‘, from the remaining
oxygenated 'pz.;od,ucts and from the reacti-éz'i_ product, in-
one- or- more fractionation columng, in ord-el: to obtain

three streams with the desired purity;

e} recycling the streams containing the oxygenated

prodﬁc’:ts-, branched alcohol and ether,  and the‘- linear
-a.l_co;nol ra__covezfad, to the two reaction steps; -

£) ‘ﬁeeding l:i.neai‘ .alcohol ;'a.z;d Watér-, which forms the
branched alcohol in the reactors by i‘ea.ctic;\n with the
‘tertiary olefin, to the reaction ;csteps t_:.o compen.éate
the J.o'ssels- of linear'a}.coho.l; which can react with the
dimers -af;d’ linear C, olefins, and branched alcohol
which, on the c:o.nt::.:ary, leavéé the plant ':to.gether with
the C; 'producﬁs;

g) recycling part of the Cs products, - with or wiﬁhout

- linear alcohol, to the reaction steps in order to maxi-

mize the isobutene conversion. .

- ,2;_.7- -
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101dY9%e process according to cl#
the C5/branched alcohol azeotro

from blends of: a) Cs - oxygenated products, ethers and branched,alco-
"5hols, - reaction product, wherein the Cs hydrocarbons are recovered as -
an azeottopic compound with thebranched alcohol as head effluent using -

143 sLhEMBYRERE Dn AT RithwcBl2HS! the Féifaibihg d¥ygERAR the

products as side cut, or two fragtionation ¢olumns; .--10b) Cs - ° |
O FGBRan T1B e, er< A PRI ALbRHSL: (RAERE wR i RP-
ereq:as an eotrogic co d with the

C5 Q)ﬁ drocarhons are recgg z?:z ﬁtou
jo ™ 2 Carrle UL SLAITLI onm ends H '
branc edaglcoholr as Hea efﬁuentc‘):fa FACHONALON COMUTIT: CS’ -Cs -

oygenated prodicis e andranshed ok 13 Cobols, seaglon, 2lco-

prodUct, effluent ffom a reaction Step, wherein t : rocarbons are
regpviesed as ap 22eatHRPiGeR@ReUNd Withths hrapghed alablol,as:5i98,on
cut of a fractlonatl_on-column from whose head' the C4/linear alcohol o
azeplopiceiodileband passibly thg z2Q CoproducissrgsesRyeredth  the
whereas a mixture containing the oxygenated products and the reaction .
prodacidRsdca/beashalithe doHemd i) X4NS -wxyaenatedpiostisishba sed
linear and branched alcohols, wherein the Cs hydrdcarbons are recovered

- asyan 25azgotnupic cohffourebwittethe blanthed aleohdasgottyg@Bated

AMENDED SHEET effluent or a fractionation column from whose head

thETSUMRESr A6otol @2e6tibpic ProdHe AHERSHSEIINA thEcB4 GREYIaS are

recovered. 15) The process according to claims 1, 13 and 14, wherein

5thd '(%/bf‘an@?fé@"&ﬁﬁﬁ@ldaz%’ﬁ%ﬁﬁz%ixttﬂ%h@}iﬁne%q@ branched alco-"'.

hols, - dimers, ‘whereir; the Cs. hydrbc_a;:bons are recov-
éred as an, azeoti&pic “comp'ound I;Jith the }S_r_anchad ailco__
]fzé::-l as head efflﬁeﬁt of a fractionation clolumn;
c) Cy-Cs - okygenated proc'iuc-ts, .-ethers and  branched al-
"COhOlS,‘; reéctipn product, effluent_from.é reaction.'
step, ﬁrhefein ‘th'e -(25 hydrocarbons are. recdverad és ‘an
azeoti'cpic compound wilth tne'branchfe;d‘ alcohol as side
cut;. _‘c'pf a fréct'ionation 'cc;_lufnn from whose héac't' tl;:e
Cs/linear aicohol_' azaotropié pfodﬁct and possibly the
Gy pw_."oduct-s are -reczovared, whereas a mixtﬁre ‘contailning
‘the dxygaﬁaﬁed'products aﬁd the reac't-i.on product )is re-
éovered at:the'bottoﬁ; | |
d) Cy=C5 ~ oxygenatéd p:odu‘ct's, iinear and brlanched al-
cohols, whe::eiz; .the c; hydrocarbons are ‘rer_:overed_ as an

azeotropic compound with the branched alcohol as botitom

- 23 -

AMENDED SHEET




15

t
g4
o
=)
-0
=
o
Q.
-
O
—
E S
(=)
~—
_|
=y
-
B e]
25

Whereln the dlmerlzatlon react|on |s carrled out in one on more flxed ed,

tubular and/or adiabatic reactors. 10 17) The process according to claim
13, wherein'the Cs .hydrocarbons are present in streams prevalently

containing C4 products in a quantity ranging from 0.5 to 10% by weight.
15 88fluent of a fractiomation column from whose ‘head the

Cs/linear alcohol a.zeotroplc product  and poss:.bly the

C, products are recoverad.

T

15} The process according to claimg 1, 13 and 14, wherein

" the Cs/branched alcohol azeotropic mixture is ‘joineci to

t_iie reaction product,

16) The: process according to claims 1 and 13, wherein the

dimerization reaction is carried out 1in one or more

fixed bed, tubular and/or adiabatic reactors.

17) The process according to claim 13, wherein the g iy~

drocarbons are present in streams prevalently contain- 3
ing C¢; products in a quan.t:ity tangiz;g from 0.5 to 10%

by weight.
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