WO 01/ 70833 PCT/ US01/ 03567 HYDROGENATED MONOVI NYLI DENE AROVATI C POLYMER
COVPOSI TIONS This invention relates to conpositions of hydrogenated

nonovi ny Walewm®siy omati ¢ pol ymers. 5 Hydrogenat ed honopol yeavEsop03ssy ny |
aromati ¢ nononers and hydrogenated bl ock copolynmers of vinyl aromatic and

conj ugatg¢pRGGEN AFEDMONOVINGTEDBENEAROMATIY POTEY MERPCOMIEDSI TROR SWe |
known in the art. Although these hydrogenated copol yners have been tested

in various applications, they suffer fromone or nore shortcom ngs,

i ncl udi I . h . [ hysi [ . .
or ocessani || 1§s el A r R SR agoaf P Rter B\ B RR gmat  crp o

have b H&de to renedy these shortcom ngs by increasing the

hydr ogenati on of the aromatic ring. Although increased hydrogenation

i nproves sone physical properties, the hydrogenated polymers still |ack
t oughness ardydregenatadchameenolyragrs phrinybiromatp srogones angrhydergenatad block

i [ . Ther.ef . e a| . d
ool ymoroPriee o Vi g Bl sl R bR ich S AR AMRGRN O ©

di st or tdPBlynRAPSe AT howh i@ thE 8% Althbiptehtieydrsgedhte@ ebpslyiershab@BRasi ti on
conprising:” a) a hydrogenated aromatic pol ymer, wherein the hydrogenated
ar onat i testpdinyyasious hpplications; dreatshfeniyamee pamasn shasicemings, Hclydeegiowoo

percent, b) ap inorganic.filler,. and 20 c 1onal a .hydr ogenat ed

B omat 1 Aeablssfape. FRAEPical ReBRyisPder Bt bR MR Re

hy digogemat: s@BiliteV Rlie@btstavt 886t mB& BeEMENY thRESHoRIbRMiS bY iRGkaing thenct i onal
group. Anot her aspect of the present invention relates to polar functional

group nimairégendti@tofthd pugesimtrang. dxldreagh enogpesisgdrby drogenation &dpiovensame

nonovi nyl i dene aromatj c | ymer .which h been dr ogenat ed. t.0 | evel of
AL b e T R S T o
excel | et orRieRBLiAle ¥ deAYBPBARSatioR®dul us, high heat distortion
tenperature and retention of properties at increased tenperatures. -1 WO

01/ 70833 PCT/ US01/ 03567 Hydrogenated aromatic polyners include
hydr ogenat edThaefopathere renaingia heasidir tygbeneadydrogonapdpelsmsts whigh saknat i ng a

hor’r%p ol gr%%{de exliq(}))(rjouv%g (goggrh?lggs%n\c/ilirrlléﬁlzasgé BT tdﬁs(t?ortion temperature.

The present invention is directed to a composition comprising:

a) a hydrogenated aromatic polymer, wherein the hydrogenated aromatic polymer

has an aromatic hydrogenation level of at least 90 percent,

b) an inorganic filler, and

20 ¢) optionally, a hydrogenated aromatic polymer, wherein the hydrogenated polymer
has an aromatic hydrogenation level of at least 90 percent and contains a polar

functional group.

Another aspect of the present invention relates to polar functional group modified
25  hydrogenated aromatic polymers produced from a monovinylidene aromatic polymer which

has been hydrogenated to a level of at least 90 percent aromatic hydrogenation.

These compositions have an excellent combination of toughness, modulus, high heat

distortion temperature and retention of properties at increased temperatures.
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nmononer, or bl ock copol yner produced froma vinyl aromatic nonomer and a
conjugated diene nononer. 5 The vinyl aromatic nononmer is typically a
nonomer owotheesBarmula: R | Ar-C=CH2 wherein R is hydrongesolnssel kyl ,
Ar is phenyl, hal ophenyl, alkyl phenyl, alkyl hal ophenyl, 10 naphthyl,

pyridinyl, C}qy(ﬁfﬂ%é}fa%%‘d(ﬂlatid"ﬂﬂ?@%ﬁ iAEMd@h¥tbgdiatidhospoBiniiss dnd Blobk car bon
atonms which nay be nono or nultisubstituted with functional groups such as

hal 0, riopolymeasyipreparedfoydrydragenatingwhomeapdpmet praduceddrann R yinyl gesmeatisr ef er abl y
Ar is phenyl or alkyl enyl with henyl being.nost preferred.. Typical
vi nyl d?%m%??bmﬂaﬂé%EFEg@ﬁ%ﬁﬁ%@“@? 8%%?"%?8? UG §¥§?é%§gm3¥¥gésoners

of Vi nyfiededh or. €Speci al |y paravinyltoluene, all isonmers of ethyl 15
styrene, propyl styrene, butyl styrene, vinyl biphenyl, vinyl naphthal ene,
and vinyl anthracene, and m xtures thereof. Preferably a honopol yner is
produced f r cFheavisyharemetiomoneinphia-tymiediy amppemer ¢fghe fasmulaor ef erabl y t he
nunber average nol ecul ar wei ght (Wn) of the honopol yner is from 80,000 to
1, 000, 000, nore preferably from 100,000 to 400,000, and nost preferably
from 20 120,000 to 350, 000. Copoly s include those produced froma vinyl
aromati c nononer as previously described, and an additional nononer
containing olefinic or aromatic undaimCGi on. Copol yners i ncl ude

st yrene- al pha- net hyl styrene and copol yners of a vinyl aromatic nonomer and
a conmononer selected fromthe group consisting of a nitrile, acrylate,
acid, 25 ethylene, propylene, maleic anhydride, maleimde, vinyl acetate
and vinyl chloride and a conjugated di ene nononer. Preferably, the

copol YTEAEREE EAREI,EERIIEN Hpril ko SRR AUSSRODRURALES, 9 onc

nonomner . ners cah co fic polynerized

viny  aaphEdyl,pyfaigier anthfecehylewhereirdany dlky gobupcdoncimol sondecarbamatom® WO
01/ 70833 PCT/ USQO / 03567 contain a polystyrene bl ock ang a . )
pol y- al whighmeayrha mege ermulsisuestituted it fipeineaharenps ush 2s halp oo ¥MB6H yner

Sk Sl 55T AP RIS SO Ay By acnes o
phenyl being most preferred. Typical vinyl aromatic monomers include styrene, alpha-
methylstyrene, all isomers of vinyl toluene, especially paravinyltoluene, all isomers of ethyl

15 styrene, propyl styrene, butyl styrene, vinyl biphenyl, vinyl naphthalene, and vinyl
anthracene, and mixtures thereof. Preferably a homopolymer is produced from a styrene or

alpha-methylstyrene monomer.

Preferably the number average molecular weight (Mn) of the homopolymer is from
80,000 to 1,000,000, more preferably from 100,000 to 400,000, and most preferably from
20 120,000 to 350,000.

Copolymers include those produced from a vinyl aromatic monomer as previously
described, and an additional monomer containing olefinic or aromatic unsaturation.
Copolymers include styrene-alpha-methylstyrene and copolymers of a vinyl aromatic
monomer and a comonomer selected from the group consisting of a nitrile, acrylate, acid,

25  ethylene, propylene, maleic anhydride, maleimide, vinyl acetate and vinyl chloride and a
conjugated diene monomer. Preferably, the copolymers are block copolymer of a vinyl
aromatic and conjugated diene monomer. Block copolymers can contain more than one

specific polymerized vinyl aromatic monomer. In other words, the block copolymer can
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The conjugated di ene nononmer can be any nononer having 2 conjugated doubl e
5 bonds. Such nononers include for exanple 1, 3-butadiene,

2- met hyl -wodibessadi ene, 2 met hyl -1, 3 pent adi ene, isoprene pomUsowasser
conpounds, and m xtures thereof. The block copolynmer can contain nore than

one speghiin LRIYHBche Bk ahd HB@FyeQ K- ﬁl@ﬁl}ﬁl@%@ﬂ@ﬁloclk NThOhEbgdfedSinyihe

bl ock copol ynmer tan contain a po butadle | ock and a polylsoprene
bl ock. hfbrﬂ'eh@ deJyme@dt)@dofch inek gmowmw ctah@&slo bearrcapelypres p\theean fheom mat eri al s

whlchr us af.ter the hydr i on, process erlals whi ch
are cap 8‘?“%?%5‘?’ g TPP2UE FYRPORERE By ﬁ atr g‘gﬁ‘&p{) ‘?{CCWEF’S&&R
pol yi soprene bl ocks renmai n anor phous, while hydrogenated polybutadiene

bl ocks can berigichhfipa@AidAb MishoRfer €4 BS @by ndAGE HERRNTESGugdiRPIobET I
structure. Pol ybut a§| ene can contain either a 1,2 configuration, which 15

hydr 6gehands St@hgnmmrmdnem@tpdﬁ\fen exampdd 1.3 blltaﬂm@nié m@b)ela]t 31h’|ﬂtasilen©r2-a

1, 4-confi i ch ro enates to

et hyl ené“géﬂg]a Pﬁfﬁﬁwn%ﬁ% éﬂlél 36|°881P§9‘P1 Frﬁ ml e§?0 S@F&%%tm y
40 wei ght, &2&1%?5'§n éon?al}%ﬁ(ﬁ‘éiﬂﬁﬁ%néw pol ﬁﬁ’e&ﬂ)n}dﬁte‘ﬁﬁhéﬂgm@ﬁoﬁé}e In

pol ybut ad? e bl ock, provides substantially anmorphous bl ocks with | ow gl ass
t ransi t iother wozds, hreabloclesopoponerivpd contemet paybutRbiendhloekdimhepdysosnhavi ng

| ess than approximately 40 20 wei ght percent 1, 2-butadi ene content, based
on the t of the pol ybutadi ene bl ock, provide crystalline blocks upon
hydr ogenati on. Depending on the final application of the polyner it may be

desijpabl e to TH%%hﬁ%'é@H‘?héhe%}’ﬁﬁ&'ﬂlédkecamb@%ﬂa?éa frRmPME A9 WhRAtremain
resi stance) or an anor phous, nore conpliant block. In some applications,

t he bl ocalmorplupls |a§tﬂEﬂledlaerngt®mmrm!8 or eateraiewhioh jayeapable oif ervstabliatiorr

kSR S T P B B B SHEE
di ene, \g{;@ﬁgfﬂatw I?Bﬁ'daﬁigﬁé B cKd &SRkl AloPhold & crps@m&amr@aeﬁeﬁdﬁgl | east

50 weig ent " of the copolyner. The conjugated diene pol yner ock may
al so be wpon dipot streturef Pakybmadlhamcmnwmpmkggtaew doré'rwratmcwhmsh a copol ymer

he HyctGGHETaE 'Sub bt BEBORST) T COUEBar ATt HEL BF BOdr T RYBePoN lcﬁ'ed o
of & copShysrah 0%5%?.e@“?é‘*%“%ﬁ%‘pﬁﬁys‘%"i*sgi‘? e
conposi tadt tsasl dpprakifmbtetyedd woighyperéne 1skhmedienoontent, based on the weight of the
polybutadiene block, provides substantially amorphous blocks with low glass transition
temperatures upon hydrogenation. Polybutadiene blocks having less than approximately 40
20  weight percent 1,2-butadiene content, based on the weight of the polybutadiene block,
provide crystalline blocks upon hydrogenation. Depending on the final application of the
polymer it may be desirable to incorporate a crystalline block (to improve solvent
resistance) or an amorphous, more compliant block. In some applications, the block
copolymer can contain more than one conjugated diene polymer block, such as a
25  polybutadiene block and a polyisoprene block. The conjugated diene polymer block may
also be a copolymer of a conjugated diene, wherein the conjugated diene portion of the
copolymer is at least 50 weight percent of the copolymer. The conjugated diene polymer
block may also be a copolymer of more than one conjugated diene, such as a copolymer of

butadiene and isoprene. Other polymeric blocks may also be included in the hydrogenated

30  block copolymers used in the present invention.



t he copol yner. M crophase separation occurs due to the inconpatibility of
the polyneric segnents within the block copolyner. M crophase separation
and bl ockwoapobsssers are 5 wi dely di scussed in "Bl ock CopoPgmeserdesi gner
Soft Materials", PHYSICS TODAY, February, 1999, pages 32-38. The

hydrogenat ed ohLack iCRROINATERS] by PhSIHeYic e Berd 0B icG?élyﬁl@P whichfexhipis ogenat ed
conj ugat ed di ene polyner block to hydrogenated vinyl aromatic polynmer bl ock

of fr ommiéfiphfsctsepirafidn fromed srwbirglly ooeongHsg®naly difept potymeerisrse g@enity
from30:70 to_ 15:85, based 10 on the total i ght of .t. r ogenat .ed

conj ugatt’é‘?jc‘tﬂ"@ﬁ%erpg‘_ﬂ&? 3 FFORTALAY OFFES E‘I‘\eg/tt?\r,\tﬁ%_g’r?g{n@au}?},}ﬁ'yﬁ%g? B%megcpol ymer
bl ock. EE%:EE&E %Jith‘ﬁ?ga%ﬁéc.k%gE)leew Mi%ﬁﬁ@s’e%@péfhtlmﬂ andB108B¢dpplyRry BRY bl ocks

and the rogenat ed conj ugat di ene polyner block(s) is ‘typically at

| easts 8Qwidelygliscuperdr fiBlockrGipelyairry DesigheraSaift Materiaied, MIYSIGS FODAKL y at

| east 95 wei ght g{eprcenéz(g the total weight of the hydrogenated copol yner.
15 The ff&ﬂ@@éﬂ%’ BFD opol yners of the present invention are produced
by the hydrogenation of bl ock copolynmers including triblock, nultiblock,

tapered bl OCkTheﬁWéir@Séeﬁﬁted %h&ﬁ%oﬁ&?ﬁiei@&?ﬁfia@}’ﬁﬂe@w&%ﬁ;ﬁ ra§@§5§,’c}r§lge$nateal SIS,

and SI SBS (wherein I's polystyrene, i's ‘pol ybut adi ene an S
pol yi sopoajghted Bisnelpobyakerddpa tp ydmgenatedivmybaromatis polymer blocklobélem segnment

i sed of i nyl i bl ock h l,ock
Copol ynetseh tscs FayproiseRByBPm o G110 gt Ao T 078 AS B roeaed
wher g1 n SIS &bl QK dFlc ReBk4ARRSn Rz ARMIARIRI G AR dyfligh ock_pol yer

backbon ear s“woul d 1'’ncl ude or “exanpl e SBS, SBSB, SBSBS,
and SBSBSRrogthsted @il yrotaticaolymhardldk. Hhanctabdeightstodites hydpedepnated vahdi ns are

attached at any point along th opol r backbope. It shaqul bhe not ed
here t haromati¢ plymenblocks gkl ‘i?? %3‘1%88%“%%%@, ‘ﬂ?f’ce Hﬁiyfa‘?{&g%‘ﬁ%ﬁ Bhat snall
amunt s &gicglfl thrﬁ:%’t 95 Wi Qllcﬁﬁtlf fé?eg}%lfylrﬁ?{]eﬁs@m?al?d RBrerefibedar 1lixg o5 ot al
wei ght average nol ecul ar I ght {)l\/h of the block copolyners is typically

from 24, Q6ight pur&dnt bathe ol waigBOof1BO hydrogenaprdsfopphiniey. f r om 45, 000 and nost
preferably from 50,000 to 150,000, typically to 135,000, generally to

or of B abl y ¢ ot osoBentiia HpEk cepoaiee: Plsfc P s TrRREBABEOREG oY the
o bl SRR S A A e, T,
copol ynebloeicopol ppes sidsasBB $iSBSBS1SES, SISIS, and SISBS (wherein S is polystyrene, B
is polybutadiene and I is polyisoprene). The block copolymers contain at least one triblock
segment comprised of a vinyl aromatic polymer block on each end. The block copolymers
20  may, however, contain any number of additional blocks, wherein these blocks may be
attached at any point to the triblock polymer backbone. Thus, linear blocks would include
for example SBS, SBSB, SBSBS, and SBSBSB. The copolymer can also be branched,
wherein polymer chains are attached at any point along the copolymer backbone. It should

be noted here that in the production of block copolymers, it is expected that small amounts

25  of intermediate block copolymers are also produced.

The total weight average molecular weight (Mn) of the block copolymers is typically
from 24,000, preferably from 30,000, more preferably from 45,000 and most preferably
from 50,000 to 150,000, typically to 135,000, generally to 115,000, preferably to 100,000,
more preferably to 90,000, and most preferably to 85,000. The Mn, as referred to

30  throughout this specification, is determined by gel permeation chromatography (GPC). The
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dependent upon the nol ecul ar wei ght of each of the hydrogenated pol yneric
bl ocks. It should be noted that good properties are obtained at

hydr ogenatvaxboiviosssl aromatic pol yner nol ecul ar wei ghts whi eaTarse1/b3seéer t han
t he entangl enent nol ecul ar wei ght of the 5 hydrogenated vinyl aromatic

pol yner . Bp,%uem@& 8BRthy HRJg’é‘ﬁéiE@Blo\éﬁbQL%%lyﬂf:r dRbyEraEs bistainsd@ei ated with
the chain length requiredf a given nmer to show a dramatic increase
in el tdepesdesiupyn dlstend;l@cxdhawclgbmfamglh ef'rth(?thydrdgheate‘hpdﬁmeéﬁbmkml ecul ar
wei ghts for many common polyners have been nmeasured and reported in

Macr onol ecul e age 463 itk i for
gl assy pol yne?sgh?'ﬁa%er?ﬁ%dm Pl?é(gp es 't P &“ﬁdiﬁh [c;ifg‘%1 ugﬁ’(rir) sglzogr?%l
achi eved, nﬁpﬁi&iec&ﬁr tWeiEh®s WhRhaRd RV mrthe Bﬁihl@gléﬁlérﬁt Ele@ir &gk, offted
|nstance tyrene Polymers in the Encycl opedia of Pol yner Science and

Engi neer hydrpgaated \éuijltaramatioveslymer. 1Fhe qmgméermu nrolecy@aggyelghrwé a@ﬁtymg ienent

I ecul i | 000 f
(pol yvi ngreegerarayte fhindenely edolied Birg et B oL R ABER! TRl HotSCF
properti ﬁérﬁﬂ&omf&@e%%%h'ewang%&es OMeaén%féle%ﬁenlﬁldM[ﬁW@%rﬂW|

aromati c pol yner bl ock nol ecul ar wei ghts (M) of O. .2 tinmes the
ent angl e nmmomplogcn&rahavmbegh Unaa’sulad Iaydi r@ganélmm_wgmgl_emmﬂ% Vebipa2f,. The

Mh of th | t Kk | be f
pr er(‘) er ab%ge' ‘{‘gé’m trllgrég’@‘bgo ? eb‘fﬁg B?%’MH":]M?@]C% %‘ﬁnﬁ% F%reélgﬁ‘or y
fromg0, ?l%.)m%lgy : OQ%Oachle%c?zllea{b%m Yo hﬂw?%e%@angm&t Hfoﬁcﬁl’a@bde)’gﬁt BseéDfoP00 and

nost prefera he di ene 20 pol yner bl ock w | typlcally be
f r om 4, 00Btanpe,Sreread Pylytreonindh® Bocy chaprediappfdfodyratr Scidnco and E0giedringadnd nost

f bly f 12,000 to 3 0 b| to 28, 00 f bly t
2geogtr)aaﬁémﬁlr32\% o sty 004 1o 30wB0 1 P pRaHichBal PklfEes TRUTR bt cach
I ndi vi dugl Bl Kel f38t069 f&\i’\lﬂf M ng?owsﬁﬁéﬁle (ﬁé’l inX/[@Eloﬁéxatn@F Wegaeat

i nventi on, can er wor d for 25 exanpl e,
two hydr @greﬂatned thaJt 915( bpamomabalmcp off propertizls candi 9rom:$shb1ﬂnt3t tem bwdzrta:g@ett ed

bl ock copol ynmer may each have a djffere t hads. o Ki
copollymehydrggenaiz] Yngkpgamatipelymes IOCk?PB?Cd“g]I‘XFNErﬁ? &R) O‘E%gg? gl'?rg‘ﬁ%eség% made
by ani oni I I ni oni ¢

Pol yrrer | SHERBISHEES ERbURE o KA, AR e T eh and R P.
Quirk, Marcel 30 Dekker New Yor k, 1996 I n one enbodi nent, bl ock

copol ymer s ar heade of);hesmq,d enimatic polgminblody FOBGRicRLY be/fom 686 preferably
from 10,000, more preferably from 15,000 and most preferably from 20,000 to 60,000,

preferably to 50,000, more preferably to 45,000 and most preferably to 40,000. The diene

20  polymer block will typically be from 4,000, preferably from 8,000, more preferably from
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.

It is important to note that each individual block of the hydrogenated block
copolymer of the present invention, can have its own distinct Mn. In other words, for
25  example, two hydrogenated vinyl aromatic polymer blocks within the hydrogenated block

copolymer may each have a different Mn.

Methods of making block copolymers are well known in the art. Typically, block
copolymers are made by anionic polymerization, examples of which are cited in Anionic

Polymerization: Principles and Practical Applications, H.L. Hsieh and R.P. Quirk, Marcel

30  Dekker, New York, 1996. In one embodiment, block copolymers are made by sequential
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nmononmer addition to a carbanionic initiator such as sec-butyl lithiumor
n-butyl lithium In another enbodi nent, the copolyner is made by coupling
atribloskoautosdd al with a divalent coupling agent such aRCT/US01/03567

1, 2- di bronoet hane, dichl orodi net hyl silane, or phenyl benzoate. In this
enbodi Nmemdnonter additibn ehatarbfiesis inikiatr $Gchnasrecbutyl dfidah oumiiayl lahivan. In
conjugated diene 5 polyner can be reacted with the vinyl aromatic¢ pol yner
coupl i ngnether ¢rabgdiment, thercapelymer iynpfs Py courliagadrblogk platerial Wgétai ‘@VfblS‘Pty ner
bl ocks ' L §Hig : j j is
common! FORRINEHER sufn B4 L2 Ethcimdctha B Bord A& Rle, of R IREIMILE ' *he
smal | chigis embbdihcaine spedllyohain @ee shanol0 monaher repeat anis)sifianohjughtedidiaience no
m crophase separation is achieved. Coupling reagents and. strategies which
haveS be®alymsrsan be zastedmvgth the viny arqueatis Rodyraen coMpPlngend edrsibitts 98s are

di scussed j j a i : cTely t
erbod; marythy The? nttrortas SHARHEE bibes 89Syl aifithiod Bodfig Albtore
pol yner itgigtdchnigue adni@omle k&t toaichielve chlslitlg of\iisd iyl abmatt polgiies endsent

nmononmer additions add equally to both ends of the grow ng polyner chain.
An exanpibe sofallghgine dienegobyipeitdogs at Gonptituie pdistinct Plogkisinge nogmisraphaseheny!| )

b treated wt.h i 1 hj . - -
Dot or < P SR PR N s B iSRG Al o
hy driggenalagidtyt 6f sy pol§inkasatidhs Hresdibdtkssdd ia HsichAiy Q) Thapfer 1Y Pgegrovat i on

can be used and such nethods typically include the use of netal catalysts
suppor t 831oMn arothersmehodimenybdifunptionalanionia oy uskdsonitiateshe pat ent
5,352, 744) and Ni_on kiesel gu n 3 i.tionall
sol ubl e P %ﬁ?@l&%ﬁ%@e Senh @@Pés bl ﬁlfaﬁ‘g‘s‘sth%Fg‘psg‘rbg%%%‘?to@&%éﬁ il of

transi tizan eRiIBl tobdt endelof fre @bWHIPMET ¢haati Aln 3Rtk by h shé i uns can be

used to fully saturate bl ock copolyners, as described in D e
Makr onoldsfunteenal Thestpeis Dobistlepheayletinnyl)bgnzenedreated figh onggaplsligmat i on can

al so _be achi eved usi ng, hydr,ogeg..and ro catal yst such as those
descrt bed RO st Br Rt M e BBl g0 RERIBRRS NS 5 65 253, The
25 catal ysts described therein are heterogeneous catal ysts consisting of a

metal cryst al ThemdpepRidrice dopslymePBHydfogehited o @tHost kiddscof WiBatendbR! € of a
silica supported catalyst which is especially useful in the pol yner

hydr ogery wathod of hydroenstian cambe aspdand su¢hnmesthede bypisrllyingledestne ugqoinp/ g

which is_synthesized such th i : i i I r ngi ng
bet ween m%%&?t R %B)(BBH%n%% 3 r?%nr%%?ar%ﬁ%]}sb@g I is(q:lgfli%g PWREI%&%%;@'E%J?%%RW th a
met al canasy mMOhndNi oakadsyBuhg(Ng IPaaasd33on49f AdbRiopally,¥8lublesuch as

ni ckel, cobalt, rhodium ruthenium palladium platinum other Goup VIII
met #l0s, hoordgieneaus satlysts surh gy)ge preppedfironpepapinations of transition metal salts of 2-

ethylhexanoic acid and alkyl lithiums can be used to fully saturate block copolymers, as
described in Die Makromolekulare Chemie, Volume 160, pp. 291, 1972. The

hydrogenation can also be achieved using hydrogen and a heterogeneous catalyst such as
those described in U.S. Patents 5,352,744, U.S. 5,612,422 and U.S. 5,645,253. The

25  catalysts described therein are heterogeneous catalysts consisting of a metal crystallite
supported on a porous silica substrate. An example of a silica supported catalyst which is
especially useful in the polymer hydrogenation is a silica which has a surface area of at least
10 m?/g which is synthesized such that is contains pores with diameters ranging between
3000 and 6000 angstroms. This silica is then impregnated with a metal capable of

30  catalyzing hydrogenation of the polymer, such as nickel, cobalt, rhodium, ruthenium,

palladium, platinum, other Group VIII metals, combinations or alloys thereof. Other



-6 WD 01/ 70833 PCT/ USOL/ 03567 het erogeneous catal ysts can al so be used,
havi ng dianeters in the range of 500 to 3,000 angstrons. Alternatively,
t he hydr ogewnatiesen can be conducted in the presence of a m reniustiypdsergenat ed
catal yst. The m xed hydrogenation catalyst is characterized in that it 5

CONPri SESeRolhetiul E:?tagffsmﬁ?:ta LB usUP HECRBARERGSrs i 1R thhgeSét SUOTH QUL
conpri ses aﬁy met a |cﬁ W Il 1 ncrease the rate of hydrogenation and
i ncl udeangstroksl , cobalt, rhodium ruthenium palladium platinum other

Goup VIIl metals, or conbinations thereof. Preferably rhodi um and/ or

platinumis used. Howeyer, platinumis known. t a_poor h enation

catal yst for Mﬁemtl!"ég; %{FH‘(.E/P %P%tfonpqaﬁt%feﬁﬂﬂﬁ\i@%‘iﬁgqﬁ%?reg%mﬁro £# é%%ge)cg in the 10

hydr Ogeﬂg(@ﬂogéha?éd &Iltz{l{lét.l ThE ALY ARIrSeenkiSn SAS9Rs CRMAREHR iHsedid N the ni xed
nati

- hydr oge n catal yst conprises a pronoter which inhibits deactivation of
t he & oupmpiisds a mixtnak Of pt lepuinwe xpmpanents. ol rofirst corapanenbéampriags ang metl ei n

referred to as the deactivatjo resi stant conponent. ,Suc onponent s
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at |least an and significantly inhibits the deactivation of the
G oup ViPkdfermBlyadhodimmpantot platrem éxysod.e Howeverpplatinumipkmawn tsbad podrn a

pol yner conposition, herein referred to as a deactivatio i, nhj bi ting
amount . hpdreeenagionicailyst erH%t”(lise)g’fSr ey PLAERYP "Y%’%’&?ﬁ’&?&%@“ﬁ@‘ {hgi gni fi cant
decrease 1.0 h i LO hSonehit BRI mB@di N conpari sons
of algn‘i %é’gro 89(%1}%)%8)33@%%?&5{9@%& ;i/}}sl% E’égﬁgdg&gg? al 3t/st containing only a G oup
VI 1| netghirdpenmneatalys demprisadentromater editdi inhibits deavtivaeonoefebetcenoV1la pol ar

inmpurity, wherein the catal yst containing only .a GGoup, VLIl netal
conponeneetaliiupPR §XROSHIERORGEH B3 terals. @nd fﬁg%elpé?%“ﬁfﬁ%?g) thg dpelivayon,, 75
percent of. the rat chi i t ) i Sst.

Prefer athi}?tarphcgmir?lg)arﬁt %:‘)I?H gggﬁ%&\%&té}gﬁ{%ﬁ?%r?%%qugrnng%hgﬁ@g&gﬁbh that the

rati o ofgngfent h@rdRinwp nidbidmmedkuestharefit to the deactivation resistant
conponent 1s from0.5:1 to 10:1, nore preferably from1:1 to 7:1, and nost

preferably from1l:1 to_5:1. The catal yst can consi of the ¢ onent s
al ond, but priFecBemy of fis deagtjalien res tf?@ﬂ%qwlsé’iﬁr?ﬁ @e%m%u@&g’b%ft on
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depositedon—a support such as a silica, alumna or carbon. In a
polar impurities within a polymer composition, herein referred to as a deactivation
inhibiting amount. Deactivation of the Group VIII metal is evidenced by a significant
decrease in hydrogenation reaction rate. This is exemplified in comparisons of a mixed
20  hydrogenation catalyst and a catalyst containing only a Group VIII metal component under
identical conditions in the presence of a polar impurity, wherein the catalyst containing only

a Group VIII metal component exhibits a hydrogenation reaction rate which is less than 75

percent of the rate achieved with the mixed hydrogenation catalyst.

Preferably, the amount of deactivation resistant component is such that the ratio of
25  the Group VIII metal component to the deactivation resistant component is from 0.5:1 to

10:1, more preferably from 1:1 to 7:1, and most preferably from 1:1 to 5:1.

The catalyst can consist of the components alone, but preferably the catalyst
additionally comprises a support on which the components are deposited. In one

embodiment, the metals are deposited on a support such as a silica, alumina or carbon. Ina
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-7 WD 01/ 70833 PCT/USO1/ 03567 nore specific enbodinment, a silica support
havi ng a narrow pore size distribution and surface area greater than 10
met ers sowernedopPer gram (n2/g) is used. The pore size di stPChuse3s67p0r €
vol une, and average pore di aneter of the support can be obtained via

mercury Iﬂgiéﬁ)s?{egﬁt: Te¥nblo@irhh J\gnwﬁp%ﬂ%ﬁeﬂgragﬁn%fw p5EM B HAREGtBA-and> The

pore size ribution is typicall'y measured using nercury porosinetry.
However , surfiace aree teheatkritsanol) mewuf fquaredrper fram (medguisiused- por es of greater than
60 angstronms. Therefore, an additional nethod nust be used to neasure

pores less th 60 angstroms. One such nethod is nitrogen orptian
according to igﬁ'wrﬁsl?%ﬁﬁt’éggqo& PRST lIllHP%t.r?élfi é’?’%rag%POIieéfé?g'fetﬁ%%e@%%?Rp °F00
angst r ongy, pRAh&aT Gia rﬁ@éﬁrggfoﬂ%ﬁe@ FSlloWisd tHelprbdeRBiniS oIRETNED-aB4tdRe 10
requi renent that at | east percent of the pore volunme is defined by pores

having pore dianmeters greater than 300 angstronms and that the pore vol une
measut ed by nilhe peresizedesinbwidnos tmeallygneasuted singiaercByMosPRBEYrHNs, be | ess

th 2 t of th t al . > d i metry.
R LR LS A I e R R S R T

area 15ThéreforPi analdidioRSTIMEBBd HfisehluskdQo Fidasure Eb&fs%sglﬂhavl dueinpEesmd.5 and 90
wth nost preferably between 50 and 85 n2/g. The desired average pore

di anet er Ons sudpaatiodis niprogert desomioprmecordimgdn AN d-B641-RY deragendieagtesnd it s
| | i ght (M It i le t t.s havi hi gh

aver age Boles HAaARREAL0 pies Rl FGIgien BT PET S SrEPLOL R e

mol eqyl afe %ﬂgﬁﬁhgtﬁat ﬁé&sf@t Berberit B?tlﬁg)giré' S6luARTY B iRl b QARRA pRe  FOT

hi gh nol ec r wel ght polyners (M>200,000 for exanple), the typical
desired dianferne gaaea timar’00angstfanomantizhatch@ ponepofuragitheasguned biesiinogeh aver age

di ter f 3,000 t 0 t . _For | | I i ght
Pl yor S QERRLIOGT Do 5 MR AU PR EHG O Ji5 I ALt s aftore Bl

vary fro R diRe desired average pore dianmeter from 300 to
700 angslmregsrrs?ég%ﬁ%f({llg{(’:gosuppo ts are preferred and can be nade by

conbi ning potassiumsilicate in water with a gel ation agent, such as
f or mam de, polThasuifzicrageaasad Heanedsired ageordingrip AYTM dD-3663-84.SThesurage angg.

4,112,032. The_ sjlica is t hydr ot her |y cal.cin as.in her.. RK , The
Shendse o5 peany bisyedh 1t b P e BSHTY betd 15 sNIBa Rl o Frsefoly

gener al | yoGRRZIsHLAd 89imMAgating the silica while passing a gas saturated
with water over the silica for about 2

The desired average pore diameter is dependent upon the polymer which is to be
hydrogenated and its molecular weight (Mn). It is preferable to use supports having higher
average pore diameters for the hydrogenation of polymers having higher molecular weights

20  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 25 m*/ g and
the desired average pore diameter from 3,000 to 4000 angstroms. For lower molecular
weight polymers (Mn<100,000 for example), the typical desired surface area can vary from

45 to 85 m?/ g and the desired average pore diameter from 300 to 700 angstroms.

25 Silica supports are preferred and can be made by combining potassium silicate in
water with a gelation agent, such as formamide, polymerizing and leaching as exemplified
in U.S. Patent No. 4,112,032. The silica is then hydrothermally calcined as in Iler, R.X.,
The Chemistry of Silica, John Wiley and Sons, 1979, pp. 539-544, which generally consists

of heating the silica while passing a gas saturated with water over the silica for about 2
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-8 WD 01/ 70833 PCT/US01/ 03567 hours or nore at tenperatures from 600C to
850C. Hydrothermal calcining results in a narrow ng of the pore dianeter

di stri butwomni/asssyel | as increasing the average pore di anet BCT/US01/03567

Al ternatively, the support can be prepared by processes disclosed in Iler,
RK, T i St j | Idsgyc-a o -581. 5 A
silica glg)ﬁ)lf)stc)gr} 'ﬁgbdé c?zg%legfgfg?ugg%% eéma et\glvjéssi9 n%' t g%?ﬁngigﬁglgg%?ie%g%q?% uU. S
Pat ent MNerowdng d0thé pore dlametppdspitiusive asreicllas ime¢aaingtberpoaregy poradiaabeter.

cont ai ni ng conmpound or mxtures thereof, can be deposjte n.t he support
by vaporA velin HRrsSUPPET cam, Be BESRAres by Hﬁ%‘f’?ﬁﬁﬁiéﬁﬁf?sf:&ﬂgﬁrngtllgmxi‘?ol | owed by
cal ci nat E Eygt ] i : r nyendipdygl nmethod, such as those
exenpl i fd:ﬁ) T Sm&’sﬁﬁ%%& fa(?ceg%gi leér?r(?’eiégnd1 Catal ysis, "Successful 1o
Design of Catalysts"” V. 44, pg. 146-158, 1989 and Appli ed Het erogeneous
Cat alsysi s pgsA siliasi@drtedreatal tstitan ba madausnglthePeogess deseribéd maiSoRatent1 987.

In nethods of inpregnation, the appropriate netal containing conpound can
be any C¥epOUHYT b rRBARRTARiae fetal Tnelal CoppeRgnb iyl HBBTIN SOPOVIEH wi | |
produce a. j ' ' '

Geact | v e G IURbb ARG oty apbEniRe i Alon Kisous o

or ganoneficiabieoud Impeppaiondsliowed by ahleihaticspbkmetson drygmycahdrycontdntionalt al
metal content of the supported catalyst. is fromO0O.1 to 10 w.  _perce L
based onmethedsichps hesgeremplitieddn StudigsinSustage seianceand, Gatalysip, éfl&?eé%ﬁ}

amount s Ar Q t er cent
basegb onﬁ?sg a{)fg%é'F%sﬁé\é\%p ?%g?g’nlb%sg%ég FREIRR, Eél,lg@t péga)'rt h or

| ant hani gk 12D Mhaitie Fgargaispuugole Pablicalions, 19297, Ha mitholdst of imipeegnatio)ehe

di spersion of the netal conponent onto the silica support or stabilization
during t2nPropsiate Mek! ceniaingly qomoungd san beampgorppaund cppiginingya mefal A%t of
supported cataly I . r i i e t han
the" anoute RUguEisatSEE il o pRAEFCHRRRA: BRRBEARESE cliiiv kel T Slan

react i ong dbdetivation! Maeddi @mpoandd ¢ani teysah$, cobrlimyidn egmpaixeorgaioaleyslis .
General ly, ampbunts of less than 1 gram 25 of supported catal yst per gram of
unsatiur aeaapgudy peeovatent geeplex¢i- t h | ess than 0.1 gram being preferred and
| ess than 0.05 being nore preferred. The anobunt of supported catal yst used
i s dependent ; g\lglg&pja kX eatoSt i

sem -cont i nuoxgﬁg?ﬁﬁgﬁ%ﬁgn%&\%%tgﬁ%ﬁl;?fc}ges cgt%%ﬁtfﬂ nsl,g@lgﬁtﬂ: 'qgglq?gvtrrber ature,
pr essur ep&déhtbassl drothe tataewsipkreithe sitiypsuppbriedeatilysin Préfomblenayownts aref r om 5

mnutes to 5 hours. Continuous operations can )
from 2 to 8 wt. percent, more preferably 0.5 to 5 wt. percent based on total catalyst weight.

Promoters, such as alkali, alkali earth or lanthanide containing compounds, can also
20  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.

The amount of supported catalyst used in the hydrogenation process is much smaller
than the amount required in conventional unsaturated polymer hydrogenation reactions due
to the high reactivity of the hydrogenation catalysts. Generally, amounts of less than 1 gram

25  of supported catalyst per gram of unsaturated polymer are used, with less than 0.1 gram
being preferred and less than 0.05 being more preferred. The amount of supported catalyst
used is dependent upon the type of process, whether it is continuous, semi-continuous or
batch, and the process conditions, such as temperature, pressure and reaction time wherein
typical reaction times may vary from 5 minutes to 5 hours. Continuous operations can

30 typically contain 1 part by weight supported catalyst to 200,000 or more parts unsaturated
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30 typically contain 1 part by wei ght supported catal yst to 200,000 or nore
parts unsaturated -9 WO 01/70833 PCT/ US01/ 03567 pol ynmer, since the
support edwoat/aé8pst i s reused many tines during the course PETASHAIBETOUS
operation. Typical batch processes can use 1 part by wei ght supported

cat al y5tp&l&ni§xi, QL t}féas‘ilg%?r%@m&dﬁs@tisel@uw HERY timbl 8l the BhELAbEERRinan

pressures al so en e using snmaller anounts of supported catalyst. 5
The hydramestmni diypicahbatcloprocesseheancusadumariey weighhsipabsehcaalpsét taS9H00vent but

is referably conducted in._a hydrocarbon solvent in ich the pol ris
Sol ubl o BARE RIS Ay e, (H R A G PSR St T g el o BRSTEED| v

the sol veptudiSofsudbiiefifdysol vent such as cycl ohexane, nethyl cycl ohexane,
et hyl cyczﬁg exa%e,uigyﬂgf ooctgne, cycl ohept ane, dodecane, di oxane, diethyl ene

gl ycol dinethyl ether, tetrahydrofuran, isopentane, 10 decahydronaphthal ene
or nisxtures tHeekairpgasatibn coactiohearelreecdpdinetgd ithihembsencp pe4 eolverd bullise

t t whi ch th ti i. dyct b t
at " whi cETRAS SRBEIEH BV AFCHROL BT GNITY L RO B s e SO TRSRe .
pol ymer . o hegs: 3(3:' droéeﬂ@ti&?%e‘é&%n. RRfePIF fle@BvRH: BY sBnffed §a9&tsticVh,

an increase I n po persity or a decrease “in glass transition

t enper at ar@ycloatkae, mgthybryelohtxame, etBylgpilohaxant, cytelgpetaad, cpeloheptpe.l yners 15
havi ng a_ pol ydi spersity between 1.0 and, 1.2 can b efined as an increase
of 30" pedeetnes floxgss diUhyIERs &j&?@! SupetnySthdn, EirapYATP B SOPEHANSY of or abl y,
pol yyer | i P& there6 SvithBR1GRe RheRRIGEAL niREHERSRA! N

pol ygfspg%§§?§%@&dé&§ﬁf§?xﬁ’y%r oagnétilon, m)set Sr ef erably ess than 10
percent. In polyners having pol ydispersity greater than about 1.2, a
significant Ubeteageeatire atwihéchuhea hydwgeutioafis emdnyidd ogrebasnyoempacioraies

t hat degradatiqn has. occurred. 20 Significant degradation in_this case.is
def i ned HEch Hydresaaiion apchas vibospsighrican degradatobol thepaB e Py eradaig of

decr eas eth@?gﬁ’m&%@ﬁ igg _%g@&ﬂﬁe @%‘g debreR§e in@Via, dadedQ iR ?)F%&bershpﬂﬁl 8Eorease.

polymers s as po pha- fret hyl styrene or ot her al pha substituted vinyl
aromat i cin gladsyrapsisiontémperamuee, afierchyirageaation. giigyifeantdiegradatadn inrpolyoners
ol ert e, 8 dect cpae LA £l 0 30, Ber ety 2% TSl Dy enenailon,
oo, T2 B ehEa i arkF O gn puisdonlnto iR e o
react i onlessthant 20rpetdenaincreakomgiolyiishecgyretum aficalylsogenation, most preferably

less 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.

20  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-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.

25 Typical hydrogenation temperatures are from 40°C preferably from 100°C, more
preferably from 110°C, and most preferably from 120°C to 250°C, preferably to 200°C,
more preferably to 180°C, and most preferably to 170°C.

The pressure of the hydrogenation reaction is not critical, though hydrogenation rates
increase with increasing pressure. Typical pressures range from atmospheric pressure to 70

30  MPa, with 0.7 to 10.3 MPa being preferred.
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increase with increasing pressure. Typical pressures range from atnospheric
pressure to 70 30 MPa, with 0.7 to 10.3 MPa being preferred. -10 WO

01/ 70833 VACH1/U883L/ 03567 The reaction vessel is purged w tPCHHSIM3867 gas to
remove oxygen fromthe reaction area. Inert gases include but are not
limted to niThe@gRfion Wesseligipudged witlyaminev dab thidnidgaxygbeiromn the adaetisred. The
hydr ogenati ng agent can be any hydrogen produci ng conmpound which will 5

ef fi ci edtday Ingrtigasge gludettg agernph lmlﬁgé@nmgyw.huwaﬁg@qax Vil nHERZER s
include, hut are not Ilimted to hydrogen gas, hydrazi ne and sodi um

bor ohydrbleﬁlép?’?fgrr%&pr eferred enbodi nent, the hydrogenating agent is

hydr ogen gas. The anmount of ol efinic hydrogenation can be determ ned using

Infrared or prhethydrogdhMirgeapent cind®.anyhedwigon ptodatingrcompboutd Wiithogiénat i on
can be nmeasured using U/-VIS 1o spectroscopy. Cycl ohexane sol utions of

pol y§t yreéficdenlnkydgogeanty the yasapuated pelypsri Bidipgspatingragents inglededtyt a1y at
bout 260,. i i - i t]
concent diie By dlbghn BECHyShad8 o8 SGHIRIRANRRE, PRI fbodiBbt U]

renovi Ng dfdfgenaxaltgalgyﬁttis Hidrofén gasati on (using a 0.50 microneter (gm
"TEFLO\ITI%;I' ilter, MIlipore FHUPO47) the reaction mxture is placed in a
W cell and the absorbance neasured. The 15 absorbance i s_dependent upon

concent r at i ontheAROUR, af dl§ERKtydrogsnstiagy cap b dgteraingddising Infrared oy PFERR ur ed  at

hi gher e, [.Qn [ i r . e iIs
et ur el T BRRR" TR WREnt Ao Ao Mratib faPlie AL S ARG VRRIY
conc@nt rspe@fbstdian Cyrtohexhmnghitiths of polybtysdime giNesa edry kdésincibsorprisA baidfor On
can be accurately neasured. The | evel of hydrogenation i s dependent upon

t he pol yh@aromtiﬁéingm Al 24P Sdim .t Rbis band givesiar aborbarea p{ § 009 88d 2 t he
diti . : _ ' ¢ : _
Pvar ogeraTign cofhualth b BoaRREM0RS of Wiyl Bec HEE Ma ) BNECIL atter remavipg .

whi ch bageb&alys@atia fiftkRidnypang hdoogrRaahétonunmng BRION ™ filly dvidigpaat i on in
hydr ogenated vinyl aromatic polyners is detern ned using U/-VIS

spect r ogHdYBMED ke regptignemppiere|igplaredim Ay Y csl @and theorbsorbaneg measyeadatlds di ene

pol yirers_.,i s,det erm ne sin ro . T e f enation can
be dgf_eraflﬁs?fgamﬁﬁs aegg?li%{ﬁl Oﬁﬁgn%eéggtrlm lgglr%%\ég%gg?gégeﬁg%{%ﬁ%’oﬁ?@mr and
conpar i Ngpicelly MeasupEPAt cOiceatriR e gayaire dotsdiRibsditbedore lihe &8sBf&anyor ds,

the absorbance of a 99.5 percent hydrogenated polynmer will be 99.5 percent
| ess t hal measured. Since the reaction solution’is about 15 to 30 times more concentrated than the

standards, small amounts of residual unsaturation can be accurately measured.

The level of hydrogenation is dependent upon the polymer being hydrogenated, the

20  amount of catalyst used, the process conditions and the reaction time. The term ‘level of
hydrogenation’ refers to the percentage of the original unsaturated bonds which become
saturated upon hydrogenation. The level of hydrogenation in hydrogenated vinyl aromatic
polymers is determined using UV-VIS spectrophotometry, while the level of hydrogenation
in hydrogenated diene polymers is determined using proton NMR. The level of

25 hydrogenation can be determined by measuring the absorbance of the hydrogenated polymer
and comparing to the absorbance of a nonhydrogenated standard. In other words, the
absorbance of a 99.5 percent hydrogenated polymer will be 99.5 percent less than the
absorbance of the nonhydrogenated polymer.

The level of aromatic hydrogenation of the homopolymer or block copolymer is

30  preferably greater than 90 percent, more preferably greater than 95 percent, even more
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absor bance of the nonhydrogenated polynmer. The | evel of aromatic

hydr ogenati on of the honopol yner or bl ock copolyner is 30 preferably
greater twen1/9633percent, nore preferably greater than 95 perpesidl/o3sszen nore
-11 WD 01/ 70833 PCT/USQO /03567 preferably greater than 98 percent, and

most pr g‘}%ﬁw 8&8@&& 9%&3%%%@%1 B‘agﬁfr@fferl iy %&@wi’{q&xbg.%&é@?ﬁk bEthRQliyTEr

segnent case o0 ol ynmer "or bl ock copol yner;” and greater  than
95 per cadmatfy’ @il phaddegmgneah dre dabaof HBompepaemer omrleckpeapbbmadr gndygreateer t han

99.5 percent, and nost ?referably %reater t han g?.? ercent of the
conj ugattkan Ui reseenbAITgieEbl 21SRISE Khan P9 psEceRbugrreteraily a]&%a@t"‘% . For
pol ymer .. 346N /A% B&@%@g?ﬁ%&’c@?g@{eﬁl Yﬂa?lt%r.@ﬁgcent oF M{e%%;u”g'aféa%é}ﬁtﬂwmg yrene

copol ymer and co a vinyl aromatic nononer and a conrononer
sel et edifdkadmtiesgoda plockrepslyineg Bdr pplymérs shah, asgoiyblphemettnildyreat,hy| ene,
propyl ene, mal ei ¢ anhydri de, nmalei m de, vinyl apetate and.vinyl chloride,

t he | evetyrere-alphatms YieBH CORObYTBE angheepolYHISE ¢1 YBYETRRALC BIBAMEdTo| yner
bei ng hydrogena : SN VAc)! I ﬁﬁv‘fén 20 percent
aromat i ¢° yﬁggﬁ%%iﬁt%&éﬁf)é%%ﬁlf‘o Z@ecgf,?gl%tggozraarm@é’Cagj?h%[tee’a%gd’§0 pere cent, nore

pr ef er alyrypyaénd, fasdic béhydeide anilemmide,Misy] apetafeendlvinyl ablohidashe Bel gfer cent
aromati ¢ hydrogenation is achi eved. The anount of total hydrogenated

pol yner hydeegenatiancanibs leweiard isidspendent upqn the pelymer being ditioganated- tKQii cal | y

from30,,preferably fr I . g rably

R0 A AN R et Lt s
o 7U. & [ 1yN@Te430 {1 el t

copol yner, or Irgnds of two different E%?ogenat edpbl ock copol yners can

al so be neseedt anomatie hydipgerdtiondhachigiedt he present invention. In one
enbodi nent, a blend of a hydrogenated honopol yner with hydrogenated

copol ymer wi |y %rﬁ(i)ﬁ:rﬁlolf¥ot£l%yﬁd%b%%n£t5§pgl&gﬁ) g%gemﬁ §RonRRRIBAL YFEE pidstht 99

20 to 1 perce 0oCcK “copol . pr rom per cent

hormopol yig@éntitintiH o Prcall9 fradeB0,giéfehibbe om0 noreprefurablydioim $0 edemakd y from 10
to 90 percent honmopolynmer with 90 to 10 percent bl ock copol yner d on

. base
t he Yot aprefgedbinfronr 4y edOapesferallyde 86, pereyaraierably tonSmndHaost BrEierabite 8 The

inorganic filler conmponent of the conposition of the present invention can

e s T e
limted plendsSifltiveiffershiiggirogehatet block@spelgmers can also be used in the compositions
of the present invention. In one embodiment, a blend of a hydrogenated homopolymer with
hydrogenated copolymer will typically include from 1 to 99 percent homopolymer with 99
20  to 1 percent block copolymer, preferably from 5 to 95 percent homopolymer with 95 to
percent block copolymer and most preferably from 10 to 90 percent homopolymer with 90
to 10 percent block copolymer, based on the total weight of the hydrogenated polymer

within the composition.

The inorganic filler component of the composition of the present invention can be
25  any inorganic filler which will increase the toughness of the polymer composition and/or
enhance other properties, including, but not limited to, silicon oxides, aluminum oxides,
mixtures thereof, glass microspheres, and glass fibers. Preferred inorganic fillers include
glass fibers, glass roving or chopped glass fibers having lengths from 0.1 to 10 millimeters
and L/D from 5 to 100. Two such suitable glass fibers are available from Owens Corning

30  Fiberglas under the designation OCF 187A™ or 497™.
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m xtures thereof, glass mcrospheres, and glass fibers. Preferred inorganic
fillers include glass fibers, glass roving or chopped gl ass fibers having
| engt hs fwormBosssto 10 millinmeters and L/D from5 to 100. pEnWwSeLE3867
suitable glass fibers are available from Ovens Com ng 30 Fiberglas under

t he designati 8ATM or. M. 1= ; >87:. The
anount of | no?g%%gurg‘i qfﬁ%&r\ﬂg%g%gﬁg%ﬁ%eﬁé&&evn%ﬁ({sﬁgﬁ%gft ﬂ%t%é%%dsvgﬁ?&?ﬁventi on
is typi cgbladlly fiom 10td 70 Weightherbént st feeatily fofrel (eroadt), yhoke praf@fbly drotd?25 mor e
preferably from?25 to 55 and nost preferably from 30 to 50 weifght per cent,
based on5%’ pied mestarefgeabinfromr3Q 90 weighlaagresnbrbasel et tetalyweightefdhe an al so
be used ion ocgsdtclaor to increase the adhesion between the inorganic filler and
t he hydr%dne}ﬁat1 e pol ymer. Such coupling agents typically contain a silicon
contai ning functional group capable of bonding with the inorganic filler,
and as secondCbupliéid apeals c@h alsp be@sédacdrdes tolintrbssedisadhesiog bafvtden ghepol yrer .
The grafting polynmer is a polyner which is nodified with a_ pol ar,

f unct i on#lor exrdad the hydsegenaied ol e Wueh couplingagenfs PRI CeRE? yer  of
the conpgosition. .Sili . . Qi o) i 1 vpi G rise a
it unct 1Bkt vatlre R ar bR ARG RTIE HBARE ik, oREHRLT 22 2
met hoxy s&on@filiR¥Yndligr@itio redvd wathsBe aewirell phaftihg palynge.0The whiftidy paymesist i ve
with a polar functional group contained within the grafting polyner. The
second f & pelyimssathiel @mppdlged ypheaolar functiongl grouparsis .alSPrCé’f"l?raFlg]G Viithpthe

am nosi | ane coupling age such 3 & ] |Jret [: e, and
i nobr oByTPETEURT e Parete Sy g e R A R A it
of 0.1 tegompM& H8E fuBeicRNbroupcapdlabt YordinyolhSirnoegadicliegduchas 6 emdthoxyased
on the wei gﬁt of the filler. Methods of appléi ng coupling agents to

i nor gani or éthpxesifane sandgeeconchimnationel grraparvhich ioreasye vl a/polarngtéenal

application usi sal.ut.ion or enul sion.qf i e 20
Anot her ggoblgccpn%?neg%ﬂbp i\}éeeg{?ﬁlinﬁ\?% G S Sgéotg}lgaf}u?cﬁﬁaglp%?‘iflﬁne{gﬁg)é}g%“c’ﬁaq s a
hydr ogenagch %@ﬁﬁpp}e‘fé‘f%dﬁé akliRElasonyiiEhgass drReE Bbed previously, having
additionally been nodified with a polar functional group. Suitable polar

groups i awlinmpeopyheimethekyardngdandaminonrapylttiethpyiessane cEepphine @gents aigl f ones,
oxazol i nes,. oxi es, iso Sc.an ani_no_qgr.ouns.. Paptdi.cyl ar.l referred
orar or BBeTBeRT M SRR RS oy R R pRHR 10348 Ayt Bh o
pr ef er ablpysdBnahé wRiphY 8f ihd€iller. Methods of applying coupling agents to inorganic fillers is

well known in the art and typically involves application using a solution or emulsion of the

desired components.

20 Another aspect of the present invention is a grafting polymer which 1s a
hydrogenated homopolymer or block copolymer as described previously, having
additionally been modified with a polar functional group. Suitable polar groups include the
acid anhydrides, acid halides, acid amides, sulfones, oxazolines, epoxies, isocyanates, and
amino groups. Particularly preferred polar group containing reactants are dicarboxylic acid

25  anhydrides, most preferably maleic anhydride.

Methods of modifying polymers with polar groups are well known to those skilled in
the art. Typically, the hydrogenated polymer is reacted with an excess of an appropriate
polar group containing compound in the presence of a free radical source. Sources of free
radicals include such compounds as peroxides and azo compounds which, upon heating,

30  provide stable free radicals that can induce reaction between the polymer and the polar
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Met hods of nodifying polynmers with polar groups are well known to those
skilled in the art. Typically, the hydrogenated polyner is reacted with an
excess ofweniapgsopri ate polar group contai ning conpound PaTASE/(B5€5€ENcCe
of a free radical source. Sources of free radicals include such conpounds

as per Ozé-rtgﬁ@%&g&atﬁﬁfggcg&@eyaﬂ&n@ﬁis%cﬁgn cHPBE cﬁrgﬁ%ie@ln a%glvgﬁﬂﬁivgﬁcﬁflﬁbl e free

radi cal reacti on between t olynmer and the polar -13 WO
01/ 7083 3pdPEhedJpelht 8 Congimngcanpdumidnambfreorgdoahshurcehdire diseelvtd duringathebe
conducted in a solvent in which tpe polégg{, g‘ol ar . group cont aj ni B%
conpoundCagig stape ehlicapptely) thishype ot TeAelQR e\REFORFY Fip PHEMET D5 VW ep.
Al t er nat i J an be perforned in a polyner nelt,
wherein tﬁ%ﬁOI%gpﬁweggF&%n%%@%gﬁsg@gngs the solvent. 5 In one enbodi nent,

hydr ogenat ed pol ystyrene is reacted with nmal eic anhydride in the presence
of a sper oxi deln anetenifodimérm, lpydoozeneted pohisgatreds sadtredattamelktiquihydiige Bne. The
conponents of the conpositjon of the preseqt i({wg{]ti on %an be conbi ned by
any et We@reseRgsi of A neyoxide mitiaserie paofuse 3ealeated hysragmpated POSHITERS: on bl ended
as is well known in the art. 10 O her additives nay al so be present in the

conposi tion ofpd E@P%QBQQ?@@ &ﬁln;msﬁfdﬁ of SRPHYAIR inveR G UL cdMBindtPby Adym t ed

to anti oxi dants, agents, fire retardants, |ight and heat stabilizers,
ant i bl ocketgdn{Typicalyl thet@nporentsairé melt bhended ot solittign kieadal as3s wel kppweni ded
toillustrate the present invention. The exanples are not intended to
linmt th@tBedde of the present invention and they should not be 15 so
interpreted. Anmounts are in weight parts or wei ght percentages unless

ot hefyi se i né&r&%&@kgv&fﬁgﬁa@& be Br&énthﬂﬂ{@&%ﬂ%ﬁgnwk%w@&o 5 dl-a et ed

pol ymers are prepared using the process described in U ent No. 20
5, 645, 25&poRmgancuding, mft notlimiteed b mtoxalersaslgrageotsy StometmdantdyiigiRnd1 0
grans of hydrogenat ed_ pol ystyrene repared from STYRON 680TM avail abl e
from Theh%&ﬂ)’gﬁ%@ﬁﬁ %I&Ib?%&%'ﬁ’)anémgf?%‘ﬁ Rf3!S000 and Mw of 200, 000) is

dissolved in 100 mM of 25 dry toluene. The m xture is shaken for 15 hours

and added t0 gufflioWing %H?le@@ﬁr%%%\fiﬁéﬁﬂé iRGdHaRPBE présk ivéfohuxhgondenser

and nitrogen gas i1 nlet adapter. 2.0 grans of maleic
examples are not intended to limit the scope of the present invention and they should not be

15  sointerpreted. Amounts are in weight parts or weight percentages unless otherwise

indicated.

Preparation of hydrogenated polymers
Hydrogenated polymers are prepared using the process described in U.S. Patent No.

20 5,645,253.

Preparation of maleated hydrogenated polystyrene (MAHSP)

10 grams of hydrogenated polystyrene (prepared from STYRON 680™, available from The
Dow Chemical Company) (Mn of 110,000 and Mw of 200,000) is dissolved in 100 ml of

25  dry toluene. The mixture is shaken for 15 hours and added to a 250 ml round bottom flask
equipped with a reflux condenser and nitrogen gas inlet adapter. 2.0 grams of maleic
anhydride is added with stirring for 1 hour under nitrogen. 1.0 g of 1,1bis(tert-butylperoxy)-
3,3,5-trimethylcyclohexane is added and the solution is heated to reflux for 6 hours. The
heat source is removed and the reaction mixture is cooled to room temperature. The

30  reaction mixture is then diluted with 100 ml toluene and filtered through a scintered glass
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anhydride is added with stirring for 1 hour under nitrogen. 1.0 g of 1, 1
bi s(tert-butyl peroxy)- 3,3,5-trinmethyl cycl ohexane is added and the sol ution
i s heat edwoeiredsBux for 6 hours. The heat source is renovedT/aRel/(356
reaction mxture is cooled to roomtenperature. The 30 reaction mxture is
then dil [ | ass
150 dihESohe Bl wkalalehg, %‘Eﬂgw"hﬁ%ﬁ%‘gﬁé‘t‘%‘ n@gﬂ@g&taﬁgﬁ §imt 2 by
preci pi tatinon af t HFOnfet banbdura e dsolated pq)igtmer 1swanalyaﬂd hy "NBIR, 1R IGREh@ntour .
The isol ated pol yner zed by ' NVR neut r.on 8ct|vat|on

a anal Q

to det erifiign B%Wﬁélﬁné‘b ‘Et%‘ﬁ‘ﬂm ‘?ﬁ%ge&?)&?ﬁ@ﬁt |”g%9xyg§n ?ﬁé’ﬁ §swed #1 5% percent,
corresp i by nt
based ot e o o B L P i a6
Exanpl esthéfefbtghbbﬁuhd&ydfcgemtappmlysiymse ng a Brabender twin screw nelt m xing
apparatus. The hydrogenated polyner and glass fiber is dry mxed in a bag,

and nel t_ bl ended 24Q0C for 10 mnutes. The sanples are then conpression
mol ded aﬁ—%@@—"&—%&gpﬁéﬁﬂ—% test pieces (2.54 10 cmx 2.54 cmx .3175 cn).
The sanples ayg §dred LELdth ssﬁé&%wt%m\bmtsmm ey q@l@rpact
tensi on sanple lété’g"%gtr& ;?(A%Q 5% la). E>iarrp le 1 %"gppza Exanmpl e 3

Exanpl e WydrdgeBaté@ pblyater @dd g}ass ﬁbd-rISB&@' Imxed-ln 35ag161n33n€5t mm aFRHRAC for5 15.0
15.05 15, 06, MAHPs4 - - 54 HPS rene (\Qn5t4h Mh

of 135, 4](§bmgwépsMﬁh51sa@gys g%thep{p@ggrepgm{lls h%eg@rt' 25@@ to pr tes pieces
styr n e/ &Tgﬁgﬁrﬁ&s 6(5/‘7; Yi£af). o I%Cgﬁrr&@é%OJr% f%fed% tbkeMhing ffra\]:ﬁ’l}e szlgh@égg uM’i’g Of

102, styrene prio rogenation. 3d ass Fi ber
3540Tm cthe poafaq s fonf sahpie guotrrket@r(deMdn)mfaﬂ-?]al)e Si 2| ng avail abl e f rom

PPG.  4MAHPS is mual ei ¢ anhydride nodi fied hydrogenated pol ystyrene. 20
Pol ymer W. % Wi ght %Max Load Klc Energy to dass MAHPS kg Mpa/ m5 Yield
Kg-cm HPST07079872 Examplel Example 2 Example 3 Example 4
HPS' 425¢g 35.03 —- --
HSBS* —- - 35.06 33.5
Glass Fiber’ 15¢ 150 g 15.05 15.06
MAHPs® - -- - 1.54

"HPS is hydrogenated polystyrene with Mn of 135,400 and Mw of 283,490.

’HSBS is hydrogenated styrene/butadiene/styrene block copolymer with Mn of 101,470 and Mw of 102,640
and 70% styrene prior to hydrogenation.

3Glass Fiber is PPG 3540™ chopped glass fiber with aminopropylsilane sizing available from PPG.
*MAHPS is maleic anhydride modified hydrogenated polystyrene.

15

20
Polymer Wt. % Weight % Max Load K& Energy to
Glass MAHPS kg (Mpa/m®?) Yield kg-cm
HPS 0 0 9.8 21.6 -
HSBS 0 0 379 83.6 5.2
HPS + glass 15 0 20.7 45.7 -
(Example 1)
HPS + glass 30 0 14.0 30.9 0.3
(Example 2)
HSBS + glass 30 0 37.0 81.7 1.9
(Example 3)
HSBS + glass 30 3 23.0 50.7 0.64
(Example 4)

> K¢ is the critical stress intensity factor. K1C=[E(1-V)G]C]” % where E is Young’s modulus, V is Poisson’s
ratio, and G is the critical energy release rate.
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HSBS 0 0 37.9 83.6 5.2 HPS + glass 15 0 20.7 45.7 -- (Exanple 1 HPS + gl ass
30 0 14.0 30.9 0.3 (Exanple 2) HSBS + glass 30 0 37.0 81.7 1.9 (Exanple 3
HSBS + glwie913®33 23.0 50.7 0.64 (Exanple 4) Klc is the cPCTUSGNO03S6T eSS
intensity factor. Klc=[E(1l-v)Glc] -, where E is Young's nodulus, Vis

Poi sson's ragpramvend Glc is the critical energy release rate. -15 WO

01/ 70833 PCT/USOI/ 03567 CLAIMS: 1. A conposition conprising: a) a

hydr ogenat ed aromati c pol yner, wherein the hydrogenated aromatic polymer 5

has an aromatic hy r%%pnatti on level of at |east 90 percent, b) an inorganic
filler, and cl)l' opt RN S SPenat ed aromatic pol yner, wherein the
hydr ogenat ed pol ynmer has an aromati c hydrogenation |evel of at |east 90

percent and cgyd Bydis @a&@'a@ématﬁcgﬁtﬂ ner) athe€diM te: hylitbg2natéd erop@ie @olyiman of
Claim1 wher ei)r?%e %ydr ogenat e a?llgrrati c pol msyr of a) is a %3) rogenat ed

pol ystyrene. Bas anpsomenpbgdrogenation lavehpiaticash®Q pergenthe hydr ogenat ed
aromati c polynmer of a) is a hydrogenated bl ock copol yner of styrene and a

conjugated digpe.. 4. T ition of Caim1 conprising from30 to 90
wei ght per censy%rfm?)%n{}ifg?%%ﬁzgenat ed polymer. 5. The conposition of Claim

1 wherein the inorganic filler is glass. 6. The conmposition of Claiml

conpri sing fr eyeptdnally, Ahydes@hited arodedtic polyrdtewheral Biahiydroendte polirdsed on
the total weight of the conposition. 7. The conposition of Caim1l wherein
the pol ar grob#s #arpmpdehygrgeenssinniegl of at least 90 percent and contains a polar

functional group.

10 2. The composition of Claim 1 wherein the hydrogenated aromatic polymer of

a) is a hydrogenated polystyrene.

3. The composition of Claim 1 wherein the hydrogenated aromatic polymer of

a) is a hydrogenated block copolymer of styrene and a conjugated diene.

4. The composition of Claim 1 comprising from 30 to 90 weight percent of the

15  hydrogenated polymer.
5. The composition of Claim 1 wherein the inorganic filler is glass.

6. The composition of Claim 1 comprising from 10 to 70 weight percent of the

inorganic filler, based on the total weight of the composition.

7. The composition of Claim 1 wherein the polar group modified hydrogenated

20  aromatic polymer is a maleated hydrogenated polystyrene.

8. The composition of Claim 1 comprising from 0.1 to 10 weight percent of the

polar group modified hydrogenated polymer.

9. A polar group modified hydrogenated aromatic polymer having an aromatic

hydrogenation level of at least 90 percent.
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20 aromatic polyner is a nal eated hydrogenated pol ystyrene. 8. The
conposition of Claim1 conprising fromO.1 to 10 wei ght percent of the
pol ar gr owo ¢1dsd3i ed hydrogenated pol yner. 9. A pol ar groupcmoi/ ose7
hydr ogenat ed ar omati c polyrrer having an aromatic hydrogenation |evel of at
| east 90 per cegt %@?%&ﬁﬁf@ﬁf& aR3280matiOpol e HOCRImM 97 Oup
nodi fi ed hydrogenat ed aro c polyner of Caimb9, ere| n the pol ar
f unct i onahemgirothp pokr imcdonal gaoupyidrhdeid abiydridea Iamdél,allde: iadideamnide, sutfohé,one,
oxazol i ne, epoxy, isocyanate, or.am no group. 11. The polar group nodified
hydr ogen‘é’faéa B¢, GREFFY- dSOG¥RAfe OF BN ZPWP-10, 5 wherein the pol ar functional
group is an acid anhydride. 12. The pol ar group nodified hydrogenated
arﬁﬂgtlg pol {g}ar O hEhalaPkrblip moMIBEEhrb fshaRRAl ASmAtk 531 ABAG ClafHN0] s Nal eic
anhydri de. -

5  wherein the polar functional group is an acid anhydride.

12.  The polar group modified hydrogenated aromatic polymer of Claim 11,

wherein the polar functional group is maleic anhydride.
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