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BACKGROUND OF THE I NVENTION Field of the Invention The present invention

rel ates %l}ﬁy Jgy to a process for the production of 5 g@&thgai%&gil i ng
range stocks fromlower boiling olefins. Mire particularly the invention

relates to a process wherein C3 to C5 olefins are oligonerized to produce
C8 to C9 olefins which are then hydrégenated to produce desirable gasoline
bl endi ng stocks. Related Art Conversion of olefins to gasol i ne and/ or

distillate proBROGESS FORJIIHEPRGRUCTHON OF GASOINNE STOEKS978 and

4,021,502 wherein gaseoggﬁiﬁé Qﬁl%-ﬂo%ﬁgﬁﬁ@‘aﬁl\l%oﬁf hyl ene to pentene

ei ther alone or in adm i erted into an olefinic
gasol i ne pRlesmhothveh@sk by contacting the olefins with a catal yst bed nade
up of a ZSM5 type zeolite. In U S Pat. No. 4,227,992, Garwood and Lee
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synthetic |lubricants by oligonerization of C2-C5 ol efins and subsequent
hydr ogenawhish aé thehdydiogesiated toairpdusg desieablangasolind blending pRekse process for
the oli goggkiéqﬁg&i on of C4 and C5 isoolefins is disclosed in U S. Pat. No.
5,003, 124 M the reaction nixture is allowed 20 to boil to renove the

heat of reacti eQnafisioh Bf SRENSHIAGIIRMndA LIsETIAR HretiubBid didlb&d ih ©1.5.0bt ai ned
in a reactive distillation colum. Brunelli, et al, in US. Pat. No.

5,1910, 555Pati. Bob.Gs@60; H8tand HeD21viXd2i velemein gassbusivlefinsioishe sange ef ethylene to
2,4,4-tri - mstrg:yl. h erllt ene, argid 2, 4, 4.-}tlri - t?rgl - 2'Pte<?'t ene n h %;ogenat ed
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Briefly the présent invention conprises the oligonerization of |ower
ol ef i ns ameblite. InU.S. Pat. No. 4,227,992, Garwood and Lee disclose operating conditions for

the selective conversion of C;+ olefins mainly to aliphatic hydrocarbons. Also U.S. Pat.

15 Nos. 4,150,062 and 4,211,640 disclose a process for converting olefins to gasoline
components. Chang, et al, in U.S. Pat. No. 5,608,133 disclose production of synthetic
lubricants by oligomerization of C,-C; olefins and subsequent hydrogenation of the
higher boiling olefins. A liquid phase process for the oligomerization of C, and C;
isoolefins is disclosed in U.S. Pat. No. 5,003,124 wherein the reaction mixture is allowed

20 to boil to remove the heat of reaction and in one embodiment a further dimerization is
obtained in a reactive distillation column.

Brunelli, et al, in U.S. Pat. No. 5,510,555 disclose that the two isomers of di-
isobutylene, 2,4,4-tri-methyl pentene and 2,4,4-tri-methyl-2-pentene when hydrogenated
both yield 2,2,4 tri-methyl pentane which is the standard for octane measurement, i.e.,

25 RON = 100 and MON = 100.
SUMMARY OF THE INVENTION

Briefly the present invention comprises the oligomerization of lower olefins and
then the hydrogenation of the oligomers. The oligomerization is preferably carried out
in a boiling point reactor under conditions which favor dimerization as opposed to

30 longer chain oligomers wherein the temperature is controlled by allowing the reaction

mixture to boil absorbing the latent heat of vaporization. If desired the effluent from the



then the hydrogenation of the oligoners. The oligonerization is preferably
carried out in a boiling point reactor under conditions which favor

di meri zawcp&/ﬁg,,sopposed to 30 | onger chain oligoners wher ¢y tidiR/a0522
tenperature is controlled by allowing the reaction mxture to boli

absorbing the | atent heat of vaporization. If desired the effluent fromthe
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distillation colum reactor to insure conplete reaction of the ol efins.
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distillation" includes reactive distillation and any other process of concurrent reaction
and fractional distillation in a column regardless of the designation applied thereto.
The catalyst beds as used in the present invention may be described as fixed,
meaning positioned in a fixed area of the column and include expanded beds and
20 ebulating beds of catalysts. The catalysts in the beds may all be the same or different so
long as they carry out the function of hydrogenation as described. Catalysts prepared
as distillation structures are particularly useful in the present invention.

BRIEF DESCRIPTION OF THE DRAWING

The FIGURE is a flow diagram in schematic form of a one embodiment of the invention.

25 DETAILED DESCRIPTION OF THE INVENTION

The olefins which may be oligomerized in the present invention include
propylene, butenes and pentenes. Particularly the isobutenes and isopentenes
(isoamylenes) and the linear o olefins are useful. Typically the internal linear C, and C;
olefins are less reactive than the a- or iso- olefins of the same carbon number.

30 The oligomerization reactions of interest include:

(1) Propylene + Isobutylene ===» Heptenes



The FIGURE is a flow diagramin schematic form of a one enbodi nrent of the
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pentenes. Particularly the isobutenes and isopentenes (isoanylenes) and

the linear a olefins are useful. Typically the internal linear C4 and C5
olefins are less reactive than the a- or iso- olefins of the same carbon
nunber. 30 The oligonerization reactions of interest include: (1)
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= - octenes (4)6?21(2%%‘%3%5@"&%%% eﬁgét@_ﬁg Octenes (5) Isoanylene +

butyl ene =_- nqagnasnbyicheer Piophiene e+elcamear e then hydrogenated to produce
al kanes which are useful as gasoline blending stock. The dinerization of
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m xture is thus the tenperature of the reaction, and the exotherm c heat of
within the range of 120°F to 300°F whereby at least a portion but less than all of the
reaction mixture is in the vapor phase. Such a reactor and process is described in U.S.
15 Pat. No. 5,003,124 which is incorporated herein.
A given composition, the reaction mixture, will have a different boiling point at
different pressures, hence the temperature in the reactor is controlled by adjusting the
pressure to the desired temperature within the recited range. The boiling point of the
reaction mixture is thus the temperature of the reaction, and the exothermic heat of
20 reaction is dissipated by vaporization of the reaction mixture. The maximum
temperature of any heated liquid composition will be the boiling point of the composition
at a given pressure, with additional heat merely causing more boil up. The same
principal operates in the present invention to control the temperature. There must be
liquid present, however, to provide the boil up, otherwise the temperature in the reactor
25 will continue to rise until the catalyst is damaged. In order to avoid exotherms which
will vaporize all of the reaction mixture it is necessary to limit the amount of olefin in the
feed to the reactor to about 60% of the total feed. The present invention can be used
on streams containing any of the various olefins or mixtures thereof. The temperature
must be carefully controlled to prevent formation of trimers and heavier products. The

30 boiling point reactor lends itself very well to such control.
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overheads. Alternatively the effluent from the boiling point reactor may be fed to a
distillation column reactor containing the same or similar catalyst to obtain the desired
conversion and concurrently separate the products from the unreacted feed.
The oligomers are then fed to a hydrogenation zone, preferably a distillation

20 column reactor containing a hydrogenation catalyst. The catalytic material employed in
the hydrogenation process is preferably in a form to serve as distillation packing.
Broadly stated, the catalytic material is a component of a distillation system functioning
as both a catalyst and distillation packing, i.e., a packing for a distillation column having
both a distillation function and a catalytic function.  The catalyst is prepared in the form

25 of a catalytic distillation structure. More particularly the hydrogenation catalyst
generally comprises a Group VIII metal supported on an alumina carrier in the form of
extrudates or spheres. The extrudates or spheres are placed in porous containers and
suitably supported in the distillation column reactor to allow vapor flow through the bed
while providing a sufficient surface area for catalytic contact.

30 Among the metals known to catalyze the hydrogenation reaction are platinum,

rhenium, cobalt, molybdenum, nickel, tungsten and palladium. Generally, commercial



distillation colum reactor containing the sane or simlar catalyst to
obtain the desired conversion and concurrently separate the products from
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catal yst may be u or exanpl e ou nmetals of the Periodic Table
of El enment proassstdnd gpphrnaaispat peatidddytvheretotipananion lajuidé batingiwithipronot er s
and nodifiers _such as pall adi urﬂgol d, palladiumsilver, cobalt/zirconium
ni ckel prefisibaiop cobpasicagar dAvaneadp st thdiann and conderspd wWithispae st thek, 10

P CoLy L P R GRSl BB L e ion oo o
pragi ded whLilRi freédne prasd isahatl dguiodtht cohtnlal meflw & ponicd of the selected
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In the distillation column reactor it is believed that the effectiveness of the
hydrogenation process may be the result of the condensation of a portion of the vapors
in the reaction system which occludes sufficient hydrogen in the condensed liquid to

20 obtain the requisite intimate contact between the hydrogen and the selected oligomers
in the presence of the catalyst to result in their hydrogenation. The vaporization of the
liquid feed removes a substantial amount of the exothermic heat of reaction. Since the
liquid is at the boiling point in the reactor, the temperature may be controlled by the
pressure. An increase in pressure increases the temperature and a decrease in pressure

25 decreases the temperature.

Several different arrangements have been disclosed to achieve the desired result.
For example, British Patents 2,096,603 and 2,096,604 disclose placing the catalyst on
conventional trays within a distillation column. A series of U.S. patents, including those

listed above and more, particularly U.S. Patents 4,443,559 and 4,215,011 disclose using

30 the catalyst as part of the packing in a packed distillation column. The use of multiple
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Further embodiments include multiple stack arrangements of alternating wire
screen mesh and tubular elements that are rolled into a new bale shaped catalytic
distillation structure. The tubular elements on alternating layers are preferably arrayed

20 on the wire mesh screen in opposite directions such that their paths cross. Each tubular
element will define a spiral within the bale.

The catalyst component may take several forms. In the case of particulate
catalytic material, generally from 60 mm to about 1 mm down through powders, is
enclosed in a porous container such as screen wire or polymeric mesh. The material

25 used to make the container must be inert to the reactants and conditions in the reaction
system. The screen wire may be aluminum, steel, stainless steel, and the like. The
polymer mesh may be nylon, teflon, or the like. The mesh or threads per inch of the
material used to make the container is such that the catalyst is retained therein and will
not pass through the openings in the material. Although the catalyst particles of about

30 0.15 mm size or powders may be used and particles up to about 1/4 inch diameter may

be employed in the containers.
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abdot 30 Othtmseivesoroee enothenio proslucrealobger alsadrloligaangs éprivicepadly dupen) whighout 1/ 4
inch dianeter may, _be | oyed. in the taj.n . 01/8127

PCT/ USO1/ ab82Ro e 1id GEBEET D HacHtEs Shoto (o AR SLF S0 8 %ol urm
reactor must bepsyfiflich @BluniP reabH ORISR & B8d ehedfl By dvébehhforatdtalpg. The
conditions of pressure anal tenperature to hydrogenate only the dienes,
e.g., 150Fsdimbi toaxi asndistdigienatructereo fThe plig@MOR, ag. dikrs; or #Jegsta gart,To

hydr ogenate the nono ol efins nobre _severe ¢ itions are required 2
- % 50 |:g at 8§ l'tygro_%gatﬁg fqgt_hle corresponding\é ane, v%}gtll faellvcl)ng a glg?ler boC]H{lg ngt 155 00

15 removed as bottoms via flow line 108. By maintaining the pressure conditions to hold
the dimer within the catalyst zone 22, the dimers can be completely hydrogenated.
Unreacted olefin monomers, alkanes in the feed and hydrogen are removed as overheads
via flow line 106. The overheads are condensed in condenser 114 and collected in
separator 116. Hydrogen is removed via line 110 and may be recycled to flow line 104.

20 A portion of the condensed hydrocarbons are returned as reflux via line 108 and a
portion removed via line 112 which may be recycled to line 102. A rectification section
24 containing standard distillation structure such as trays or packing is provided above
the catalyst bed 22. Likewise a stripping section 26 is provided below the catalyst bed
22.

25 Other embodiments not shown but which are considered to be encompassed by
the invention include muitiple boiling point reactors to achieve the desired olefin
conversion or a distillation column reactor following the boiling point reactor.

Exampie
A C, feed containing 14.2 wt.% isobutene, 72.7 wt.% other C,'s with the balance
30 principally C,'s and C,'s is passed downflow through a fixed bed of Amberlyst 15 beads

bed at LHSV of 10 at 90°F to produce a conversion of isobutene of over 85%.



Referring now to the figure a sinplified fl ow di agram of one enbodi nent of
the invention is shown. The feed containing the olefin or olefins to be

ol i gorreriv;‘gegl/gﬁﬁﬂ fed via flowline 102 to boiling point r&gaGt /b2
containing a bed of catalyst 12, either an acidic ion exchange resin or a
zeolite. In the boiling point reactor éhe olefins react wwth 10 thensel ves
or one another to produce a |onger chatn oligonmer (principally dinmer) which

is renpved from.the e&g‘tor via flow line 105 to djstillation colum
reactor 20. Di st6tPiahefliyantdmm the reaction sy fed ot he pafasatalyseepnedogated in

hydr ogenat] @i iféd Shdter SHLIARIAC R 185Headutf o'iedt dd AMADLAET HEL RT By The
oligoners, e.g. diners, or at least a part, are hydrogenatedt e

cor r espondilugiad)k asteudandy, dtydiepehmipra chiaggr (QuditdtNB1EDY) iptepal&i gMoVed as
bot t ons Viﬁﬁflﬁ”‘?w line 108, By mmintaining the pressure conditions to hold
the di mer GSHKHIAN SHECtRIG o yaippigrscon ok ey poripigingaallyengsdapelenethy

hyd¢ ogenat ed, I ol i he feed .,and hydrogen
ar cejsr r enove%%éysSt %%?ﬁ%ggtgl ﬁj\c}gsgd{i[s Z?WB ﬁgﬁ{eﬁlsog.al§$ﬁ§%of\/de? r1§1h§§‘8§V15rr°élg(98}?8ensed in
condenser dtdps iancthe ohtaBet Asheiwhersi pauitaito hydrbfen fol BeRYEIRe ichtaly@MBURG Vi @ | i ne

110 and may, be recycled to flow line 104. 20 A portion of the condensed
hydr ocar bénydipgeny Rartiplirgssaee elet§ prigvioavesting subgantidlyzall pbihei ddigomenoved vi a

line 112 i . r t0.line 102, recti{fi,cation.section 24
cont ai ni n3@%?23@%@%%&??1}(%%&9;Sstréc{}éz rﬁggs gﬁ& Satsdvtefllfﬁ S BF thﬁggﬁiaﬂ?b is
provi ded ahBwed Gkandahahysd hbddgell. Li kewise a stripping section 26 is
provi ded bel ow the catal yst bed 22. 25 Other enbodi nents not shown but

whi ch are considered to be enconpassed by the invention include multiple
boiling point reactors to achieve the desired olefin conversion or a
distillation colum reactor follow ng the boiling point reactor. Exanple A
C4 feed containing 14.2 w. % isobutene, 72.7 w.%other C4's with the

bal ance 30 principally C3s and C5's is passed downfl ow t hrough a fixed
bed of Anberlyst 15 beads bed at LHSV of 10 at 90F to produce a conversion
of i1sobutene of over 85% WD 01/81278 PCT/ US01/ 40522 8 The total effluent
fromthe reaction is fed at the top of a catalyst zone located in



a one inch dianeter colum which is | oaded with 10 feet of 0.5 wt % Pd on
1/8" Al2C3 (alum na) extrudates, hydrogenation catalyst, (Calsicat E

144SDU) wendieg as distillation structure. A stripping yeatusonssshz 2 feet
containing Pall rings is below the 5 catal yst bed. The total pressure is 75

psig at 175 F at LHSV 10. The heavier joligonmer drops into the catal yst
zone where it contacts hydrogen fed bgl ow the catal yst zone at a hydrogen
partial pressure. of 10 psig converting substantially all of the oligomer
(princi pal P§THERESD clpned iRane which is recovered as bottoms. Overheads are

the CG3's and ¢4'x5,R0eksE8r e PREULIGEACEREIIRYEIOERRNts \WEmPlisBE WMeSsteps
PCT/ US01/ 40522@49 pThe Si nveﬁ'?i or111 él ai rréed is: 1. A process f%r t he

product i oof afgoyasiairig(@d-Conplmentconotimg $asd GgCs hlslins By least pagtial fiarisy i zi ng
C3-C5 olefjns hy contactin ai d. C3-C5 ol efi inat le i l'iquid
phase wi tﬁi@ﬁ ARG aﬁ‘gtcﬁ'ia%ﬁ’%ﬁﬂgﬁgoglleflﬁ%%F?’%@ﬁ?’gﬁn@%or{l&?cﬁ ?gﬁ@%éstﬁlgﬁlcgonlt gglti ng
the resul Bii%k]gnerekﬁiﬂpéwcf?og%&ﬂfb@caw%faﬁ@ﬂydrbgﬁh GRieAbHElitH f borebuagen under

condi tions concurrent ~ hydrogenation and distillation. 2. The process
accor di nghydrogérmtion bndistiBatrora. hydr ogen partial pressure is between 0.1

and 70 psia is_used. 3. The process,according t | ai. m | _wher ej he I'iquid
hourly space vél obli% Bropess af:?‘fgd'(?ﬁitﬁcﬂ?é?li g&'%f?rgﬁj %?‘éémig%“ B%ﬁtlﬁgrﬁg%l?%asd 20. 4.
The procegsack o difierd Riflsakdn 3 wherein the liquid hourly space velocity
in the olrgonerization step is between 10 and 20. 5. The process according
to claim1 whenBeiThe paicdssakcedrimg te dajm il sdefednthetigniswurly spacg velocipirer s

conprise 2,4,4-tri-nethyl pﬁ;gt ene 5an ,4,4-tri-nmethyl -2-pentene and said
al kanes cdmoligoaesization $igR ISREHWSAN peg’?h ne. 6. A process for the production

of gasoline Coqp%gggo%g%ﬁd%g{scfahﬁ 3%1}1%9&t}ﬁfﬁquﬁgg)ufn?ggéda@eﬁmhym ocar bon

stream cont ai ni hg to a single pass wnf | ow fi xed bed

react or ceid digonegizatiorasielisheoh¢epdiPdemid28t i on cat al yst wherein the

5. The process according to claim 1 wherein said olefins comprise isobutylene,
said oligomers comprise 2,4,4-tri-methyl pentene and 2,4,4-tri-methyl-2-pentene and
said alkanes comprise 2,2,4 tri-methyl pentane.

6. A process for the production of gasoline components comprising the steps
of:

(a) feeding a hydrocarbon stream containing C,-C; olefins to a single pass
downflow fixed bed reactor containing an acidic oligomerization catalyst wherein the
temperature in said reactor is maintained at the boiling point of the mixture in said
reactor thereby reacting at least a portion of said C;-C; olefins with each other or
themselves to form oligomers;

(b) feeding the effluent from said single pass downflow fixed bed reactor and
hydrogen to a distillation column reactor containing a hydrogenation catalyst in a
distillation reaction zone;

(c) concurrently in said distillation reaction zone;

(i) contacting said oligomers with said hydrogen in the presence of said
hydrogenation catalyst to hydrogenate a portion of said oligomers to the corresponding

alkanes; and

(il) separating said corresponding alkanes by fractional distillation; and



tenperature in said reactor is maintained at the boiling point of the
m xture in said reactor thereby reacting at |east a portion of said C3-C5

ol efins "%/6'81/%9? other or thenselves to formoligoners; l@@}dug(ﬁ%ggﬂg t he
r y

ef fl uent om sal d single pass downflow fixed bed reactor an rogen to
a distillation colum reactor containH%g a hydrogenation catalyst in a
distillation reaction zone; (c) concurrently in said distillation reaction

zone; (i) cont ing said.oligoners w i.d _hydrogen.in.the presence of
So1a Dyt ogonaeh erres Qe ARG R BB Y BRRERR o A A P BRI oy < t o
t he corr esaon@kitationltkamies zogdld (1) separating said correspondi ng al kanes
by fractional distillation; and WO 01/81278 PCTI USO1/40522 10 (d) renoving

sai d al kanes fronTkapigcess ge¢drdiagitoplags buriereia seiddydmgenisgesnieraddiow sai d

distillatign fEactl PR-Z80 ek shig dibtiiRh %8@:%&%5859' ng to claim6 wherein
sai d hydrogen 7S recovered from ~overnheads and recycled to said

distillation cog.umieRéssstccoddind i€ cRiMCESHeRGL 6thet Pgirbearbdmi thar syer ei n
ot her hydrocarbons than said correspondi ng al kenes and hydrogen are taken

as over hea@srespasdingalkenesiand hydragenagie lekan araverhends Ergrysaid dastidladen eplemer heads
are cooled to separate said other hydrgcarbons fromsaid hydrogen, said

ot her hydrocarbons being recycled to said distillation colum reactor as
reflux. 9.redctpr acesisd dwsrhédde apy adlal ioaeparhtegaibbtherchydiodqacsuvme tfiont saipr i Si ng
the steps of: (a). feeding a hydrocarbon streamcontaining C3-C5 olefins to
a single plbygsogeaoimcrtb%lwasé@arbsaﬁb%&te@mle%m% distitigtian epmgiractei@s di ¢
resin catalygf wherein the tenperature in said reactor is maintained at
the boiling point of the mxture in said reactor thereby reacting at | east
a portion of sa9.dAGReddss tdrehd poduttidn daakololkelremponents comprising the steps

of:

(a) feeding a hydrocarbon stream containing C;-C; olefins to a single pass
downflow fixed bed reactor containing a cationic acidic resin catalyst wherein the
temperature in said reactor is maintained at the boiling point of the mixture in said
reactor thereby reacting at least a portion of said C;-C; olefins with each other or
themselves to form oligomers;

(b) feeding the effluent from said single pass downflow fixed bed reactor and
hydrogen to a distillation column reactor containing hydrogenation catalyst comprising
a Group VIII metal in a distillation reaction zone;

(¢) concurrently in said distillation reaction zone;

(i) contacting said oligomers with said hydrogen in the presence of said
hydrogenation catalyst to hydrogenate a portion of said oligomers to the corresponding
alkanes; and

(i1) separating the corresponding alkanes from other hydrocarbons and
hydrogen by fractional distillation;

(d) removing said corresponding alkanes from said distillation column reactor
at a point below said distillation reaction zone;

(e) removing said other hydrocarbons and hydrogen from said distillation

column as overheads;



t henmsel ves to formoligoners; (b) feeding the effluent fromsaid single
pass downfl ow fi xed bed reactor and hydrogen to a distillation colum
react or ,.-QLNg hydrogenation catal yst conprising a G}%JIIPV tal in
a distil I%g pg%ﬁ?é;acti on zone; (c) concurrently in said distli %ﬂtl%‘gsnﬁe
reaction zone; (i) contacting said oli gorrers wi th said hydrogen in the
presence of said hydrogenation catal St to hydrogenate a portion of said
oligonmers to the correspondi ng al kanes; an?@éi i) separating the
correspondi ng difkasredingrsgid everheadnyiarssparatsosaid ather hydricatpens fisonf saidt i onal
di still at i@;a'rocg% )4 dermvi ng said correspondi ng al kanes from said
distillation urm reactor at a point below said distillation reaction
zone; (e) renpVighGeswiidg atgoefiod ¥ iaRE@hOaRRircatbday & 948 Ristil R S@itnn
distillation colum as overheads; WO 01/81278 PCT/ US01/ 40522 11 (f}j

cool i ng sdeeFterastpdaxis to separate said other hydrocarbons from said

hydr ogen; and (g) recycling a portion of said other hydrocarbons to said
distillation colum reactor as refl ux.



