PROCESS TO REMOVE SI LANCL FROM THE PREPARATI ON OF A MODI FI ED POLYMER
REFERENCE TO RELATED APPLI CATI ONS Thi s application clainms the benefit of
U. S. Proweizomalseddppl i cation No. 61/113,301, filed on Necendse#09hd3oe2008,
and which is fully incorporated herein by reference. BACKGROUND The
invention relates to a nethod for silanol renoval froma polynerization

solvent in a ! k b | {ry a nodified
conj ugat ed di g’?@%ﬁ%ﬁ@) g@%%g@gﬁlﬁgfﬁﬁwg% di ene

pol ymer preparation. Modifyi n@ e 0 the preparation of nodified

pol yners include those nodifiers described in the follow ng references:
W02007047943, JP2003- 17 141 8, W003/029299, WO07/047943, |nternational

Appl i cat i FERNRENCE/IGSBELAGHB APPAHIATEIISS ovi si onal Application No.

61/ 059278. Thesg.refer es. ' - » iaf Wi: g ts for the
preparation of Sl?rlﬁsdigﬁp%g%{b%oﬁq?ﬁlgr%%b%ggg ?iﬁé?gﬁﬁsﬁr@ g%%%%é@?ﬁconpri se
phosphor owd71 13130 chlrd bamMNits/embei  QQO0S, and Iwhidnis holiydscoporasad Keuein bgi | i con
bonds. The nodified polymers and nodi fying agents can form sil anols upon
addi ti on dffepnseol yzi ng agents, such as organic acids, inorganic acids, and
wat erl. :jn a continuous or consecutive batch process, the silanols are

recyc i nmeri zation solvent back to the reactor for a
consec@ti\\llﬁe}‘@é ;%r%e[?]i%z);ti on. There is a need for an effective sil anol

removal processTHeGfivesitich rgdaky et meibd dorssilahsitremoadlifenah pAlyblericatianon No.

W02003093391 Al (Abstract) discloses phase change materials (P
conpri si ngoRen léa@s‘tonﬂﬂ‘é)“ﬁ%C‘P‘h%?@%UVGrﬁ’anl?éVlé‘hP‘FB%r uej O{an@"%(fﬂi%g]g:‘\%ﬁ%d among
a layer A a{a‘i’}l)ﬂaa(yl in ﬁlterh fler Or 1B80FHea c8nA at_é’(‘@cii dleR@pblyRIRE picpRaBani C

subst ance t s selecte nong an oxi de,” oxi de hydrate, hydroxide and a
salt that cont &Vndifdhg ggantpfer tHegyeparBiono snatiedppol pmetsendedegthesecoupl i ng

t. The ref ce al | i h i
G T ack- mod g deeatioed g teir EofpEEetialics N aalonB BB FPRogd bl g "
medi um | ngejoRAkbonR w BBl 3] BiteretiondPRBPHALR M. A2 THIISE1/0SB%4 paIioUS

i nor gani ¢/ organi ¢ honogenous copolyneric hybrid material materials,

i ncl udi ng PaPraveudrd dgphertiondvm 61 {0927 drethrse seferences desaribadlipugss©f ur e, and

uses ther e‘nq(];diﬁ}cit(l)g,¥ ag%)r(l?s%lr fhe preparation of modified polymers. Modified polymers typically
comprise phosphorous- silicon bonds, nitrogen- silicon bonds, or sulfur- silicon bonds.

20  The modified polymers and modifying agents can form silanols upon addition of
protolyzing agents, such as organic acids, inorganic acids, and water. In a continuous or
consecutive batch process, the silanols are recycled with the polymerization solvent back
to the reactor for a consecutive polymerization. There is a need for an effective silanol
removal process for such polymerizations.

25 International Publication No. W02003093391 A1 (Abstract) discloses phase
change materials (PCM) comprising at least one top layer on the surface of the PCM,
selected among a layer A and a layer B. Layer A consists of at least one inorganic
substance that is selected among an oxide, oxide hydrate, hydroxide and a salt that
contains OH groups. Layer B consists of at least one coupling reagent. The reference

30 also relates to production methods for producing surface-modified PCM's of this type
and to their use in a supporting medium.

International Publication No. W02004041398 A2 discloses porous
inorganic/organic homogenous copolymeric hybrid material materials, including

particulates and monoliths, methods for their manufacture, and uses thereof, for example,

35  as chromatographic separations materials.



as chromat ographi c separations materials. U K Patent Application 2199817 A
di scl oses a coating solution for formng a Si Q2 coating which does not

cont ai n HP3IWISP@A. The coating solution is obtai ned bfCraBae0OMeE%h

al koxysi | ane and/or an oligomer thereof with water, in the presence of a
solid acid catalyst and a solvent. Japanese Patent Application JPI 1130864

A (Abstract) dmd ﬁ %p%ﬁﬁ{:&gﬁgySl’@Ao&iH&bé&Qa%o%{Mtfo%fof?)%rl of an

i nor gani c- organi c I norgani c particles, capable of efficiently
fo(r]I m ng cme@izca:itnigovﬁdsh doestrive conmyieblges iapf  Theeontig fg?élrthrl-lapgfamed bl?iybl‘l ds
and inorganic partjcles. The particles ersed.in a sal
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sol vent. UG coRuRk hedh k@Pedo. 2003/ 0176559 Al di scl oses hydrophobi c
particul ate i norganic oxides useful for reinforcing polyneric conposition,
for exanple, r ubpxmese Hmwt#qu@pataqnswéﬂ&Qﬁﬁérﬁa@%@twgdlsblysqswenﬂbp d&ing: (a)

t he substant absence. of fu ctl onal Loup f actl on
with rubbdf® u(clﬂg 4 COBPPSIY, PROSEE Oafragénolrﬁ e & aglr?ge‘/%%fl nglolﬁ]g%gi gﬁbb%e%

(c) a hydrayatle 60sFtiERAtY Forfniey FRAGE Bbnds drothd MtéHficeyBf th(e@lr)mgarﬁabfgamccont ent
inthe range fromO0.1 to 6 percent by weight that is substantially

nonext r acthabrigs andeinorgapiq pariclase The waiicles g dispessergn aeplutign CR)iltalgi%grRi‘&r d
Wite Areale el tability from15 to
45 per centOrt %p%ﬁﬁl‘lagﬁssa@uc Oefg noaﬂ{llaq%%g)e 1335?% %%(r)gé)gr%ﬁg rubber articles,
mast eryobat ches IanPﬂﬂitaﬁdneBIocmman%ﬁ@ Ahdishlodesdphiodphobici altendatar e al so
descri bed Japanese, Patent Application JP2007 126332 g Abst rac %l cl oses
a wat er r epBPISHE ogldgs usehy af%renéav&fgéw VPGS GRRRASIOB T EXHEP! etliuh esrpgﬁee nt,

fine part 'rﬁétﬁéalg ML %GZQPW@E f&l%&lﬂ%e(lﬁr{hfe%ﬁﬁstﬁftlal DReRdeASfGundionRl or

portion of t surface of each waterre ent, transparent, fine particle
i's cover ecgrwpsttapabl\abbcrhermgélréaenon gathtrubberpby & BoiT wifacherepat @pﬂlﬂ@p@lf | ent,

t ransparent s are coval ently bonde ur e of a base
gl ass pl ati&m ﬁb 6% 5‘% t(‘éa?rﬁyér‘?’iy t%flq © rB?gevﬁ%lzitﬁ 1%%)3 s % eacti ve
functi gnal . gfaRBnht PNBe % € fr%ﬂfjo I %o 69&@3&@)}' \yelg@tﬂﬂﬁds tubstdnBal$phdmce of
each transparent, fine particle through Si at the other end. An organic

film whi cixtrectnblai @e3a aHrleahq fauge framct iOoWa (f) gn M;bStatldasﬁ ViifrgArcadess (hadl ent | y

bonded t I
Sur ace. vt Prieats BRdcor B ELY AR i B8 T et SR R ke 457

|280|;0US e Sefllyrhs (ABet sragdig rubber diticRb Qn@er&iatchesﬁﬁﬁ d}i&hboa@italh/ﬁlgtthmg Mar ch
hydrophobic fillers are also described

20 Japanese Patent Application JP2007126332 A (Abstract) discloses a water-
repellent glass plate, covered with water-repellent, transparent, fine particles covalently
bonded to the surface of the plate. A major portion of the surface of each water-
repellent, transparent, fine particle is covered with a water-repellent coat. A portion of
the water-repellent, transparent, fine particles are covalently bonded to the surface of a

25 base glass plate through an organic film, a part of which contains a reactive functional
group at one end, and is covalently bonded to the surface of each transparent, fine
particle through Si at the other end. An organic film, which contains a reactive
functional group at one end, is covalently bonded to the base glass plate through Si at the
other end.

30 Cost-Effective Surface Modifications of Silica and Alumina Achieved by Way of a
Single In-House Set-Up (Abstract), A. Taralp et al., ASC National Meeting, March 2003,
discloses surface functionalized porous silica and alumina. Comparison of Octadecyl-
Bonded Alumina and Silica for Reverse-Phase High Performance Liquid
Chromatography, 1.E. Haky et al., J. of Chromatography, 505 (1990), 307-318, discloses



di scl oses surface functionalized porous silica and al um na. Conparison of
Cct adecyl - Bonded Alum na and Silica for Reverse-Phase H gh Performance

Li qui d Chwerttiggeephy, J.E. Haky et al., J . of Chronat 8§TA[PRY0/063951 ( 1990),
307-318, discl oseschromat ographi c properties of an octadecyl -bonded al unm na
(ODA) high performance |iquid chromatography (HPLC) stati onary phase. The
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Si | anol , en pr eacts wt yl metal initiator corrpounds or with
living pollmmirdmdsraatngrap}ny tHRL Q) sateswryophaani G ODols woinpared ¢d ywntzmal on of

conj ugat ed di en p rably butadi ene, or in the process of anionic
sol uti on (96”6‘6‘?3@%‘?21‘ @f)oﬁtlat@% Pifjat ed di enes with al pha-ol efins,
preferably of hutadi ¢Ren ﬁi@gerﬁtrﬁﬁcﬁ@@qth [RARE Adtal thi@itof B Sdun@f @ with living
concentration, one or nore of the follow ng aspects of an anionic

pol yresi z epplmnerph@me gsthapeocdest afranmmég @élltlo(ﬂaﬁ)olﬁtfh@‘lzatlkly pf ersiugatqdrdiencas or

concentrati o eased nd the i.njtiati
pol yner i zé’f?%’f‘?"bg'r 2"6({5 g el ¢ SPISHSE A0 Olmgnsol?ustloﬁeg &@fgﬁnﬁ)uenced (b)

the pol yrr%nﬁgat@@mwm{th APhe G, pefegitly shmt@(ﬁéﬁarﬁltsmsn@mpunﬂ@@om ably
altered, (c) the long term production of polynmer wth consistent polyner

char act er itBe pitsol eangentration prfleyarERorp Pég@rftﬂil%mg A8PastEr P &BIoNKnd/ or (d) the
pol ymer i zat}y on. [SaGi @%@egs%reoqﬁ%rwe&' % Ehgramémﬁ{e?ﬁlaﬁztef EoReRk-fNY the
e anount orT a

desired m? msr conversion tive initiator conpound present
in a polynrtrea@duiidihe inipgionr«akd ardonisipbdlynsiizatie or dopoldinfefivatidntredadiodet ect .
The use of an additional initiator conmpoun orrect for initi.ator | ost

to reacti ghnggatinelyiinfiygred. sby e BolypICE 8%1%99‘?8“’?%“3‘? sy gt ehaiaplslsidie use
of an addi tn% 9&% 1rélﬂ}r Elft«?’%@ r(cﬁtﬂgm&%lducijﬁﬁhb% rﬂ&tw1|t1?@6915fs€én@p&5/ﬁl‘éfmt

qualitative ent produced wi thout silanol ifpurity.
Sil anol s a:theraparrsmqsuhmtlhys p«dymedpmpemﬂ heharoptiréd, @dd/oo(d) e polamerizatienf yi ng

agents are exposed to ter at a t ture ran from 900C to 1500C.
These condFAGUSALS Prypately Jerpupaieds '%%? etaﬁg §m§ftﬂe d%frg‘gmogf)?ﬂebwnvﬁrsborn ocess,

whi ch jss tHR £QRyest éd?i’?f@llmﬁﬁt@f:&ﬂh'ﬁ(ﬁmﬁ%ﬁres%ﬁﬁn'a%ﬁ dr@Bluéibn Aoy FBIctioS | anol s
are conventionally renoved by using an increased alkyl netal initiator

concentr atWJdn silamolags/diffiquit tg dﬁ@ﬁfovﬁe wse ot e addieus iniGateeonpuRtttP 6ATH net al
Pl 5GP B RS S R oy AP 2L
al kyl Tit halnLHﬂiﬂltlonal initiator compound fraction does not lead to a product qualitatively

identical with a product produced without silanol impurity.

20 Silanols are particularly formed when the modified polymers and modifying

agents are exposed to water at a temperature ranging from 90°C to 150°C. These

conditions typically represent those of a steam stripping process, which is the

conventional procedure for the isolation of polymer.

Silanols are conventionally removed by using an increased alkyl metal initiator

25  concentration; however this removal process leads to the formation of metal silanolates

comprising ionic bonds as shown in Formula 1.

&
—Si-0~  Metal®
/ (Formula 1)

Conventional initiator compounds, such as, for example, C1-C6 alkyl lithium
initiators, when contacted with silanols, form compounds comprising ionic bonds as

30 shown in Formula 2.

(Formula 2)



initiators, when contacted with silanols, form conpounds conprising ionic
bonds as shown in Formula 2. (Formula 2)Conpounds conprising Fornula 1 or
For mul a 2VE3AWIS6%¢ rendered sil anol s agai n, when cont a®C&dSaRMoiRat er
such as present in conventional polyner isolation processes. Therefore, in
case of consecutive batch or continuous polynerization processes, the

silanol's can accugl'ﬂngt) d.s'}oyﬂﬁs' g!%ﬁﬁﬁliazlaéril%?mﬁﬁ@ BURIOVR rehdd¥Bd sillibg at one
poi nt, the reduced n er of ‘initiator conpounds can not be conpensated

from t he egainpwhen gmitattedokitlvivater, sible acpmrsaanin amatntpohlpaymesieplatioon
processes provideago racti ca to rﬁggﬁe and/or elimnate.silanols in
r

| wa i | e.
pol yner. PHPESICEsnBCIE “bé???%dﬁé?%?mg“ﬁ ShPRYYOME R IFEE s oci at ed

with cons %%’c;eb 36, thatitthoRl caf ABEIHMHAE $n BRI POIBdZAtibO MeRILAC 6&S Gitne. TS at t her e
is a need for a cost effective and efficient process to renove silanols

f r om aspoloprgpinz.ahé mdugrdovester of hitéatereestn pordd otanaros bhexrapareaiad frem B9 t he
follow ng invention. SUVMMARY OF | NVENTI ON The invention provides a nethod
for a prefaP VEHOBY °LVs8i yrer sel ected fromthe fol l owing: (a) modified

i nterpol yner corRelcdofiidiiondlboP@hdtTedlatZchrbedstas provdi@nhelgatechl diagnerainde an
aromatic al pha-olefin, or (b) a nodified polynmer conprising, in polynerized
form a conjiiegatieinagn slaaels ampolymer- el s sapelisAsOHIYGRIPPIEINGT BIOCPEUSY t he

f .Ol | owi ng a%go%Pa%éd \Bﬁﬂ F!SEFSEZE&NQ%{E%? %ﬁtﬁlu%ﬁyg&bﬁfeﬂgatﬁ)rn ﬂr&%%éeﬁ.o Faus Qnrsigat ed

di ene nmononer i n at l'east one polynerizatidon’reactor, In the presence of at
| east @Ne Skt €hta cdsteffaatine hinkeffiolepnpiocesspd camaielsjlamdufybmregpadyhedatioon of

t he pol yner chai ns using at | east one cogplin agent,, nmodi fying the pol yner
with at | AeeespnbEhirBerdaidinshey e bepn met by N BYOH8R i n t he presence
of the at |east one solvent, to forma nodified pol ynmer solution;

optionally:3 &@E&ﬁ?ﬁﬁﬁ%ﬂ?ﬂﬁﬂﬁa i fied polynmer solution with at | east one

prot on donating conpound; contacting the nodified polynmer solution with
wat er; renovi ngrieligveitioh @astidesneanahbd &rta; pregnitaatdf agpol yreerrseleoted drosotheent
wth a;[S ! efglslgwglg:e(ar)r?rgoedgfiie%l in;[err]}?otlyr\rll\érl C!orr[p%asgr}g, }'X Igo%’rmerized form, a conjugated
diene and an aromatic alpha-olefin, or (b) a modified polymer comprising, in
polymerized form, a conjugated diene; and wherein said method comprising at least the
following steps:
polymerizing monomers comprising at least one conjugated diene monomer in at
20  least one polymerization reactor, in the presence of at least one solvent, to form the
polymer,
optionally coupling a fraction of the polymer chains using at least one coupling
agent,
modifying the polymer with at least one modifying agent, in at least one reactor,
25 in the presence of the at least one solvent, to form a modified polymer solution;
optionally, contacting the modified polymer solution with at least one proton
donating compound;
contacting the modified polymer solution with water;
removing the at least one solvent;
30 contacting the removed solvent with at least one material that will react with,
and/or absorb, silanol to form a purified solvent,

recirculating the purified solvent back to the at least one polymerization reactor

or to a storage container.



and/ or absorb, silanol to forma purified solvent, recirculating the
purified solvent back to the at |east one polynerization reactor or to a
st orage AWRA2AIMBACIHETAI L DESCRI PTI ON As di scussed abovePCTAS2¢08(ei61 on
provi des a nmethod for a preparation of a polyner selected fromthe
following: (a) nodified interpolyner conprising, in polynerized form a

conj ugat e%@f&ﬁ%ﬁ%l{ﬁﬂrﬁ mati c al pha-olefin, or (b) a nodified polymer

conprising, 1n polynerized form a conjugated diene; and wherein said

met hod conpri sizxglistusiedabbvd, e hoddtoniprgyidtsepocthpd fyrrpemepdragomeirmoner s

conprising at |east e conj.ugat.ed diene. mgnoner . .in at |east .one

pol yner i zé’Pfyéﬁ*Fr rSE]SEth romy ﬁ??elfﬁ_go"blpﬁ's(é%@(gggggé‘?teﬁpgéyé?erﬁﬂ@p%llngelﬂt , to form

the pol yn%rolyn%?lee@ﬁﬁfh{,)i 6RMPAEN dicRe S LiOMaAE alphe-oRFIny BB(b) @hdddiedisi ng at

| east one coupling agent, "nodifyi n% the polyner with at |east one nodifying
Q

ag:ant, si n palynheasmposiegriegolyonerized forhe agpeisaried disherand veierdia said ngtlod
solvent, to forma ifi ol r solution; optionally, contacting the
modi f i ed 68?‘}?9@]?1‘%é'lf){gégit%%%ﬁlog’ﬁn%ggﬁseast one pro!toon dona%/i ng conpoung;
contacting the papghdrith MehoHiEE c@bHtih@ Bt Mhdt Bnwvesgiigatddedion mgnérher iatat | east
one solvent; contacting the renoved solvent with at |east one material that
wi || reactleast eng padiaLibzatiap seactor, igithapsience of drlpgshopital Yanbdo oMy eht |

recircul at io?}gnet he purified solvent back to the at | east one polynerization
reactor o0 @ stor age container. In one enbodi ment, the polynerization is
a consgcutive hatiohalyi ephed y frcticadfithapaymar doiisi usingus lqel gneaobglatd on. 1 n
one enbodi nent, the polynerization takes place by a consecutive batch w se
pol ymeri z&#8F¥n. I n one enbodi ment, the pol ymerization takes place by a

conti nuous pol ypEfik i@ Mol QNG £T0RALIERJifYi t g aslka@BRe FQaetk or of
the nodification s}t}élgééls%to e ét | east one polly}trlrlggra?%t’ilon raéact%r. ’

in the presence of the at least one solvent, to form a modified polymer solution;
optionally, contacting the modified polymer solution with at least one proton
15 donating compound;
contacting the modified polymer solution with water;
removing the at least one solvent;
contacting the removed solvent with at least one material that will react with,
and/or absorb, silanol to form a purified solvent,
20 recirculating the purified solvent back to the at least one polymerization reactor
or to a storage container.
In one embodiment, the polymerization is a consecutive batch-wise
polymerization or a continuous polymerization.
In one embodiment, the polymerization takes place by a consecutive batch wise
25  polymerization.
In one embodiment, the polymerization takes place by a continuous
polymerization.
In one embodiment, the at least one reactor of the modification step is the at least
one polymerization reactor.
30 In one embodiment, the at least one proton donating compound is selected from
an alcohol, an inorganic acid, or an organic acid.
In one embodiment, the solvent is selected from an alkane, a cycloalkane, an
aromatic solvent, or combinations thereof.

In one embodiment, the at least one solvent comprises cyclohexane. In a further



I n one enbodi nent, the at | east one proton donating conmpound is sel ected
froman al cohol, an inorganic acid, or an organic acid. In one enbodi nent,
t he sol veWP 20H/05e4%ct ed from an al kane, a cycl oal kane, ZRTAS3WANPY6L0l vent ,
or conbi nations thereof. In one enbodi nent, the at | east one sol vent
conprises cycl ohexane. In a furtherenbodi nent, the at | east one sol vent

further C%%rohﬁﬁélt,ﬂﬂe Al 1K Bne é?v&@ﬁﬁf@@&hﬁﬁfﬂ:‘é anbfi@nPol ymer is a nodified

i nterpolymer conprising, in polymerized form a conjugated diene and an
aromati ¢ al phadobeéd embodimeat, therpidhgmerd b odidifiast interprdymedionpdingatrer pol yner
further conprises to 10 wei ght percent of .a n- ar.omgt i no-ol efin
and/ or up PP nfﬁ”ﬁ%%gﬁfaﬁ@?@éﬁFgangawgﬂl@8HFH§§&§80 foﬁPFﬁPH@%ch based on
the wei _ghtenﬁ;odfrﬂﬁlt,rfﬁgh{oldﬁﬂa_d'i%ﬁfoﬂ&ﬁﬁéﬁ%ﬂher!e@m@ﬁ@esﬂfﬂl@Cl'Or%ight peRenpsiaymer is
a nodi fied polyner conprising, in poL{nerlze form a conjugated diene. In
a furtHer nemoethatEnmona-hiefinpdil/or epl tp ) yright pareqnhef a senpeniygdedigioteding o

wei ght percent of a non-.aro i C no-olefin and/or up to 10 wei ght percent
of a non- C?Sﬁ]‘ %8@88%‘1‘8‘?& tioﬁx,%ﬁeerélg ' ]tggslﬁe% 8ir¥ntleﬁ'e wei ght of the nodified

pol ymer. |n ongyenbesbsdiient, ikepddahyieh nhddiRedPslihbeebn@nioiny mer
conprising, in polynerized form a conjugated diene. |In one_enbodi nent, the
nodi fied polymesized forspasenisgated dieng. Hodfurihsembediarean dstyedfed PAYEEpPol yner
or a nodif4 p i i | e . i fei I Al S
RN i R T SR e A B R R0

pol ybutoadivedight perceansf endnoctinimated didlefinmdtl badd poltyneeightsofaherodidifiedd
but adi ene- styrene interpolyner. In one enbodinent, the nodified polyner is
a nodi fi ed%bURHdi ene- styrene copol ymer. In one enbodi ment, the nodified

polymer is a g ioB{a efbba Httl?éj%cﬁﬁﬁer ik rﬁ)&ﬁfi@dqmg@)ﬁ@ﬂher ctoﬁﬁ)rﬂﬁig}’fﬁe ris

nodi fied with a polynmer chain end nodi fying agent or” a nodifying coupling
agent . | n mhphdérered Eodogci cospgatetideenpol ymer is nodified with a pol yner chain
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15  styrene interpolymer or a modified polybutadiene.
In one embodiment, the modified polymer is selected from a modified butadiene-
styrene copolymer or a modified polybutadiene.
In one embodiment, the modified polymer is a modified butadiene-styrene
interpolymer.
20 In one embodiment, the modified polymer is a modified butadiene-styrene
copolymer.
In one embodiment, the modified polymer is a modified polybutadiene.
In one embodiment, the polymer is modified with a polymer chain end modifying
agent or a modifying coupling agent.
25 In another embodiment, the polymer is modified with a polymer chain end
modifying agent and a modifying coupling agent.
In yet another embodiment, the polymer is modified with a polymer backbone
modifying agent and a modifying coupling agent.
In one embodiment, the solvent is removed from the modified polymer by a
30  steam stripping process.
In one embodiment, the material comprises surface Al1-OH and/or surface Si-OH
groups, and preferably surface Al-OH groups.
In one embodiment, the material comprises alumina, silica, and/or

aluminosilicates.



nodi fyi ng agent and a nodi fying coupling agent. |In one enbodi nent, the
solvent is renoved fromthe nodified polyner by a steam stri pping process.
I n one er¥OIPHEIE694t he materi al conprises surface Al - OHP&RAIS30496F%hice
Si - OH groups, and preferably surface Al -OH groups. In one enbodi nent, the
material conprises alumna, silica, and/or alum nosilicates.In one

embodi mrent , t g, BR! ehbatink AR ASS:iAl difiphides difimpfie embodi ment, the al umi na
capacity ranges from to 100, 000 ppm sil anol, preferably ranges from 100

to 100, 000 ppmisiohaaabediardt, therdumpagegacity omges 600 t®to1®0,0@pppsiaspl anol .

I nmbodi t, th ' ' t aj ' I I
erboch mentEIFRB RS 100 5 LSO AR S8phargrs RE mddtilRe ¢ ne

silanol i 508908¢bRGikAi@M & conpound according to Formula 3. Fornula 3,
wherein: Si Is silicon; Ois oxygen; His hydrogen; R, R2 and R3 are the
sanme ors di f f er dnone ambodimene dshmateridldpeerdained in a eplgipBup having from1 to 80

nonhydr ogen atqns, an i ch is hydrocarbyl . an erei n each hydrocar byl
group, indepenggﬁp?§@3W§§wB ﬂF?ﬁ@%Pmé?pg?éﬁg%gjgnggturated or unsat ur at ed,

and wher ei n eaqh ohy 8mBed@nM, 1@ Hpol ik Rdepentdentd ompvayd becoodihg anal |y
substituted with a (C1-C4) alkyl, a (Cl-C4) al koxy, a (C6-Cl16) aryl, a
(C7-C16) diosmripl3. or conbinations thereof. In a further enbodiment, R, R2
and R3 are the sanme or different, are each, independently selected from
the group consisting of the follow'ng: -CH3, -CH2CH3, -(CH2)2CH3, -CH(CH3)2
, -(CH2)3CH3, -(CH2)4CH3, -(CH2)3eH3gi-0OEH2)6CH3, -C(CH3)3, -CH2-CH(CH3)?2
and - CH2Ph. | n one enbodi nent, theRgilanoI is selected fromone or nore of
the foll owi ng compounds: HO Si(Et) '3 (Fornula 4 ), HO Si ((CH 2)5CH3) 3
(Form 1% 5 CB GB Formula 3,
wherein:
Si is silicon; O is oxygen; H is hydrogen;
R1, R2 and R3 are the same or different, and are each, independently, a group
having from 1 to 80 nonhydrogen atoms, and which is hydrocarbyl, and wherein each
15 hydrocarbyl group, independently, may be linear or branched, saturated or unsaturated,
and wherein each hydrocarbyl group, independently, may be optionally substituted with
a (C1-C4) alkyl, a (C1-C4) alkoxy, a (C6-C16) aryl, a (C7-C16) aralkyl, or combinations
thereof. In a further embodiment, R1, R2 and R3 are the same or different, and are each,
independently selected from the group consisting of the following: -CH3, -CH2CH3,
20 -(CH2)2CH3, -CH(CH3)2 , -(CH2)3CH3, -(CH2)4CH3, -(CH2)5CH3, -(CH2)6CH3,
-C(CH3)3, -CH2-CH(CH3)2 and -CH2Ph.

In one embodiment, the silanol is selected from one or more of the following

compounds:
HO—Si(Et)s (Formula 4),
N HO—Si((CH2)sCHa)s  (Formula 5),
(FHS PHS
HO—|SI—C\—CH3
CHsz CHs (Formula 6), or
o
HO—|SI—CH3
CHs

(Formula 7).



HO Si-C-CH3 CH3 CH3 (Fornmula 6), or (Fornula 7).1n one enbodi nent, the

nodi fyi ng agent is selected fromone or nore of the follow ng A) through
E): A (RYORSWOSpP4S-SiR3 3, Fornula 8 wherein: Si is sPCrdpag09863961 sul f ur;
Ois oxygen; Nis nitrogen; R4 is a group selected froma (C7-ClQo)

aral kyl, a (C6-ClQo) aryl, a (Cl1-ClQo) alkyl, or a (C2-ClQo) dial kyl et her

(al kyl - Oal Kyl C t I tad MHeh at
(al kol 0al o)y PEoIRBRRLR, RRALY 5 oR ARl ot ot g =t

aryl, a (@HdViny Artalokyh E):an am ne, a thioal kyl, or combinations thereof;
and wherein each al kyl may be (g)ﬁsr gdﬂ% nched and saturated or
unsaturated; Rl and are thé ‘erent, and are each,

i ndependently, selected from hydrﬁgﬁﬁ]ﬂg(@ a (G-Cle) alkyl, a (C6-GC 6)
aryl, a (C7-Ci6) aralkyl, or a (C3-C30) tri(hydrocarbyl)silyl, and wherein
t he hydroodresih: gr oups are each, independently, selected froma (G -G 6)

al kyl, a (C6 a 30 3Si -

RI- N( S R10R11R£)1§51|£%%§|1%1 @f'{%hqérl%?#gegi ﬁl s 1srP ‘lglg(l)n Sis sulfur; Ois
oxygen; N is nigi9gerupR8let&ddroi 8Up;- ee)b)eﬁmegﬂ ﬁl(egrceoo)(ﬁﬁ exoptl@y al kyl, a
(C6-C1lQo) aryl, a (C 1- C 10®o0) al ;&gfr@or a C 100) di al kyl et her

I( al kyl - O alliH or a (éinﬂilwhéra@ml\etb@d Ak yly aBStWhGFFéIP Pachgipngt s ptieRplli t h at
t 1 C6- C
6y aryl . SorpSu R falebe e bucting L R 0 Ak g 0B Y B e

t her eofp; ang) aMyleaeCnCe@efhll@}Uqﬂ aniay, d)teldalme,a:rr combbraginchtbeieofndd sat urated or
unsaturated; R 1 and R13 are the sang or different, and are

each, i ndé’p‘@ﬁ‘ﬁéﬁﬁ“f}yalkiélép%l?ee]é“qal; SR RYdEg g spigfateq oy Esaurgsd: g kyI a (C6-C
6) aryl, a (C7- anng%aaF@ HEYhme OF difetdm: agdsclgé edchl ﬁlhé’&'he&ﬁfybyélée%d Mbm and

wherein the hydroca groups are each, independently, selected froma
(G -G 6) aidkogen (H), (30361@16)63)&3&;%/(106 ©rs) ayt er1CeCio)arakl ¢ayd (C3-Cso)

tri(hydrocarbyl)silyl, and wherein the hydrocarbyl groups are each, independently,
15 selected from a (C;-Cje) alkyl, a (Cs-Cj6) aryl, or a (C7-Cjs) aralkyl;
(R'20)3Si—R°-N(SIR°R''R2),

Formula 9

B)

wherein:
Si is silicon; S is sulfur; O is oxygen; N is nitrogen;

20 R’isa group selected from a (C7-Ciop) aralkyl, a (Ce-Cio0) aryl, a (C;-Cyoo)
alkyl, or a (C»-Co0) dialkylether (alkyl-O-alkyl), and wherein each group is optionally
substituted with at least one of the following: a (C;-C4) alkyl, a (C;-C4) alkoxy, a (Ce-
C16) aryl, a (C7-Ce) aralkyl, an amine, a thioalkyl, or combinations thereof; and
wherein each alkyl may be linear or branched, and saturated or unsaturated;

25 RIO, R“, R!% and R"® are the same or different, and are each, independently,
selected from hydrogen (H), a (C;-Cjs) alkyl, a (Cs-Ci6) aryl, a (C7-Cy¢) aralkyl, or a
(C3-Cso) trithydrocarbyl)silyl, and wherein the hydrocarbyl groups are each,
independently, selected from a (Ci-Ci¢) alkyl, a (Cs-Ci6) aryl, or a (C7-Cy¢) aralkyl;

C)  (R'O)(R?),Si-R*-S-SiR%;,

30 Formula 10

wherein:
Si is silicon; S is sulfur; O is oxygen; N is nitrogen,

x is an integer selected from 1, and 2;



0 (R10x(R2)ySi-R 4-S-SiR 33, Fornula 10 wherein: Si i s silicon; Sis
sulfur; Ois oxygen; Nis nitrogen, x is an integer selected from1, and 2
'y is an WAReHydsed| ected from1l, and 2; x +y = 3; R4 PETASFN8(p39%E| ect ed
froma (C7-ClOo) aralkyl, a (C6-ClQo) aryl, a (Cl-ClOo) al kyl, or a
(C2-C1lQo) dial kyl ether (al kyl-Oalkyl), and wherein each group is

optional |y subst;i L Beedd bt tin@pe of the following: a (CL-C4) alkyl,
a (G-c4) alko yll,SElfé[lltl %%Clégdarrg]l ) 3 (C7-a ) aralkyl, an amine, a

t hi oal kyl, or corb=Mtions thereof; and wherein each al kyl may be |inear or

b hed, and sat.urat ed t - R1 h

BRIy (SR o S e R Nk SFAV KA to kot P

(C1-C16) alkylor aa(_c%-@lf}509&%kﬂétb{ér,(alﬁyfr§7a1@1§)anamlskeyﬂ eacllgréup( G3pESilly
silyl,

tri (hydrocarbyl)sil and "wher ei n” t he hydr ocar byl gr OUés are each
i ndependenubsfiteed sithed leastome af (te foltbwaile: alky ) BkyleeUar @) abkoyly.,a Grs- a

wnerei n & oo p(Pebd SRR G sttt e BT S,

i nteger se}iRedif dady AR nayaBtdlirkar 6r branded] didegeiatsbeaise@rdedm 1, and 2; p +
q =3; RO is a group sel.ected froma f§?C7- C1Qo) aral_kéyj, a (C6- ClOocfmaryl, a
(Cl-Clon) al kyIR', Br- aad Riarathesymel padifipreat.naf afegaehy ingependsnty. selectedaner ei n

each group..is,opti &él QES' 1 6w 1% s¢. Oner %trgcf_@lowing: a
(G-c) allyR hdopd du { b‘*i;l“}%k?a ?86 é@ 2 g ORC R AXGHE an
am ne,0a th{gakdatibyeilylcambiviatinashydrecaeofl grapd avhexckimlepasdendy kyl nmay be
| i near or branched, and saturated or unsat ur(%lt ed; R%Ig ~RL1, RI2, R13,
R14 are tIelegigdrost a (i rEer akyl, adferCar @ daif (Gop gt | y, selected from
hydrogen (H), a (Cl1-C16) alkjs 1‘§q - Ghb) abp11814,C7- C 6) aral kyl, or a
(C3-C30) tri(hydrocarbmpy) sﬁ'%y ,P(gn Q‘ﬁhg} EI}\llflélﬁeR hsdr)%car byl groups are
each, independently, selected fRoasu@ 10C -C 6) alkyl, a (C6-Ci6) aryl, or a
(Cr-c6) aral kyl;
wherein:
15 Si is silicon; S is sulfur; O is oxygen; N is nitrogen,
p is an integer selected from 1, and 2;
q is an integer selected from 1, and 2;
p+q=3;
R’isa group selected from a (C7-Cioo) aralkyl, a (Cs-Cioo) aryl, a (C1-Cioo)
20 alkyl, or a (C2-Cigo) dialkylether (alkyl-O-alkyl), and wherein each group is optionally
substituted with at least one of the following: a (C;-Cy) alkyl, a (C;-Cy) alkoxy, a (Ce-
Ci¢) aryl, a (C;-C¢) aralkyl, an amine, a thioalkyl, or combinations thereof; and
wherein each alkyl may be linear or branched, and saturated or unsaturated;
RIO, R“, Ru, R13, R are the same or different, and are each, independently,
25 selected from hydrogen (H), a (C;-Cy¢) alkyl, a (C¢-Ci6) aryl, a (C7-Cy¢) aralkyl, or a
(C3-Csp) trihydrocarbyl)silyl, and wherein the hydrocarbyl groups are each,
independently, selected from a (Ci-Ci¢) alkyl, a (Cs-Ci6) aryl, or a (C7-Cy¢) aralkyl;

E)
R21
o R'S-N(SiR'®R'"R®),
RS
R20
30 Formula 12,
wherein:



E) wherein:Si is silicon; Sis sulfur; Ois oxygen; Nis nitrogen, RI5is a
group selected froma (C7-ClQo) aral kyl, a (C6-ClQo) aryl, a (Cl-ClQo)

al kyl, orW20105¢®® o) di al kyl et her (al kyl - O al kyl ), an@CRASRAOMEEEN gr oup
is optionally substituted with at |east one of the following: a (Cl-C4)

al kyl, a (C1-C4) al koxy, a (C6- aryl, a (Cr-G ) aralkyl, an amne, a

t hi oal kyl, or bipalkl QRS her 89 ox2Be NbELEbRe£ach al kyl may be |inear or
branched, and s%gégaérlg‘f?}éldgorsunshtur%’%}%d;’ RI6 Rl , 'R18, R19 , R20, and R2 1

are the sane oR'Uisf4 goemseleantirame €adchgo) prdlepen@aiiby arded €at@do)f r om
hydrogen (H), a (G1-C16). al kyl, -Cl aryl., a (C -G ). aralkyl, or a
(C3- C30) t#hya’tﬂf&r(gé' 1@}?%@?@#“‘% @ﬁ%ﬁﬁﬁ@@’ﬁnflﬁ@eﬁ%&é%&ﬁ%ﬁ186?@%%%13’& e each
| ndependenthyisel f5thed 1chs QIR df tHel foflbwing@h KY'—CQ?&H(}QGJ @8 %Ikk()_k%', A({C7- G 6)
aral kyl, or conbinations thereof. In one enbo iment, the nodifying agent is
sel ect 8d fGiomrgloapoubds anfkytommmige, rathioalyl-or combingtiprs thapof;@pérein Y i s
(G 2-G Q) .al kyl, _( -C100)..aral kyl , .qr, 12-CJ : Jds sulfur; Ais
hydr ogen, W}(egjlé-e M aﬁ]%y%rgz}y rorpragche %I—?,(ng-sét-u%t%%%%%{éuraé- S) P- R8,

-NROR10, - NRL1GORR2! rot R'CECRIAd R3' irs thdranivurtigfferogand mo cadthree, four or
five, and R, R2, R14 are the sane or

R3, R4, R8, R9, RO RII, Rl12 and
di  f er ent ,indapandandy esedasted; frare hudroaen (H); 2 §61-6ev elivk rdkrity drisyem (G 10)

Cl- C16) alkyl, .6 e -
E ri( hydz ogaé"kri%%lr ?‘g?c@%(’irﬁ@ﬁ%%f%‘%%@?s 1@, g)é‘? 2’?}%% iﬁ‘gdrhg hydro %@?{%@% dent | y
sel ected faaoimndehendentby) seddckad frorh GREGR)) atktyy a (CarC 6 )GEyICh 607-E@lakyityl, dm one

enbodi nent, the nodifying agent is selected from conpounds of Fornula 14:
A-S- R - SAMbEwtieds Bersf. wherein R is a (Cl2-ClOo) alkyl, which is |inear

or branched, a Gl 'e&i)%}neﬂf, Qillé(%bdifﬁflg Qgent is selected from compounds of Formula
13:

AS-Y-Z (Formula 13),
15  wherein
Y is (C12-Cigo) alkyl, (C12-Cigo) aralkyl, or (Ci2-Cieo) aryl;

S is sulfur;
A is hydrogen, -(S),-R1 or -SiR2R3R4;
Zis —SH, -S-SiR2R3R4, -S-(S)p-R8, -NROR10, -NR11COR12, or -COOR14;
20 p is the number one, two, three, four or five; and
R1, R2, R3, R4, R8, R9, R10, R11, R12 and R14 are the same or different, and
are each, independently, selected from hydrogen (H), (C;-Ci¢) alkyl, (Cs-Cis) aryl, (Cs-
C¢) aralkyl, or (C5-Cso) trithydrocarbyl)silyl. The hydrocarbyl groups are each
independently selected from (C;-Cis) alkyl, (Cs-Ci6) aryl, or (C7-Cie) aralkyl.
25 In one embodiment, the modifying agent is selected from compounds of Formula
14:
A-S-R’-S-A (Formula 14),
wherein
R’ is a (C12-Cioo) alkyl, which is linear or branched, a (C12-Cioo) aralkyl, or a
30 (Cy2-Cyo) aryly
S is sulfur;
A is hydrogen, -S-(S),-R1 or -SiR2R3R4;
p is the number one two or three; and

R1, R2, R3 and R4 are the same or different, and are each, independently,

10



(G 2-C100) aryl; Sis sulfur; Ais hydrogen, -S-(S)p-R or -SIR2ZR3R4; p is
t he nunber one two or three; and R, R2, R3 and R4 are the sane or

di f f er entWVO2AW/Qs@4each, i ndependently, sel ected from ( CPCOLESR00/0R3PH1
(C6-C16) aryl, or (Cr-C16) aralkyl. In one enbodi nent, the at |east one
solvent is contacted with the at | east one material, which is contained in

at | east _ts}é\fgctg@Eﬂéﬁp@lh%lg)egk%%%g?%)e%ggk@p@bggg(ﬂt | east two colums are

operat ed i n exchang de exenplary nmeans the solvent is
passed t hr ough Ih bee éinbsdimeot, themt leaki ¢re sohensie contdcted Wittnthé st least oeonnect ed

to the solvent stream and the second colum is regenerated or.refilled and
acti vat ed.m*ttﬂ(‘:aé’. v ﬁlfﬁ GogfaiReg 18ﬁhfeﬁﬁéwoicgfugaﬁné%ﬁé‘&%%%’ﬁ%f%w@%lﬁta[ isetalq"team i's
exhaust ed, . BRANNME a5 bRkd GAkcARgeRRodee MR¥RsheRThddeieRBinbMrpRy AR tRe t he
regenerated or refilled and activated second columm is connected to the

sol vents stsobant iagaisad thauht the fifst celumpo it tesseennslasiiae isaiet FORIIRFIEAL0 sol vent
stream | Q%eoﬁileglltngt?g%}rreél?ltg Fléetjﬁ%gorl}(f %o?hltlrgn ?s];reggfl%Pattéé({r) J%ruljgﬁﬂéé and zﬂ:glggtg@d 69%4 Yy,

from1lto nme n one enbodi nment, the

di ameter ghe BAEBoIGANURA i§ Sonnk&ae@ pethe estivbnt,strEaram &hludted, lndanimgtsénsol can
preferably from0.2 to 1.0 neters. In one enbodi nent, the solvent elution
rate thr oughberstoved effipiently anymaes dredestneiated erggiidedydsctivated secopfisec. 1n

one enbodi . t Y j ' ' i d
i ndependerﬁ:tlg}eugl[?1 f 1rsrcgﬁrlllf%?étdotg en%roﬁiétngg?e% nﬁ%l % ag%l%ﬁe{??%rﬁfﬁedliﬁowgé%t one
sol venfy i Srpaseediveht ategm. at | east two col utms (containing the material)

connected in series. In a further odinent, the capaci of each col um
to react with, Iﬁﬁ&?éﬁbaﬁgﬁpb,thes]iepgﬁg? i 1 5 B’&?pqp“ﬁe‘g%f@ﬁbﬁﬁﬂ grent, t he
capacity q{let@rs’c&%wﬁoffpﬂ&(ﬂﬁ@gr@y gas chromat ography of the
concentration of silanol in the solvent after passing through the colum. A

det ect abl e or dn ohaembadinregt, visd diemeter of ¢agh ebluimmdis ciatesndénglyc bbuonthl (s
nol fromthe polynerization solvent (for

:algefeii;rlplegfj L%réer%(%?ﬁéﬁ%gg’?":‘rﬂgh ﬁ%g'(zﬂlfl%en a specified anount of sil anol
(for exanple, I,RARERboARIR], thSsdin€eluloh kdle thieughQa¥eBélhmnlig) one
enbodi nent, once a colum is exhausted (capacity full), the flow of the at
| east one independently, from 1 cm/sec to 2 cm/sec.
In one embodiment, the solvent residence time in each column is, independently,
from 1 to 5 minutes.
In one embodiment, the at least one solvent is passed through at least two
20  columns (containing the material) connected in series. In a further embodiment, the
capacity of each column to react with, and/or absorb, silanol is monitored. In one
embodiment, the capacity of a column is monitored by gas chromatography of the
concentration of silanol in the solvent after passing through the column. A detectable or
an increasing value of silanol indicates the column is inefficient for the removal of
25 silanol from the polymerization solvent (for an example, the column is inefficient when a
specified amount of silanol (for example, 1 ppm or more) is detected in the solvent). In
one embodiment, once a column is exhausted (capacity full), the flow of the at least one
solvent by-passes this column, and flows into another column. In a further embodiment,
the exhausted column is regenerated or exchanged with new material, and wherein the
30  flow of the at least one solvent is re-routed to again flow into this column.
In one embodiment, the at least one solvent is recycled at a rate from 50 to 70 m’
solvent per hour.

An inventive method may comprise a combination of two or more embodiments

as described herein.
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sol vent by-passes this colum, and flows into another columm. In a further
enbodi nent, the exhausted colum is regenerated or exchanged with new

mat eri al ,\WaRA103e1%éi n the flow of the at |east one sol vERT/USIWEI6LUt ed t O
again flowinto this colum. In one enbodiment, the at | east one solvent is
recycled at a rate from50 to 70 nB8 sol vent per hour. An inventive nethod
may corrprls§l§=l scombi nation of two or nore embodi ments as descri bed

herein. Si I°an0l'S The termsilanol is intended to mean the subj ect conpounds
descri bed her emhemcrhhsﬂraﬁbblsmtcmied@o FeanmthezuBjeForampoangds desbebash hereigi i s
silicon; Ois yrgce Bydrogen; R, R2 and R3 are the same or

di f f er ent Wlﬁh‘i? Ay eé‘égﬂrm‘?ﬁ ependently, a group having from1 to 80

nonhydr ogen atons, which is hydrﬁctar byl, and, wherein each hydrocar byl
group, independently, may be |inear or branched, saturated or unsaturated,
and wherei n each hydrocar byl gR%ﬂfSi—iO‘rdlependently, may be optionally
substituted with (CL-C4) al kyl, §C1- 4) al koxy, (Cr-Ci6) aryl, (C7-Cl6)

aral kyl. More particularly R, and R3 are homaukae or different, and are
each, |nde ndently, a hydrocar byl group having from1l to 20 non- hydrogen
at ons, d“?ﬂﬁeé’?el n each al kyl group, independently, may be |inear or

branched angs SARLIH: @@@X%enupp@lhyd@g@d and wherei n each hydrocar byl group,
i ndependent |y, may be optionally substituted with (Cl1-C4) alkyl, (C6-Cl16)

aryl, (C7-RIL&2 @ﬂdwgrb theosran@owmfﬁsf@mteml arp epdipfndegndenty. @ HYULhN D t he

Ul eet 8o b A8 TR SRETEIE 8 eIy o,

(CH3( CH2) 3g)c&§1 i eI(thBﬁ GiR) ¥ 1BBiar BHyraf¢bidd( GHR)BY 3SundBdrateCHB( GHiRYG) 3Si -
OH, ((CHB)BC)(CHB 2Si - CH, ((CHB)ZCH-CHZ)(CHB)28| 2@‘_&&‘3)2&-

OH, ((@43)62@@ orsh gisro, ifdepssiendyy gy jeqraqagiyy s@mu%eﬁ'&?@; )3s| -
%, (DGR (S £ GOl 25 0L (2GS

More particularly R1, R2 and R3 are the same or different, and are each,
independently, a hydrocarbyl group having from 1 to 20 non-hydrogen atoms, and
wherein each alkyl group, independently, may be linear or branched and saturated or

15 unsaturated, and wherein each hydrocarbyl group, independently, may be optionally
substituted with (C1-C4) alkyl, (C6-C16) aryl, (C7-C16) aralkyl, or combinations
thereof.

Specific species of the subject silanol include the compounds represented by the
following formulas:

20 (CH3)3Si-OH, (CH3CH2)3Si-OH, (CH3(CH2)2)3Si-OH, ((CH3)2CH)3Si-OH,
(CH3(CH2)3)3Si-OH, (CH3(CH2)4)3Si-OH, (CH3(CH2)5)3Si-OH, (CH3(CH2)6)3Si-
OH, ((CH3)3C)(CH3)2Si-OH, ((CH3)2CH-CH2)(CH3)2Si-OH, ((CH3)2CH)(CH3)2Si-
OH, ((CH3)2CH)2(CH3)Si-OH, ((CH3)2CH-CH2)2(CH3)Si-OH, ((CH3)2CH-CH2)3Si-
OH, (PhCH2)(CH3)2Si-OH, (PhCH2)3Si-OH, (Ph)(CH3)2Si-OH, (Ph)2(CH3)Si-OH,

25 (Ph)3Si-OH, and (PhCH2)(Ph)2Si-OH.

More specific species of the subject silanol include the compounds represented
by the following formulas: (CH3)3Si-OH, (CH3CH2)3Si-OH, (CH3(CH2)3)3Si-OH,
(CH3(CH2)5)3Si-OH, ((CH3)3C)(CH3)2Si-OH, and (Ph)3Si-OH.

The above defined silanols can be formed from—S-SiR3, =N-SiR3 or from =P-

30  SiRi moieties or sites, which are present as functional groups on the polymer, or present
on modifier compounds as result of a hydrolysation process. Hydrolyzation occurs in the

presence of water or water containing media, and is accelerated in the presence of

12



More specific species of the subject silanol include the conpounds
represented by the following formulas: (CH3)3Si-0OH (CH3CH2)3Si-C0OH,

( CH3( CH2)WBP2810/a3p694 ( CH3( CH2) 5) 3Si - OH, ( ( CH3) 3C) ( CH3) 2Si POHUSAHE/ 0639k 3Sj - OH.
The above defined silanols can be formed fromS-SiR3, =N-SiR3 or from

=PSi R noieties or sites, which are present as functional groups on the

pol ymer, %5%9%?@1?2,1%6&?sﬂgﬂqis,fﬂo?éxa%ﬂ{mwg%?c 23dd &SHblcat agighlydr ol ysati on

process. Ion occurs In the presence of water or water containing
medi a, and i s aocaterchtaedoridingtth&@opnels ddceanckpreats alpyetohginggeant, such as, for
exanpl e, organic acids or inorgapnj cids.. An. alcohol, according to Fornula
15, can serve as a protol yzing ggjeﬁﬁam ftlﬁ%arﬁ}ra 15). The reaction of an

al cohol (For nul@e4dac¥oh Bf & SIRORAYRSHALE DY @itRE cb@pbdidadcardthd © Fhfmurs Wi th a
pol ymer being nodified with a conpound according to Fornula 8 to 14,

i ncl udisng tbid, arorith  polymdr baingolodifiad vaith 2 eompungdrigcardimgtte Forpula ggg lfead to

51 s s ieanoRepfu g TR BSSHeRSAR b iRERE QARahi R e ) SR

or diff er gpfmatRRAGfaBmPBGHY adcbRRERd®MLls 162 group having from1 to 80
nonhydr ogen atons, and which is hydrocarbyl, and wherein each hydrocar byl

group, independently, nay be IineaR1\or branched, saturated or unsaturated,
and wherei n each hydrocar byl groHp,_'.rl%?%ﬁndently, may be optionally
substituted with a (Cl-C4) alkyl, %/%C =C4) al koxy, a (C6-Cl6) aryl, a
(C7-C16) aral ky, or conbinations tHereof. NbrﬁF&%{lﬁcjl?@I arly R, R2, R3 and
R4 are the sane or different, and are each, independently, a hydrocar byl
group haviyigréihom 1 to 20 non- hydrogen at ons, and wherein each al kyl group,
i ndependent |y, may be linear or branched and saturated or unsaturated, and
wher ei 1t eadh’ Hliermo s 9yyesy S hyiiegebendent |y, may be optional Iy

substi t ut j - | kvl - LHB)e 84N indBodn@dntfsl &) kWle oOr
conbi nat i ﬁlg\gzﬁlgégagéﬁggée%}e?sﬁﬁ%&r(eiﬁge&%’d F{4-fg:;roublsn ?%cl uI(ljggt ﬁ% flﬁal OV%I ng
nmoi et i es rfepn ése 80 adnlbydrodea at@hd, and ndidhds hydrasarbylCHB] wh@eaGlagh - ( CH2) 2CH3,

] $(2 _Gé'B_% é_lfg}i_ga(cgﬁ)(? g&gmﬁépﬁﬁgﬁ%a{b@ %‘HggrSO%dncﬁéﬂg&Pa%?ér u-ngé(ltlcl:ll'g%ﬁ?d? ’

and wherein each hydrocarbyl group, independently, may be optionally substituted with
15 a(C1-C4) alkyl, a (C1-C4) alkoxy, a (C6-C16) aryl, a (C7-C16) aralky, or combinations
thereof.

More particularly R1, R2, R3 and R4 are the same or different, and are each,
independently, a hydrocarbyl group having from 1 to 20 non-hydrogen atoms, and
wherein each alkyl group, independently, may be linear or branched and saturated or

20  unsaturated, and wherein each hydrocarbyl group, independently, may be optionally
substituted with a (C1-C4) alkyl, a (C6-C16) aryl, a (C7-C16) aralkyl, or combinations
thereof.

Specific preferred R4-groups include the following moieties represented by the
following formulas: -CH3, -CH2CH3, -(CH2)2CH3, -CH(CH3)2 , -(CH2)3CH3,

25 -(CH2)4CHB3, -(CH2)5CH3, -(CH2)6CH3, -C(CH3)3, -CH2-CH(CH3)2 and -CH2Ph.

Protolyzing agents, such as, for example, organic or inorganic acids or water,
each when present in a polymer steam stripping process, transfer silylether type
compounds according to Formula 5 quantitatively, or at least partially, into silanol
compounds according to Formula 3.

30
Modifying Agents

Modifying agents include compounds according to Formula 17:
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Protol yzi ng agents, such as, for exanple, organic or inorganic acids or

wat er, each when present in a polynmer steam stripping process, transfer

si |yl et heWOR)WASe@pounds according to Fornul a 5 quant i P&T[USE0/063961 at

| east partially, into silanol conpounds according to Fornula 3. Modifying

,(Agentsl Nb(ili7;yi\rll\ﬁ agents include conpounds according to Forrmula 17: AS-Y-Zm
ornul a erein Yis 12-ClQo) ar (C12 ClQ®o) aryl, a

(C12-Cl10 q v)}ﬁa&}l(yl or a (Cl2- C%C?r?)) di al kypbe({%hllelra (a1 kyl - O al kyI )y and

wher ei n eac |o al st a Cil-c4

e e
Ydalk -SR] v/ 16H& 88y b tighall hititut Wah rogen,

-(S) P- Rl or %R2R3|%4y@? is -SH -S I\/IF125R6R7 eSSp ) S‘S -1|\111R9R10 Y ?

- NR11COR1 2C1-Co gkyIRa §C1-Contioxyor (Ccoorani. al\ﬁlq7scls)i 4rﬂ115b1naél%tﬂ{ei AR apineg

ni trogen,; e, two or three; pis the
number onel\% pATERY LRl #@%aﬂgafnigﬁﬁéée%m R3, R4, R5, R6, R7, RS,
RO, RO R, IKlﬁ,sullﬂlr;% and R14 are the same or different, and are each

i ndependent |y, selected from § , (CrG ) al kyI, (C -G 6) aryI, (C
-C ) aral kyl, Porsl(yg@g@s&)(s):pfﬁ{ 'I)sinI The hydrocar byl groups
are each, |ndependentl , selected from ( ?\1 %‘lhg aryl, or
(C7-Gi 6) ar al ky4 is -PHetSeMHRIRARI, -S)p-RE3; N&2R1@25 R@écﬁ%u AECREI3R 0 R,
R12, R13 R14 e sane or different, and are each, independently,

sel ect¥d ?ﬁg @@%Lﬁ (G-G 6) al kyI or trialkyl si | yl. In one

enbodi nent, Y iNgif Qﬂlgolpa@g), aral kyl, (Cl12-ClQo) aryl, (Cl2-ClQo) al kyl, or

(C12-C10
N is nitrogen;

O is oxygen; and
m is the number one, two or three;
15 p is the number one, two, three four or five; and
R1,R2, R3, R4, R5, R6,R7, RS, R9, R10,R11, R12, R13 and R14 are the same
or different, and are each, independently, selected from hydrogen (H), (C;-Cis) alkyl,
(Cs-Cie) aryl, (C7-Cy¢) aralkyl, or (C3-Csp) trithydrocarbyl)silyl. The hydrocarbyl groups
are each, independently, selected from (C;-Ci¢) alkyl, (Cs-Ci6) aryl, or (C7-Cie) aralkyl.

20  Preferably R1, R2, R3, R4, R5, R6, R7, R8, R9, R10, R11, R12, R13 and R14 are the
same or different, and are each, independently, selected from hydrogen (H), (C;-Cjs)
alkyl or trialkylsilyl.

In one embodiment, Y is (C12-Coo) aralkyl, (C12-Cioo) aryl, (Ci2-Cioo) alkyl, or
(C1»-Cigo) dialkylether (alkyl-O-alkyl), and wherein each may be linear or branched,

25  saturated or unsaturated, and optionally substituted with (C;-C4) alkyl, (C;-Cy) alkoxy,
(Cs-Ci¢) aryl, (C7-Cje) aralkyl, nitrile, amine, NO,, alkoxy, thioalkyl, or combinations
thereof.

It is understood the Y, as described herein, would be at least divalent.
While not shown in Formula 17, it will be understood that the subject

30  compounds include their corresponding Lewis base adducts (for example, with solvent
molecules tetrahydrofurane, dieethylether, dimethoxyethane coordinated with silicon
atoms).

The term “aryl,” as used herein, refers to at least one aromatic ring, and may also

refer to two or more aromatic rings. It is understood that an aryl group used as “Y,” as

14



o) dial kyl ether (alkyl-0Oalkyl), and wherein each may be |inear or
branched, saturated or unsaturated, and optionally substituted wth (Cl-4)
al kyl, (GYOcay0/3p®dxy, (C -Ci6) aryl, (C7-C 6) aralkyl, PRT{US2008/06861 ne, NO
, al koxy, thioal kyl, or conbinations thereof. It is understood the Y, as
descri bed herein, would be at |east divalent. Wile not shown in Formnula

17, it wlj J?ﬁ)e&'ﬁlgx%ﬁi%‘aﬁi J/hé&tleésﬂ?w%éf?d ect conpounds include their

correspondi ng Lew s base adducts (for exanple, with solvent nol ecul es
t et r ahydr of ur afithe telireGtrily1 atused helﬁlnmtdmdwmotia@elwmbrpdiﬁmds édphenyly agd | i con

atons). The term"aryl," as use her ei efer aromatic
ring, and 9%?’8?@8011‘1&108}90{”6‘1 c?rptl arlg' séli’f‘)tﬁﬁ'teaém%aﬂ%%l 5??“’2‘3’%%& st ood
that ‘an arybaf RUBrod&Bh, &fh aX,mtrcag%Hes%%f hedphepeirbus Woul d be at | east
divalent. The term"aryl," as used herein, is understood to include

phenyl s, bi pherfhegeran lloyl ens ubeshheseioi wfes @mmgoneeaé@hatapgrpbma@mﬂynay

bstituted with alkyl, alkoxy . hyd h
i 17 ogen, Pt S pimEpRDP e B op ol FF m R 08, RRRenS " P

to at | eastci@rakbpbahiién GieRidp, andREkurs @lﬁ@at[lﬁli@lr It 3 dndersod it @n
al i phati C@%I oups. The al kyl group may be linear, branched, cyclic, or a
conbi nat i af Iserupored andY S as dessriber! bereinyapidrbsas deast divalenty Thef&ood t hat an

2Vt oI RgE £ B2 lreln IPuABRGEIPBINEELHIn HALhCaRE Apnhast o) v ent

The term"a I'S un erstoo th straight

chain @l i pﬂatdcarbl@ncglf@q)a,r(lﬁmmgﬁ@ltpmetl(}ﬂ dMeEkﬁWﬂJ (K1), oyl (POMBbutyg By, (Et),
n-propyl (Pr), n-buty n- pentyl , ex et c. bran(ihed al i phatic
hydr ocar bdhpfg}tﬂu%‘éle@fl ﬁ"tC é»)@ﬁﬁ‘iﬂhéd a]illéllf‘ﬁFBPﬂ/qocar 8‘? BLOyaE YT AP, 1R RYar bon

based non-ahg IeQC { %ﬂ?ﬂ,sarbcﬁﬂ I:t)a@é@ﬁétf;alla}iﬁﬁ‘? ﬁﬁ%p %ﬂpﬂ&tﬁ%ﬁrocﬁ%ﬁ growps Kyl "

refers to saturated |1 near ranched, cycli or conbi nati ons thereof,
al i phat i ¢ Herelratat’ bmfbrgtmpsatedhdemnlstanmedt @dhclqrr‘remblnabr)mfdﬂhl@df cyclic, or

conbi nati ons, t her eof , aI| hatic oca r The,.term"” raI kyl," as
used her eidhPhatishyidgoqagpoger ?lé)a?s?ncg télFa(S?fgﬁlnﬁg rﬁ” alegh‘ﬁycgf 3 |r Imago%( one
al kyl groyperebf ahﬁlaﬁ@@?ﬂ@%%gny&bs an aral kyl group used as "Y," as

descri bed herein be at lNeast divalent. The term"aral kyl" is

under st ood to rBwrtemn @alyl, gﬁ&)‘@ﬁ@dﬂj@fﬁfﬂed@f@tﬁ ta At lgpsephe apipaticaing, ang Ydgky, " as
used herein, is understood

d hox 1 )
(Pro, but%}&? (BT BBr 3&39&‘, gristlég ”‘Fangra}i(eyﬁgpo% “Sgén %o;%eggth pr OpOXY

described herein, would be at least divalent. The term “aralkyl” is understood to mean
an aryl group bonded to an alkyl.

20 The term “alkoxy,” as used herein, is understood to include methoxy (MeO),
ethoxy (EtO), propoxy (PrO), butoxy (BuO), isopropoxy, isobutoxy, pentoxy, and the
like.

The designation of (C,-Cy), for example (Cy2-Cigo), as used herein, is intended
to mean a range of carbon atoms from a to b, and includes all individual values and

25 subranges from a to b.

In one embodiment, the subject modifier is selected from the class defined by

Formula 13:
AS-Y-Z (Formula 13),
wherein
30 Y is (C12-Cio0) alkyl, (C12-Cioo) aralkyl, or (C12-Cioo) aryl;
S is sulfur;

A is hydrogen, -(S),-R1 or -SiR2R3R4;
Z is —SH, -S-SiR2R3R4, -S-(S)p-R8, -NROR10, -NR11COR12, or -COOR14;

p is the number one, two, three, four or five; and
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| i ke. The designation of (C -Cb), fr exanple (Cl12-Cl100), as used herein, is
intended to nean a range of carbon atons froma to b, and includes all
i ndi vi duaWova1uses%94nd subranges froma to b. I n one enbh8ITHSA/063961 subj ect
nodifier is selected fromthe class defined by Fornmula 13: AS-Y-Z (Fornul a
13), wherein Y is (Cl2-ClQo) al kyl, (Cl12-Cl10O o) aral kyl, or (Cl2-C100)

aryl; Sis sulf j d
“dsirerar, - S 52%%@%9%%810_%%@{(1%‘ 4 Rlér%k&lg%%e of ditfreniand  imber

one, two, atdwaeh, 1nﬂqm:nd<mﬂyf Bal@:,tecbﬁﬂdﬁlhydﬁ%ﬁn W), (R4Ci&R8lkyRICsRiQaryl (G- R12 and
R14 are th iffere nde dentl | ected from
hydr ogen (‘f‘i?) argl ( ¥ GrRy yd]( St yla&%\ehy%r@?ar gbr))ulgr%? EVI?‘ or (C3-C30)
tri(hydrogag ¥ﬁae%t1gyée1ecaéh%?ﬂ@§pe%5 Biy1 GEQURS 2. ?orez@%m)'amﬁﬂendent Ly,

selected fro Kyl : - 6) aral kyl
Pr ef er abl yréferabRoR 1.7, R4 RARRS. B9 R1W, @11 121211142&24 ndhRpmegraiffgrantsane or

al kyl or e Syt oreareyTaT PR e SRR CER PR (B % ”

and Bu. V\Vlhﬁlkyllaﬂid SRPNRy 1l R pdc@dIMLihaudd, Ml Eyvpt imdoleu under st ood t hat the
subj ect conpounds include their correspondl ng Lewi s base adducts (for

exanpl e, with sW¥hijepet Sh@Wéé%F@rénqléﬂﬁ’thd}BﬁfW%ﬁ%ooﬁhété?ﬁwté?oﬁé?mpounds

(L2 CromIRaTER FHph e S b B LR T dmele SRR R, ) ¥ 1 ©
di al kyioet hEUfah(ydfdﬁyﬂan@tﬁédﬂ)@ﬂétheradﬂlabﬂiteayeihanteaﬂiﬂdmayd kvathlsiliearatans)br anched,
saturated or unsaturated, and opti onaIIy ubst it ut & al kyI
(Cl-C4) al koxy, n@@?ﬁ@b()@}neam is (terC o) 36§ gfﬁ 100? AT r(hl?e é)rﬁ(ﬁ%é

al koxy, t hoabk dlz\}\%& %@ggﬂlg&?k?-gﬁ?l)t her \@Rérelnletacﬂ ﬁlay 'Bg?lh§§rQ9@ratnG§edY as

descri bed ‘hér el t divalent. Specif preferred species of
t he subj ectatunmed bil ersafunetdjded bp@ormﬂyrpolwmasei with (Ché]4)ralls3dr t@spontkony. Lew s

base adducES— 16 ar}bl ?éfC{;?gralihP, ni le a rlnees z,egkg)Yy, ttﬁ]lgalkyl, or combinations

15 thereof.

It is understood the Y, as described herein, would be at least divalent.

Specific preferred species of the subject modifier include the compounds (and
their corresponding Lewis base adducts which are not shown) represented by the
following formulae:

20 MesSi-S-(CHa) 5-S-SiMes, Et;Si-S-(CHa);s-S-SiEts, (iPr)3Si-S-(CHz)1s-S-Si(iPr)s,
tBu(Me),Si-S-(CH>);5-S-Si(Me),tBu, nBu(Me),Si-S-(CH,)5-S-Si(Me),nBu,
Ph(Me),Si-S-(CH,);5-S-Si(Me),Ph, Bz(Me),Si-S-(CH,):5-S-Si(Me),Bz, (Ph);Si-S-
(CHa)15-S-Si(Ph)s, H-S-(CHy)15-S-SiMes, H-S-(CH>)15-S-SiEts, H-S-(CHz)15-S-Si(iPr)s,
H-S-(CH,)15-S-Si(Ph)z, H-S-(CH)15-S-Si(Me),tBu, H-S-(CH,)15-S-Si(Me)nBu, H-S-

25 (CH,)15-S-Si(Me),Ph, H-S-(CH,)5-S-Si(Me),Bz, MesSi-S-CsH;o-C(Me),-CsHio-S-
SiMes, Et;3Si-S-CeH;o-C(Me),-CH1o-S-SiEts, (iPr);Si-S-CeHio-C(Me),-CsHio-S-
Si(iPr);, tBu(Me),Si-S-C¢H;o-C(Me),-CsHio-S-Si(Me),tBu,
nBu(Me),Si-S-CsHio-C(Me),-CsHio-S-Si(Me),nBu, Ph(Me),Si-S-CsH1o-C(Me),-
CeHi0-S-Si(Me),Ph, Bz(Me),Si-S-CeHjo-C(Me),-CeHio-S-Si(Me):Bz, (Ph)3Si-S-CeHjo-

30 C(Me),-CsHjo-S-Si(Ph);, H-S-CeHjo-C(Me),-CsHio-S-SiMes,
H-S-CsH;0-C(Me),-CsHo-S-SiEt;, H-S-CsH;0-C(Me),-CsH 0-S-Si(iPr)s,
H-S-CsH10-C(Me)2-CsHo-S-Si(Ph)s, H-S-CsHi0-C(Me),-CsHo-S-Si(Me)2tBu,
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fol l owing fornul ae: Me3Si-S-(CH 2) 18-S-SiMe 3, Et3Si-S-(CH2) 18-S-SiEt 3,
(iPr) 3Si-S(CH2)i8-SSi(iPr) 3, tBu(M) 2Si-S (CH 2)i8-S Si (M) 2tBu,
nBu( Me) 2®P281K086693) i 8- S-Si (Me) 2nBu, Ph(Me) 2Si-S-(CH PYTASG0806396} 2Ph,
Bz(Me) 2Si-S-(CH 2) i8-S-Si(M) 2Bz, (Ph)3Si-S- (CH2) 18-S Si(Ph) 3,

HS (CH2)18-S SiMe 3, HS (CH2) 18-S SiEt 3, HS (CH 2)i8-SSi(iPr) 3,

H S-(CH 2)} 8- i | SS-S| Me

2nBu, 1+ S (BT B e Tt SEE BN BTSN I G R 2 ()

ggl O-SC(Cl\/g)l_S| QGIQ@*@(MGSzSCBH10$ gtg&@ﬂi Me@iPWWMZ)zE@dHABS SiMde£EGS]- S( i PI‘)
i-S- 1 i 0-SSi ( i Pr) 3, tBu(Me) 2Si-S-C 6Hi o-C( Me

2- C6Hi o- S%%G&M%% éd?s @3]@'1%) 28| )S C 6Hi oS C(?\/b) 2- C6Hi o- S- Sicg I\/eg 2nBu,

Ph( Me) 28|(P$ G- §|'¢6@1‘4 Si (Me) 2Ph Bz ( Me) 28i -S-C

6HLO C( Me) 2- é6H OS-S M932§z (P |-S—C 6 Hi Me) 2- C6Hi O- S—SléPh) 3,

H S- C 6H OBGM®)SisS- CGHn C (e s G ISF(MGQ‘ztBH 0B JNIEN @@Hm@(MﬁSr@t 3, HS-C

o1 S BIBIG S B S RIS 0 >
H S- OBHi 0@3&&@) éél@ﬁsﬂsﬁm\‘@e)gsﬁ Ve RERS IISH, CHMO:- C(HES B ORI B SCHH( Me) 282

Me3Si - S- C6 - C6H4-'S- Si Me3 Et 3Si - SC 6H4- C( Me) 2- C6H4- S- Si Et 3,
(i Pr)3si- Sl(@m%m: NS)SM%MS§@4(C@A9)3C6H4 S-SiEts,

t Bu( Me) 2Si 4 Me) 2t B Bu( Me) 2Si - S- C6H4- C( Me) 2- CoH4-
S-Si (Me) 2118 iy %ﬁ?@@%@?@%ﬂ% I\/l(e) ) e s?srglveg 2Ph Bz( M) oS e
C( Me) 2rCo H%S&@l&Wé-})@ﬁsﬁEﬁ)ﬁﬁPh)@ HES HEHL( MBI D-,-CoH-SSSigVIERBE H S- CoH4-

Me) 2- O6H4- S- S
EI-( S )C:6H4 %?@&M@scs%sﬁlwe)zpé@%i@é S’vag‘f@l&iﬁk SSiMephiis,

L S Core. Ol ey 9 e S8l e ey B o e s A AR W SR (e

above f or nubaezyl (a3 it at Cdh-CPE). refers to benzyl (-CH2-Ph or -CH2-C6HS)

I n one enbodi nt the nodifyin is.one of. th ol | owi ng. agents: A) '

(R1O) 3Si - R4- S PI% §‘"§ Féh%él‘f)g@?ﬁgg BRM I5pne; Ogt]%% ﬁllgghng 3§eltg sulfur; Ois

oxygen;s N is nitrogeqy (R'0),Si-R*-S-SiR*;  (Formula 8),
wherein:

Si is silicon; S is sulfur; O is oxygen; N is nitrogen;
R* is a group selected from a (C7-Cioo) aralkyl, a (Cs-Cioo) aryl, a (C1-Cioo)
alkyl, or a (C2-C00) dialkylether (alkyl-O-alkyl), and wherein each group is optionally
20  substituted with at least one of the following: a (C;-Cy) alkyl, a (C;-Cy) alkoxy, a (Cs-
Ci¢) aryl, a (C;-Cy¢) aralkyl, an amine, a thioalkyl, or combinations thereof; and
wherein each alkyl may be linear or branched, and saturated or unsaturated,
It is understood R4, as described herein, would be at least divalent;
R! and R® are the same or different, and are each, independently, selected from
25 hydrogen (H), a (C;-Cye) alkyl, a (C¢-Ci) aryl, a (C;-Cye) aralkyl or a (C5-Cs0)
trichydrocarbyl)silyl, and wherein the hydrocarbyl groups are each, independently,
selected from a (C;-Cje) alkyl, a (C¢-Cye) aryl, or a (C7-Ci¢) aralkyl;

B) (R1%0)3Si—R%-N(SIiR'°R''R?),

wherein:

(Formula 9)

30 Si is silicon; S is sulfur; O is oxygen; N is nitrogen;
R’ is a group selected from a (C7-Ciop) aralkyl, a (Ce-Cyoo0) aryl, a (C1-Cioo)
alkyl, or a (C»-Co0) dialkylether (alkyl-O-alkyl), and wherein each group is optionally
substituted with at least one of the following: a (C;-C4) alkyl, a (C;-Cy) alkoxy, a (Cs-

17



R4 is a group selected froma (C7-ClQo) aralkyl, a (C6-ClQo) aryl, a

(Cl1-ClQo) alkyl, or a (C2-ClQo) dial kylether (alkyl-0Oalkyl), and wherein
each gr oupO0i2810436¢%nal | y substituted with at |east one BCT{UR0WPEPI%W ng: a
(C1-4) alkyl, a (C1-C4) al koxy, a (C6- Ci6) aryl, a (C-C6) aralkyl, an
am ne, a thi oaI kyl, or conbinations thereof; and wherein each al kyl may be
| i near or h§?C7 @Pz ra‘?ltz@ﬂné)ra tHﬂ)% ro@%@ﬂbmlaﬁoﬁssthé{‘agie'éﬁﬂ ood R4, as

descri bed | east’ dival ent: Rl are the sane or
di fferent wl&l’tdn aaceh adlad mayi badamemidn’aﬂlqhed,saelﬁeemlaued mmmswmtﬂ:iben (H), a

'EI’CI:L ( r?ygz ogyr(%i/|151§.“§1§6fstoa% Z‘{‘eé‘f‘ﬁ’ glﬁgreﬂbd%o3ié€eb§>ieadfgﬁa]§£%r e each

i ndependent |y, @elﬁl@tfe@aﬁdﬁmﬁeﬁ@m@e o@)hf?ér&ﬁ'andaaré%‘hQn@}: chdyhtly, or a
(C7-Ci6) aral kyl; (RL30)3Si- RO9-N(Si R 10R11R12 B) \ )2<L (. For mul a 9)

wher ei i Seleitsd Siohi eyshioges (Hs) st 1r6) al@h 3(6«99sénryl,|\1 GCs %ﬁ)t%f@)](}jé]r@f R is a

group sel ect fr. /5 G a (C1-ClQo)

al kyl , %Q ?gﬁt@@%oc % ) % ev?(he(r kyef aﬁaﬁli)f%%(}uzgg yem%erel n each group
is opti Oneihchdpeﬁdélﬁﬂ Istewtc@d fw;ntla(@; quaﬁiyl QNE @)t digl, bod (OWC pYaraky(;Cl- C4)

al kyl, a (C1-C4) a koxy, C6-C16) ,ar a (Cr-Cl6) aral kyl, an amne, a
t hi oal kyl , or conbi fakt i or{B hER e-R %él%eréfﬂ“@&%ﬁ Oal kyl “may be linear or

branched, and saﬁ &]{lﬁlt ed or unsaturat ed, It is understood R9, as descri bed
her ei n, vvoul d be least divalent; RI0O , R1 1, R12 and R13 are the same or
differgnt, and SinesiBaghs ik mﬂﬁpe@demjgwn, Néd giobech,f rom hydrogen (H), a
(C1-C1 ) aI kyl, a (C6-Cl6) ar (Cr-CG ) aralkyl or a (C3-C30)

tri (hydrocar byIX)@lapymtegeéﬁﬁle%%fléphl’taﬁé2hydrocar byl groups are each,

i ndependent |y, alkyl, a (C-G ) aryl, or a (Cr-G
) aral kyl: O (@%ﬁﬁﬁ rﬁag&@-ﬁ(s@& %d)e% (Fornula 10), wherein: Si is

silicon; S is subfyurd; Ois oxygen; Nis nitrogen, x is an integer selected
o oup el ect et e perceranar i kproo HpeaeEebyobpdh t &iled) cran) "
al kyl, jsor afl‘li}(l,cgr'aqthloo) dialkylether (alkyl-O-alkyl), and wherein each group is optlonally

substituted with at least one of the following: a (C;-C4) alkyl, a (C;-C4) alkoxy, a (Ce-

C6) aryl, a (C5-Cye) aralkyl, an amine, a thioalkyl, or combinations thereof; and

wherein each alkyl may be linear or branched, and saturated or unsaturated,

It is understood R4, as described herein, would be at least divalent;
20 Rl, Rz, and R? are the same or different, and are each, independently, selected

from hydrogen (H), a (C;-Cy) alkyl, a (C-Cis) aryl, a (C7-Cy¢) aralkyl, or a (C5-C30)

tri(hydrocarbyl)silyl, and wherein the hydrocarbyl groups are each independently

selected from a (C;-Cje) alkyl, a (C¢-Cie) aryl, or a (C7-Cy¢) aralkyl;

13 14 . 9 n10Qplipi2
D) (RO)p(R M)gSi—R™-N(SIR "R 'R )2 (Formula 11),

25 wherein:

Si is silicon; S is sulfur; O is oxygen; N is nitrogen,
p is an integer selected from 1, and 2;

q is an integer selected from 1, and 2;

p+q=3;

30 R’isa group selected from a (C7-Ciqp) aralkyl, a (Ce-Cjo0) aryl, a (C;-Cyoo)
alkyl, or a (C»-Ca0) dialkylether (alkyl-O-alkyl), and wherein each group is optionally
substituted with at least one of the following: a (C;-C4) alkyl, a (C;-C4) alkoxy, a (Cs-
Ci¢) aryl, a (C;-C¢) aralkyl, an amine, a thioalkyl, or combinations thereof; and

wherein each alkyl may be linear or branched, and saturated or unsaturated,
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o) dial kylether (al kyl-0Oalkyl), and wherein each group is optionally
substituted with at |east one of the followng: a (CL-C4) alkyl, a (Cl-C4)
al koxy, avP@BL/OSHEY aryl, a (C7-Ci6) aral kyl, an ani ne, PET{USRRMAIOR3PT or
conbi nati ons thereof; and wherein each alkyl may be linear or branched, and
saturated or unsaturated, It is understood R4, as described herein, would
be at |east di \ﬁalls%ﬂﬁerstlgﬁd R QORI et w&l@m iefs dhtegkent . and are
each, |ndependent Y, ecte rom ydrogen (H), a (C 6) al kyl, a

(C6-Ci6) aryl, Ri° (K‘:?Khzﬁim,d?\léla@dh(; samear@ffepe@ts@pdtarqe(ahlydndnpan@ﬂtlysu lyl, and

wherein the r.oc I r n | ect froma
(G-G 6) & ekfﬁg a](*x%o%ﬁ%é?ﬁ &f? s 'ﬁg&( 9&0&66? (ﬁ‘f&)@m@dlopm a
wherein: g, 'C%o)sth{[}fy@ﬂﬂarb%)'s gylséﬂdf\b'ﬁerelg)tlheghﬂff&gl%},ﬁl gN)dp§ af¥ dakRgeN, p is an
|nteger selected from 1, is an integer selected from1, and 2; P +

q = 3; 5R9 m@pancg:rndmpels@b‘éﬁmam GGlcﬁhehal((Zl?a(ﬂ o, aryélqr;al(C7~£1()@6alk)ﬂOo) ar yI a
(C1-C1Qo) al kyl, r@ (C2-ClQo) dial kyl ether (alkyl-Oalkyl), and wherein
each group is optiondlly substituted th at | east one of the following: a
(C1-A4) alkyl, a (Ci-C4) al koxy, - CG6) aryl, a (Cr-G6) aral kyl, an
amne, a thi oal kyl, or conbinati Bofy(Simte ' Wwi€y,ei n each al kyl may be
| i near or branched, and saturate unsaturated, |t is understood R9, as
descri bed herein, would be at.Jeast divalent; RIO , Rl 1, R12 , R13 , Rl4
are the sanme or different, and a ach, independently, selected from
hydrogen (H), a (Cl1-Cl16) al kyl, a -C16) aryl, a (Craehfllaargal kyl, or a
(C3-C30) tri(hydrocarbyl)silyl, and wherein the hydrocarbyl groups are each
i ndependent |y seieeahed froma (Ci1-C1 ) al kyI a (C6-Cl6) aryl, or a

(C7-C16) aral ky]. E ]1@,0 i silicon; Sis sulfur Ois
oxygen; N is ni rl%% o 1%81? fa gt S’fPﬁgegeﬁ\Iésc?lng?I}’om a (C7-Cloo) aralkyl, a
(C6-Clfgo) aryl ,raid bl Qdcted k¥ a @;-@ ) &Pl DICAC /) kayy1ed (@FC)oo)

(al kyl -O-al kyl'), and wherein each group is optionally substituted with at

| east one afylidre (Co+crlmmdm@<quh¢rccaﬂ<@ﬂ49 ék}d%andavl(e@ln e2oh Pk wptignaliss- C16)
aryl, a ( C scglltuged &1' alﬂfeaSt S ARt I{ghla?él—@ﬂ alkﬁf E@l— @%ﬁidx??f (é her eof ;

and

a (

®

Ci¢) aryl, a (C;-Cy¢) aralkyl, an amine, a thioalkyl, or combinations thereof; and
wherein each alkyl may be linear or branched, and saturated or unsaturated,
15 It is understood RIS, as described herein, would be at least divalent;

R16, R”, RIS, R19, RZO, and R*! are the same or different, and are each,
independently, selected from hydrogen (H), a (C;-Cj¢) alkyl, a (C¢-Cy¢) aryl, a (C7-Cie)
aralkyl, or a (C3-Cyp) tri(hydrocarbyl)silyl, and wherein the hydrocarbyl groups are
each independently selected from a (C;-Cis) alkyl, a (Cs-Cie) aryl, a (C7-Cie) aralkyl, or

20  combinations thereof.
Additional modifying agents include the following compounds:
(R60)x(R5)ySi-R’-S-SiR7R8RY (Formula 18),
(R60)4(R5),Si-R’-N(SiR7R8R9),R10, (Formula 19), and

R11
0 R'-N(SiR'R®R%),R'’,

(Formula 20),

25  wherein

Si is silicon; S is sulfur; O is oxygen; N is nitrogen;
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wherein each al kyl may be |inear or branched, and saturated or unsaturated,
It is understood R15 , as described herein, would be at |east divalent; R
16 R 17 RVOZOR/OPHIR 20 R 2 1 sane Q different; and af e PEAAI$2009/063961

i ndependently, selected fromhydrogen (H, a (C-C ) alkyl, a (C6-G )
aryl, a (C7-Ci6) aralkyl, or a (CS C30) tri(hydrocarbyl)silyl, and wherein

t he hydro?%ég@%% LURASad ﬁ?glap n)aq;ependent ly selected froma (G -G 6)

al kyl ary aral kyl, or conbi nations thereof.

Addi ti onaly 1sraninﬁtygemgelaged1frsm0)dl, amh2t he foll ow ng conmpounds:

(RGO x(R5)ySi -R - S Si R7TR8R9 éﬁﬁ 1 , (R6O) x(R5)YySi -R - N(Si R7TR8R9)

zR10p (ForerhVar  G)1s A HeSeEST ‘2‘6‘) Ohtherein Si is silicon; Sis sulfur; O

i s oxygen; 1§lah§nt5%etr"sélgﬁgdﬁoh§0§inl hitf £99r=sel ected from1l, 2 and 3; y is an
i nt eger s ected romO, 1, and 2; x +y =3; zis an |nte(];ker selected from

1 or 25 p R’sndR'| meeger, indsbentcatly far pavpsaectad fipn) aACe-Groapdkyk a Gnvd R14 ar e

each, i nd endent | sel ected, fr C6-
Clo) aryl 10(%3%1 @cﬁygﬁﬁi@;@ ftes tC?ﬁ(Obﬁl %f%?&%%ﬁ@ @%3% raﬁl‘? K%‘Efe Iiao( al kyl ),
and wher eieAcieaelp & ponhisy Qi wiyh sUbSt bhdibftle Vallowing: o (€31, akgl, af t he

followng: a (Cl-C4) alkyl, a (Cl-C4) al koxy, a (C6-Cl6) aryl, a (C7-Cl16)
aral kyl , dR14m wkoxy af(Bi-Gad)kyyl; a 65 @Ghﬁﬁaﬂ%d g iinerthiorkyh 88 wher ei n each

al kyl * may Cf%%ha JREAY %1%0@ fgﬁ%%gel 1AL irRh: ANFAAEAL gq sadu;até@

u_nder st 00 eac Scrrb erein, woul be at | east
di val ent . ofhasdmate®6, R7, R8, R9, RI O RII, R12 and R13 are the sane or

different and are each, independent]y, select from , (Cl1-Cl6
al kyl , (Cs- CL6)lt iaruprersioed tiest & and & k?f‘Ch(ﬂs degest é?ffef%“ymifg'?f‘o%té ag% )gi Lyl )
and wher el(ﬁ,( %}ﬁ hydr ocar byl groups are each i ndependently selected from
(C1-C16) (C6-C16) aryl, (Cr-Cl6) aral kyl, or conbinations thereof.
The R5, R6, R? , THRR 5, R%, RRI RN, IRP IR1I0RR2 1 AR RIR b ge pheefagreaby| djif¢rent-agde)

alkyl, are each, independently, selected from hydrogen (H), (C1-C16) alkyl, (C6-C16) aryl,

15 (C7-C16) aralkyl or (C3-C30) tri(hydrocarbyl)silyl, and wherein the hydrocarbyl groups
are each independently selected from (C1-C16) alkyl, (C6-C16) aryl, (C7-C16) aralkyl,
or combinations thereof.

The RS, R6, R7, R8, R9, R10, R11, R12 and R13 are preferably (C1-C16) alkyl,
more preferably (C1-C8) alkyl and most preferably (C1-C5) alkyl especially including:

20 Me, Et, Pr and Bu; and R’ and R14 are (C7-C100) aralkyl, (C6-C100) aryl, (C1-C100)
alkyl, or (C2-C100) dialkylether (alkyl-O-alkyl), and wherein each may be linear or
branched, saturated or unsaturated, and optionally substituted with (C1-C4) alkyl, (C1-
C4) alkoxy, (C6-C16) aryl, (C7-C16) aralkyl, nitrile, amine, NO2, alkoxy, or thioalkyl;
preferably (C1-C16) alkyl, and more preferably (C1-C5) alkyl.

25
Modified Polymers

Modified polymers, prior to hydrolysis, include, but are not limited to, the
following polymers below.

A) Polymer after modification using modifier 20:

P—C——C—R"N(SIR'R®R%),R™’,
&{1 3 &{1 1
30 (Formula 20P),

wherein P is a polymer chain, and wherein all the other letters are as described above.

B) Polymer after modification using modifier 19:
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nore preferably (Cl1-C8) al kyl and nost preferably (Cl-C5) al kyl especially
including: Me, Et, Pr and Bu; and R and R14 are (C7-Cl00) aralkyl,

(C6- CLOO)WEar0/056@#- Cl OO) al kyl, or (C2-C100) dial kyl et RET/USA0R4PP3IY al kyl ),
and wherein each may be linear or branched, saturated or unsaturated, and

optionally substituted with (C1-C4) alkyl, (d- C4) al koxy, (C6-Cl6) aryl,

(C7-C16) I Ltei Le Ealcy t hi oal kyl ; preferabl
(CL- C16) ZF%;F{%%@%%}% ‘N%ﬁi@ﬁ%&%ﬁ%@%‘ K0 Nodi i ed’ Pol yrors
Modi i ed RAYARPSs aBB]yﬁfer Eﬁ)alﬁ',YIQE Qloy i $nd d RE d1de ancb%el%ﬁﬁalmht: otHenidiee t o,
the follow ng polyners below. A) Polyner after nodification using nodifier

I20 ( For mar@as2@ribedhabped.n P is a pol yner chain, and wherein all the other
etters ar descri be ve. .B) _Paql ,after nodi fication using

nodi fi er P(%;’jnp 9%@ %F%%)ag gﬁ(‘)@‘%ﬁ%m) zR10p (Fornula 19P), wherein
Pis a po'(rfim('i{@i%kﬂ) 51[ RS- §-1R@R8§9 and qpbSnfa 98Py, and wherein all the

ot her Ietters are”as described above. C) Pol yner ‘after nodification usi ng

m)fll fier Hl;&lerc(li?PuséBG@)frZe(rRﬁs)mSl isR er&z&d&?ﬁ@m I(Formul a 18P), wherein P is a
po yrrercaln u.is or. 2,and z is 0 or and wherein all the other
letters ar@dadhesrinall theeuheiteiirss apys ﬁ%ﬁ%ﬁ%‘%atéﬁ"?er modi fi cation using

modi 1 o1 43:p R CHPrfe 845, WSk RITIRE) | | 2 R OR2 1 p p (Formila

12P), where€in I's a polyner chal and wherein all the other letters are
as descri bed ptfovep |.I|E) Pol ymer after nodification using nodifier 11: (P)s(R
Or(R)qS -R EN(SI R 2)2( muika p p)> wherein P is a polymer chain and
sis 1orB d—r—lclstb 1§1% Whekein all the other letters are as

descri bed aboym F)y2R0l yrrer after nodification using nodifier 10:

(P)u(RLO z(R2) ySi - R4- S- Si R33 (For nul a 10Byrmula 12P),

10 wherein P is a polymer chain, and wherein all the other letters are as described above.

E) Polymer after modification using modifier 11:

(P)S(R13O)r(R14)qSi_ Rg_N(SiR1OR1 1 R12)2 (Formula 1P,

wherein P is a polymer chain and s is 1 or 2 and r is O or 1 and wherein all the other
letters are as described above.

15 F) Polymer after modification using modifier 10:
(P),(R'0),(R),Si-R*-S-SiR’; (Formula 10P),
wherein P is a polymer chain, uis 1 or 2, and z is 0 or 1, and wherein all the other letters
are as described above.

G) Polymer after modification using modifier 9:

o (Pa(RP0)SIi—R*-N(SIR'R''R'?),

(Formula 9P),
wherein P is a polymer chain, ais 1, 2 or 3, and b is 0, 1 or 2, and wherein all the other
letters are as described above.
H) Polymer after modification using modifier 8:
(P)(R'0),Si-R*-S-SiR’;  (Formula 8P),

25 wherein P is a polymer chain, ais 1,2 or 3, and b is 0, 1 or 2, and wherein all the other
letters are as described above.

While not shown in Formulas 8P-12P and 18P-20P, it will be understood that the

subject compounds include their corresponding Lewis base adducts (e.g. with solvent

molecules tetrahydrofurane, diethylether, dimethoxyethane coordinated with silicon

30  atoms). Specific preferred species of the subject modifier include the compounds (and
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wherein Pis a polymer chain, uis 1 or 2, and z is 0 or 1, and wherein all
the other letters are as descri bed above. G Polyner after nodification
usi ng nodWVPi28H/05669%vP) / aa(R130)/ bDSi - R9- N( Si RLOR11R12 PET(UzP{e3% R n9P) ,
wherein Pis a polymer chain, ais 1, 2 or 3, and bis 0, 1 or 2, and
wherein all the other letters are as described above. H) Polyner after

modi fi cat i, aﬁfe@goy Rl 11 bffse ddBbatd RhiPIRE nindts) RedipbRRLaH AP

vvherelnPlsapo ain, ais 1, , , 2, and
wher ei n alapplidagiont WVéO ISE7687S \HOdWa@M@é%,cWﬂa@dew@f?dPNm-llé’14fﬂc$tanslﬂb$m in

For mul as 8P— 12P d 8P-20P, it W b understo d t.hat e _subj ect

conpounds FrAEIGH cptt e@b%%%%rgeaﬁéwcgrpﬁ%% léecf‘alﬂg’tysre}(géenﬁe with sol vent
mol ecul es tet réhmfdiﬁ&i Pél@rﬁﬁrs Aisidmy BtHehulad BPELPAXY 88P20P peaarddi fighed Wit h
silicon atons). SpecitiC preferred species of the S;lELeCt nmodi fier include

t he coapomttsne(raan@ttmgdnflecagqn@sqmwdlnggOIf@mlEIabﬁéel% 18AdBfeh are not
shown) Incorfgﬁtb\@gyei%i}i ate 51 a%%‘ slacc):cr:lésr }/Ii\DtQ%/O 61§§5u \ﬁ%dgitéo 943, WO

03/ 029299 '°% FovIsi‘ona Y on 278, each

i ncor por at &o@@ﬁ% ddey 11fcﬁfdﬂfgeﬁﬁtetlot Mteﬁlt@cbrgmhdﬂiﬂh&gaﬁﬁ&bﬂls g waterFor mul as
8P- 12P an P prepared from pol yners and nodifier agents. according to
For mul as 8A- 12Megified salynon accaisliiectoifpamylas 8R- @Blaﬂfllléﬁ 20§IC§6tafIBIF3n si | anol s

accor di ng Ftlesfcféﬁké‘d Eme%R&alﬁad%ga}ﬁtIsg@%@pggrtebelldamq@% d | @\cbqw ng, but

not limte organic or iIn or water yners
accor diong rb@e&@«dnylla&@ f8a li2Retanckyp8Bor2pRindo nt@irding ¢p Foieda é@upmr ived from
nodi fi er agjents according to Fornul as %A— 12A and 18A-20A, respectively,
al so form ﬁ%WP@fﬁ@Ph‘?lﬁﬁ%‘:%@Hﬁ%ﬁ%{@“&% ording to Formula 16 upon addition

of al cohol s acqapi Cﬂgnc%[ a%eﬁ@r 1%5@111#5butefo@flﬁlllt¥& k1 IrSARMcids, Indedanel Res, but  not

limted to, organi i norgafi c aci ds, or water, present in a polyner
st eam st r iqupiatg, preome §sa papmer stegn Isgrip@mgmro@@mndssﬂa]@&@r démppeunds For mul a

16, quantita i
to Fgr mul étcggrhﬁeghﬁ.ﬁﬂgnula 16I c?uaé%'glta 1?f'frzltyf oai alt¥éastl }gleitrt?allsy, mat'g (sjlllan%?c rﬁ;‘)‘orh% g accor di ng

15 according to Formula 3.

Alumina
It has been discovered that a “silanol-catching agent,” such as alumina, silica,
alumosilicates, or molecular sieves, can be used to eliminate silanol from the solvent in a

20  consecutive batch or continuous polymerization process. In particular, silanol impurities
can be removed from a polymerization solvent used in a consecutive batch or continuous
production of a modified conjugated diene-alpha olefin interpolymer or modified
conjugated diene homopolymer. In a preferred process, the polymer is a modified
butadiene-styrene copolymer or a modified polybutadiene.

25 The “silanol-catching agent,” such as alumina, prevents the need for an addition
of a continuously increased alkyl metal initiator concentration for use as “silanol-
neutralizing agent,” and therefore saves initiator cost. In addition, the use of alumina for
silanol elimination simplifies the assessment of the initiator compound concentration,
required for the next batch polymerization, in a consecutive batch polymerization

30  process, and/or simplifies the assessment of the initiator concentration in a consistent
long term continuous anionic polymerization process. Thus, the use of alumina as a
“silanol-catching agent” leads to a technical feasible, economic, and easy controllable
anionic solution polymerization process.

In one embodiment, silanol compounds are efficiently removed through contact
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It has been discovered that a "sil anol -catching agent,” such as al um na,
silica, alunosilicates, or nolecul ar sieves, can be used to elimnate

si l anol fWERMtHB6@d| vent in a consecutive batch or cont iPRERF3009/063961

pol yneri zation process. In particular, silanol inpurities can be renoved
froma polymerization solvent used in a consecutive batch or continuous
producti on,;af ac@ivg@g la%ﬁrﬁﬂurﬁ%&ldéqglltsggalfydeﬂlﬁhﬁlap h& Qliefi Bt d At enR@lner or
nodi fi ed conj ugate i ene honopolynmer. In a preferred process, the polyner
is a nodi foxett dvutmdine (EREBY isspredwep bly ymit cabeinatiomofiabirgidupdiydixidedi ene. The

"silanol -catchin ent," such as.alumna, prevents. th eed for .an

addi ti on 6%“5“‘@'6%9%%’&%9‘?@%&@6&@& 1%1?‘9(%“&@5?& nrihe }nngpglc%ﬂ@lgﬁlf)Pg{ i on
for use agudinLARABALLR. | Rid|Feapritd {cr;as@miéa@f@m GodR@H QRinhiRhei at or cost .
In addition, the use of alumna for silanol elimnation sinplifies the
assessentsoltion hByihaitinigathe alugd npo inydrozisiec ebtaingd pormpeiaties BemMsP ¢ e next
batch pol ynerizatio in consecutive batch [ [ ess, and/or
sinplifiesth ’a%ggte%s%%etn(?8?nsflﬁuelolmrllli Yiator %85%%!5%{5?3{11 ?%%&ﬁ% Cg§§%lnsi st ent

| ong t er mygaRhdBIARS bedhinQf e mBRs Yiest! zat i on process. Thus, the use of

alum na as a "silanol-catching agent" |eads to a technical feasible,

econoni c, and daggdisientfonsqlyuant euahcasioncacsiypigd AMiBdFYNRS 1584 (e B PFocess. In
one enbodi t [ I (o] - A1 :

contactw t%%cq?@gkgg%aﬁoﬁ%gﬁulr%ﬁgﬁ P%%?ng%b%g&gg g}é eali ﬁm‘yna %Smxﬁgﬁ%fl%m

act i vatped Adtivaicd uhimixh den eontdih different @ADIER )of msitqyy deghacdidg by thw dedvatadnci nat i on
of al um num hydroxi de (alum numtrihydrate, boehmite) ich is an

i nt er medi raditiang. §ach 5 RS EXpEPlepthe AEEYAISA [GRPETHM 1hdihe dyaTEhebite. 1t is

preci pi t at k! rethhich LOR SRHER #bMT. N £ 5QtdHk i PRperddihdtgiat i Ng
the al um n%%%%?/pgxli e, obt é:’iffned at éEycgﬂrz}pée@r atures froﬁrﬁ?%mc ?% 5000C, about
33 per centthe ongt concehoatadn inatuening atifferent dwninedictivities, elyy cabes Brogkmann
structure of. .t.heEflfgoehm' tle In addition, for sol vent

repmi ns, j ht act
puri fi cat i%HY 5 FPUSRP G St 199144 rlﬁﬁwtfg%geto remove water from organic

sol ventss. - Bhed/ MR igingalBRSIPERSBrhmtsLABriERPENh_BaVkhidsRRL Of43pAstaRa.
Activated alum na can contain different anobunts of water, depending on the

activat i onAdomdialitoks, such as, for exanple, the activation tenperature and

t he duration of,the activation period. .Th [..con - ge fromO0.5
to 20 percent. Pﬁﬁ%&%@ ﬁ‘ﬁ\(‘ﬁbetg%aé Warer UY:“ ntc @v\r%?&rsiﬁt%rnls %ﬁﬂé‘fegﬁhy 1ﬁlgf¥1@di fferent

al um na aciliMinhin@sing ASRwed Waer Bnhadk MRithe agskiol iid 1% eftfvarterexacgitiatiosee
Si gma- Al dri ch webpage :nhttp ://wwmv. sigmaal drich . con Brands/
Al dri ch/ Tebé i]gminze@qvﬁg:/s A€ ¢ emptz/ Mk Gap He &gcupied by water or other polar compounds.

20 Alumina comprises bonded hydroxyl groups on the surface of the alumina, for

example, as shown in Formula 1B below

—0

\
Al—OH

/

—0 (Formula 1B).
It has been discovered that the bonded hydroxyl groups can condensate with
molecules comprising metal-OH groups, particularly Al-OH or Si-OH groups, and form
25  stable chemical moieties according to, for example, Formula 2B or Formula 3B, below,

which cannot be reconverted at high temperatures.

|
—Q A —Q s

A0 A0
—© (Formula 2B), —0 (Formula 3B).

Accordingly, two mechanisms lead to an efficient removal of silanol compounds
present in a nonpolar solvent:

30 A) covalent bond formation through condensation of the silanol Si-OH group with
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_Alumina.htm] . Preferably the highest alumna activity towards water is

achieved with the alum na having the | owest water content. In the case of

t he | owesWORALS6@dncent ration, the alunina cavities ar 8&H5L8P/063901 can be
occupi ed by water or other polar conpounds. Al um na conprises bonded

hydr oxyl groups on the surface of the alumna, for exanple, as shown in

Formul a 1B bel 9—\V1’—(6H|L§'r(gﬂs l&ﬁgd@é”ﬂ?e dihinalshrfh@S Jgen discovered that the

bonded hydroxyl groups can condensate w th nol ecul es conprising netal - OH
groups, par t Bgubsorptyondf-deharm@ecuBs igrtiupsptyaadititoefactivaibd elughasi cal

noi eties according.to, for exanmple, Fornmula 2B or Forpula 3B l.ow,, which
cannot be Rath gisglatismes A a‘}ﬁg Arg ngﬁ%%lpnt itf)errﬂ?ﬂeac{lgér)em tXB%Soéjfcefiﬂ%%, t wo
mechani smg; Lipafl BOanitipalehi @hemt chRRBY@n &f m&inhARel A ciatRaIGstHeSeNt in a
nonpol ar solvent: A) coval ent bond formation through condensation of the

sibl anols Siincmf}asgrg;mmpmiatiwmf-tmsi@ﬁ@bp@@@ébb’éﬂanﬂls vhb gedwing akysgiorate, and B)
absorption_,of sj ol lecul es .in the enpty cavl i i | um na.
ot h mechaoer ot e TRyt WP b oI et L i 1 BenBl iR

types of sidmin@lsefadel the e yo® aBEdrb s pbRE grdupain dlh@imaamntiticbdédranenf
mechani sm A) increases with an increasing nonpolarity of the silanols, such

as by si| dnefiditiantthe degson pigsilankhyabsgptopdcrerdnoryesHeirt s AuBHE AVIERY short
chain sil ls re i J l\ag Al um rface, the
Cendency thesabipspiotd Bt mEHBhBiRR A SFRLAS: Bhacl AR HELAB YO 2CP,
addi tion, Kebesitegl eelcoblesil avitiesased pt paar glepp hdsractonts veoudd belosf. t he
alumna cavities. If the cavities are too |large the nechani sm Q%ﬁi‘f’StlLl I

S

t akes pl ackusyiier p@eﬁfi@_’@n{ %ﬂ?d‘@hﬁ??lotvél ka3 sevegh e Gasite e Lespatia ,
based on pol ar Igegp?g@nng%ég}?%dtr&m ol dnif AW co}ib&ﬁﬁatit)ﬁ),rsp@l:ﬂ agféd ci ent

si | anol renoval , the cavity'size is essential as well.
Depenfll ng examiplee tHaytitapidg lanmn cacéatranonwnghoupfacont dnmirg, ddfererd@bimiag, f or
exanpl e, the chlgride anign concentration, on.the surface of . alunina,
di fferent géf“{ﬁ%i“ﬁ_& %&8@8&9 VAR E PRfanRd- 3?—?“\95)1115@2“%1% &6 %Wﬁ}elé’.kﬂ&hﬁeesr ally
al um ng grf?&ﬁ‘%H"‘l it p@f@‘éﬁ%‘ Hagat1€ ORRbhchliné HRH aB aBin@indmaiak abl @owhlat hough
the pH of an al um num has not shown a significant effect on the reduction

of si | anolsignismntifeat oa throiededtmn of @ﬂm@hpgesmtém émgmq}gr solvent, preferably,
alumina grades with a neutral pH-value, that is pH=7 or close to pH=7, are used for an
efficient silanol removal. Accordingly, the condensation reaction of the silanol with the
—OH groups located on the alumina surface must not necessarily be acid catalyzed.

20 The important role of the mechanism A (stable bond formation) for the silanol
removal is demonstrated in a comparative experiment using a siloxane. Exemplary
hexamethyldisiloxane is contacted with alumina, but no reduction of the siloxane
concentration in the nonpolar solvent could be measured. No reactive group is available
to react under covalent bond formation on the alumina surface according to, or similar to,

25 mechanism A. In addition, the polar Si-O-Si bond present in siloxanes proved not to be
sufficiently polar to absorb molecules in alumina cavities (mechanism B).

In one embodiment, the alumina has pore volumes ranging from 0.1 to 0.5 mL/g,
a mean pore diameter ranging from 0.15 to 0.7 A, and a specific surface area from 50 to
300 m*/g.
30 In one embodiment, the aluminum is selected from compounds listed below in

Table 1.
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alum na grades with a neutral pHvalue, that is pH=7 or close to pH=7, are
used for an efficient silanol renoval. Accordingly, the condensation

reacti on P 20HQ56t%anol with the -OH groups | ocated on PREERRWHINKOEUrface
must not necessarily be acid catal yzed. The inportant role of the nechanism
A (stable bond formation) for the silanol rempval is denonstrated in a
conparative ex men i { fpbary hexanet hyl di sil oxane is
contacted wt hﬁgpﬁnrfné{uﬂgh?@ﬁ%le?gg%%?%ﬂf% theﬁlsiyl oxane coxcent ration in
the nonpol ar['soT veni,gul d be freanyrethicNg seAetkye 9f Obp-E scianaill abl e to
react under eovalent bond forpptionon—thealtrn gi-Face—aceerdi ng to, or
similar to, [ecHaslshfAaqudons additiggn, ot he |jpol ap+8is O Bi hondypresent in

si | oxanes prpvesrsposionetivedsufificiently palar to absolth nnlecules in

al um na cavi tlg&cﬁi@&@ﬁg[mﬁ) | 113 @ng ¢ odigento ¢t hg akywiina, has pore

vol umes rangpg=trem-0-1—+to-=0 g reter—rangrHg from

0.m1)5dto 0.7 A dBmtkm‘anmpetﬂ‘iM C ur]l‘_'a::téf areda frommb0 to||300 a/ gv [jn one
enbodi nent, [FRe—arom Ao s, s conpounds 1 [sted _perow|i n Table

1. Table 1: A %Woﬁ%ﬂ%er([%bta e &Y \G) n(gl ne eﬂr‘oodi nt . tlhe al um na
has a mean pprepdL 1 mﬂio An ro to 8 ngstronsg,y-prefearably from
50 Angstrons to" “@%ﬁ%ﬁ%: 2] ongsztoswhnL mnn:rQZ?A\h.o Al rgozghoo a po?/e
volunme fromp. 1 t@iOnbaidi/ g, pfeferably friom 0023to Of3 nld.tf It jhas been

di scovered t|Fa—contacti g St @not S v L1 , J ves
silanol s forfred asFRRBufities jin 4P (bﬁ’?odjct O -Bi%8cess P! ‘E‘i@ﬁ filed

pol yners. |n[one eglé)ﬁg%ent, i er#fbe_ of 4 an a!O'Lb@__ng'étbe:i t@g@_nc&‘pgly is

preferred. Ijna fu nbhodi t he allumiha i aced in_a east one

colum. The |'si [@molesGiylAilNi nw polygri zati on.sgj veny, " i.pbudi jg both the
sol vent renoked—tftrom-a-solventlcontalning—polyrer—seliiion: |1 as the
solvent derived from sol vent storage vessels, can be passed through the
activated al unilnancembadimenty theodlummma Hag agrean @etrodipmetst fromt) Anghtios to
cont ai ni ng,.cpl utm can_pe .heat ed to a te r re.in the range of 1000C
to 5000C, g%)n%égmloﬁlé’r?rege&%? frloghssqjg%s o t%t% IeAen?éttrj()tg%rti al al um na

activatsi on and megeegbadin@it, tihaueia hashipore Wwlogedivhel.1 esr0besLigt om t he

al um na nost of the absorbed compounds, such as, for exanple, water,

al cohol s anefesblyafiond).2 Dpémli/ag on the type of silanol present in the
sol vent, the SIIlt ﬁ%otleeﬁ %&Eg\?etr&gthat contacting silanols with alumina, efficiently removes

silanols formed as impurities in the production process of modified polymers.

In one embodiment, the use of an alumina bed technology is preferred. In a
10 further embodiment, the alumina is placed in at least one column. The “silanol
containing polymerization solvent,” including both the solvent removed from a solvent
containing polymer solution, as well as the solvent derived from solvent storage vessels,
can be passed through the activated alumina containing column.
In one embodiment, the alumina containing column can be heated up to a
15 temperature in the range of 100°C to 500°C, under inert conditions, for an at least partial
alumina activation and regeneration. The activation procedure removes from the
alumina most of the absorbed compounds, such as, for example, water, alcohols and
silanols. Depending on the type of silanol present in the solvent, the silanol contacted
alumina may not achieve its original capacity. A reduced capacity can be explained with
20 areduction of available alumina surface Al1-OH groups. The structure of the silanol
compound which needs to be removed from a solvent determines the type of alumina
needed for an efficient silanol removal process. In the case of a silanol removal

mechanism that functions predominantly by mechanism A, the alumina needs to be
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al um na may not achieve its original capacity. A reduced capacity can be
explained with a reduction of available alum na surface Al -OH groups. The
st ruct ur eVER201HB6&H| anol conpound whi ch needs to be renB¢EASRYBRIROE0] vent
determ nes the type of alum na needed for an efficient silanol renoval
process. In the case of a silanol renoval nmechani smthat functions

predom na qg;%)lé(ceﬁ%ncﬂ% ?ﬁﬁ%ﬁfﬂlﬁ? e uRiATH i ERdSc dntaREi 8P LiRGS redRy a1

frequently by new alu a mai ntain a constant high Silanol renoval

per f or mangerfoithmct eThatechhicgrppoess fof axampicanpisenotipagntenuptedher stapradrfant ed or

stopped for al um na exchange, when there a]Efe.tV\o or nore eiﬁrm’ na colums in
a "EH

paral | el , AWHOA XSS WIEB JheH AEHYQPE M AU AP SRR Mare

removed i [QR& RfchaRse slurry vessels each containing alumna. In a further
embodi ment, for a batch w se operation, the polynerization solvent is
stirred with aduinatmbodimgni, ndarfody are rgnegdtiepnd pramorsalyadvessigcasibsequent | y

the sol vent js distilled off  filtered of hroygh th
appl i cat | SRaEE S §rutac u SRR on B SRR RRRANEY 4 St 1) e

solid al ufonand¥aén sdiverdROdtiiee varQgiviea hluniiod fo agRedekdttiinesl periopemdt i ng
vessel containing an alumna slurry, the polynerization solvent is renoved
from t he shbseayentygbepolyignsis dindlledeftiifilieerdaibior repaeveddhioyghy Bsiagpligntion

Typi cal ly, fr e . : rably from
30"t o 100 i EsE bshinS v B SpR AL AR by LTS 3P e
pol ynern caonbgienémboditlkent, f@mn, coatirudwlympdrating tvhesetamtseingfan hhenipoklyrrgr
preparation process. Typically from1l tao 500 ppm re often. fc[&m to 250
ppm and dlepolypedzaonsalvepiiramewdisan Bismiery }%@r@% thi keguised el he

pol ymeri z hBHifé?:ﬁﬁ’e pj after conpleting the polymer work up process, which
i ncl udes conpl eted steam stripping process. Typically from1l to 500 tons,
preferably 1 tdybd@llyofiem loo 100y meforabiefraim 40 torl®fh BorrmeEbl ofigmai0 to

recovered "sil anol - contai ni ng pol rization solvent," per hour, need to be
purified flr@rﬂl FPS‘E‘EB‘Ft.SﬂW‘ﬂir@ “1%9,“}/ g’%%"éﬁ{l‘? aﬁd%‘gloo eB%W{)%éF?“%@”&uri fied to
renove;ssi | @Nfion, 4B ARG RRAIRRIS i1 rBFhr ARAGRBEdsat i on needs to be

adj ustled to aogl Iranol to al um na cor?gg)n??%g% in the range of 10 to 100000

ppm pr ef er abl yTypicaby 1800 i ¢o FQOPEM ppae adied frask & tpP2 BPELING FEBMOTD00 t o
G R ERTOMRE T e DN
al um na coRefMimatth®polpeets otlouperotdss] kich anfieles heomPldkgl @danibtriaping
process. Typically from 1 to 500 tons, preferably 1 to 100 tons, or more preferably from
20 3 and 75 tons of recovered “silanol-containing polymerization solvent,” per hour, need to
be purified from silanol. Typically, solvent, free of polymer, is purified to remove
silanol.
In one embodiment, the alumina concentration needs to be adjusted to a silanol to
alumina concentration in the range of 10 to 100000 ppm, preferably from 100 to 70000
25 ppm, and more preferably from 1000 to 50000 ppm (1000 to 50000 mg silanol / kg
alumina). For example, if there are 10 ton of polymerization solvent containing 30 ppm
(300 g) silanol, the alumina concentration needs to be in the range from 6 kg alumina
(for 50000 ppm silanol with respect to alumina) to 300 kg alumina (for 1000 ppm silanol
with respect to alumina).
30 In one embodiment, the weight ratio of alumina to silanol, per 100 grams of
solvent, is from 300/1 to 25/1, preferably from 250/1 to 40/1, and more preferably from
200/1 to 50/1.
In one embodiment, the operation temperature of a column containing the

alumina is from 0°C to 150°C, preferably from 10°C to 100°C, and most preferably from
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(for 50000 ppmsilanol with respect to alumna) to 300 kg alum na (for 1000
ppm silanol with respect to alumna). In one enbodi nent, the weight ratio
of al unmi rMNO02810415p@hol , per 100 grans of solvent, is froRCIOBRWNN06399E/ 1,
preferably from250/1 to 40/1, and nore preferably from200/1 to 50/1. In
one enbodi nent, the operation tenperature of a colum containing the

al um na iszot@%r%%? to 1500C, preferably from 100C to 1000C, and nost
preferably fro C to 800C. In one enbodinent, the operation tenperature
of an "al unm na It on¢ anhodiges khesperagion teryperatare ofom ‘@@ino carBAOBE sphvefier abl y

from 100C to 1000C, d preferab f.rom 2 o 8Q0C. | e

enbodi rrentsiunfyil':és g{Pmﬁéoﬁgamé’F@fgr aﬁ’g' %quelr(}pgf%% gt F‘chm"‘i%d%%a@g‘/ B8%oc,
under an ek, gdwosphere, for alum na activation and regeneration. In one
enbodi ment, the nodi fying agent is added at a pol ynerization conversion
rate of nore tHann@empediowent, theemamingriehgntest toragbmperaturaireanldrs o0 et e of
nore than 9 er.cent. | n one. enbadi nent, .the i fying agent is added

i nterm tté“Hg?‘gan(lﬁ?rt P PAF P P PSS A5t %nrd\r}g ésn)e}(aé1 &fgl ng the

pol yneri zat i on.[n bRe 8mbuditiear, deediyRabgent herdaed hf ypoigmagemionicsnagded at a
pol ymeri zati on conversion rate of nore than 80 percent, and nore preferably
at a convergiopmarathan P peiseat. erhmosopisirddnat 2 ¢qnverstondats ol imass thane

nodi fyi ng %9%9@ i s added continuously during the polynerization. In a
further erfbodifrent, the modi fying agent is added at a pol ynerization
convergi on r at dnohe lbedibizan tBOmpéifdesntgenaischddod entgrettentiylbyregdlanor
conversion rate of nore than 90 percent. enbodj.nent, the dified

| n on .
pol yner c_dﬁ_ﬁglil%re@tq‘f%d(‘}n%)@l"} ROy erF3H O fm ) "éfouéﬁ?‘e Reqirent, ﬂ@rf{l‘?ﬂé & om t he
added md'a{grhgt%s %%Bapgfyn%ﬁﬁﬁpé%w&onﬁ)ﬁ@fo? it }hah RO p@'ﬁféhﬂi hedmpe! yner

conpri ses 0.100 mmol e of noieties, derived fromthe added

modi fi er ggefiatablypsra qynesrsipolrytoref moks/éan A0 percpntef er ably t he nodi fi ed

el astoneri ¢ pol yner eferably conpr.ises from.0.0015 to . 0.050 | e of
or ot 65, der | VAT BRI Th e HoMRUNE et kgied SpEPGRRar R <1n one
enbodi ent, o §hQPaflod it APhEr éﬁﬁb(gﬂﬁlelﬁ)t‘?ﬂﬁ%diglﬁng aRnt Rladlle@araunt  of

nodi fyl ng ‘agent used, reacts to formnodified polynmers, in the course of
t he pr eparpyrogrization conversion rate of more than 80 percent, and more preferably at a

conversion rate of more than 90 percent.

In one embodiment, the modified polymer comprises from 0.0005 to 0.300
mmole of moieties, derived from the added modifier agent, per gram polymer. Preferably

20  the modified polymer comprises from 0.0010 to 0.100 mmole of moieties, derived from
the added modifier agent, per gram polymer. Even more preferably the modified
elastomeric polymer preferably comprises from 0.0015 to 0.050 mmole of moieties,
derived from the added modifier agent, per gram polymer.

In one embodiment, from 0.1 to 99.9 weight percent of the total amount of

25 modifying agent used, reacts to form modified polymers, in the course of the preparation
of the modified polymer.

In one embodiment, for the modification of polymer chain ends, from 30 to 99.9
weight percent of the total amount of modifying agent used, reacts to form modified
polymers in the course of the preparation of the modified polymer .

30 In another embodiment, to the unmodified polymer is added a backbone modifier,
e.g. according to Formulas 13, 14 and 17, in the amount from 0.0050 to 0.700 mmol/g of
unmodified polymer, preferably from 0.0080 to 0.50 mmol/g of unmodified polymer,
and more preferably 0.010 to 0.35 mmol/g of unmodified polymer.

Ranges for modifying agents, monomer to initiator ranges, polymerization
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of the nodified polyner. In one enbodinent, for the nodification of polyner
chain ends, from30 to 99.9 weight percent of the total anmount of nodifying
agent useWO2PHABe®4t o form nodi fied polyners in the couPS&/USR00PQE3961
preparation of the nodified polynmer . In another enbodinent, to the
unnodi fied polyner is added a backbone nodifier, e.g. according to Fornul as

13, 14 an i t : ckyed
oo yrer el YA pRTBHAL LA Q0050 IO bl elyonaEined,

nmor e pref aVaA047903,Gintl dntdrr@Gomaie ppdjcafonuvordti /USA0Q044988 (URanges f or

and pol yrdrP e B ause, ST27hee B i ral e bLE A T'AS 0B/ 076675,
WO 07/ 047943, and International Application No. PCT/US2009/ 045553 (U.S.

Pr ovi sisonqjollybl‘ﬁali'hﬁﬁ]tnison No. 61/059278), each incorporated herein by

reference. Polynerizations In general, the polynerization of the diene
mononer (s), or Ipgknardr ihz gblyomerohticrhef e divee memomer(§)s pr polymetipation-obithef i n
mononer (s), may be acconpljshed at conditions Il known in the.art for
ani oni c | idﬁ%gn?@a@rﬁbwgtﬁéfﬁ %é)?‘?fﬂhm%%?r@ﬂ@?y %?Cmpglweé&?ﬁP%‘ﬁtlﬁ%t al yst
based pol Lo i]&mhé fdrlafBRic I‘Niné Q{per B?Mza@éﬂ-’}eﬁétﬁﬁs%} WI¥B é@pleN
reactions. For such polynerizations; y|g| al tenperatures are from-50 to
250C, pr efcatabyst paskd poiytherioatichGe@:tionherfeaatlicalnendsipe palymeeizatgn igectione. sanme
as the polynerization.initiation tenperature. The pol ynerization can be

ef fect'@ 4tOr &Y WBFHZAU8R%S ORI CIRETURESS At ¥%Bher i ¢ pressure, or at

el evat ed QBG@?%@E, glfeféf lﬁ@ronp tEYRPCNIIRELHBRBmRPHuNMRRay KOMEIsRUOHS! y Or
di sconti nuously. Preferably, the polynerization is performed at pressures
from 0. 01 thepol50eriMRan intingopreafperaabty The polytefizataomd-at be pFactedad nost
preferably fromQ.1 and 2 MPa. Higher pressures can he applied. In such a
hi gh- pressﬁﬁ@@SP&FHEE’é@és,ur?’ﬁés‘i‘tﬁ?tmoé AT Agte Vf"ﬁg pbe;sg@rgmﬂm%ﬂr“ on,
can al so hg.pagdeMhhl 9009PL @oMitiRDusiF HiskoRtimeLyMyePiZahbign@enor nal |y take
pl ace at | ower "pressures, preferably below 10 MPa. The polynerization can

_ll)_ﬁ car Jlrsi eqaoglwylnf;rimtiblyléi rgfafsarrphlhistaﬁ,reﬁsreaéﬂom @81 prd 200 Miigi ahoreepreterably fredi um
e po a I
seni bont 1 LOCELBTVEE, A0 St fBRAGRET ARTHERS Hithes BRNGCL M

conduct ed a%?li@d. SR bt @ RigROprY¥BFd #tdsS the WNEIE dtcbiatgholiyEesdno mvestions
substantially soluble in the reaction m xture, or a suspension/slurry

pol ymer i zawhako bateekvithigred shkmreolniégmpadyperizations normally take place at

lower pressures, preferably below 10 MPa. The polymerization can be carried out in the
20  gas phase, as well as in a liquid reaction medium.
The polymerization is generally conducted under batch, continuous or semi-
continuous polymerization conditions. The polymerization can be conducted as a
solution polymerization, wherein the polymer formed is substantially soluble in the
reaction mixture, or a suspension/slurry polymerization, wherein the polymer formed is
25  substantially insoluble in the reaction medium, or as a so-called bulk polymerization
process, in which an excess of monomer to be polymerized, is used as the reaction
medium.
Polymerization of monomer, in case of anionic living type polymerization
reactions, is typically initiated with an anionic initiator, such as, but not limited to, an
30 organo metal compound having at least one lithium, sodium or potassium atom, and
where the organo metal compounds contain from 1 to about 20 carbon atoms. Preferably
the organo metal compound has at least one lithium atom, such as, for example, ethyl
lithium, propyl lithium, n-butyl lithium, sec-butyl lithium, tert-butyl lithium, phenyl
lithium, hexyl lithium, 1,4-dilithio-n-butane, 1,3-di(2-lithio-2-hexyl)benzene, and
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substantially insoluble in the reaction nmedium or as a so-called bulk

pol yneri zati on process, in which an excess of nononer to be polynerized, is
used as tWE 2PHAS0G9%Nn nedi um Pol yneri zati on of nononer, PCH/US3¥E06I96RNi oni c
living type polynerization reactions, is typically initiated with an
anionic initiator, such as, but not limted to, an organo netal conpound
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cont ai ni ng copol yner, or terpolyner, and thus, for exanple, to serve as

terp .
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di met hyl efifiethyl ghapyptopnengkiycol dichpidther prephlens giyraplibwplethgh.yodl di et hyl
et her, propylene glycol dibutylether, and tetrahydrofuran . The
pol yner i zde¥BdeAWaBpt i onal | y i ncl ude accel erators to increase the
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An alkali metal alkoxide compound may also be added together with the
20 polymerization initiator, to increase the polymerization reactivity. Alkali metal
alkoxide compound are exemplary represented by metal alkoxides of tetrahydrofurfuryl
alcohol, N,N-dimethyl ethanolamine, N,N-diethyl ethanolamine, 1-piperazine
ethanolamine, or the like.
For solution based polymerization processes, the polymerization is conducted in
25  asuitable solvent, dispersion agents or diluent. Non-coordinating, inert liquids are
preferred, including, but not limited to, straight and branched-chain hydrocarbons such
as propane, butane, isobutane, pentane, hexane, heptane, octane, cyclic and alicyclic
hydrocarbons, such as cyclohexane, cycloheptane, methylcyclohexane,
methylcycloheptane, aromatic and alkyl-substituted aromatic compounds, such as
30 benzene, toluene, and xylene and isomers of the foregoing, and mixtures thereof, as
well as pentamethyl heptane or mineral oil fractions such as light or regular petrol,
naphtha, kerosene or gas oil.
To further control polymer molecular weight and polymer properties, a coupling

agent or linking agent may be employed. For example, a tin halide, a silicon halide, a
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et hanol am ne, or the |ike. For solution based polynerization processes, the
pol yneri zation is conducted in a suitable solvent, dispersion agents or

di l uent. WORIWIBs@H#nati ng, inert |iquids are preferred, PCRAISAUOMEEIObut not
limted to, straight and branched-chai n hydrocarbons such as propane,
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hydr ocar bps 346 a 3fic6Y GIBRRE ?]tgeaarinﬁdﬁe QP BRI AR meRBS MY OMPLRREX Edibe

met hyl cycl oheptané, aronmatic a substituted aromatic conpounds such
as benzen epnmrniweinadermgI tha polamdrlzzstmmen sawh whiaee Efsamegmuw@ couphilgnd xt ur es
t hereof, as well Nt anet i{ hept ane or m neral . oi act | o&z such as

light or rd&gjtAdarl hb%‘f uo‘?‘f‘ 104 1s Pyl glone (n g eactign Zon?bsep?ﬁa{e ¥ control

pol ymer myjecifearneing f&hwﬂh@ﬁéwﬁ%ﬁzm&n%&duﬁ%g arieodsRbiinga@@eddn
l'inki ng agent may be enpl oyed. For exanple, a tin halide, a silicon halide,

atin als komdd@l mai Isyquathwn&bkmnd@r exsmple Ay lohexanes totthepel T weBsien; oned
compound S f”f?a‘iv ot %ﬂ‘l ﬁtglsxll%g %d glsgﬂb 1'61'1.%1% reggtl ol Wé’ohéﬁﬁoé ?g@:nl Q/ﬂ? ases

wher e asy esl re 'S COﬂ |nuous

nor mal |y dypl@auyrbeaadn@@@ﬁuycanemngh d@giRalatenvier G malrz@d;ebe@hananme bul k of
t he pol ynerization is occurring. The couplin agent can be added in a
hydr ocar bdfer dtstanes.dhe cquptinggens el neypalbyriex Oltﬂd aftgba PYNYWEF | zat i on

adm xture wth sy ng% & a&ﬁeg Orﬁgypeg(jT P{ﬁdsq)léhl 5 It Wf]ﬂ:w %ﬂz%@e_ coupl i ng

agent wi 110 ypi car er a egree o con ersion has
al ready bggefeatd furiiegmoh@ner dvavanioa to tdach aolamit mglt@g@ntcem lidfom@hemal ly be
added only after a npnoner conversion of greater an about ercent has

1
been real |C?éﬂhng ggef s ;addsy Commen Baligs, corplngpeentsyin ng i FrEaeR ’8 "8 sion to
reach at gt?a%troﬁﬁféuttm %Qraﬂﬁf&cg:g tin l?&fa%(ﬁdé @ﬁlc&? HRlabNeri8d & MHcoh fet@BHRGide, Common

hal i de coupling agents inc tin tetrachloride, tin tetrabromde, tin

t et r af | uorsiliten tetrafluositle, ailooh deraicdidd, ciormnd silicae biiftidekeor tyi dndsdlicon

t et rabrom éP silicgn tetrafluoride, silicon tetraiodide, tin and silicon
trihal i de<HRHldes FAnAlkP R ¥edon di hal i des can al so be used. Different types

of nodjsfier ag%‘ﬁ%ren@-@p@?@f:ﬁlb@@fér ReHE), Bs GABrRRI ies@H chiPbé R toBsHf | ed
polymers. Al nodifiers, regardl ess of the specific type and function, have

at | east (m@dlfladbpMefm@rs vf?ali sodifiens iregavdlesyoif éheyspeeifie ayreowd fmsiopaifvedt or
wat er sen |t|ve €S a. etero m I r abl
bei ng one Szrst Plp]eéﬁgg gpel% e m01e n co 1&1811 ﬂn!t ia% Q op %Q%r S sﬁfv@ y

Oor ous- a nltrogen-
silicon b%&ety@onﬁ)rﬁbﬁ zi Hétero‘étdrrl §1Q801b6(5}d1$ pre-féf}@lslg bﬁﬁl@lofnb ef Ehe(fahdwmlgs 0

pol yrer s fb%rng‘sada ptil%s;hsolrgugs tsﬂlgogggﬁj Ll?lgtfo)ge}cl Osrﬂqz:osnl lloaflr(]io(l)rsa sulfur- silicon bonds.
20 These modifiers (and also polymers formed by using the modifiers) form silanols
upon addition of protolyzing agents, such as organic acids, inorganic acids, and water.
Mentioned modifiers can be divided into the following classes of modifiers:
A) backbone modifier agents include modifiers of the Formulas 13, 14 and 17 (see
also WO08/076875).

25 B) chain-end modifier agents include modifiers of the Formulas 10, 11, 12, 18, 19
and 20 (see also WO07/047943 and U.S. Provisional 61/059278 (now
PCT/US2009/045553)).

C) modified coupling agents include modifiers of the Formulas 8 and 9 (see also
U.S. Provisional 61/059278).
30 Modifiers of category A) modify the polymer backbone either in the course of
the preparation of un-crosslinked polymers or in the course of the preparation of
crosslinked-elastomeric polymers.

Modifiers of category B) modify living or anionic polymer chain ends forming

chain end-modified polymers.
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upon addition of protolyzing agents, such as organic acids, inorganic
acids, and water. Mentioned nodifiers can be divided into the foll ow ng

cl asses WVOBWIHP@Hs: A) backbone nodifier agents incl uB€THSAIP0e3961 of t he
Formul as 13, 14 and 17 (see al so WD08/076875). B) chain-end nodifier agents
i nclude nodifiers of the Fornulas 10, 11, 12, 18, 19 and 20 (see al so

V0071 047943 andbfer, B OM: 809 RLLATIRES: LRAWIPRTHSBARIRAAE3)) . O

nodi fied coupling agents | iers of the Forrmulas 8 "and 9 (see
al so U. S. cRaiavsd fonal medifiebb2i&ied pubyndrs.er s of category A) nodify the

pol ymer backbone either i. he cour,se of, .the pr rati f - | i nked

pol yners or i _n“ﬁﬁéefabdfl%%ﬁsé polymep, éi)ﬁsregtlﬁeﬁeﬁn’%?f%ggra%fsdoﬁ)ﬁﬂ%&hée{ﬁ’ﬁg'[ grsr:r: (r:] ©

pol ynmers. Mg,k Snbr rﬁ@ire%ﬁ&{iﬁri@% ag®ei fyddstibdathesinani oni ¢ pol ymer chain
p

ends forming chain end-nodifie I'ymers. Modi fiers of categor C%_react
with two or norkheltévi fapmpositinn Sk osqsidieyeipringlhedsrismayterciod at whieh

b hed | ymers. The t. y ified.pol " '
poryror t RAMPRS T SREpat Tl e or By B o Aot A PE TilghS Pl Bo”

hereip. Th@nﬁ&yﬁ@&qm@@gﬁﬁmg@mﬂkc@gmugﬁdnherein, i ncludes a m xture of
materials which conprise the conposition, as well as reaction products and
deconposi tion prhedest PAYRereds 15ed hetcHetotadisate 4 ROBPPAYBET(SAHBONPIMEN. The

term "pol yper". 1S i i.ndi cat r
R s R Sl S
types)io ante tike Thekierm Thayimernas'uped yerein inadsdassserfodymedrn as deskublekbelow.

interpolyners as described below. The term"inter ed herein,

"

olymer," as u
refers to poIyﬁgﬁéﬁ%ﬁe%ﬁ?@ﬂwﬁ?3tﬁ@wﬁ$P?ﬁ%¥F?QFF%Hgﬁﬁ%gﬂ”ﬂgﬁgbe di f f erent
types of rﬂéw{zﬁtiog Qﬁatﬁ%?{&&dﬁ@fem g@Ef@éﬂﬁbﬁﬂfﬁ&s thys odigik ydas copol yners,

enpl oyed t er to polyners prepar romtw different types of
monomer s, iaecpbopphgmbusinpluderaropdlyinapmempleyet! tarefeno pdlyinfesy pigpareg fiogn of
o two. POHRee Ry Bt Pisireer alt BHERRE morywbre Ty odnnealePiflea
el ast oger i CoddQJrWiBlomers, The term "crosslinked polynmer, preferably
crossllnkedpelastonerlc polymer" is
Polymers, and preferably elastomeric polymers, can be divided into two groups
“cross-linked elastomeric polymers” and “uncrosslinked elastomeric polymers”.
The term “crosslinked polymer, preferably crosslinked elastomeric polymer” is
intended to mean elastomers or rubbers, representing at least partially cross-linked

20  polymers having properties as known for, or similar to, vulcanized natural rubber (cis-
1,4 polyisoprene); for example, stretch under tension and retract relatively quickly to
approximately the original length when released. The polymer cross-links are for
example formed through vulcanization using sulfur or through application of radical
forming compounds, such as azo- or peroxide-containing compounds.

25 "The term “uncrosslinked polymer, preferably uncrosslinked elastomeric
polymer” is intended to mean the uncrosslinked precursor polymers of the above
described crosslinked elastomeric polymers. It is noted that “uncrosslinked elastomeric
polymers” comprise a predominant amount of polymer in uncrosslinked form, but may
also comprise minor amounts of polymer in crosslinked form. The crosslinking degree,

30  when measured as polymer gel content, corresponds to a gel concentration of less than
25 weight percent, preferably of less than 10 weight percent, more preferably of less
than 5 weight percent, and even more preferably less than 2 weight percent, based on

the weight of the polymer. Preferably, the crosslinking degree, of a crosslinked

polymer, including a vulcanized polymer, corresponds to a gel concentration of more
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intended to nean el astoners or rubbers, representing at |east partially
cross-1linked polyners having properties as known for, or simlar to,

vul cani zeyOrRatN564%94r ubber (cis- 1,4 polyisoprene); for E%AMPWI/063%kt ch
under tension and retract relatively quickly to approximately the original
| engt h when rel eased. The pol ynmer cross-links are for exanple forned

t hrough v} gody %Qj&h%&@% Hore ?%Jf%‘[iab R HOTS @E’i@h@ ﬁe@één@ AnPévehastheal

form ng conpounds S az er oxi de- cont ai ni ng conpounds. "The term
"uncr oss| ipifedblyahyeehan §0 ebighapdrgentiiasaks] thakedghtlobdepvma. Ssllymer” i s

ascr | bed BPBECT RSB HER BaPT a2 er ) & TR QD "cr oss! i nked

el ast omer iyG, PR, Yo 1ShoufOMRAIbRSt fenScBAor QpRfatiageienhsdMible hvym% then
uncrosslinked form but may al so conmprise mnor amounts of polymer in

cr ossl isnkeasohdien, atheezuosg terdaongt deigselablewhen neasured as pol yner gel

content, corresponds to.a gel copncentration o S, | i ercent,
pref erably of Islg’fgertnhé??lﬁrﬁg\ﬁbqrﬁlﬁfﬁ)&?%%ﬂ??rl%&gh%?séf%rgg% %%gﬁlngés]éde?han 5

wei ght perganibovaasti ollBY, ecrpéseliiieabl andl @fGotMiareLelnedgbiic paysent”, based
on the weight of the polyner. Preferably, the crosslinking degree, of a

crosslinked polWmesesslinkegnedimgys.prefarabhnincsess polfefpbs oo ROdBeies to a gel
concentr atalcc%}flﬁlg tg'a{eqﬁbéa}lreioﬁpfoméegiwcoBﬁ)‘éﬁﬁ“cﬁtin t r@se@%@f)@:{lﬁﬁé YeffRige than 75
nd eve y nore than

wei ght percen n nore prefera wel ght percent, based
on t hejoweigbdifydig ideatspednyieegrepdied pretmitdnby palynizeizaddrensin nesrdiyiateins sol vi ng
about 0.2 grans of polyner in 150 m of toluene, for. 24 hoyrs _.at anbi ent

. y
t enper at u rcatalygpathe PIRYIER et 3 pRIBEISI9F B anigpiginely mefafit o ppiwation g
measuri ng ctagégm%ts cglfn}éfc&oc‘rpglg Blh8Sstodd o E@Zf@giép—@]lﬂtg%ﬁtﬁlys@f &Rtiaioh

el astoneric yners,” used as such, inclides both above defined groups,
"Ccross -l idateégtd andnoodcumetat B sdatatkse dyedras t Gonedingtipiotapatpsts are fupferabys| i nked
pol yners, preferaply uncross]inked el astonmeric polyners, accordi to the

i nvent i on,tﬁ?%rba@?O%W&Eegrﬁ?%ﬁ#ﬁga?lﬂnk H@aslrué%éh{:oéﬁ& 06{518\9%“8%%' ngﬁg Stai fyi ng
agent s,s cagr RoRE SORISH poyleBEARINYArO¥aLe by ARGl ZR hikaNnslsdrame@Rr di nat i on
catalysts in the presence of a solvent or by anionic polynerization.

Coor di nati on cahadiyatssed abovhilghivoningiatdre panabeusga depelymsrze epnegated
2 et Nk e O B SRSl PR TR RO o o =
cobal t, tigothetativan arﬂewpolgm'sﬁfatmm procB&DbyGiditp toGatomicysdlgmeidzatiani oni ¢
sol ution polynerization are based on alkali or alkaline earth netals. As
di scussed mghaeisms; whareim thereastianpignengmass s hyaictesppibe yHErIPEO B ugat ed
20  and propagate a polymeric structure. Throughout the polymerization, the polymer
structure is ionic or “living.” Thus, the polymer structure has at least one reactive or
“living” end. This is the context of the term “living,” as used herein, to describe those
uncrosslinked elastomeric polymers prepared by an anionic solution polymerization
technology.
25 Monomers useful in preparing the subject uncrosslinked elastomeric polymers
include conjugated olefins and olefins chosen from the group comprising o-olefins
(preferably aromatic oi-olefins), internal olefins, cyclic olefins, polar olefins and
nonconjugated diolefins. Suitable conjugated unsaturated monomers are preferably
conjugated dienes, such as 1,3-butadiene, 2-alkyl-1,3-butadiene, preferably, isoprene
30 (2-methyl-1,3-butadiene), 2,3-dimethyl-1,3-butadiene, 1,3-pentadiene, 2,4-hexadiene,
1,3-hexadiene, 1,3-heptadiene, 1,3-octadiene, 2-methyl-2,4-pentadiene,
cyclopentadiene, 2,4-hexadiene, 1,3-cyclooctadiene.

Preferred olefins are C,.5 O-olefins, including, but not limited to, long chain

macromolecular a-olefins, and preferably a Ce.»o aromatic a-olefins, such as an
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di ene, triene, and nonovinyl aliphatic and aromatic nononers (anionic

sol ution polynerization). These pol ynerizations proceed according to

ani oni ¢ PYPRAEYIS¢@E i on nechani sns, wherein the reacti onP6T/Usd¢8MRed81 | s by
nucl eophilic initiation to formand propagate a polymeric structure.

Thr oughout the pol ynerization, the polyner structure is ionic or "living."

Thus, the apﬁh%{ge\]{infhcgﬁfptotfﬁ(f forfdl ol SRSl ARG cﬁﬁ@%‘hﬁd@ear@& rdnkVin®ddingnd. Thi's

is the context o erm"living," as used herein, to gescribe t hose
uncr ossl i ikadlkel adgtstmerd sypod, podr & mefhatsedeiy Janethplisonine, 4ol ut i on

pol yneri zation technol ogy. Mononmers useful in prepari t he subj ect
uncrossliﬁ%%@ﬂ@Wﬁ@Fd%ﬁf@%aﬁ6$9W%PsiﬁﬁﬂpﬁﬁﬁnéﬁW@H&éFEEt l%wﬁﬂ%aﬁ%d ol efins
chosen fr g gﬂ@{' j : ' | ¥inRGRMBLinE, @- ol efins),
i nt er nal gﬂ%%?ﬁégigggﬁf ot%?#%gfé%gkgﬁhgﬁgéP%@igﬁgpnénco jug%tbd

di ol ef isns. Guylbabdyddoenhylgatiec:tyl seteurMiNedinmondareimsetayestpead. derebl y

conj ugat ed di enes, suc;»as.1,3- uLadienE, 2: al kyl -1, 3-but adi ene,

pr ef er abl PUPYSHFEReV RPRRTIAG and Mixtye Befeehe) |~ 2, 32 di net hy! -

1, 3-but adi ene, Ek,3pRIF apHIRABkK: u%cl%'sﬂﬁ&@&igﬁlgﬁlersl ROeMgdineRBslinked
1, 3- hept adi ene, 1, 3-octadi ene, 2-nethyl-2,4-pentadi ene, cycl opent adi ene,

2, 4- hexadiedmsemdicPpotyutrodotiads, nbare Poblimite@ th, bpeppelymarseof conpgaied| ef i ns,

i ncluding, . but not . limted to, .| ong chain cronpl ecul ar, .a- ins; and

pr ef er abl fl%{leéeﬁs@?fwélyorg?éqqq%leaqr 6’?08{%%’5?“ it gﬁﬁ?ﬁf&%ﬂég@?iﬁﬁer%%%ound.
Pref er fped 1a4s088d ¢dhjidafl di&RNBPLaEBy Biitadishy bEREprend) Glithdit Mgsedreyonfighed i t ut ed
styrene, such as 2-nethylstyrene, 3-nethylstyrene, Anmethylstyrene,

2, 4- di et higretormvetheat Iasuorg:- arpinateg erydlefinansrrspecaal ettgns and EMetaddysng:| bene,

2, 4-dii | st. 4-t.ert - but yi vinyl -benzyl. di | anine, (4-
i iyl beneyr BT e RoaEt g etnarere e LT e oY, Pone.

t er t but oxyghylyReizatinN¥ptdHallflikdtol yBEz4ation! of & Sedsh@feadhjugkicd @iine sviof at
appl i cabl e uncrosslinked polyners, preferably uncrosslinked el astoneric
pol yners, leastbudeombtic oerlefimand ptionadly af lsastoropunafieetieletin oe giphatated

di enes, especially butadiene. or isoprene,.and rando r. bl ock - and

t er pol Prer gt ﬁlgffpé’é]é‘ﬁy théﬁl(?B?uo{fﬁ TSR FitBRTensy é’éléei%aﬁ PR Ié%{lgge)ne or

i soprene, @ihlibahzen€aBddiQoIGONpEdal EpretirRags B rihdom edpol gAGizadbeofr omat i ¢
a-olefin and especially styréene and 4-net hyl styrene, aromatic diolefin,

especi al | yougidieneyyifelsepmes. Especial ly preferred is the random _
i ene v th at IaaeB R Bkl R E AR R cBin gl | PU%2 Teact one.
aromati c di ol efBR—@olydutadheat] CR OG@llwhidroprene, IR — polyisoprene,
20 SBR — styrene/butadiene copolymers with styrene unit content of 1 to 60 weight
percent, preferably 20 to 50 weight percent, based on the total weight of the copolymer,
IIR — isobutylene/isoprene copolymers,
NBR - butadiene/acrylonitrile copolymers with acrylonitrile unit content of 5 to
60 weight percent, preferably 20 to 50 weight percent, based on the total weight of the
25  copolymer, and mixtures of theses rubbers.
In one embodiment, polymer is a polybutadiene.
In another embodiment, the elastomeric polymer is a butadiene/C1-C4-alkyl
acrylate copolymer.
In another embodiment, the polymer is a butadiene/styrene copolymer.
30 In another embodiment, the polymer is a polychloroprene.
In another embodiment, the polymer is a polyisoprene.
In another embodiment, the polymer is a styrene/butadiene copolymer with a

styrene unit content of 1 to 60 weight percent, preferably 20 to 50 weight percent, based

on the total weight of the copolymer.
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and especi ally butadi ene or isoprene with styrene, 4-nethyl styrene and/or
di vi nyl benzene. Additionally, especially preferred is the random

copol ynerWoa010416@# but adi ene with i soprene. Exanpl es ofCAR{SRI4RI%!

pol ymers include the foll ow ng: BR - pol ybutadi ene, CR - polychl oroprene,
| R - polyisoprene, SBR - styrene/butadi ene copolyners with styrene unit

content of 119 8delAHodRRLfAE gglggﬁﬁs;@flk%uéq?ﬁ&sé&eﬂ@&qmwﬁrcent,

based on the tot wei ght of the | sobut yl ené/ i soprene
copol ynmers, NBR andih¢ratitedenacs tht ehastomelie polypwi ynepatiaiyt hydiegophediorri | e

unit content of 5 to i ght percent, preferably 20 to 50 wei ght percent,
based on tfl’r]i}’ltlﬂr%e‘\ﬂ@ﬁg*#\ﬁ&%’%ﬁe copol yner, and mixtures of theses rubbers.
I'n one enbodi W%%Tgroraﬁ&iﬁg%hibl% tReD AhtiPHTaHe £ REuIdibh SPRIAEKoRIABOSBREN , t he
el astonmeric polyner is a butadiene/d -C4-alk acrylate copolynmer. In

|
anot hers erbdgirnwith 2 glase trpaditjeretempsragirh abendi -8R &/, Polbatdicns petberwith 4 n

anot her e di. t h nmer. 1s._a, pol ychl
enbodt mentuel st siepledr RO bk hedpRa A AR TS pBRT b Relel e
pol yner i £oBalgliy4eia/obHt@HnBNE, SRPEYIYERIdiMvet bberStiy £viayldvntenc o0 ent of 1

to 60 weight percent, preferably 20 to 50 weight percent, based on the
total wei gidfe.ehd thedt miBHEES #ET of| Frtgwar hterestrbodi nent , the pol ymer is an

i sobutyl ene/ i sqpr. : Ner,; r |3 I ric
ol ymer 15 a part PARHERRVEEE et ByREhRET (e TR B e By For
pr ggucmng poe}m]h juCldgent irtiteter withtaltigh trindohé contem(>35%n oBBRRaprdfesdily toramnBER
rubbers with a glass transition tenperature above -500C, pol ybut adi ene
rubber wi th§tveer; ynd4Oswaight RegienksyIens g /&,}llg&bﬁ%‘ﬁ?ﬁa@%@%ﬁfﬂ%ﬁﬂe@& usi ng

catal ysts (E‘?‘g‘%gopﬁﬁe 'ﬁ%g}g)ﬁladieﬁg) ?"ﬁlsttion 36 chABS N REr. ERCH VP Wipo Rt OB Ryt adi ene

rubber wit I nyl tent of 0 to 75% "and their mxtures, are of
part i cul arBRnd¢aarbestrepaFal with ookici mgreviehiatolr eompewsls chuptikiog waitle alkalyee

174 cont erbepLspapuRts sSe g ST I AL eBR I v BELEro 4RI a0 vei gt
Pl ybutadi g Tract Lo of L h Copol yier . EACh type of ol YIer (SR o -
herein as reference, or by using catalysts based on cobalt, such as described for example
in U.S. Patent Nos. 6310152; 5,834,573; 5,753,761; 5,448,002 and 5,089,574, and U.S.
Publication No. 20030065114, or by using catalysts based on vanadium, such as
described for example in European Patent Application No. 1367069; Japanese Patent
20 Application No. 11301794 and U.S. Patent No. 3951936, or by using catalysts based on
neodymium, such as described, for example, in European Patent Application Nos.
EP0964008 and EP0924214 and in U.S. Patent Nos. 6,184,168; 6,018,007; 4931376;
5,134,199 and 4,689,368.
Although there are no specific limitations regarding the amount of aromatic
25 alpha-olefin used in the subject modified polymer, in most applications the aromatic
vinyl monomers comprise from 5 to 60 weight percentage of the total monomer
content, and more preferably from 10 to 50 weight percentage (based on total weight of
polymer). Values less than 5 weight percentage can lead to reduced wet skid
properties, abrasion resistance, and tensile strength; whereas values more than 60
30  weight percentage lead to increased hysteresis loss.
While dependant upon the specific polymer and desired end use application, the
modified polymers of the present invention preferably have Mooney viscosity (ML

1+4, 100°C, as measured in accordance with ASTM D 1646 (2004)) in the range from
20 to 150, and preferably from 45 to 125.
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BR) can be prepared with one or nore initiator conpounds conprising earth
al kal i ne netal conpounds, such as described for exanple in U S. Patent Nos.
6, 693, 16V0RIBNE66P15;: 6, 489, 415; 6, 103, 842; 5,753,579; BCHAB2H306¥AH

3,629, 213, incorporated herein as reference, or by using catal ysts based on
cobalt, such as described for exanple in U S. Patent Nos. 6310152;
5,834,573; 5,7 ; : B ; | MBSt ' ' No.
20030065114, o?ﬁﬁég%?}”ﬁ%ﬂ%g%%%ﬁﬁgsed 3%13”5?%{3?ﬁ#{b%stlﬁcﬁlﬁ?gﬂs?%ggjgg?i bed for
exanpl e i mddifiapganmBatgmeseep by ¢kt iatin oRithe WSEMOGeragd apvdavake wWeighe
Application No. 11301794 and U.S, Patent No. 3951936, aor by usi catal ysts
based on rkorymAbaityeage moksuldeverghbdilv/Mo) ranggnpreerably fiom iﬁéﬁﬁ ant ent
Application No P0964.008 and EP0924214 and | LS. . 184, 168;
6, 018, 007; 493378 S8 GEP] S&“éé’@,r%% S agg %hggg’gsh?‘%@r%v{a}%mﬁ%gspeci fic
l'i mi t atsi ongekieIANIdAiZAlteacRPRHISr B kulBsrRratile typephamalied-type Usaliuidamt he

subj ect nodified polynmer, in nost applications the aromatic vinyl nononers
conpri se ftyrsnsd beaisebtogethghyitha valoabizge agent weredwited OtsioditiveohcBat | and

o or s RN e 29 AN aRAL ACpRARES RflnkAL AhateE ONF O]

pol ymer). “Val ues”l ess wel g cent age 0 reduced wet skid
propert i espptiahdlBsdddad.r Asivsdaairiey agendis tyrisillyadded enbe holywlee c@apositanuies nor e

t han 60 wei ght percent aPe | ead to increased h@t g_restseg oss.. Wi le
dependant atp@wunhiomiky i | Erastsiynisighingndiasier dly Brl LS BRI KTEh, ¢ he

nodi fi ed I s ey MRGHE i scosit
o 1 b B e B ) i m the

range fromegding vilkanizagdgpntetar bbfopndl iroKirkOthoet, Fnclelopgrea efbloeinigeint , t he

preferred | ecul ar ight distr.ibut] t he suhj.ect i.fi ed polynmer,
repr esent égcqggfqgﬁg r ﬁﬁi@}ﬁﬁ?’ fqt?féc%‘ieghlt%'at%?a g“%%t‘fﬂ'gg?%g%’ght to the
number avepadfcdIR! ‘@aHtAziNeAgBits akdViWuMihsy NVaREES” BpeIoRr 12, shcbipprtdd 3 t o
3.0. Sulfur-containing conpounds and peroxi des are the nost common

vul cani zi ngragbpteereaca uh Camiutating cooweisimgghomodified pofyarrs cambelarepyise,
guani di ne-type, .or thiurantype can bpe.used r W | cani zi ng
agent , Pas %‘%ﬁﬁ%a the Qb!r‘érpera‘}él i ?t?l\e?re% étlljvc%’ Sélgﬁ %9%%:&? i éh&vaf(\%ﬁ:?@gﬁ on

auxi | i ari esme ca@idIgvRcAMERE ay@fs suRhQs esisirguladiitivgaéceleraray(s)ba/aphddedal | y
added. A vul canizing agent Is typically_ _added to the pol %rrer conpaosition in
an anount Fddhs Bseting migtupssis blendgd wnghBantiy HxerEcREN Ok Yntamted 6 part s

23(; d:N'?: gﬂtal in{oﬁa; %egs%gc% @%%E,Sanﬁwuﬁh%& atof 40r°beco ti%(%, tl?ér@t)%lt cﬂﬂﬁﬁiﬁnﬁ aRRUATBEd

elastomeric product.
20 The present invention will be explained in more detail by way of examples,

which are not intended to be limiting of the present invention.

EXPERIMENTAL
The silanol concentration was determined by combined Gas Chromatography —
25 Mass Spectroscopy (GC-MS). Technical device and measurement data are listed below

in Table 2.
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regardi ng vul cani zi ng agents can be found in Kirk-OQ hner, Encycl opedia of
Chem cal technology 3rd, Ed, Wley Interscience, N Y. 1982, volune 20,
365- 468, WPS14S6@H| y " Vul cani zi ng Agents and Auxi | i ary PHE{USR04{06396hp.
390- 402, incorporated herein by reference. A fornulation conprising the
nodi fied pol yner can be prepared by kneadi ng the polyner with other

3ﬂﬁlctaln:lgls ’ngsuﬁﬁ)lé?@: s @'hlrorﬁz[wgr)tﬁf)ﬂi& &hd M%é ShectBRIcL RO oridGorR!  MOT ?S/ e
ent . [ T . . 3 ,

added, and tjhe"t égeﬁ ?@%ﬂg%n%lﬁf?sg ig \égFféﬁ%{gg{&@ﬁg&?H&%ﬁ olstl}ﬁ \g}@%(*;(de)r open
roll mll, flovined into |M$I2§913ed $Kajpen: and vyl3@a Ednmx 02A00ARXo5 180Q0C,

t her eby obt ali Speaigpn&tevul|cani zed el astoneric prodd8t. The present invention
will be expla@bmedionn myregcdet ai | hPvewagroghme x g o @ &1, minh i €K/mimepiot i nt ended
to be limtingodf the priepent invention. EXPERIWENTAmiNhe sil anol
concentrati orElw@sndet erfimoned by cothirReghsGas CHicbiomt agstapHipw-of MAss
Spect r oscopy| foltkgeMS) . Techni cal device and nedgslunément data are |istled
bel ow i n Tabl eniZidabl e |25 &as Chr ommécigi:aphi ¢ |apik (vhissatepeet dnmet ri ¢
Condi ti ons Thareati o between the 1,4-cis-, 1,4-trans- and 1, 2-pol ydilene

content of thahuhad enesoso Dan@ ¢mgedi@ltynBr s viaecdet erm ned by IR |l HNMWR
spect roscopy,—and 13CN spectros¢opy (NVR ( AVANCE 400 device {+H =100

Miz; 13C = 10®lwredclaf |BRURER ANALYFicstapigH, GP32(di - chl or of orm flor bot h

| H NVR and 13Mufﬁb’ﬁ9r)- The; Vinylcontent in thg conjugated diolefin segnents
was additionally deternined by |Rlabsorption Spectrum (Mirello nethad, |FS
66 FT-1R spech¢lan@eher gf3 BRUKER ANALYTI C GrbH)|. The IR sanples were

prepar ed usi rg—€S2—as—swetHng—agent—Bonded——styrene content—was deter m ned
using a calibration curve, prepared by |IR absorption spectr IR (I FS 66
FT- 1 R spect r ometfErral PHRERE eAh@E‘?‘FIl%%H?I}E%ﬁé’ollﬁf‘é{%%‘?rﬁﬁpggyé%&"é pr epar ed
using CS2 d‘fé’fﬁldr'i%gr&,g%myrﬂers FRSISEYIIBOEL € AOLIENNMRS é%ltlbg’d'dg% dndel 3 -
determ ned by NVR techni que (NVR ( AVANCE 400 devi ce %‘IZII)-I = 400 MHz; 13C =
100 MHz) OFMBRIgER saOP IIVIR (@FANCEBO03lepige (11 H 4)0d¥Iblznd 3G6rF 198 MMHEPINVR and

13C NWR)) . i ng ' r I c.Vvinyl ,coppound [ ni Lth an

aromatic ﬁ‘ﬁyﬁ?ﬂ)}ﬁ@m Iﬁ ﬁ@??ﬁ?& W'%%fog&%ﬂ%ﬁbb%ﬁalﬁnﬁg/lr%% %3(/:& Vi nyl

conmpound UIMR){. aTkeNihyll ddnkAt fthe conjugated diolefin segments was additionally
determined by IR absorption spectrum (Morello method, IFS 66 FT-IR spectrometer of

BRUKER ANALYTIC GmbH). The IR samples were prepared using CS2 as swelling

10  agent.

Bonded styrene content was determined using a calibration curve, prepared by IR
absorption spectrum (IR (IFS 66 FT-IR spectrometer of BRUKER ANALYTIK GmbH).
The IR samples were prepared using CS2 as swelling agent.). The styrene content was
alternatively determined by NMR technique (NMR (AVANCE 400 device (1H =400

15  MHz; 13C =100 MHz) of BRUKER ANALYTIK GmbH, CDCl; (d1-chloroform for
both 1H NMR and 13C NMR)).

A single chain aromatic vinyl compound unit (a unit with an aromatic vinyl
compound linked singly) and a long chain aromatic vinyl compound unit (a unit in which
eight or more aromatic vinyl compounds are linked) was determined by NMR technique

20 (NMR (AVANCE 400 device (1H = 400 MHz; 13C =100 MHz) of BRUKER
ANALYTIK GmbH, CDCl; (d1-chloroform for both 1H NMR and 13C NMR)).

Molecular weight distribution (M,,/M,)) was determined from the ratio of
polystyrene-reduced weight average molecular weight (My,) and number average

molecular weight (M,)) which were measured by gel permeation chromatograph (SEC
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ei ght or nore aromatic vinyl conmpounds are |inked) was determ ned by NWR
techni que (NVR ( AVANCE 400 device (IH = 400 WHz; 13C = 100 WHz) of BRUKER
ANALYTI K VRZPI0/SH3 (dl -chlorof orm for both | H NVR an@CTAS20004R%3961

Mol ecul ar wei ght distribution (MvV Mh) was determined fromthe ratio of

pol ystyrene-reduced wei ght average nol ecul ar wei ght (Myv) and nunber average

mol ecul ar wgj Qgéosﬁ%éteMUnc(nm 81 TRBRHOR FinPYH B 8 roBRY tFRBLaRie)C NP ML 0gr aph

(SECw th viscosity detection (universal calibration) in THF at room
t enper at urcelrespvpdcwrthe spighdsvaragettheleowdamghtighive tgenavopled pblymendVight of t he

uncoupl ed pol yner. 2 corresponds to .the wei ave e.nol ecul.ar wei ght
of the co&BFé%’oﬁgi S?rl\ffg‘? ek E?Y%?Eerr@%lfa%@%rn‘f’?l\é\gt ‘%rhté‘? ?%lpi)e?lgpf%g‘?rﬁcﬁaﬁloﬂ hai ns
bonded t o fhesmmAl b \iNgoRB Ry meMHai s BInaSPRES nidifly g AehgNMpRVer age

nol ecul ar wei ght of the coupled polyner fraction representing 3 arns or 3

pol ynes claimspobdnielle toighhaveragsi heleaganayeight of Sreee@ldddqodyredy fwctin nar r ow

di stributed pol ystyrene standard., l.nstr t. I ;
Vodul e SettEetaE Sas o Posaen T TBL s Al 2l SHEHERY

Det ect or, yREOASSAV dis@EDutbdpolRtyrdAextshddrd. TnRrivheredA BILISIMSBRIBriepa a00;on: 1
1 tetrahydrofurane was stabilized wth 20 st earyl am ne. About 9-11 ny

g
dri ed pol yedule sefpp:dsq pimp favgasamplsy. shermos@in okt Retest@oRl wREea%6so0l ved in
10 mL tetr r.of i i al izeq1The pol ymer was
di ssol ved [g%ggﬁqgkéﬁﬂg&ﬁ %gﬂ\ﬁl\%l %?d o/ﬁql%m)r(#dngéts g%g%opﬁ%r%.i&lpéllyrrer sol uti on was
t r ansfgr r aérdnytiofarade whs wiabillizetswitly 28 nfly ¢arpiandines poisaidDel if ing deed pdilyemeR n
vial was placed on a sanpler for GPC-anal ysis. The inLect ihS;H \fol une: 100. 00
nm ( GPC- neemple (Bllﬁt‘i‘?o’@o’rr‘;ﬁﬂ)‘e seentired-afel pag Hispelyed iml GogLdetabyfeiWgBhey

viscosity lfgfngtah[ﬁro@ﬁlﬂﬂ%f 1945 ﬁ?@%eﬁ&l%&%&g Jlgsoﬁx%d{%?-gi’{b@né%?\dﬁla@pﬂo Wi th

a preheating™tinme of one mnute, and a rotor operation tine of four m nutes

at a tenpeahiatai260 ofmih0POFnjdVsblnd(l 8@s Ga)Jferradsintoga 2 niWid2 QOIAE afr4snuAl pha
Technol ogi es UK. Unless stated to the contrar ?l? t 2&#& er ",ov,g n]ié]?ht." refers
to a tine Bposppe Bierdheynlreal vesmpiised on 3iamples frdrhh apy ¥ « Lﬁ) “tgre
refers to é EXAPLESon Ihe & heWhftg Exanpl es
are pr Ovi d@&jfﬁ%@p?@%ﬂ@%?ﬁﬁg‘?d %ﬁoﬁﬂ%ﬁ e the 1?ln\gltlant ?oh and are not to be
construed as | iMbbhdyQuiscobiay of thagolVadi hiaemeldsured aeprdisent £8THyD F646rul a 2 1
bel ow. ,

(2004) with a preheating time of one minute, and a rotor operation time of four minutes

at a temperature of 100°C [ML1+4(100 °C)], using a MV 2000E from Alpha

Technologies UK.

20 Unless stated to the contrary, the term "overnight" refers to a time of
approximately 16-18 hours, and the term "room temperature" refers to a temperature of

about 20-25°C.

Examples:

25 The following Examples are provided in order to further illustrate the invention
and are not to be construed as limiting.

Chain End Modifier 1 is represented by Formula 21 below:
(MeO)g—§i—AS—Si(Et)3
Me (Formula 21),

Silanol 1 is represented by Formula 4 below

30 HO=SiE  (Formula 4).
Silanol 2 is represented by Formula 5 below:

HO—Si((CH2)sCHa)s (Formula 5).
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(Formula 21). Silanol 1 is represented by Fornula 4 below HO-Si (Et) 3
(Formula 4). Silanol 2 is represented by Formula 5 below. HO Si ((CH2) 5CH3) 3
(Fo p nul¥O300045p@hol 3 is represented by Fornula 6 bel 8&T/USREOA63961

HO Si-C-CH3 CH3 CH3 (Fornmula 6 ) Preparation of Silanol 1from Chain End
Modifier 1 The End Modifier 1 (1 nmmol; 295 ng) was diluted with dry

cycl ohexane ( %11593123 %@ﬂprés@ﬂ&d %{E{ﬂujarb Be1dW: L laboratory stripper vessel,

al ready contai ni ng e 10 L gl ass stripper vessel was

equi pped with a bottom dda\@H; an i nternal di scharge pipe, a connection for
a condenser, and a t él whi ch coul d be sealed with a stainless
steel plate. The disc a”%béflpe was used to transfer steam from an external
steam generator into thé& qQfFoth@a%h.r i pper gl ass vessel. The condenser
on top of the stripper vessel was connected with a solid carbon

di oxi de/i sopropanol cooled trap. After closing the stripper vessel, the
stripping}pamneSanéﬁanliﬁ@hﬁ@hﬁsﬁbddﬂmﬁﬁmtkansferred into the stripper

vessel) and conti n all —c exane. was r ved. from

strippPng vess ]%§@38ﬁg§ Lél %ﬁ%?g) ‘%%iWFE “ﬂﬁ@&ﬂ%?%wéﬁiﬁhe End
Modi fier Lnqapg M@ée@rm a‘@@ﬁﬁlaﬁ&ﬁ%@ﬁﬁh@ﬁ@f VRBRE e ontdnilYs2 1Reg U dtsr. ar e
shown bel ow. Reference Sanple (Moddifier 1 in dry cycl ohexane

gl : ano: 1 T@dlodhgbamnpmw&ssﬂe‘dasaffqumpeét“éﬁlrﬁ @Qtﬁrpmlﬁ@ aéxfglfémairé‘ﬁ‘fhaf$4 ppm
ilanol 1 Preparati f Sl noI 1f |n En i Ex. 1
Tabl e 4 b cmecgglpg rcog I, an nlnlgéw 1c?(t%g{11d b%%ef 9!1 ViR ( in

i’ on o ro ertles see Tables 4

to 6; pol wimilef@RApRLd. Olfheiﬁﬁsh@l%ls%\@e msedi aceghston stche fedinve edesei i bed 10 L
| aboratory stripper vessel, already containing 2 L hot water. Afte cI05|ng

t he S]E 0] pppgamygangeitor mtl@éh%b@trqm pﬁtjle;sﬁr&@éfsglam\sesge& alheepndenses An jeesof the
transferr t i
e?ﬂ@%% 9%«%}6\?% crohg&%d i ﬁ%‘!)ﬂd Gl ((ﬁlaﬁf&@}qs%g %}f golddo%ie'dltf d A{/f?e?—eg :\/gn

products O and water, were trappe anal yze
The sol verdodingethe pripparvessadnhe mlmgm\g/qmdeemvenhltiatmmmfam ppdrangesseélintand

dried. The GC-MS results ar h I i
dry cycl oHb% gﬁ@yer x@gsgl)pgqﬂ @enpghfg‘mq ttl)lealloc\:lgfdo'}?l?:;c(gr{eev{/]z{:serer%g\@ci fe 0141 détf‘li)pelglg Lin

vessel. Cyclohexane, off-distilled reaction products of the End Modifier 1, and water,
15 were trapped and analyzed by GC-MS. Results are shown below.
Reference Sample (Modifier 1 in dry cyclohexane): 0.5 ppm Silanol 1

Cyclohexane recovered after steam stripping experiment: 64 ppm Silanol 1

Preparation of Silanol 1 from Chain End Modified Polymer (Ex. 1 in Table 4 below)

20 The polymer solution of Example 1 (properties see Tables 4 to 6; polymer
preparation see below) was placed in the above described 10 L laboratory stripper vessel,
already containing 2 L hot water. After closing the stripper vessel, the stripping process
was started (steam was transferred into the stripper vessel). Cyclohexane, off-distilled
reaction products of End Modifier 1, and water, were trapped and analyzed by GC-MS.

25 The solvent free polymer remaining was removed from stripper vessel and dried. The
GC-MS results are shown below.

Reference Sample (Modifier 1 in dry cyclohexane): 0.5 ppm Silanol 1

Cyclohexane recovered after steam stripping experiment: 64 ppm Silanol 1

30 Procedure of the Copolymerization of 1,3-Butadiene with Styrene (Examples 1-3)
Each co-polymerization was performed in a double wall, 20 liter steel reactor,
which was first purged with nitrogen before the addition of organic solvent, monomers,

polar coordinator compound, initiator compound or other components. The
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Cycl ohexane recovered after steam stripping experinment: 64 ppm Silanol 1
Procedure of the Copol ynerization of 1,3-Butadiene with Styrene (Exanples
1-3) EachWOaIWYIS¢ePéri zati on was performed in a doubl e WECI/US2¢9/0p396t st eel
reactor, which was first purged with nitrogen before the addition of
organi ¢ sol vent, nononers, polar coordinator conpound, initiator conpound

0 Jther GOTAMISIGS, 1sTEP ALY IREIAAD B¢ SARLOUHRDAGHIE! Tl TIAGHE, unl ess

st at ed ot herw se. oW ng conponents were than added in the foll ow ng
order: cycbohexanewsel thanddded @DMedoliomsing obder arjiclohexanssolvent, (989G grams);

nmononer, and tetranethyl ethylene diampe (T . . The,. m xt stirred
for one h&HF%dl@Slmmr’ﬁyrf GPaETBe Wc{]tﬁtréﬁﬁ D@hyll‘?ntetﬁlmn’?gf&gme traces
of DI St UreQRixREDGhs LR fol bEShou foBbwe®BPkighiidwah nthiRylllithinat doon
reaction, the additional Silanol 1 quantities of Exanple 2 and Exanple 3,
di | ut ed wirttho®otrades of mopher anethsoinymmitics. wa Fter qomzeliasy ofdle fifatipnt action,

pol ymeri zation.rea r in . stainl es t i . i hen

B 11 onaith SBERGR bR el R bR ERR o B S o

reactions c@éloﬁé‘;@aﬂ@ k&i§edt, Were3randiRaed alty ERIJolphérdativaseapi hioihfadtaimess80
m nutes, not allow ng the polynerization tenperature to exceed 600C.

Af t er war dssteebdsiageylinder. tIdiealadgditenain-bty bihaam waradisa artt stiibheadded,

foll owed hy.the. i tion of l.LiRg agent. The m xture was stirred for
20 m nute .lyéltlfbr}szgggﬁe#ta?@?n%f.ftg‘ggrg?%?ﬁetb?bt al anount of butadi ene nononer was

added, 10f ol | owedreypol yigertddoi wamn paforided fGh&) mirfond, Mydillbiverg the unl ess st ated
otherwise. To term nate the polynerization process, t pol ynmer solution
was transfRObYBiZageR Esmpgratye fo esed ﬁﬁ?ﬁ) gftglg@é&%ﬁé%gﬂﬁfﬁéo%fﬁwlgf Bt,'l
reactor, GORA!IRRLRY Wik ag(?édb?d]f?)kveg%?ége S difrRSNHe 'ng%.gé{t.ab‘hla' zer for

t he pol yner. IS mxture was Stirre 15 m nutes. The resulting polyner
sol uti on vwatirbans stimédfoe d0winhest Bareduntlpnel feoirthe total emovet of dutediene and

other volatiles, and.th ri in an.oven. at Q0 0 m nutes, and
than addi tTOMERYY alsélflé?fﬁg‘ﬂ Sl eﬁﬂaryetge ﬁ@%}go%?f &8&%?&“3?‘&)%%9&1%? €resul ting
pol ymefs copp@bbthb@Asnth fREUBLR! th@bolyhRriPARNGIbERS th folSmBFRlitZRdvasn Tabl es
3-5 bel ow. The percent nononer conveéersion and polyner mcrostructure are

shown i n Tanstersd, afier 48 sninutheint secparate dgublgiatsiael exgcigr.coptapies $QQmin

Condi 11 ondn S DRRBEES p AR R 28 g AP Gt R IR g s

t et r achl orgighed forursmehiutdse d'he aespltinagpogestsolugibs el eiean*strig@d edthpstéant fdro

pol ymer chain coupling due to the hi gih‘pol yner viscosity Table 4: P%ymar
Mol ecul ar q;@ih@m toPEBPE? sqleent and other volatiles, and then dried in an Oven at 70°C, for

20  minutes, and than additionally for one to three days at room temperature.

The resulting polymer composition and several of its properties are summarized
in Tables 3-5 below. The percent monomer conversion and polymer microstructure are
shown in Table 5. Unless otherwise stated, quantities are expressed in mmols. The
examples were prepared under identical polymerization conditions, unless particularly

25  stated otherwise.
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46
di ene

CCMiid icr@RdriRaRdm
700 cm 1 .=+7jed pand phighghbsn @bgini@k mebk laggolytemgcedsoy t he appropri ate
extinction coefficients and summari zed to a total
nor mal iszati on igabdonepMimet Moldthr WeihtVbperiiéle styrene content was

of 100%

The

®ifed baYNG apdnyeRRece( St yrene aromati c bond) at

alternatively determ ned by NMR technigue (NVR ( AVANCE 400 device {IH = 400
Mtz; 13C £ 1% K H| c¥®m23)) . Comigen MoMRFErisi on
via Pol yner Sol ofg/mplé |s&d/imdllcont &wte of | tviseofitynal

pol ymer spl utid plicatijon of a|thei%io-gnadMudltric

met hod. H-d—C Tkg poHyEEE S0 uti%r STt d¢—on an
al umi num di sh af % 39,3§%% Z?%%&Mﬁfdé%' Iaced€F% a HR73
METTLER TOLEBO AER49TDher e -t he| solMent i|s 2u&pofr at ed
at a tenperaturle of 1400C using infrared radiation [The analyzer neasured

t he sanpl p 3i&i ght8@v@Ry 17,332 | 817,692 | Not det. | Not det. Not det. 119

10

15

20

Not det. means the values were not determined.
* Silanol consuming initiator — results in higher molecular weight polymer chains.
## Silanol consuming most of the initiator — results in much higher molecular weight polymer chains and a
relatively low monomer conversion.

Table 5: Polymer Structure and Monomer Conversion

EX. Vinyl Styrene Monomer
content™ content™* Conversion
[wt%] [Wt%] [%]
1 63.61 21.0 99.9
2 62.3 21.2 97.8
3 62.8 21.0 2.7

* Weight percent of 1,2-polybutadiene units, based on the total
polybutadiene content of the copolymer.
** Weight percent styrene of the copolymer (based on weight of copolymer).

Coupling Rate

The total coupling rate (CR(total)) represents the sum of the weight fractions of

coupled polymers relative to the total polymer weight, including the sum of the weight

fractions of all coupled polymers and the uncoupled polymer. The total coupling rate is

calculated as shown below.

CR(total) = (Y Area fraction of all coupled peaks [Peak with maximum Mp2 to peak with
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seconds. Wen five successive values do not distinguish by nore than 1 ng,
the nmeasurenent is stopped. At this point, it is assuned, that the pol yner
sanpl e weW@RP1y56@dnst ant, and pol yner i s bal anced agai RCTASAWPBHWPhe t he
final polyner sanmple weight. The follow ng cal cul ati on is performed for
determ nation of the solid content: Solid Content Amount of dry Pol yner /

Amount of 1Pl ViR SAlUil &9"(?&&5‘1]“99/& ngll’éa R VIFESE ai1q;e91€sol[p@§k HREPEsk of the

pol ymeri zat7on experi Prent olyner yield) is calculated fromthe
sol i d contmentimamcddp tiangeakovitthieighest indmxerdg)e@hlnmxﬁraunnb)n Pol ymer Yield =
(Total Amount of All Conponents Added to the Pol ynerization Vessel x Solid
Content) / 100. The npnomer conversion is cal cul ated according to the

f ol | owi ng Yéaxy ¢ a0irets: CuBay e e&¥'si on = (Pol yner Yield / Total Anount

of Mongmers Doggd tﬂerlkodetté}ﬁlll?a@lo}{ QS? 'Eﬂezlﬁ)tuhg Bt gﬁ%@cﬂi ytent-bhPRlienERBpolymers

pol ymeri zation, according to Tabl & 4), repr esent S t he
ref erence ap@foyanbandaamfwmd, a)dbelndvﬁoﬁrzhanbcﬂ pdzlybomdent nalttﬂ B66cny’, Pl banddbr

(Exanpl e 2)I nific i_ncreas r.iwei ght,
Saoh Bs S adis hamenR i R yeriar et BEbTar | r R e AE2 08k o ol
to more thah baRerdPbblinPity@n8Rtyrefte £ﬂéﬁ£ah@bo§d)gmm e@nt TheereBsagiat a8l | anol 1
present in the polynerization (Exanple 3) |leads to an al nost conplete

i nact i vat inonmed aqdoeilpg)to)ﬁheaprzrapmm egtdndtipacestficiPiyand seamadrettotidork ahpl e 3
hardl y a”y1o$%06y H'gzyga% %a?lg X %@%ﬁ%?ﬁpgfd fé%ﬂ\ﬂgﬁ@ 'ﬁ}fps? I!e}{e @oxﬁe{?t wa%ee Tabl e

6) occlirs vy using Alum na umina, type

507- C neutjl@}nafiddly AbREHINGX ngwMthe&miqmarmNMR OARIAOUTEAPO0 dexacE(dHH: Hom
anal ysis according to Brocknann Irzurchased from CAMAG Chemi e

Er zeugni s S¥HantBxaden Mtz s ANALXTiGrablypRCE)7- C neutral particle

size: 0.040 - 0.160 mm Al um na type 507-C neutral nean pore size: 6 nm

Al t 507- t 10 H2O (200C) 6.5 -
B ) o M

(slurry) PHEledur'e um na 507-C neutral

(10Qg) ;swas heatgf solld @bnteMesT tiad fih POy niepkolutioe &ahactesnindd beapmicdson dthe
al um na was poured into a hot "250 nL round bottom gl ass vessel ," which was
t han cl osedthamep-ganiedttiemethoda vacuum line. At a reduced pressure (-0.5

nbar) the Qlye fRent@ i AHEEn S LI nb O A TRBFALd 6 Par ABiAftind@hn N than
known weight, balanced, and afterwards, placed in a HR73 METTLER TOLEDO
HALOGEN MOISTURE ANALYZER. There the solvent is evaporated at a temperature

20 of 140°C using infrared radiation. The analyzer measured the sample weight every 50
seconds. When five successive values do not distinguish by more than 1 mg, the
measurement is stopped. At this point, it is assumed, that the polymer sample weight is
constant, and polymer is balanced again to determine the final polymer sample weight.

The following calculation is performed for determination of the solid content:

25 Solid Content = Amount of dry Polymer / Amount of polymer solution x 100.

The polymer formed as result of the polymerization experiment (called polymer yield) is
calculated from the solid content according to the following calculation:

Polymer Yield = (Total Amount of All Components Added to the Polymerization Vessel
x Solid Content) / 100.

30 The monomer conversion is calculated according to the following calculation:
Monomer Conversion = (Polymer Yield / Total Amount of Monomers Dosed into the
Polymerization Reactor) x 100.

The polymerization, according to Example 1 (see Table 4), represents the

reference polymerization. A low Silanol 1 concentration of 2.21 mmol (Example 2)
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transferred into a glove box system There, the alum na containing vessel
was purged with nitrogen. Than the activated al um na containing vessel was
cl osed arOOWYBEE%nder nitrogen at nosphere. A 500 nl SPRITAIPRINYEsIE] was
first purged with nitrogen before the addition of 200 g cycl ohexane and
20.5 nmg of Silanol 1, Silanol 2, Silanol 3 or hexanethyl disil oxane. The

sol ution \(T%Zl]@ 0k Eirgﬁgicgﬁrifl&jey o@ritﬁyﬁ(ﬁﬁnerTrﬁél@cﬁalowé M. s@hl AUAtin@East BEthe

sol ution erence sanple a) was renoved for a G- M5 determ nati on.

Af t er war deerdgé moRicer Melpit VR, {rdfl 435, 788 /raslde dndra tiantdne nbillunestinokessel . The
suspensi on was than stirred for additional five mnutes, and a second

al |h ﬁuoL (sfamlpf:rsign)fimsinp@m@fcmanolrﬁ piissensirhthe milymesization (Fxempbni)derdsof t he
Schl enk vessel, was than stirred f addi tion five m S e athird
al i quot ( %%F]énocgfc?/%@eﬁﬁé%\t}éﬁtl%%r@? H(glyglgﬁlf %lrﬂ? a\(/:%e{ggg‘}' %%1 aééglrr?%fgetoal i quot s
were Vissuadaypld ®Radfy @&/ﬁﬂﬁﬁeﬁiﬁh@q {MiomdieahvasiibRbedresafipl2e7r% oreent rat i on
was than determ ned by -M5. The results are shown bel ow. Renoval of

Si | anol 1 Table @taggwsi | anol ) Reference Sanple a) 88 ppm Silanol 15 ninutes
contact period sanple b) < 1 ppm Silanol 1 20 m nutes contact period sanple

c) <1 pp Si,%anol - val of Silanol 2 (Trihexylsilanol) Reference
Sanpl e a) r@f B%V%%ﬁ%éﬁ%?&é%%”ﬁ%g{%nﬁom act period sanple b) < 1 ppm
Silanol 2 20 miAwHIRE aBRRhAGpPR7-OtheS@ARAI@MENunT oidpon Bildramol 2 Renoval of

Silanol 3 (ten. Butyl-dinmethyl-silanol) Reference Sanple a) 89 ppm Sil anol
3 5 miWut ebreerezephipediosptionanglysisapcarding fo Braskmang). wais PorchpsdiiEdn cont act

peri od Sar@é@[&‘%%ﬁ%m?eoﬁ?z%ﬁﬁghn?A%?%ﬁgﬁst&fhnﬁ%émat hyl di si | oxane Reference

Sanpl e a) exane I'si [ oxa m nut es contact period sanple b)
108 ppm hexlameidypeb8T-Caxanel @26tidt siué:a5040n0460 nperi od sanple c¢) 108 ppm
hexanet hyl di si.| oxane Hexanet hyl di sil oxane is represented by Fornula 22

bel ow As  HEWNE YBFPYHE Heatial PNy alzey contact of the silanol solution

wih the ?ﬁlﬁh&ﬁ%‘gg‘? e RAuRl SRS ARN0Y e fivogdoddies 3moustsiafy)si | anol in
15 Alumina Activation — General Procedure
Alumina 507-C neutral (100g) was heated in an oven at 250°C for three hours.

Afterwards, the alumina was poured into a hot “250 mL round bottom glass vessel,”
which was than closed and connected to a vacuum line. At a reduced pressure
(-0.5 mbar) the alumina was cooled down to room temperature (20-24°C), and than

20 transferred into a glove box system. There, the alumina containing vessel was purged
with nitrogen. Than the activated alumina containing vessel was closed and stored under
nitrogen atmosphere.

A 500 mL Schlenk vessel was first purged with nitrogen before the addition of

200 g cyclohexane and 20.5 mg of Silanol 1, Silanol 2, Silanol 3 or

25 hexamethyldisiloxane. The solution was stirred for five minutes. Than a 0.5 ml aliquot
of the solution (reference sample a) was removed for a GC-MS determination.
Afterwards, activated alumina (10 g) was added into the Schlenk vessel. The suspension
was than stirred for additional five minutes, and a second aliquot (sample b) was
removed from the Schlenk vessel. The content of the Schlenk vessel was than stirred for

30  additional five minutes before a third aliquot (sample ¢) was removed from the Schlenk
vessel. All sample aliquots were visually free of alumina. The individual silanol sample
concentration was than determined by GC-MS. The results are shown below.
Removal of Silanol 1 (Triethylsilanol)
Reference Sample a) 88 ppm Silanol 1
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A conpounds of simlar structure but |acking an Si-CH group, such as, for
exanpl e, hexanet hyl di sil oxane, was not renoved on the chosen activated

al um na. ¥O2IWVBHOY of Regenerated Al umi na Experinent ERCTN$2000/0639%6Lee
Table 6): Alum na, CAMAG 507-C neutral, was activated as descri bed above,
in a Schlenk vessel. Then, in a separate Schlenk vessel, Silanol 1 (21.0
ng) was a . X solution was stirred for
five m nu'?ceiﬂsqglu gé:ﬁ{ltaétq%.ngdE%{rﬁgﬁg!ﬂ)gu?tl%gﬁtgﬁaéﬁoggl ution (reference sanple la
prior to QOnhiaoteswbithctalerind sayploas <lgrpov8darfobd a GC- MS det er mi nati on

representing sanple S. Jla-l, terwards, activated alumna (2.5 g) was
added i nt deef”r?éa@#lﬂéﬁ%l 2\5@3@‘6@@@1’?@& ning stated "21.0 ng of Silanol 1 in
200 g cyclﬁ%@@}g%esd}npwg) suspendiHih Y@sol han stirred for additional five

m nutes, and a second aliquot (Sanple la, sanple after contact with
al um na) asinueyoeetdct reoind sireplsdh| eflkopesdaiol for a GC- M5 det ermination (S.

No. la-2).PRreparation of ."Regener at Al wn na', for Experinment Ex. No. 2a
and 2b A 57‘568&18 eggﬂrptgm)e{}ggggrﬂﬁ,g? %fP%?llgéf&P‘giezd with nitrogen before the
addi tion QfenR8l 8Silihel S@dve Bighaligemaciilanatied CAVMAG 507-C neutral " used for
the preparation of Sanple la-2. Afterwards, the alumna in the Schl enk
vessel waRetorgesectimiapl et el y SRiRP 38an9l 8f S| anol 1, which was added into
t he vessel, and t ] X1 taq ree days. After three days,
the Sil anoq m%u\?\gg@ﬁtg%%@ﬁﬁﬁ%@% qgoﬁl(pa&éﬁsgg?ﬁeﬁgvacuum, and the dry alum na
was agai n MGhinveds edntas peisd sirhgld cabdvigom EXpeni Bment Ex. No. 2a (see Tabl e 6)
The reactivated alumna (2,5 g) was then used for Ex. No. 2a. The

concent r atRestvet o/ dergnahyldisilaidyGr e cycl ohexane (cycl ohexane not cont ai ni ng
added Sil ermn i urenents, prior to the
addi tion %Q%rﬁééecyc éﬁg%(ane tglqr2 g#?é\fgtglgo%;dlyﬁ%gé(sanpl e S. No. 2a-1).
Then, 2.5 ymofutdshentaegatiodatmdled]) unioOfappnf dxamethgldisil@0ngy cycl ohexane, were
added to Schl enk vessel.. . The sol utjon S st ry d, for five mnutes. Then
a 0.5 m 2%yugtes spniagiPesigt simpls © SrPé’m\ﬁeéiﬁmlegiry cﬁ“&‘fﬂ?s det er ni nat i on

(samplg S. No. BamadkthyMilifsxuaé Asep i@ ohgrane2spdiyment was renoved using
| ow pressure and a tenperature of  300C. The resulting solvent free alum na

was used for experinment Ex.Hi(p. 2b. CHg¢perinment Ex. No. 2b (see Table 6)
Cycl ohexane (80 g) and Si hanoki1 \“gﬁ.@srrg) were added to a Schl enk vessel.
The ! )

HsC CHa (Formula 22).

As shown from the results above, the contact of the silanol solution with the
activated alumina significantly reduced the amount of silanol in the solution phase.
A compounds of similar structure but lacking an Si-OH group, such as, for example,

20  hexamethyldisiloxane, was not removed on the chosen activated alumina.

Efficiency of Regenerated Alumina
Experiment Ex. No. la (see Table 0):
Alumina, CAMAG 507-C neutral, was activated as described above, in a Schlenk
25 vessel. Then, in a separate Schlenk vessel, Silanol 1 (21.0 mg) was added to of 200 g
cyclohexane, and the solution was stirred for five minutes. Then, a 0.2 ml aliquot of the
solution (reference sample la prior to contact with alumina) was removed for a GC-MS
determination representing sample S. No. la-1. Afterwards, activated alumina (2.5 g)
was added into the Schlenk vessel containing stated “21.0 mg of Silanol 1 in 200 g
30  cyclohexane.” The suspension was than stirred for additional five minutes, and a second
aliquot (Sample 1a, sample after contact with alumina) was removed from the Schlenk

vessel for a GC-MS determination (S. No. 1a-2).
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solution was stirred for five mnutes. Then, a 0.5 m aliquot of the
solution (Sanple S. No. 2b-1) was renoved for a GC-Ms determ nation. Stated
sol uti on ¥ 20095669y Silanol 1 in 80 g cycl ohexane" wasPCRAS2¢@e6t 0 t he
reactivated alum na obtained after conpletion of experinment Ex. No. 2a. The
solution was stirred for five mnutes. Then a 0.5 m aliquot of the

sol ution » -W” b i i I . 2b-2). Al
sanpl e al Y)%g% rgﬁpv&elge %%%ﬁaﬁ%é regﬁo?g{;}f%ﬁgg?t Efﬁ?@ﬁgia\%’%h& si | anol

sanpl e concent rAasdcond Seldemletasativee dirlypuGedMBth mikregerelafpteghaadsligdrooid & n

Tabl e 7 bel ow. Tabl e 6: Analysis, o exangs Prior. To d.Aft
Tr eat nent O\f\,it}\iNerFam?t Ft}%lfﬁ%HCtbvﬁyﬁﬁémcgé@%%%ﬁiaﬁdwé ! It%%%rfg%a%%?ﬁ': di | uted

in 200 g QuEANEXANA fiefwaRtl, ANOATurhiAITR WL Sildnit\@bsell Wa8Bow@rédycdniienane
Alum na reactivated after exposure to 15 g Silanol 1 for three days. ****

Act i vatsed vethuhi gaf Sildriot b, whish vas addqsosedhe sesstl arbthe misarowas Spisthitieans

f gl | 1 AN f I f h
bal anced AMsaAtor & kb i Diaah, v b APEN AT AR DeGELE R By Tom TR

cycl ohexangd md @% aluniaddiat b@in aétiakddrisniscribeffabowach sanpl e, Typ CAVAG
507-C neutral was used. 3 ppmneans parts of Silanol 1 per mllion parts of
cycl ohexane as determ ned by gas chronmat ography (GC) after exposure of the
Si | anol 1 HExpegietidieNanda seob ltble®)t o 2. 59 of alumina for 5 minutes. 4 g is
the unjt fQr gramS. ans | e th n st identical amount of
Silanol’ 1 @ﬁsrg%cgiﬁfltﬁgﬁge 2 gzﬁégﬁvé’asrélﬁ%fl?e\%gfgf g’r‘f Ig%t?r%ﬁ na, an increased Silanol
1 concentr ati onmrhsasnehrs@tived Sildnel 1 ¢ophrachclvhdxant tiysloabtimiemat coltdising
observation indicates that at |east sone_ al um na surface -OH groups were
not avai | agted tSdlanelalo twagidetsrmined hy using 41¢-3S MEARITIRS PHOHIO hF aAIHGN

Di f f . i f L umi
erent pid 9eg@egﬁaqeg§??ﬂ&m@u§%rgsngggli g«{og?%ilwrﬂ&@@% Hfman al umina

source were in or sITano ency appl¥ying the
pr ocedur e rasctidesd hiddgda, Fellowed 580 Fakbtlehékane, Wree Sidednoh S8hieokeesselr atheon of

ure cycl ohexane (distilled and dri ed eterm ne ample S. No.,6-1).

R0t SoienRay el set faigae nues oAb S Ao Ao TR G REOSeHh 1 o

of 200 g ?XPA @@W@eﬁ?ﬂ‘qna,ttﬁ% (SLH5TE BaNo THE2 5 OA kRIS MRS cyRl dHek &t JoBfent | Ve
han a 0.5 al S. No. 6-2

m nut es. I quot of the solution (sanple 'S -2) was
was removed using low pressure and a temperature of 30°C. The resulting solvent free

alumina was used for experiment Ex. No. 2b.

20  Experiment Ex. No. 2b (see Table 6)
Cyclohexane (80 g) and Silanol 1 (20.5 mg) were added to a Schlenk vessel. The
solution was stirred for five minutes. Then, a 0.5 ml aliquot of the solution (Sample S.
No. 2b-1) was removed for a GC-MS determination. Stated solution of “20.5 mg Silanol
1 in 80 g cyclohexane” was then added to the reactivated alumina obtained after
25 completion of experiment Ex. No. 2a. The solution was stirred for five minutes. Then a
0.5 ml aliquot of the solution was removed for a GC-MS determination (sample S. No.
2b-2).
All sample aliquots were visually free of alumina. The individual silanol sample
concentration was determined by GC-MS. The results are shown in Table 7 below.

30
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removed for a GC-MS determ nation. Sanple S. No. 6-2 was a reference for
Sanmple S. No. 3-2, S. No. 4-2 and S. No. 5-2 (see Table 8), and
denonst r WVOF1H¥E69%0 si | anol coul d be detected when no ECTARSNREIRdded) .
For Experinment Ex. No. 3, Ex. No. 4 and Ex. No. 5, different silanol 3
concentrations were added to 200 g cycl ohexane. The sil anol concentrations

in ppm prig. 4. 0Aﬁ’£?§1§‘81t C?éloﬂ&gﬁe%' Flrﬂﬂqlo éfﬁd'ﬂt&m&@ﬁ@m At Per W th

al um na, "\ romthe ba anced am)unt of sil anol added to a
bal ancem%%g?éf%&w ohexane—cat¢ut aLc val i aes V—No- 41
and V. Bpeimeniy (2.5 ¢ ba5| c aC| LCy 0T

act i vat e
neutral ) |was added i nt|o ﬁ’é@“? @1 essgéterc?ﬁtéms\‘i ensi onp\'/}ﬁfst ﬁgé‘? il?r
for additlional five minutes, and an ||311Hmllna(' r] es S NoURUns - |@PIN,
4-2, or $. Nox. N2} wds renmo¥&d frofnthe Schiknk vessél. A0 s@ped™
al i quots {were visual |y Reeetiafediitim na. Th&Nd.Adi2vi dual Si | an®I NG 2a-1

concentr g W@ p ITar deteryged by GG Vi, (4| Fesul s, agoRbh 5am)ERe
anount s andu% es of adl yni na — a ne
Table 7 Hele mmyp M(_Jﬁﬂactl\,at@{%@ﬂ* \mf’:}g@l 1) Si I anol 3, %o, SoMN i n

The R—t1 ,uuvou o| | arnot—3—ust i—cH—¢
or neutral aFtm Onga sHow t hat> ther e| ar e 12rpé’ di ffer enjctg u( T‘nbgml frv\
absorptian__The differlent al unm na g adpc 1 fer ey _
Tabl e 7: ReWdvhl and’l““@l“l“%@d@ﬂoog E)‘Hl?eﬁgé%ns parts of Silanol 3 per nillion

parts of cyclBfdEn tography (GC) after
exposurSe q fﬁ?v edaumma ere)ﬁpocs:ur aﬂ?ﬂaﬁ&% for 2.59 of alumina for 5

al b%h " to
m nutes Sil gﬂ ean, Qts%y lg %2&1@%5 lcﬂggﬁ f’f@r@tﬂébaﬂﬂ(feﬁ §m&1i1t
Silanol 3 og ané1 aﬁde@{& tl&%{a §be@ nc&l)égllngl 6% e WRSprieAb Qdﬁhtﬁﬁ sduddiQm t he bal anced
amount  of 2$ud AQhmplke, agdedAQ 5200n@rfvacited. ohexane prior to addition of
alumna 3 Sme&einlélﬁart!slﬂﬂSﬂalfoDl’ peg mMamn*par&rDeyalohek g hs @fernShddamn @ds cBothidtoglaplyy CAMAG
507- C neut(a) aftt*ekpobiytp of GANNG 06 Dih Gychtxagepbluti@. (&). 5 dyd glivpin# fot 3 mifiyges. CAMAG 504- C- |
(pH 4.5) ‘aditet 8it fomgams sanpl e V. neans cal cul ated val ue DifferentAl unina
Sour ces Fdumeat wnPa sanpl es were tested for silanol

tert-butyl dinmethylsilanol) renpval a ratio of al
'('2 5 gv 5y0 g ﬁt}i@‘gb'antabng%ﬁle#ﬂcal apwugtﬁfg% nolli)vas contacté'ldn;l)v{t]}?thteo silanol of

reactivation alumina, an increased Silanol 1 concentration was observed after contact

eda

with this alumina. This observation indicates that at least some alumina surface —-OH

groups were not available to react with Silanol 1 after reactivation of alumina.

20  Different pH grades of One Alumina Source
Different pH grades of an alumina source were investigated for silanol removal
efficiency applying the procedure as described below (see Table 7).
The Silanol 3 concentration of pure cyclohexane (distilled and dried) was
determined (sample S. No. 6-1). A 500 mL Schlenk vessel was first purged with
25 nitrogen before the addition of 200 g cyclohexane and the alumina. The solution was
stirred for five minutes. Than a 0.5 ml aliquot of the solution (sample S. No. 6-2) was
removed for a GC-MS determination. Sample S. No. 6-2 was a reference for Sample S.
No. 3-2, S. No. 4-2 and S. No. 5-2 (see Table 8), and demonstrated that no silanol could
be detected when no silanol was added). For Experiment Ex. No. 3, Ex. No. 4 and Ex.
30  No. 5, different silanol 3 concentrations were added to 200 g cyclohexane. The silanol
concentrations in ppm, prior to contact of the silanol 3 in cyclohexane solution with
alumina, were calculated from the balanced amount of silanol added to a balanced
amount of cyclohexane (calculated values V. No. 3-1; V. No. 4-1 and V. No. 5-1).

Afterwards, activated alumina (2.5 g, basic, acidic, or neutral) was added into the
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cycl ohexane.
si | anol

for

(trimethylsilanol)
of 10 g tWOB010M§66% n 100 g cycl ohexane.

renoval ,

Results are shown in Table 8 One alum na sanple was tested
using a ratio of alumna to sil anol
Resul ts are shoRRTIUS200848p3968.

Al um na activation (anal ogous activati on of CAMAG 507-C as reported above):

a) Four

reduced PrERRH Seodf

at nospher e

um na CAl

hours heating at 2000C, b) Cool

ué?e%lﬁﬂ G221k

0/-C shome

t he best sil
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Al um
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after Al urtymeédhllmmmnd’fh@ quum@tcbfyﬂlblnbla&@re depurin Teblgdielest i n 100 g
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i af ter
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R g
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R, 16

down to room tenperature under

r&@iﬁgh 'f&ghdﬁﬁfdﬁﬁl il hRFER, and an
renoval .

na UOP

rent
g

ring

8 mMm
i nch

noni nal ) Wekw At 3009 adsordbent diffekénces aldaunaf S¥sBRitioan nhe diffgER:alia)inh/BDS
informati on al um num oxi de content < 90wt % zeolithe content < 30wt % water <

15wt % UOP 9adee gayediffpenepH Ajalnes iaweteade | nf or mation from UOP: a) MSDS

informati on al um num oxi de content < 95wt % sodi um oxi de content < 15wt %

wat er
a) M5

o ol P Remo Gl or 8ol 3

v' rln nf
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Nt ont

Act i vat ed

AFBFHERE PR A

C?gfe Infqgnat

LCI

on, ?ﬁ
-a ter contac w1th
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pu
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ted Al um na 7x12 (}ade | nformati on from UOP;

ilan .
* D WERS LTS o

CG 731
n

15

20

25

30

Ex. No. 6 2.5%% <1 0 (0mg)*
S. No. 6-2 S. No. 6-1
Ex. No. 5 2.5%% 48 (9.6 mg) 250 (50 mg)*
S. No. 5-2 V. No. 5-1
Ex. No. 4 2 5 58 (11.6 mg) 250 (50 mg)*
S. No. 4-2 V. No. 4-1
Ex. No. 3 2.5 62 (12.4 mg) 250 (50 mg)*
S. No. 3-2 V. No. 3-1

ppm means parts of Silanol 3 per million parts of cyclohexane as determined by gas chromatography
(GC) after exposure of the Silanol 3 in cyclohexane solution to 2.5g of alumina for 5 minutes
Silanol 3 measured in 200 g cyclohexane
% ppm means parts of Silanol 3 per million parts of cyclohexane was calculated from the balanced amount
of Silanol 3 added to 200 g of cyclohexane prior to addition of alumina

* g is the unit for gram

*  Amount (mg) of Silanol 3

#*  Typ CAMAG 507-C neutral

##% Typ CAMAG 5016-A-1 (pH: 9.5) basic
##4 Typ CAMAG 504-C-1 (pH: 4.5) acid

S. means sample

V. means calculated value

Different Alumina Sources

Four alumina samples were tested for silanol (tert-butyldimethylsilanol) removal,

using a ratio of alumina to silanol of “2.5 g, 5.0 g or 10 g” to “50 mg,” in 100 g

cyclohexane. Results are shown in Table 8. One alumina sample was tested for silanol

(trimethylsilanol) removal, using a ratio of alumina to silanol of 10 g to 50 mg, in 100 g

cyclohexane. Results are shown in Table 8.

Alumina activation (analogous activation of CAMAG 507-C as reported above):

a) Four hours heating at 200°C,

b) Cool down to room temperature under reduced pressure, and

¢) Storage and handling under nitrogen atmosphere.
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al um num oxi de content (W% < 95 water (W% < 15 sodiumoxide (W% < 10
Al t hough the invention has been described in certain detail

pr ecedi ngvepenvisse4enbodi nent s,
ustration.

il
in
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of a pol ymer slumipg €4M
conpri sifig,( Adeoﬁeﬂétw;m szﬂ%%a%g»

the art,
descrlbed

in the fol

this de

ARG Skt e

tail

t hrough the

odi | is for the pcirmsegooperpbse of
~Many variations and nodifications can be made by one skilled
wi t hout departing fromthe spi rit and scope of the invention,

O] ﬁ%mrr‘%ﬁhggq f.or }%)gpézgar ation

gg’@)d%ﬁﬁﬁd}g@fhg&hldl ene and an aromatic

al pha-ol efin, or pol ynmer conprising, in polynerized form a
conj ugat Bableld:eAealysmbf Wilendi Consziniag ikbclbdxaenitar sirepymant wishh Bifferaet f ol | owi ng
steps: pol ymerizing nonomers conprising at |east one conjugated diene
nonorger Agivated LagiinoS@urpsl yneri zation reactor, in the presence of at | east
one[ solvent, AMlwnif0rypd t he pol yifer awaphi onakdbyyrioneplylsitgola| fe@biyldimedflsitule
pol ymer chains using at |east [one [gloupl | ngafegedtmentvodi f yi Argiot th@capudnywiy
with at |east one nodifying agent, in aftalindgsmepyred hyddct or avinmparchelapdesence
of the at |east one solvent, tlo form a jmodi flbrsd/ el ymer | sol u{HpmH-[mg
opt [Lonal | yCAMMGESEES beialt he modified pollymer soPUfion with at 2Rl
pr ot o/ HHlpAR] 'VM%M}W**ﬁnm act |2r§n t | 209’0480l vier 50!2.59{50;0*\"%.; th
wat er ;UPTRAgYL Agfivi inpg 3 . coRfHcbing the remint o vent
Wi t 3 dsﬂ‘b?’n& FUa that witl ¢ ehet wiPH 32nd/ or | abserBl VU anet— o
f or pr-a N-rUQPQG‘BJfAd\S"’EWt eciHeukatt gt he—phtiHLarsohrent—HArkUo—the—nat
| cabt oA e o b2 o et ot
of fé’ren ﬁw1h01ft%:lum\i'ﬁe'1 lcf“'tul Tty P °L:J'4 48. 00/ * =
c?lva;fed}\h,mnnaﬁl“**l .c St ‘f(f)!ﬁ" SO vent 18?/"1'6'2' SES ,yu Uljg@(/cg[jg** 3 The
met A B kusold el the—at—j gast|one sgd vt forther GRITBHLSES an
al ke 4. Mo PEGHpd of Charmr I, jgieref m the Pohyer 15 a e fshed:
| Nt BT POTEPY 3GORRE S Alnind M_PQT YR H ZET] T O M8y @@N) Ugal ed disensoand an
arofratic al pn@-l’u@ Nl é]n Alumina [g] trimethylsilanol trimethylsilanol
- after treatment with -prior to treatment with
alumina- measured by GC alumina-calculated
[ppm] / [mg] [ppm] / [mg]
Reference (without Alumina) 519/51.9 500 / 50.0%**
UOP AZ-300 Adsorbent *##* 10.0 6/0.6 500 / 50.0%%*

* tert.butyldimethylsilanol dissolved in 200 g Cyclohexane; 5 min stirring after Alumina-addition
## tert.butyldimethylsilanol dissolved in 100 g Cyclobexane; 10 min stirring after Alumina-addition
##% Trimethylsilanol amount dissolved in 100 g Cyclohexane; 10 min stirring after Alumina-addition

#4%% 7x14 mesh (2.8 mm x 1.4 mm) (1/16 inch nominal)

10

w7y 12 mesh (2.8 mm x 1.4 mm) (1/16 inch nominal)

UOP AZ-300 adsorbent 7x14 Grade Information from UQOP:

a) MSD

S information

aluminum oxide content

zeolithe

15 water

content

< 90wt%

< 30wt%
< 15wt%

UOP 9139A Activated Alumina Grade Information from UQP:

a) MSD

S information

aluminum oxide content

sodium

20 water

oxide content

< 95wt%
< 15wt%

< 15wt%

UOP D-201 Activated Alumina 7x12 Grade Information from UQP:

a) MSD

S information

aluminum oxide content

water
25

< 95wt%
< 15wt%

UOP CG-731 Activated Alumina 7x12 Grade Information from UQOP:

a) MSD

S information

aluminum oxide content (wt%)
water (wWt%)

sodium
30

oxide (Wt%)

<95
<15
<10

Although the invention has been described in certain detail through the preceding

specific embodiments, this detail is for the primary purpose of illustration. Many

variations and modifications can be made by one skilled in the art, without departing

from the spirit and scope of the invention, as described in the following claims.
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5. The method of Caim1l, wherein the polynerization takes place by a
consecutive batch-w se polynerization or a continuous pol ynerization. 6.
The net ho§OFP1041396%f t he precedi ng cl ai ns, wherein t he R&ETAIS2N/0eHbri ses
alumna, silica, and/or alum nosilicates.7. The nmethod of any of the
preceding clains, wherein the at | east one material is contained in a
colum. 8.~ ‘I;?mget hod of any of the preceding clains, wherein the silanol

i s select eJ“ roma compound according to Fornula 3: Fornula 3, wherein: Si
is silicon; Ois oxygen; His hydrogen; R, R2 and R3 are the sane or

di fL e(r:I ent ,1. and Anetddh; a priapendeid polymar gietgl fhanitimgfollowingl (4)o 80

nonhydr ogen atons, and which i s hydrocarhyl, and wherei ach dr ocar byl
group, i ndeypbHerbntarpolymaycaapsing it PYJymEHZHIRER, 2 <o gy r¥?§at ur at gd,
and wher ei driogar 0. i Ve i I

Subst 1 tut &P FRETIMCCEAELE) PR QR ORPI e, TROVERR AT Y o
(C7-C16) apajukyted deneconbyhreatin onid mdtevdeaimprdingiideasethhdellofingstgpsf t he
preceding clains, wherein the silanol. is selected.fr ne or _nore ot t he
fol | owi ng conpdThARCIIZRE BPPGERSTS SOMPFiAg ALy 9“‘?—@%“%%@—@5“‘3) VS P Ror nul a
5) > (For myla: Gle pﬂ§m%ti@@r§ctogﬁ thed Pre(dnet BEhBeabkt onelédlvehbao &hh@d of any of
the preceding claimnms, wherein the nodified polyner is selected froma

modi fi ed tpelydkrene- st yrene copol yner or a nodified pol ybutadi ene. 11. The

met hod of any of .th recedi ng _cl ai erein .t dalé [ L 'S
sel ect¥d f rom SRECRTI g 4 %ﬁglqno?qﬁ%wmér}ém% % ‘?‘g‘&gﬁ ;lé:és&%eac%ﬁ& ind
(R1O 3Si - Rgéntsi R 3 Formul a 8, wherein: Si is silicon; Sis sulfur; Ois
oxygen; N is nitrogen; R4 is a group selected froma (C7-ClQo) aral kyl, a
(C6- Cl0o) aryl medi{yme te @)ymer with at least one modifying agent, in at least one reactor,
in the presence of the at least one solvent, to form a modified polymer solution;
optionally, contacting the modified polymer solution with at least one proton
15 donating compound;
contacting the modified polymer solution with water;
removing the at least one solvent;
contacting the removed solvent with at least one material that will react with,
and/or absorb, silanol to form a purified solvent,

20 recirculating the purified solvent back to the at least one polymerization reactor

or to a storage container.

2. The method of Claim 1, wherein the at least one solvent comprises cyclohexane.
25 3. The method of Claim 1, wherein the at least one solvent further comprises an

alkane.

4. The method of Claim 1, wherein the polymer is a modified interpolymer

comprising, in polymerized form, a conjugated diene and an aromatic alpha-olefin.

30
5. The method of Claim 1, wherein the polymerization takes place by a consecutive

batch-wise polymerization or a continuous polymerization.

6. The method of any of the preceding claims, wherein the material comprises

35 alumina, silica, and/or aluminosilicates.
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al kyl, or a (C2-ClQo) dial kyl ether (al kyl-0Oalkyl), and wherein each group
is optionally substituted with at | east one of the following: a (Cl-C4)

al kyl, a YVeRowso@koxy, a (C6- Cl6) aryl, a (C -C ) aP&lupRI04M%hi ne, a
t hi oal kyl, or conbi nations thereof; and wherein each al kyl may be |inear or
branched, and saturated or unsaturated; Rl and R3 are the sane or
dlfferent and qgr e s a

Ot Tenent g and g Saall deReEale ogeheshadfen Ridaomndl

tri(hydr omanﬂayie)ismhyblpmnd wher ei n the hydr ocar byl groups are each,

i ndependently, selected froma (G-C 6) alkyl, a (C6- CiG) aryI or a

(C7-Ci6) aral kyl R130) 3Si - RO9- N( Si R10OR1 Formul a 9,
wherein: & |Eh%mFﬁh€éﬁf any ¢fdhe grepefing ghajms &&?&@%éeﬁﬂ?@ﬁ? elkifé“élrfm% is a

group sel }gﬂQg ral kyl, a (C6-ClQo) aryl, a (Cl-ClQo)

al kyl , §or%ghl?g‘iﬁd&r&@ngqgl Ky e% h3gr (al kyI -Oal kyl), and V\/ner ei n each group
i's optlonally substituted vmthﬂat | east one of the follow ng: a (Cl-C4)

al kyl, a (Cl-C4) al koxy, é%fs 06) aryl, a (C7-G 6) aralkyl, an amne, a
t hi oal kyl, or conbinations er%‘ﬁfO and wher ein each al kyl may be linear or
branched, and saturated or urP§’aturat ed; R10 RJ[ i R12 and R13 are the
sane or d| fferent, and are each, mdependenF‘PW} &1 ected from hydrogen (H),
a (G d 6), @E&?{ a (C6-C 6) aryI a (Cr-G 6) aralkyl, or a (C3-C30)

tri (hydrocar )S|Iyl, and wherein the hydrocarbyl groups are each,
|ndepender8:1|1ys1hecml ébiswygmhiiah(yﬁog@, 6) al kyI a (C6-C 6) aryl, or a

G « -
|( 3C75| | Cor}ﬁr g% R%%g%ﬁatﬂﬁl arg e'f;ﬁht, 1nd:é:gen%ermll¥ ad Qup l\r%{f%{ ein: Si

sel ectgd fram ko SQBGn}ﬁﬁdré’geh%tcﬁﬂs laRd @A iS ﬁ&(ﬁﬁ&zﬁ‘ﬂylf ﬁrﬁmvﬁereﬁhl‘&cﬁ X + y = 3;
R4 is a group sel ect froma (C7-ClQo) aralkyl, a (C6-C Q0) ary

( C1- C100) la’kiIQPIarbegroap(laQe}f@ndmﬂYdMVIb?Ihéﬁfﬁé?rf branched. S@I@Fmr)um%m@t%er e| n

(L o araegi bty B Ein S} shodb Rtblledtl, bEg B B b Bl

am ne, a tzmalatk)ydlkylpai (Coad) ARbxRRICoREr@atyl, afr-C16) aralkyl, or cornblnatlons
thereof.

15
9. The method of any of the preceding claims, wherein the silanol is selected from

one or more of the following compounds:

HO—Si(Et)s

(Formula 4),
HO—Si((CH»)5CH3)3 (Formula 5),

?Hs /CHs

HO—?i—C%—CHg

20 CHs CHs (Formula 6), or

T

HO—?i—CH 3
CHs (Formula 7).

10.  The method of any of the preceding claims, wherein the modified polymer is

selected from a modified butadiene-styrene copolymer or a modified polybutadiene.

25
11.  The method of any of the preceding claims, wherein the modifying agent is

selected from one or more of the following A) through E):

A) (R'0);Si-R*S-SiR*;  Formula 8,
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wherein each al kyl may be |inear or branched, and saturated or unsaturat ed,
Rl, R2, and R3 are the sane or different, and are each, independently,

sel ect ed WPSHWPoYdgen (H), a (C-C 6) alkyl, a (C6-C BFTAIS§09/06396C7- Ci 6)
aral kyl, or a (C3-C30) tri(hydrocarbyl)silyl, and wherein the hydrocar byl
groups are each independently selected froma (Cl1-Cl16) al kyl, a (C6-C 6)
aryl, or g f£;C6) aralkyl; D) (RL3OQp(RL )gSi-R 9-N(SiR 10R1 1R12)?2
Formul a | erein: Si is silicon; Sis sulfur; Ois oxygen; Nis
nitrogen, p is Saims sii]ild:oemgSris sﬂfwn@é&joiygoml‘i;is mhdgady, g is an integer selected
from1l, and 2; R+ i.S a group selected. froma C aral kyl ,
a (CB-Cloo) aryi .18 é%{%‘f Séf@&? fré’l“k%?é Qrm)aari‘l%%l &?%‘@}Oo)d?%( %Fégjhoéi

(al kyl-O | Q- BlyTe(RAGHIKYL OUMKYIS aR@ HRRA LachSubgT ils optieshii th at
| east one%g@taﬁg(gg@lmaﬁgﬁé g: %4 al}f(§al ﬁCl ) al koﬁy?ll I\gG G 6)

aryl, a ( @ﬁbf{t)tlﬁ)ad anithlakidast can Oéti‘lerfello\ﬁmlghil é@ul Qy)la kydra Corfbi) aloxpris( 6her eof ;

and wher ei e |inear r
unsat ur at ég C]O %P}J? "i aéiyg an alﬂlge %ﬁl&g ﬁ%‘blsn%ﬁgnsotﬁ&%gﬁ%er ent, and are
each, | nd‘iﬂ%@ﬁﬁ@ﬁdlﬁfalkﬁ@h@%&lﬂleﬁf @ﬂ%rﬁﬂ(ﬂfeﬂgﬁlﬂ séfd}atecﬁoﬁ@sat@tat&) al kyl a

(C6- C|6) aryl, a (Cr-CG6) aralkyl, or a (C3-C30) tri(hydrocarbyl 5|Iyl and
wherei n t he hyd¥ cedmbyare tesums onfidfeeansndiaiisBiaderens enﬂé’ef‘eé%“tt I'*Mom a

(9-C 6) iy ity (B; @R (0 b 18 B arghbviy £y 2 12

wher ei n: con i'S°su I'sS nitrogen, R15 is a
group mel &ﬁ(t@drd‘cﬁﬂjyl)aﬂ}(lCéthﬂzﬁéﬁmaheahj}@tbcarblyl(g%}p@ih&)@ach,rlyﬂﬁ;peade(ﬁﬂy Cl(o)
al kyl, or a (C2-Cl0o) dialk Iet herpéal kyl - k@(hi)a ]g wher ei n each group
is opti oneﬁP]WtCQé@éﬁH@lrgw) ph adtoe- fé§‘fylo?fea F6Yowi ng: a (Cl- C4)

alkyl, a (G-C) al kowg 165 M (C7-G6) aralkyl, an amne, a
t hi oaI kyl, or qggybi nﬁ%< QQFSS'—HC@ e@féh (ﬂ;& \ll\P?h e| n egahimalakyl nmay be |inear or
branched, and saturat ed or unsaturated; R16 Rl7 , R1I8 , RI9 , R20, and R2 1
are the samergn: different, and are each i ndependently, selected from

g 4 GCTCD : C7-G | kyl
()(/33r (():gg)n glr_ii)(h S1805(]31;3“ Y?S)lgik‘lmqr O%%ﬁghﬁ?ﬁg I}Sdﬁocar byl) 3; gup}s/ argr "

15 R’ is a group selected from a (C7-Ciop) aralkyl, a (Ce-Co0) aryl, a (C1-Cioo)
alkyl, or a (C2-C00) dialkylether (alkyl-O-alkyl), and wherein each group is optionally
substituted with at least one of the following: a (C;-Cy) alkyl, a (C;-Cy) alkoxy, a (Ce-
Ci¢) aryl, a (C;-Cy¢) aralkyl, an amine, a thioalkyl, or combinations thereof; and
wherein each alkyl may be linear or branched, and saturated or unsaturated;

20 RIO, R“, R!'% and R"® are the same or different, and are each, independently,
selected from hydrogen (H), a (C;-Cje) alkyl, a (C4-Ci6) aryl, a (C7-Cy¢) aralkyl, or a
(C3-Csp) trithydrocarbyl)silyl, and wherein the hydrocarbyl groups are each,
independently, selected from a (C;-Cj¢) alkyl, a (Cs-Cy6) aryl, or a (C7-Cy¢) aralkyl;

C)  (R'O%(R*),Si-R*S-SiR%  Formula 10,

25 wherein:

Si is silicon; S is sulfur; O is oxygen; N is nitrogen,
x is an integer selected from 1, and 2;

y is an integer selected from 1, and 2;

Xx+y=3;

30 R* is a group selected from a (C7-Cioo) aralkyl, a (Cs-Cioo) aryl, a (C1-Cioo)
alkyl, or a (C2-Co0) dialkylether (alkyl-O-alkyl), and wherein each group is optionally
substituted with at least one of the following: a (C;-C4) alkyl, a (C;-Cy) alkoxy, a (Cs-
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each independently selected froma (CG-CG 6) alkyl, a (C-C6) aryl, a (C
-Ci6) aral kyl, or conbinations thereof. 12. The nethod of any of the
precedi ngVOI2A10A566%herei n the at | east one sol vent is pESTAB2Q00619gh at

| east two columms connected in series. 13. The nethod of C aim 12, wherein,
once a colum is exhausted (capacity full), the flow of the at |east one

solvent b hj fl 4. Th
3%?)}?@]‘?% §¢7 gﬁ%%@?%eﬁgg% tHYéﬁlHyptOQ cBMBIAEHN BN and e

met hod of T austed colum i s regenerated or
exchanged wiietdin aal atiegl endyalbe, lireadontivenabied, andeafukaed af unsiteraged; | east one

solvent is rerqouted tgo again flowinto this cou of any
of the precedi %g § i 8r§ %\%‘gF &Re P’h@tf%fenf 44 AT, ’SIB%QPSH;eni%é’ ?ei%%%l at a
rate fromefh hedréQedMEPOh ¥ENE, PEIkyNQUC,-C)6) aryl, (C7 Cis) aralkyl, or a (C3-Czp)
s trithydrocarbyl)silyl, and wherein the hydrocarbyl groups are each independently
selected from a (C;-Ci¢) alkyl, a (C4-Cj¢) aryl, or a (C;-Ci¢) aralkyl;

(R™20)p(R)qSi—R*-N(SIR'°R''R"?),

D) Formula 11,

wherein:
Siis silicon; S is sulfur; O is oxygen; N is nitrogen,
10 p is an integer selected from 1, and 2;
q is an integer selected from 1, and 2;
p+q=3;
R’isa group selected from a (C7-Ciop) aralkyl, a (Ce-Cio0) aryl, a (C;-Cyoo)
alkyl, or a (C»-Co0) dialkylether (alkyl-O-alkyl), and wherein each group is optionally
15 substituted with at least one of the following: a (C;-C4) alkyl, a (C;-C4) alkoxy, a (Ce-
Ci6) aryl, a (C7-Ce) aralkyl, an amine, a thioalkyl, or combinations thereof; and
wherein each alkyl may be linear or branched, and saturated or unsaturated;
RIO, R“, Ru, R13, R are the same or different, and are each, independently,
selected from hydrogen (H), a (C,-Cje) alkyl, a (Cs-Cis) aryl, a (C7-Cy¢) aralkyl, or a
20 (Cs-Cap) trithydrocarbyl)silyl, and wherein the hydrocarbyl groups are each,
independently, selected from a (C;-Cj¢) alkyl, a (Cs-Cy6) aryl, or a (C7-Cy¢) aralkyl;

E)
R2
o R'5-N(SiR™®R''R®),
R1S
20
R Formula 12,
wherein:
25 Si is silicon; S is sulfur; O is oxygen; N is nitrogen,

RPisa group selected from a (C7-Cjop) aralkyl, a (Ce-Cioo) aryl, a (C;-Cioo)
alkyl, or a (C2-C00) dialkylether (alkyl-O-alkyl), and wherein each group is optionally
substituted with at least one of the following: a (C,-C4) alkyl, a (C;-Cy) alkoxy, a (Ce-
Ci¢) aryl, a (C;-C¢) aralkyl, an amine, a thioalkyl, or combinations thereof; and

30 wherein each alkyl may be linear or branched, and saturated or unsaturated,;
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R16, R R, R"Y, R*, and R*! are the same or different, and are each,
independently, selected from hydrogen (H), a (C;-Cj¢) alkyl, a (C¢-Cy¢) aryl, a (C7-Ci)
aralkyl, or a (C3-Cso) tri(hydrocarbyl)silyl, and wherein the hydrocarbyl groups are
each independently selected from a (C;-Cje) alkyl, a (Cs-Ci6) aryl, a (C7-Cie) aralkyl, or

combinations thereof.

12. The method of any of the preceding claims, wherein the at least one solvent is

passed through at least two columns connected in series.

13. The method of Claim 12, wherein, once a column is exhausted (capacity full), the

flow of the at least one solvent by-passes this column, and flows into another column.

14. The method of Claim 13, wherein the exhausted column is regenerated or
exchanged with new material, and wherein the flow of the at least one solvent is re-

routed to again flow into this column.

15.  The method of any of the preceding claims, wherein the at least one solvent is

recycled at a rate from 50 to 70 m’ solvent per hour.
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