. PQRSe3el 6Tz t ~uH : 0ot PROCESS FOR HYDROGENATI NG A CONJUGATED DifeskiN 2002
POLYMER Technical Field Thigmmmumwwummmuelates to a process for -

. hydrogenating a conjugated S 10 and nore particularly, to a

process WP 00888§%genati ng t he umsmmr at ed doubl e bonds of PERKRM4yIer

selectively in an effort to inprove sone durability and oxidation

resi stance of a copolyner used as a nodifier. wherein it conprises; to

sel ecti VERPGESS FOR BDRACTNATING A LOYSTEAT EBIENE ROLYMER rer , o

hi ghly active lithiumhydride(LiH) prepared in solution is contacted with a

novel honobgeneous organo titanium catal yst having high activity and thus,

t he hydrogenat ed bl ock copol yner, so obtained from such sel ective

' hydr oge i have very high yield of hydrogenation rate with
excellegﬁ&ﬁgg?%ggﬂ%tion reproduci bility. . Background Art A polymer of

conj ugat ed di ene nonomer such as 1, 3-butadiene or isoprene, or a 15

" copol ymer wi t WS lveniipn sldeste arershvies hydraasnating a coniagated diene palymse

copol ynmeri zed with the conjugated di ene nononmer, have been wi dely used as

an elsast afgmorddrticilf, bs$fon Hedragdrating the fisatehtel doible bosdidfBaid t hese
pol yners may be vul cani zed but their durabrlity and oxidation resistances

are poor. t LR b 0 [ f onj ugat ed .di ne
ronomer £A30 soREeRE R RE 1 RBR EaR SRR B AR I E L o
have been used as a npodifier to inprove an jnpact resistance for

t r anspar éngopebysnes used poi wadifiar whergingi iopmpyiseshéo palestivelyhydieganate the

vul cani zati on. These pol yners contai ning ol efinic unsaturated doubl e bonds

may be - unsat@raiedHolbldlbafiddf kdid polyit¥ey, i g 6&iveGilihmRSdIided 4]) pdpaed ageousl y
utilized due to their easy cross-linking reaction, while their doubl e bonds

are resp eIt DEwih 2bld I t&ﬁ:& i nce,

oxi dat i Oﬁﬂ?ﬂélg{lugr% {g(r%é%é(gnd weg'ltB h{éérlgx\bprﬁg? {;4.0%%?1}5%?{8?% c??%?ﬁ%?%ﬁ?é@hﬁt hese
pol ypers have be applied within the restricted '! ange, which is an
onl yﬂfn- oty ped thus, eb@%@s%qa:fedi%iogﬁ% BREL £9 OPﬁaﬁwgféom FECIHEReAVEi ty and
oxi dation resistance of a polyner having unsaturated doubl e bonds, the

unsat ur athydragenation, beandbaveayetye highr tyiedd | of dydogenmitienetate swithir extcelledty t he
addi ti on of hydrogen in a polyner. Various nethods to hydrogenate sone

pol ymer s k?ﬂbﬁg@ﬂatﬁin%ffnﬂhﬁcibm@atw ated 10 doubl e bonds have been reported but
they could be classified into two main nmethods. The first nmethod is to use

a heteroqg{l,_ PSuEhpl st whil e the second one is to use Ziegler catalyst
or a honobgené€ous cat al yst bel onging to organonetal | i c conpounds such

A polymer of conjugated diene monomer such as 1,3-butadiene or isoprene, or a
15  copolymer with a vinyl aromatic monomer such as styrene that may be copolymerized
with the conjugated diene monomer, have been widely used as an elastomer.
With the double bonds within internal polymer chain, these polymers may be
vulcanized but their durability and oxidation resistances are poor.
Meantime, some block copolymers prepared from conjugated diene monomer and
20  vinyl aromatic monomer so-called a thermoplastic elastomer have been used as a modifier
to improve an impact resistance for transparent resin or polyolefin and polystyrene resin,
without vulcanization.

These polymers containing olefinic unsaturated double bonds may be
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as rhodiumor titanium Fromthe two nethods, the hydrogenation bZJedUS‘nZUQZ
het er ogeneous catal yst is 15 perforned in such a manner that a polynmer of ‘i
unsat ur at O 8YAFL bonds di ssolved in a suitable sol vent i $CEHRIBOUEY wi t h &5
hydrogen in the presence of a heterogeneous catal yst. However, this nethod -
has recogni zed several disadvantages in that: a) A contact between

reactants ,and catal yst i.5 not, easily made due to the .fact. th the steric

i ndr ancadaageputy Hdizen Buf GG ey oS Tkigrason sty (0lebgils: : 20 b)
In addition due to the strong physical adsorption of a polyner to the
surface afre aesmhsiblesfor somei stabilityy pdoYléms suth tas thetraaihresisaned, rddhtion

hydr ogenat ed pol yner fromthe catalyst, thus it nakes other unsaturated

pol yners . %}gnéeoanﬁ%?e%mef- gjtactive site of a catalyst; therefore, for the

conpl et e hydrogenati on of the unsaturated doubl e bonds of a 2 ~ JUN
2002 WO 001 08069, PCTI | CR98/ 00440 pol ypmer, a | arge anount of catalyst is M
required with Wéﬁ‘é’hrcgﬁwt@]ﬁe%MFPPW“s}&R?ﬁ%ﬁgn @W@N@M@ﬁﬁéﬁéére and

pressure and as a result, the deconposition and gel ation of a pol yner nmay
sonets mesangs; whicho} ah onlyadn-houwsshaes. t he sel ective hydrogenation of ol efinic
pol ymer in a copolynmer containing conjugated di ene nononer and vinyl

aromati ¢ nonomgr re i 0 j b QRs

i froul £ st nod SBA i M EoR Y e o BTN Ut SR EHARTR ) coul o
be simul taneously. hydrogenated; d) In addition, the physical separation of
a cat al ysholyaerhaiving ansaturated donbiybondse the pasaprated slonble ibends mayehe nagiadlyy
difficult; a certain heterogeneous catalyst is strongly 10 attached to a
pol ymer s doagileteliySatuentg 9t the additvalof hgdiopdioinsd pdigmeBy contrast, the

hydr ogenati on based on a honbgeneous catal yst has the foll ow ng advant ages

cat %f‘?zsé ahd v PR is“iﬁ%ﬁ‘# %%%“ﬁ?#&ﬁ%%?%%@?’f%@h*?gﬁ‘éﬁ‘g‘ﬁ%ﬁ@ﬁf% i nif’ust
ro e _expect ed under a. ni ~ conditiagn such as ow tenperature
Bt B o SORUBIE bncR B ten rROHET DRSS PHIRy A3 ERA RO 1) BRDRGS. | ho

sel ective hydrogenation of unsaturated ol efinic double bonds could be
performed i n aThofist methed Gshase chetemiganaoys vatalyst, whiderthiisecond nosristo ased

conj ugat ed di ene without the hydrognation of unsaturated aronatic double
bonds. 20z{opetisk&%s a hbiRBgdREAERAEIYL belBNENS ULGBhndIR thITE cHRPSkdds 3h@d doubl e
bonds of a conjugated diené polyner in the presence of a honogeneous

catal yst ha one dtréavVoacks inthat a) the stability of a catalyst itself
is | ow, aﬁsdrsbgél%%r &parati on of a deconposed catal yst fromthe

hydr ogenat ed polymer is extrenely difficult, .
From the two methods, the hydrogenation based on a heterogeneous catalyst is

15  performed in such a manner that a polymer of unsaturated double bonds dissolved in a
suitable solvent is contacted with hydrogen in the presence of a heterogeneous catalyst.
However, this method has recognized several disadvantages in that:

a) A contact between reactants and catalyst is not easily made due to the fact that
the steric hindrance of a polymer is large and its relative viscosity is higher;

20 b) In addition due to the strong physical adsorption of a polymer to the surface of
a catalyst, it is very difficult to detach the already hydrogenated polymer from the
catalyst, thus it makes other unsatﬁrated polymers hard to reach the active site of a

catalyst; therefore, for the complete hydrogenation of the unsaturated double bonds of a
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2 Z JUN 2002 WO 001 08069 PCT/ |1 CR98100440 Meantine, several nethoquojuN amz
hydr ogenating or selectively hydrogenating the unsaturated doubl e bonds o
.a conj ugat ewodio®ps9pol yner has been reported; for exanple, tHEHRIG0042at ent
No. 3,494,942, No: 3,670,04 and No. 3,700,633. These patents have descri bed
t he nethods of using sone catal ysts containing sonme 5 netals belonging to
~the groups of 8, 9 and 10, being published in the prior art or their

pr ecur sor Polymeralaree paount of AlpHEbisdAgHiEedovith severe fepetian ¢opditionesushes & he

et hyl eni ¢ unsaturated doubl e bonds of a polyner and copol yner cont ai ni ng
aromati ¢ aighettéipéiiufe sHtbplebduaé and doudlrkaih) A aecoRiRitidn e d leelalifie oPh OCESS

of the aforenentioned patent, a catal yst was prepared 10 using sone netals
‘bel onging to the grou of 9 and 10, especially nickel or cobalt conpound,
with a suiFPEHP“ef r?%&&&i%ﬁaleaag% such as al kyl aluminum OQher suitable
reduci ng agent described in the prior art include some netals belonging to
‘the groups of Ic) I pamigulag, thesgleativalhygdrdgendtiannef alefimie polymeainia edpalyimenm

al kyl s or hydrides according to the prior art. Hence, sone netal s bel ongi ng
to thes gr ciéptaidhg donjleAdididie ARHoRENSd Yinyl ABHALE nRfloRRY LAk ki 8Fergr OUPS

of 8 9 and 10 are mXxed in the nolar ratio of 0.1:1 to 20:1, nore

0
preferably in.the lar .ratio qof 1: o 10:1 The U S.. Pa t . .4,~01, 8~7
s di ool readionsondings it Fetndly il st e VBtecuatt Salatdo 9548 bonds
in a conjugated diene polymer resulting fromits polynerization nay be
ef f ect ed iarommhtc porerxemdeould tetsimeliarteously hpdmwgenat¢dypent adi enyl ) titani um
conpound 20 or at |east one organo |ithium conpound. Further, the U S
Pat ent No. 4, 98§, 142444R%, é_ﬂh%ﬁ&ﬁéﬁ@eﬁd&@ﬁorﬁoﬂ%&a\fﬂ?ﬁ cﬁﬁﬁéix%ﬁgﬁaﬁycﬁ%@nhéﬁ
hydr ogenation activity using an al Koxy |ithium conpoun I rect or a

or 115 ConP LT SO SUGH 2830 BOFORUSa PR Ao/ ORSY wi

bi s(c¥cl opent adi enyl) titanium conpound. It describes that even though a
smal | 1&nousitachéd toatpolymer soghatdisgomplgie remena) i impossibleect i vel y active, while
any washi ng process to renove the residual catalyst is not necessary. The

U.S. Patent No.B¢céntdst/thé hhédgéliatioh based ohh&bniﬂg%&ﬁ@bﬁﬂgﬁhﬁheﬁﬂbﬁigi tani um
conpound can preferably hydrogenate unsaturated double bonds in a

conj ugat eda&Uaﬁﬂgesjiﬂtﬁ e absence of alkyl lithium The detail ed exanpl e of
such titanium conpound i ncl uded bis(cycl opentadienyl) titaniumdiaryl

conpound, and t nost, advantage of this cata t systemis that a.

hydr ocar bon | t&%%Bﬁﬁbﬁﬁﬂ“@gﬂlﬁh?ég%’cﬁ%ﬁQnﬁﬁggeﬁe?%%wﬁ%@yﬂﬁpg8",“1’1 he

U S. Patent No. ,039,7> has disclosed a process for the hydrogenation 10
of conj ugat enalliamoent o6 tataigst, ahigber Yeldmfifmakprodhstmeayi b expected umdena yiddr i zi ng
one conjugated di ene nononer with an organo al kali netal polynerization

initiasor eehdiicidubRRS 8 ISetenaitiathRamdiYedsaferi Ng a |iving pol yner, _
term nating the polynerization by the addition of hydrogen; The selective

hydrogenati on O{)) }E"Jlral%lt, %&ét‘%ge gﬂﬂ%&&ro@?&a‘?ﬁm%&n&iﬁ%m, the selective hydrogenation

of unsaturated olefinic double bonds could be performed ina copolymer chain containing
vinyl aromatic monomer and conjugated diene without the hydrognation of unsaturated
aromatic double bonds.

20 Nonetheless, the process for hydrogenating the unsaturated double bonds of a
conjugated diene polymer in the presence of a homogeneous catalyst has some drawbacks
in that a) the stability of a catalyst itself is low, and b) the separation of a decomposed

catalyst from the hydrogenated polymer is extremely difficult.
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conjugated diene units of the aforenentioned term nated pol yner V\%J JUN 2002
conducted in the | ~ presence-of (C5H5):TiR, (R is an arylal kyl group R
~catal yst. W0000889 Pat ent No. a243,986 has discl osed that tHI/gRIBMogd0bonds -
of conjugated diene units of a styrene-butadi ene-isoprene copol ynmer may be
sel ectively hydrogenat ed using a specific titanocene conpound and reducing

-agent. Further,,the U S P {5h rocess of
hydr ogenat i ng %agmggn]s%vﬁ ngog hg’%é%%%q:’noartsﬁgecﬁye&iﬁg‘@ tlPf%ﬁli‘f’geneous
catal ysts which contain Cp, Ti (PhOR) 2, (where, Cp is a cycl opentadi enyl
group; mm@wﬁeéﬂmbwdmwm;mwﬁaimerp@lnnqr@ambwrbpnﬂealt forexampleCp2Ti R
(where, Ris a CH PPh,). Also, another process of hvdroaenating an ol efm c

monomer ummsap&keﬁtwg@u 942 ﬁoZ* émapgw@m@@m PCT/ KR98/ 00440
Cp, Tid 2 or (CGH o( p- CH OC6H4) CSHA) , TiCh as a Catal yst and a hi gh- activity

al kali met al ride p are S ti.on has been di sclosed [ref. .
Journal of O g %me e(ﬁg gp&? %;B o(fu_stlggéc})m%ga ¥y coqt%mgg,ggmet he )
af orenenti oned honbgeneous catal yst has recogni zed sone 5 di sadvantages in

that &) | mayanbelahgingitnthe grounsof 8x® maddlybsing piblished tiw therprionaitroonbent , t he
catalyst is easily inactivated in the air or in the presence of noisture,

and b) th a{m&ﬂsro?g%aﬁﬁ ofCtd :Hzﬁ%g é@e‘ﬁ; t&éi%ﬁi‘vfegg%g%g a%@%é E%?éd}‘é? state

of the ca Slnce ere Ity
hydrogenatlon is.re n.the |on the prior art has found it

11 oult WRIBEA AT P SR RAVEE Bl SRR COMAPIEROTRH 5 SRS r at o
and 10 reproducibility sinmultaneously. In addition, there is another trends
t hat t he amtinmtednignbldibendss of t he catal yst are easily converted to

i nactive ones, when the reaction proceeds. This may result in reducing the

hydrogenati on yAQbfling 34fic BRICEG ISP Riched ral
reproduci bility. Sué?] {Br e%g vcm 'l badly gﬁ‘elgt tﬂgeﬁydfgﬁ%%‘?% %re%a%red

pol y designed to ve.th ur abi | |t oXi an _resi stance of a
ol k] € R R beliaite o B @Bt o g Reo Y cRe Bk SR SRR o Ty o
is much affect ed depending on its stabili ty during the hydr ogenati on. As

noted in tdempabedsevith @ suitable gedusingspgemt soch ve rbohalumissm. dPdwb suitable n
adequatel y applyi ng such honbgeneous catalysts to the hydrogenation of a

pol ymer i rredutéhg2@entadstzibed Bl the pi6d art Halide sbie hietals belogging € the\sedl o hi ghly
active hydrogenation catalyst with better stability and repr odu0| b| lity.

tDlh: ¢ lh% ‘rjggl . ‘r?;atnlhg‘é eg&%}ecgﬂl TR S d¥nk o BndWEm BLBPLRYR of REAMHAL GE&daiflgt | N9
to the prior art. Hence, some metals belonging to the groups of 1, 2 and 13 and other
15  metals belonging to the groups of 8, 9 and 10 are mixed in the molar ratio 0f 0.1:1 to 20:1,
more preferably in the molar ratio of 1:1 to 10:1.
The U.S. Patent No. 4,501,857 has disclosed that the selective hydrogenation of
unsaturated double bonds in a conjugated diene polymer resulting from its polymerization
may be effected in the presence of at least one bis(cyclopentadienyl) titanium compound
20 or at least one organo lithium compound.
Further, the U.S. Patent No. 4,980,421 has disclosed that a polymer may have a similar

hydrogenation activity using an alkoxy lithium compound directly or a reaction mixture

between an organo lithium compound and alcohol or phenol, or its combined compound



2 ~ ~~N 2002 wo 00i 0s0s9 PCT/ KRO8/ 00440 unsaturated doubl e bond2 -(oi‘Juﬁl 2002
conj ugat ed di ene pol ynmer usiqng the abave honpbgeneous catal ysts, an obj ect
~of this inwmod/asned s to provide a process of hydrogenati on RCSI/K§9%0way el
catalyst and lithium hydride so as to prepare a hydrogenated polyner with a
hi gh hydrogenation yield and reproducibility w thout any problens the

- general honobgeneous hydrogenation catal ysts have faced. To neet the above
ment i oned voBj bistcyclppentphionsdsdtanim pompowhdt desgribescdal epattboughi @ smalpol yrrer
according to this invention is designed to selectively hydrogenate the
unsat ur at eghfARHS QuA1pAISuRt, GORhHBSH BLrHLERGy HativeSwhlle ﬁnyc%‘:lh!ﬁ%aﬁr‘ég dime
pol ymer or a copol yner containing'the conjugated di ene nononer ‘and aronmatic
"vinyl nononer, 10 V\he{@ip itl conprises: 1) polynerizing at |east one

conj ugat ed® &HBNE PSR! GHaIY BoiQ) BEFSSS3 ¥y sai d nonomer with a vi nyl

aromati ¢ nononer using an organo al kali metal as an initiator thereby
“forming a l|ivi richefbByPasent No) 462,014 hat disglosdiathatehistcydbpantadizail) tikdniwmg

pol ymer using an equi nol ar anount of 1~ the term nating agent,.and 3)

(4]

hydr ogenat | eitbteenha; | ' lAeidiai ts of
he. pol vy B N Sl Qo PP 3 offhateTRichE
nonocycl opent adi enyl titanium conpound represented. by the follow ng formula
|, togethef ‘ithqa?SWBergaélﬁ{ letgiuy B?fﬁ%?é)ﬁé%mﬂ’tﬁ &ns chaiamiymy: eampQUng; nal .
20 Formula | 7 2 ~ JUN 2QQ2 WO 00/08069 PCT/1Q98/00440 RCp- I i.R 02

R3 0 Wher einclGibed tis(ayotopehngenylx diaaiuyd digryd cphpGiid) andhe andt ddvamtage dfithissane or
different and are selected from hal ogen atom R3 and 124 are the sane or

di fferent &%E%ﬁ?iﬁ@&gﬁﬂ! Ef&@b%)(‘?iﬂ@gﬁ”ccﬁﬁ%d a8h f¥ducif BEndt h&&iée%r oup__

cont ai ni ng car tons, aryl or ar Xy groups “cont al ni ng
carbon atons and cycl | groups, containing 6. to 20 carbon atons, Best
Mbde for Carryi‘g-5°dﬁ?eﬁ1§’%ﬁeﬁggﬂﬂ’ RS S e BROFSSS EEERIHERETHIPor o
detail as set forth hereunder. The catalyst used for the hydrogenation of
t hi s ilAvenof oonjugatesr disae edlymer hitingomprises polymericingpentopdiyeryilzingi ereni um
conmpound and lithium hydride(LiH), so formed in solution of between organo
l'ithium co dodignd idhemen withsanl Srigahd liGdHt AbMB ol RRHSARA BRIk ih e
formula I, the detail ed exanpl es of nonocycl opentadi enyl titani um conmpound
i nclude the_.foll Qw [ for a.singl ol en}'%ggg‘.

" nonocycl opg‘fﬁagi é%/‘ﬂ?‘i ?%@Wﬁgaﬁ%lﬁgégﬁn%ﬁa&ﬂ glkgeoﬁ?l e, E}gﬁ%the
nonocycl opent adi enyl (2-t-butyl phenoxy)titanium dichlori de, .

. addiuon of hydrogen; The selective hydrogenation of unsaturated double bonds in the

conjugated diene units of the aforementioned terminated polymer was conducted in the
15  presence of (CsH).TiR; (R is an arylalkyl group) catalyst.

The U.S. Patent No. 5,243,986 has disclosed that the double bonds of conjugated
diene units of a styrene-butadiene-isoprene copolymer niay be selectively hydrogenated
using a specific titanocene compound and reducing agent.

Further, the U.S. Patent No. 5,321,175 has disclosed a process of hydrogenating

20  a conjugated diene polymer in the presence of homogeneous catalysts which contain
Cp,Ti(PhOR), (where, Cp is a cyclopentadienyl group; OR is an alkoxy compound
containing 1 to 4 carbon atoms) or Cp,TiR, (where, R is a CH,PPh,).

Also, another process of hvdrogenating an olefinic monomer using a mixture of

n




nmonocycl opent adi enyl (?-t-butyl phenoxy)titani um di bromi de, 27 JUN 2002
nonocycl opent adi enyl (?-t-butyl phenoxy)titani um dii odide,

nonocycl opwote@dsesay| (2. 6-di -t - butyl 4-net hyl phenoxy)titani RET/HRP/Q0340G de, 8
2 ~ JUN 2002 WO 00/ 08069 ;;. .. PCT/KRO8/00440 ~.~~" """ #=S ~; .

nonocycl opent adi enyl (2, 6-di -t-butyl 4-nmethyl phenoxy)titaniumdichloride,
monocycl opent adi enyl (2, 6-di -t-butyl 4-methyl phenoxy)titani um di brom de,
Tonocy ol oBeriaioe e P HOGisR): AC s Ayae g & ke ol e
nonocycl opent adi enyl (2, 6-di -t-butyl 4-nmethoxy phenoxy)titaniumdifluoride,
5 nonocy chpded¥(RE)eit¥pdred fr shlutiobdsybeef diRR1d3ex JrePhRsi@al Jof iGrg M diBtallic

di chl oride, rnonocycl opent adi enyl (2, 6-di-t-butyl 4-nethoxy phenoxy)titanium
di br om de ~, mDROCY D i | (2, 6-di-t-butyl 4-nethoxy phenoxy)titanium

di i odi de, CHEWS ci’%p@??gﬁgéﬁ@{(z, 6-di-t-butyl phenoxy)titanium difluoride,
nmonocycl opent adi enyl (2, 6-di -t-butyl phenoxy)titani umdichloride, 10

monocycl opent adlooveyer,2thg- affordméntioped Hoorogrydous t Gatdlyshn kHisbreoogmized some
nonocycl opent adi enyl (2, 6-di -t-butyl phenoxy)titani um dii odi de,

monocycl ORRAEREREYIn(tRark) Bt ddnlerdl, Sibelt isRREBALY)sEAL A '

nonocycl opent adit%nyln( 2, 4,)6-$r I Et- but yl phenox% titani um %Ihﬁ#gﬂerg&he
nonocycl opent adi.enyl.(2, 4, 6-trj:t-butyl phenox %ti t ani.um.di br om nd 15
Tonocycl opERPRUIS AP AR it U 0| R CHE e A S AR T i 5
preferred that the anount of the hydrogenation catalyst is in the range of
0.01 to 2hydnvgenation adthity ingrepdy sffested bytheredneing statelof thecatalyst. rSingeethede 0. 0~
to 2mmol per 100g of polynmer. Using the above nentioned hydrogenation

cat al yst s s frénd BatiRS ?éppdd%cpoﬁ_n?g@ g?dﬁlé&ﬁﬁan Wreliheli e NS Hﬁ@&ﬁg}r&g Whl e

bonds of conjugated di ene uni a conj ugat ed di ene pol yner

copolymer with a.vinyl, argmati noner ich. .be. a, random t apered or
b1 ok copdyfnd indifhen ¥ atuER SR palviidt ikt ik b RBARE00 BBb00. As
have been known wi dely, a polymer containing ethylenic unsaturated double
WO 00V 80aepredacibility simubameously. : ~' PCT/ | @ 98100440 bonds and opti onal

aromati ¢ unsaturated doubl e bonds nay be prepared pol ynerization with one
or nore pol yol ghiadditRapeeteik laottieOtr&idsth the/dctive MROELIIEME b el cAthl@t afRne oOfr
nore al kenyl aromatic hydrocarbon nononers. The copol yner may be a random

taper ed. RlGRkeaInd tolidabirOils \ghdiie fcils eérﬁ%%dé.’[‘bisnrﬁ?remﬁ{ Tedlaped of

radi al copolyner. e copol yner’ cont al ni ng eni c unsaturate oubl e

or epar ed 5% RYCRECORIGA i D HRIPE SBOENIAC 5 PR SAFORR EPRAREIbA gy et
Ziegler-Natta catal ysts. The nethod of manufacturing the polynmer may be
appl i ed bytrendowithbediyrasiettable bydrbgengtidnudf spadymeralesighesito improve the durability

15  and oxidation resistance of a polymer. Furthermore, the hydrogenation rate of the
homogeneous catalyst is much affected depending on its stability during the
hydrogenation.

As noted in the above, it is prerequisite to overcome these drawbacks in
adequately applying such homogeneous catalysts to the hydrogenation of a polymer in the

20  industrial level. Thus, there is need to develop a highly active hydrogenation catalyst with
bétter stability and reproducibility.

Disclosure of Invention

To cope with various problems encountered during the hydrogenation of



10 pol ymeri zation. Hence) the conjugated diene, which could be 2 dHNc%qGZy
pol ynmeri zed, includes conjugated di eng compounds containing 4 to 12 carbon
at ons sucWO29/08063- but adi ene, i soprene, piperylene, phenyl ROTARS/00440 T
3,4-di-met hyl -1, 3- hexadi ene and 4, ~-diethyl-1,3-octadiene; it is preferred
to use a conjugated diolefin containing 4 to 9 1 ~ carbon atons. Further,
copol yrneri zation-avail abl e vinyl aromatic hydrocarbon with the conjujated
di ene counpemrated dowblaibhssls wf agbnjagsted disnp palytier ssing thesabovy hemegenetusr ene
substituted with various al kyl groups, styrene substituted w th al koxy
groups, gaMy&Y) alPytsjkdioTehisAnvemibi s BY ploHdR% peébékx!ofm@%t;&?ak@ﬂ%siggq vinyl
napht hal ene” substituted with al kyl 20 groups. A living polyner y be
created b ol yneri zi or, copol ynmeri zi ng at, |.east one conj ugated, di ene
Sompound e GHHYF SAMREPIEERE ShAa o RRPER ArhYSTseREERBIREY VIBAEIR h { he
conj ugat ed di ene conpound, with an organo allali nmetal initiator. a 10 WO
00! 08069hRirggehbiibi?fi€ld and reproducibilidpCHitHORD 8l yOfirdWIBms'the-genetdl hombienesys it is
preferred that the aromatic vinyl nononer and conjugated di ene nononer is
m xed in od kil y .. Further, an organo alkali netal initiator
i ncl gdesh%c{r%sﬁérggglgcﬁ?lyﬁf%?ﬁt/egfg?r%%und; the detail ed exanpl e includes n-butyl
['ithiumor sec-butyl ILt hi um | Th{g next step is _to inactivate the term nal

of said living anﬂeg%ra s mentioned phieathe PEPCsSIor hyqrogsnating 2 paiegateshount

rati o; hence, the term nating agent includes am nes, alcohols, esters,

ket ones diede Ipalynge naterdingowothisnicsentidneis diesighéd b setentivelyshyidrsende theenzy|

chl ori de, benzyl brom de, benzyl iodide, nethyl chloride, nethyl brom de,
met hyl i qdi j : | 4; ] i.0di tyl

chl ori de,ﬂﬂ%aﬁ?ﬁeﬂtg? gﬂr)rlie%g%ﬂ{)tﬁpLf\gtg%iﬁc?el%l{eg{g%tggﬁ%%ﬁé%ﬁ%ﬁ?dkgggﬂ%ﬁﬁe one,

di phenyl ketone, nethanol, ethanol, ..isopropyl al¢cohol,. butanol, phenol,
crosol | SORSIE: SREPIDLASAORNESBAHSRS MORRYET AR Framatis 1y doeiones,
trimethylsilyl fluoride, trinethylsilyl chloride, trinmethylsilyl brom de,
tri bt hyivdietem iticohipdsgs: tri et hyl silyl fluoride, triethylsilyl chloride,
triethylsilyl bromde, triethylsilyl iodide, tributylsilyl fluoride, 15
tributylsilyl 1§hbRteti@ingtdt idast desddnyilgattd Brdenoddrhd? ek kb sotyiibriekacte.
triphenyl silyl ??ugﬁegig, gEri phenyl so:%% chloride, tri phelidy silyl” brom de and

triphenylsilvl iodide For perfaorm t he hyd nat Len Lt hium
hyri de” SR aR £ TabE Rt P et RN A BB RS SR i
conpound and h%(drpgen.a_nd a nonocycl opent adi enyl titani um conpound

r epr esentteaelyyformingraiving aolymere added to the 20 inactivated pol yner,
together with hydrogen. Hence, it is preferred that the amount of l|ithium
hydri de i s adddhactvainguiroesinaleishidivemgy polymtausingracanaoladamepmt e§ent ed by
the formula | in the nolar ratio of 2 to 30; the lithiumhydride is

prepgy ed thdedRldatih®Rednk .0t he reaction of an or-~ano 11

3) hydrogenating the unsaturated double bonds in the conjugated diene units of
the polymer by the addition of lithium hydride (LiH) and inonocyclopentadienyl titanium
compound represented by the following formula I, together with hydrogen, to the
polymer having an inactivated terminal.

20 Formula I



2 ~ JUN 2002 WD 00/ 08069 PC T/ | CR98/ 00440 |ithi um conpound and gds®olldN 2002
hydr ogen. The hydrogenati on using the polyner of this invention:is ..
performed i Wo09/0B0s@rt sol vent; the inert solvent means a solRGVKRWNA40i S
not reacted with any reactants of polynerization or hydrogenation. The

sui tabl e solvent may be selected fromthe followng 5 group for a single
-use or in the mxed form aliphatic hydrocarbons such as n-pentane,

n- hexane, n-heptane and n- octRpe; al i phatic cyclic hydrocarbons such as
cycl ohexane and cycl ohgyag; and ethers such as diethylether and

t et rahydrofuran. Al so, arortatRg hydrocarbons (e.g., benzene, tol uene,

xyl ene and et hyl benzene) n&y be enployed if they are not hydrogenated,
under a given hydrogenaliornf condjtions. 10 Further, the concentration of
polymer is in the rangé\g t % by weight to a solvent; it is
preferrred to be in the fAnggjlof ~ to 25% by wei ght. Meantine, the

hydr ogenation of this inys pn is performed in such a manner that a

pol ymer solution is naintainfed at a certain tenperature under the

at nosplRere of hydrogen or ilnert gas; a hydrogenation catal yst represented
by the fornula | is added tRa 15 the stirred or unstirred solution; and, a
hydr ogen gas is charged under a constant pressure. The inert gas includes
hel ium nitrogen and argon, which represents a gaseous atnosphere in which
such gas is not reacted with any reactants derived fromthe hydrogenati on.
It is rather und¥ire,dBp is atayclopentadiengrgromn(Geds); whi ch serves to induce
reduced activity of a catalyst due to oxidation or degradation. 20 In

general, the hyd{ QagRIbicRe ssmP6F Qidfer®l afd arkRBletEMRSRALAIS Senlitodiet Ween O to
1 ~0C. If the hydrogenatl on tenperature is lower than 0C ~the reduced

activity of catgl yst .and sl ow hydrogenation rate resulf jn requiri a | ot
of catal yats. it Fo HBe SHBR L AEren e Brerspietied ERi hydsBeduatoime yAley
hydrogenat ed polynmer may easily precipitate a polyner. 12 2 Z JUN 2002 WO
oOU 080¥1 PET 800D 4a0aiBingcloiet k2aearborn ftompearylegenilexy gronpeeantainiagiéstohi ker
than 1 ~0C, there are trends that a) the activity of a catalyst is reduced,

b) the gel 0 cafboaratdricandiesolalist ptowps obntainfiRl 4/1at20 caFyonedshby occur, and c)
the selectivity for the addition of hydrogen is liable to be reduced due to

easy hydroq@&@Mm@;@;ﬁgﬁ%Bﬁtmﬁbﬁnt{g ds. It is preferred that the

reaction tenperature 1's tal ne e range of between 50 to0140C.
Further, a hydrqgen, pressure in the hydrogepatiop is suitably maintained in
t he range of bet inntt%lieﬁﬁ?’é‘f’ah‘??%é‘?/‘geﬂmp?s ?‘?bFO"@M?"HﬁdFSr linmited; if the
hydrogen pressure is less than 1 kg/cm -, the hydrogenation rate becones

sl ow but in caseTlefcagmlyst shdrigr tEOkwgitegenationnofbisanventionid prepakd byvmizing si de
reaction. It is nore preferred to maintain the 10 hydrogen pressure in the
range p bef macﬁlo%)@nﬁ@ieﬁﬂ/ t@Hhium SbrafGurRiNandPlithi hidkedefDRT), B6 ESigbdeinl S
determ ned i n consideration of hydrogenation conditions such as a catal yst

amount . 10 GE4HAlof bbwdet oRfaRb Hifith dJMlouliGR1 hifo@uount of a hydrogenat i on

catalyst is

As for the catalyst represented by the formula I, the detailed examples of
monocyclopentadienyl titanium compound include the following group for a single use
or in the mixed form: monocyclopentadienyl(2-t-butyl phenoxy)titanium difluoride,

20 monocyclopentadienyl(2-t-butyl phenoxy)titanium dichloride,
monocyclopentadienyl(2-t-butyl phenoxy)titanium dibromide,
monocyclopentadienyl(2-t-butyl phenoxy)titanium diiodide,

monocyclopentadienyl(2.6-di-t-butyl 4-methyl phenoxy)titanium difluoride,



smal |, a higher hydrogen pressure is needed. Further, the hydro&eLaNNJrgmz
time of this invention is generally in the range of 1 ~ between sever al.-iime
mi nut es t ova.deldsoes nutes. It is nore preferred to maintain POI/KRes/MoANDE OB
between 30 minutes to 360 minutes. Either batch or continuous operation fay*
be applied for the hydrogenation of this invention. The progress of the
hydr ogenation could be traced through the total anmpbunts of hydrogen .
consuned. m2fiodphlepertixieryy(@ tedjartaty] damethypphdnoxpidardematichlodde o t he processes
of this invention, a hydrogenated polyner with the hydrogenation of nore

than 0% AgRAG cloBtnbdisRl lRdiathuif bl PR iRllAb B g ene units of a

pol ynmer, pre abl'y nore than 90% r a copolymer containing a
conj ugat ed di eng and. vinyl -substitute romatic, 13 ~~.  ~u~ Zooz WO

001 08069 MERPJyeiepantade ~s5-$i¢§?¢6¥5é*r@6g!ﬁ9h@%yh%@%u°éﬂer ate of

unsat urat ed doubl e bonds of conjugated diene units is nore than 90% while

T that of amonBdychpenadibeyl{2gdist-tigyll4esetioraphbiogititaivnsdifiRofiddye. Thus, a
copolymer with selectively hydrogenated unsaturated doubl e bands of

conj ugat ed dj L& | 40P ) [ [ i.n_the above,
when g cog‘]"ﬁ%@?@(?%@%‘éﬁgo ‘}‘@“‘ﬁg‘ %3&%382’%8?@)@% gﬁﬁhoﬂﬁe-’acti vity novel
catal yst, the hi;)droge_nati on may be performed under a m|d condition. In
parti cul amonogysippantadisnylZefedi-iconylb-miethexy Phergodeainmiiibrmmided

vi nyl -substituted aromatic hydrocarbon, the unsaturated doubl e bonds of
conj ugat afdndéytopantatianyl(26-giel-eli Meshory Phegensfiatiunt\diedid,ng to this

i nvention, the fact that a conjugated 10 di ene polyner is used as a base
mat eri al i Ady LR | I owi ng hydrogenati on
is avail agfo Zlo%ﬁ?oé’fe{sﬂglrlr@x\#@gsc otrgﬂ%)])aﬁlgﬁ?lk u%@%la?ﬂlgorggght of catalyst could
e:chibit extrenely high activity, it is quite economcal, and c) its

i ndust r i amoRgpIclapsRiRgsnHAO-Bict-Burdl pheppeyltaniurg dichdenide, pr ocess. The
invention herein is explained in nore detail by the foll ow ng exanples. 15
Thesd Oex amnesyclapehadichyl(2)6rdi-Bbutyyl pheavx@titamium ditgomdde, neant to limt the
present invention in any sense. Manufacturing e~canple 1: Synthesis of

monocycl °E‘ﬁ‘{*‘ﬁ%}{?ﬁ%@%ﬂ%ﬁjﬂi;&Wiﬁﬁe"é"‘ﬁﬁw Bﬂ%@é{) titaniumchloride

cat al yst of nbnocycl opent adi eny i tani um

chl oride(CpTi Cl ;) and. 2 f toluene re added .to a 200mlL Schl en);
eactor \ e pspitishl R Eindh Suoh SeSORIBRRET%Rrae. T DUCyl 4t meny
phenoxy lithium so obtained tomthe reaction between ?,6-di-t-butyl

~- et hyl  prenesyclepeatadiepyl(3:.6ttritthugtphorexystiteniun dighlegideo t he ni xture. The-
reactional solution was stirred at roomtenperature and stood for 1 hour.

14~ 7 hidvoldpiddpeiQdinl 08969 RGULH RR8A&E e @n kN dibrdmidednd sone portions of
the m xture were collected and were anal yzed by' H NVR

15 monocyclopentadienyl(2,4,6-tri-t-butyl phenoxy)titanium diiodide.

It is preferred that the amount of the hydrogenation catalyst is in the range of 0.01
to 20mmol per 100g of polymer, more preferably in the rainge of 0.05 to 2mmol per 100g
of polymer.

Using the above mentioned hydrogenation catalysts, it is possible to add hydrogen

20  to the unsaturated double bonds of conjugated diene units of a conjugated diene polymer
c;r a copolymer with a vinyl aromatic monomer, which may be a random,tapered or block
copolymer, having a molecular weight of between 500 to 1,000,000.

As have been known widely, a polymer containing ethylenic unsaturated double



spectroscopy to ascertain the reaction results. Yield: 95%" 2

"H- NMR(CDd 3) b(ppm: 7.024(C6H,, 2H, s), 6.673{C HS, 5H, s), 2¢ I]l@'U(ﬁbEﬂﬂZ o
3H, s), 1.wOoDyEoeH3)3, 18H, s) Manufacturing exanple 2: SyRCHARISOOM0 ‘1
monocycl opent adi enyl (2, 6-di -t-butyl 4-methoay pheno.~cy)titaniumchloride
catal yst Both | Omol (2.2g) of nonocycl opentadi enyl titanium

chloride(CpTi d 3) and 100mL of toluene were added to a 200mL Schl enk

reactor itbnlifighdadpliBsd Resati unsaeirited dublé GoRdemay bEPFeRhre@polymerishtioh- but y!

4- met hoxy phenoxy lithium so obtained tomthe reaction between
2,6-di-t-butyl 4-nmetho enol and pn-butyl lithium was sLowy added to
Che m xt bt S5 Rt BT SIeE Bshesally dioiatn B vin oo er Hin SRS tiFe. and
stood for 1 hour. After 1 hour, sone nmixture was col |l ected and was anal yzed
by i H NVRlkgnytarometio pydrocarhen eyongmers. he reaction results. 1~ Yield: 95%
"H-NMR(CDCl, )b (ppm): 6.776(C6H~, 2H, s), 6.670(CSH,, 5H, s), 3.824 (COCH3, _

3H, s), 1.428(fLBd é%‘x‘ﬁy@aPa)ﬁh@ﬁﬂ{ta%&é&b[&k%éﬁpi@co?ﬁbhl%ﬁah%%eﬂ of

nonocycl opent adi enyl (2,4, 6-tri-t-butyl "phenoxy)titanium chloride catal yst

20 Both 1Ompl (2,2 of, nonpcycl opent adi enyl titanium chloride(CpTiCl;)
and léonﬂascﬁlllieéf’lﬁ@ﬁ'gg%ggr%ﬁ cF°PB€’H“EOOnTL Schl enk reactor in the

at nosphere of inert gas. Then, | Omvol of 2.4,6-tri-t-butyl phenoxy
lithium so obThkd copdlymeaymohtaming ethylenic esatneatad 2ovhl6bouds ot béthtaydmativenol and
n-butyl lithium was slowy added to the m xture. The 1~ 2 ~ JUN 2002 WO

00/ 08069 E6T 0 ' | M i :
5 siﬁ?ﬁﬁfc 04408 WduB A boR@! Ay %@X%?ar'éa 'Js{n‘e“rgale‘érgtﬁg&d’ 'Hg?];gﬂ-})er ature

and stood fo our. After 1 hour, son¥ e was C was

anal yzed by "H 1V MR spectr.oscopy,.t ertai.n t regct,ion results. Yield:
0656 5. s RARRRERS oy iom e ontle NaR cdaists o sredionis! Daptiadhming 457
(C(CH3);, I8H,s), 1.322(C(CH3),, 9H, s) Manufacturing exanple 4: Synthesis
of nonocygieopelymzdi may | 4e2 agpliid tbybat gompioanowephad tsaeh am ik eri skdutdat al yst
Both I Omvol (2.2g) of nonocycl opentadi enyl titanium chloride(CpTi d3) and
10 10@mM gbiyietizfig. Were added to a 200ml Schlenk reactor in the atnosphere
of inert gas. Then, 1 Omol of 2,6-di-t-butyl phenoxy lithium so obtained

fromthe react {on_bgtween -di -t - but,yl nal. and,n-Qut vl l.ith was
sl owl y added t%l%fl%ee i SOPL ?eg'l‘ﬁéener é‘%‘lt%:l{f%‘ﬁgl%e gﬁo&cg%pmxﬁefl’r ’Pgi&‘ldg room
tenperature and stood for 1 hour. After 1 hour, sone m xture was_collected

and was asanpgded gigne compyundseontainiag it b2 su0eR RIS LRk 2y baditadiencesul t s.
15 Yield: 95% " H NVMR(CDCl ;) s(ppm): 7.269(m C6H~ 2H, d), 6.930(p-C6H,, 1H,
t) 6.67 (GSpeene,~H, piperyldned 30(gleaylbpthdicn@H, <5)4-di-methyl-1,3-hexadiene  and

4,5-diethyl-1,3-octadiene; it is preferred to use a conjugated diolefin containing 4 to 9
15 carbon atoms.

Further, copolymerization-available vinyl aromatic hydrocarbon with the
conjugated diene compounds includes vinyl aryl compounds such as styrene, styrene
substituted with various alkyl groups, styrene substituted with alkoxy groups, 2-vinyl
pyridine, 4-vinyl pyridine, vinyl naphthalene and viny!l naphthalene substituted with alkyl

20 groups.

A living polymer may be created by polymerizing or copolymerizing at least one

conjugated diene compound or vinyl aromatic compound, which may be copolymerized

with the conjugated diene compound, with an organo alkali metal initiator.

10



Manufacturing exanple 5 Synthesis of Iithiumhydride(LiH) 3.~L of 7al)yn!2002
l'ithiumsolution (0.2M cycl ohexane sol ution) was added to a ~L 20 aut ocl-aygss.-
_reactor in Wpaogsasdsphere of inert gas, followed by the addiPK]TaﬁR%/DO«QCU'L_dfv‘j’?‘;;'
tetrahydrofuran. The reactor was placed at roomtenperature, stirred at~ '«
~OOrpmusing a stirrer and with the addition of gaseous hydrogen, stood for
-1 hour, while maintaining the pressure of 10 kJcm -. A fcer 1 hour, the

sol uti on was t uHeeat, itois prefetrid thak thesaropeatici vimyl ménomez ahd doNjugded divhe

00/ 08069 PC T/1CR98/ 00440 Hence, the reaction was conpl eted, when sone

proporti ongoRbmbiie nSibkdin (RE ra®'oF 1FP@RM:¢d With a styrene nononer and it was
confirnmed that there was no change in the color of the mxture by a

'macroscopi cal opservation. Thus, it.was verjfied that alkyl lithiumdid no
| onger exist in Fﬁ&f@&|°ﬁ$ﬂl‘8ﬁﬁ%§mﬁ%&%?@ﬁw@m%g@° pQuRg; the
styrene-but adi ene-styrene bl ock copol yner treated with benzyl chl ori de
‘4, 800g of dsteillahexempée namdecitibutyt thaum @k secdbwrgll lithimnt.eact or, and fol | oned by
the addition of 1 Ig of tetrahydrofuran, 124g of styrene nononer and | bmmol

of n-bygtyl |ithi 1 %t dr [ f 3 t.hen
552a o? 1, 3- but gg?enﬁgh%bﬁngngngﬁéﬁgo ue\r/%n%g%e%]dt ggg@r@ﬁgrr ﬁ?gg 3 - hour
pol yneri zation. Finally, 1249 oI styrene ,m)ge'omer was added to the m xture
and pol ynelFFERRUAG 2SS AR fEETolafampuphRtQHbeICE.Ghe frmnalge geent includes
benzyl chl oride, the term nal of a polyner was inactivated. The polyner, so

obt ai ned, waines, atohobs)estlns} lethres end halogeratdal coaipoandso! ymer with the
follow ng characteristics: Bound styrene content: 31.0% bl ock styrene

content: 15 30. G defailp@ bidindieLinthuld Foexrf%?5c1 a6 loeRNAAOANR, Bl Piodide

38. 5% 26. 6% bas on the total of poly and nu 1er-avefage nol ecul ar

Syt ane- bu R LT RGP e ey Rt G GvERRGR SO RgRiden e de

4, 800g of cycl ohexane was added to a 10L autoclave reactor, and followed by
t he 20d0addiddiden boitylichlaridef butyl brdmide.obetyhivdide? adetarde, sethyd nisobatyl deeeoneand
| 6nmol  of n-butyl lithium The m xture was polynerized for 30 m nutes and

then >j 2~ @iphbngt RefoRell emehaBNOBMANIASsdptbpChlcaiie hutPol pE&®! ObresAll
1- hour pol ynerization. Finally, 1249 of styrene nonomer was added to the

m xture an | I e '  t 2 = .

001 08060 pert BHEBREL Joetdl ldadl ork?ﬁ’?%éa\%f %F{ygﬁéféﬁfe’ Jetyle SRl
of a pol yner, s, | nactivated. T ol yner, .so, qht ai ned) S )
styrene- but%FV\%Wéﬂ oplagide, %WﬂﬁﬂﬁﬁP?‘% Wﬁﬁﬁi’i‘q@ffj@l’ 8’:@&’65?1)’1 fluoride,
characteristics: Bound styrene content: 31.0% bl ock styrene content:

30. 0%, a hnethglsilyl?chionigd, taethylsilyl wbriidé, amfiethyisilyiniddide, 38b&§Asitgl Aéridesed on
the total of polyner), and nunber-average nol ecul ar wei ght: about 50, 000.

E/ggg}‘ sfrge ;Jr tBut§APP HRoSde, BABEPBTHISorefni&d, WHBRGIsDAL REiRN&isHKYISTIRARS Ik
triphenylsilyl chloride, triphenylsilyl bromide and triphenyisilyl iodide
For performing the hydrogenation process, lithium hydride prepared in solution
from the reaction of an organo lithium compound and hydrogen and a
monocyclopentadienyl titanium compound represented by the formula I are added to the
20  inactivated polymer, together with hydrogen.
Hence, it is preferred that the amount of lithium hydride is added to a

monocyclopentadienyl titanium compound represented by the formula I in the molar ratio

of 2 to 30; the lithium hydride is prepared in solution from the reaction of an organo

11



treated with isopropyl alcohol 4,800g of cycl ohexane was added t 7anQL2m2
aut ocl ave reactor, and followed by the addition of 11 g of tetrahydrofuran, .
124g of st WMOot88089noner and 16mMmol of n-butyl 10 lithium TPoa/KRIsw0044® Was'
pol ynerized for 30 m nutes and then 552g of 1, 3-butadi ene nononer was
further added to a reactor for 1-hour polynerization. Finally, 124g of
styrene npnoner was added to the m xture and pol ynerized for 30 m nutes.
Wth the H#dumicompoendiandgassous Bydsegeryl al cohol, the terninal of a pol ymer
was inactivated. The polyner, so obtained, was a styrene-butadi ene-styrene
bl ock copol ymemnwhtdrotermtibiEsi | SRHhEC k16 Se e
content: ~ 1.0% bl gclgéstﬁtgnsgﬁggﬂne%ar% :mgo. O%IT,negm%gulﬁ fﬁ%ﬁ%?ﬁ&ﬁent of
but adi ene ulni ts:, 38.5% 26. 6% based 8n % e t.ot al ofE_BoI. mer), and
nunber - avEP G M5 BETH RIVeReMEAS 2 SBBERE 5B DA FRRIFH IR Aphgeasiantnrt o:
Synt hesi s of styrene-butadi ene-styrene bl ock copol yner treated wth acetone
20 4, 8009 polymeyizitionex hydrogeasiondTecisuinble shientrad selected Gant the follmdng ol | owed
by the addition of 11 g of tetrahydrofuran, 124 of styrene nononer and
16mmols of ohy 1 biaNi Iy ' ) I L ] es and
the 522 SO PSRl N inthe nled Rk pABNRR. RIcadifls uith o Rl

1- hour pol ~~nerization. Finally, 12=lg of 18 2.7 JUN 2002 WO 00/ 08069
PCT/ | CRO8FdisaRs» n-heptape and ﬁ@cﬁ&ﬁiﬂ#@ﬁaﬂ)\%@c&a £¥$°F%W%é“?h 35qyFlehexgae and

pol ynerized for 30 mnutes. Wth the addition of 0.9g of acetone, the

t erm nal @fclahqptdngnard atiess suwehas diediydetherTand tpoodhydesfuraao obt ai ned, was a
styrene-but adi ene-styrene bl ock copolyner with the follow ng

characteri sti Co|sPQritarR i aRRELERNER! bertnd Hbhke : bfeg)
30.0%, a boundl?é-vi nyl content o§ %Ut%‘gﬁégn’e un%é{)’f&%aﬁ@}f%@% 0 tgged on
the total of .polynrer)..and nunber,- average npl ecul a i ght.: abouyt 50, 000.
Vanu act bR ERATEN B a R BB T e £ £k bt ioaehatiby Fomiionsoc

copol ymer treated with allyl chloride 4,800g of cyclohexane was added to a
10L ocl av &urtbere the ¢ongendrafion bdpelymiey is fre theOrangriof 1 om 50% Wylweighf to a
tetrahydrofuran, 124g of styrene nononer and | 6mol of n-butyl lithium The

m xture waghviefd Wi pief@fed @be I tE rabEesf R 3RYY vadehtof 1, 3- but adi ene
nononer was further added to a reactor for 1-hour polynerization. Finally,

| 24g of styren Y d 4.0. t L xtur nd, .nql ynerized for 3 0
m nutes. Wth ﬁ\ﬁge%a dr{hfgﬁ&%eﬁ%?@goétﬁlsﬁ ﬁ%éﬁﬁpg&f)%é?d lg%é aé?’ﬁ?%ﬁltbagf a
pol ymer was ihactivated, 1 ~ The pol yner, so'obtained, was a
styr ene- but BYYBRE SANYPR iempintiRed: 8pd | CFRAIN (FFASTAHE YOdPT Hif #gosphere of
characteristics: Bound styrene content: 31.0% bl ock styrene content:
30. 0%, a Hydingdh pPinertrppat; acydtogenativh datalystl represented by th3fdrintdad6s sddedased on
the total of polyner), and nunber-average nol ecul ar wei ght: about 0, 000.
Manuf pet urthogirRqahirkd ﬁoh?tYdﬁt; Eﬁ’f‘,'a%yﬁfo%éﬁgﬁﬁﬁ%&g&@ﬂi&f‘%&ﬁsﬁhﬁﬁ%ﬂ-&ck
copolymer 20 treated with trinmethylsilyl chloride =1,800a of cycl ohexane
was added to a - l0L autoclave reactor,. and followed by the addition of 11 g
of "t ot r ahyd of (e 55 el e SRt R A SRR Y HPCRS O BB ¢ i uon
The m xture was polynerized for 30 m nutes and then 2g of 1, 3-butadi ene
atmosphere in which such gas is not reacted with any reactants derived from the

*

hydrogenation. It is rather undesirable to use air or oxygen, which serves to induce
reduced activity of a catalyst due to oxidation or degradation.

20 In general, the hydrogenation-is performed at the temperature of between 0 to
1—50°C. If the hydrogenation temperature is lower than 0°C, the reduced activity of catalyst
and slow hydrogenation rate result in requiring a lot of catalysts, which is uneconomical.

Furthermore, the insolubility of hydrogenated polymer may easily precipitate a polymer.

12
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19 .. 2 ~ JUN 2002 WO 001 08069 PCT/ | CRO8/ 00440 nononer was furZEeJUﬁo@%
to a reactor for 1-hour polynerization. Finally, 124g of styrene nononer

was added wWo oe8e691i xt ure and pol ynerized for 30 m nutes. WECHKRE&0dai ti on
of 1.2g of benzyl chloride, the term nal of a polynmer was inactivated. The
pol ymer) so obtained, was a styrene-butadi ene-styrene bl ock copolynmer with
the followi ng characteristics: Bound styrene content: 31.0% bl ock styrene
cont ent : E30codffpst, idl tieqemaion 2erpergturecio highet thaf 1 BYPCadiees eretrdnds thaB ) theq 26. 6%
based on the total of polyner), and nunber-average nol ecul ar wei ght: about

QO, 000. i : hesi f e- iene-styrene

51 ook copoyirbet § e AR, b e B0k B HoodhitsFR B BV BRERBKL Vo
added to a | OL autoclave reactor, and followed by the addition of 11 g of
t et r ahydregfili eesur, andig) thy selactivibhior tsrddiion ahlydregends liahle fo briegncadidugi um  The
m xture was pol ynerized for 30 mnutes and then 2g of 1, 3-butadi ene nononer

was furt hereagdgdrdeenftioneef a@matiar dobled Gsnd3o ity e piefettdd that fh@akddtlon124g of
styrene nononer was added to the m xture and polynerized for 30 m nutes.

Wth 1he ~ It . Q [ QR1 he termnal of a polyner
was iDnactt%I\I/lgfrgg‘?é %éﬂg@{ng%&&eg%n%ﬁ@%hﬁegpg%@ﬁg (g't yr ene- but adi ene- styrene
bl ock copolynmer with the follow ng characteristics: Bound styrene content:
31. 0% bl ock stEurthes achyidregen praygurgay theshysmgsnation iy swijably oxinspinedin thet adi ene
units: 38.19% ?6.6% based on the total of polynmer), and nunber- average

mol ecul arramgd EfttietwerRQUb 100kIERR, edéh if hol PRLERELMitbdAf eretifRtSoeh Presudt hesi s
of styrene-Tsoprene-styrene bl ock copolyner treated with t-butyl chloride
4, 800g of. | ohe y e . a aut ocl.ave reactor, .and f.ol | owed by
t he addi tﬁsgggso&aﬂ?%g@glm’?‘gf ?‘ggﬂ?g%a%ﬁpar%glﬂnf’?ﬂr&&o?lo t 'ftelﬁecaﬁ%ﬁgﬁﬁ?eegﬁ’& | 6nenol
of n-butyl 20 .2 7 JUN 2002 WO 00l 08069 PCT/ KR98/ 00440 |ithium The

mi xt ur e WHOkgEIYAegalatiog wilfollow a5 A sideseagtion tlhis nwe greferred pppaintaindifoner was
further added to a reactor for 1-hour polynerization. Finally, 124g of

styr éhe npydrogon pressuada @ rhnget dfcbetiveentd 1 38rky/and| Sitee iad @ftiinaim Bfirogenut es.
Wth the '" ' addition of 1.9g of benzyl chloride, the termnal of a

| ' t . i .
polynmer shPR it deYeinfitbd éﬁ?%‘??ﬁ%{‘%{)ﬁ %f%ﬁﬁ%ﬁﬂ{%gﬂggw?%u& as a catalyst

styrene- but adl ene-styrene oW ng
characteristics; Bound, styrene .content: 31.0% hloc tyrene content:
S0-0 . neBOwHIn S BT Ot e ARG 3 Sy SBeRaton (IR based on
the total of polyner), and nunber-average nol ecul ar wei ght: about 50, 000.
Manuf act usthald, achigheshgdrogen Bpssurecisingedsd. st yr ene- but adi ene random copol ymer

10 treated with t-butyl chloride ~, OO0y of cycl ohexane was added to a 1 QL
aut ocl ave reacFoftherafld Hydtdgenmibnbiyme R this-invention is generally in the range of

15 between several minutes to 1440 minutes. It is more preferred to maintain in the range of
between 30 minutes to 360 minutes. Either batch or continuous operation may be applied
for the hydrogenation of this invention.

The progress of the hydrogenation could be traced through the total amounts of
hydrogen consumed.

20 When the hydrogenation is performed according to the processes of this invention,
a f;ydrogenated polymer with the hydrogenation of more than 50% among the unsaturated
double bonds of conjugated diene units of a polymer, preferably more than 90%. Further,

when a copolymer containing a conjugated diene and vinyl-substituted aromatic
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addi tion of 100g of tetrahydrofuran, 130g of styrene nonomner and&oﬁ-“%mz
but adi ene nononer. Wth the addition of | Qnnmol of n-butyl lithi'um the

m xt ure wa¥O@#eP86kri zed for 1 hour and then 0.9g of t-butyPCEMRIBOMI Was
further added to a reactor to deactivate 1 ~ the termnal of a polyrtier.
The pol yner, so obtained, was a styrene-butadi ene random copol yner with the
follow ng characteristics: Bound styrene content: 13% a bound 1, 2-vinyl
cont ent ohydserashpnethe hydtogenationggte pidinsamneed dowhle yendopbcanjugatedalighet : about
100, 000. Manufacturing exanple 1~ Synthesis of butadi ene polyner treated
Wi th t-buinits i2@ofthar 9096 while@kl o brdea]caivekieonie §s RIdedn 59 & wdlnaut ocl ave

reactor, and followed by the addition of 1,000g of butadi ene nononmer. Wth,

t he additj.on 1 Omol of nibutyl. lithium the m xture | yper | zed for
5 hour's. alifiet RH 6 SBoymer vtk SHeeLinpls o dented hsibtirts dRRB Boldi s
00! 08069 further added to a reactor to deactivate the termnal of a
pol yrer . G@jighteCrRIGIc@Dits Onl¥mmydel obt@ined.so obt ai ned, was a but adi ene pol yner
with the foll ow ng characteristics: a bound 1,2 vinyl content of butadiene

uni tss ~7% bouaqe&hseocme%e,ve?v&ffeamdcdmgyam&wﬁé ng'n-lﬁpliseq'xz&%%e dgoht

about 100, 000. Manufacturing exanple 16: esis’ o sopr ene-pol yner

t ted with t-butyl. chlorjide 5, 000q aof . oh dded, t 10L
2t ol aveUBEE R LA FOre GHENSD o HEr AR o6 b PoO0DBDIeE BpHhe
nononer. Wth the addition of 1Omol of n-butyl [ithium the m xture was
pol yner i zechdiwon. 2nhpartisulany dwhérera @opolyoier tcdmidiyingc bl conjogatetadieh® ind t her
added to a reactor to deactivate the termnal of a polyner. The polyner, so
obt ai ned, \igRadstiaRRRRRD R MIBELM, i dnifulafld L iod bigse 2@
bound 1, ZY}\??pi/l Stlggnt él‘ra?:}ﬁogﬁ%ut adll)er’le uni ts:a@focg/%wg% oﬁuﬁggcgﬁggéet?%%lg&

T oo S B b BTl stidion B b ubehne
Exanpl es 6-12, was put in a SL autoclave reactor, stirred at 400rpm and
heat d§ at dBD€E. poljimean, is 3sedanhk bose triap¢riahdias tSmfallowihg sadvantagegsin, thatoa)adbt ai ned
from N anufactuting Exanples ~ and 1, respectively, were added to the

pol ymer s @bllgwifdhydidpendtRda G Haildkle in’Dsamd1e L5611 b) GHcE Arhdll ANEIMPSRAtaR st

| Okgflcml - to continue the hydrogenation for 180 m nutes. After the
reaction CQ%I' gg{ e i he .pressure lowered to
at nospher :@gﬁ‘ﬁ‘ r éss d{reé . cté? ﬁueélc ? %%Vg{ym\qﬁ? o ﬁ%qégegoé%dégéf ’tagndn%)t ’ris;&ﬁl%ﬂ%s‘i“

preci pitate the pol yger. . WO 00108069 2 7 JUN 2002 PCT/ KRO8/ 00440 The
"H NMVR r edBPlicauge maf ge ayailablslys tR 8RSHEIRJPR8FS-such as t he hydrogenat i on

The invention herein is explained in more detail by the following examples.
15 These examples, cited by way of illustration, are not meant to limit the present invention
in any sense.
Manufacturing example 1: Synthesis of monoq}clopentadienyl(2,6-di-t-butyl
4-methyl phenoxy)titanium chloride catalyst
Both 10mmol (2.2g) of monocyclopentadienyl titanium chloride(CpTiCl;) and
20 100ml of toluene were added to a 200ml! Schienk reactor in the inert atmosphere. Then,
10mmol of 2.6-di-t-buryl 4-methyl phenoxy lithium, so obtained from the reaction
between 2,6-di-t-butyl 4-methyl phenol and n-buty! lithium, was slowly added to the

mixture. The reactional solution was stirred at room temperature and stood for 1 hour.
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yield of butadiene units and styrene units were shown in the foﬁllm'“r“gzmz
table 1. Table 1. Exanpl el234567Manuf acturing

_ exanpl e( povy omosped/89101112Hydr ogenati on yi el d of but adi enePCT/KR98/00440

uni t s(99 99999897999998Hydr ogenati on yield of styrene units(9% <l1<l<l<l<l<l<l
Exanpl e 8-13 10 The hydrogenati on was perforned in the same manner as
Exanpl e 1 except for using the polyners and catal ysts, so obtained from

Manuf act wftend hbugsamhesorfiodslfahel ikt et uollsetedana WekemaRz<d by 'BERBALI vel y.
The results were shown in the following table 2. 15 20 Tabl e 2.

Exanpl e8 f [0 rripl e(catal yst)223344Manuf act uri ng
exanpl e( %é?%#g%gg#ﬁﬁlgE@%?%ﬁ@%gﬁsgﬁg‘yi el d of butadi ene

uni t s( % 999899999999Hydr ogenation yield of Styrene units(/a)< | < 1< 1< 1<
1< 1 Exanpl e 1Eeld1%%he hydrogenation was perforned in the same manner as
Exanple 1 e:ccept for using the polyners and catal ysts, so obtained from

* Manufacturing! €BC B):angl f aHt $)1 6.693 TBHes)2) 3 [RERECIH Vel V.
The results were shtlgvvn ijqﬁa(%ﬁe)fol Iﬁmﬁ“g tasgle 25%?@3 ) 2J7 JU 2]'1(-31’(;)2 WO

001 08069 I 0 abl e 3. Exanpl el141 ~1617Manufacturi ng

exarrp? e(csi’ngvmg’zi/gﬁu%act uri ng exanpl e(pol yner) 13141 ~16Hydr ogenati on
yi el d of butadi ene units(9% 97989~9~Hydr ogenation yield of styrene

uni t s( % MManufacvringplesample 2: Syothesis afpolopoeyclepdniadienyleftit-batyy 400g of
a polynmer, so obtained from 10 Manufacturin' Exanples 1 |, was put in a ~L

aut ocl aves-pRAY pheably)tifthidh 4OHAEMaysheated at 60C. Then, the amount of
LiH and a catal yst, so’ obtai ned tom Manufacturing Exanples ~ and 1,

respectively, dj ust ngd added.to e .yner | ut i .~[he reactor
was pressuriz %@ﬂ%@ﬁ%@ﬁﬂ%@gﬁzﬁw (‘:eﬁg PL}%-BI%E@PH%%BSHQL) and
hydrogenati on for 180 m nutes. After the reaction was conpleted, the

react or wE¥m eblolugnevwere added o @ 200meb Salgenlotrestoriin the atmasphreof inepgessur e.
The reaction m xture was added to nethanol to precipitate the polynmer: The

" H- NWR r €Thent 9 0@ind] f D§dii-o@panatechetalxynpiensxig litiem| Be dbyiedopamt then yi el ds
of butadi ene units and styrene units were shown in the follow ng table 4.

Tabl e 4. 9 i 1
| Pressur el%g tﬁé? rggég%gﬁ@n@%gﬁgﬁ@ggﬁﬁoﬁﬁkﬁgt@%%%&w %#d\j?épol yner
of 100a)0.10.1 ~0.20, 30.8Wl ar ratio of LiH and catalystl ~1 ~10106 24
'11 JUN 28006®581% 89‘339@511}%? PP YRS POQaRLEIBR e ing Seo di ene
uni ts(9% 9?97999999Hydr ogenati on yield of styrene units(%< 1< 1< 1< 1< 1 As
ment i onedheusoidter nl hone sbeteaimixtuze nwase colieated] gud veds adalyzed rbye HH-2NBMRpr epar ed
froma m xture of nonocycl opentadi enyl titanium conpound and |ithium
hydri de fgjea@a;cbl;y ©@ktirtathefrestigaResdlist hi um and hydr ogen has recogni zed
sone advantages in that a) when a conjugated diene polynmer is hydrogenated
usi ng ;a hi ghl-%elggﬁo).(e novel catalyst, the hydrogenation rmay be perfornmed
under“a mld condition, and b) in particular, when a copol ymer containing a
conj ugat ed di epe_and vi nyl -subst it ut aromatic_hydrocarbon, 10 the
unsat ur at ed doﬁﬁmlz)éﬁp%}ﬁﬁtﬂéﬁégizﬁgr@» &A79E Hy. é%s &k a82# (RQEHS,
hydr ogenat ed. | ndustrial Application .

3H, s), 1.428(C(CH,),, 18H, s)

Manufacturing example 3: Synthesis of monocyclopentadienyl(2,4,6-tri-t-butyl
phenoxy)titanium chloride catalyst

20 Both 10mmol (2.2g) of monocyclopentadienyl titanium chloride(CpTiCl;) and
IObnﬂ of toluene were added to a 200ml Schienk reactor in the atmosphere of inert gas.
Then, 10mmol of 2,4,6-tri-t-butyl phenoxy lithium, so obtained from the reaction between

2,4,6-tri-t-butyl phenol and n-buryl lithium, was slowly added to the mixture. The
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According to this invention, the fact that a conjugated di ene pol %r?ar U’(Sﬁnzogz
used as a base material has the follow ng advantages in that a) a foIJI ng -
_hydr ogenat i o bgogeyi | abl e in a sane reactor, b) since a smaptT/RRDSIGV400f
catal yst could exhibit extrenmely 1 ~ high activity, it is quite econom cal,
and c) its industrial application may be avail able due to easier process.

-20 25 2 ~ .1UN 2Q2 WO OO 080 ~ PCT/ KR98100440 WHAT IS CLAI11~IED IS 1.

Process f orrehotibnaationngaststiered jat Gkt @riheeitren@ld)siad, forh &obt. M fidr 1GORRY | S€s:
pol ymeri zing at |east orie conjugated diene nonomer or copolynerizing said

nmononmer with a vinyl aronat] noner , usi,ng, ang allcali netal .as an
initiator 55%6&8‘5%8?”3? ﬁ‘?ri%@{egW?V%@%Fgﬁgr,ﬁwmeﬁg?ﬁ%y teascertainiigal  of
said living polynmer using a termnating agent in an equi nolar anount; and °
hydr ogenat i regctidneresudtsat ur at ed doubl e bonds in the conjugated diene units of

t he polyner by the addition of |ithium hydride (LiH) and

monocycl opent adi efpy4: dgbg ani um 10 conpound represented by the follow ng
formula I, together with hydrogen, to the polynmer having an inactivated

termnal. Fornul -1~ R~ 1~ , ' pent adi_enyl
group(CsH); 20 %‘%@C@P@we}l\gﬁs’éﬁhﬁ%gﬁ%&s Prdsrﬁirsg 1343?{6.@(%)# rom
hal ogen atom R, and R~ are the sane or different and are selected from
hydr ogen at b8H,s),d1322(CE&H;nl 98Xy soup containin' 1 to 1? carbon atons, aryl
or aryloxy groups containing 6 to 30 carbon atons and cycl oal kyl G oups

cont ai ni ng 20 capb 12NE- tB&i 2 }QQ?, kQRQE

PCT/ KRO8/ 00%%&?&fﬁg°p%hcl€és of S(?’In a%lsl,‘)fwﬁgorng%agé%gon' gg’ggggqﬁll%lne
nmononer i ncl ydes |soprene, or, butadi ene. 3. The process of claim1l) wherein
said vinyl B W$@aﬁﬂ%ﬁwrﬁdﬁ6ﬂi‘g@§ styrene or al phanethyl styrene. 4. The
process of claim1, wherein said conjugated di ene nononer and vinyl

aronmat i ¢ nononer Batle 10mmel (2.2g) tof enomerc o pantadienyd titahien tebl@ida(CpThel; pamic es s
of claim1, wherein said organo alkali metal initiator includes an organo
i t hi umpcoMpEBtArhf tHluerkRerd h@ERLS a2D0@ BLIeak Yeallde EIhR afdbspheleder dakhi um
conpound i ncludes n-butyl 10 lithiumor sec-butyl lithium 7. The process
of claiml1, er,ei n_ sak4 .t 1. 0at at i | oyed m one or nore
conpounds séret { §‘3mf°ﬁ 8 Fr‘?’éhdg'li'glrl tgﬁ%heg gxn)g gg?q‘lﬁlﬂgssoo&%;ﬂf% §8 m$t§F E%HB?@?C%%"{% rs,
ket ones and _hal oeenat ed conpounds. 8. The gocess of claim1l1 or 7, wherein
sai d ter ni n3i5rdig-tagd phenod anda-hetyHihinmg as glowly added|to Bigimigrtuge. dip reaptdonsl) |

chl oride, benzyl brom de, benzyl iodide, nethyl chloride, nethyl brom de,
met hyl i odi delutied Wyd stifeld @t jodm, tepdrgtureamdrstabd, foet hydr. AGei tRourfssine mixhiror i de,
but yl

was collected and was analyzed by 'H-NMR spectroscopy to ascertain the reaction results.
15 Yield: 95%
IH-NMR(CDCl;)s(ppm): 7.269(m-CH,, 2H, d), 6.930(p-C(H,, 1H, t) 6.67 (C,H,,
5H, s), 1.430(C(CH;);, 18H, s)
Manufacturing example 5: Synthesis of lithium hydride(LiH)
3.5L of alkyl lithium solution (0.2M cyclohexane solution) was added to a 5L
20  autoclave reactor in the atmosphere of inert gas, followed by the addition of 500g of
tetrahydrofuran. The reactor was placed at room temperature, stirred at 500rpm using a
stirrer and with the addition of gaseous hydrogen, stood for 1 hour, while maintaining the

pressure of 10 kg/cm®. After 1 hour, the solution was turned to a milk-like suspension.
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broni de) butyl iodide, acetone, methyl isobutyl ketone, di pheny|2lelume?nné
nmet hanol , et hanol, isopropyl alcohol, butanol, phenol, cresol,

2, 6-di -t - buwg oorpssget hyl phenol, et hyl acetate, butyl acetat e, PtWﬂGEMMMM6I|y|
fluoride, trinethylsilyl chloride) trimethylsilyl 20 brom de,
trinethylsilyl iodide, ttiethyisilyl fluoride, triethyisilyl chloride,
triethylsilyl bromde, triethylsilyl iodide, tributylsilyl fluoride,

tributyl si KyhceCthk edacen wh doppilated ivhen oy proortibid Sithey $ctitlonl wer@ fHadRd
triphenylsilyl fl uorl de, tri phenyl silyl chloride, triphenyl SI |yl brom de

and triphe [ |od|d 0 ru . VWO 00[,0 9

PCT/ KRO8/ o%g e“‘?ﬁ’é“&?‘o it ypé %cr%‘éﬂ%a%@m%ﬁe ocshares I g ﬁ’f%ﬁ‘r"i de
conmpound conparing to . nonocycl opentadi enyl titanium conmpound is

excessi vel pixfyeechy nmaproseapicat obsgrvasionf Thus, o 8o, vesified tharhlkyldithivesdidab cl ai m
1 or 9) where said lithiumhydride is prepared in solution 5 of an organo

Tithium coppesngisngiesdnpgen gas. 11. The process of claiml, wherein said
nonocycl openfadi enyl titani um conmpound is sel ect ed fromt he foI I OWI ng group

f th d,f t adi
phenoxy) (| MARHERRCOrRE Bermole o SEFBESE P HaRTA AR G g A copolymer

phenoxy)titani um di chl oride) 10 m)nocycl opent adl enyl (2-t-butyl
phenoxy) t i trzatedrwidh benzyilcldoridonocycl opent adi enyl (2-t-butyl phenoxy)titani um
di i odi de, nonocycl opent adi enyl (2, 6-di -t-butyl 4-nethyl phenoxy)titanium

di fl uoride, nongg @4 elbﬁeieaﬁ@waéZd&d%atmp%wua%feaétbe/hndoﬂaﬁe%d/% {HeNi UM

di chl ori de, nonocycl opént adi enyl (2, 6-di -t-butyl ~-nethyl phenoxy)titani um

oo . oo BE T RSPHBRER 8 bbb 5. ) o 1t

phenoxy) titani umdifluoride, nonocycl opent ad| enyI (2, 6- d| -t-butyl 4-methoxy
phenoxy) t i lighiimnuThei mixtwe iwie pohyoieoicyd [f@péhmamtﬁm)nﬂ(therﬁlﬁg of 1Bhupddieneret hoxy
phenoxy)titanitirn dibrom de, nmonocycl opentadi enyl (2, 6-di-t-butyl 4-nethoxy

phenoxy) ti ngshok¥r Girds Gaithle, added A g edrofee ntiait polytreAzfiodi Etina@lgt Yi4g of

phenoxy)titaniumdifl uoride, ' rmnocycl opent ad| enyl (2 6 di-t utyI

o) ¢ 1 AN S s URae RRE HRLRRE B AL CRM R B 66 bl Whrien he

phenoxy) ti t ni-um rom m)nocy
phenoxy)titaniu

iiodi 200z WO OOI 08069
monocycl op&AEEAR @g {Og2f gemlq%ioqubwﬁﬁnwﬂagmﬁfmwaa ARagYahr i de,
nonocycl opent adi enyI (?,4,6-tri-t-bury 1 phenoxy)titanium dichloride,
PCT/ KRO8/ 00440 fthapolyuiense obattied wis(2stien6btaiiehe-stytent biotiecapolymertvetti um
di brom de and nonocycl opent adi enyt (2,4, 6-tri-t-butyl phenoxy)titanium
diiodi de. the following characteristics: Bound styrene content: 31.0%(block styrene content:
15 30.0%), a bound 1,2 vinyl content of butadiene units: 38.5%(26.6% based on the total of
polymer), and number-average molecular weight: about 50,000.
Manufacturing example 7: Synthesis of styrene-butadiene-styrene block copolymer
treated with t-butyl chiloride
4,800¢g of cyclohexane was added to a 10L autoclave reactor, and followed by the
20  addition of 11g of tetrahydrofuran, 124g of styrene monomer and 16mmol of n-butyl
lithium. The mixture was polymerized for 30 minutes and then 552g of 1,3-butadiene

monomer was further added to a reactor for 1-hour polymerization. Finally, 124g of

styrene monomer was added to the mixture and polymerized for 30 minutes. With the
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12. The process of claiml|, wherein said hydrogenation is perforf@eq YyyNe002
the followi ng reaction conditions: tenperature fromO to 150C, pressure
from1l to $@Psakéeam -, anount of catalyst fromO0.01 to 20npckBOwsRE4y TET
and time from5 to 1440 mnutes. 13. The process of claim1l or 12, wherein
sai d hydrogenation is perfornmed under the 10 follow ng reaction conditions:
tenperature(50 to |140C), pressure(5 to 20kgf/cnR), anmount of catal yst(0.05
to 2mMv 1QQg:.: )nF @ i 0 i a1 ocess of claim
1, wher e?g&’lggﬁgyggéfrfrgrﬂg%gdy%ﬁ d%th%g?&g@glﬁ a%?om\gcu aurlaé\%g?lgﬁ’t of between
500 to 1,000,000. 15. The %rgodcess of claim]l, wherein said hydrogenation is
performed in di€ROYMES spabARsd, RS SHREN PIatIENeaTEEncRIAs) eonobiae Vatle

hydr ogenat ed havi ng nore than 95% conj ugated diene units and | ess than 5% *~
vi nyl ar anatfolfowing tcharat@eristithie Bpudd 8sgend cadtantm31.0% bk styrédee comeent rat i on
of said polyner is in the range of 1 to 50wm% in a solvent. 20 29

A DS B 3 Bl AR A b BBl S lodor

TT(T#_#_C?>??~~|>~ooooooooooooooooooo~oo~oo>XX?&?~>><>|XX><|~>?>>oooooooooo

227~37~? pohvmery 20d nupbprraverage mplecuter Weightoabouk 2,800~ 2>>>222222227~72

CS\ " #2j S#?} xsni d"Y] cal] ca] ca] ca] cRa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca]Mahefkaaieodxamptd: SphirkE ak soredd Babiene-sty?édd bléck copolymer

i f (4Da}wgl gb] X] ca] ca] ca] ca] caU] caU] ca] c

S ol A R T Al L cal oal o4l o8l o8l oal oal cal caUl cal cal cal cal ca
19 YT

5 1Pt Dl v MO A cllorepaae A Pt 8 Lol ahaskave speia] o ooty be] cal] caU

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ##$e$$SSEW %/ %Y YaYs Wb

S@A&&EI" addiidi( df! ) 1) of) tetedhyArkfurt, 0l Bile] of] apkeahabmel &kl tehee] 68hbatytal ca] caj

ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca! ++++

C * Qe - . ( : . - B .

lc 1p£0u11?ﬁt8f<%\ w%:(gﬂ] cai c‘g gr)%gﬁq%zgfgg %:% ca tgsa éia o) :(’:2% %fa’]’%:aft@g']egg] cajcalc
a] ca] caU] ca] cal] ca] ca] cal] ca]ca]ca]lcalcalca! 111111) 2z223E333, 4f 445\W556U6Z6
\ 696562 66HENIRITERY { %dé‘i}%é]@%ﬂt%"a%oéé]‘mp@ R 113[' 88fca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cl a] ca] caU] ca! 82888%®h999/: u: :; g;s;
: <u<<==+styrene monomer was added to the mixture and polymerized for 30 minutes. With the

===>[ >>>$7} ???&@ @ vql gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca]

ca] caj c%]DD £fdicd 6. 62bLiddgrédyt Alk6RdIC fhk G BintiA1IGT Gl yrddr Grtls Y@y £\ABy BBBS Co Cq Cw
EcEEECFPFACCG Hizupkf 2\ W5l 6l 64l £al el ¢alaihe ah ek sl abealhal 6aheal cal ca

U ca]c"aUlca]c ymet, s

a] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] cal HH: 111J37JJJJJIK] KKLOLLLKMVIVBNNNS OOCBPPPQ
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5 30.0%), a bound1,2-vinyl content of butadiene units: 38.5%(26.6% based on the total of
polymer), and number-average molecular weight: about 50,000.
Manufacturing example 10: Synthesis of styrene-butadiene-styrene block copolymer
treated with allyl chloride
4,800g of cyclohexane was added to a 10L autoclave reactor, and followed by the

10 addition of 11g of tetrahydrofuran, 124g of styrene monomer and 16mmol of n-butyl
lithium. The mixture was polymerized for 30 minutes and then 552g of 1,3-butadiene
monomer was further added to a reactor for 1-hour polymerization. Finally, 124g of
styrene monomer were added to the mixture and polymerized for 30 minutes. With the
addition of 1.2g of allyl chloride, the terminal of a polymer was inactivated.

15 The polymer, so obtained, was a styrene-butadiene-styrene block copolymer with
the following characteristics: Bound styrene content: 31.0%(block styrene content:
30.0%), a bound1,2-vinyl content of butadiene units: 38.5%(26.6% based on the total of
polymer), and number-average molecular weight: about 50,000.

Manufacturing example 11: Synthesis of styrene-butadiene-styrene block copolymer

20 treated with trimethylsilyl chloride

4,800g of cyclohexane was added to a 10L autoclave reactor, and followed by the

addition of 11g of tetrahydrofuran, 124g of styrene monomer and 16mmol of n-butyl

lithium. The mixture was polymerized for 30 minutes and then 532g of 1,3-butadiene
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10%& (g " the following characteristics: Bound styrene content: 31.0%(block styrene content:

30.0%), a bound1,2-vinyl content of butadiene units: 38.5%(26.6% based on the total of
polymer), and number-average molecular weight: about 50,000.
Manufacturing example 12: Synthesis of styrene-butadiene-styrene block copolymer
treated with methyl bromide
10 4,800g of cyclohexane was added to a 10L autoclave reactor, and followed by the
addition of 11g of tetrahydrofuran, 124g of styrene monomer and 16mmol of n-butyl
lithium: The mixture was polymerized for 30 minutes and then 552g of 1,3-butadiene
monomer was further added to a reactor for 1-hour polymerization. Finally, 124g of
styrene monomer was added to the mixture and polymerized for 30 minutes. With the
15 addition of 1.5g of methyl bromide, the terminal of a polymer was inactivated.

The polymer, so obtained, was a styrene-butadiene-styrene block copolymer with
the following characteristics: Bound styrene content: 31 .0%(block styrene content:
30.0%), aboundl,2-vinyl content of butadiene units: 38.5%(26.6% based on the total of
polymer), and number- average molecular weight: about 50,000.

20 Manufacturing example 13: Synthesis of styrene-isoprene-styrene block copolymer
treated with t-butyl chloride

4,800g of cyclohexane was added to a 10L autoclave reactor, and followed by the

addition of 11g of tetrahydrofuran, 124g of styrene monomer and 16mmol of n-butyl

20
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10%& (% 1%& p(o%yniei$so obtauégé ‘I’Evgsb a styrene-butad:ene -styrene block copolymer with

the following characteristics: Bound styrene content: 31.0%(block styrene content:
30.0%), aboundl,2-vinyl content of butadiene units: 38.5%(26.6% based on the total of
v polymer), and number-average molecular weight: about 50,000.
Manufacturing example 14: Synthesis of styrene-butadiene random copolymer
10 treated with t-butyl chloride
5,000g of cyclohexane was added to a 10L autoclave reactor, and followed by the
addition of 100g of tetrahydrofuran, 130g of styrene monomer and 870g of butadiene
monomer. With the addition of 10mmol of n-butyl lithium, the mixture was polymerized
for 1 hour and then 0.9¢g of t-butyl chloride was further added to a reactor to deactivate
the terminal of a polymer.

The polymer, so obtained, was a styrene-butadiene random copolymer with the
following characteristics: Bound styrene content: 13%, a bound 1,2-v1'n.yl content of
butadiene units: 57%, and number-average molecular weight: about 100,000.
Manufacturing example 15: Synthesis of butadiene polymer treated with t-butyl
20  chloride

5,000¢ of cyclohexane was added to a 10L autoclave reactor, and followed by the
addition of 1,000g of butadiene monomer. With the addition of 10mmol of n-butyl

lithium, the mixture was polymerized for 2 hours and then 0.9g of t-butyl chloride was
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5 Manufacturing example 16: Synthesis of isoprene polymer treated with t-butyl
chloride
5,000g of cyclohexane was added to a 10L autoclave reactor, and followed by
the addition of 1,000g of isoprene monomer. With the addition of 10mmol of n-butyl
lithium, the mixture was polymerized for 2 hours and then 0.9g of t-butyl chloride was
10 further added to a reactor to deactivate the terminal of a polymer.

The polymer, so obtained, was a isoprene polymer with the following
characteristics: a bound 1,2-vinyl content of butadiene units: 10% and number-average
molecular weight: about 100,000. .

Example 1-7
15 2,800g of a polymer solution containing 400g of a polymer, so obtained from
Manufacturing Examples 6~12, was put in a 5L autoclave reactor, stirred at 400rpm
and heated at 60°C.
Then, 32 mmol of LiH and 1.6mmol of a catalyst, so obtained from Manufacturing
Examples 5 and 1, respectively, were added to the polymer solution. The reactor was
20 . pressurized with hydrogen at 10kgf/cm’ to continue the hydrogenation for 180
n;inutes. After the reaction was completed, the reactor was cooled with the pressure
lowered to atmospheric pressure. The reaction mixture was added to methanol to

precipitate the polymer.
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Example 1

o
w
5
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o
)

wn

Manufacturing example(polymer) 6 7 8 9 10 |11 12

Hydrogenation yield of butadiene units(%) | 99 99 98 |97 |99 |99 |[98

Hydrogenation yield of styrene units(%) <] <1 <l <l <1 <1 <1

Example 8-13
10 The hydrogenation was performed in the same manner as Example 1 except for
using the polymers and catalysts, so obtained from Manufacturing Examples 6-12 and

Manufacturing Examples 2-~4, respectively. The results were shown in the following

table 2.
Table 2.
15 Example 8 9 10 11 12 13
Manufacturing example(catalyst) 2 2 3 3 4 4
Manufacturing example(polymer) 6 7 8 10 11 12

Hydrogenation yield of butadiene units(%) | 99 98 99 99 99 99

Hydrogenation yield of styrene units(%) <1 <1 <1 <1 <1 <1

Example 14~17
The hydrogenation was p.erformed in the same manner as Example 1 except for
using the polymers and catalysts, so obtained from Manufacturing Examples 15~16 and

Manufacturing Example 2, respectively. The results were shown in the following table

o
i

3.
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5 Hydrogenation yield of butadiene units(%) |97 | 98 95 95

Hydrogenation yield of styrene units(%) <1 <1 - -

Example 18~22

2,800g of a polymer solution containing 400g of a polymer, so obtained from

10 Manufacturing Examples 11, was put in a 5L autoclave reactor, stirred at 400rpm and

heated at 60°C. Then, the amount of LiH and a catalyst, so obtained from Manufacturing

Examples 5 and 1, respectively, was adjusted and added to the polymer solution. The

reactor was pressurized with hydrogen at 10-20kgf/cm? to continue the hydrogenation for

180 minutes. After the reaction was completed, the reactor was cooled with the pressure

15 lowered to atmospheric pressure. The reaction mixture was added to methanol to
precipitate the polymer.

The 'H-NMR results on the hydrogenated polymer such as the hydrogenation yields of

butadiene units and styrene units were shown in the follbwing table 4.

Table 4.

20 Example 18 19 20 21 22
Manufacturing example(polymer) 11 11 11 11 11
Pressure of hydrogen (kgf/cm?) 20 15 15 10 10
Amount of catalyst(mM/polymer of 100g) | 0.1 0.15 |02 3 0.8
Molar ratio of LiH and catalyst 15 13 10 10 6
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1 10>> As mentioned above in more detail, a novel catalyst of this invention prepared

5 from a mixture of monocyclopentadieny! titanium compound and lithium hydride formed
in solution of organo lithium and hydrogen has recognized some advantages in that a)
when a conjugated diene polymer is hydrogenated using a highly active novel catalyst,
the hydrogenation may be performed under a mild condition, and b) in particular, when
a copolymer containing a conjugated diene and vinyl-substituted aromatic hydrocarbon,

10 the unsaturated double bonds of conjugated diene units are selectively hydrogenated.
Industrial Application
According to this invention, the fact that a conjugated diene polymer is used as
a base material has the following advantages in that a) a following hydrogenation is
available in a same reactor, b) since a small amount of catalyst could exhibit extremely
15 high activity, it is quite economical, and ¢) its industrial application may be available due

to easier process.
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polymerizing at least one conjugated diene monomer or copolymerizing said
monomer with a vinyl aromatic monomer using an organo alkali metal as an initiator
5 thereby forming a living polymer;
deactivating the terminal of said living polymer using a terminating agent in an
equimolar amount; and
hydrogenating the unsaturated double bonds in the conjugated diene units of the
polymer by the addition of lithium hydride (LiH) and monocyclopentadienyl titanium
10 compound represented by the following formula I, together with hydrogen, to the polymer

having an inactivated terminal.

Formula 1

R4

Where, Cp is a cyclopentadienyl group(CH;);
20 R, and R, are the same or different and are selected from halogen atom;
| R, and R, are the same or different and are selected from hydrogen atoms, alkyl or
alkoxy group containing | to 12 carbon atoms, aryl or aryloxy groups containing 6 to 20

carbon atoms and cycloalkyl groups containing 6 o 20 carbon atoms.
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5 4 The process of claim 1, wherein said conjugated diene monomer and vinyl
aromatic monomer are mixed in the weight ratio of 1:9 to 9:1.

5. The process of claim 1, wherein said organo alkali metal initiator includes an
organo lithium compound.
6. The process of claim 3, wherein said organo lithium compound includes n-butyl
10 lithium or sec-butyl lithium.
7. The process of claim 1, wherein said terminating agent is employed from one or
more compounds selected from the group consisting of amines, alcohols, esters, ketones
and halogenated compounds.
8. The process of claim 1 or 7, wherein said terminating agent is selected from the
15 following group: benzyl chloride, benzyl bromide, benzyl iodide, methyl chioride, methyl
bromide, methyl iodide, ethyl chloride, ethyl bromide, ethyl iodide, butyl chloride, butyl
bromide, butyl iodide, acetone, methyl isobutyl ketoﬁe, diphenyl ketone, methanol,
ethanol, isopropyl alcohol, butanol, phenol, cresol, 2,6-di-t-butyl 4-methyl phenol,
ethylacetate, butylacetate, trimethylsilyl fluoride, trimethylsilyl chloride, trimethyisilyl
20 bromide, trimethylsilyl iodide, triethylsilyl fluoride, triethylsilyl chioride, triethylsilyl
-t.)romide, triethylsilyl iodide, tributylsilyl fluoride, tributylsilyl chloride, tributylsilyl
bromuide, tributylsilyl iodide, triphenylsilyl fluoride, triphenylsilyl chloride,

triphenylsilyl bromide and triphenylsilyl iodide.
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monocyclopentadienyl(2,6-di-t-butyl 4-methoxy phenoxy)titanium diiodide,

]

20  monocyclopentadienyl(2,6-di-t-butyl phenoxy)titanium difluoride,
monocyclopentadienyl(2,6-di-t-butyl phenoxy)titanium dichloride,
monocyclopentadienyl(2,6-di-t-butyl phenoxy)titanium dibromide,

monocyclopentadienyl(2,6-di-t-butyl phenoxy)titanium diiodide,
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15 manner that the unsatirated double bonds are hydrogenated having more than 95%
conjugated diene units and less than 5% vinyl aromatic units.
16. The process of claim 1, wherein the concentration of said polymer is in the range

of 1 to 30wt% in a solvent.
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