DESCRI PTI ON METHOD FOR PRODUCI NG Di | SOBUTYLENE USI NG M XED C4
FRACTI ON AS RAW MATERI AL 5 TECHNI CAL FI ELD [0001] The present
invention relates to a process for producing diisobutylene using a

m xed C4 fraction as a raw material, and nore particularly, to a 10
process for produci ng high-puritypgideepet ne having a hi gh added
value with a high reaction selectpgg%y In %%ﬁéh the mxed C4 fraction
is contacted with a solid acid catal ysts, preferably a silica-alum na
catal yst to subject isobutene to oligonerization at one stage, and

then the resMETHDDGRORI PRODTOCUNGSDAISOBUNECE 81K USING MIXEDI ©f
process. 15 BACKGROUND ART [ 0002] It is known that

di i sobutyl ene as di mer of FRACTHIN ADRAAVMATERIDLCasi onal |y
referred to nerely as "DIB") is useful as a raw naterial for 20

oxoal €ohol s, isononanoic acid, p-octyl phenol, rubber tackifiers,
surfactants asoline fuel additives, rubber chemcals or the |ike.

[ 0003] TECH%&G&T@EJE}JIE% may be generally produced by the nethod

i n which isoqutene derived froma C4 fraction produced in FCC (Fluid
Cat al yti &0%1 Cracking) plant or ethylene production plant is
selectively reacted with sulfuric acid to obtaip isohutyl sulfate and

separate the r IHl?eﬁ%mplrn(Y&HE]tonflie@ﬁeﬁ-tBlﬁ‘tlé‘i?é?SSZEOSlﬂr@ ucing figegutyene
heat - or adkiER AeAdy ERHCERP T THE TR By R R e el b0 &
nreel ?L@%ﬁéﬁés’ tf%lr bl 5?%55?*‘13? %1'%518?’?’3’2;?1?% Eéf%‘ge%ﬁ%%hgﬂﬁlé@ gl :us
bt a ned “tGR PR TAAEAc SEIEkH Sty (haThRn he AR CEeAR RBAtIRCA

produce q;i1s QR £5E cREaIRé ,grefbfhﬁw%éiﬁw%nuﬂﬁﬁggﬁdwma% Eot
there tends to occur such problens 5 that a | arge anount of ol'I goners

LT, o R Sl s o MONE i o ot ko
products are subjected to distillation process.
15
BACKGROUND ART
[0002]
It is known that diisobutylene as dimer of isobutene (hereinafter
occasionally referred to merely as "DIB") is useful as a raw material for
20  oxoalcohols, isononanoic acid, p-octyl phenol, rubber tackifiers, surfactants,
gasoline fuel additives, rubber chemicals or the like.
[0003]
Diisobutylene may be generally produced by the method in which
isobutene derived from a C4 fraction produced in FCC (Fluid Catalytic
25  Cracking) plant or ethylene production plant is selectively reacted with
sulfuric acid to obtain isobutyl sulfate and separate the resulting product from
1-butene, 2-butene, butane, etc., and then the thus obtained isobutyl sulfate is

subjected to heat-cracking to thereby obtain the diiscbutylene as aimed.

Alternatively, diisobutylene may be produced by the method in which MTBE

-1-



| ow reaction selectivity of DB, and expensive anti-corrosive
materials are required therefor. Further, in both the production
net hods, there tends to occur such a problemthat a | arge nunber of

the conplex reaction steps are 10 required. [0004] ~ On the
other haithetRA! fh%-bRRCHEERY) dr HE(05CEulyIMRIIPE dHtafldORBR! {8bRkne
i sobut ene usinhg acid Ton exchange resin having a sulfonic group In

whi ch pr gle@Rfedorofle CCrdction, SXE Mkdehe B1& MRtathed W TBERLaPBA Wi th a
metal 15 ion. In this nethod, diisobutylene having a high purity is

produced sbseted 6o ¥rdkidg br détkpizatisnaoprvaies elibcdutyaweyeaiméde
conversion of isobutene in the nethod is |low, and the oligonerization

catal yst used tTheheiformsr guodwctibf fretkod, theeentends td erualsush p@oblems
catal yst. [0005] 20Al so, Patent Docunent 2 discloses the method of

ol i goorer ithhhg latef amounh ofblighmieve bech fstrimeanpmine tejemokiner highleor
kerosene/light gas oil (diesel) can be produced using a

si | i ca- apghimercareabyproduged in addibionde, the avmesdddigpbntgkemieoresadtiagraw
material _is oligonmerjzed with 90% or nore_ conversion of isobutene, or
wi t h abol@Wgesstiemvelestisiysif Dl andhexpansivhanil @omesivhiaterighs 28 of

2- but ene. Howe , the ainmed produc f the ahove thod.is C5 or

hi gher pSPQWPMEL%’Gﬁf%'Sa]E‘?’F{g’@& ng‘?% RIoLHEHeR B gﬁn’?%“é%& fay
of diisobutylene). In .addition, in Exampl es .of Patent Docunent 2, it
s descr DBUF T4t & PRebISh e v es by CEie cpplex weRglion sipscare
froq@? H,gq]t]j%g% Le., isobutene was reacted in a region where the
conver si on ereof is extrenely high. [Prior Docunents] [Patent
Documantﬁgo(jégOOG] 5Pat ent Docunent 1. JP-A 2004-123714 Patent
Docunent 2: JP- A 2006- 28519 SUWVARY OF THE | NVENTI ON PROBLEMS TO BE

SOLVED BY THE /BTSN ML R0%Hkent DocunBi® 1888 LW ERERGDoNaS

been acconplished in view of the above probl ens encountered in the

art, andoHpo@Rithg oblliendSERMcill AR BkER M deSrdstn PEOM SR salBhRCeSwHp
for producing high-purity DIB with a high reaction selectivity in

whi ch a it xédclprétoastdfahe iasgid it @adhathger e partihilg @opldcédtwioh albetal
catal yst to subject isobutene to oligonerization at one stage. MEANS
FOR BOLVIidWG TiHEIRROBiEMS, iG868]tylene having a high purity is produced from a
mixed C4 fraction as a raw material. However, the conversion of isobutene in
the method is low, and the oligomerization catalyst used therein is quite
different from a silica-alumina catalyst.
[0005]

20 Also, Patent Document 2 discloses the method of oligomerizing olefins
in which fuels, for example, gasoline and/or kerosene/light gas 0il (diesel) can
be produced using a silica-alumina catalyst. In this method, a mixed C4
fraction as a raw material is oligomerized with 90% or more conversion of
isobutene, or with about 90% conversion of 1-butene and about 80% conversion

25  of 2-butene. However, the aimed product of the above method is C5 or higher
polymer products (there is no description concerning a purity of diisobutylene).
In addition, in Examples of Patent Document 2, it is described that the

conversion of isobutene was in the range of from 97 to 100%, i.e., isobutene was

reacted in a region where the conversion thereof is extremely high.
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As a result of intensive and extensive researches for achieving the
20 above object, the present inventors have found that when a m xed
C4 fraction is contacted with a solid acid catalyst, preferably a
silica-alum na catal yst, as an oligonerization catalyst while
controlling a conversion of isobutene in the mxed C4 fraction to a
desired range, it is possible to produce DIB with a high reaction

sel ecti vi[PYiorahskufsiéifagr that when subjecting the obtained reaction
25 product to a specific distillation process, it is possible to

obt ai n DI[Babaui Dgcurnghtddurity. The present invention has bee
acconpl i shed on the basis of this finding. [0009] That is, the
present i[B0@ltion relates to the follow ng aspects. [1] A process for
produci ng diisobutylene by contacting a mxed C4 fraction as a raw
mat erPal with &adent Pogsingnddt diPy4t2004nt23idlidng t he steps of (a)

i sobut ene ol igonerization; %%) subj ectln the resulting reaction
products to di StatenaDogwmeatPedBrAt eacted C4 fraction and an
ol i goner fraction including a C8 fractlon produced from each ot her;
and (c) purification of diisobutylene fromC8 fraction by

the. m xeBIVARY PERTHELIYENERIELT nG The stop (2 ZS”E?L??§| | o
I | .
0 1 Sobut SR BLERRRAR HE SOV B PURRRRFIOR] Punerel n the sol i

aci dy ata éﬁ} is asilica-alumna catalyst. [3] The process for
prodUC|ng ;obutylene as described in the above aspect [1] or [2],

wherein the stemelbsols hiRBHEANE a%é&pgg@w&ém iyiBd {4 il

under 15 reaction conditions 1 ncluding nmass o

based onpigsiandf ek @udl¥ield ﬁeﬂhe]all%) aﬁH a&ﬁ@od&txcﬁcth%l%éé‘fﬁ RN Bontis 8o

basi s of the solid acid catalyst of from 10, a reaction

t enper at yeevidk alpcesy fdrgetucidizthighF gty DIBPKRSSA hesOfedtdnMPa or
nore at which the raw material is l'iquefiable. [4] The process for
produci ngeldctisthlihykich amided (4 fradtion ieeyntaoe:dowithhen 30 galeyeation
aspects [1] to [3], wherein in the step (c) of purification of

di i sbhut yphedestf toomb@Sctfisalzutienn thyligiostaridadidqroat ondistadiel sobut yl ene
obtai ned therein has a C4 fraction content of 1% by mass or |ess and
a purity of 95% by mass or nore. EFFECT OF THE | NVENTI ON 25[ 0010]

In the process. for. producin B according to the present invention,
by cont aMEA&ISaFﬁ%&g@IMNGgEHEOBRQBIHEM olid acid catalyst,
preferabhi(gﬂsiIica-alunina catal yst, as an oligonerization catalyst
whil e coHi¥ | ing a conversion of isobutene in the mxed C4 fraction

to a desired range. an
A095 &N ?t oiu 1ntcen31ve and extensive researches for achieving the

20  above object, the present inventors have found that when a mixed C4 fraction
1s contacted with a solid acid catalyst, preferably a silica-alumina catalyst, as
an oligomerization catalyst while controlling a conversion of isobutene in the
mixed C4 fraction to a desired range, it is possible to produce DIB with a high
reaction selectivity, and further that when subjecting the obtained reaction

25  product to a specific distillation process, it is possible to obtain DIB having
high purity.

The present invention has bee accomplished on the basis of this
finding.
[0009]



subj ecting the obtained reaction product to a specific distillation

. process, it is possible to produce high-purity DIB with a high
reaction selectivity in an efficient manner. 5 PREFERRED EMBODI MENTS
FOR CARRYI NG QUT THE | NVENTI ON f oonl The process for producing

DI B according fihe, deembnt Hﬁﬁie@ﬁr&ﬁéﬁ@g&ﬁg%‘om%ﬁ% fpddaction

as a raw material is contacted a so cata 'S

char act effi 8¢ rBYeds el ww(g%%lg@iﬁbsﬁmeﬁé bﬁ%ﬁiadtﬁ%bh'tn‘?ﬁ%d C4 fraction as a

ol i goneri zati on; subj ecting the resulting reaction

product s rh shiaéiihl @itloa sbﬁd%@ﬂﬁéﬁa@yétbﬁldmdﬁ%Cﬂ@Cthﬁs bf:action and an
ol igonmer fraction including a C8 fraction produced from each ot her;

and (4 )cisobutedrfel aagonoeriadtickyi sobut yl ene from C8 fraction by
distillation, 15 in which a conversion of isobutene contained in the
m xed5C4 fr act ilonsubjecticg theceswgingheeastion hmducts todistidlatioh toseparate
range of from60 to 95% [0012] [M xed C4 Fraction] ) In

t he procébe Ynyeagkask G fipeboB and cauliokigomert fracppnsastudingentCYrfraction
the mxed C4 fraction is used as a raw material therefor. Exanples of
the m xed@redusadspmopashneihedeantiefin fractions obtained in FCC

P act i ons. pr odld Gt BEATRHO R gt OB CP AL oY AU Te
Y act T onde Al bigh BsORaREoP a0 e e e ¢ HiXhda Caartien; whon
cont £t s SR PECHE e OIS BURREET o RtuBe P BB 10 11
may be USRI R PARTRATEP ORI AR AN fBu oAt Tt Thed AL KR AR P asiof 18

fracti ongpfRdueath &dlid 28R ARaLAKE kilidPALARIHSORYRRe- | sobut ane
fraction having high isobutene concentration which is obtai ned by

subj ect i fg] ’Bh&Fsréde;@@tfanﬁrdH&@lﬂg QeisbbufylEndhoCessibed fi shd hbadd 8pdce1]
reaction distillation) to renove n-butenes or n-butanes therefrom
or [2], wherein the step (a) of isobutene oligomerization is carried out under
15 reaction conditions including WHSV ( mass of feed stock based on mass of
catalyst per 1 h) of the mixed C4 fraction on the basis of the solid acid catalyst
of from 0.1 to 5 h'l, a reaction temperature of 150°C or lower, and a reaction
pressure of 0.2 MPa or more at which the raw material is liquefiable.
[4] The process for producing diisobutylene as described in any one of the
20 above aspects [1] to [3], wherein in the step (c) of purification of diisobutylene

from C8 fraction by distillation, the diisobutylene obtained therein has a C4

fraction content of 1% by mass or less and a purity of 95% by mass or more.

EFFECT OF THE INVENTION
25  [0010]
In the process for producing DIB according to the present invention, by
contacting a mixed C4 fraction with a solid acid catalyst, preferably a
gilica-alumina catalyst, as an oligomerization catalyst while controlling a

conversion of isobutene in the mixed C4 fraction to a desired range and further
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The m xed C4 fraction generally contains various conpounds such as

« 51- but ene, trans-2-butene, cis-2-butene, isobutene, n-butane,

i sobut ane and but adi ene. [0013] (Pretreatnment of M xed C4 Fraction)

In the process for producing DI B according to the present invention,

10 the mgxgehctthd 1RGN AMAB e cERY ToHEE: &) atsiasﬁﬁ?fdiéﬁu%&ﬁ BQIsK, it is

subjected to the followng pretreatnents (1) to (3) to renove

I mpuriti @ossiblk fuptdduceEghPurit BIBaVith Glhigh @Aesos welbcivitiunash ene

in the mxed C4 fraction which tend to cause deactivation in

cat al yti effad@thyidan@r. decrease in purity of diisobutylene nmay be 15

removed using an extraction by solvent such as N, N-di nethyl formam de

and acetonitrile. Further, the content of the dienes in the mxed C4

fraction may al so be reduced by sel ective hydrogenati on using a

hydr 0gendtB BRESGREDEM BODEVEENPS HoRNCARRYING () UEdTHENNEENBIONt he

contentnif tﬂe dienes in the fraction is suitably adjusted to 1000

ppm by me@@lHr | ess. 20 (2) Sul fur conmpounds and/or basic nitrogen

conpounds which_ tend to cause deactiyation in catalytic activity nmay.

be removed by WREhPYR§eHs dor waedncing laEB mcsoxding e Hips oreseny myention in
activat ed carbon.%nd/or ngl cul ar sieves.

h t.ivat ed al.ugina, .
(3) The ®hith & PERHACREFEPRIAS: B T SBARRIA RSO ACIgtr WG 8f Sohd. acid
di i sobuty| 25 be r. d di stii |l ati f t f
i sti 11 ab RS e Rt SR AT Y B tbadisBie 18BbaFene G | goner | zati on]

In tf{g pr ocess(g QL t%glécdl n%%%fmloncont acting the mxed C4 fraction
[ zgl ?‘E‘(Ear eof %I C ’

as a raw mater i's preferably subjected the above

t t t it ' ' ; | ; i t ; : .
venti on, t he CRoHuay o oh af £t SaRRFaREC R HRRIEL G Ay MR parate

conduct i gie thifretibiRA @) HAktiHS O BNE oBkbBRIERhZAbA ARchRifON 8 etdtid
a range of from60 to 95% When the conversion of isobutene in the

n xed CApfsdrededdfioinSedvhr &thertdiah 95% not only
2,4,4-trinmethyl-1-pentene and 2,4,4-trinmethyl-2-pentene as the ained
di i sobutyl ene ftpuifiatiwesfyditnbpoyiede fsunCafrac8ondongissillzhion, ned by
the reaction of 1-butene or 2-butene as well as triners or tetramers
t herEof @ evlpchdueedvérsian of neslodsnd cambaimed 50 thdhanixedeC4 ubsatuentpon
distillation procedure may fail to produce diisobutylene having a

hi gh pur p@l;ducrmg/ﬁmwsmne(axmmtm bf airgpperéfem A0tth&5%.xed C4
fraction ithess than 60% the anmobunt of the unreacted raw materials
in the rm ing diisobutylene tends to be increased, so that it my

be diffiguylt oduce, di i sobutylene with a high yield. Fromthe
Eifitad 435058,

above vi nversion of isobutene is preferably from 65

Lo, 90% . o BLE SRRl I8 1 4edARRRID h i Bp P BhEi8)
[0015) (30) hdxdf'ch FRLALY §F hised as a raw material therefor.

Examples of the mixed C4 fraction include olefin fractions obtained in
FCC process, olefin fractions obtained by removing diene compounds from
fractions produced in naphtha cracker by extraction or selective hydrogenation
thereof, and mixtures obtained by mixing these fractions at an optional ratio.
25  Further, as the mixed C4 fraction, there may also be used those prepared by
increasing or reducing the contents of any specific compounds in these
fractions by conventionally known methods such as distillation. For example.
there may be used a raffinate obtained by extracting butadiene from a C4

fraction produced in naphtha cracker, and an isobutene-isobutane fraction
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Exanpl es of the solid acid catal yst used as the oligonerization

. catalyst 20 in the process for producing DI B according to the present
invention include silica-alumna, silica-magnesia, silica-boria,

al um na-boria, chlorinated alum na, fluorinated alum na, those

obt ai ned Hayihd high RWBLASHY @bh&erRShon SWhidl s AththedPBOSANGELInSC Ta
or BF3 onto silica gel or alumna gel, cation exchange tesins,

synt het i drzgfin Hesdudel & IPOCYpEdcdss tai digbiliadroRasad reéties di®il®ftion) to
nmet al oxi des such as nol ybdenum oxi de/ zi rconi a and tungsten

oxi de/ zi wennive n-butkrdsay irbneimdsstisaefroas aci d cl ay, bentonite,

kaolin and nontnorillonite. These solid acid catal ysts nmay be used

al one or in coflienatikeh (Bf Hzmeyionvwgermrahlyr @nithorseodriodsroompohade swhi as
acid cat alg/sts, especially preferred is silica-alumna [00161

The sP|i dabwtenei raasatZabytenensysBebwendudeehbwgna, deputing, oisohstawd dnd
which alumna is deposited on silica gel using an Al 2(SO4)3 sol ution
and NI—MO]QI}lt%@m&epreci pitation nethod in which a sodiumsilicate

(wat er gl(?@s% 5 solution is added to an Al 2(SOX) 3 sol ution. Wen

cal cini né t hus obtained gel at a tenperature of about 550C, it is

possi bl e o obtain a al yst, havi.ng, an extrenely high activity.

As the si(]%’r%é‘?%nﬁ?ﬁ%%f@%’f%yéét mlciﬁl@%)a may be general Iy used those

havi ng the fol HNg._ properties: ;10 ratio;.of SiQ2/ A 203, .2 to..
20: v S RpRIcBRE R BRagidnl It (Phofiifh 8 BG4 Bhetat Jst Rt
met hogl: . ot { - ] - M Lar
ndsold: i 6a¢ BRPRddTH raption ge arlRY rRlefial YnlFb3 MTBRSHER oDl 0RD
200 to 6@A)15#ig pkdPedméMat (00t P3P0 LER] dveNEnFRAYRESARD Afrify the raw -
| sobut ene) ug P The é](l)nver ts])(i)on é%ﬁi@sc%butene ngg e cont rlg'flll%rd uen 3?”
the fol | gydtagigneacti on conditions. 20 (1) The WHSV (nass of feed
stock based on mass of catalyst per 1 h) of the mxed C4 fraction on
the basi ¢é1)oDiéis sath disabuthdian@listhel ;iRs@f@1 dAtidn 8Mibh keha o badse
and nore preferably from0.2 to 2 h-1. Wen the WHSV is 0.1 h-1 or
nore, it desctpessebhie chtalybicrcaivityt e dearase $hgurdfy ofSdibstbengledsimay be
| ess. On the other hand, when the WHSV is 5 hl or less, it is

possldbl eremoned msiis anhext2gctéam by rsilwmtofudhsab N, ehdibethyd formamid¢ 2ind
The reaction tenperature is preferably 150C or |ower and nore

pr ef er abpgetPpyailes Fartlpocthewentenioithacdipaes ieipe miveleCq fragoomay

LIS e Doty R ot B A
e YL ST T bt KB B i
it e bt.ai Th t [ f bly 0.2

i R e A A A
ST SO OBSI, 900 S Sl S o

t enper at Hé@ctﬁs&?@ggg edtalBiad Dactiv mﬁ:(f;%?tﬂeogeﬂfoggklvc\%fh%ﬁgaW%%l-,

to the reactor ing i'n the fo a mxture

mat eri al yea®chb® wid\VadBsPihalaghBYs Becllhb WeBdavdd BldRh =S WetiRBt& carhon
di luent. When recycling the reaction products to the reactor, the 10

anount ohnfihe mekkehla@kipFeducts to be recycled is preferably fromO
to 4 times by mass and nore preferably fromO to 3 tinmes by mass the
amount of3)t Tire rG8viredtem athifledehds tthaeausactaereadshan pubityasfodiitolaftyldie
reaction products to be recycled is 4 tines by nmass or less, it is
pos2hl entay Ipr earenvediby destsldatodn drave actoporf a diséilatiorgedlomdecr ease i n
concentration of the raw material, so that

[(a) Step of Isobutene Oligomerization]
In the process for producing DIB by contacting the mixed C4 fraction

as a raw material thereof which is preferably subjected the above
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15 use of a large amobunt of the catalyst is not needed. [00181

* Meanwhi l e, the reactor and reaction nethod used upon the

ol i goneri zation reaction of isobutene are not particularly |imted,
and there nmay be adopted batch-type, sem -batch-type and conti nuous

fl owtypgrepagtn@atL e : obdi t ' s
flowt yng r eagti gntﬁlﬁg?g ggi%\%d fe ?&a‘éﬁ@%{ég ?I’(?lpgitgieg%d‘ﬁ %gﬁﬁdﬁg\% !rﬁ!‘gthe
bed fl owchadgistdn o€igobutbRd 94 the mixed 02 PLALES BpbArcopHREHELNheAtBY (a)
according to the present invention further includes the step (b) o
subj ect i nf isdbaiters uliomerizagion ieroptiotledtts a wardle ¢fi febinl G@td 95t O
separate the unreacted C4 fraction and an oligonmer fraction including
a C8 fracti on p¥heuddd Eommremnhobtsvdrutenndnt the stigpd(C¥ frhction is more
purification of DIB from C8 fraction by distillation. [Step (b)] The
step ¥b) thendiidh wmotserly 2.4.4hiintethilel weatencoangdrbHddctrsmebydi 2redniene as
the oligomerization reaction is subjected to distillation to separate
the unredBe edinazd f didsahwnlened bag 8lsogdieary f earepownds ruakdiasg GB dsomers

fraction ro.duaeg ich are conéai ged in the reaction products, from
each ot h@PTAIPRA RE e pregsiiont pe Y BYE MO PTpRRIERS &P eWeHd agotrimers or

distillattion col nd 5 subjected to distjllation operation._while
cont ol | PHGARHES dhetect fil PERTWSAR RosRorpatiedh 2o unt Jupsequent
RI D), et c ) h &t th . f fracti in .
the bot | SRLOTEIGE e AT, 0%l RSB Rtee iavbER i vy
th - al el : { 0
e, 00 E3hE cHOUTRE RS o Soh STRLSS, HOMRed VB Hac 06, SolelTThan 0%,
bt ai ned t . ; : '
Cuch o stap RN RSN nl b AL R resultin SRSERICHS thlte
step (b) tb beRHElaised 1tk ivhhpbe Affidult tdBrheR difobulPRnbY{RMBhigh

i ncl udi ng diisobutylene which are obtained 1n the step (b) are fed to

a 15 di syidliat Femmcthdlabov@ntewPeints flicaedhwrisivn Bf YsobRiedé 1§ Referably
di i sobutylene is obtained froma top of the colum, whereas oligoner

conponenfiemébrib\Y0¢6 andi morgptaferably drorhi7@hier 9Gshi goner s are obt ai ned
froma bottom of the col um. In the step (c), it is

possldbl e to obMeamwhilsoble yhettwdhati cogteolling26 toractson obnsenitent is
1% by mass or. less_and a purity of 95% by nmass or nore. [00211 [Use
of Dii soBescyikadein detiaglobrleyl ene( 2, 4, 4-tri net hy1- 1- pent eneand

2,4,4-trj| t?yl- 2- pentene) produced by the process for producing D B
25 accor to the present invention may be used, for exanple, in

t he appl jgatjons, j,ncl.uding a raw materi al for oxoal cohol s,
i sononan (glda‘gFﬁbﬁt%ﬁ | phenol, rubber tackifiers, surfactants,

gasoline fuel ﬁ%gh}ﬂlgs? of tﬁeugca?ci agﬁe(pgtg%!s% u%[adtagetﬂel olﬁlegomerization catalyst

20  in the process for producing DIB according to the present invention include
silica-alumina, silica-magnesia, silica-boria, alumina-boria, chlorinated
alumina, fluorinated alumina, those obtained by fixing hydrochloric acid,
sulfuric acid, phosphoric acid or BFs onto silica gel or alumina gel, cation
exchange resins, synthetic zeolites, heteropolyacids, zirconia-based composite

25 metal oxides such as molybdenum oxide/zirconia and tungsten oxide/zirconia,
and clay minerals such as acid clay, bentonite, kaolin and montmorillonite.
These solid acid catalysts may be used alone or in combination of any two or
more thereof. Among these solid acid catalysts, especially preferred is

silica-alumina.



EXAMPLES [ 0022] The present invention will be described in

- nmore detail belowwith reference to the foll ow ng exanpl es. However,
these exanples are only 5 illustrative and not intended to limt the
invention thereto. [00231 EXAMPLES 1 TO 3 AND COVPARATI VE EXAMPLE 1

A diene gqpppgund such as butadiene in a mixed C4 fraction obtained
from cracki ng of naphtha was extracted therefromw th di net hyl

fornal dehyde, XhagdichhBOnlilg da®BLD G, K6 phéAGdddoBy YRR pRNRIREHREhSP in
sel ective hydrogenation using a conmerci al Fy avai |l dbl e Pd catal yst
such t hatwkichoabefinatis ofleisifcde ol 8NiRaC 28PNtk ther Rl(80As sHuiiem Hyd
mass or | ess. Successively, the resulting reaction product was washed
wi t h wat é¥HyOH, esouepsadipits tioh ) methgab i dshizhda rdddi age sil{cNte dampon aitess)
therefromuntil a concentration of the 15 respective conpounds was
reducéd tsolWippas bydedde aor AldSO)sFerdttien, Wiken bakimmghte: thedolotained
was subjected to continuous distillation to renove C3 conpounds from
top of tigel @blautampenituge of rdonedRORCNY Iscpassilda thi dhtals acerabyishibaging
the C4 fraction as a . raw material for production of diisobutylene
(the conp@dsiitremebr bigeaetiitimt erial is shown in Table 1). 20A
silica-alumna catal yst. [mass ratio Si 02/ Al 203: 9; average,_pore

di aneter: 6 nmP% éﬁ% s1 ?gﬁvmlaﬁe@at@ﬁw re gpgy she cyqnerally psgd those
area: 40Q nR/ ag .an .ol igoneri.zation catal yst was packed in a

t ubul ar ?“@é' %}h‘? idg)m@éﬁoae* '%%d- bed continuous reaction therein.

The ygactor thu:sh/f)aas%l%feigilovgfté}gégﬁlzﬁgft%lc%ﬁ .was heated by a mantle
a |

heatef such that a ca y'st r As 25 controlled in an

i sot hermal condi &jan. I ' S : ' :

esul'ts are. shova s e AR ERRRLKIATRy Mok aEATH M method: 2
pressureigng WHSV were respectively fixed to specific val ues, whereas
the reaction tenperature was varied, whereby the conversion of

i sobut ene was adistzll @dré Qol8ae akhadafB¥l PomitRezedt ARdorPaBH meilidd: 0.2 to
Conparative Exanple 1, the reaction pressure and WHSV were

respecti vehy./diaetl to specific values sinmlarly to Exanples 1 to 3,
and the reaction tenperature was adjusted to 80C, whereby the
convis si on of i-sBEI sreeifimswddieiatad 200 08300 mP{g.t her, the resulting
reacti onﬁ&g oducts was subjected to continuous distillation under the
condi t i of®0¥Hc! udi ng 18 distillation colum stages, a reflux ratio
RID of 0.29 and a colum top pressure_of 0.38 MPa to renove the C4
conpoundéMagshedief Gantuathiag poBof dsoutenek rom Successively, the

bottons includjing diisobutylene as feed |iquid wer ubjected to .
cont i nuous 10 BBt FPIATPEH QhdBDYIRES BN gﬁowtrwmmdgemﬁle following

distillati on. col % Stages, a reflux ratio RID of 5 and a colum top
pr essur e "HPTHLEONBEOPE obt ai n C8 conpounds cont ai ni ng di i sobut yl ene

b a5 OPAThETWERY Tl G £R0°GREK BasPliorD lnass of patalystopennl 1) e

di | sobut g0 l}ﬁnﬁ ﬁtagﬁ?glgﬂrf{gt@?%%ﬁe& R SAMPRLAYR Rt I8 PR Ab T from 0.1

| ower nos 0
to 5 h'l and more preferably from 0.2 to 2 h'l, When the WHSV 1s 0.1 h'l or
more, it is possible to maintain the conversion of isobutene 95% or less. On the
other hand, when the WHSYV is 5 h'! or less, it is possible to maintain the

25  conversion of isobutene 60% or more.
(2) The reaction temperature is preferably 150°C or lower and more preferably
from 25 to 100°C. When the reaction temperature is 25°C or higher, it is

possible to achieve an adequate reaction rate without using a large amount of

the catalyst. On the other hand, when the reaction temperature is 150°C or
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[0024] TABLE 1 Corn. Ex. 1 Exanples 1 2 3 Conposition of raw

- materi al

10

15

20

25

nol % | sobutene 45 45 45 47

lower, it is possible to suppress decrease in reaction selectivity of DIB, so that
DIB having a high purity can be obtained.

(8) The reaction pressure is preferably 0.2 MPa or more as long as the raw
material may be liquefied thereunder.

(4) The reaction may be carried out using an adiabatic reactor, a multipipe
reactor or the like. In order to control the reaction temperature (removal of
heat), the reaction products may be recycled to the reactor (feeding in the form
of a mixture with the raw material), or the raw material may be diluted with
any suitable diluent. When recycling the reaction products to the reactor, the
amount of the reaction products to be recycled is preferably from 0 to 4 times
by mass and more preferably from 0 to 3 times by mass the amount of the raw
material fed to the reactor. When the amount of the reaction products to be
recycled is 4 times by mass or less, it is possible to prevent decrease of a
reaction rate owing to decrease in concentration of the raw material, so that
use of a large amount of the catalyst is not needed.

[0018]

Meanwhile, the reactor and reaction method used wupon the
oligomerization reaction of isobutene are not particularly limited, and there
may be adopted batch-type, semi-batch-type and continuous flow-type reaction
methods using vessel-type reactor, continuous flow-type reaction methods
using fixed bed, fluidized bed or moving bed flow reactor, etc.

[0019]

The process for producing DIB according to the present invention
further includes the step (b) of subjecting the resulting reaction products to
distillation to separate the unreacted C4 fraction and an oligomer fraction
including a C8 fraction produced from each other, and the step (¢) of
purification of DIB from C8 fraction by distillation.

[Step (b)]

The step (b) is such a step in which the reaction products obtained in

-9.-



n- Butenes 40 39 38 39 Butanes 14 15 16 13 C3 conpounds 0.03 0.03
+0.02 0.03 Dienes 0.000 0.000 0.000

10

15

20

25

the oligomerization reaction i1s subjected to distillation to separate the
unreacted C4 fraction and an oligomer fraction including a C8 fraction
produced which are contained in the reaction products, from each other.

In the step (b), the reaction products are fed to distillation column, and
subjected to distillation operation while controlling the distillation conditions
(such as a reflux ratio (R/D), a pressure, etc.) such that the content of a C4
fraction in the bottoms is 1% by mass or less. As a result, the C4 fraction as
the unreacted raw material is removed from a top of the column, whereas
oligomers including diisobutylene in a C8 fraction are obtained as the bottoms.
f0020]

[Step (c)]

The step (¢} is such a step in which diiscbutylene in the C8 fraction
obtained in the step (b) is purified by distillation. In the step (c), the bottoms
including diisobutylene which are obtained in the step (b) are fed to a
distillation column, and the C8 fraction mainly containing diisobutylene is
obtained from a top of the column, whereas oligomer components mainly
containing trimer or higher oligomers are obtained from a bottom of the
column.

In the step (c), it is possible to obtain diisobutylene having a C4
fraction content of 1% by mass or less and a purity of 95% by mass or more.
[0021]

[Use of Diisobutylene]

Diisobutylene (2,4,4-trimethyl-1-pentene and
2,4,4-trimethyl-2-pentene) produced by the process for producing DIB
according to the present invention may be used, for example, in the
applications including a raw material for oxoalcohols, isononanoic acid, p-octyl
phenol, rubber tackifiers, surfactants, gasoline fuel additives, rubber chemicals

or the like.
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Reaction tenperature C 80 68 61 37 Reaction pressure MPa
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EXAMPLES
[0022]

The present invention will be described in more detail below with
reference to the following examples. However, these examples are only
Hlustrative and not intended to limit the invention thereto.

[0023]
EXAMPLES 1 TO 3 AND COMPARATIVE EXAMPLE 1

A diene compound such as butadiene in a mixed C4 fraction obtained
from cracking of naphtha was extracted therefrom with dimethyl formaldehyde,
and then the remaining C4 fraction was subjected to selective hydrogenation
using a commercially available Pd catalyst such that a concentration of the
diene compound therein was 10 ppm by mass or less. Successively, the
resulting reaction product was washed with water to remove sulfur (S)
compounds and nitrogen (N) compounds therefrom until a concentration of the
respective compounds was reduced to 5 ppm by mass or less. Further, the
thus washed product was subjected to continuous distillation to remove C3
compounds from top of the column and use the remaining reaction liquids
containing the C4 fraction as a raw material for production of diisobutylene
(the composition of the raw material is shown in Table 1).

A silica-alumina catalyst [mass ratio Si02/Als03: 9; average pore
diameter: 6 nm; total pore volume: 0.5 mL/g; BET specific surface area: 400
m2/g] as an oligomerization catalyst was packed in a tubular reactor to conduct
a fixed-bed continuous reaction therein. The reactor thus packed with the
catalyst was heated by a mantle heater such that a catalyst bed therein was
controlled in an isothermal condition. The reaction conditions and the
reaction results are shown in Table 1.

In Examples 1 to 3, the reaction pressure and WHSV were respectively
fixed to specific values, whereas the reaction temperature was varied, whereby

the conversion of ischutene was adjusted to less than 95%. On the other hand,
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0.2 0.2 | sobut ene conversion % 98 93 86 74 n-Butene conversion
% 13 8 5 2 Conposition of reaction product |iquid nmass%

in Comparative Example 1, the reaction pressure and WHSV were respectively
fixed to specific values similarly to Examples 1 to 3, and the reaction
temperature was adjusted to 80°C, whereby the conversion of isobutene was
adjusted to 98%.

5 Further, the resulting reaction products was subjected to continuous
distillation under the conditions including 18 distillation column stages, a
reflux ratio R/D of 0.29 and a column top pressure of 0.38 MPa to remove the
C4 compounds as the unreacted raw material therefrom. Successively, the
bottoms including diisobutylene as feed liquid were subjected to continuous

10  distillation under the conditions including 40 distillation column stages, a
reflux ratio R/D of 5 and a column top pressure of 0.65 MPa to obtain C8
compounds containing diisobutylene from top of the column. The
concentrations of 2,4,4-trimethyl-1-pentene and 2,4,4-trimethyl-2-pentene as
the aimed diisobutylene in the thus obtained C8 compounds are shown in

15 lowermost column of Table 1.
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C8, 40 46 54 58 Cl2 49 47 41 36 Cl6 9 6 4 4 C20+

10

[0024]
TABLE 1
Com. Examples
Ex. 1 1 2 3
Composition of raw mol%
material
Isobutene 45 45 45 47
n-Butenes 40 39 38 39
Butanes 14 15 16 13
C3 compounds 0.03 0.03 0.02 0.03
Dienes 0.000 0.000 0.000 0.001
Reaction temperature °C 80 68 61 37
Reaction pressure MPa 2 2 2 2
WHSV h't 0.2 0.2 0.2 0.2
Isobutene conversion % 98 93 86 74
n-Butene conversion % 13 8 5 2
Composition of reaction mass%
product liquid
C8 40 46 54 58
C12 49 47 41 36
C16 9 6 4 4
C20 + 2 2 1 2
Concentration of DIB in C8 66 80 86 93
compounds
Concentration of DIB after | mass% 90 95 96 97
purification by distillation

[0025]

From the results shown in Table 1, it was confirmed that in Examples

1 to 3 in which the conversion of isobutene was in the range of from 74 to 93%,
it was possible to obtain a high-purity product having a diisobutylene
concentration of 35% or more. On the other hand, it was confirmed that in
Comparative Example 1 in which the conversion of isobhutene was 98%,

diisobutylene obtained therein had a purity of 90%.
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2 21 2 Concentration of DIB in C38 conmpounds 66 80 86 93
- Concentration of DIB after purification by distillation mass% 90 95
96 97

INDUSTRIAL APPLICABILITY
[0026]
In the process for producing DIB according to the present invention,
when a mixed C4 fraction is contacted with a solid acid catalyst, preferably a
5 silica~alumina catalyst to subject isobutene to oligomerization at one stage and
then the obtained reaction products are subjected to distillation process, it is
possible to produce high-purity diisobutylene having a high added value with a

high reaction selectivity.

10
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5[ 0025] Fromthe results shown in Table 1, it was confirmnmed
~that in Exanples 1 to 3 in which the conversion of isobutene was in
the range of from74 to 93% it was possible to obtain a high-purity
product having a diisobutyl ene concentration of 95% or nore. On the

ot her hand, it was confirmed that incL@iQcparative Exanple 1 in

whi ch the conversion of isobutene was 98% dii sobutyl ene obtai ned
therein had a purity of 90% | NDUSTRI AL APPLI CABI LI TY [ 0026]

In the process for producing DI B according to the present invention,
when a nmilxed\ Gdodesaddi prodwwingrimobetylend by xoatddtth@aidixed @1 fsdction as
preferably a 5 silica-alum na catal yst to subject isobutene to

ol i goner iazeaw omtariad weth weapdidaadd ichéalysh eontprading dhe ebais o pr oduct s
are subjected to distillation process, it is possible to produce

hi gh-Burity di (®olsebytanseoligomenizationigh added val ue with a hi gh
reaction selectivity. 10 CLAIMS 1. A process for Er oduci ng

di i sobutyl ene B9 BWeeiang ihe aenilting reactioaciodncistadishillaviaretq sgparate
with a solid acid, c st,. conprising. the steps of. 5(a) isohutene,
ol i goner ;%g‘ét‘i“b"r??wteftcef ¥13€B§°nsggile‘ﬁl onHE %”éﬂ}PPi ’r’i’&is‘%(g%t? 8 fraction
products to.distillatign to separate the unreacted C4 fraction and an
ol i goner pf?%%(t‘% 0’?1}1%{1“33?%133 fraction produced from each ot her;

by di sti |1 ati of iR bl Qs HufloaORNb e RBloh By el A
the o4 Xe‘ii? Qéhifc%la&td-o?lggtﬁg?ﬁ’xg.o?gﬁgyﬁéeh%gc&{{?‘lg?et(ﬁﬁj ﬁ%.).iﬁxeglo P’ 'Ial:ﬁﬁ%; &e)p &

range of from®60 to ~The process rproduci'ng diI'sobuty
accor di ngokPudth@d Bhd steph@h ¢4 Bork 281180k 9 12%H F2Ah ¥ 1ol $5%8.
silica-alum na catal yst. 3. The process for producing diisobutyl ene

accordi ng. t Thel pideeds @r Brodthei€idiisdbutyléns Ta@cbbrﬁﬂidg 8 claigbut @MRrein the
oligonerization is carried out under reaction conditions including

VHSV (masslidhcidkeetiabiadk andEedt abinmims satflysat al yst per 1 h) of the

m xed C4 fraction on the basis of the solid acid catalyst of fromO0.1

to 5 11- 8, dhecaorcesnidrgmpduaing diisdbultFl@eoncchodimy, toacldim T ent wdrerein

pressure of 0.2 MPa or nore at which the raw material is |iquefiable.

20 415 Thehereepsdar oof psadudenegoligomenigatipands acrowiedi mytt inaley oerctisn

claims 1 to 3, wherein in_the step (c% of purification of

di i sobut §PetisionsdarkudangdVHSAC tnaps bl agidsttpek haperhontnassief eatblitsyipend
g . . o

gb:)zjlr In ? Shﬁ)gg g}gé/gxg?;gM% ]&C%lrﬁgfcé'll t y gg{[seor}tthgfso 1&0 ePc%d rggt?a ygtr 0% felgfn S.nldto

5 h'l, a reaction temperature of 150°C or lower, and a reaction pressure of 0.2
MPa or more at which the raw material is liquefiable.

20 4. The process for producing diisobutylene according to any one of claims 1 to
3, wherein in the step (c) of purification of diisobutylene from the C8 fraction
by distillation, the diisobutylene obtained therein has a C4 fraction content of

1% by mass or less and a purity of 95% by mass or more.

25
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