; e3eRRR(6TR[ a( WD 001 56782 " ~~1" PCT/ US00/ 04359 HYDROGENATED BLOCK
COPOLYMERS' Thi's invention rel ates to“’mwﬁmmﬂmﬂmm bl ock copol yners. This

i nvention parti cuI arI y relates to hy ock copol yners conpri si ng
hydr ogenat eﬂ,,yg, of a vinyl aromatic pebyfrer and of a GRAjvsEGRsEs di ene
pol ynmer . rogenat ed bI ock copo rs of vin aromati c and conj ugat ed
di enes such as styrene-buti¥ ﬁtﬁ‘é“f‘i’%ﬁ’eﬂ@ &%@!N@P@re wel | known In the
art. US-A-3, 333,024 and US-A—S 431, 323 di scl ose hydrogenated triblock (ABA)
copol ymers of vi myls irveotantrelatea nal hydsogengi@t! @b ekl cepotynmees. y Thes Bivérailohng a 20 to

compar od 1 0 FHERERN Al &l rENELer Pl AR <Ot Ano S RBpb R SRRy "
copol yner s @&W&Prﬁﬂ@)&"@@mﬂ“? BQ\W'WB'I%@LﬂfarCOWEQQj?ﬁ dipgeip@yesiat ed pol ystyrene
bl ocks, for exanple 4,000, have |ow heat resistance and do not afford rigid

corrposi tsons wt Iniygmgéharémsm(aiop@lympneroﬁ vieg .arddmatib-add 5&E}u&8é‘d dlersszlsoses
hydr ogenat e vl e SHRRLL LS ALATRLICDYES RERRISTSHaaLegdigne bl ock

copol yners arorra Lo Unsalf at 1on er low 15
mol ecul ar weing btS- :ﬁ@l‘*ﬁm@% declesee'%@mﬂehatﬁ@wblqmi(/tfh‘\)@opﬂmerefof ¥nylgood physi cal

properties. a\&né\tc%né%gm Jéhztledjdlérﬁe ﬁb'?)%erg')igfl Q@foeé'{i) percent hydro

pol y(al kyl aromati c)/ pol'ydi ene copol yners havi ng q:_fznatl ydr ogenati on
| evel . HoweV@4e! aﬁ%@@@vﬁﬁreﬁ'ﬁ'@rgoﬁeé%hwﬁ?’b r"é’ctﬂltréﬁ'r%@lfyﬁf%e@ﬁ‘e‘breater t han
400, 000 10hi chumepaner Mowkvef, isaeH ¢0pb|§;m|ersocmemmmgwﬁalbwrmﬂéaum wefget at i ons,

p_arti cul arl ﬁx%:ggﬁar?&i é%kﬂgecn%tﬂlocﬂg fonpqu &]) 0I Xavetl@vﬁ‘eit rgslHar?’c% nc210

di scl oses a ogena rene-i sopre Yer havi ng a
Mv of 100, 000.noHefey dgid CQmP®ItWB$ wﬁeg@@i myslgalsptrg@é@t‘:s U%A@S%eaﬂél s of

aromatic hyq{é&%@@@ﬁjo%beﬁét@d @lﬂ? saéstlﬂﬁé&%ﬁ\)atlé’\mcﬁ&al‘t}%ﬁ%ﬁ]@gé@d LigKe heat
resi stance, poor rocessa [ poor % ht st abi | EP- 505, 110 al so

t eaches hydrb&j’éﬁa AEneYp 5%‘(%"%'8?%‘?‘9%‘&”@ 8‘?‘%‘6“ @G”?@“%W (5‘9(79‘1\% %hd 60 to 80
per cent 1ar onwdlemldhy&drgngmmergare eXemplifiseveiiich ddes effeadopaphgsicllf fer fromt he

sanme defi ci i ag, stoners,
Chapt er 14, HBpeRhsRYPES gs2 1EF oGRBe ML pon IR bofhd S o o7
di scl oses t WéﬁCkaQIPWT\Q’TyHa‘G@@]&Q é@ywpwt'@fblgmlyrﬂewgmamesegmweﬁ TS}C'poor
physi cal pr Wﬁbu@&nﬁtwe%tsvosdrwmthyn 000 RtcH SB8VEY @ﬁfwme ﬂsb@erseaﬁ ore,

t-here renai a nee ena ck 3 nmers of
S WS TR <Y Rl B %@ﬁ? AT
processabl e dnsn:losemaevdrogematedmmﬁeasdmeneﬁyrpmmmeemol&mdr ipmz:htgeesrﬁwm ef ul

physi cal E;ap@ggg/egﬂggvgéttﬁgﬁaéenwsoeé@pgétemﬁlw LBtdHbRsic - WO

00/ 56782 P I'n" oné "aspect sen rnvention is a
hydr ogenat edgiogenation (4l anges ngmpﬁ“@khge%ms |née\gbeatmes'faamerm bl ocks of

hydr ogenat eg;r&e%ymuw aREpodrnyt swbmwatemscm)n@rawo teméehyum@é‘refea%cko as
hydr ogenat e

bl o S bl.oc
hydr ogenat ef® ‘HY%W@ g@%&?ﬁ%&é&%’ IR GE)KO;%HSWE& a“ﬂ@?at |r}¥8§’g?'e%t'8?red to as
hydr oge2at edHavenpu dese dolgnen suiiwlfpmehe baroe efickineiee an dedvebér/ahosgenat ed
I ht
Ny or 1+ iR B EREUObasincft, ORbter 1 B APLELROR UG . Chabi c
pol ymer bl odubf fishiersh AlewaY ot 4987 diseleses thap by E'Yf’f%r‘é!% M5 CeRRMNeTy BRYSgenat ed
conj ugat ed gjeﬂe@npmdws&l @eBerdds 4tBhlyRagnhtia eldolke@terigepaturds 000 to 110, 000;

and b) a hydrogenation |evel such that each hydrogenated vinyl aromatic

pol ymer block hasg g @&8%4@ 2 héiibr & r%@@d%ﬂ&eamwem and each

hydr ogenat ed conj ugated di ene | oC rogenation | evel of

gr eat er aohamogeyrpeméﬁwmyllasomwr aiea aedia senjdatedoiRiienabirerndiithget hese Mh

and hydr Ogerﬁéée@é‘atﬁé‘ﬂrc%ﬁ&e%brﬁﬁ in‘éﬁuf&ét@ru{gl’ pﬁ&fe@é?éséﬁhﬁ poSsdsk abéfuidhysiti bl e
wavel engt hs and are nventi onal manufacturing

appl i cati ond' Om'qse?‘tBﬁggﬂgépiﬁle@ejﬁ%iep@ﬁf 'WPYperties at both standard and
el evated tenperatures. It has been discovered that hydrogenated copol yners
havi ng both the high hydrogenation levels and Mh limtations, as defined
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20 by the hydrogenated copol yners of the present invention, have superior
properties and processability characteristics, conpared to the hydrogenated
copolymers of the prior art. The conbination of transparency, high glass

transition t ure, |ow water absorption, and excel | enp~pBkds
. §B ’ . . bc /04359
processabi | |‘§ ?e{’if’k s these material s ideal candidates for many applications

i ncl udi ng f abri calhexie aspdctthespresaninuerttion ieeadhyairadenéted blogibcapotymeded arti cl es,
i njection mk&ﬁ&nsﬁf tdt Qa@tslwotjlstlr'iﬁ bloBIChf h?@rﬁ&na@&%o@ﬁ%ﬁ%gwn IXS)'H‘H“Q” relates

to a hydrogenated ocC epar e enat | ng
copol yner pr B#0ees" f‘?'&ﬁ‘\'ﬁfﬁﬁ?‘eé "Mﬁ'@g ar‘ﬁﬂ""ﬁﬁ'r?élaf'% YRRk AN | east
one conj ugat kdstdine @ chohioaergenated polmr&aﬁﬁﬁrﬂ@t&m’édﬁﬁm%ﬂ%@ he vinyl

whorei n Fo i igieg 8 at W Satelec BogR el pdyifertloluriennel 1 DO >
al ky! hal ophehxdrogeﬁtapﬁtcnmlympysfrtam;qﬂzed)hy ant hr acenyl, wherein any al kyI
group contains 1 to 6 carbon atons which nmay be nono or nultisubstituted

wi th functional gas)mparsmmraeerhgﬁmorefurarrvmrgmummffrbmfocnomocrmmn car bonyl

and carboxyl. More prefer henyl
bei ng most  pr ef er VedeNF3H %ﬁ"%‘?."%\/ﬁ“ ’p n%“ i pﬁ@ ﬁ%‘?‘g‘ ?‘gx‘fi’sn%wﬂ%'pst yrene,
al pha- net hyl st yr elnan 5200 ta SHeadrand ekciviysiydgenatied eorgugatsiiieriegidiyyner block

par avi nyj4 ol uene, B%Ls%W%ﬁf%ﬂio@dt&%'to%bwa%ﬂe propyl styrene, butyl
styrene, vinyl bipheny vrny naphtha ene, and vinyl anthracene, and

m xtures thereof. The ent ck cgn o nore than one
speci fic pol yneri Q@{}W\?F P%ﬁtﬁ”&ﬁ%ﬁ%ﬁbﬁ‘y PR sr?:‘f‘ny\t\ﬁrrpﬂ?“c PYYMeXanpl e,
t he pent abl ock cotptoxtkymra rtyarmgertaﬂbralenet@f geapoings 99 perentindelacand a

pol y- al pha- net hyl W@%H%p@kﬂﬁdﬁ e-Eer'enla yﬂt@?ﬂl@&lﬁ%svévé}t\eﬁro @h&@ﬂtlév%l &Ol ymer

bl ock may al so be "a aronmatic e VvViny
aromatic portion 9’§at8tth%§§t’er5@twel ght percent of the copol yner. The
conj ugat ed di ene nononer can be any nononmer having two conjugat ed doubl e
bonds. St&h npnontﬂycsogermated@tackompoejmrq)ﬂmmbtﬁedeunraahcﬂwdroganatt‘ehhyl 1,3 20

but adi ene, %gy.{ﬁﬁés %Sﬁfgu gpartlnﬂa ht'a?%i'breqﬁav@f?-,-ﬂ?tﬁé @%ﬂgmgtr and

m xtures t her eo ted ene repared from
mat eri al s whf¥eptomal rnarmﬁasattpﬁaaep"a@ttoen thh‘@ PHWﬁ%@ﬁbW@?i'Qﬁ‘th’P@'@@%ét or

Hrrn;g erial stwgbah stihBardapPdBlefated tefipyfiliabd. i Zads &@nafsbarerémﬂéhgengbmmu o
rogenat e sopren S. remain enat e

pol ybgt adi enggpé’b%'&i ?:Véﬂ?%d’g] tﬁ? Fﬁ@!‘%[ﬂ%%ﬁ%‘?@t g’b“f@% "Hm\(’?%ﬁs &’eegjendl ng
upon t he2® sby thethydegertdd/dopolamesné the gneseotitantiore ihtveesuparidr, p2opeatiesi gur at i on,
whi ch hydr OQSMBEeJ\ﬁgmﬂkXﬁ‘ar%&é’nsﬁ&ubé’rﬁéa%ﬁ tonhe tc%od%H&t@&@o SRR otiph U, Or 2

1, 4-configuration enates to ulva an ethyl ene
repeat unit. P'Iﬁﬁla‘?be‘aﬁ?’Bh'@atlS’P@ K%”SHQFWWgh'aF glaé%tgtnsapprw%v@r &GW40 wei ght

percent 1,2 @Qtebﬂl’és’@ﬂit@ﬁ@rﬁ@%@%t mdasesdsubiltyvaarsitge nw‘tertatserdml ybut adi ene

bl ock, provides tanti al 0 as nS| tion
t enper at ur escﬁnﬂbdsﬁy%%rrrgﬂgr?gf’%gﬁons qluﬁ%ﬁtfbb ﬁé \é}‘ (?éktb 5'5 t han
appr oxi nad el gxtadegwitiglas, injgction Wolded/ageR8 XilPEENUBEMISO4359 per cent

2- but adi ene content, based on the weight of the pol ybutadi ene bl ock,

The present invention relates to a hydrogenated block copolymer prepared by
hydrogenating a block copolymer produced from at least one vinyl aromatic monomer
and at least one conjugated diene monomer.



provi de crystalline bl ocks upon hydrogenation. Depending on the final
application of the polyner it may be desirable to incorporate a crystalline
bl ock (to inprove solvent resistance) or an anorphous, nore conpliant

bl ock. In sQugeapda cations, the block 5 copolynmer can conpérmossmaset han
one conj ugated diene olyner bl ock, such as a pol ybut adi ene bl ock and a

pol yi soprene bl ock'® ‘*bea'B'(S‘ﬁ] UYARUWRET i WAl & e PLER f@Y2al so be a

copol ymer of a conjugated diene, wherein the conjugated di ene portion of
the copolyner is at |east 50 wei ght percent of the copolynmer. O her

pol yneric bl ocks nmay al so be inchuded in the hydrogenated bl ock 10

copol ymers of the present invenAi-GaCHA bl ock is herein defined as a

pol ynmeric segnment of a copol yner which exhibits mcrophase separation from
a structurally or conpositionally different polyneric segnent of the

copol ymer. M crophase separation occurs due to the inconpatibility of the
polymeric segnments within the bl ock copolynmer. M crophase 15 separation and
bl ock corﬁol ywarein & is Ry ery ohlied S dserheny, h@nﬁ‘@W'@ﬂp’dﬂhﬁﬁmdMﬁl@h%yl,Soft

Mat eri al s" rFé!rJM e W‘érarﬁ%&é’@f Wheﬂewa%y a@@%@u@&)‘r@ﬁns Thes durespgenat ed

bl ock copol yners o esent | nven ‘?’féX %/ contain from1l to 99
wei ght per ceMPMdW 5hﬁ‘f(¥rb8d‘é‘ﬁ’8t°éﬁ“\}is\ﬁ?ﬁm“a‘?do fP%Ct'BB PHRUPS sichyas halo,
pol yvi nyl cy chitedexdme hpdroBySranb| cobonypeiemaedobyl. Momrmré&)awefhepWyyorf rom 15)

nore 20 pref f r t

et er abl y 13 onpu] SRGRly R ARhRE, Tt Ypp ARG D

pref er ab‘l&jl tinclpty ﬁwﬁe%rﬂphaﬁ%ﬁé@dlstﬂﬁnq I@é'spﬁ\ﬁﬁl Of\X)@Wdh'tJerdﬁf. esprsialy dr ogenat ed

bl ock copol Yﬁﬁi‘évmy-ﬁbﬁerké’@ﬂ %Gﬁ@%t&@th?iéaﬁgn&gﬂﬁyb’émérﬁe gty difeid OGNt 1 Nvention

t cally caontain ted con at ed
7 Bne pol y P K BaPbaens. 2B i aofiacete. ﬁﬂ?@ﬁ?@ﬁ\ﬂﬁf%mm 75 Yo
nmost pr ef er gidnyablack ro@ilyrhey cBO covdaig nforetbac end specifip polambyzedwirgbaropatd er abl y

to 80) more RpelsLak yth%ﬂ/vqgase ‘é%}n;giﬁrtﬁeg %tﬁé&%ﬁ?& g@ﬁ%aﬂ%ft er In

pr ef er abl percen e Cco

appl i cat‘i%nspW@G&IQﬂdf@«"ﬂuae@'ysajm@ -ragthyistyrenebi@al- uB‘eahvéfqgﬁww an!' the 30
copol ymer Wérbmﬁﬁ&\MNrﬁbrE&ock ﬂ%%bls@ie%oﬁ&?m@ﬁdf%ﬁtmyl %mﬁtu&wﬂéreﬁ%@%ﬁd vinyl
aromatic pol ﬂ%ﬁ%b' ngH %thehe an el astomer is preferred,
the copol yne f°v\‘ﬂ‘ip°dm'aﬁ PRE CHOMIAt of a hydrogenat ed
conj ugat ed di ene pol yner block. -4 WO 00l 56782 PCT/ US00/ 04359 The

hydr ogenat ed bl oclhecopipateddienemondreerpas deany manemer haMing two pnﬂiimalﬁéd by the

hydrogenat i ofbupfe dinas KsscPRAINERISINAIfGE Mﬂéﬁ%giﬁ @Jbeﬁh.enémﬂ ﬁwéthgol tapered
bl ock, and star block copol yners such as 1'S) and Sl SBS

(wher ei e j Ryt %?%?W%Wéﬂ 38"*?‘?“1@8? mﬂ%.%ﬂé'@'ﬁacwwgnw&w gb¥eRe) . The
bl ock copol yteresf.5 contain at | east one triblock segnent conprised of a
vinyl aromatic pol yner block on each end. The bl ock copol yners nay,

however, contain ﬁ@coﬂﬂ?&%@é d@ﬁe B&l&’rhér‘M'ca#h@ﬁ@agﬁ@%h%&eﬁ#@@ﬁuc@' ocks may

be attached at any poin tri1 bl ock pol yner bone hus, |i near
bl ocks woul deMa¢) ABXPRQYS aétgramﬁh@rwgatlmscess&mterawmssap% of
copol yner Camryﬁblmtlbﬁafwralp@rbgéhaﬂmelﬂ}&jrdsgepaﬂeyIpiﬁlylscdiremwsloafs&erihﬁinat t ached at

| |
vel gt (o) EBFbolE. RO R 28 it e AL Bln L RRBEANBRARG, TOL 20, O
is typi caI | ycrvaﬂ@lma@@ mend"pg efosthait q}rUﬁmmanwbg@glenﬁﬁarecm@m eihesry & r om
45,000 and ngsiig %@Jrﬁ%féh)ﬁﬁrﬁ%ﬁa ’t@glge i eﬁ@ﬂa!@%fatmﬂh&fé'rbﬂeatt gnit @9, 000,

generally to 957000 refe prefera 00, and
TGRSR IR HAGE: - S W R
referred to bt RuybotadiehdbBcliagtpivingat ieast apsroduﬁtammmﬁeigmﬁper@ng‘eﬂ perrreati on

chromat 085 2PRYa gﬂac%(}nte-ﬁp%a Joqw %We}gﬁfe%%po bu{alaféngy)%tcl?g)%n‘@cf @d bl ock

copol ynmer~ an ro erties a ne epen upon Rcul ar wei ght
of each of t N@SWHNWWV@GIS ploPksridih lew Blaﬁﬁ:k@ﬂsmpﬂ terwraj@r@ﬁ ugerscover ed t hat

by optim zi ngydréienBRine HéhyBLta¥Rh& Blocifhaving less than approximately 40 weight
-3-



20 the hydrogenated pol ymeric bl ocks, hydrogenated bl ock copol yners of | ow
nmol ecul ar wei ght (30,000 to i 20,000) can achi eve high heat distortion
tenperatures and excel l ent toughness and tensile strength properties.

Sur pri si ngl ygy ve found that good physical properties ai ned
at relativel OIW%W ﬁ/dr ogenat ed bl ock copol yner nol ecul ar @?gﬁg&’%

gi ves super i percpitdaeiadiene qoptent aspgsindbg weightss thezppibrigdieneblockil ar wei ght

val ues (Ma) piowde %a,@m.hmroa&eub@h ﬁydrggémhorarmha.ﬁg BleﬁéWﬁél atyp@cfalﬁo%fe from
5,000, preferably froml nore prefe rom and nost

preferably fH&H° 5‘9060‘5’6’6’65165'@@@ to HI”@'PQF"&%? 9’3’%?8""4%”6@6(‘0 e sPeR ably to
40, 000 and nuststgocef @rakbimprghous3 Tddd Gompliantthankl th Senenaiptichtiohs thegniock

properti nol ecul ar
wei ght s 3% V\E ﬁmar egﬁgo\ﬁlgg?'n F'é%rtﬂ engbﬁhﬁgg 'eﬂ%B%%Pb' QJ it aéﬁt of the
hydr ogenat edpelyljadienedraekiapd p@PWﬁ@We“EﬂHeC'% niharrghicoaied d'ﬁmﬁk E‘dm%’olml ght of a

polymer is amapaisathed e&b@mnéma%ﬁughté@m&ﬁéﬁme@mth@eorﬁ@at&j cﬁéﬁé%bﬂ%' ynmer to
show a drarrat n‘ﬁ?l ncrease 1.n e to chain entanglenents. The

ent angl enent © 8%&51'@%@&?&4‘%%?'gmaﬁgfe%%ﬁ?'?ﬁﬁoaﬂwﬁfers have been neasured
and reported in Macronol ecul es, 1994, 35 Vol une 27, page 4639. It is
commonl y obser vedOther p@rm@wq@@ ylmealso bﬁmummmmgenv@d 0BLK6782

PCT/ US00484 30804 eresr 14 ,gggr@[;,gg,t,}loﬁnd toughness are achi eved at about 10
times the entangl errent rr% | ecul ar wei ght (see for instance Styrene Pol yners
in the Encycl opedja of. Pol r. Sci ence and En rin 2nd edi tion, Vol une
16, pages 62-71, Aﬁlg@@‘) h?%ni%'f‘ﬁ‘ﬁaﬁ %H@We?ﬁﬁe@gﬁ 'a‘? g‘d efwhidh oy oxi mat el y
38, 000 for pekhhiismytcroptse lsepaaton fismiesthatueallgd et esmpasitidnally aiffesamt opt i mum
Vinylar omet o Ear R b MRB AR, A pRaR 0f Ak e gk e O e

t he ent angl eWﬁWﬂpﬁ%l"HﬂjF'}?rPO\Mﬁ?e@ﬁ?e%‘Fe%s WW@@@!%E% gepolimayi Migrenhase ¢ pol yner .
|h ndgenera& dﬁéglﬁramﬁhlaﬁwmbmcopblymeﬁt ay dicey ezt sed motBiEk OopbIgmBlsock in the

ydr ogenat e ock .C I epl, 1 nvenblon S m 7,000 to
45,000. 10 TREWEI (§8ﬁ%é’\%§ q’zﬂ{YS&(ﬁiE§b§? %’5lﬁar¥1y§%’%'d’§ﬂ3? %%Bgonj ugat ed di ene
polymer block is typically Iower than that of the hydrogenated vinyl

aromati c pol yner Biedorrogaeaiedblpekporpip@ars ot themiresiet ipenjipretypicallycrestained. When
a | ow modul Uﬁorﬁhat@b@mrghppé?@rwaﬁrnydsoge@aéd @Hyn atrdwat.wen Rikr, refge hydr ogenat ed

di I bl, d t
Pl yrrer bl ocROVITEYRFRERGRS erevly Pt SHR'al "E8Y L SrEspoY e, SLraek | s
t ypi cal 130 f r prefedatdOiigm po,esven alore/prefedatlyS 02, anmnmsmrefbmbmﬂoyn 80 ¢019®, 000 and

oref erabl y. ¢ Belldspng Bridh) @ skl i piRIcEAy Rbel Gnt Bpit tp PR
hydr ogenat edWgipBiat dhafiyproognalen @@‘ﬂ%ﬁ?&o ¥PeM the properties desired in the

hydr ogenat ed bl ock copol ymer produced. If rigid hydrogenated bl ock 20
copol yners are de‘Eh'emydrogtahﬂed\biacldopblhmetswﬂt‘rmg;mwhedvermmylypaauyrmhiam pol yrner

bl ock wi ||

refor anl y. 1 1 o uaont Setdint b WrogBheth el A b BRD OB,

pref er ab?% t Brefesatpyoioom ﬁﬁvr@ofﬁlpéﬂ‘%rﬁ%ibfrWt‘é Qﬂ?.‘ R PEsfRTably, om 3049 89 abI y to
40, 000; whi | geighigredeht, Wpldamﬁ‘toh% r@fé t@@odh@r@%ré?@rhmmﬁﬂeﬁ?&kmﬁ\ﬂe' |

187000, éné’ea%ia‘r’r%ﬂ@?’ PP Ffireph, 066 P Boslo 68 on i el 4699 4 523, 0o

nost pref er abdpplyier.25, 000 and nost preferably to 22,000. If elastoneric
hydr ogenat ed bl ock copol yners are desired, the Ma of t he hydr ogenat ed

vinyl aromati C PohW Tca@clrﬁ%eﬂ! érbpérﬁ(é%'s‘ﬁé‘th bé/h@len'foaﬁlm §reQ|99®rta‘hf efeerably from

5, 500, (ﬁe L,era yfrom ;2 r}}é s from 000 to
20, 000) "% ef EFRRRMPr ¥4 Cfgta@o% VY P%’F%’Hl"ya ¥ '8%9“3'3‘ dody! ARBaipst
preferably t pol;lrﬁer(lﬂkﬂ;k whapdpéicdtibes Widse afi etabtembeyid ipcgier=at, Hné odpayeendll ymer bl ock

40, 000" hnd et oL pATRRO U herUELGHARYeRAGTRAf KR ST ENHTEBHG Boo)

nore preferably to 90,000 and nost preferably to 80, 000 Fl exi bl e type
hydr ogenat ed bl ock copol yners can be achi eved by using Mi's sonmewhere in
between the rigid and 35 el astoneric values. -s WO 001 56782

PCT/ US00/ 04359 It is inportant to note that each individual block of the
hydr ogenat ed bl ock copol ynmer of the present invention, can have its own
distinct Mh. In other words, for exanple, two hydrogenated vinyl aromatic
pol ymer bl ocks within the hydrogenated bl ock copol yner may each have a

di fferent M.




5 Met hods of making bl ock copolyners are well known in the art. Typically,
bl ock copol yners are nmade by ani oni c pol yneri zation, exanples of which are
cited in Anionic Polynerization: Principles and Practical Applications,

H L. Hsieh glpoRetRa Quirk, Marcel Dekker, New York, 1996. pdr/0$v0/04359
enbodi ment, bl ock copol yners are nmade bg/ sequent i aI nononmer addition to a
car bani oni ¢ init T8¢ BYd’%Qﬁf‘ﬁtegé"%EEOWﬁ' ifdh? PeReRliRvERtioR-ase Pipduegad Y um I n

anot her enbah ufgfamgenam of BIRGH HuPelymiess inBGENdYibIoEK) p+u|tmg>ca, thpdréd Bi6kk, Mt eri al

ith di val
di ohl or od mEURYFL P an R s HE BRSSP asS oL PR BB SRR MPern e |
chain (I esslSmm&erﬁns)n@ybuﬂM!&tandhIStDQ)YISQbreae)Cd'nplbgmkenbcdyrmm pol ymer can
be react gd %ﬁtamtatefeawJnéltn@a&%@gmsnltrae}nw@d dF QURY! AomERhdndr Bk bhat € the

coupling reaction, Vinyl aromatic pol yrer S aretgplcal y difficult
to couple, tRETADEe t{'?ﬁk§°?9§3€?ﬁfﬁﬂﬁé 'iogvea%rnﬁ%wa%@antt%o a9iitispal coupl i ng
of the vi nylblo@k@mtetatn me&ymsmm aTthehesirmhhy sdratitatheftrisiberpeiyael yner does

not constit S distin m cran i s, achi eved.
Coupling re g% togea?lﬁaus feg{él i eaf\olree QEW Skgggf?ﬂd a variety
of anioni c FHSBEE |Ti§tcpmﬂwn%n€@ndISQ©a§£ﬁé\dh¢¢lWmlemoaﬂmr@mnkareChapt er 12,
pgs. 204807 aﬁgghedla@awlﬁglmgqongmoéypggmgﬁba@kgd,,feunct| onal anionic initiator is

used to initiate the ‘polynerization"fromthe center of the block system

wh b ddi t h f th
O ot ng. pol yrer - dhaliA berAtFispe o2t ey ol e Prdshasarefons: or 1 s
1, 3-bis(1- pimepglyreel’a@hy\bpréserMmtwtmrlealp@dllwxﬁrctrtnSmﬂqarmﬂferauymmtmmm;mds as

described |y SofrdtadPRot oeaqnmoa HerbABy Hoth A0t 155 o SRR Lon Of the

bl ock copol yne cOo oé%/rrer I'S g to renove si't

unsat ur at i orlp Hb@uﬂeﬁe’@%to rﬁOBQ‘H?fé Bht% QOB MR Prefrafik toieeP00nand, i ny|
aromat i q5polmﬁ§epretyrm)ktossagmenmmér atvb@g@mcmewmmnmé Restredfito

hydr ogenat i nd. such i nclude the use of

B R St R R L e NG T Vo)
(Us-A-5,352 (@8) Erwmblousn WDk pidbehygbgengIUS LIacE e aE B2 dnd pragelies onal |y
sol ubl e, %B&%@%‘r?d@ﬁ%?é&%& tﬁg%mtcnfas@e.gﬁteo@@é&pofftﬁéaiyd@@%e@t' ons of

transition netal hexanoi ¢_aci d Funms can be
used to ful IPPYERfiE PIREKS- qu@élpeer@)ﬁ'éq’%Yﬁ@Fjéhat Ry opfiraizing Kiednglecutgrweight of

Makr ono ek u ke ydedieiated pbohBiiebldde, hyﬁ@;geaa&éd bla;&7c2>polmerscdwm yieREular

hydr ogenat i on. ieved. usin nd a, heterpgeneous
cat al yst sucty’ gi‘zﬁoad&ﬁ 2@0 @5058?'? %cg\aaveiq %tcgsq%ﬁ%n @Meratge%a 612422 and
US- A- 5, 645, 236elleftteughaesd arsittensild st strenM@@ﬁ%?@ZlW@ﬁbMS@@ﬂlWﬁ@djtechr i bed

therein are BQ& sﬁﬁ%n&e5&.&?&%%%&.&9@%&.0&9|oQ;f hyBr t&abq Glbystal lite
supported on a porou lica substrate. An exanple of a silica supported

cat al yst vvh|°8H°‘Y'§eré§ﬁ%‘iﬁ'aél"‘feigh{?s"€’f"fﬂ 9Y&§ SURYIOBBIATRESAPHYdr ogenation is a
silica which has a surface area of at least 10 n2/g and which is
synt hesi22ed such Typieal numberaveeign s1ofrsrias weightlvaies {Mmktoe pachy iadiigagatbet ween
3000 and 6099??%}%55 OfymeHBictscald s béo LRF b BERARTR intie o8l 2

ca zin

capabl e of ro enation o such as nicke cobal t,

rhodi um  r utfREh13iPRO e Mgy p@ﬁﬁratﬁsr e ABRPO @raﬁﬁﬁabm t45,89Pnere

conbi nat i On%référaﬁlyh@yﬁo(wéﬂoﬁﬁést pkafdratily twiseuoogmﬁ@%g b@@b@bmﬁtgo@can al so be
angstrons.

d, h t
Ao nac voryePeiEs o ShteBed ATV AR uR St e e PR Rk of -
m xed hy@r ogeicitare foweathah st erddngiearnempleewlar weighh at the hydrogeneleslednyl mi xt ure
of at |east er%t&%%?ggﬁ%eﬁ%@mmh\o@e&mm&gm oFQBRWné:eé a8db¥ialGRt al  whi ch

will increase t enat 1 on and includes” ni ckel cobalt

rhodi um rut"ﬂ@ﬁh%ﬁ'?a"b'ﬁmﬁﬁ(ﬁ%ﬁ?d r a0IVRURPYBEHR Shey 8 GFRMALE IncrRass fismelh

conbi gat I ons/idchsityaik. Otlo Bt ﬁ‘ft@'@lamd’nh@dﬂmr&\&hdléﬁ\bnmh@éwﬂwmdgﬁ\ts for mamd. The
secon corrponent us in t m xe 0 Q t ises a

pr onot er whi ¢H' e Baé/g?}e g}elg%ug&g% %%%%d e oletiios ’I S Jiupon
exposur 85t o \fnmrw 2hwage #68% It 'an@m'iﬂgnlhGb@f\ﬁidﬁ@'fgéasﬁbdowlbe'ééh&ttmﬂxtﬂéti%t| vation
resi stant conponent. Such conponents pref er abl'y conprise rhenium

nol ybdenum tungsten, tantal um or niobiumor mxtures thereof. 20 The
anount of the deactivation resistant conponent is at |east an anount which
significantly inhibits the deactivation of the Goup VIII netal conponent
when exposed to polar inpurities within a polyner conposition, herein
referred to as a deactivation inhibiting anount. Deactivation of the G oup
VIIL netal is evidenced by a 25 significant decrease in hydrogenation
reaction rate. This is exenplified in conparisons of a m xed hydrogenati on
catal yst and a catalyst containing only a Goup VIIl netal conponent under
|dent| cal condi t| ons |n t he presence of a poI ar |rrpur| ty,. V\,herel n the

. B T ] B o S~ . o - " b o




_9g_ WD 00/56782 PCTNS00/ 04359 The m xed catal yst can consist of the
conponents al one, but preferably the catalyst additionally conprises a
support on which the conponents are deposited. In one enbodi nent, the
metal s are qf 'n%d on a support such as a silica, alum ”?C'Hﬂsuﬁ/ofsﬁs‘bon In
a more specific enpodiment, a silica support having a narrow pore size
di stri buti onvaies oéatrerr@&ear@rt@whgwéaﬁr%acmmﬁ at ahoybt &¥reessthe gani@dglpmentgr am

é ng/ g% I's ;Jsrﬁﬁlecq%ﬁméi@ﬂ@se?lf&%sﬁg‘éé lsg{aéﬂelpvg»mdwrn%é@w%pe&m wa()tﬁﬁérge pore
i aneter o e ort. c e.0 rosi metr

fol | owi ng th 0'?5}08@83%55?"5‘9%%@3'4 %56 p??lees%oﬂ ¥§$93e B¢ stri )l;ut ion is
typically mﬁangmdnammn@cmimrwmgm isppoxinmadely §8,06@fcepayvinyidycisherabéiod i s only
sufficien f GHEmTALARL SR oBfimGh Bdkafte 5f2)?dgaeﬁgs £ BRUSLLOIR ca BET ©F OF €.

an addltlona nmust be used to neasur ores angstrons.
One such rretCI*RS%"‘F%GWWrpéwddwbﬁrﬁmﬁ%p%%mchQ“Ole\‘iuba\s’?%'mmlla) gf02or pore

di amet ers 0ftoh€§t&né§1&@eﬁt€ﬂ@l§m@r@@woﬁ¢gﬁt W@i@ﬁt of Ilhedreé@fa%dwé.@ma@@r e size
distribution is deilne i reme ercent of the

por e vol ure AR 0w Tt Moo 6 B cihandperdiGhe BBaP R 300
angstrons anydR@etétad biobiecqpolymenaf| thavere sard nwemion lis/fram 7,00Q e&nisi@dor pt i on f or
pores | ess than 300 angstrons, be |less than 2 percent of the total pore

vol ume measur ed h%eﬂ%lé‘d&fa)‘w@@ﬁﬂﬁﬂn EXch %%g%hﬁté@é‘&u@%ﬁe@ o¢e?q@ prgm{aPasurig
et ween

100" 90) it T BAR NG dranie ol e o8 g T B malF eeiperhi bos woen 50

and 85 n2/ g.whénea higrs mogulusvigid pglgmeois eesiredmiVien a Isw dexelns elaktonpon t he

pol ymer whi GlyefortDadifed! Yl AR @gdfbﬁgn#édagpé hHbiotRoltbe A 1t 1S

preferable to use support er aver pore

hydr ogenat i dRabihesydrparnated i Wﬁmﬁi"“gmef@foéEuT'éﬁ MWefPf@'Pﬁ kydragea®iedi n t he
?ﬁ/ﬁ' r2 88 %ggu?én eQlolyysd bREE 3 p.csany fréro, doogdiefmbmwh?s 00 infhhd preftratier s f 15
> or iC ur r n_var rom
to 25 mbl g 4 PALO ABLT PR oab kB0 LiERE PeRemiEloss5PgnaBon
angstrons. Hnefetabhﬂo SedD@end raost\pmtgbblyw(wm)rs (Mh<100, 000 for exanple), 35

the typical desired surface area can vary from45 to 85 n2lg and the
desired average poerfibranehyarogbhaBy BiBtkstvit 490aeaa8 ipH e prdperties WO 00/ 56" 782

desired in the hydrogenated block copolymer produced. if rigid hydrogenated block

20  copolymers are desired, the Mna of the hydrogenated vinyl aromatic polymer block
will typically be from 10,000, preferably from 12,000, more preferably from 15,000 and
most preferably from 20,000 to 50,000, preferably to 45,000, more preferably to
43,000 and most preferably to 40,000; while the Mn, of the hydrogenated diene
polymer block will typically be from 4,000, preferably from 8,000, more preferably from

25 10,000, and most preferably from 12,000 to 30,000, preferably to 28,000, most
preferably to 25,000 and most preferably to 22,000. If elastomeric hydrogenated
block copolymers are desired, the Mna of the hydrogenated vinyl aromatic polymer
block will typically be from 5,000, preferably from 5,500, more preferably from 6,000,
and most preferably from 7,000 to 20,000, preferably to 18,000, more preferably to

30 16,500 and most preferably to 15,000; while the Mn;, of the hydrogenated diene
polymer block will typically be from 35,000, preferably from 38,000, more preferably
from 40,000 and most preferably from 45,000 to 110,000, preferably to 100,000, more
preferably to 80,000 and most preferably to 80,000. Flexible type hydrogenated block
copolymers can be achieved by using Mn’s somewhere in between the rigid and

35 elastomeric values.
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PCT/ US0O0/ 04359 Silica supports are preferred and can be made by conbi ni ng
potassiumsSilicate in water with a gelation agent, such as fornmani de,

pol ymeri zing and | eaching as exenplified in US-A-4,112,D32. The silica is
then hydrot Qeydimbssy calcined as in 5 Iler, R K, The Chenipgdmysoobsss | i ca,

John Wley and Sons, 1979, . 539-544, which gener ally consists of heating
the silica whil elt{sd5epraytip f{ﬂﬁ%‘“@h‘?%l“éﬂ@ﬁpw blpck el ther hygiagenatpe bigick i ca f or

about 2 houecspdwmmr@ueqiresreﬁtrIWnaérurc@rshé\reqmo@»&Q@tm Muﬁotﬂdy%ﬂish@mal
calcining resul t di stribution as well

er
as i ncreasi ﬁéa'F‘H% t‘S{QQY%(ﬁ%e'Eg‘%N r&l %\rﬂ@f’@?p ,Jj“i@?oﬁgﬁ W@B i e WHLIERIREr ¢ can be
prepar ed 10blogk popoiyess ewmy @agtihayeedliffarentiM., R K., The Chemistry of Silica,
John Wley and Sons, 1979, pp. 510-5S1. A silica supported catal yst can be

made usigg the DM@%%oﬂﬁ&Gﬁg m&ﬂtdoaolwﬁeréareman Kn6%n mﬂﬁe%ﬂpﬁ? &mte et al ,
met al conpopent cont a can be

deposited o 'OPlﬁEODS%B'H&S ?TBW %ﬁ'oﬂﬁg &m&@ﬁg@pﬁxﬁwpéﬁatﬂ@ﬁ%a@rc'tﬁgﬁ‘aqueous

i npregnati oAn icationsoH.LaHgiebtahe¢ R.R.onvent i onal

t hod, 05 d ’
gtt aIOyS| :uc%ﬁgc%gs}s ﬁ&@m& %'? 1C‘Zjat al stsﬁvm%rm&ﬁ%ﬁiéy@%%rﬁ%g and
Appl i ed Het éﬁ@@@hé@q@nn@lmny@esacw@n t%cqriz@niomﬁgntlatouﬁiechmsﬁé@wl du Petrole

Publ i caﬁoonﬁm.uzroorw&ﬁyl i Hmnmmaskﬁemmbdmﬁ@ﬂnﬁé ESpBlymcP R rﬁé&ér@mouatr@ et al
contalnlng (of0)

t I
Goscri bed’ GRS ST Hitia CRAeT FERBINE RSt uER AR b oRb gt whi ch 1o
resi st ant t dictieadimataflsiane, of hiesyIbenanatel N thicembdiiimara) 4 smalcahamdiesat i on
I |
comPLexes: SRRl e ROUR Lol f Y AL AR XS Sencth ¥R | V)
Wt . per cent Vipdlssemalis Rohyner swlmw faciitate fie @PP'lnsaewmoVM@r@ra@tm yst.

Preferahke @HDMBF Bloddsard fypidaIy dif@cuﬁtd\&oupléefrféﬁéﬂére tﬁﬁﬁ&hﬁfqﬁé%rc%mrﬂor@ Stob
Promt er s as al kali)

wt. percent n tota
al kali eart HS%‘fmlaﬁﬁ'ﬂﬁ%ﬁ‘?uﬂ gc%f‘n a‘?('ﬁ‘ ﬂ'@"@gﬁ%mﬁe”dﬁa hea?’@%'%‘@ Red to aid in
t he di sper sﬂ@nepblymlaedaastrmt capetitpte raedittincriiarkisinee 8o micraprssp peparaton is

stabl |1 zatl apngHid b r Is'a%,strszgg,ugbm{ghﬂh&e f demho@aidi BF &7 1 ed- 35

The anount suppor t st use ro enati on process i s nmuch

smal | er t haHa'['%éOa?fWﬂﬂ*ﬁPQ‘S@EﬁjF?t@ﬂS RIe dssHEEET Hﬁl&h aph QUi Cherlgr hdIPgher

hydr ogepet i Qfom%i) |rr]\ dﬁ@r@ﬂé@&ﬂﬁ%ﬂ@dﬁﬁ&%@%dﬁlﬁ?bﬂ |§>0§ecd!!d@'\|ﬁa1? tHlee hi 92
react|V|ty (0] t he 0 nat | era ts o ess t han
o am of s BpbPRAoa HBR Rt o B Rlets pmE et T abpBiS B RaPE ueoa. wth
| ess than 0atidigersraddeiqngjlypo béte endsof diredgrbeng polyser Chadt Areéxagpteosfe pref erred.
The amount QL% Y BRMChG ﬂmL@l S1a- Ma%hbﬁynaﬁa@n@eﬁﬁenameaeawtype of 5

process, whether 1t I's continuous, and the
process con@f&ainﬁﬁg’umscﬁﬂ‘ﬁo‘&dst%ﬁﬂféP%ﬁeﬂr‘%USp‘Y‘é-gg(bﬁsa %ﬂ‘?d-@ éefcﬁ%‘r?‘*tl nme wherein

typical reaction tines may vary from5 mnutes to 5 hours. Continuous
operati @hs can t \fieaeparatoont tiembldtk papdyntey, the cefulymeu fpiydtagenatad &l yst t o

200, 000 or 'F%’n‘\ g& o MEE@L Bﬁh%trptﬂb ¥5ﬁugate$d Q&R fdifnet bRBRGAGheGAyRI YST 1S

reused many urin e cou
aromatlc polymer block segments of the copolymer. Any method of hydrogenation

can be used and such methods typically include the use of metal catalysts supported
on an inorganic substrate, such as Pd on BaSO, (US-A-5,352,744) and Ni on

30 kieselguhr (US-A-3,333,024). Additionally, soluble, homogeneous catalysts such
those prepared from combinations of transition metal salts of 2-ethylhexanoic acid

and alky! lithiums can be used to fully saturate block copolymers, as described in Die
Makromolekulare Chemie, Volume 160, pp. 291, 1972. The copolymer hydrogenation
can also be achieved using hydrogen and a heterogeneous catalyst such as those

35 described in US-A-5,352,744, US-A-5,612422 and US-A-5,645,253. The catalysts
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10 continuous operation. Typical batch processes can use 1 part by weight
supported catalyst to 5,000 parts unsaturated pol yner. H gher tenperatures
and pressures wlll al so enable using snmaller amounts of supported catal yst.
The hydroge gaction can be conducted in the absencepgf{ygop@isyent but
15 is pref e;\géloglg%’gnduct ed in a hydrocarbon solvent in whi ch the polyner is
sol ubl e and gdsicdttedthéreinrane hdtendencouheatdlysls eansisting o metalcarystadlite Pr ef er abl y
the solvent g, érté@&d’% Bérek é&la%ﬁsgtraw% é}ém%béfdf%ﬁaé@a?p onsa Bxhigyc! ohexane,

ethylcyclohexane ooct ane, clo t ane, dodecane, di oxane; diethyl ene
gl ycol  di met Hyf" ‘?t%@?c'a'WHF?f%fH@ﬁ‘F@PWF‘éF\ Vqr%B@fﬂ”&?\%s"'%\?@ﬁ@m%ﬂﬁﬁﬁﬁal ene or
m xt ur es t hesreabf atwedsh1@yéh ahe waick issyhthgsizeuesuzd) thabis tcoptaiat @oree ith The
terrperat e c 0 any tenperature
at i oh BT RS LeEL RO Rbl BB0d anekpBRL TG RENCTY | °The

pol ynmer . Degmpeanated with arrmeialsepahiee! Qé‘@r'vltﬁé hydrogenadien @fyh@pwaerem asn My, an

25 increase ha&e@%h{éﬂi FRALK, FitheMurd qm:m%nmn qixwe?%r&\i@mlrﬁdtéw
terrperature ater hd enati on. i cant %aatlon 1 N go yrrers

havi ng a poI‘ffH”@’ﬁ'?é’P%? ?rya" therapf- Preer g‘ﬁﬁ’mﬂeﬂec&’éﬁa Si§&Pn alsg bgy i ncrease
of 30 per cenhavirg didmeersiin e lratdie PEIGH0I3Y00afahgstromedr ogenat i on. Preferably,
pol ynmer degradation is such that | ess than a 20 percent increase in

pol ydi spgy sity OCGHE% A, #e ﬁ; Hﬁﬂﬁtchﬁﬂe cofatte® Inah b.%géyce'oﬁéa%.ge% than 10

percent. 1n pol ymers aV| n ersity greater t an ab
si gni fi cant M&%ﬁ%@”ﬁqt% Nt "éf"ﬂ“%’l‘seﬁﬁdﬁ“é‘ﬁ@rﬁ@i BASti'WRli cat es t hat

degr adati on é’tﬁﬁpoﬂéﬁtﬁl’ rméinrs@ogrpbﬁemamprdﬁgaadmbuammwmwmmcﬁea@am rage glef i ned
as a decreasge

n rcent ,or .. Pref era crease after
P o ogennt, oydifteltsh o ihe fibkey Sadl® kppnr] SN, Sudtohh sREHER"S
pol y- al pha 38herctioyp ¥tiymeiale, ancombhetronarﬂ}ﬂ@fsat@tmmwmdtum anyglor glatime i ¢
pol ymer sygnhi ghiséd. ethQé&‘onB rc@r'ﬂSorIeﬂt &%Ymﬂé rrﬁl,%rngé'%gér%on Eﬁﬁly%%%@?ﬁée% a

decrease in M of up 04359

Typi cal hydr%@@ﬁé’ﬁrd‘ﬁ' Gf‘é'?%té‘rsgFiﬁ“c‘é%"OQroéthPr%PHp4\5't':”tﬁt%ﬁsé\‘%‘lﬂ §XPP$YRICL00C) nore
preferably fpaammatodals, andismesdin efeefedrabdd ye deaotvaidd tedistard tO@ponenef erably to
200C, nore pge I . e g, Pressure
of the hydroégegr'11 c{oﬁ%ox?netg '%léga%lyl cgo'ﬂﬂ)gg@ (ﬁ?tr‘:"lnl %bé‘ﬁ&&?%oﬁ]gﬁj é&g'r%%rgﬁlg{al on rates
i ncrease wi thobiworosawityrgs eeobure. Typi cal pressures range from at nospheric -
press:Jrgazdo 70 (I;/Pa t\r,:/ith 0.7 to 10.3 NPa bei ng prefe][red tﬁo The :eaction
vessel is purge an iner n fromthe reaction area.
| nert gases inclu ad“lﬁ”"h?féh%‘%ﬂagi"iaﬁ?'? '@8'5 gt ‘f?"lpP%%gﬁ atiRast MUY ar gon,

wi t h ni t r ogewhibie sigjfiganey iehibitthe Thactihation ofjiba &roupgvid getd! comporieet whgn hydr ogen
produci ng ¢ e r sat ur at ed
pol yner. %genao:,ﬁ%g?p" ﬁ'ég‘ll"!r?(': J%de%gr%'ln#é%q ﬁ’%}@ﬂ%f%&@@ ar%%drogen gas,
hydr azi ne an‘éﬁ@b‘tﬁt'em bitioa paetie Depelivationrab ine Gragp %'Hﬁ@ﬁialn%ﬁ\ﬂqem%bya

hydr ogensg i nggagtant déc%a@&ﬁfr@@%@eﬁlﬂ@n reblaBoravaRu nhsoé e@ngfifigd i hydrogenation
can be determ ned usg}gg Infd[;_gre or. 20 8' C{ Q techga&q? The anmount of
aromati c hydf Oy TS dpggalic] gttt Rgd avaplyel AL ALGRy |

Cycl ohexane Ga:lupt\/lllbmstabéonmmhy&Wden@ngca!eorailtmesy\ttie preserce ochbpolapt i on band

for the ar Oglﬁ'&)ildlﬁ ty! WASeift theA Sifst g&'ﬁanrﬁn@ﬁ'ﬁ%%@é@gﬁﬁpﬁleﬁlﬁ pHenfRRRPgnNce of

1.000 with tion concentration aromatlc per liter

in a 1 cm cehydrogenalign reaqien raigywhinkiscensdapstd Rereent oflthe @@QMQ("B%WH@ a 0.50

m cronet®y 2{58675&@(1 hy8ligbfdNdMcathiybtt er, M | 1ipore FHUP047) the reaction
m xture is placed in a UV cell and the absor bance neasured. The absorbance

i s dependent upon concentration. The hydrogenated pol yner products are
typi cal | y neasur ereterathy, freeamatohd dradtisgtiopnesistam cempdnept igsechibat tié | ut ed

before the aﬁ%%bﬁ@@ﬁodfwm&&ﬁ poreh 16 ehel AR civaRGH fe@BtaROdoipoREntiss 15 to 30
tinmes nore concentrated than the standards, sma
from 0.5:1 to 10:1, more preferably from 1:1 fo 7:1, and most preferably from 1:1 to

35 &1,
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30 amounts of residual unsaturation can be accurately neasured. The |evel
of hydrogenation of the bl ock copol yner of the present invention is
preferably greater than 95 percent of the conjugated di ene pol ymer bl ock
and greater JyhaxeHd percent of the vinyl aromatic polyner pépososggyents,
nore preferably 35 greater than 99 percent of the conjugated di ene pol yner
bl ock and greater than 95 percent of the vinyl aromatic pol yner bl ock
segnents, even m]'rhenﬂk@f@t@kbltyargéce@fsedfthd&mpoh@rt@@t’oﬁ@70%2pr@f§T&W@é04359 t han

99.5 f th h 98
per celr.rte rgfe n%‘i?ga“(/st‘ gq't?og'?@n&%%geso? S ORgpogECF‘érg ??ori?ﬁ qﬁ% ‘ﬁ%’g%‘t ner ably
great er thamr@@nwopm%\eme rofetatsraee denqsllﬂjmfeajsmpeneuqttﬂsyamhcabalomlnaamd 99.5
percent @ thghon My h nfhO8RciE eRBbYIFRAL, Qlaegsammtﬁga ﬁot@u@s&eeve' of

hydrogenation' refers to the percentage 5 of the origi na aturated bonds
whi ch beconed@attﬁ'rvae@dsw&aﬁ ar?ﬁcﬂ“tﬂj%frt%’] tﬂtme*?ﬁequéR‘?élpebWaWﬂ?&g@natr on in
hydr ogenat edusetinyl aromatic polynmers is determ ned using UV-VIS
spectrophotonetry, while the | evel of hydrogenation in hydrogenated diene
polymers is determ ned using proton NMR The hydrogenated bl ock copol yners
of the present i rhemoieoyizaxistrithdion,pprelvolune, fane rvérhge pare diamsteswbihiec,

dependi ng ory PB@n EgH @éamanm.yﬂeﬁeuajf o%gﬂragﬁamq; tﬁeardegéa.r%g o@ﬁ\@,ﬁ*n pol ymer
and hydrogena ed vrny aromat i ¢ pol'ynmer bl ock conponents ydr ogenat ed
bl ock copoI -83.e typically rigid when the ratio of hydrogenated

conj ugat ed drene to hydrogenated vinyl aromatic is in the range of

approxi mately O. | ess to bl ock copol rrers result when the
ratio of 15 hydrgl(g%g ated c d'ﬂ%gé? (:[Eéiél:a@ &' @Hg' Aot ed ?SHW"yaronatr cis
in the rangé*@revapﬁ?lomeﬂmﬂaqnlylswﬁlcmdwhmgn%mng Pbles obgreatet ek 6@ opol yner
gAe_ner al Hﬁ haé/r@srrats %e@&%@%&&irt%&lﬂﬁbdrﬁ@st%%éﬁ BBl E h Essval uteS-_ t
ni oni ca y ri ze ocC 0 rs m cr ase arate into
vel | - def i ned %@E Sé'&més ”V\ﬂ"ﬁ' ’ﬁﬁb%l”ﬁ@?é,’gfj ﬁ§°°{ ’89 TfM angi ng
from5 to 504620-87dorqroed diameters of iess thaﬁyqbnutadoormgs,‘ttmotsogtheceforetotaudo a
continuous nRLL LiXe BrQﬁIBSnoﬂf.s ggme{rxg[]h%g@ ﬁ‘rgn Rét%‘ifﬁ'étst‘@s iRk bt r‘?'ee{) rQEd

spheres, cyliinders or dro nate poT yner
di spersed wivolime is néflnedtbmmresénumappramrneénrs Gtﬁétﬂﬁthanlﬁ@ggn@?tm angher ei n

bot h hyctrmgehattﬁéipaeIvurtrﬁs@sne%rserea 'By amogért Ad¥8REn IR pSRs I3t Mapebsed wi thin
each ot her. These di fferent norpho ﬁ{é‘? %r Ve‘ﬂR/[‘r‘l se to different 25 physical
o ot Bpre

properties. 393§ R e HANFcRe MeMeasuraRY Y EHUt ed

conj ugat ed dhaommetol. yner bl ocks are continuous are typically el astoneric,
highly resilient materials. Conversely, materials in which the hydrogenated
vinyl aromatic pol ymer bl ock segnents are the continuous phase are

typical ly stiff, 1§ SYHaqs asea cande Meafugasadrding i A2 TM EoffiSsBier®ewher ei n bot h
hydr ogerst eds praby/ aeh thically Bemden 1b aRd PomEmbRNSretetaniiAvwe i B didioat e

st ul ness. | HPPBRGHREbKPEmEPa SO AN 1A ve. oxcel | ent bal ance of usef ul
properties and easy processability. Specific applications which benefit
ol or e o Bl MR e O BUSAY BRI o
be hydrogenated and its molecular weight (Mn). It is preferable to use supports
30 having higher average pore diameters for the hydrogenation of polymers having
higher molecular weights to obtain the desired amount of hydrogenation. For high
molecular weight polymers (Mn>200,000 for example), the typical desired surface
area can vary from 15 to 256 m2/g and the desired average pore diameter from 3,000
to 4000 angstroms. For lower molecular weight polymers (Mn<100,000 for example),
35 the typical desired surface area can vary from 45 to 85 m2/g and the desired average

pore diameter from 300 to 700 angstroms.
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articles) filns, foanms, filmsheet, foam sheet, extruded articles and ot her
fabricated articles. -14 WD 001 56782 CLAIMS PCT/US00/ 04359 1. A
hydr ogenat ed bl ock copol ymer conprising at | east two distinct bl ocks of

hydr ogenat ed, xi, aromatic polyner) and at |east one bl oc genat ed
conj ugat ed énse}yép%ll ymer, characterized by: 5 a) a total Knﬁ/{)s'mé{%?age

nol ecul ar wei ght (Mwn,) of from 30,000 to 120, 000, wherein each hydrogenated
vinyl aromatic podiNdaiuppd r&celfebre)erﬂaaan@céme Rbdd 5@&6&&%&6&% 000 and the

hydr ogenat ed u ed |en of from4,000 to
110, 000; andSFR ?Ad %X?f'f‘r’ 8 %‘%/”E|S“§1E%%E’1S%Y%'d%a?8\¥"¥?§lﬂ%a%§?€w/| nyl
aromat i ¢ pol gserenblfidd io ¢Is- /kras1a03£yd‘r'ma@maus tben hevaherolaligedeter astinan 90

percent and fihey *P(y%i%%@ﬁﬁs?r? of S a@&@gw egra%%ong)'oévgﬁgb SEKANZR

hydr ogenati on 1 eve rea cent ydrogenaﬁed bl ock
copol ymer f9Eﬂleéﬂ”mcﬂns'%@frf@?ﬁ*ﬂgtth‘és'WWQ@ﬁ%ﬁ'w g3srspturated mith watgsovgmer i s
hydr ogenat edth@@lhh‘@oné@cﬂEQ ha;érs%rmmeath'efﬂbe@ae@gmm d@bqp{@ gs@ml ymer of Caim
1, wherein trged h% Eﬂate lg% gate E g reréFE %( rogenat ed

pol ybut adi enéy“'3" e %‘P%eéH B "BFB‘P,"RQB ‘58 1 ”b‘?tefd% BtigN agMel ei n t he
hydr ogenat edaspotrghsitgithe @aneragspabtimmeed. Atenativhig, thy duppgertah be prephired

pol ybut ag§ eng, m@?x s@&@gclis%g%llel}qamewg hBRI6F Bt sifa 2%4%1\@%% Ng seaat ent )

based on the but'a |ene rogénat ed
bl ock copol yh¥®. 6‘7 SH-8BM 3, wher ei n the hydrogenated pol ybut adiene is
obtained fromthe hydrogenation of a pol ybutadi ene having | ess than 40

bol ybut adi ene. bl deR A PR REE AEAB e B DR PR R Fgpoin (54 m 1
wher ei n t he hytl 648 nat ambrapoiateunsdal edetdi @nmpoperitymetal dostaimyrdy agenabdor
pol yi sop{geNemixtures thereof, can be deposited on the support by vapor phase deposition,
agueous or nonaqueous impregnation followed by calcination, sublimation or any
other conventional method, such as those exemplified in Studies in Surface Science
and Catalysis, "Successful Design of Catalysts" V. 44, pg. 146-158, 1989 and Applied
Heterogeneous Catalysis pgs. 75-123, Institute Frangais du Pétrole Publications,
20 1987. In methods of impregnation, the appropriate metal containing compound can
be any compound containing a metal, as previously described, which will produce a
usable hydrogenation catalyst which is resistant to deactivation. These compounds
can be salts, coordination complexes, organometallic compounds or covalent
complexes.
25
Typically, the total metal content of the supported mixed catalyst is from 0.1 to
10 wt. percent based on the total weight of the silica supported catalyst. Preferable
amounts are from 2 to 8 wt. percent, more preferably 0.5 to 5 wt. percent based on
total catalyst weight.
30
Promoters, such as alkall, alkali earth or lanthanide containing compounds,
can also be used to aid in the dispersion of the metal component onto the silica
support or stabilization during the reaction, though their use is not preferred.

35 The amount of supported catalyst used in the hydrogenation process is much

smaller than the amount required in conventional unsaturated polymer hydrogenation
-10-



7. The hydrogenated bl ock copolyner of Claim1, conprising from10 to 90
wei ght percent hydrogenated vinyl aromatic pol yner, based on the total

wei ght of the hydrogenated bl ock copolymer. -15 WO 00/ 56782

PCTI USO0/ 04ghofk¢78d Ne hydrogenat ed bl ock copol ymer of C aiporhyseseq3py i si ng
from15 to 85 wei ght percent hydrogenated vinyl aromatic pol yner, based on
the total wERglNsgue tqbe highreasayititod heyeerenaypo Fataigsts. Generaly, hydr ogenat ed

bl ock copol yrﬁ&fnt@éf nsasahén ﬂg(anc&@pﬁﬂmagata&stlpéagﬂanﬁﬁ uds NGt o@erreﬁ:ent
hydr ogenat ed vi of the

hydr ogenat e%feb’ﬁﬁ%lzv'@&% ﬁ?e(?' 8 beﬁ?emaf? %a'é%'ﬁsetaa%b@%lge%%?ner of Claim

1, conpri siprgfeinrednT®amourdOf suppgited gadalyst nsedty depegderdiupon thenypegdit ed di ene

pol ymer g b n hioQf, n copol yner. 10
bol ymer Shyg;?rgg%sﬁa\{vﬁﬂﬁ%r 188 BinthEh RN orRlcob B0l S AR Qﬁoetﬁegl'o‘&g%rom YT

ymer of Claim 1, €O
wei ght perc@?ﬂd'“ﬁg}%{rs&&ﬂb?ﬁatﬁ@ﬂer@gﬁ? REESE %ﬂé@?@"%ﬂ'%hereﬁm' gactidie t ot al
wei ght of thﬂeﬁ)ﬁﬁi@ﬂ?ﬂdﬁm%hht@@b&ﬁ@ﬁéyw&mudt%opywoﬂw&ynq cxpy ed bl ock

copol yner of gﬂ | sing at St rcent h ar ogenat ed
conj ugat ed " %188%39}’@’9' %’?Bﬂge(?rfa[ ?&O@tog%oéﬁ 'gﬂ'ie p(%ps Y8538y dr ogenat ed
bl ock copol gatgner, dice ﬂﬁbeu;tppde«bgﬂala$teﬂjreb$em0harwdpms;dmamg bk claent 1, wherein
the hydieoeasRibulioBblaudH. ofBiclodi pitissd B bsD 39af o YAIROSRBLAGN | evel  of
greater th Her a| ﬁo ﬁgr ogenate g’c gﬁ ﬁjeb? &‘fmo aim1l,
wherein t hecaéﬁyﬁﬁwﬁ B%H%ﬂséﬂ‘s%tf’@?d ReYGRAt High BUPW‘H%V@MBEFS(%‘Q Pr'i%ﬁéi“ffs will
hydr ogenat i siso beansd usiig gitishai Atiodnksdt sOShdnepestagst . 15. The hydr ogenat ed
bl ock copol ynmer of Claim 1, wherein each
The hydrogenation reaction can be conducted in the absence of a solvent but
15 s preferably conducted in a hydrocarbon solvent in which the polymer is soluble and
which will not hinder the hydrogenation reaction. Preferably the solvent is a saturated
solvent such as cyclohexane, methyicyclohexane, ethylcyclohexane, cyclooctane,
cycloheptane, dodecane, dioxane, diethylene glycol dimethyl ether, tetrahydrofuran,
isopentane, decahydronaphthalene or mixtures thereof, with cyclohexane being the
20  most preferred.

The temperature at which the hydrogenation is conducted can be any
temperature at which hydrogenation occurs without significant degradation of the
polymer. Degradation of the polymer can be detected by a decrease in Mn, an

25 increase in polydispersity or a decrease in glass transition temperature, after
hydrogenation. Significant degradation in polymers having a polydispersity between
1.0 and 1.2 can be defined as an increase of 30 percent or more in polydispersity
after hydrogenation. Preferably, polymer degradation is such that less than a 20
percent increase in polydispersity occurs after hydrogenation, most preferably less

30 than 10 percent. In polymers having polydispersity greater than about 1.2, a
significant decrease in molecular weight after hydrogenation indicates that
degradation has occurred. Significant degradation in this case is defined as a
decrease in Mn of 20 percent or more. Preferably, a Mn decrease after
hydrogenation will be less than 10 percent. However, polymers such as poly-alpha-

35  methylstyrene or other alpha substituted vinyl aromatic polymers which are more

prone to polymer degradation, can tolerate a decrease in Mn of up to 30 percent.
-19-



hydr ogenated vinyl aromatic pol ymer bl ock has a Mia of from 10,000 to
45, 000. 16. The hydrogenated bl ack copol yner of Caim 15, wherein éach 25
hydr ogenat ed conj ugat ed di ene pol ynmer bl ock has a Mib of from5,000 to

90, 000. 17. ﬁ@ﬁ%%}ygr ogenat ed bl ock copol yner of Cdaiml, m?n@f{gé‘%gﬁfg

hydr ogenat e I “aromati c pol ymer block has a Mia of fro
50, 000. 18. The hydrogenat ed bl ock copol yner of Claim 17, wherein each

000 16" v JaruETuse ARty PRENFR R A fohtfooe pMiall rohfiof. 0l
copol yner ofmare graterably {am a0 ¢ ane mophriefetely4fory! aﬂ"%)‘ﬂ 25%%°6n@f?ﬁecabb’dpy mer
bl ock has a dgbec, dhoré bararaniPfd0 sbec, 2Ad A8t prérabhe 1y, ogenat ed bl ock

copol ymer. of Claim 19, wherein eacj hydrogenated conjugated di ene pol yner
bl ock hag a Mib of from 35,000 to 110,000. 5 21. The hydrogenat ed bl ock
copol yner of C aiThe preshae iohitje ydrogemiatidvhreactfonfis mancAia0@&dugle 100, 000. 22. The

{0 80000, - Iog6teyRRR, Eea i fudida e pihieibeslls Hogilohl > O

atmospheric pressure to 70 MPa, with 0.7 to 10.3 MPa being preferred.

10 The reaction vessel is purged with an inert gas to remove oxygen from the
reaction area. Inert gases include but are not limited to nitrogen, helium, and argon,
with nitrogen being preferred.

The hydrogenating agent can be any hydrogen producing compound which
15 will efficiently hydrogenate the unsaturated polymer. Hydrogenating agents include
but are not limited to hydrogen gas, hydrazine and sodium borohydride. In a
preferred embodiment, the hydrogenating agent is hydrogen gas.

The amount of olefinic hydrogenation can be determined using Infrared or
20 proton NMR techniques. The amount of aromatic hydrogenation can be measured
using UV-VIS spactroscopy. Cyclohexane solutions of polystyrene give a very distinct
absorption band for the aromatic ring at about 260.5 nm. This band gives an
absorbance of 1.000 with a solution concentration of .004980 moles of aromatic per
literin a 1 cm cell. After removing the catalyst via filtration (using a 0.50 micrometer
25  (um) "TEFLON™" filter, Millipore FHUPO047) the reaction mixture is placed in a UV
cell and the absorbance measured. The absorbance is dependent upon
concentration. The hydrogenated polymer products are typically measured at higher
concentrations since they are not diluted before the absorbance is measured. Since
the reaction solution is 15 to 30 times more concentrated than the standards, small

30 amounts of residual unsaturation can be accurately measured.

The level of hydrogenation of the block copolymer of the present invention is
preferably greater than 95 percent of the conjugated diene polymer block and greater
than 90 percent of the vinyl aromatic polymer block segments, more preferably

35 greater than 99 percent of the conjugated diene polymer block and greater than 95

percent of the vinyl aromatic polymer block segments, even mare preferably greater
-12-
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R Dt e L e TR

10%E5E58&' () -appoxiGIghbES&.o( psd. LEl&mm@mbs&b ROlyrzed cesult when the ratio of
P1, 109 :
omoror 12 &%%@g%ﬂéﬁéﬂ%u%%tg WERL KRB oktos il il -1RE 2ge 1PPOPO

10% 51 5& ( ﬂPPfO& tprd bpm'\ &lexitin beckgopglymes qpaeipliy haye(rptios@s 10% K- K& ()
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'()-S 10 well-defined morphologies, with momp ology dimensions typically ranging from 5 to 50

20 nanometers in size. Typical morphologies include a continuous matrix phase of one
_hydrogenated polymer with well-defined spheres, cylinders or gyroids of the minor

phase hydrogenated polymer dispersed within the matrix, and a lameliar
cocontinuous phase, wherein both hydrogenated polymers are in a continuous phase
interspersed within each other. These different momhologies give rise to different

25  physical properties. Hydrogenated block copolymers in which the hydrogenated
conjugated diene polymer biocks are continuous are typically elastomeric, highly
resilient materials. Conversely, materials in which the hydrogenated vinyl aromatic
polymer block segments are the continuous phase are typically stiff, tough plastics.
Hydrogenated block copolymers wherein both hydrogenated polymers are

30 cocontinuous tend to have intermediate properties.

The polymers of the present invention have found particular usefulness in
producing articles which have excellent balance of useful properties and easy
processability. Specific applications which benefit from the advantages of the
polymers of the present invention include thermotormed articles, injection molded
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1 block has a hydrogenation level of greater than 90 percent and the
hydrogenated conjugated diene polymer block has a hydrogenation level of
greater than 95 percent.

2. The hydrogenated block copolymer of Claim 1, wherein the
hydrogenated vinyl aromatic polymer is hydrogenated polystyrene.

15 3. The hydrogenated block copolymer of Claim 1, wherein the
hydrogenated conjugated diene polymer is hydrogenated polybutadiene.

4, The hydrogenated block copolymer of Claim 3, wherein the
hydrogenated polybutadiene is obtained from the hydrogenation of a polybutadiene
having at least 40 weight percent 1,2-butadiene content, based on the weight of the

20  polybutadiene block.

5. The hydrogenated block copolymer of Claim 3, wherein the
hydrogenated polybutadiene is obtained from the hydrogenatic;n of a polybutadiene
having less than 40 weight percent 1,2-butadiene content, based on the weight of the
polybutadiene block.

25 6. The hydrogenated block copolymer of Claim 1, wherein the
hydrogenated conjugated diene polymer is hydrogenated polyisoprene.

7. The hydrogenated block copolymer of Claim 1, comprising from 10 to
90 weight percent hydrogenated vinyl aromatic polymer, based on the total weight of
the hydrogenated block copolymer.
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hydrogenated block copolymer.

10.  The hydrogenated block copolymer of Claim 1, comprising from 10 to
90 weight percent hydrogenated conjugated diene polymer, based on the total weight
of the hydrogenated block copolymer.

10 11.  The hydrogenated block copolymer of Claim 1, comprising from 15 to
85 weight percent hydrogenated conjugated diene polymer, based on the total weight
of the hydrogenated block copolymer.

12. The hydrogenated block copolymer of Claim 1, comprising at least 60
weight percent hydrogenated conjugated diene polymer, based on the total weight of
15  the hydrogenated block copolymer.

13.  The hydrogenated block copolymer ot Claim 1, wherein the
hydrogenated vinyl aromatic polymer block has a hydrogenation leve! of greater than
98 percent.

14.  The hydrogenated block copolymer of Claim 1, wherein the
20 hydrogenated vinyl aromatic polymer block has a hydrogenation level of greater than
99.5 percent.

15.  The hydrogenated block copolymer of Ciaim 1, wherein each
hydrogenated vinyl aromatic polymer biock has a Mn, of from 10,000 to 45,000.

16.  The hydrogenated block copolymer of Claim 15, wherein each
25  hydrogenated conjugated diene polymer block has a Mny of from 5,000 to 90,000.

17.  The hydrogenated block copolymer of Claim 1, wherein each
hydrogenated vinyl aromatic polymer block has a Mn, of from 10,000 to 50,000.

18.  The hydrogenated block copolymer of Claim 17, wherein each
hydrogenated conjugated diene polymer block has a Mns of from 4,000 to 30,000.
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