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oils and to selective dinerization of n-olefins using
a solid and acidic catalyst. Particularly, the inven-
tion is directed to a procesg wherein n-olefins are
dimerized in a catalytic distilla- tion apparatus,

foll owed by hydrogenation to give polyolefins. 10

State of the art Saturated olefinic oligoners are a

Si synthetic base oils.
Po%ﬂb&%gEEHEQ&&P%gg%ﬁggﬁhqgb@ﬁ%ﬁ are typically

produced by oligonerization 15 of al pha-olefins in

the presence of honobgeneous Friedel-Crafts catal ysts,
suldthakabfeldn trifluoride (BF3) and a pronoter at
slightly el evated BF3 pressures, and tenperatures
bel ow 100 C. Water or an al cohol normally serves as

t NEhePh PEBILR relatek o tRLpBAEtIBA Qﬁ%rgr&dém&s@rtﬁlsla%d to selective
typically used as the feedstock, main i Vi ng

t r4imeizatign of pelefprasige @fso{uh and asadie P@élwsfogétﬁlpwa% theyigven-
pr -
G R ek 3000t 3 Pt 0 Bn e BT Rbatelffe il
oi tion apparatus, fPIl@vEdoley lyo(dmgeez;tmano givebphyplefigs.oup are
produced by dinerization of internal n-olefins,
typically C15-Cl16 n-ol efins, using BF3 catal ysts.

ArSing of ltkee agpr oduct s of the PIO process, diners are
particularly suitable feedstocks for base 25 oi
production. A catal yst separation step is always
nesugsed meifalo%@omels 2t Q RS 8B up S Aith-HAIDGRRA Hase
cat al Is known, n-olefins refer to |inear

oI dlsi g@y Bloh mo}fféﬁais kapwn p51RAQE 8 tyically peodugerhby gligomerization

|
o 07?;4}14& %{SF‘@} Fﬁllgsoe%% Qf‘ﬁdlﬁo_%@ﬁ&‘)% pRda! @b SrtalY¥R, such as

boron trifluoride (BF3) and a promoter at slightly elevated BFs; pressures, and
temperatures below 100 °C. Water or an alcohol normally serves as the promoter.
In the PAO process, 1-decene is typically used as the feedstock, mainly giving

trimers and tetramers of the feedstock olefin as the product.

Base oils may also be produced by dimerization of n-olefins heavier than decene.
Base oils of the PIO (poly(internal olefin)) group are produced by dimerization of
internal n-olefins, typically C;s-Cis n-olefins, using BF3; catalysts. Among the
products of the PIO process, dimers are particularly suitable feedstocks for base

oil production.

A catalyst separation step is always necessary in PAO and PIO processes using

homogeneous catalysts.

As is known, n-olefins refer to linear olefins or linear olefins with no more than

one branch, that is, to slightly branched olefins.
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2 Aigonerization refers to a reaction where nol ecul es
of at least one type react wth each other resulting

bei ng the added nol ecul ar wei ght of at |east three

nol ecul es. A igonerization may be illustrated with
the followi ng equation: 5 xA + yB -> AXBy where A nmay
be identical with or different fromB, x is 0 or an
integer, y is O or an integer, x+y > 2, Ex = n, By =
n'bhgm%gﬁ'iza%ﬁ;ﬁ rrgfiel%l t%fel Féagtlg}io&ﬁecrg écu, dofnclt &f&q'% B%xe é&e Lt
i nt omer ers o are [

c wnthl daah iother odsuhing cm&he ncreasd bﬁtheﬁncﬂeculla&a&&lghth gaid rim:rease

HBRE abreapo e firoReiet o o' Bt 3P AR, Puimation

mMa G limsstrated atithlieafllo®ig doyg@pn: react with each ot her

resulting in the increase of the nolecul ar wei ght,

said in- 15 crease being the added nol ecul ar wei ght of

akaleast> g, nol ecul es. Dinerization may be

ilTustrated with the fol | ow ng equation: A+B - AB 20

where A nay be identical with or different fromB, A
Q\?ﬂ% Q%d}gerH tich' \91’51[;"3% @}ffefelﬂlc f3m ﬂ_h{elst(ﬁ5ﬂgndih{%5r y 1s 0 or

ers to"a conbination o mononeric units of

| eagitegenne-ytyRex Fhety emm Hond/Blaef olefinie frmigutes, aud n and m

conbj nati on conprising at |east t ol ef.i.ni c 5 .

oS i (00 arizapey St o teree CoqBip of onomeric

aluhR¢ R 1046t thebRy 9BE RRAMSBeRbBaSInts tMizidghBom 3 to 100.

di neri zati on of heavy olefins are known e.g. from

patents US 4,417,088, US 5,053,569, US 5,453,556 and

UShe chzp&n?eﬁéatldnnre?e‘iiéj td & %’écﬁ&h I)vhé‘re deSibatsh S TREdsZBhd e

reaction, the use of said hetero 30 geneous acid

cacast yithsach othen sesulting is thedingrsesgrafithe modesylar evpight, said in-

7 G5 B 8P 4epalhoREbEERH AR SERTELOND AbhlE, Dierizgion

Wiha3(0fe A11dstedted 4vitAGhé E)]JZ)@zﬁWge@iﬁémﬁﬂ 3 goners, mainly
trinmers and tetranmers. Particularly detrinental
i somerization reac- '

A+B->AB

where A may be identical with or different from B, A and B being olefinic mole-

cules. The term dimer refers to a combination of two monomeric units of at least

one type.

The term polyolefin refers to a combination comprising at least two olefinic

monomeric units of at least one type.

Several alternative heterogeneous catalysts for the dimerization of heavy olefins
are known e.g. from patents US 4,417,088, US 5,053,569, US 5,453,556 and US
6,703,356. In addition to the desired dimerization reaction, the use of said hetero-
geneous acid catalysts disclosed in said documents resulted in cracking and isom-

erization reactions of the feedstock olefins, as well as formation of heavier oli-

sai dP¢ TEReEANS0357
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tions of the feedstock ol efins include reactions
yi el di ng products that nmay not be dinerized, such as

| onered by the cracking products fornmed as well as
napht henes resulting fromthe isomerization 5 of
nmononeric ol efins. Because rgelatively valuable ol efin
are used as the process feedstock, any undesirable
side reactions thereof also have a consi derabl e i npact

(0] o o

5 3pkBR KRR Sinjerd Ve W ERFy o2h AR IRk roac
usiongofathe fadstadi diefinciaklmide ndantbonts iydaldibg prriduets dlet aay stot be
oS PR g R R AR S R BB Prss ot eyored by the
alcplokinglpedduns fotnidd |8 vedl dxomaphihaies rresuttanydficarg tireisvwerizalion
an? 30, or. algingre th reoﬁ a Hpe fgedstoch. @?e

c &t FIYPEPeRE OlelBu HPusg raat yc?“%j‘é% 43 olep 4754 Ry theRyogess
C ggedibtocit, hy i@ Kaklé sidesGctib@nthdeofTN® K82 dhsiddrhble impact
index is _a.nmeasure of the product selectivity of the

c &pdns fepsibility afithe IQeES-15 pl es, 1- hexadecene,
1-tetradecene and 1-octadecne are used as feedstocks,
whereas MCM 22, MCM 56, USY, Beta, ZSM 12 and WO,/ on
ZThe decementedsS ax053cH0adigdosss then dinkrsizaticanpf esoleffinst irdng an
abovie docunment 5.053..569.and US 6, hi ghest
A e R R
olotigberizatiom probest ef algknelefias asiighlpleadlefinssivith acaeb@Puihber

and 87 % A caonversion of clearly. belo 00 .% may be .
at 5 Dved i Pof ﬁﬁiﬁ%ﬁ%%tﬁg%?ﬁh% Hefideels Bparalys i
f @pstsficqiCls DLOEthNSatalydd Batin® AUGhstRMtahMRDbf 16 thAE3. The con-
exanpl es of the docunment US 5,053,569 contai ned

t sfraet e i hegesuey olothe progusietelectivityack e gptabyip dnthegrxam-
50168 1RGN, NPAendBRR A | Qkialilifie PREPRLN! 85 fBldstdifs,

ase oll product. Selectivity for dinmers is higher

( Thetdps MCVIRE, 84QvipI e Usds Beteb é8M-1h anh ¥ Qlauudrghtardssed as
6@&8@@%56’ havi ng a high conversion (87 %, yet high
anmount's’ of cracked products (4 % were obtained. The
termcatalytic distillation refers generally to the

oD B A Pt SR e PR LS O pPiSes /05356, highest

S epavedibhttained fathe dimeRatiiil ofthe@st dIefinsiugingheterogeneous acid
i nseparabl e manner. A catalytic distillation apparatus

nGAtaNEss 20073 Yurpd A1 Yo rraRsty ofsdessly belpw 100 % may be atirib-

uted to the formation of naphthenes from feedstock olefins. The product obtained
in the examples of the document US 5,053,569 contained trimers and heavier oli-
gomers in a total amount of 47 %, which is not desirable for the properties of the
base oil product. Selectivity for dimers is higher (70 %) in the example described
in the document US 6,703,356, having a high conversion (87 %), yet high

amounts of cracked products (4 %) were obtained.

The term catalytic distillation refers generally to the combination of a chemical
reaction with the product separation. The reaction and product separation are car-

ried out together in an inseparable manner. A catalytic distillation apparatus nor-

Attai nabl e yi el ds of the base oi | PEr/BI2007/050357
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mal |y conprises a distillation columm incorporating
one or nore catalytic zones. |In said catalytic zones,

distillation colum are treated to give desired

reacti on products. Thereafter, the product streamis
fractionated using a distillgation nmeans. Said

catal ytic zone may be 5 placed within or outside the
distillation nmeans. In industrial applications,

C \Y el 4 )b Qs . : C .

o By ol Slishdoh BBl 5GHork g B B AGHTloRicYorcs
déinyald abiabnicones, stodrolssfronandpecifiethievelnorgflatp af difef distdlation

Use of the cat tic distjllation is al known .i n e
R P B PR s o phE et eeoBi BrdgRes TR ol e
olsirgiras ifaatioraredplidge & sdistitien Mnaahphseid|cafalytie dvavimgy be
from 3.to 12 carbon atons are ssed to a .. . .
GPBEFS IR oubisre SigHaRen W@HSE%@%?EMPPE%P&%§%talyt1°
f QistilI€or BAS4d Bhe plOGuIRARE EALM Qi®procés beialdtinéwn e.g.
distillation apparatus is. no nore_than about 150 C,

t Her deppiration ofpdolplsommdiospipsion ofiparafidfige bei ng bel ow

50 C. A conbination catalyst is used in the
distillation apparatus, and accord 15 ingly, a unit

f dfsetofidhesenalytia distillagipn ishalsd kewiven incthel opgeragrizathon process. US
r | B Q- i stilla- ti d ' .
R st ot fon bR ARG bReshB R haying fom
an eppPacabes atomsprd passgl @ aiistiildtioat dobnmic obntamingricwas acid

side, reactor for e, pol rizatiop. of carbons. .
TiaSizsb R Sheeniiiy- HR shReREof B ARude DHTaRGT prgRts i
Sigdih@e theah 40396 €50 9T, G Bpchil SpettitDh itdrhFdrhtaR: radftbeing below
docunent FI 96852 discl oses a Er ocess and an appar at us
f $0 6l iAycombinaiierycatdysfis msed inrthe Wissllpiancapperatusadamgarcord-
ol.efins or.mxtures.th of are S$ 0..&:C |
il o o R B R R RORRE R Sy B e
caihapgpaatunistdn essentidl phiy of thatappardbs t enper at ure of above
150 C, thus yielding a product containing oligoners.
The catalyst used in this process mainly consists of
zqod 1168 98N QisBlofdUstppdiRiuesnpelinga diskidetie eblshh bhdk SRle

and lubricants. The catalytic distillation system used
i reacks 1o dhe- pdwaerigaiion pk By dsecasbaps s Thq prparas ®aY Genspsiated

t Rl RFifbnSERARAD HRRe iCQMIRRIEGiIBoRt | east one
side reactor containing the catalyst. 30 WD

2007/ 144474 PCT/ F12007/ 050357 5

The document FI 96852 discloses a process and an apparatus for oligomerizing

olefins. In this process, C3-Cy olefins or mixtures thereof are passed to a catalytic
distillation system where the feedstock olefins are contacted with a catalyst at a
temperature of above 150 °C, thus yielding a product containing oligomers. The
catalyst used in this process mainly consists of zeolite, the products formed being
middle distillates and lubricants. The catalytic distillation system used in the proc-
ess may also be a distillation column for the product separation, connected to at

least one side reactor containing the catalyst.

or plate of theCT/F12007/050357
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Based on above teachings it may be seen that there is
an obvi ous need for a novel inproved process for the

process elimnating or at |east substantially reducing
probl ens and deficits associ- ated with the sol utions
of the state of the art. 5 Gjects of the invention An
obj ect of the invention is to provide a process for
the production of polyolefins fromn-olefins. 10
[

Q@g&égg@ eﬁ!&v@&%otﬁﬁ s:) lgﬁlg :‘ng&gftﬁeﬁ ﬂ}e%e is%n fb?}r?ggﬁee% for a novel
ndimpwied 91c1§|:sssn@>r athts pldddctami off polydeﬁnhsyﬁbm BSoleffins, asraui hevel
Ob oecggs eg alen Ior1]V tl gu st ttlgrl‘%r oyl der roc%asf itS -

PP shTiRa e B i Bt b Sfici associ
natmld@ﬁtb"the s@uﬂi@sa)fﬂmlstaﬂe @ﬁth@larc nmesopor ous cat al yst.
Further, an object of the invention is to provide a
process for the dinerization of C8-C30 n-olefins
UDBjectdoftkiifventibfi C mesoporous catal yst to give
pol yol efins. 20 An object of the invention is also a
process for producing a base oil conmponent. Yet
anQl didct BPInE GveRfiod R% proViaBh pRitedsSof A8 pHfc@in & polyolefins
catal ytic distillation appargtu for tphe di rrerlzgtlon
offrom wplefinps, particularly C8-C30 n-ol efins. 25 An
obj ect of the invention is also to provi de
di -n-olefins consisting of two identi- cal or
diAnothee nlbjeart-od)' ltheef inmention vd m@rmdddmprocdssaifor the pgithaionfof poly-

0O The present
e Fam e Bt Dy ot oduct ng
hi gh- grade products use- ful as base oils and base oil
onents from n- o] efi ns .using solid and acidic WD

> 6 At obips B ooy t9B G PO e &tPapqpst for fRe production of

d'pBEfBleﬁhQﬁoﬁ&rC&UC{B Ined1bfthsQking aWbXd Midic ﬁfesébo%t%fchﬁﬁfsﬂ n a
catalytic distil tion apparatus, wherein the

catalyst is placed into a distillation colum or into

I
fa (I;lufth&e dl{ E@Qﬁq{értgéégﬁg?ﬁg ﬁbg)f ﬂbﬁﬁié L\ %d gég{og(ﬂ# el erlzatlon of
pCads 8-obeffins eing avelnt doidic mesppofome d&akysﬂ«to gompply&oiaﬁgs an
n-olefin or a

An object of the invention is also a process for producing a base oil component.

Yet another object of the invention is the use of a catalytic distillation apparatus

for the dimerization of n-olefins, particularly Cs-Csg n-olefins.

An object of the invention is also to provide di-n-olefins consisting of two identi-

cal or different n-olefins having carbon chain lengths of C8-C30.
Summary of the invention

The present invention relates to a process for producing high-grade products use-

ful as base oils and base oil components from n-olefins using a solid and acidic

sai PCTBR2ed7/050357
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5 mxture of n-olefins, is dinerized in the presence
of a solid acidic catalyst by passing the feedstock

conprising a) a conbination of a distillation colum
and a reactor having at |east one catalyst |[|ayer, or
b) a distillation columm compected to one or nore side
reactors having at |east one catal yst |ayer,
recovering the unreacted n-olefin at the upper part of
t | Sid [ i . e «Comhj e} Tt hewn..
o e B FishireBle Bh-GREHTPa Mo GRERERG Ouflyyc Ao
t dioh eppwatbs, vadrein tthe ¢yt éeplataicikio aistibaimntdodumn or into a
reaction produc fr the dimerj zat | i.S .

g ot SRIHT s, oo S o B8isd By S grrgenation of the
dipa®iuttz &t 1he procpssosiithd inventfonihe fipdadelctontpisingn molafih yr a

be .renoved ng. ap additiopnal distilla- tjon.step, 1

PG, Sh ol CuREe baPRgrR et i L ATGS (RBbsbpY

afp@ssigl W6 ARk &Y a aRtalylic G afib0 bR Eatds eitheBEmpBrising a) a

however, w thout wishing to limt the invention to

t [fegbinatiere gk Arddilietion aplpmntand irpappyhipesg gt lngpteong catalyst

S GRRMRE ibf & ul M) IHRAS 13 SRR B NYne ¥ nfdRE siliB ¥aBiotAhy frn@Tat

producing a base oil conponent. 25 Figure 2

s dénenenei @talysy laypio weroseringtho dnnvagied whlefinet ithevenpet past of the

ot . i - of 11 - .

o Bl P L bTRE bR e ok DR ol 3d bl s

c at addeystteamntostepenmaltiveds it the &etlgock, wWhegpas ehe3reaction product

schemptical ly.sho an e i ment of..the inventjon. .
BFLTs faibadh B R SRg TBF e SRt T P msdan

| PrafucOsfind hkicOha@ opfically batréBévedalsihFan @lddtioaal distilla-

reactor. WO 2007/ 144474 PCT/ F12007/ 050357 7 Figure 1

i 4108 5€Rhematic presentation of the basic solution of

the inventive process. The feedstock of the process,

or stream 1, containing C8-C30 n-olefins or a mxture

t Hdedayentign apd gpie dltemaiyeacnadiments kherepdtare mbistrated by Hg-
fi ) rHe r -4Lh

SRR TR 3RS Enafnatiy VIR rEEpn e
Stpresemted dmbodiments.

Figures

Figure 1 schematically shows an embodiment of the invention for producing a

base oil component.

Figure 2 schematically shows an embodiment of the invention wherein the
dimerization of n-olefins is carried out in a catalytic distillation apparatus with the

catalyst in separate side reactors.

Figure 3 schematically shows an embodiment of the invention wherein the
dimerization of n-olefins is performed in a combination of a distillation column

and a reactor.



wo agpen4447bed D. Stream 3 is obtained as the prpdERO@050357

10

15

20

25

30

5 and 4 together formthe stream 2, which is passed to
side reactor A containing the dinerization catalyst

the side reactor A said stream 3 containing C8-C30
n-ol efin nononers and as reaction products mainly
dinmeric products. Stream 3 i5 passed to a distillation
colum B where C8-C30 n-olefin nononers rise to the
upper part of said distillation colum 10 B, foll owed
by heE

DXIAREYS) | DReh % eOhel oFRERTRE sOARRL M, b0 proces.
r dhie féedstoelt afghe pIStJere,amst'reans 1y contmirek @i—CgohEOIEﬁms ofa hixeire
di;st.i ol ati.on aj d tLeam onta

OB Rt e et B FEN AR FERP s PreiR e erorsre
upphe uppertpattfoftahistillation bdlaﬁm ®Nis Q;Oinbﬁiﬁd V\\Mtsheﬁlh resgtredms 1

t he n of the ¢ onen on neri zabl
i Hgke ?geﬁﬁﬂﬁﬁ &ﬁe e Q@V@% BPERED RS %osﬁca%%@mgmmg the
paeN&Fatch dafalydh Gryedt RIAYD. SredinSt is bb@tne®As ﬁlrag%cﬁw& thd Bie
prod- uct |n the formof a product stream 6 mainl

C B57E108 t/h rigidostreg s ccentaining, CarCore Brofefignmonareery aad @mr@ﬁctlon
t B?odqb@ ttﬁehﬁl?td'lrﬁéh&ﬁ]oﬂﬁms Bireadl ﬁlssgags%a% & (g 18P 254 B

ed%/ ro- enat| on reactor C. rogenati on
r @élét -Cyo 10 @ﬁn menemers fizel tothe mlapeafd:att@f sgd wl@tlﬂhfteon column
p [ fol | ovved b
P lEhiod 2y b6l A8 12 B Sl FRCHRT R npiaPish B Seeate
r eaﬂmcsude@ea&;ormmn p:}maﬁamionmalge Biredm 3 iy fkmgudScEatzhe &op of the
pr rabl soI on of th pracess of the ipvention i
DHBVAR, Suie . o8 e > sSUSiEE Fomeotstts pf Hai ptprzable
aﬂpﬁbﬁi&ﬂﬁradﬁﬁﬁhﬂ ghedippef pabf BB desdilllafiorSéolhaY eWsth RireAN 8 the
pl aced in Zﬁ't rate side reactors A and B is used. The

f SEEten o tht SoppenBsofercy: diperizabfcempnamercispgtion fuply as
CBraaditdtopBhiddss ﬁx‘évéhtéﬂ DAt @dtglwcﬁgfuahén Qfg;amse §né pRAR

a feed tan not shown in the figure)
r 8etd9 diecgrm of ¢ produgisiparp grmainly CQHSISﬁllnStOf riir@m isrobtadried from

Ctﬂesbo‘%ﬁﬁngmg d\Mtﬁlgt %1( Ecﬁﬁ]ﬂh %‘3 sa%tdrs(ﬁ%gfﬁ 6%%28 gasss%cg g)eg lﬂ%ro-

form stream ei ther ‘passed
r gercition révctor Gildehe hmrbgrmaﬁon &acﬂeam Bleifiss apalsgieckenated to
cto ont a fresh ca st ,or
- S s Brobf hPlp G el sl iyt siahp rxapval of
S salé prodacitfaim ﬂraﬂﬂyéﬂogﬁnaitlbﬁ reaxfoad sk ek eedirt stedam 0r t he
catalyst is being regenerated. There are two side
reactors in the system and accordingly, it is WO

20078 944 PrdférdbIlE beBfidh B8P3 Proce® Tqhe BREARAAS ¥hdvbh. IR Wlis

down the process due to |lowered catal ytic activi tly
Se9latign, 2 catalytic distillation apparatus having dimerization catalyst layers D

and E placed in separate side reactors A and B is used. The feedstock of the proc-
ess, or stream 1, containing Cg-Csq n-olefins or a mixture thereof is obtained from
a feed tank (not shown in the figure). Stream 4 recovered at the upper part of a
distillation column C is combined with stream 1. Streams 1 and 4 together form
the stream 2 being either passed to a side reactor A or side reactor B. Stream 2 is
passed to the side reactor containing fresh catalyst or regenerated catalyst. Simul-
taneously, the other side reactor contains the exhausted catalyst, or the catalyst is

being regenerated. There are two side reactors in the system, and accordingly, it is
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is obtained as the product of the side reactor A or B,
said stream 3 containing C8- C30 n-olefin nononers and

3 is passed to a distillation colum C where C8-C30
n-ol efin nononers rise to the 5 upper part of said
distillation colum C, folloyed by recycling the
n-ol efin nononer fraction thus obtained as stream 4
to the side reactor A or B' in the reac- tion stage.

gltnéfﬁﬁagaﬂysto sﬁﬂ%\@&lﬂ t@ pxjope%s HR@?JIOQ@%& cQtEla/hp gctmty Stream 3

atron col um ream cont
c anplgaieed ss thé prodnetdif rhiBzr mdaaxteh@oxnﬁm e saifl stacm B) noxaamtnlgecs-
| ati C. Acc | atjon
ot s R st s e Y g iUt Bl
f Bae pmad BuCHistifation askhadC Whﬁiécwglfldfé nkdlefih@on@héab yiké ® the
ratus._ i s

distil- nted by strea

FHBRGTt et |°g %é atigp %%lgma. ﬁvﬁP‘é(’F(? &% re&%‘ihﬁﬁ%ﬁn -glefin
PhRdsler Sh&tRAMG Jhelintdyas GREmh 2ttbd 1B stfe 1SR Sor Bin the reac-
subsequently passed to a hydrogenation reactor fo

hyiQn stenattiean 3(insmaesse whthe yppereartiod theedistiligtiop %plwtl @@Fﬁld
prsﬁgé{ﬁ Eor%alﬁfng c@&ﬁo@ﬁéﬁ%dof nba-din8Z:81e3nSNE FRABRS RN the upper

pre erabl e solution of the |nvent|Vﬁaprocess usi ng
c aed-of] thei distellagipn | dobuniro §. adyprawraration hefy the geantpenents of non-

di . .
df@érf%h{é?%(%%é%}‘ ﬁ‘ﬁétlokas}ﬂ%%@?rgﬁ%&? ?oﬂé;gbﬁlln%e in Otﬁ‘% (r:atalP/tlcg distil

%t@iﬂ(hpparatueﬁs ptsvemtedaby'ri;tmnr £ Froieahe tfwer pax @iffithendistillation

no frac on4fro the t of

¢ e Migind Aot B B oAt o Jmels S ered

pagsdngetioh Reacthr $dri HytifdigtHlios Ghdi RRovh inttBe figine), dRPE bottom

part of the catalyst layer B. In the distillation

c rasvat AareReded passes to the catal yst layer B, in

whi ch the dinerization reaction nainly proceeds. In

the catalyst |layer B, n-olefin nmonomer is in the form

offigre 3 sbeiry arother graferahle selutieriof thp évientéigi RIogess |using g cata-

r r:
{ RARTBEINED 5ol 1M B e SO SRy @ P iRl the
o loti stiil I atexh ¢0ﬂlum Ah@h«t frpd offreanh & cainprtising @i-Com-oleDhuoma mMixture
sal d fr.acti.on ng s ive r .fract
¢ B Ber SR Pl B b, o bR R e BT bR o
5 tllléﬁmumlhmh iAo gife nGReLh QEbI lmbllng te fmspﬁstlllaﬁdsﬁ solohntAy&@o
mpnoner fractjon in the alytic. disti atlo
Ao e o & Bty er B Wbt Stih doliegh Aot fesd passes
St @RMatlyst 39,08 Wafich e UleerfzMidN @hctRn %dﬁﬁ? o@&@nh{%@e
6 is obtained fromthe bottom of the distillatio

c Grighst layershi njolefip axpppmen s ipghe form of a vapour/liquid mlxture and
the liquid n-olefin monomer washes the dimers and oligomers formed from the

catalyst. n-olefin monomer fraction 3 is obtained from the top of the distillation
column A, said fraction being split to give a monomer fraction 4 to be recycled to
the reactor, and a monomer stream 5. Accumulation of non-dimerizable compo-
nents of the monomer fraction in the catalytic distillation apparatus is prevented
by removal of said monomer stream 5. The product in the form of a dimer stream
6 is obtained from the bottom of the distillation column A, said stream 6 being

passed to a hydrogenation reactor (not shown in the figure) for hydrogenation.
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passed to a hydrogenation reactor (not shown in the
figure) for hydrogenation. WO 2007/ 144474

apparatus conprises either a) a conbination of a
distilla- tion colum and a reactor having at | east

one catal yst |ayer, or b) aglistillation colum
connected to one or nore side reactors having at | east
one catalyst layer. 5 Detailed description of the

[ S [ .
e bR e Aors ipRiah oD BHAM ) R b8P Ll
c dipalcptmmbhdagedcan Hahieg ¢ last oneecathlyse ﬂayz:atqrdr) aodhstillation

n-oiefins t i ve base qil u§efﬁl.ast Iubricgrt or
b&SE™d) TOEBHPoRERT X WP G e ® s?aé'i PeALL Hayer
10 even be above 95 % In the process of the
[ enhggp t he di rlzatlon of n-olefins or n-olefin
eSeriphion of the pyeution performed in a catalytic
distillation appara- tus conprising either a) a
conmbination of a distillation colum and a reactor
c dhivap prgrisipelytfonndhthat haaise af alcytalyti fstitlatiqsy anppragns with a
digshd hliglianr PL\H’UM fSIofl]lQ QGL&H e B8Rt of Hgfeﬁnﬂodﬁve base
reactors conpri sing ' east one catalyst |ayer, 3a
catlaisyBi abeilvhyicent, phbaﬁ wil somgoresaovit amercsllens yidid that may
f"ﬁegéﬂ iaé Qﬁovg ;ég?/o' IH’IHee%JopeSE 0k Fhe Wh‘[lél‘h?h &E@ﬁ%ﬁ;‘%}{ 08 0 efins
t y:p ineﬂd:ﬁrymbehmswolsﬁéld @imérk u&pepﬁoened/mni aamj;yttchbstﬂkatmranppam-
napht henes,and cra n Di mer.i zati on
o BB ie g fhyeaganies Sre P iAEh Sl b gt g tom-
C iR & leastQatel dﬁfh@st Jayéd, bED) a HRellAioARbivAat ¢dﬁﬁe<ﬂétﬁ’lonne or
hydr ogenati on, the rodict may, |f necessar¥ %
pARYE gide Geastprs cQmRIising 2k aétrPnﬁﬁE)tﬁlryétt Igxeryfait eitalysy being in the

m%%ﬁc’t&e%ﬂug $heAiSHIEIOR 8 Rndn! BMNilif Gvall MR temp&itlre of the
product, or the dimers are separated ffom heavier

t rdinreniztiom deaction avaprbs. mafhteingd) iﬂW,ttyplgﬂlyt bedopd§@ °6j thus pre-
and/ or has o) nt obt.ain
£ el B EpRitons St RERE R es PR 5 b uRE J R i
dl.felldiv@ed gjlvmy@cogéﬂaebn tdhprodsce thewase2il Buﬂb@feanOptlonally after
lrable re In the process qQ
g%i‘ CHiRatiqR. aé‘aé’ffh ‘ﬂ%ené’(tl?ﬁ gﬁﬂr@ﬁlﬁ‘rf mgy, d% %@Fﬁéryr Be passed to

paascﬁﬁﬂlah@n BppabathPNdrk anﬁmsﬁddléraéglms a&r}aiﬁa&éaswﬂ @eQdimer-
the single conversion of n-olefins ma suitably

c dmdrmspqusy or theedimeys gresiepgypied Egpisayicn m%@é& wyddetranarhe
conversion of an n 30 olefin to give another conpound

during the reaction stage. Single conversion of n-
The quality of the base oil and/or base oil component obtained as the product use-

ful as a lubricant, after hydrogenation is excellent due to, among other things, low

number of undesirable reactions.

In the process of the invention, n-olefin or a mixture of n-olefins is passed to a
catalytic distillation apparatus where the single conversion of n-olefins may be
suitably controlled. The term single conversion refers to the conversion of an n-
olefin to give another compound during the reaction stage. Single conversion of n-

olefin monomers is defined as follows:



ol efin nmononers is defined as follows: WO 2007/ 144474
PCT/ F12007/ 050357 10 Single conversion of n-olefin
worewemerss (%9 = 100 x (proportion of n-ol ef i NSPCAFR2007T850357
feedstock prior to the reaction stage - proportion of
n-olefins in the product after the reaction stage) /
proportion of n-olefins in tipe feedstock prior to the
reac- tion stage. 5 In the process of the invention,
it is preferable to use recycling of the nononeric
oI e [ t t:
SE SRt el orBRRA BRI By LUBGoMIF PR AtRin
cdhw &eést«mk oot tdithe rdagtini gages-eprepdriion oy neuidlrisriprthtvmduct
by n t le
- 685 e b b ST HFap R RE o LR B fiong R
naarege.c ol efins is the adjustnent of the reaction
conditions to values preventing undesired side
reacti ons such as cracking and i sonerization of the

A GEsrose’ s bt thieNBventioMaphi toiearable td\/ﬁs’e%&’}&ilmg b€ thtrh Midméric
| ow single conversion between 5 and 50 %1 s, anat her

r Xfefing eAEisrlariy in RMGAdIECAE Mheer the Rataluride Plaged ip 2 HearRHg"

sqh %fs Icw,et YothIBEvEGiof pa% Qiirh a8 sé?@ctti‘(\'ﬁg e Qnﬁwedlppefﬁ-
% the process 15 of the invention

c mrﬁnéra;@y@n}g of shegnerpirsiovdalins 95 regiiten et fog tﬂﬁ gffmmhteﬁwmg
10 otfnhcfjfnfoh&lngtri]é oleBHY & 18 %ﬂ_}us&eﬁp bt &e%a&{éﬁ dofiliRbhy R %ag%es

ow si ngl e conversi on. I'cl ent "recycling nmeans
t hne\enu@ﬂundn‘sireé cide| remgions swhcds ¢rhdding end!\wmeﬁ@atmndotgﬂae

% 0 t he o i nal onmer, .St ream
vofegtet SeRUA D par TR Qe Bt ey fov Sl gapgersion
I eebic@nt D afuﬂ'l 6 0l & 8l arkthek heqtﬁ&:fnemfo@ 61ﬁ§1€ dithérddanibih Gelectivity

separatio e to the 20 cata onin
of MAREESETPOHERESBE aPIH@X‘ﬁB]&? tYY%F“ dt WBl 2? e process

15 1 nofersd lﬁeaﬁloﬁ OSES taREAErHh, kRidg@éBlecffos @l d06 v4, §8MMained
and therefore, reasonable extent of recycling is

priafheetiigicat reeyclng; @ spie of thewplativedsloyy singlg gomyeesiey Efficient
C r )
q@@}nagp%?{eamhgﬁf | % ggegsdf;gﬁg n%gsls IsBdH WensRdedYsd B 95 % of

ext recyc conversion I s adj ust
t dha0@gihala1mn@mnalsim®nomnttdr¢s thasitaysflayehmocathbo nncn:uExtent of

kil M, DAL S TR el AR PSS
20 ol dagbyye sy ea Minehsioking ®fithe ashpimientd dfahd appatus, tandtthiusSthe
! el?l\?CS%n?e%t costs depend on the level of said stream, and therefore, reasonable
extent of recycling is preferable for said investment costs. Also energy consump-

tion of the process is influenced by the extent of recycling.

25  Single conversion is adjusted to a suitable value on the basis of the carbon num-
ber. Suitable single conversion means that the extent of side reactions such as
formation of heavier oligomers and cracking is adjusted to be low, that is less than
10 % of the total conversion of the monomeric olefins is due to side reactions.
Reduced formation of heavy oligomers has a positive impact on the properties of

30 the base oil product, and retards the deactivation rate of the catalyst.
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10 % of the total conversion of the nononeric olefins
is due to side reactions. Reduced formation of heavy

30 the base oil product, and retards the deactivation
rate of the catal yst. WO 2007/ 144474 PCT/ F12007/ 050357
11 The process of the inventjion is now described in
nore detail. In the process, the feedstock is passed
to a catal yst Iayer in a catalytic distillation
a r

o R ofht BEnu RS QB 3 ke AT 0 e Bropess, the
t lfeedeiatlalisypasseldaty@r catgysttlayen icatcathlytic distijietion alppara:{;.lsd either

r %gg\;e tﬁ1f—: lcatgiystol o 1gy (ﬂgtslfélpglg g(glpl%n w}{egea Eht Ifg\?dsgq]ﬁié( 1rg1%tets %
ditlsd éatdlydt ilyer, ccm!te a lamaly\shlaya ih hsidenaavne] fdlloaed b9 passing the

m grates.to hi .art of the distillation -,
i B R S A T R

t hath Whee FRNAGERITer iffactiiemiglitsd ol d AEhR HaftITUR HiSRAVEioh R6I-

distillation colum at the top thereof or nmay be re-

oV 21Ty IBPBE R REREISiB bt PR dishier Hoimian evgmes in the
t Rigstiflhifdnl Jahd 16a0e GR) GiBMatiBR @oljagmaﬁythé @Jfﬂeﬁéo?%r RS SN e-

in the nononer heavier than the nononers in
dimqvied firpa sqhswenWQ@amreum@m@em phihe distidatiameelumn, and
t I'&ﬁ hﬂfgfrﬁf& fes&RYn l?r% rﬁ&l%e?ﬂe?f\)’l#%angﬂg npﬁg&gfp 19 cﬂgthla-
in s para e separation unit neri zat
r ¢iag trange aamcbnsn'ﬁé fmnmhletcamemw tiod bgjtmre pt may |be nerpmadefecdn
bo%t m ro&‘uct[ %; nmononeric fraction such as
exa ERe W't sega% |SIePaﬁ%n°|5'61n bet ween 280 and 290
C/ 1 atm rises in the colum as the lighter
C onent wards fromthe feeding plate and is
B FuBeTTZReN roRetian ad qorr'gﬁllawta%?qﬁrﬂ%lgomwanoe Rrgcgechin the
t ReralyQiPbddI & ﬁﬁfnoﬁ%n@ fidk6h Sichelm- ﬁ&a@&eﬁee Wik £808A8 point
conbined with the feedstock. The di ner produced as
t thetweanv289 @adi@P) °€./gl amB2ises éf the, colrinyr at the Ihtatovampanant
ng%vgr% (Erlol?i'nt !elfegetd n%&ilgtg l 1%'&71% rerﬁlgxéalrd?rl\cfd‘éh?gdé RRALS Eélgrpln o‘[fypl-
Oca]@o a’lethle ztep itleneqiras dugide st ansbeCﬂeSycled eﬁd RomBined with the

oht ai ned .as .the botto roduct st ca .
F BRI 5 dhriiranrl BB i mbfiElotenCas e, migrates
f @bwaivh@in Glie disiiktidg RERnGQ fdll%&l@@fbsllseﬁrﬁtibnmﬁéfﬁrn&r\@ytr&ahn
respect to their carbon, nunber not be tot al Iéﬁa@d
as

adbi T et diskint -a@h%ﬂmetrwwoqlw sl ap o edafinsis 0
25hé‘?6ﬁonh PMRN& streR8. B @éé@ %Feqct@a/ ol BAPYAD BidPEdctifs LR as

side streamto be recycled
formation of naphthenes correspondmg to monomers with respect to their carbon

number may not be totally avoided, accumulation thereof in the process streams
may, however, be prevented by removing part of the side stream to be recycled at

the upper part of the distillation column.

A solvent or solvent mixture may be added to the feedstock, thus retarding deacti-
vation of the dimerization catalyst. The solvent is selected among hydrocarbons
such as n-paraffins, isoparaffins and aromatic solvents. The solvent may be re-

moved from the distillation column as a respective side stream via cooling to a



the upper part of the distillation colum. A solvent

or solvent m xture nay be added to the feedstock, thus
WO edoandi4sng deacti- vation of the dinerization PEX/BI2961050357

The sol vent is selected anong hydrocarbons 30 such as

n-paraffins, isoparaffins and aromatic solvents. The

sol vent may be re noved frompthe distillation columm

as a respective side streamvia cooling to a WO

2007/ 144474 PCT/ F12007/ 050357 12 separation unit

[ I

I A R e Sl e R L U R

cavenll yay elsabsteacydled inghe applatiadigsllagion appraratas withaut atseparate

S iqp.unit. 5 The feedstock nmay be optionally

dr%i%g%&;og?ﬁ}térmval of any water and other inpuri- ties

present therein. Drying nay be carried out with known

dr.yi neans such as .w.t.h.comercially avail abl.e . .
5 s dehepoR gt € Cutrany alipy TR Pac Bt and Ol g

f ales grepen ghdndifll DBAQRE be Odrried bitGvie B@fwnSdilingbh@nk B@Hhs

nmet hods. 10 Process feedstock conprises at | east one

n-Y8 et eR e pedable sipleaer giewss-& srdita 3 malgpulpr sieve used

ChollB9ing h9iRkADSns, EXAWY GBer@hitabil ERRnEndn&sef i ns

i ncl ude 1-decene, m xture of decenes, 1-dodecene,

m xture of dodecenes, 1-hexadecene, m xture of hexade-

c - 0 .
0 £938%, 580 ERENSS A A AELALSEGT iy consi
ming of €5-6f0 relefide dxpmples of Gliblensolrfiys neludy hideetnecmixture

ol efi r ol efins. of ~hi ol oqi aori ain, .produced
Do ief d R kBl PR Ehedli i miBhBEREibce-
Oickne) thoanademehe, fgikkire bhow@ieenas,catl dlyy Ch,Cl-diefihd, |pkefedably 1-

apparatus where the catalyst is placed ip a sjde reac-
¢ OPMERTR Rt RIS h R ag<CaRecRTCrS ey, B Byt lehns or

15 digwTns 2AtHis10gisdl aRigd, prbicd BeRSBioREicalarkile nhAMBIN 5128, as
t he feedst oci such_as 1-hexadecene is directly

i yeeeetle et apdaimehf@tseat al yst 1 ayer in the side reactor
where a dinmer is produced. The product streamof said
side reactor is passed to a distillation columm where

t He cassracuatalyticrdagidiation apparstusashere the xatdkystam plabedvinracpide reac-
bqj | i i . d 290.C /[ atmwkll rise
e AR Rl PRI RS aBn it S Pttt
20 cahaimveditiommtehfeedseellisnch 251-hbatdeceands digectly imweldeed into the

;yﬁgéafyg{:éyera}lg tﬁehs?detrggctoorfwﬁetr]ee a 8i?rlelfl Ersnprgc?ucgd.sfh%eprg&urcte &rrgam of
said side reactor is passed to a distillation column where the monomer fraction
such as n-hexadecene having a boiling point between 280 and 290 °C / 1 atm will
rise upward as the lighter component in the distillation column from the feeding

25  plate and is removed, typically at the top of the column as a side stream and recy-

cled to the side reactor. The dimer formed as the reaction product such as Cs; ole-

fin migrates downward in the distillation column, the dimer stream being sepa-
rated at a lower part thereof. An oligomerization product such as Cyg: olefin is

obtained as the bottom product stream.
30
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cled to the side reactor. The diner forned as the
reacti on product such as C32 ole- fin mgrates

bei ng sepa- rated at a |lower part thereof. An

ol i goneri zati on product such as C48+ olefin is

obt ai ned as the bottom prodygt stream 30 WO

2007/ 144474 PCT/ F12007/ 050357 13 The di eter product
obt ai ned above and the bottom product produced as the

byrheREREH Hodaéteob@éiﬁ’elfd%%vé‘ggcg E}Lenbcﬁtoﬁy E'foﬁaﬁﬂa%éu%d 3¢ BR by-
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Praésf feora theegroypl WHE aral/orovilAcalt taé Psiticdic Bgdterd @f sHepfloméers may

P Pt ' Cr, ..Ni M Co t al he
Cosulte- Plersetle uretisron SaRFuatainds sporoled ookl e
hyThCagE VD iof ICodeghtdlFsts; el Sufor® Yéin@brederBbI¢ SfuiiBa @fd/&r sil-
to 128 ?‘a , preferably at 10 to 70 bar, and at a

{ &Fpans PUrRefrtianyeR 5 cantd ot Hreherusof Sdo 1088k grepaebly
Cat 10td 70 BheandialB Rl 28 0 SRR Abo B@,eprpfeﬁ%gfa% 196 td {S%r;r(l:

i nvention, the tenpérature in the di'sti 1on colu
in the catalyst |ayer of the side reactor ranges

or
b eR.. 25. d.20 referahly. betwee 0 and 150
C%tl reeggru?e?léza%}lnsﬁé) \8%%6 Y Sc8$glleynlav?n61°n’t ﬁ‘g RUPHHEe in the
nuisbidati@f cdliven foe édtie @ataly@ntysrestthé eide reRPe raidds Getwadd 25

fur o~the lo- cation of the catalyst either in the
c&flél%@ G R ierby befyesh >83pdd 31 Us Hspssiing rangsivgeies aegerding to

t @i HASOPARLABERRE theQBedstdBk RECRAMSR £APGSurd RRd RIARE Yhlo-
range thus varies fromre- duced pressures to elevate

peaidan pidhe catplystpitberdn the qatpfyticatistilistiomernarauso@ lin atsise reac-
a ref , .

o 29 ol Fmpadt LR Bt e Hiéhoitd KBl thos ey from re-
dgedi Begsnieper ¢lgvaged] ss@es. dihe plessibasiag vafy HetveceaiOrgil enbar
PR30 Bis? Doty D0k o0 B8 PR B by Bedied gnper
0 T Sel eetion o e peeatur o oLt e et qenpaSie and
r 38%%%"%?%@%04 i cttplst SERY, éyﬁi@ﬁlpséﬁ%ges {gteep 9.1 and 50 b
| Witastdprtad thdfedddtock aRb@rablytRivein olpld®ot'shows the

vapour pressure of 1- decene as a function of the
tenperature. In case the desired reaction tenperature

Selection of the pressure of the dimerization reaction as a function of the tempera-~
ture is illustrated in the table 1 below. Table 1 shows the vapour pressure of 1-
decene as a function of the temperature. In case the desired reaction temperature
in the catalyst layer of the catalytic distillation apparatus is 50 °C, the pressure is
selected to be 11 mbar, or in case the desired temperature in the catalyst layer of
the catalytic distillation apparatus is 150 °C, the pressure is selected to be 580

mbar.

t he di mMePCEHEFREENS0357
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apparatus is 50 C, the pressure is selected to be 11
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catal yst layer of the catalytic distillation
apparatus is 150 C, the pressure is selected to be 580
nbar. 30 WD 2007/ 144474 PCT{412007/050357 14 Table 1.
Vapour pressure of 1-decene at different tenperatures
Tenperature /| C Pressure / nbar 50 11 100 112 150
%%b 1. %a?)g{ua }{esglié'e%lfitdeun kﬁﬁfe@?xﬂ%ﬁg%‘&tm re the
catal yst in_a side reac used, the
pr eSkdnipgerafurt NeCreact or i s sel ect Riessmrgil mbat he
prodggct m xture in Tiquid 5 phasg] H gh-grade base
oi | [1@p a base oi [ conmponent may Dbgjproduced by the
progggs of the invention fromn-gfggfins using a soli|d
and—acidiccatatystnot Tequiring parts of  the
catal yst to be subsequently separated and recycled to
t fia chtdyiict Hiatillajimnalppamat where 1o Wl}s&b\i{aaplacasldhiacﬁimmt@ is
g%%e o 1 hset%gﬁ,sme %}5 tg% F%?léltgﬂ S sglgftseg ggr }VZ %fle Pla;xduct m L1re 1ri liquid
| padsede catal ysts having a nesopore surface area of
above 100 n2/g as neasured by nitrogen adsorption and
caI culated wth the followi ng BJH equation: 15 Vpn =
0 bhdencitbNd Base dil%ﬂ?@héi% fHHﬁ{rb@dced by the process of
th /rPJ) where =1to n- = 2xV|
v dhauifgention fionyp-glaling psipg a ﬁq%@ aaé .a@dwtcalﬂaéwt n%éequwg J&arts of
SR AERIOR ANl SUTREY aRl sACOBTR SRSy appgyets.
i Mdoracier.nwiid racalic catalystn glvaysressolp ar soggrizatfoacd’ depklg bonds.
b r 0
p?’é leC},laglP/ ﬁ%ﬁé 8%@@5}0{;&%}% Eld% Ea%{néa)gs% hmsgga mesopore
c Gﬁi’ﬁdide&eeaaj’fmbpmum ral/g ad measmeﬂ ibly inttedges adgorgfoaraal cylculated

Sﬁ{@ﬁgﬁg&q@ é%“q g!éql.%g})gl um silicates, and particularly

Von = rp,12XAVn/(rkn+Atn)2 - Tpr XAtX summal(ty; — tXAp/tp)

where j = 1 to n-1; A, = 2xV,/rp, V is volume, r is diameter of the pore, t is time,

A is surface area and n is number of nitrogen layers adsorbed.

Suitable solid acidic catalyst materials include materials having a mesopore sur-
face area based on the BJH equation of more than 100 m?/g, preferably more than
300 m*/g. Such materials comprise amorphous aluminium silicates, preferably
acidic amorphous aluminium silicates, and particularly preferably acidic amor-
phous aluminium silicates with Bronsted acidic sites; zeolites, preferably dealu-
minated Y zeolites; and mesoporous materials with a regular porous structure,
containing silicon and aluminium, among which mesoporous molecular sieves
with inserted zeolite are preferable. The zeolite is preferably ZSM-5, beta-zeolite

or MCM-22, whereas the mesoporous molecular sieve is MCM-41 with a regular
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phous alum niumsilicates with Bronsted acidic sites;
zeolites, preferably dealu 25 urinated Y zeolites; and

contai ning silicon and alum nium anong which

mesopor ous nol ecul ar sieves wth inserted zeolite are
preferable. The zeolite is pseferably ZSM 5,

bet a- zeolite or MCM 22, whereas the nmesoporous

nol ecul ar sieve is MCM41 with a regul ar WO
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The acidic solid catalyst materia rticularly

p messepoadisynaecutrr seyo mith sSmhelded Y GYI- 2§| zevldtionitiukturesbedded
MCM 22 zeolitic structures. The expressi on mesoporous
nol ecul ar sieve inbedded with zeolite refers to a 5

Caﬂla|eyt§1tessﬁl@1/ hregopmxspﬁbleaﬂaﬂmé\&cnﬂmﬂd@li with zeblitdatferseto a
ame mater

and itic structure
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StshiH€ blateRiabiR] WhaEdidiBeepisls nbleoblghsiaveLhinitiea ndgddtltic
The nmesoporous nol ecu- |ar sieve with inbedded

z §BRGiutg arpbepded fogsthsktheques ik chpicabbonds The sresenoaqysinpplecu-
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content of the catalyst material varies between O.

astt @plioatiop F1 4RY4JRTS-as det er ni ned by al umi ni um cont ent
assays, while the level of the acid sites varies

bet ween 50 and 500 gnol/g as determ ned by the
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oxide such as alumina or silica.

In the process of the invention, the olefins and isomers of the olefins in the feed-
stock are preferably recycled, and the dimerized and oligomerized fractions thus
produced are obtained as products from the bottom or as a side stream. In this
manner, the total conversion in the process is high, preferably more than 95 %,

and more than 99 % at best.

An apparatus comprising 1) an optional drying means for the feedstock, 2) a cata-
Iytic distillation apparatus comprising either a) a combination of a distillation col-

umn and a reactor having at least one catalyst layer, or b) a distillation column
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15 of the base oil conmponent is possible wthout
interruptions typical, for batch reactors. 20 |.n the
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reactor wwth a streamcontaining only a nononer

fraction without any lighter or heavier fractions due
20 t dnplospiokdse of the invention, the reactor feedstock may be adjusted as desired

since the composition may be controlled very precisely at the side exit of the dis-
tillation column. It is thus possible to provide the reactor with a stream containing
only a monomer fraction without any lighter or heavier fractions due to possible
unselective reactions, said lighter or heavier fractions yielding products with un-

25  desirable carbon numbers during the reaction stage.

Desired compositions are obtained as the reactor products since the outlet sites for
the products may be selected. This is particularly useful in cases where a mixture
of n-olefins having different carbon numbers serves as the feedstock.

30
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Exanple 1 (conparative exanple) Dinerization of
olefins in a batch reactor Dinerization process was

pertedpyedion is govh dtushated adthdhe dlowmgng Sigheat wishing to

limit the scope thereof.

Examples

Example 1 (comparative example)

Dimerization of olefins in a batch reactor

Dimerization process was performed in a batch reactor using 1-hexadecene
(Neodene 16®). The process temperature was 200 °C, the reactor pressure being
20 bar. The amount of the feedstock was 50 g, and that of the catalyst 2 g. The
total reaction time was 24 hours. Commercially available Y zeolite (TOSOH Co.),
beta-zeolites (TOSOH Co.) and a mesoporous material MCM-41 (produced ac-
cording to a method disclosed in Catalysis Letters 36 (1996) 103) were used as

catalysts. Total Cis conversion (= conversion of Cis hydrocarbons to give prod-

DesPCEHEI2007/050357
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25 (Neodene 16(r)). The process tenperature was 200 C,
the reactor pressure being 20 bar. The anpunt of the

total reaction tine was 24 hours. Conmercially
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cording to a nmethod disclosed in Catalysis Letters 36
(1996) 103) were used as 30 catal ysts. Total Cl16
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different reaction prod- ucts are shown in the table 2
bel ow. Table 2. Dinerization of 1-hexadecene in a
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ure 4. T 0 resul [ e tha

eﬂ‘%%ttci“o‘%el %“icsl?:‘-'t‘iv'ﬂ‘ﬁuaﬁ R}?Hg adfe‘ﬁrai Rptq th&ﬁ?éﬁ“’f: g pygoess tem-
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reactor and
results indicate that the dlmerlzatlon selectivity was clearly lower in the batch

reactor in comparison to the selectivity of the process of the invention.

Example 2
Dimerization in a system corresponding to a catalytic distillation apparatus, com-

prising dimerization in a flow reactor and distillation

a) Dimerization in a flow reactor

1-Hexadecene (Neodene 16®) was introduced at a rate of 10 g/h into a flow reac-
tor (1 bar (a)). The flow reactor was packed with 5 g of aluminium silicate catalyst
(Nikki Chemical Co. Ltd) with an aluminium content of 13 % by weight, the
number of acid sites of 120 pmol/g, and mesoporous surface area > 300 m?/g,
diluted with silicon carbide (V(catalyst) : V (SiC) = 1:3), followed by the dimeri-
zation reaction at a temperature of 120 °C in the reactor. The dimerization product

was collected into a product container. Results of the dimerization, that is, total
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S dlablt3. Diinefigatic ofdi-héxadedehe ireaﬂbweaacpmogao re)are

hownin-the table 3 -below Table 3. Dinprizationof

Thwg §EQSEAR in a flow feactor (126 O TiHe (TOS) |/ h

Tofal 48 co¥emiof A@6FONVEIRG ON 52.|14646. 6 414177

,gbpeat“h f¥oy (99 Trght|products|(< Cl6) 0.0 0.0 0.0
dde { 6ﬂ 0O dingps 82.1(84 4 86. Hyotriners

1?C3 0 11.7 heavier|dg C48) 399 2.6 1igdo 5 TOS |=
stream The convegsi on of |ghg C16 hygls ocar bgns

SO_""I—\f'\{ QD=0

ped the longer the 9@* al yst rls_ i ned t he
xgg‘q&a{;b&ps)st ream Acciyiyl ¢ ati on |gig heavy b_ydr ocar bgon
1 I5 1~11 lllc Lalt ar'yst \L.UKC Ul IIbltIUI} WwdS  d
ré[l%g_ 5 Oifﬁtée reduced conversion. 10 b) Distillation
of the products The experl ment of a) was repeated, and
product s m t he .e ri- ments 766
wd e Bl o L Palaee @i SRt B el B cphibeogfined

Mgl eHehydrocarbon stream. Accumulatlon of heavy hydrocarbon oligomers in the

catalyst (coke formation) was a reason to the reduced conversion.

b) Distillation of the products

The experiment of a) was repeated, and the products obtained from the experi-
ments (1766 g) were pooled. The unreacted monomer fraction (1103 g), middle
fraction containing Cpo-Cso hydrocarbons (9 g), dimer fraction (452 g) and heavy

bottom product (199 g) were separated from said pooled products by distillation.

¢) Recycling of the monomers / dimerization

The monomer fraction obtained above was used as the feedstock in dimerization.
The distilled monomer fraction mainly consisted of internal C;¢ olefins. The com-
position of the distilled monomer fraction is shown in the table 4 below in the

form of surface area percentages as measured by GC-MS-analysis.
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Cl6

oI efins. The com 20 position of the distilled nononer
Bl LCohihos RN Rk diSRIdARb Rl 1 the  form of
sur ace area percentages as neasur y
GConipoaend vsi s. WD 2007/ 144474 |PCT/ F12007/ 050857 20
T&binehed.C;Colfosi ti on of the di 90ill | ed nononer| fraction
Corpreatiesdine% branched Cl4 ol efijng 0.1 1 -tetrpdecene
O.ofher M@ O Nélefimet) C14 ol efingo’s 0.5
th@ns Lerfagideaslecene 0.1 Dbranched CL6 ol efins| 8.7
1P EXRIREEBR RS- © ot her interngly; CI6 ol efins| * 60.7
t} Radepdfexadecene 9.8 Cis-2-1 §§aecene 375 branched
Clb hler) n?érf;lzuill@,olgfinsl*) uuaueuene %Oﬁn gt frer—tmiter nal C18
WG T hevadiect LT oS 2 oot AueCayg O
C aAUTCOTTTTO . \I B VAV AL ) | T \UASE Ny ) T TTUC nal QO
|°J§th\f‘8§aaﬁc$ne nt hnr Cerrhounds ﬂ 35*\ quant i tatd ve
rbl:ﬁn\q]&nglﬁxpleﬁp& and trans-2- nI :Qf9| ns_are_carri ed out
dd?ﬁ%‘ilﬁqﬁlnﬁ Dinerization of thdOfistilled monbrer
f [othert intanaldss elafind Bd out in a fllldw reactor
trans-2-octadecene 0.2
cis-2-octadecene 0.1
1-eicocene + other internal Cy olefins 0.1
other compounds 0.1

*) quantitative analyses of cis- and trans-2-olefins are carried out separately

Dimerization of the distilled monomer fraction was carried out in a flow reactor

5 (120 °C) as described in section a) of the present example. Total Cys conversion
and selectivities for different reaction products are shown in the table 5 below.
Table 5. Dimerization of recycled C;¢ hydrocarbons
Time (TOS)/h 6 24 48
Total Cy conversion / (%) 36.3 25.6 12.2
Selectivity / (%)
light products (< C16) 0.0 0.0 0.0
Ci6-Cx2 0.0 0.0 0.0
dimers 86.1 88.5 90.6
trimers 11.5 10.2 8.9
heavier (> C48) 2.4 1.3 0.6

10  Example 3

Hydrogenation of the dimerized products, and properties of the produced base oil

product
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Pour point/ °C ASTM D2887 |[-24 -12

Example 4

Regeneration of the catalyst

In the dimerization according to example 2 a), the hydrocarbon stream was
stopped after 96 hours. Thereafter, the catalyst was purged with nitrogen stream
(30 1/h) for 1.5 hours at 200 °C. At the beginning of the regeneration, the nitrogen
stream was replaced with a stream of synthetic air (8 1/h). The reactor was heated
from 200 °C to 500 °C with the temperature elevation rate of 1.5 °C/min. The
regeneration was continued for 2 hours at 500 °C. Then, the temperature was re-
duced again to 200 °C, and the air stream was replaced with nitrogen stream (30
1/h) for 1 hour. Dimerization was carried out using the regenerated catalyst in a
flow reactor (120 °C) as described in example 2 a). The results are shown in table

7 below.
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i ght products (< Cl6) 0.0 0.0 Cl16-C32 0.0 0.0

d iArTﬁcr)\% r§act05r vvsa% pgcketd rvéligle 3 ﬁes%‘ rges%&')rg'us H-MM-4MW22-2Al catalyst
(mesoporous molecular sieve embedded with zeolite, the production of which is
described in the patent application FI 20041675) (5 g) having an aluminium con-
tent of 2.2 % by weight, number of acid sites of 180 pmol/g, and mesoporous sur-
face area of > 700 m? diluted with silicon carbide (support) (V (catalyst) : V
(SiC) = 1:3). Dimerization of 1-hexadecene was performed using the mesoporous

H-MM-4MW22-2A1 catalyst in the flow reactor (120 °C) as described in the ex-

ample 2 a). The results are shown in the table § below.

Table 8. Dimerization of 1-hexadecene

Time (TOS)/h 6 24 48
Total Cy6 conversion / (%) 57.6 44.1 31.8
Selectivity / (%)

light products (< C16) 0.0 0.0 0.0
Ci16-Cs2 0.0 0.0 0.0
dimers 89.3 91.6 933
trimers 10.0 7.7 6.0
heavier (> C48) 0.6 0.7 0.7
Example 6

Regeneration of the H-MM-4MW22-2A1 catalyst
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Example 7

Hydrogenation of the dimerization products, and properties of the base oil product

Products from examples 6 and 7 were pooled (1448 g). From the pooled product,
unreacted Cig fraction (980 g) was separated by distillation, and from the bottom
product containing dimers (462 g) middle fraction (6 g) was separated. The bot-
tom product containing dimers was hydrogenated according to example 3. Table

10 shows the composition and properties of the hydrogenated bottom product.

Table 10. Hydrogenated bottom product

Property / unit Method Hydrogenated bottom prod-
uct containing dimers

Lighter than the dimer / wt.% |ASTM D2887 0.0

Dimer / wt.% ASTM D2887 90.8

Trimer / wt.% ASTM D2887 8.3

Tetramer and heavier / wt.% | ASTM D2887 0.9

Viscosity at 100 °C / ¢St ASTM D 445 4.577

Viscosity at 40 °C / ¢St ASTM D 445 20.41

Viscocity index (VI) ASTM D 2270 144

Noac evaporation loss / wt.% | CECL-40-93-B 7.4

Pour point / °C ASTM D2887 -21
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5 Table 9. Dinerization of 1-hexadecene in a flow
reactor Tinme (TOS) / h 6 24 48 Total Cl6 conversion

Cl6) 0.0 0.0 0.0 C16-C32 0.0 0.0 0.0 diners 89.2
92.0 92.5 triners 9.9 7.5 6.5 heavier (> C48) 0.9
0.5 0.9 Exanple 7 Hydrogengiion of the dinerization
products, and properties of the base oil product 10
Products from exanples 6 and 7 were pool ed (1448 g).
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figure 4, with the same conversion, a dimer selectivity of more than 90 % may be
attained using a catalytic distillation apparatus, while selectivities in the batch

experiment were below 80 % at identical temperatures..

Example 9

Effect of pressure on the dimer yield in a catalytic distillation apparatus

Dimerization of 1-decene was carried out in a catalytic distillation apparatus
where the catalyst was placed inside a distillation column, the catalyst being
amorphous aluminium silicate (Nikki Chemical Co. Ltd.), the amount thereof be-
ing 4 % by weight based on the amount of 1-decene. The conversion of 1-decene
was raised to the desired level by adjusting the pressure of the catalytic distillation
apparatus. During the experiment, the pressure was adjusted to values ranging
between 0.17 and 1 bar, the temperature at the bottom of the distillation column
elevating from 80 to 300 °C. Dimer selectivity for all conversion levels was >80

%. Base oil yield was 92 % for the decene conversion of 94 %.

Example 10

Dimerization of 1-hexadecene in a catalytic distillation reactor

i ght produp€BFR607/050357
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a nesoporous sur aceé area o
prises solid acidic catalyst material with a mesoporous surface area of more than

100 m*/g, an aluminium content between 0.2 and 30 % by weight, the amount of
the acid sites of the material ranging between 50 and 500 umol/g, and the material
being selected from the group consisting of amorphous aluminiumsilicates, zeo-

lites, and mesoporous materials containing silicon and aluminium.

4. Process according to any one of claims 1 — 3, characterized in that the catalyst
layer comprises solid acidic catalyst material selected from the group consisting
of acidic amorphous aluminium silicates, dealuminated Y zeolites, mesoporous
molecular sieves imbedded with zeolite, said zeolite being preferably ZSM-5,
beta-zeolite or MCM-22, whereas the mesoporous molecular sieve is MCM-41

with a regular molecular structure.
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10. Process according to any one of claims 1 — 9, characterized in that the
dimerization is performed at a temperature ranging between 25 and 200 °C, pref-
erably between 50 and 150 °C, and at a pressure ranging between 0.001 mbar and
50 bar, preferably between 0.5 bar and 30 bar.

11. Process according to any one of claims 1 — 10, characterized in that the hy-
drogenation is performed at a pressure ranging between 5 and 100 bar, preferably
between 10 and 70 bar, and at a temperature ranging between 100 and 400 °C,
preferably between 150 and 250 °C, in the presence of a hydrogenation catalyst.

12. Process according to any one of claims 1 — 11, eharacterized in that the feed-

stock comprises 1-decene.
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