DESCRI PTI ON PROCESS FOR PRODUCTI ON OF ALPHA- OLEFI N UNSATURATED DI MER [ 0001]
Technical Field The invention relates to a nethod for producing an a-olefin

unsat urated diner. Background Art 10[ 0002] A poly a-olefin (PAO
obt ai ned by pol yneri zing 1-octene,_ 1- decene and 1- dodecene is used in the
field of a lubricant oil base of Q S@r%' B a transmitter, a vi scosity

i ndex inprover, an antiwear additive, a fr| ction nodifier, ink, paint,

enmul sion and a nold rel easing agent for toner, or the li ke. 15PAO has

sever al viBBROSGESSIFRIRROPUSTIEN: OfetiuPHAJOREE N dINGATURAIHD DdViESh. As
for the nethod for controlling viscosity, a nmethod in which a polynmer with
a specific polynerization degree can be selectively obtained by selecting a
polyneri zation catal yst or a net hgdchriicaFigld fractions differing in

pol yrrerl zation degree are separated after polynerization. 20[0003]

On t helQ0Hér hand, a diner of a-olefin can be produced in the sane manner

as in the capfe HyeRioh raRfbd & AIFRY @fora;ﬁpggvahgfdna&%@fn dhtdee S brfer Of 2

resin or the Ike. Since it Is use terial is preferred that
a diner of a-olefin be a diner having a reactive group (a vinylidene

group). Therefore, as the standar i g the quality 25thereof, the
remai ning ratio of an unsaturat eng%'?éPw&%‘y i dene) is used. [0004]

AsL he[(}&ml]]od for produci ng a PAO Patent Docurments 1 to 3 each di scl oses a

nmet hod in wh i ol i,.zed usi.n taI I ne catal yst,
for exanpl e fl 'Ho&ﬂ’/dbic %@él?({ PY; 1R ﬁ%ﬂgreifcéc e'ﬁ?ﬁdr ENs @ and
~suppl i ¢iddi.|}ében§ i meeaqaqheméld of 20|uBFiaht i baBEVTIGH EAGInach Nitiahsadittehe
nmetal | ocene catalyst. In addition to the effect of enhancing the cat al ytic

acti vi Y‘?Coﬂﬁ)’dﬂé%ﬂnﬁﬁ%’éf reisantivearradditive, adantien mqe'g"qrwekumlat lﬁ“&‘#'é@"@ﬂﬂj of
t he reé‘Hu%ldri@le%@lrbé@c\j%ﬁtgoﬁoﬁbpgirghgﬂﬁg The above-nentioned publications

mainly refe for producing a PAO to be used for |ubrication
0il5 Reduci ngAOhbasisesetal aissifyrievels whieh peyreguired qﬂc@frémgbmeapphoaegpect

o AR RS AR Bl R bk 2P BPbaer i &
of hydpolgmerizatnmdegm_eambeIselenmétyrahhmedl bycselbylitigpg polymeaszatidnheatalyst
Wt nouPt BsTRYIHY & st TeRtons iRg B PRETERNPhJRTES; 308 %&br%%'ﬂaeﬂer to
| ower p@l?ﬁe‘?éﬁilbﬁ’.” activity. 5 Related Art Docunents
20 [0003] |
" On the other hand, a dimer of a-olefin can be produced in the same manner as in
the case of PAO, and is used for raw materials of a plasticizer of a resin or the like.
Since it is used as a raw material, it is preferred that a dimer of a-olefin be a dimer having
a reactive group (a vinylidene group). Therefore, as the standard for judging the quality
25  thereof, the remainring ratio of an unsaturated bond (vinylidene) is used.
[0004]
As the method for producing a PAO, Patent Documents 1 to 3 each discloses a
method in which an a-olefin is polymerized by using ametallocene catalyst, for example.
" In the method disclosed in these documents, hydrogen is supplied during the reaction in _
30 order to enhance the activity of the metallocene catalyst. In addition to the effect of
enhancing the catalytic activity, hydrogen also has an effect of converting the
unsaturafed bond of the‘ resulting polymer to a single bond. The above-mentioned
- publications mainly refer to a method for producing a PAO to be used for lubrication oil.
Reducing the unsaturated bond of the polymer is preferable in respect of improving
35 thermal stability of lubricant oil.
[0005]



Pat ent Docunents [0006] Pat ent Docunent 1: JP-A-2001-335607 10Pat ent
Docunent 2: W2010/ 074233 Patent Docunent 3: W2010/ 053022 SUWMARY OF THE
I.NVENTI ON [ 0007] 15The invention is ained at providing a nethod for

produci ng an _a-olefin unsaturated diner in a high ){i eld at a sufficiently
hi gh reacti oRPnrtheeotbar hard,iindoe productiopfan tprmg@]a ek dinereafian ogdlefimt ugesi ve

di . ¢ e o ) . ¢
an 5 oPLPYBeEH ¥E R et fufobiBYnes fychBfer KR TRE ool FRTGrAT ©
agi t at uosajpoated ). t Howespecthbre is ev @roblenddisaty edthdiuteusicgrhystogemdtieed
thie 1 AROYNS Pegueicche is detendraedtiniamag tre o BRMAY on. t he f ol | owi ng

metdod for produci ng an unsaturated 25diner of an a-olefin is provided. 1.
A net hod for producing an unsaturated diner by reacting an a-ol efin having
6 to LRelaipddmt Boewments an agitated vessel, wherein a netal | ocene-based

cat al ‘yﬁat‘%r@wﬁn&ﬁsa reaction catalyst; and the supply flow rate of
hydr ogen to the vessel is 0.2 to 1.2 [(NuUhr) per L of olefin] and the

agi t at [@0G)ower (Pv) is 0.18 KWnB or nmore of the time of 30reaction. 2.
supply 11 ow PR R de AP ARS8 00 5 T CNUhr) per L of olefin]
armdb t he agi t Ratemt Duewedentv )WO20$6/074038. 7 1IKWn8 or nore. 3. The method
3556l of i n 1 BaER! LKL oY OBT BB30%2 decane and L-dodecens. 4. The
met hod for producing an unsaturated dimer according to 1 or 2, wherein the
a-olefinis 1-decene. [001QS]UMMARY’OF THE INVENTION B
[0007]
15 The invention is aimed at providing a method for producing an a-olefin
unsaturated dimer in a high yield at a sufficiently high reaction rate on the industrial
scale. o
[0008]
As a result of intensive studies, the inventors have found that, in the ‘
20  polymerization reaction of an a-olefin, by controlling the hydrogen supply flow rate (Vg)
and the agitation power (Pv) to a specific level, a desired dimer can be produced in a
high yield at a high reaction rate. The invention has been made on this finding.
[0009] | | -
According to the invention, the following method for producing an unsaturated
25 | dimer of an a-olefin is provided. '
1. A method for producing an unsaturated dimer by reacting an a-olefin having 6 to
14 carbon atoms in an agitated vessel, wherein a metallocene-based catalyst is used as
a reaction catalyst; and the supply flow rate of hydrogen (Vi) to the vessel is 0.2 to 1.2
[(NL/hr) per L of olefin] and the agitation poWer (Pv) is 0.18 KW/m?® or more of the time of
30 reaction. ,
2. The method for producing an unsaturated dimer according to 1, wherein the
supply flow rate of hydrogen (Vu) is 0.2 to 0.8 [(NL/hr) per L of olefin] and the agitation'
power (Pv) is set to 0.7 KW/m> or more. |
3. The method for producing an unsaturated dimer according to 1 or 2, wherein the
35 a-olefin is selected from 1-octene, 1-decene and 1-dodecene.
4, The method for producing an unsaturatéd dimer according to 1 or 2, wherein the



According to the production nethod of the invention, an unsaturated diner
of an a-olefin can be produced efficiently in a high yield. 5 MODE FOR
CARRYI NG QUT THE | NVENTI ON [ 0011] In the nmethod for producing an
unsaturated dinmer of an a-olefin of the invention, in an agitated vessel,

a- ol ef Pr@lefiais hgleeene 14 carbon atons are allowed to react with 10each

ot her m Oﬂ stirring, thereby to produce a dinmer. [0012] Exanpl es of
an a-oletin having 6 to 14 carbon atons include 1-hexene, 1-octene,
1-decene, 1- Acdedéargetoate p‘rodecbtrcndmem offthefievertiioa, analnstiuratdchdimateof an

1- oct ene -decene and 1-dgdecene ecene being particularly -
pref er chplsf}n EQ'T%@ %IOQP%*?(? ﬁﬁ %Méhﬁ hiyﬁkgonbi nation of two or nore or may

be mised singly. [0013] In t he | nventl on a net al | ocene- based
catalyst is used as the reaction cata rnet al | ocene- based
cat al yst used in the MQRURAQR C%RBXM kJTdTIé%ﬂNyE&lT @NA/02010/ 053022
(Pat entq ument 3) can be preferably used. 20Specifically, a

nmet al | cen -based catal yst containing a transition nmetal conpound
represent ed hbytherreefhod fonpragduoirgran angaturated mmeabﬁaﬂm:rmenﬂomfdhaum@ntlon

RarbRo | PoriBled et S arotalien a0 14 grEPar RS ETRAT MR 1 Fapct Wit
(_ALZ(RdReBtl)- oflier whilkegtirridg ntheyelsy touylretiuteiardimehi ch i s 25 bonded to a

cycl opg? @gl enyl group. Rl toR8 are independently a hydrogen atom or a
hydr oc 0 group having 1 to 10 carbon atons; and Rato Rf are

i ndependent | gy nhes 0P aaTRER A w&md@w ng cArch dOnfAnbRAeA-ABkend, mo@t@n@r e
groups selected fromRa, Rb a may be bonded with each other to forma

ring; ﬂvdﬁf@lnenﬁ@d@cgnﬁ§n§’e1-&ita§@cﬁﬂ@m Reeferabla saolRfingrinciude hetrre.wi t h

h I t
cach oliect il TiBdebolt, vin I0ARedh FRARERRRGFRIORY ol et
t remsi ti onal Themblehelmm,gbeglsed in bembirratipnoafdwofortrhereper imayibe usdyd emgfy

el erren 10Q'gmd X and Y are independently a covalent ligand or an ionic
| i gand! (ﬁ{ 14] Further, the metallocene-based catalyst is a

met al | ocene- bﬁﬁ@dnc@ﬁt&w&tm&éu@@éﬁeabaséwcat 13/ ilSUé@dJaQFthmaﬂtloﬁQfmyﬂd
E %@gﬁi,ﬁgt o n?%t;ahgc?er:ce%ésoevg cr:]a a]lcy%{ [Jns”e((ij1 in the mvent?clfnt gy(l:ﬁgllf/rsnt lec osed in
~ WO02010/053022" (Patent Document 3) can be preferably used.

20 Specifically, a metallocene-based catalyst containing a transition metal

compound represented by the following formula (1) and an aluminum-containing

 co-catalyst (B) is used in the invention.

 {CR'RRRYA'R*R°ROHCR°ROR'R]ARIRR)IMXY (1)
~ wherein R"to R, (A'RRPR®) and (A’RR°R) are independently a substituent which is
25 bonded to a cyclopentadienyl group. R'toR®are independently a hydrogén atom or a

| hydrocarbon group having 1 to 10 carbon atoms; and R®to R are independently a
hydrocarbon group having 1 to 10 carbon atoms. Two or more groups selected from R?,
R and R® may' be bonded with each other to form a ring; two or more groupé selected
from R, R® and R" may be bonded with each other to form a ring; A'and A? are -

30 independently an element belonging to the 14™ group of the periodic table of the
elements; M is a transitional metal belonging to the 4™ group of the periodic table of
elements; and X and‘Y are independently a covalent ligand or an ionic ligand.

[0014] '
Further, the metallocene-ba'sed catalyst is a metallocene-based catalyst

35 containing a transitional metal compound represented by the following formula (2) and

methylaluminoxane.



wherein Ris a hydrogen atom or a hydrocarbon group having 1 to 10 carbon
atons, Mis a transitional netal belonging to the 4th group of the periodic
‘table of elenents; and X is a covalent ligand or an ionic |igand. [0015]

O the transitional netal conpounds represented by the above fornulas (1)
and (2), bi s(RCHIMEy(Dpent adr enyI zirconiumdichioride is particularly

prefer t e
P or ePefein e g S Bydobfiotir ﬁ%ﬁ%ﬁ@%?r%"%ﬁﬁ@é@?%‘éb?'ﬁ%ﬁ“s%‘ﬁ’g“’%‘he
above- aﬁransumm metall letareging tca’ehed4 Tatomipyaftthe perivdictalele of elementsgaad Xis a-
conponent I {]ngarwihan atri rrer in addition to a diner is obtained.

Ther ef 8%39{‘ ?frmm"i'% '5’ reaction product is fractionated by

disgil L@Hg}n or the I|ike, vvhereby di mer conponents are recovered [ 0017]
15In the invention, no particular restrictions are inp a(-)‘ised

pol yreri zat i 4 hetrﬁaat'om@ryneﬂal BAMROHBAS R ESaRtEd DY B8 qverformpka%ﬂbeafi. on,
Suspengg )0 BisPb oﬁ%ﬁ}a‘&ﬂenﬁbrﬁcfnﬁhrﬁ% ﬁdl@%tﬁé}ﬂclfuéﬂ?%ref@%é

pol ynmeri'zation can be use for polynerization conditions,

t he pol yreri Aatthenorcoaﬁqiwa(Bmcentasnlngraimhlrwnm rnethyEbaninexaneraprefesble.o
150C, gﬁj’ﬁ%}pref erably 40 to .120C. As for the amount ratio of 20the raw

mat er i ofefin to the catalyst, it is preferred that the raw materi al
ol&fin/the tBgraﬁlb(mnyramrertdefmwr‘peuedct(edlﬂyalsrmgithe)abmfe -hemtibB8d particul arly

100t015 The nmerization, |rre| nor ma utes to 20 hours, the
Feact | GetalesEbE kel b, 2ty Eaaniiie 3 pribesnrul Bise HaR@Emt th from
nor mal ;pERDAUS A dithe? |310M3ﬁ@ope'%réﬁfré' rﬁlthérr’nbérﬁbﬂf 8rédttorn plaldded ]

In the production nethod of the invention, IS preferred t hat production

be conéraé‘tl@wtaritbhrcﬂﬁtlllagpn@réh%Bkeﬁémereh&smgr compgpeRisArefagoredsed. I n
this c 71aromati ¢ hydrocarbons such as benzene, toluene, xylene and

et hyl benzene; alicyclic hydrocarbons such as cycl opentane, cycl ohexane and
metFyl cycl ohkxtednventiqm, aoi partculay astrictionsrase dmphsed opdhe polymerdzation,

e et acARO BB RBLASREREE SBARGRTRIRE) -, sDaERlgh "
conbi npblymerrzbtnbmoslurry polymefiZib9] vaport ﬂsieasmp@lymmnzatran pr eie likeneay be
prel iniady BRIGTRAVRSTPRIPT s URwS Abe CoDE TR e nom
ol ef i Nn2he°E PrefisthblyBD 215096 mSreTenaabs- 4d\'@> rm.f | &s TR Thé iafho P Tafé of
20  the raw material olefin to the catalyst, it is preferred that the raw material olefin/the
transition metal compound (molar ratio) be 1 to 108, particularly 100 to 10°. The
polymerization time is normally 5 minutes to 20 hours, the reaction pressure is preferably
from normal pressure to 0.2 MPaG, with from normal pressure to 0.1 MPaG being
particularly preferable. ‘
25 [0018] A
In the production method of the invention, it is preferred that production be
conducted without using a solvent. However, a solvent may be used. In this case,
-aromatic hydrocarbons such as benzene, toluene, xylene and ethylbenzene; alicyclic
hydrocarbons such as cyclopentane, cyclohexane and methylcyclohexane; aliphatic
30 hydrocarbons such as pentane, hexane, heptane and octane and halogenated
hydrocarbons such as chloroform and dichloromethane can be used. These solvents
may be used alone or in combination of two or more.
[0019] .
In the invention, a preliminary polymerization can be conducted by using a
35 polymerization catalyst. A preliminary polymerization can be conducted by allowing a
small amount of olefin to contact the catalyet components. No specific restrictions are



i nposed on this nethod, and a known nethod can be used. No specific
restrictions are inposed on an olefin used in a prelimnary polynerization.
For exanple, ethylene, an a-olefin having 3 to 20 carbon atons or a m xture
t hereof can be given. It is advantageous to use the sanme olefin as that of
a raw #npgsed extis methed, ansda knewn rathed cap be ysesh | Nhapscitiprestdetionstaren

t enper - r N | f -1 r

or of or Lg% BB dscplh o Brofftiirny b zaden, e, SRFICHRY n

i nact i a@léﬁtdha;]maig !SEDQO eédgphattd:msfm&@rmbﬁmhdhefecﬁmnﬂiei @hively.dr bd%r bons, .
nmononers or, the e can be used. t hese, aliphatic rocarbons an

o ot PavATaseRu toors DR ne Pttt BEe e e ta g, Y s oty metization.

polsy nepipFaiirhPanBYlyRferzanen ¢ gemitlifeal thonhiag -20 &0206T, préferahig -poebi m nary
polymerization, 1t is preferable to g&gust the conditions such that the

anmount 138°Ga andemprs peaforably § ke 8P%at i Brihgrrsaliminask polymerizaiion. 8¢ aisyaitt i on

met al i cat: t i (! 0

T 0009 2L B020yrpepboss AT nRRSeTBanS, ArBmei dthod BoR hlitinals octle

ol ef i nlikescarehetuseg. c &fdhgse, alipbaiiczhydrocarbiomsrandearomyatioupysirocaipongd@regen in
t he reéfeg'r esystem whereby the reaction rate (k) is increased. The supply
flowr %%&J “of hydrogen to a vessel during the reaction is 0.2 to 1.2

[(1dNL/ hr per I Eur;ﬁﬁerphepi‘frém%mar)pgelfyﬁfalzgﬂgﬂn&y ﬁtoﬁdﬁttblﬂ/v?ithcrnﬁpshg]m solveht.n) ],
and paytjcul ar refera 0.7.to0 0. . per L of. olefin Vry is
i el heaelmbypeRiieiiatga it weieeble 1A adiufche goarfans sehiinalthey. ot
| NPT ovefouhBEtA bkélﬁnihﬁr;ﬂpél?ﬁ%"rikﬁﬁo@brddl@:t pepAdill Aiblé af #ansMoh Mgetaf her hand,
if VHis larger than 1.°2 [(NL/hr per L of olefin)], the anpunt of hydrogen
i n t hecorapaaentsde arasfalysiceacames 14ad 0:00ad subpRicHRid! & 14008Fmer i s
hydr ogl[@'@bgd irrespective of the agitation power. The unit

he

nmeans mount of hydrogen supplied (normal liter) per hour relative 25to
pers |iter (LUnthé produdtiehn mettwdoofrtheyimegrdionaivhehGoeM olefin is reagted heatalytic

i nvent | niyt'she agi tati on \Aﬁé )02 i8R 381 LAt Ok SOudd, & e,

prefer%%\gd.‘om dr ¢ 5‘9[98.“3!’ 9 U2 S vARo) (o) .

If Pv Leﬁ%ﬂmﬁlsﬁrﬁggéé‘@dl ?Tﬁ@s%wmrv]v mé(?l Fifhydrﬁge' witblya V@aseh]g?_rihgtlhfr})r oved

si nce rogen 30cannot contac e _netal |l ocene_ ¢ sufficie .

The. upERACHIPN S 0200 P4 [INLTRERSTIapt pEinilr bieeialh: 9 Srted.d Iidbeper’t Shokinline
scal e et yecTak g . i tIUSF ¢ 1COFSY, A6 sAh 4l 1 er

i B o e B B e 20 be

1.29 KV(NB/hs) peek of olgifinh the Zatalystamdbivitniip mtrlmpmve%d,lr?swgegm atowerigg phihe

agitat| . i ndl gat o} : ] | OB, ranAl | i he
agi tat %eg’%“gg&%ﬁrﬁ pg?ﬁ ﬁflel $ﬁ‘\?gﬂ(§ﬂ§’ Wﬁégi%ggh{e% JP'ra a{gvﬁ%ﬁéb |IS‘F1EeOfr]1c o{ﬂﬁ% )ﬁé%%t ion
chambeamount 60@RIrogen in theNtesspébetornes extessive,carsl theadoulde bedd @fi atdimeréssel
or the, agitator used ir][.the jnventjon. A reaction vessel or an agitated
vessel NVHPERNRedrBsRestye ofithe AGRRHPR BPWEF el d can be used. The supply f1ow

rate of hydrpgeqn(t9asand M ambaht bEhRIrBhen applied Indnsalditerd FRF Boul Fslagkdp! ¥
flow rate of hydrogen can be controlled by adjusting the supply
25  to per liter (L) of an olefin as a raw material. ~ _
~ [0021] '

In the invention, the agitation power (Pv) of an agitator is 0.18 KW/m® or more,
preferably 0.3 KW/m? or more, particularly preferably 0.4 KW/m® or more.

If Pv is smaller than 0.18 KW/m3, catalytic activity may not be improved since hydrogen
30 cannot contact the metallocene catalyst sufficiently.

The upper limit of Pv is not particularly restricted. However, taking the scale of
equipment and the size of apparatus into consideration, the upper limit of Pv is normally
around 2 KW/m?® or less. It is preferred that Pv be 1.5 KW/m?® or less, with 1.2 KW/m®
being particularly preferable.

35 The agitation power indicates the power of agitation, and is defined by the

agitation power per unit volume (the volume of raw olefin in the reaction chamber).



anount or by adjusting the aperture. of a hydr ogen supply nmouth (nozzle or

the like). As the agitation blade, a Pfaudler inpeller, a nmax blend
inpeller, a turbine blade or the like are preferable. 10EXAMPLES [0023]
Exanpl e 1 A 25, 000L-reaction vessel provided with a turbine bl ade

as the[M¥2]ator was used. To the reaction vessel, 15,6 000L of 1-decene as
raw ol efin

bubbling w }tl\ﬁal@l.éeﬁ rggmcﬁé‘t'\{ 5}%]%1§&%essur§ql}é%§§ggfﬁ%e;§&g& e\?\gs%%creased
to 12 kig_e@tnm t PAn@act'Brrﬁ/qsseBendJm agﬂateﬂ wesbelrwih mE (£ hsﬁ\hgn tiry tiils et @icaltlield2.
Heat nedi uym oi circulated in eatin et ere enperature
of 1. GERRE ed, ndhesbploibd ekt s Hobtate) Rt 5 BT ant
200 t Rpréeathé QUpPHTRAN rata®f Ryl AIgem dpisd eoktdiEd IBp adjueting tkatappigt and

bi s-t-butyl cycl opent adi enyl zi rconium di chl oride (t-BuCp)2Zrd 2 (her ei nafter

r ef er r anoust asby 2yjusting sk apertmecoi Byd9den Suﬁph/rfnah'ﬁh zgte aoibe lisedl / (per
L of 1- dece;‘,&é tﬁé‘g |T§t d’.‘ﬁ?naagd?ﬁfé@d@mn?;@%@t f aﬁ&eﬁ&%ﬁé@@# altuffine blade,

1- decene) erature e agitatlon power was

M ns aodthmld(emfdrmg&mblleow was 0.20 25[ (NLJhr/per L of 1-decene].
Thereafter, a sanple was recovered every hour to cal culate the reaction
rate. The reactlon time was 7.0 hours. [0024] Conparative Exanple 1 30A
dier -of 1-decene was produced in EXAMROESManner as in Exanple 1, except

t hat trez%gi tati on power and the hydrogen flow were changed to the val ues
shown {492P4p1 e 1. The reaction rate constant k and the vinylidene
puritypuggaele the conditions in Exanple 1 and Conparative Exanple 1 were

nmeasured. The results are shown bel ow. 35[0025] Table 1 Agi tation power
A 25,000L-reaction vessel provided with a turbine blade as the agitator was used.

To the reaction vessel, 15,000L of 1-decene as raw olefin was supplied. S’umng was

15 conducted for 30 minutes with bubbhng with Na. '

Next, the pressure inside the vessel was increased to 12 kPaG with N.. The
pressure was further increased by 2 kPaG with Ha.
Heat medium oil was circulated in a heating jacket, whereby the temperature of
1 decene in the reaction chamber was mcreased to 40°C and kept constant.

20 - To the reaction vessel, methylaluminoxane (MAQ) as the co-catalyst and
bis-t-butylcyclopentadienylzirconium dichloride (t-BuCp),ZrCl, (hereinafter referred to as
T2) was added. MAO was added in an amount of 4000 umol/(per L of 1-decene) and
T2 was added in an amount of 40 umol/(per L of 1-decene). The reaction temperature
was 40°C, the agitation power was 0.30 kW/m® and the hydrogen flow was 0.20

25  [(NL/hr/per L of 1-decene]. _ ' |

| Thereafter, a sample was recovered every hour to calculate the reaction rate.
The reaction time was 7.0 hours.
[0024]
Comparative Example 1 ‘

30 A dimer of 1-decene was produced in the same manner as in Example 1, except
that the agitation power and the hydrogen flow were changed to the values shown in
Table 1. »

The reaction rate constant k and the vinylidene purity under the conditions in
Example 1 and Comparative Example 1 were measured. The results are shown below.
35 [0025]
Table 1



Pv Hydr ogen row VH Reactlon rate constant k (mn-1) Vinylidene purlty (0/()
Exanpl el 0.30 0.20 0.0068 91.4 Corn. Ex. 1 0.30 0.01 0.0013 95.3
[KWnB] VH [(NUhr) per L of 1-decene] :

Agitation | Hydrogen | Reaction rate Vinylidene purity
power flow constant k (%)
Pv - Vi (min™) °
Example1 0.30 0.20 0.0068 914
Com. Ex. 1 0.30 10.01 , 0.0013 95.3
Pv: [kW/m?]
Vu: [(NL/hr) per L of 1-decene]
[0026]

- Reaction rate constant k
5  The reaction rate constant k was obtained by the following formula: |
k=-In(C/Cy)/t
(whérein k is a reaction rate constant, C is a raw material concentration after the reaction,
Co is a raw material concentration before the reaction, and t is a reaction time)
[0027] | '
10 + Vinylidene purity .
‘Measured by gas chromatography (GC main body: GC2010, manufactured by Shimadzu
Corporation). The conditions are as follows. |
(1) Column: Ultra 2, 25 m x 0. 2 mm x 0.33 ym, MAX. 325°C
(2) Flow
15  -Import pressure: 207.5 kPa
-Column flow:1.37 m/min
-Linear velocity:41.7 cm/s
- Split ratio: 30.0
- Total flow: 47.4 ml/min
20 -Injection mode: SPLIT
. Contrdl mode: Linear velocity
-Carrier gas: He |
-FID/INJ=300°C/300°C
- Column: Temperature programmed meter 42 mim
25  -Injection amount:1 pl
- Temperature elevation pattern: Hold at 100°C for 1 minute, and elevated at a rate of
10°C per minute for 20 minutes to be 300°C, followed by measurement at 300 °C

Industrial Applicability
30 [0028]
The invention is suitable as the method for producing an unsaturated dimer of an

a-olefin.



[0026] Reaction rate constant k 5 The reaction rate constant k was
obtained by the followng formula: k=-I1n(CC0)/t (wherein k is a reaction
rate constant, Cis a raw material concentration after the reaction, Co is
a raw material concentration before the reaction, and t is a reaction tine)
[ 0027] [M2Yi nyl i dene purity Measured by gas chromat ography (GC nmain body:

GC2010, manu t ur,ed by Shi nad LRQr at i . it Aar S:
Fol lows. | ( 1) Mo dHHEnieori SREBRary CRBEMER s SRR WG iR dion o,
1fr3n|{ rrpogta}/@ besA ld"e%bri%%ﬂ gﬁd&@ﬂ aFS?éle,Ltrmsé bpm%ir?memg (n)niilh readinyesquprmgte:may 1 41.7
cms -Split ratio; .0 -Total .flow 47.4 in | nj ection e:.SPL] T
Cont r oMafydBodificaliens elrRassbje indhesxempay: erpeodinaiity Rb s st Wégplﬁm:
Tenmper a}m}% ' | 44 VAHt BiitHis thviehtiodenper at ur e
el regv)at ﬁ{oér#éﬁ%@{%: ﬁgﬂﬁr@l%dc%l Fgo%eh@r?l ﬂt‘fga 'an?igg?ev_at_sed at |g rate of 10C
per ni Agterdingly, 2l stchunedifications a@diatended tovhsdinpluded uthie e scere gbthis
invention. .
The documents described in the specification are incorporated. herein by
reference in its entirety.
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I ndustrial Applicability 30[0028] [0029] Al t hough only sone

exenpl ary enbodi nents and/ or exanples of this invention have been descri bed
in detail above, those skilled in the art will readily appreciate that nmany
nodi fications are possible in the eﬂngflary enbodi ments and/ or exanpl es

W thout S5materially departing from Msvel teachings and advantages of
this invention. Accordingly, all such nodifications are intended to be

i ncluded within the scope of this invention. The docunents

descri bed i nAnhethegdar ;ﬁriodat:hgraramsétumbeqbdmaerdw temcting anya-oddfar leandeg iGrioi t s

ti od _f d t ed di
Feact | ¥ caibon a8t 1 #hae SR vessal wbeRS A Bellebrne BBk eBlait b Bk At

whey ei g réam%éta%ﬂwetﬁé%ugatyaﬂdwtratbs)f hyaEbgRh (5@? wm vmem @lyet1.2and
t he suggl y flow rate of hydrogen (VH) to fhe vesse IS, NL/ hr)

per Lérdpent ohplefinhand ghe agitairprp@%ﬁer s P 8d<V1VémmW W@ro ﬁB@&"@r ot he
time ofodg@ption. 2. The method for producing an unsaturated diner

~according to claim1l, wherein 10the supply flow rate of hydrogen (VH) i 0.2
to 0.8 [(NL/hr) per L of olefin] and the agitation power (Pv) is set to 0.7

f ! di
to ol afm 1 ofherietnad By Pbitabdn il Her drRidhB T E wisER ¢ 00
and 1- thedagspieflowTatedof Aytirogen KM@ o2 fo 0(&{¢Nb@1r)_apemlnsablerﬁa] add dherer
accor dgal?at][o% géveérr?Plv) U st to V91 NS DS efin 1's 1-decene.

3. The method for producing an unsaturated dimer according to claim 1 or 2,

wherein the a-olefin is selected from 1-octene, 1-decene and 1-dodecene.
15
4. The method for producing an unsaturated dimer according to claim 1 or 2,

wherein the a-olefin is 1-decene.



