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MODI FI ED ANI ONI CALLYPOLYMERI ZEDPCLYMERS FI ELD OF THE

| NVENTI ON The invention relates to functionally
woudisfaiesds ani oi cal |y pol yneri zed pol yners, rei pCousem4/024350

mat eri al s contai ning the polyners, and articles nade

fromthe reinforced materials. BACKGROUND OF THE

| NVENTI ON Ani oni ¢ polynerization is a well-known

techni que for manufacturing plastics and el astomers.

Due to the "living" character of the polynmer chains

dur i v . . - .
pol IOBIELED ANIORICAEL Y POLTMEREZED POEINERS
havi ng wel | -defi ned pol yner bl ocks and narrow
nol ecul ar wei ght distributions. Anionic polynerization
has | ong been use®IEDL.DPOFYIHE INVENTjONat ed diol efins
such as butadi ene and i soprene and to copol yneri ze
such _di ol efi.ns with of her anionically, polymerizable
ronorhEf d1veatimreiaies forfyctignaiypiodEied apioninstly ppimsaized
pYlyms, %iﬁf@&édciﬁateﬁﬁ%tﬁihﬁilg tHQ{)éﬂgﬁ{ercs Y g‘?rom the
t Airough the anionic polynerization process I ncludée
rphfastadosateudh as pol ystyrene, el astomers such as

pol ybut adi ene and pol yi soprene, and thernoplastic

el astonmers such as bl ock copol yners of styrene,

but adi ene and BAGCKGROUND OFN THE INVENAIONNd nunbers
of bl ocks. Many conmerci al applications for

1t et Do e EIaar & AR GO ORI OB pHHas Srifg lastis
aRBeld§iBinbts. Tuelth @hd “1BMAL"TdhaRkteR ST Bk PO Lo CBaihOHudihd &8

and ot her industries, adhesives, sealants and
agionicipedjanerizatieni processnardenio pplyalerigatpml atlomrsi foetdie poddoetoms of

be used t dify.the characteristics of vari.qus
R B R e P G LS B Bl el e
distiebudioh® NA gidhicyhodahativfibd Bsh 198 ¥ERISedRYpPmbERIcAFugated
conpati bilizers and reinforcing agents_in asphalt and
S1ed a5 budaddensrandjigoprengand te eonsdimerize spledigtefins with
L ONLG [ as . cl
ot b By T B RS o R oG TR, PR
viplyharbinaticu SEainmeraid mofyacdrsic@nimohlganhdenbroaxh fedeibrgoods
such .as.injection nplded paris and engi neering
P%‘WHE%MTO%S$ wl%ﬁﬁ%stlmh PP IHYESHP SJasirangrasushyasd
i £ .
pPTbYIFES: RpIFRONER ol BenofRdlc Qiinidh: BLARS i
capppymerabf stysene Manadienedintliisopiénerwittovdreiag B¢ atdbgumbers of
bl%gl\(/sgl oped over the years. The nbst common anionically

Many commercial applications for anionically polymerized polymers may be
found in the literature. The anionically polymerized polymers may be useful in their
own right as elastomers for tires and other industries, adhesives, sealants and coatings.
In addition anionically polymerized polymers may be used to modify the
characteristics of various materials such as plastics and rubbers. For example, the
anionically polymerized polymers may be used as compatibilizers and reinforcing
agents in asphalt and compatibilizers or tie layers in polymer blends. Anionically

polymerized polymers may be used as impact modifiers, reinforcing agents or
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pol ymeri zed pol yner nodifications include introducing
chem cal functionalities through end-capping

woeenstonzaes; chain coupling through reactions oPCT/US2004/024350
mul tifunctional species with |iving anions to convert
the polynmers fromlinear structures to radial, conb or

arm|ike_ structures; ggs/dr ogenati on of residual double
VEEPRIY: medifers anlagties upd taomanyfactatsovel dedbatick extmledpsods such

‘ : RS Ol ¢ - e
o5 e EOA AR ks iR SRR BRI B b BpS ™0, | O
hi gh Amidreealilyquolysret pplmeremsy 88 filrRa6hAR Bodi BRI @Sr to

.of small nolecul es typically used as cappi ng or
“E%‘Bﬁ%& chgrftesstics fe%ﬁ\%ﬁm%@% apphasions aﬁlayy modification
[ | §lcatd Laues.include

O D o b RO iy
P@e'nwd_ : en?;tpolyiﬁ:]lbﬁnlpdidipamds ii_mxslmeeira&sdudti]ﬁg'hchieﬁﬁdzal ez Rics

I VN napht hal enes, . t.ri vi n) napht hal enes, tin ]
A BPPIRg rhvHiou: b0 R ing brobih proatiens of mxelimetional
spbick WRthORlinhrdbn 8| cBEvErethe Wolyatrs ROIMIRESHS e AS radia

end- cappi ng and coupling agents i1n the noditication 0O

. comb enuarliks stpwhyres hydrwgemtion o residuabdonbés oldgodref ms

| ted st - b | .S. Man f the
et S A R
capling kectimdithayesk Mﬁ%@ﬁt%sﬁfg%ﬁ&%@nﬂﬁhBﬁcﬁlE@éﬁﬁgh molecular

ngdi fication techni ques are of commercial 1 nportance.
WEISHERYmentap yeastapis %@W&ﬂm‘f amal mdlesulas dypicdllyarsed ns capping
t

i:fi ' e problens are . related.to.
R R R
teploliques inchedt diobypatyimétionabedmsotintfsibhfak @IveR benzenes,
.applications due.to a |lack of conpatibility,
d‘ﬁBET&PBWl ibejzensyy faungrbegrengs.«fwnyl mphthelenes, trovinydi t h

s e 000 by i

highy mo@caia_p e ghnpnly?twlased ad mﬁ-@@ip'ﬁ@emﬁ&‘éﬁ?lfi@@enttsl in the
St.Lrene/ I sopreng- ed po Irs re LnNsu I Cl en

A R R s 0 B epP S bl sersdngndeiao ol amindes,

haRSledAtE® ERARE DasIP oI B! Man?Qmee‘éé Affation teshniaues have

pol yet her - ket ones, ol yet hefet her ketones, po
bepemg seautiae ipracties anbihy @mtbﬂwdqtreéu(mmptoﬂmdeﬂesmgrthesetm)qctiﬁcation

' le in appli.cations usingthese plastics.
te%ﬁ@%%?ﬁ%éggp§gﬁ%ﬂ?lgﬁpﬂﬁsﬁifications of anionically
POl Y@ 26 InB prHBIES s réthdif T 1R LFABIGRIdAN - Bliyfler modification.
chem cal groups into the polyners, have not” been
Thepgpreblems|arg elatedsisl the mgbilite sbmbilified at inomedifiad atioaically

' j j . y i | abl
polyHRALZ:A BbpARE o A a3 o dhaRiod Giedo AT i ¢ e
cospaliigtisy, nisdilfility) edifegionfop dxpemibilit) fin 85RNRbINeF ﬁfategﬁl@. When

and r.o {i ng applications. Al though styrene/butadi ene-
the grponically polymerized polymers are included in a physical or reactive blend.

For example, many styrene/butadiene-based and styrene/isoprene-based polymers are

insufficiently compatible with polar plastics, such as polyamides, polyurethanes,
polyethers, polysulfones, polyether-ketones, polyetherether ketones, polyimides,

polyetherimides polycarbonates and polyesters, to be suitable in applications using
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styrene/i soprene-based polyners, both Iinear and

nonlinear, are widely used in reinforcing asphalt,
wonaoisierm®3rel ated to the dispersibility of thePCT/US2004/024350

anioni cally polynerized polynmers in the asphalt and to

t he norphol ogy stability of the resulting asphalt

formul ations ultimtely have a negative effect on the

theggplastigsmUsdorteiatai carent medifipatisma of anignigpliyapolpmenzasis

. . ¥ . “oni cal |
PSHSESESb R8T 95 69Uk, gt bon
sumdbmsfil ve sesalvihgdiheseribhitatd@besi ves and when the

nmers are used as i npact

ani oni cal | ol ynerized poly < )

modi gﬂ’@ﬁ r M%Taag%Hpélgatf%lrwl_(l?fefw@rrﬂys%ﬂél&? anionically
pél?ﬂ%ﬁﬂé@ﬁél&ﬂ@rs'm&ﬁhﬁgwﬂﬁ @ilrﬁifeﬂts:ulg&§s isAf Ul @B ement of

pfobl ens réemain en anionically po1 ynmerize porflymsrs
asphelt dwgriving apd aseforpmpplifaiiont. Adthosdhoiene/paadieasiaadi on

to other tire conponent uch as netals and. fjllers.
SUiRS o oRs e POt ooty TR G B R T iy vsed i
reMTbRIML APt ROBISRS [AA61 RAhY Rprsfbich B@ﬁfé%%i&ﬁ‘?&'ll?' ed
anionically polynerized polynmers that are conpatfble
rigedpalEmensin dreyasplifaltrandie theamdrppblagy istebitiy ef thalrssulting

pedymi
asgg%lf ?c%:rg}%,lﬁ%lﬁ)ﬁ? ﬁ@%ﬁﬁ%@%@darﬁ%aﬁﬁ?éﬁﬁe{t &I tl?e ltéflg%dn{ gerllgo%ng;lce
ofGhé gepalt: Sudildnpeeblamk QaveCalsby iPdYPptioRidng SheROANRE ALy

pol ynmer_ bl ends and m xtures containing the polyners,

PehenRaes] HAdymers geR e gs Pressuso sepsitive adhesivies end bef melt adhesives
' I N - rs.and . articles de.

el e SR Bl RGO ke 0 5 e B R

pladtick ier (co)ertrtsiomopico)injdetforomoldttigf dppticativneniAdaitiopal problems

ol ri zed po r made fromthe reaction product of
Ie I%{’?ﬁ%th%amp%ﬁ%&ﬁm&@wlwry AEsrusgh as elastempigdestires

S b Ao AR e Rl IRRC @R dnd flers,
sel ethwsga heahexess for g, mathodabybdifyiag htdsnicaiyhydyindgsedand
oxi es. Anot her ect of the inventiaon provides a )
PYIPFIS O PEYIES BRdHieH ghienitally PpLPCEAPLRS aeTsyihat are compatible
witle b YiBS Va BPHYBE anti Rlstik H&ltéffél?ssarfdl}ﬁhﬁtsﬁ@stﬂ%s A Shitdige
an anionically g&tyrrerl zed polynmer wth an ol 1 goner

fopradroafrangeanf applicatioone acryl i ¢ nonomer and
functionalized with at | east one functional group

sel ected from e , j ' nhydri des and
epoxies. Also p ﬁ@éﬁmmﬁﬁgﬁomosed of

m xtures of the oligonernodified anionically

pol yokgimacmpdifiydenisnicallyrpslometimsi ol gders iddythedblbnds and

ol ymeri zed pol ymers and/ or ani onj cal | ol ynmeri zed
m%&p%m@a@ﬁgﬁhq%q}gng@emethods for producing tﬁ/e goly%l/lers, reinforced

materials containing the polymers and articles made from the reinforced materials are
provided.

One aspect of the invention provides a modified anionically polymerized
polymer made from the reaction product of an anionically polymerized polymer and
an oligomer made from at least one acrylic monomer and functionalized with at least

one functional group selected from esters, carboxylic acids, anhydrides and epoxies.
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nodi fied with capping or coupling agents, other than

the oligoners provided herein. For the purposes of
wohbes/0d2®al osure, a non-nodified anionically PCT/US2004/024350

pol ynmeri zed polyner refers to anionically polynerized

pol ymers that have undergone anionic polynerization

termnnation reactions rather than end-capping or

couptREer aspeet ke mverticnmeyidep? methoddJor praparingtamedified

: j . ts in.a mxture
A R TR A Ly
pélymerizesl pcdymam_&gth taab:igds’rlne@ht&g fras raetéhsttofﬁfa abiylic énonfomer and

i nventi o ovide artjcles and conposjtions made from
o thizaﬂgﬁg -ﬂﬁifaﬁtfqnéét%uoaﬁi gl selqsénd e esters, carboxylic

add@d, YAy Bidet BhdéRxgRd materials made froma m xture of
the ol’igoner-nodified anionically polynerized polyners
wi t hAdsormapedediretcomipesitiensdonpmeet afvdixturts of 18 olipsiaer-

o e Gt B P BB P B Pt pigmodited antonteally
pélinenieiaddyRels WAk aﬁeniaﬂgmﬁ?ﬁemm)o?ﬁﬂa? %2 n hon
to specific substrates and articles 'nade fromthe
mgdidied ivith eaRREg©s govlingragants, otiiréhayl thg olipersens pesvidal herein.
' I ' he ani oni.cal.ly. pol ynerj zed.
FordR blupBsis of dIResctolidr BB G50 bisPRely BrviErar eotymer
reféns oughiatitallypSydesald@sngrs tHaehdRRaleBhe WRbGRT S
qjl ted are nmeasured using gel perneation chronatography
PQIRHERZansT iFrpnHDE regctigngrafies Hn cpdiogapipg eneoupling deactions
[ j e Lgoners _have a .

B A e The s - AT b R Rl i o

mapbeiseld@eddlpravide thevappiptia@\pesmgtestol &glled apiabbi.
t han about 60, 000. In sone | nstances,

(M) ?f no rmrE N
t he QIFGEREFS OhdiFdnvenyin gravidaahegeantsrosmostiongeiagn from
thOb1i 56 S 8diERA AnBRRYU Ty g&z@]@ ze T&l%éﬂ?%pﬂg@:ecgh‘lgg%ﬁﬁrnﬁade

having a nunber averag ecular” wei g
fram e@gixture abHthetoligamenmodifitd ahiogimatly polyariagd poly@icthvith a
ver nmol.ecul ar i ght of out. 1,500 to about
mEiielde be Feilieyes anf geicdgsiasiadram hedeiiged maiemelsy Other
shADENthé hRn&sBhlovivelof ' i
as_ir)mdi fy anionically pol %%?‘??‘3@*%2|a§ﬁ’e"’$°§ﬁﬁﬁ§la’.ﬂ%§%&y?°lmefs
withenhgh¢egordbiesiom to/speeifin gnirtiates ved agelaswhasie o theeidgbdion

enﬁgn %Brﬁa‘?&?tl about 500, desirably at |east about 1000
ang - a e gah% aver age nol ecul ar wei ght of at | east

1000 hedgipbimehl vsedto fudsdnadh %Hdiﬂﬁﬂé)anjm@algl hAQMBRSqar e

made from at |east one acrylic nononer and are
PO ArSrFARTasteized byhloxt mplegdler waightsu Tdwoughatt thisaligslosure, the

LG8 JSoSel . Jcarboxylic acids

1 y%r‘?%%s aﬁ%ﬁ %g 6‘%@@3‘? ﬁ%ﬁ%g%llpteﬁg%&oé C%Oénagggrﬂ)]?}eunder

ASTEMAMB536 witk adinegqrotyssyremystiirlart deorfek apRY inl Baklin®Afees the
addi tional fr %e radi cal | y- [i)ol yneri zabl e

oligomers have a number average molecular weight (Mn) of no more than about

10,000 and a weight average molecular weight (Mw) of no more than about 60,000.

In some instances, the oligomers have a weight average molecular weight of no more

than about 40,000. This includes oligomers having a number average molecular

weight of about 1,000 to about 10,000 and oligomers having a weight average
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nmonomer such as, but not limted to, styrene or
nodi fi ed styrene nononers. By controlling the
woansrerms conposition, the nol ecul ar wei ght  PCT/US2004/024350
di stribution, and the functionality type and
di stribution in the oligoners, the chem cal and
physi cal characteristics of the oligoners can be

molequéar arpighy of beutdeS 08rio ebouy dABI00 nbldiwfever theeriligoinesd dry

' f;1 hawvi suitabl e qualitjes t. .
SBRTRLY EERr2in SR ALy Pl B ooy antonicanty
polymreized bblyinersa Mpidaligdine $1i Gom &S ABACE RlithBér &8rals® ndecular

desired appljcation, Particular applications for which

Vot 6f igErrt Ao A0P dsairebly shlicesh abqntgspgl red § petEhpaverage s
PRl R GRS L1000 30, Yy 050

asp orcers, no s ‘and asp nor phol ogy

st abiThe pgeme@ahemadefrombit agpleiacHlic @nshonte hiid greus e
flow

A RO O ENAT
fc ¥R &ﬂ@ﬁﬁdéﬁnd%bﬁ%s.%aﬂﬁitﬁﬁfﬁg% RN mBL AR G2

C
bl ends and al I'oys, and conposites.
obgimervrayrediidedtomnt bastoat bydifaa) e rabchlyepotymerszabiey
al so be desi Qed ﬁﬁ%h Eailored sur&g e activities to
SPSTACHE dfre Tt DRI P oo Y TRE P BRAEEISHTERS HongIRers.
subs BF@bﬁﬁolliﬁg @il ddonhdholéP b&BposiEie BleiBoRARL \Qéighp(ﬁ%'ibution,
but also on tire rubbers wi th enhanced netal adhesion.

apRhefuRtSERity TYIONDHE dissEbubinin Nelizomers] theschansedh endiphysical
' 1 0f fi.rst reactor.. ratus,that..may be e

PR AR s Be oy biriRabF BRI Bhoviad oo BET
afiohi¢ Aley Solyibfzedpolpmer iwehgmitikle diAdRm0 plovlcpRipdiate

reactor apparatus that nay be used to produce
mpicikiiive Aisheraidvilitecormmahilisamdjorrdhgsien ¢hagapteristics for a desired

. i . r .m r of .. a.

TR bt Rler b Rofiohy W RGFREBHINECHO AR Raichicapy
p(?llgaq@ﬁzecla{mlykﬁslts roif mmwﬁﬁn?amioa a|2e well @iteéﬂ i'ga_sluge asphﬁtltI

.| uor escence m cyog of a pol yner-nodified asphalt
TR BRI G aw@%ﬁmpmhslqgﬁ Srﬁéﬂz'@%s: dhersytaplp eppligations
. . S,
o e ctes sty A SRR Ty ARG R s
rh&Qloz comisoldgsuts, dnd dmipact Exatifidre f@ . pokar Glasficd andagpolar plastics

fl uorescence nicrogr.aph_of ol yrmer.-.npdi fi ed asphal t
bisadrand ARV e eomppippEbao s meemeifiglanipaigtlivatprized
pSIYRRR! Raydalsdbd Adsideed RERERIFEL M atRG cRiRSER prbMUE Rt Ves

rovi des ol i gonmer-nodified anionically polymerize

wibloptimrkadhesiph deigoliosubpirasehuvsatyl i epiged lafinasis, applications but
alsQ IR O rtubgeprg wi de gﬁcleﬁ Imee%atl %ﬁlqeesicfnr. om

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a first reactor apparatus that may be used to
produce oligomer-modified anionically polymerized polymers.
FIG. 2 is a schematic diagram of a second reactor apparatus that may be used

to produce oligomer-modified anionically polymerized polymers.
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the polyners, reinforced materials containing the

pol yners and articles nmade fromthe reinforced
worb@roizd9s. The ol i goner-nodi fied anionically PCT/US2004/024350

pol ymeri zed polyners of the present invention are

produced by reacting oligonmers with anionically

pol yneri zed polyners to produce nodified pol yners

havi K&t his|dolluatessrrgs misrogasmh qﬂwlmtr-mp@t@ed eipelttate from
NBKE o | e d range of
3 omre}?g%glsﬂ”&?%)a %%err?g ?edm% LO? some of the
oI i gOD@r 4 madﬂhfdresdemﬁal mﬁt@iﬂhﬁ%dﬁﬁéﬂﬁ@&iﬁ@@ byHRltnade from
ovhgg ergln are wel] suited for use as adhesi ves,
S@R-B]? J8 d¥e28ctrddepsriped dFsanpleg- and hot nel t
adhe
ol y e 215 Dy oL AT R A A GA e sonhals e from
1t orpat APRliiz WEgzmrasﬂesonfoede@mgeBt s in asphalt and
inp k r bl ends. haltshﬁgj may benefit fromthe
conp ' A (o R R R R Ry ad’é’@ﬁ’ﬂ%r 1BPYViFd atphalieads from
11 Rl %ctmmsfnmm hé/dék%ﬁgecf mrEfaf%@@e paving and
roofing applications. Roofing applrcations include
rei nforcenent of roof shingles, as well as
modi fication of rePETAALEIX BESCRIPIEOR proofi ng,
repair, and nai ntenance. Certain types of
olig I f riyzed
al so TBEbiaBR eRlof playiles Bskdbn B R 2SoRRY P o

polythefs, etethodt Farproddirfd t@e polypreas e&@pﬁ‘@tl@is%d%ﬂiblésrfﬁ%‘é from
nodifiers in rupbers and plastics. Polar plastics and

th.sa%}fm%gm@gw%@afﬁna@@p%@mmgeth@ pplyacss ang axgeleg madefrom the

T dag A8dkddaid rom the ol i goner-nodified anionically
pol ynerlzeébolyners Pol ar plastics include, but are

not Thﬂbhgﬂn&rﬂn@hﬁyéamdmsallm@lyme&id@l«’:}dmnerp ol itetpredeht
ol sulfones, et her - ketones paol yet her et her,

ERGHEAC PRIS 3 actigglisomesy Vith Awenisailypalymeriagdsolymers
to&}:ﬁ’@dﬂ'd&ﬁﬁ&{ PolyR¥rsHanzRhildrB¥cinti8AFRA physical Prortl)ertles that

characteristics, i1ncluding cononomer conposit

maky e itakle |f<g‘rusedm s braad wengerofanointeygial spptcatiogs.ek witicular,
r.ties such as

func lizatio e
scalf Chsh? P oo e iR B P GoL e gftidded herein are
whll Siifddt foPitsel 48 HRBE A Y rlﬁaudﬁ@%r&%fe%&%ﬁ%t ddl’lb§1{re9s3anﬁgiét heit
tailored to provide ollgoners suited for a desire

adhs# ¢ akheorigomsr-madifiag) molmallamob@ndqzeqb pblymers meylalso be

BT TRY Bl bbbl FOBRODG 1 BRI
blhﬁﬂlsl gsphsltseihich yhalyaichefitefebrs ﬁ@'o@ﬁiﬁﬁbﬁ&ingi)r raiﬁfb?@m% Qberfls
desi red application, an oligonernodified anionica

Pfﬁ&dﬁ%ﬁﬁeﬁf’e‘&dﬁé? {hoss comtoply used foymessl ravate andapofing h as
o BRBTSR Gy, HEAREOBCAL B8 Bt sne gy
modificatiat dfematenidle forabczi waterproofing, repair, and maintenance. Certain
types of oligomer-modified anionically polymerized polymers may also be used as
reinforcing agents, viscosity modifiers, flow modifiers, processing aids and impact
modifiers in rubbers and plastics. Polar plastics and polar engineering plastics are

types of plastic that may benefit from the oligomer-modified anionically polymerized
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The anionically polynerized polyners to be nodified

according to the present invention may be any
wanb@izasl y pol yneri zed pol yners capabl e of urRdemgziomg24350

endcappi ng or coupling reactions with the oligoners.

Ani oni c polynerization is a well known techni que which

uses initiators, such as organo al kali neta

pphymerat Boelat plasicp tiojuder butarenotjliniteddd pdlyeinédesspdyurethiases,

iQni.c | yneri zahl e nmononers or, to copol rize
Bt Bty Yo R ARl R s PR POk Rp(RES b TTERIES
pPYethEidapotycatboanes snd pyly&rdrse. pol ymeri zation may be
carried out _in a continuous, batch or sem -batch .
pr oc &ysconiroliag eligpmgeeharacisristies, sicludies eqmensnesr composition,

T ot R 303 R A s 3P ol bR Bk oljggmer
pRipertfed .suclMs?ohﬂiﬁliiy @a&nﬁd:bb 'r?,aeﬁzﬁcﬁtﬁ@ ﬁh)dﬁcd&hfgllﬁis ttfsition
i ncor por at erein by reference. The polyners )
telsgf S8 a;?@ S pc?lrﬁcgy FW@E egaa,lfq"l'g;gtod}r@\flég ﬁhgc;fg,rs suited for a
dé ! i8n2 109 -
B A B S e
wath|thevb hgpndre toprbyide oligomesmbilified ahmnigpabypolyhickizédpolymers
nmononer s.are. depl.eted. . The pol ypers, remain "alive" _
R P B b istey ooy e ded SkroRtipftoo plgner-
@i flediamiorfdly PoBM BDEE palHict hAY e de§ighdd Eh MRRRTEE ties
suppl i ed. Thus, "anionic polynefizationisa -
appaepridte pdliasiye prapestiasion és appoeneintely oompitible muskibleiopdispérsible
W\{stﬁlolrhgce)tfhi ned. bl 1ock copol yners. The anionically

olymert %%%latgg?ﬁ‘rrers may be either radial, |inear or

br anThe gnipaicyIMepSiepe d filyHae fo bogoliiiatacitainktib % Rbsent
.the initiators, nononers or coupling agents used to
InygRigon naybe Ay snewcall npkaperizedingymiess e3psbleaiflupdergpingend-

i 0. J.net . S I ow,t enper.at ur es

o4l & b0R8A BACRE RIBYPe EHIN Ao M FFIRAG A S5
kg feckd queaehtuses init@tads lsuttoagirgandlkilh@ el Batdtors Sto

term.nation of the polyngerization reaction.
PRbMGHPE A ysafst dipsAns e thes apiamically pelipersizable monomers or to

SRRl 2B hiuGate® IR IR Mo th& Yhioni i
c#%ernopfasf@%?g?astonerlpJFyner§¥uIwgrggvﬁﬁg?gbﬁgyl%éx&
oyt lymrenization neayphel cprmeadsouit e catitingotsy bhtch an shami-tsnch

Ahiomoyyed dsou .
gy SeERtal FErepp U BF AORHE Bl e relian Pipcrstemebe ound in
Pb;lgﬂf@ﬁ CheMRE)Uen DRI AR, CHRMERY, Jabaim st 2’31’]599(1&/[?1‘6? gtevens

about 300, 000. This includes anionically pol YNET | Z
editor yHRA03, wiioh isgneorperatsd herpirebnrpdenantee Aillearolywadrg htodicatby
about 20 000.to 300, 000, al though the.invention.is not
o b R ST BT gt ARG HavEeRa e Hge cach
mbhéribirehdiR B P &4t Bdew\Rdabitic dafiMRSh, .alﬁk’bl/i'h% BheSpolymer to
conjugated diolefins for use in building the
CORHNB q:g‘pwm@(l) ﬂy:,mcpnoz@@q; are depleted. The polymers remain “alive” even

after the monomers are depleted and will continue to react and grow once additional

reactive monomer is supplied. Thus, anionic polymerization is a particularly
attractive process for the production of well-defined block copolymers. The

anionically polymerized polymers may be either radial, linear or branched polymers
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pol yners for use in the present invention include, but

are not limted to, 1,3 butadiene, isoprene,
wa 2805pervadi ene, net hyl pent adi ene, phenyl but adPemaiS2004/024350

2,3-dinmethyl -1, 3- butadi ene, 2,4-hexadiene,

1, 3- hexadi ene, 3, 4-di nethyl -1, 3- hexadi ene,

1, 3-octadi ene, 4,5-di.ethyl-1,3-octadi ene and the |iKke.
degendmedinog %@PP@OY&@F@%&P& HBViEOTsoRIGRIPE!S (OR §PURYAg agents
usied nhdkelih@npr oducti on of the anionically

pol yneri zabl e pol yners include, but are not |limted

to, Vingdiapolysieiizativorietypic]ly sacied ast Sitiyiere hgdracatbon solvents

t derivatij i ncl udi. 3- net hyl .
aglpﬁét?:%re ! i;s\e/a e}/Jsa?/cu!Hgfq{;J;lplé{l]%T %tﬁg)%p ’rgf_%vtit%rh?grﬁy purified

réd Rt By by ogievent BtpYdritifcaBeninid b fAhOBS] i i
Z?but enyl nagﬁt hegl ené),y 4-t t?ut o>(1§/13%yr ene, 53#2@%%8&?@“%'

Apigsieahlyipolynerizag pplymes ineludo thermyplpstic, diastermarid, and

[ n | ene.4-n- propyl ene. .O her
BT eI
cailythasiskésdingbotilramiont dddeslockddpoBMKre "ehe anionically

vi nyl.i socyanat es, anhydrides, methacryl ates,
PRl¥GTIZEROLY LTS P WpR Hhesesentiay estan; tipigally havs etromrsy

' I ' t hyl .
LA S Y L83 AR, s,
arﬁmimmepdlgmmimaﬂ Iﬁﬂﬂﬂ?a’;i bwi?ggm?ﬁmbza%k%emm&Weight from
in e not llmted to, polystyrene,
oo gt ibon S atbPhatioe anmentip s ik vwied tonpaisaltal s
p(ﬁﬁﬁeﬁ%(yﬂmﬁﬂé@s ?ﬂﬁn $i esERGREAR! &?%iét?/rﬁaﬂs%syne“ zabl e

pol ymers nay al so be el astoners and astic

el asbwitrblscamugatddrdioiefinoibk usojpdinidzgshoinistiyalgngol (bprizable
pa ?}%glglfgﬂlgseﬁg% ete%%l[ %Ir\]fgét% igagg%%géree%gt %pitﬁg {o,\i%rl%/ultg iene,
is%%r@ﬁé, QEpéntaiichd RRITYRRNANENE, feAFbatBlce) ﬂ%‘g%ﬁ&gﬁgm-

. SBR, (SB)nS (where mis an interger),
bupastiene, 2/4-Ixedikne dpbheaadiene,aks4-dish¢thylsl, B thekadiene, 1,3-octadiene,

4?&2{@@%2@%@%{1@ gﬁgﬁfg h%%.g@g%g&%g&%@gﬁglg&%%% L mers
thid thagbé asdddn thedpradihion o theamidiiialg polynielz¥He bl s include,

polymers that are well-suited for use as nodifier
by arsiqtdigniteddo.aamdaiopatic mpspmges, Fidhesstysenesandsismene

! . 1 he rizatiaon of at |east one vinyl
i R R LT Rt
dinethyigtyren;e-BRatyEFand, ioneAdroSty Asm ONBhEn ArRpRARIGhY, eL S

that may be characterized by the follow ng structures,
budRyststisg 3 drppronsnyl kipkenyt, 4adaylpyodiner2-viosipyedine and

IO A 1 ) BB,

mempdry iretuderaetdamidag) tabiyylonitriles, nitrobutene, vinylisocyanates,

anhydrides, methacrylates, acrylates, vinyl pyridines, carbodiimides, lactones,
lactams, dienes, cyclic siloxanes, and ethylene.

Examples of anionically polymerized polymers that may be made from
anionically polymerizable monomers include, but are not limited to, polystyrene,

polybutadiene, polyisoprene, polyethers, polyacetals, and polyphenylene oxides. The
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conposed of pol ynerized vinylaromati c conpounds and B

is a block honopol yner or a random or tapered
woapislogrms predon nantly conposed of pol yneri zedT/uS2004/024350

conj ugat ed di ene conpounds. In the structures above, i

is zero or a positive whole nunber 1 or higher, andj

and. k_may be jndependently either zero or one. This
aponically pabymerizable palynErymgyaise be plestomers and thernoplastic

[ ' ' ' n form

K S O B R P PP T S T B g
ahd isopmak (Biod vanyirtg Wites akd pomperstdlodkb e Ekangleh of@iRh elastomers

C osition of the A and B honppol yners or copol yners
aE‘gﬁféﬁéola‘ﬁ?c M ﬂfrﬁ?wetﬁ?e Sgéﬁthé% (wherpm isyeanipterger),
Sy Py S IS MOBK corbfifnathy 0 u0 R 158 IRNE Frc priol
hyfive gbnatesiacouateastrsnmcBidirtg REBR) ISHB st dtheref Vi ny!l

aromatic nongner to conjugated dj ene nonomer desirably
ran g@é’ ¥4% @B?}WIOB’. efE‘a{‘JBYeg 85 6?1031."61?3’ BRlymespedpolymeim that are
wallQuite@fo? ukO asRioUficts RpRdlE B LEhARRS [ 1RV afomeds O

0.4. The vinyl group content of the |inear elastoner
prsivesfl pnhthe isepelymictigaiiondf df keastione vinybamtmtic miveosien andiyt least
nge desir.ably from about .0 about 70 nole % and
oS RSy LER dFRS onord, S8thoudh 1B gitonsss e pafmuipet
nRfibetherabeliyeEy thetfolRiving ki chires, WepERliNEbd tHE RPN o@ﬁ@diﬁon
comercially avail abl e. gano |'ithiumvconpounds, suc
ofmopemgis apd mpmgmer ieetivRanpl es of commonly used
initiators. Specific exanples of these initiators
include methyllithium ethyllithium t-butyllithium
n- buAB(AL BRi; um n-decyl lithium isopropyllithium
ei cosyl Lithium cylcloal kyllithium conpounds, such as
cycl BiéRiiit hi um and aryllithium conpounds, such as
phenyl lithium naphthllithium p-toluyllithium and
the |ike. The anionic polynerization reactions may

wherleeA [ altleck hormopalyiet gr aafindungy aniaperedlcugslymer fredomirastly
of suitable sal vdent s, include, but_are not limted to,
cqTRRRssh T Pf¥ngHEed Vappraratic sefpawnds apd Byis@rhlagkdiomopolymer
C¥ehaba e deYdopB L SR i
O ER er P ANERY PREomARRAF BempHRR e BB Eized
cafijegatad dieneeompouads. almtlde sifusties atmyetids ecramd apositiyé whole

ethyl. ketgne. .cl ohexane .and n-hexane, in particylar,
o801 Qo ol RS e MY B ek B 0 s
thaothy PesdZB st @hénts JieSer®lid e Wﬁfy%r@ﬁ@ﬂc/&&]ggb@éd dieddolymer can

ani oni cal Iy polymerized polyners are nade from
formehblpgles, BEilogkspaidymeltiblogky. enriamense pé tribionk apidingaltiblosk

URGH | ' i | e e functional grou
pQfiely B oRRZ e illlelbut O Bhe BN POt iR
can be different within the same polymer. For example, in an ABA polymer, the two
A blocks can have a different size and composition.
In some embodiments of the linear elastomers, the molar ratio of vinyl

aromatic monomer to conjugated diene monomer desirably ranges from about 0.1 to

about 1.0, desirably, from about 0.2 to about 0.5 and more desirably about 0.3 to 0.4.

The vinyl group content of the linear elastomer based on the conjugated diene
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epoxi es, which may be | ocated on one of the
pol yneri zabl e nononers. The nononers useful in this
wOonvesmi2a i ncl ude acrylic and non-acryli ¢ nNODNBAERMUS2004/024350
Sui t abl e non-acrylic nononers include aromatic
nmononers, ol efins, unsaturated di carboxylic
.anhydrides, acrylonitrile, and the like. An acrylic

meerRreseed Hgtein grayrpgeedegisatia diog ghowt $fo zwuy A mwlegYapend more
i - ' | ate or nethacrylate) is

dé%rr?gllydgr%gg%ﬁl{ gg{ééo%?é%g?’ﬁ%%m mononer for %/he )

pur pdéey anforidpelyiiefigdtionuni€iatofd s welllk@o@hia@0 ¥6feiENly

be [tjf uncf. i onal oligoners conprising at |east two,
am% g hithiym germpounds; sugh ps byLlithgim, mse examples of

i Wt . r i f. iCc,t

chfiohl R il frs, HpEEC eEhnbRl b RlinRBlR kPN | o
rrwﬂ?ﬂ]ltﬁhilm,ie@qﬁhéhiuns,uldimtﬁﬁthﬁnh,upblhtpﬂiyhipﬁt aretylithium, g
.refragtive index.. ass_transj.tion tenperature, an
isoprpy e, pFPRYlt _ Ca{&é?ai@éfﬂ&f% ePmpIndy; queh af
Y6 KbxyHRRERD afDarty I 8hiuit ERGRANED Ehélp%yhgﬂylﬁﬁhiﬁlﬁe

no I pol ymer-.

dified anionically polynerize e ekxtent of

nahitly&thewms précduylbthalnin zad tbelikmybe measur ed as nunber

average (.Fn) and wei ght average (Fw) .nunber of .

Funct Pomp R et eSS B bl o B afipeaic
sdloént® Btatgiledl UATBIE s¥ivbihts GRARIBINARrd M 1infit@Ng Ssbntane,

application. In sonme enbodi nents, the oligoners have
hegangheptangcociimeneyciapeatanp aniclabewne xyclofibptand, hehzedes

' t Lgoners haye Fn. val ue of no
o ERRSeER R i ARh tPPRElen Bt 2here sk s
tetwhRydzofuldn, abdt@n@idsmétylectiay) kEton¥.alyeloRéxane ah®h ek HRNin
about 1. For exanple, sone of the oligoners provided
PHEFHMR areavell sntet AR yse 38 thearljients In priRnigRelMaIZag oD,
desi E=lelel i m: '
ermbo T pos By hech b oty 13 oAby pdi SR nopymers s pade
fromdirecaladicbllyl felynmittizable nohoders. ibotpomers srevi@cordalieed with
have an Fw val ye of no re than about 20

i gore; S [ ) [
atdFst Pt HARHONh BIOUR SRR SaMhEHTS cAverKiq MadsopRldkigpsand
cRUR, @?icﬁ‘ﬁﬁaﬂe_‘l@cé?éd &Poﬁ@éﬁhée gﬁ%@ﬂ%%ﬁongﬁ&seﬁwl e,

some of the oligomers provid rern have an Fw val ue
mpperyens gséinbim this aunention ochEie acdis iand hby-aatyticimooher25.

| | [ Fr. F | ill b f d
SRR s i ot SRy oArkins Wpagraiey
diddt8oxyMcvanhi@sded! dorylbginPie SAth& Hi&h Gor§RE RlonBher having only

reactions are desired. Aithough the ester groups

a pedaryiatpor ashylpigl grgun @& ringe-fimationilanelatg oo usthacHateid
| t | j det er mi.ned. by th t
oo gL e BRI B PR T BRS Bob i TR e

olipphegdingy bEafultifhaidnaReRdm et siihat Fvdsy 8 ) @Rd 8Nme
ranges quoted herein do not take the ester groups into

inglaness gbleatithyge of mere, figictigpalitiss x Drefaveadiraties of acrylic to non-

acrylic monomers depend on the desired properties of the oligomer, such as solubility

parameter, refractive index, glass transition temperature, and surface activity. The
desired properties will, in turn, depend on the intended application of the modified

anionically polymerized polymer.

-10-
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oligonmer, a cited Fn value of 1.4 refers only to the
epoxy noiety. However, it should be understood that

woanosgemm3 ol i gomers, such as pol yacryl ates, theCcT/uS2004/024350

i nherent ester groups are al so functional groups

present on the oligoners, yet, for the purposes of

this disclosure, the Fn and Fw val ues for these

pol ydae grighial C&l‘gémfé ﬁmcthmﬁénzeﬁm may henEasuagrbasiwmtsl aesrage
ﬂp:jaélg?%g?@ﬁ %{Iagéj %ﬂ“ Putnng nag g{oggﬁg?r c%a{ne (Spgflmalfﬁ!?l and
Fiwwvattdsdfosd pixet bbgomM:rl Wlllmpmdj@{)ﬂie tht@ﬁidd%ﬁhéa'ﬁl%nl In some

nded ppI icatign for_the nodified anionica
‘B‘BP&H‘&“ fs; Bt Qhispysmsrhavegn Fayalye of np geare ﬁtan@hout;ﬂoeﬂéns ed
u{cﬁr&@%m%&n%&\we%gtﬁermfg@ﬁlgé@@bgg@&:h% b Lifle BB Wour

for various application acr i ¢ non
IOandﬁuﬁwfumhkhmﬂmbmhnﬂmmowxfmmmbhgambmaﬁﬁyhﬁFﬁ&aﬁB6fno
acr es%)Fr | es of SU|tabIe acrylic nononers

iR g ét : °1 oM fdh ?%hwquroa&ewhat@ hasterap Fn
vAGE YArdhi® fréin REGRY 1020 &ésﬁlaﬁg fnft)crlot%ylo aginy }a"i‘igt o5t

n-butyl "acryl ate, s- but yl ate |-bu
emb@d;m@ntsatbpy)ﬂgomers Mawgrg meaiideaif @0 meramhdn ﬁomyl(w; eI hls

1n§§1?i§$ é&q od1§1%r‘eér@%eﬁée‘%glotﬁ %ﬁ }lagg Egt\ggfue et %:rgéjrtg than about
20 st Aethy} indRidyd &hBodifeals WHerehE )Shgérﬁers et WQ}Iaﬁﬁeo?@ﬁlo

acr | ate, cyclopentyl acrylate, cycl ohexyl acrylate,
abratt fha &loy Peamen]e.some of s Mtgpnwrsaprewdnqb hczp;n have an Fw

V&ﬁﬁ ﬂﬁgﬁ% ab<|5h_t gﬁ% XPO 'Hee%ﬂ él oguttg to 25 b E{%Bgrally, smaller Fn and

FWB/tahme wyll &t prefﬂrédﬁmyére BRd- bé}:ﬁﬁﬁ/ ®h&ionks aAMsired and larger Fn
hac ylati sbutyl met hacryl ate, t-butyl
‘ﬁé(&ﬁ’ﬁ wilbbe pre EFed herg coupding a@aegxo%&aée desirgtlhy | hexyl

met hagh Yl dlife egﬂe \?[ﬂ )}J?F& Eé‘ﬁ& %htﬂlgf rS%CﬁR'F ?ﬁﬁc\fmgallﬁjigwr Fn

net hacrylat e,
anidiw aeluys ﬁlrehe cdrgom,eks areﬂbannmle&bg xheCrnﬁét ebRKY¢ functional group
acryl ate, 2-ethoxyethyl

PREP R e BEoianrBate: Fgh Ditaeteatr e &hand Exarme s
rafigdst @BteR Iﬁﬁeﬁff o BHﬂﬁf(é e %lsteﬁglroﬁ%é ﬁltd%f&éf&ilog nf:é ?cgrezn epoxy-

but are not Iimted to, tho ont al ni ng

fugiambolsgmmﬁra& Clgﬂd}lﬁl hftie @tk refers onb) ty)tthcdgﬂoxy m01ety

th |.oh d
HEE LR i s ARG oo LB for GRS Pt ergH fpdigibales the
inhéehtdr ghitips afet]ddOunétidHal uf)sopreﬁéﬂﬁ’ Sft tl%%f&@hﬁk@ Yet, for the

carboxyl1c acid groups such as ‘acrylic aci
pureesea ef Yy discdesuee, thetth and BBy vakies for ﬂEsa[mllyeGrykates are zero.

' funtlonal mnoners .
G R RO R SRR Uy —
such atigsthers aMhy dptirdsl, ex@d’m@ ofbligoReep |ﬁh1fct1@ﬁili2@.ﬁblg®ﬂl Yty dependmg

the acrylic nmononers, the oligoners may

addj tjon t
UpOR &ﬂlqﬁ&l@ﬂé@(ﬁ applicatiqny %)5 ﬂ@gpp@lﬁed amomcally polymerized polymer. By

way of illustration, preferred ranges are provided in the Applications section below
for various applications.
Suitable acrylic monomers include functional and non-functional acrylates and

methacrylates. Examples of suitable acrylic monomers include, but are not limited to,

-11-
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pol yneri zabl e nononers, such as vinyl aromatic
nmononers. Suitable vinyl aromatic nononers include

weryrs@23 nononers. Suitabl e styreni ¢ nonomer s PCIAaIS2de/024350

but are not Iimted to, styrene, a-nethylstyrene,

p- met hyl styrene, t-butylstyrene, ochlorostyrene, and

vi nyl pyridine. The chain extenders listed in United
iyt asryide.cthyl Agpylate atnropylNerylate)/idtop B @eryldte,edbahacrylate,

s 5R0 ALSBRR B A E S BB o, S A8
isobbynybagyRes artiekeichchaite] Dethyivatd @Eﬂyﬂa@? %}%ﬁiﬁlﬁ% @c9late, n-
, S

Unj t ed. St ates Patent qug)l i cati on No.
oty pgteatsoPchd rervintei-desy brasiete, mpthylayclojexd meryiate,

j I i . For,, exanpl e
oFIPBAHIERERS R AR R St o
pwpiybinethatrytae, mebweyt hethaablate, 1rdpoDmathdcryhiye, Mg/ a
mghgh%laveragf m&%ecg}ar wei ght of no nore than about
MEHaERE e TheY) MElhageic Pr@é%@pgthhwaﬁg 1-gmpy] ppsthacrylate, s-

f i f , bot
R T R e e
mgtharadate mbayunethasglagh isoafctyd moethactyl 5@ Ombihykiyclohexyl

oS08y e A SRR s,

oytforaf)] andhRtyiSe MEES oRAhN Qne%hé’égﬂdgt@t aRMEsIIRy ;@éﬁgﬁa{e.

wei ght” of abgut 2,500 to about 20, 00

ol i gBKemBlegpEsuiableicpprafmnrioradagplic reaomsrsehélude, but are not
- u i.ch.have been used to nodi fy. anionical]
S £ e SOUEM I E PSSR YR R ED G L BRAE. R
mbthabsiate) \wad agenyiol -egdlbtakenel glpoglic.at | east about 500,

desirably at |east apout 1000 and a wei ght average

nol eE¥tmplesaf ghieblsmacidifuneiosal argye, meremers ojudgt buteasnot

: : ' [ W ol ecyl ar ..
R0l $RRGcod iR E R G hATTRDs SR B TR Rty
aqidlapdemdleiedcidol yners i s advant ageous because it all ows

the properties . of the nodified anionjcally polynerized

pol yt @pl{zf)o t{alalie|aglp}glaldpéurg:tlegglra@gflpﬁmnqr@prﬁmclude,. but are
nR RSt 16, bleld AP RAREN EngRlad Al AREGAY b aaL It

pol ymer cappi ng and coupling agents. fhese propertres

t hat Ini additonfto diprenyliomaesneradheoligontanhiaglindnd dthe free-

| | ubi Lty . ters, gl t ition t tures, .
rolialtE By iRec AR Fonomets SR pgatP SionpRGs, Suabis viny]

arBm@fe idonBmeR el IR A feAtimbid B YS@oRld sﬁf}&h@@ﬁo&m&%mde,
they may affect the adhesion, conpatibility,

butiagcidsiliniiteyl tadyreins pemsihiylstyrene, phacthylsigrans ngylsfyrédeo-
| i gomers and qf t.he oligonmer-nodif ed anionically
ChSBPYRET A WY WHEF Y made therefrom The properties of

: he phd HAFPESelRYs 1168din Vifled Bttt AR DHHLEOKRANG N9/2B 502

filed ?an 15™ 2003, may be used as oligomers in the production of the oligomer-

modified anionically polymerized polymers described herein. The entire disclosure of

United States Patent Application No. 10/342,502 is incorporated herein by reference.
The oligomers are characterized by low molecular weights. For example, the

oligomers may have a number average molecular weight of no more than about

-12-
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conononer conposition, the nolecul ar wei ght
di stribution and the functionalization of the

wohkigonre9vs. For exanpl e, oligoners having gl asBCT/US2004/024350

transition tenperatures rangi ng fromabout - 800C to
about 1500C may be used to nake oligoner-nodified
ioni cally polynerized polyners. The ol igoners
1@58@?6‘@@% ¢ & Weight pesragean Qlicendan wpight ffnogergthar abput
! I ers.
O o Bl uE M Bok ek ltl ok ARRER 66 fighEyabout
lﬁﬁ0$oKMMnuGé@Oehd@nﬂmmﬁmhﬁw$amgﬂnaﬁhwhnghhymbaﬁﬁﬂ@ﬁﬁ

fftﬁ)ﬁ?ﬁ&@ﬁ&ﬂ%ﬁ At 0D ot S50 Adte iapiueed @rzfqn%Qmers having
RUrdSSmBRICY AR velBREST 103G Ffsé(ﬁfﬁ (}I ? 46060 gomers

app cation may bepreédicted by t erence e Seeh
heieg 3 oleight PVQI?ng@n’ellaEWelgheoiiﬂngbhé% naboti20,000. However,

R Bneinte BRRBTRY 1 G SPGB peve fas used to
rn@klifg af@nicaliy bbliyattriasd pcﬂyﬁallsl yryg%w%é 8 gorffé}h MQ%Va hSiber

to be added. Thus ol igonmers nay be sel ec
avfragernelspHpteweiEhiofsy lmttabnum@m fesireblysb ldaistt qboptalr(ﬂ)@mndra

VBl O Gl L S PR 1o

ani oﬁh@ﬁd qfrmdmlgymEfsl haadigdoR ehole®ilariveififts REcHPHR aﬁ‘ﬁ@ouphng
ol igonmers intended to nDd|f¥ ani oni cal

a%?BWEH’éWP Bl PRIV REFed robrnes & adyantageas emt;e ﬁellows the
pEFEHINGENL tdeilic afediBilly JolyrPALATBR R e Blorkd g @ fopree
thatie natsmﬂsaible wi%h) smebt atqbéosale etnldéngoinulmchllaf WelRht poteinef Sapping
t.he o). be t ed t wthin four, and
enigder Pl e Thoke iopGTier et i FeoyenipdsSrable o potal atiythe
soﬂlﬂﬁﬁt‘?@a%nét&% Qa&'tﬁéﬁﬁh@ﬁ @nﬁﬁe‘?a{th&g an@érll fide Rivities of the

illustration, oligoners having SOl y parane

oligentersr Ehese I‘JfQPGI'th\ atqanEtaIuha diany app]maltlonsbqwhserthéy may
bed i.n

for various,.a tions are descr
P e R cein, Y SO E Brss ity B a o p s e G b gotetptics og the
1Rdoh@ed@idso T oo ih TRl 4:A
Oic?gm rably w toh:i)% 5, dyﬁe or Oﬁélgfl}?&?he op [ %gers made
thergfrpee ener gy for a given application. The ol i goners

ma \ tional pol ri,zatio
o i BaG HE SRANER bl SanbSve AStind Snge denendingropyine
copmingmer taapositivg, tHdanedearlar wélghtalistaBmsSardBe A8SHb@ NN tion

made. usi ng t he production techni ques described in
of thg eligpmsyst Kor esgmple, olagpsners having ghies rasit®s4cperatumnes

eu%lh% frgnlslb%h€5§d?@ (i Bbo bol¥a50% a2 bd 44 th 2«%11(% ilfgomsrymomﬁed

( sures are 1 ncorporate
amoeﬂcaﬂlglpobaneﬁsmeébbymemese pr ocesses i nvol ve

cont char gi g into a reactor at |east ogne

acr );]|L ﬂ%ﬁsegr’ovgﬁqg erein may have a wide range of solubility
parameters. Generally, the solubility parameters for the oligomers may vary over a

range of about 0 to 30. This includes oligomers having a solubility parameter of
about 13 to about 20. The compatibility of an oligomer (and the oligomer-modified

anionically polymerized polymer made therefrom) for a given application may be
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optionally one or nore other nononmers that are

pol yneri zable with the acrylic nononmer, wherein at
woOeeasto1zaee of t he nonomers is an ester-functi oRr@ir/US2004/024350

car boxyfuncti onal, anhydride-functional, or

epoxy functional ronomer hi one enbodi ment the reactor

et B P R eRchT corsihe PRI oo B gF tRiod camar end the
s6IBhY AShelet of'ﬁ{% h erQ:BH}pSRéﬂt gpgt%)r#%on%ﬂﬁﬁ? st?HPm‘%he

ot her” nononer s are polymeriz
celppagltlcbm‘wcw}uoh e wirgmmmmodniﬁml z&ﬁc}meﬂ]lyq)oﬂmmmeﬂ POBMEHr §¥ to be

th | wh ! d
ofdi S Ol Bt e SHE By nrrUicThen bstratbmarty”
s@l'uﬁ&t@?ﬁrhﬁ@t%k by th*é%h%@ﬁ@lgt%dchéﬁ"otf"a Ip@%lnjld% %cchtn BRG: i & @omposmon

radi ca merization initiato Bne or
el whih §1e @gamt-e@dmﬁedsamdmctaﬂlg poMemab]bspommlersmtdfamt S

oBiFisB] YaSniofe, Al SEm B TR GELS caebigsfis ppBmerianie
pOBieyd R uSiin atsﬂealml@yz B& BesirRd @@Hﬁ%@ﬁfmmp a&n%@é‘r@ BRARE to

thermally into radicals in a first order reactlon
those pblagRramatis qngd namralafr@fma m;enf mctho asphslii Fabéxample, the

C i fe er|od |n t he
SISOl e AR Wl B ol SR R8T
destrabByrtatoLingiss cgrl&atoémhmptmm@bolﬁﬁh éter fou ratgikee"
Iapgcludethose W|th hal f-1ife periods in the radical
L8R SPY Ma o Hbstation, pligesaers hang selpbilisy parameters that are

sﬂfgl@i@ﬁﬂft‘lﬂ&ﬁﬁecg{ts ﬁ%ﬁpuﬁolﬁﬂ%sﬁe&s }“Qrox%ougﬁg%a?m%’saaﬁe ly

out 10 hour ha es’ a enperat ures
d¢soubed mhh@ApﬁE@ﬁomyecabsbelbw used. Suitable initiators

are 0 x ic azo conpounds such as
Z[ﬂ& ggﬁg ogqggqlgﬁénay be tadored to lic within 10, and

d&:ﬁﬁbl‘%‘ withis gb&‘}‘dérdmésts Ioif b PBithum surgace energy for a given application.
-t-butyl azo-"cyanocycl ohexane,

az 0- Bhegoligonmrs maly)be mna}demﬁlnfgrcnh‘@nannialmet}mxerda’somtwhmques

. hydr oper xide uch I eroctoate t-buty

g RIS ot S bRl R G b Esy Hdyisnioh tesooligomers

ar dosttapll ﬁh&iﬁ’é REE %'ﬁ@ducﬁb‘ﬂ%@ﬁmﬂﬂ&%%%&ﬁ'ﬂ @Imtg& SEa’téérpﬁltent
peroxi de and the |like. Additionally, - peroxid

Aphlnqaﬁlan dYos 0%g§4.880 alyanmcbﬁt@tee Patent N@rﬁbﬁ at44 thmmnm

dlgélp ?éecgyh{gbﬁﬁ'i%res {ncgl%gspate h 61%| ¥ Ire((*jtgrelﬂalg% %ggﬁy,sfhelzsg %roucegses
inpelive xymiiioadly yhhrgheXane rehotdr Ailddst i atkylic monomer, and

peroxy)cyclohexane and 2, 5-di (t-butyl
onfionably yreormerepthe mapnomees thaf a¢ palymierizatlewithgheedrylic

mgﬁkgﬂ%{' {Nﬂefeﬁ??t%e{st oth.J,1 th@intohgﬁ'lg ssis %‘:L Est %gtlcirﬁg lcgr)gog}g—

er oxl e are
fulttiveral fanhﬁimheﬁun@tiomb loy amyzfamtmmd mcimsmeru 48 oftl eindbdigent

thp G SRS S bl OHecaor Hectims rusieybe maweeier, a
lehst oh® §t9fe‘iﬁ9f BldPst (MREBAGYRYmbRIAES Aoptionally one or more other
monomers that are polymerizable with the epoxy-functional monomer, the styrenic
monomer, and/or the (meth)acrylic monomer, wherein “(meth)” is used to indicate

both methacrylic and acrylic.
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The initiator may be added with the nononers. The

initiators may be added in any appropriate anount, but
wonrefsaz9By the total initiators are added in BATAISEWMD24350

of about 0.0005 to about 0.06 noles initiator(s) per

nol e of nononers in the feed. For this purpose

initiator is either adm xed with the nononmer feed or

added be seackys mpyoaeseptipnally be phargadewitle aideasthae §oé vedital

E@%‘l&ﬁaﬁ&ﬁnﬁt&tt& aﬁﬁf(‘)r N 81{ 26 ore s%%‘ﬁ[%ﬁ reEx\éam%]preg ﬁ)? s%aspl%léutlators

omers, or In a separa Teed Y
aptyolseity emtprowtied iktrtdiwtedl StattéBataritt AppliestisiiNe. Y $BasRIchat
react w % lic, monomers at the high

d
Btrfé#%ofﬁﬁsela%@rsowﬁ & ISRy ISR thrsecess argegmippieds which
dB&nfidie th%algjf ﬁl@@fadfc%lselﬁta' fﬁE'tI di‘&ersr%c\fﬁ%ﬂtz}l ﬁ%l?ﬁuspls not a

decrease or imnate the gel partic
cytieal fiagptarh Suitebit imtigoss, intlughthoserpith ablivife pawlsiio the ridickhl
solvents include, but are not limted to, xylene,

PSRRI DYPRFFS PeaboBhE housab Franegaturey Ycaier onp@IRhtd 20°C and
ﬁﬂnﬁ@:(* IncludBiReR tWifly lgﬁagfﬁfe)pehﬁh% nﬁﬁ? fgéﬁdai: 3ec%ﬁ‘@)|ogl"ﬁ%h l%rgcregsr%f

Exxon), acetone, yl'et hy
alkaatt 40 épulrmt tepiperamies bydatek of el tol\me)PGy IOtIa¢s tv@thi B b O Ehour
Eggcon‘m nati ons thereof. Wen used, the solvents are
h% A (PRPeIAres FiaRHEcantly loveat thanald0RG maytadscleonedt Suitable

G A, S0V b0 5 OO BORA LS e 8 0ot

cyamouydlotakant az®bidsAbubtoneilg ahd llﬂbu\‘,ﬂazb'f’cy%?{cybﬁihg%ne‘ Do |
a certain ei'gg‘ odi ment, based on the total weight of the

azopsTeRethyt st e ls and gergxidas andieirencrewidess $1E§—‘(151ta8\te

S APRELELAL L0t b FLLASHLNE AL, O bLE 8 TP Ey

hjfdropnro}hde ronnene hgdroﬁeromdt:; divteisyl petoyxiverand alid Kite. DA QHASSally,
for a short 3I dence, time within the reactor.

dlﬁ?ém?@% rAlRS TR H Yo glone Pain spmbtiaationygth ofher iptigtors. Such
dl%’é%ﬂaé/ i@atbR $clédtaBu3e Hbﬂiﬂlﬁecd tol 114 %;"g lﬁ%od! ments,

the residence tine'is genera ess t m nut es,
p@m&vqaﬂapb@cl@ssaneh HB-diG-buiyd memxy)cwehmne,m 2 Bdi(t-butyl

B S0HE 2, S s
t-Biyl ﬂbr@n@@éﬁd di%%h@yl?@f&h%@bhﬁ@ulaﬁ&' Gl tdbRACH@ESfree- Hldmal

|nclude but are no limted conti nuous stirre
palwnkrizasias teshsiquecmimble)for proecingthstoligsmetsonay befohdisl.S.

T R L EACTRE TR .
refepered. Sui t abI e for producing the oligoners is

The initiator may be added with the monomers. The initiators may be added
in any appropriate amount, but preferably the total initiators are added in an amount
of about 0.0005 to about 0.06 moles initiator(s) per mole of monomers in the feed.
For this purpose initiator is either admixed with the monomer feed or added to the
process as a separate feed.

The solvent may be fed into the reactor together with the monomers, or in a

separate feed. The solvent may be any solvent well known in the art, including those
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a tank reactor provided with cooling coils and/or

cooling jackets sufficient to renove any heat of
weoabosreziszat i on not taken up by raising the teRpema2wn©24350

of the continuously charged nononer conposition so as

to maintain a preselected tenperature for

pol ymeri zation therein. Such a CSTR may be provided

thet 4 ngt repelyath annplic marpmers at thy hradrtempergiures efithe eantinuous

[ = 1T clh ] . be
D e el X Bl ot 8 v e R &

efimirate( thie gel ghriiclé fornmsion dudidRhe chitimaidas, digodhiperiut héction.
r % full but |ess than 100 %

actor is re than 5? ;
Spch solvents W ﬁg%ut aieNod fipdtst e, rarlonedetusne, icthyl-bengenequi d
' = . . . : t
i 102, DOBLARONP, BOLYIRC 2ot o 0 o
Epoén)mareton) mothylethyd &etahe)mesthylange ketoas) meRyltisdSBA&etdhe, N-

ahout 3500C, this includes enmbodi nents where the
mFEWEBY%‘P Bgne, s?fg_%oml?la%ﬁoalﬁ Shereofo IBleen; sedifbeitol BgBDEe present
. ; . : . r
ARAY SRRt Hdide i D e RAG L E R a8 WSy feeq o
ornabeliment) ouk oremore sblvents anperesdnt iream@yourdo@ep to €01 by

about 20 0 _about 2750C. The. .aniopically .
e Hep I8 BEMGHEDY tn Seah oGy Bhrd ouhadofad weight of
theehdidhdsiown in the art, such as those described in

U.S. Patent Nos. 3,281,383, and 3,753,936 which are

i ncolporeactodistarintameidnt ameffectiva témmpratuteyfor ed effemive pefiod of

.1 h t hods .t i.pni cal | I . pol
L T L T L e R
mvhéfie®N or ganol it hi um conpound as an initiator. The

preferred class of these conpounds can be represented
by tfAconbrAws Rolmerigpignapracers pHows foy dsberd réstfencaitine avithin

. s Plows iy dubogrisincs
o PEh 1R SRIhOE e Y rERY S5 e 124 B et

30lmimit&0 Inasheemdbdinentsatticlredigdhcbiigheds somraABUL thyeb@ht
initiators can be used. Exanpl es of tﬁese initiators

MiTEgsuefed WaY Ry s HAR dmmiBeis| | i thi um t-butyl |t hium

n et ! ey ! Yo

oi couq PepR Er Bl Ehp PR iR RN iidhyy oyge of
reagtet Wbléqubwn iththerayt, anbmay hé bdt ubiin mcontimpous denfiggtidnaSuch
B RSB T B A i e,
tubPRACHRE |6PTEEests TR baa rBictie] G Q%ECJ?%uRe{bqgfb(ftconﬁnuous

ani oni cal 'y polynerized polyner. Nunper average
opetitiegul ar wei ghts bet ween about 20, 000 and 300, 000 can

e B TR 1 bRy s
a taflerdagtok grovid¥d/ il¥lingF e @idYor cooling jackets sufficient to remove
any heat of polymerization not taken up by raising the temperature of the
continuously charged monomer composition so as to maintain a preselected
temperature for polymerization therein. Such a CSTR may be provided with at least
one, and usually more, agitators to provide a well-mixed reaction zone. Such CSTR

may be operated at varying filling levels from 20 to 100 % full (liquid full reactor
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In the case of anionically polynerized honopol yners

such as pol ystyrene, polyisoprene and pol ybut adi ene,
woheosmazavgespondi ng nononer i s added to contact PCAIS2004/024350

initiator in a suitable reaction zone under an

effective tenperature and residence tine to conplete

t he npononer addition reactions. One convenient way to

LR e Iy ameyembedimenidhe yanstor isamons! tharkSQ Yplilybwb fess thae 086 full.
It?%moﬂ?g%mb%ldlrﬁ&ﬂ tl’?e! éactglnlq le %A) illgl!l(lg rfgli by pol ymeri zi ng

styreni c nononmer 1 n the of the

or gafihkicohtiniwus polyhratiastidnds Eﬂhﬁd blieat it teipeRQlrYdTeh one
bI ogk and, subsequent |y addi ng the conjugated diene to
mRhedignnt the quwaﬁatwm@rap@angmﬁ@na otd8R°C to about

| d d d
3%@*?%%??{"1‘%&8' Dol ferd B4R L fcrdtnts B abrwoeC t
aBdilt BRHAL,i AAE 26 @lﬁ‘t}f& iftlde® %Boﬁﬁﬂ:n?@ﬂbﬂé Ql?é @Hlpgfagﬂgs range

nononers. In addition to anionically polynerrze
frloonadpol YORECstoahdutti00ER. tmpoihrendodandngthe tlipgrature may

ol ymeri zed _random copol ynmers such as different grades
‘%ﬁ ﬁl%l?ﬂﬂ‘t%pﬁzcg‘é’rﬁb%t%d@ by addi ng several types of

Ceaueng e ket PRTRRYd otk LBl kAR RE ARy ' Pfiometed

kn@wid onthe lagt mhaathdse désaribéiein St Batest M. 8281388, 4nd t he

pon.m x of chem npounds, known as
34 Sﬁ% wehishare Rcomoraled 6@% In Sheitmtisey by referopaer Inthese
micfRAS B a.%cﬁﬁé‘al g%gﬂﬁﬁ%& 85%{&53&8 ﬁ‘%d@% cOhtal ‘;f}% gﬁomgaﬁlg

obt ai ned by addin njugate nono

polgmetizaiie monemprsiwith smorgheolfthilin @onsunpbs aninddatdheThe
in this manner ranS|t|on random

pRlRbi s P U e e rpnr@seatsﬁfl@h be fegmala RE1 wherein R
isGOHYdpbat s 0Bl e[¥RRA R PeQedidy con Qﬂﬁéeoiséﬂiphh&d in the

art understand the differences’in characteristics,
cyslanbiphatice gndiagreatip trach@abs ¢angajninp ditont hes20 darbmeatams although

e SR L O BOMIEE S 8 vl

mBiyMRhiuh, ety litBdnD tousilithRIFD AL 8Suh i Ub& 1h@aRgs Of
-1000C to 1500C referablﬁ%fetmeen ~750C and 75C.
1SWP%1|11F191115061%9Y§U§4P§¥ cxlcloabiotlitbivmsesmpomnds, sudsad t o

PR OR, Ao DRl Gy ST PR B, c e

naphthlkiteym,putolayliéthivei, and i 16ic. flthe AR eSCinithesrdales
hegéane ﬁ%%p cycl opent ane, cl ohexane,
138 8BP% eﬁéfﬁlzréﬂ]@mﬁfa‘ﬁﬁghfd?fé progugtsaiemically pehyeerized
I r
B LS 51 o0
beTqmaunal by eddiole almmt 1510rta$) Fanilhimbles o€ the® M iRitiawa peomole of

t t d
mp oS B ea e By B il O R stin . pr of er abl e
f r onn3ncdse of aﬁi@iﬁfc&ll JASmESSd H({l/ﬁgg)o%é?ﬁ kil dsYolystyrene,

pol ymeri zed pol yners contain a
polyisoprene and polybutadiene, the corresponding monomer is added to contact the

initiator in a suitable reaction zone under an effective temperature and residence time
to complete the monomer addition reactions. One convenient way to make

anionically polymerized block copolymers such as SB, SBS, SI and SIS, and the like,
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percentage of nolecules in which a lithiumatomis
positioned at the chain end as a counterion to the

wani@izdt he chain end nmonomer unit of the poPgmRIS2004/024350

chains. Inpurities present in the system such as
wat er or alcohol will tend to reduce the anount of
- 14 1 hi .erm.nated .ani onically polyneri zed polymer
‘Jfgairﬁ‘%g‘%ﬁ%g FIS SYTGRIC SRqmomer Btiths mresanceatithe eramatishivmaiitiator
tPRIMTRE iriital dlyn@e blocklahy i - i
further%rgzg?g?ﬁﬁdtﬁ fuﬁggggﬁgkm oﬁ%ggﬂggﬁgﬁgﬁﬁgéh?ﬁQOHE
P%‘W}T’@Hﬁ%ti@ xtyRite piodvesa block cafipdyroén afdikestyrenidi dndednjugated
ani oni.cal . ' ol IS be made fol.l ow ng
B8} ARRERIChY RRATR poREs B HIGGL Y et sasting s of
stiyrenid. £hd déajugated Neshe ndondBibrs3 83 2880l td élﬁogizég#ggol erized
charql ng the oligonmers into an ani onic poly |§r§t|on
horpopalyyFrs ApA blogkicapolymers; piigniagjty polimeiiosl raydom copolymers
g/ ' formed, .t.hat is, prior
S e RS ERBR (P ST REF B BB pabilf sl s oF
maheatimobarconsly tathdeehction LORS I Theaequehas | b ENPBEHASF
thl ithiumato pr eqi?ent Ln the pol ymer. The oligoners
Wn%le&%]&éggs? Gendoan chamsican he Switier aftered by dhaese in the reaction
H SEReMEG chn kYAl S ' 0 .. _{he .sol vent
mi s desirably ?ﬂgﬂgams ag§ lt%%g(t’ﬁ(}%grszs‘&eﬁc% uIrVF]rYga]iuﬂlélcaﬁy

padyinerideg tppsirgdislotle atpotymenn sudhhes SB ingDSTEgan GebeMed By hdding
controll ed such that the

his solyent is desir apl
tnf P pEfied She kubTRt G ieteoSim Aopgimpsiodin il consomptiemef
thé BERorke0HbAEOS s Rhnrch® naRiA0H FalibY SRbIRS {s;fSﬁqﬁeed

polynmer solution in the reaction zone.
bepiegdhe piyresic andi eonjugeted diann nammentea blovke dPdopldaskilial it bheart

i Lvent dinth ionic .. .
kst AR RN e Snicd. WPGerDE Piokrabiliyhas aage
di fferturlends16F amivchi@DYPpsBinidted BESREECarNtoBBlyfers have

pol yreri zation is typically carried out in cyclohexane
or NHEARHIIC pelymerizalips it BeyElly ceniedvut ol temperetusestihaie

e R Bl BB PliR Tart med R Bt B 006

of bheacaioh elivert!it ¥seadab Yomid] BRyiRUsHTRisRiclRe REOIHCHLNe
mers. The ratio of ©oligonmer to ’

dified I
Pr%abﬁ’: 72%1‘10?8%‘% oEyarenleyefuiiahly selvertninchele, but are not limited to,
1o OB AL LS ROL e RNELS 2

vary over a

naighdleng toloenef vyletid) natiga ethioR) inddhAGUBH ethef) (3B ether,
iments, the nolar ratio of” oligomer

ii}l strative enbo _
tetta yéirﬁ%tgﬁl?,@gptpye mewy] sthyl kstngndiypical residencsaimésdhr anionic

i ' - This includes. en [ t
poRfRéiflor Par Rehnathe b P rehctiokNetpb Al ART iRyl Befveen
0. Ipmdyhtenirs; eefprablenfem 012 tb Rénouesact i on product is about

0.1 1..Th . ght t h i -nodi fi ed
ani ShF ESHIPEaIpHBILy 2ol ARe g doniaimovebjeh
pelﬁﬁﬂﬁg%ﬂlﬂol@éhléﬂﬁ v}/IﬁE}?‘lE‘ A8GuARRN §P0sBBned ¥iRhE #di end 2E,

nmber average nol ecul ar
counterion to the anion at the chain end monomer unit of the polymer chains.

Impurities present in the system, such as water or alcohol will tend to reduce the

amount of lithium terminated anionically polymerized polymer formed. The lithium
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wei ght of the oligoner-nodified anionically
pol yneri zed polynmer will range from about 5,000 to

wa 283012080 g/ nol, desirably about 60, 000 to ab®ar/us2004/024350
1, 500, 000 g/ ol and nore desirably about 20,000 to
about 600, 000 g/ nol. For exanple, the oligonernodified
ani oni cal ly polynerized polyners may have nunber

terpapaierearionietlly Ralymetizgdpobimerivcalled adtigingpolyded 200 0an be
0,000., T
£t LA 0000 cbadurdd S snd it Bt s invgrvion
r eac flho oéigomyr-inakiificplaaiv@idally pblytherib&Bpolimetsindy 5 MAdS
ction n as. descri bed above, or in different
ffoaving BielloAwia mothedsrp et ek iagyFhope Aepstibesd Mdy Sk Patent Nos.
3@8?%«5@3 ah&3558 288 b g@%‘lggmtgl}ﬁe B rs A58 b9 DR p%@an%{;gpon

preferred Wheh en ons. ar 8 desint
reaotigl zong afeeattei ‘Givenghiianoaioelle pblcydleﬁem Boly@efseacé bedh formed,

ePRRCbAgtHS aniRe) ShpiosRbanEh by Gae AFidaencl corimonly
a@dBaQd ifR AVt ahdYer RRIREB 'tlfe 1RR WBBhﬁng}és f ih Qnd 1?([1@1%1]1 el"he

ani oni cal ly polynerized polyners e carr out
olgdmers maydwaididechtotbeeeaatioh 1due afot lyamag dissdli@hinaf suithlﬁie

SR Al PSSy b R U o

lySRE A bnl BdGhd SgohRR @ontBhts dn A doMdnPiy dkirtdl Sontr
pe%%?dlnent shomﬁgln FI G i, t he reé%tor %pp%r%%dgbdggdl

th#b?leuvmp%meofathqe pHgamersabition is esivahtoer lasd thanghe eisarsity of the

4 fl
o FREH R GHRTREL el By M0 514 Bl AL
oligvandye bf thXGink entfonuireltagiorsaus be aslis1e lﬂwﬂemaﬁ@tsblvteﬂt@ uEédr Blthe
102 and second 104 reaction chanbers. Each of th

R RehEsrizaersandibe ighigisqepitias alietaghigysd IPRjWQ‘?mIQw@ai 0%
gl Bec éQﬁio{%ﬂ& pOILRRBLANR typi?al@gcgﬁg%?cgﬁg gfgg S mﬂ

romtheir respective’s
héxahe it i adﬁant@eousa’antse ohgmhemﬁmt a3 lubieinethedel s@IVeﬁts The

f the |
AT Biapy on g1 eome B S et ith o ﬁéggse@% feas
aﬁl&lﬁcﬁlﬁ&yﬁa@«gédlmé}@mo@ﬁd&&%hé g{o&ﬁeﬁ? gﬁg a
nd- cappl ng

reaction chanber 104 where 1t undergoe
and/ ‘She wtiopif oHgomerzo ahionsally pblyhieeized pajgmer in théieligomer-

R rrisBRaD SPaPREE Eotkecr i ks hRy 2 osd vagappending

orPthk GiRreRdedmdiiédtRn Forrme r&@ﬁérpﬁroﬁééte IS NStk e fed
into the second reaction chanber. Another portion of

erabrainpip.ihe melanpiaed qllggmey tﬁemltzre@hlb'cquymmzed ppla;msc&dn the
e 102 iL.nto.the |

L N A S S T

off c&@ﬁhﬁﬂtdlmﬁémaeﬂlyq{dﬂﬁﬂérﬁzeﬂ ?bw i e ir@dbtibe E)fﬂdﬂ@f RMabout 0.1 to

and/ or. a conventi onal nol ecul e or polyneric
L.cBapweight efghs 911gom¢rsmt>¢1ﬁ¢@ apienigelhopolgmarisasipolpsers svill also

Vagg gﬁ%ﬂﬁﬂlgv&nttﬁe foln el tappl c%ﬁ&& ”ﬂrp%all %/ mbe? g\perageqnolecular

weight of the oligomer-modified anionically polymerized polymer will range from
about 5,000 to 1,800,000 g/mol, desirably about 60,000 to about 1,500,000 g/mol and
more desirably about 20,000 to about 600,000 g/mol. For example, the oligomer-
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storage tanks (not shown). The anionic polyner from
the third reaction chanber 106 is then passed into the
weeawsrd2a9gact i on chanber 104 to provide a pol yRET/US2004/024350
m xt urecont ai ni ng ol igoner-niodified anionically
pol ymeri zed pol yner and non-oligonernodified
ymer and/ or

ani onj cal l.y pol yneri zed
Aty @iﬁ@mrmeé@ogme@ﬁm@ﬁhm pwibererérageimolecular
WY BFEbouFB@oo 0% 2108 06‘819&9 "pBAPAT (oS 180 ddaat ey

used to OIMer no rcally
poI y fibe amedlcgmll}ymzatlm ﬁsabl(ii@ﬁ ane e dligobelr Athdifidasion reaﬁtions

rat1 purlﬁl ed. sol vent froma first solvent tan
3y SACPIGRS B SHLHELGS 9 4 I 173sHER Follp oARscnioad above,ng in
dERPERREIRLE zd)rﬁs‘é elrhe k (ti‘gqeg 8sdi éﬁ%e@{%%\%or%st&%éctfo%g while the

monomer 1s then punped into t reaction z
lag@mdefstgmnay bopieredstlvmayd-dappikg 2@6tionkhee desitedtver @upling
e first reach $n zone 204 are then bl anketed with
Teﬁi’?"r"&g & SR STPRBTIBIFG IS § reaction anpatatys having thg o seere deastion

zdiRa (&8 fééct‘i&?clﬁﬁﬂfegb? AR BRINERT F ﬁfebé’&nﬁ@ﬂﬂl%ﬁﬁt thE Ghionic

Once the desired polymerization tenperature
Pelymicdvalion ta formedie anionicaliy palypwenizedpolgmesmhay be carried out in a

d to th
SPGB e hers B Rpipf of BR ispme e tremimeniie
olixpinasriwith ehelagoied sl zeAPoBmbtrday B Glied out 1% a second

Anjoni cally polyneri zabl e conononers ‘can be added to
repetiaZopga bt ¢ Biidtionof figs embodiment, slmemummg 11 the reactor

t
ol R A e POt 100 sl e
1(14h|iﬁ fhiid Mmmemhﬂl?nwzth m}edﬂ;@ﬁﬁelaétlo?mgmnaa rt}zrdnag thi?@ reaction
I.OoNn Sta ana collected 1 n I TSt Sa
e g foRmaRissien wilhio s ers b7 and sosd i Obraction
cah®Rhs2 156k QP theSALMBAS i i@e@ﬁa@lﬂr %gﬁlﬁgwg \E}g#ﬁg%ﬁg hesthy” d

reaction zone 214 to the appropr

mesi Hsmgathxswppamfusmoﬂ‘gmmeandnmm&neﬁ mig bé €l frevhahdihe
an ol i gomer storage t ank

S R A B A B P et Wi
pot@né e
TN e 8 AORRLGE P RREL S e
is Hhenmgssed dtoanthefirstaaactiontchatber 189 pntothé secendmeditiorcatiainber
e des f
SR T RS S b TR0
THEHébcﬁnd%ac&ibhld:hblﬁBeﬁ 0418 8qESSQANRitE §36dr 3Ad &R &Js{l%rggé‘tanks

nged into the first reaction zone 204 en C
(nefoihlevvin tp allowths iolisemenpadidierseing appriopriate solynnts tobe fddeinto

N be into.t cond
it B 6008 Bt B r R PRl iR
potamerigpassebiren the Grst tdactiGeRRtber €OT int®heZRREraadtiorPdhamber

nytine.during the nodification stage and collected in
10g Vé?&%ﬁ & 18 G ppetiadlyireasissl wish A ARIPYiS Slyaurlizetionseminator

and Rk BlcBRenfionA Y581 nolecule or polymeric coupling agent. This third
reaction chamber 106 is equipped with solvent, terminator, and/or coupling agent
storage tanks (not shown). The anionic polymer from the third reaction chamber 106

is then passed into the second reaction chamber 104 to provide a polymer mixture
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can be added anytine during the pol ynerization and

nodi fi cati on processes fronterm nator storage tanks
wa2ms5/02283to0 folly or partially quench the ani 8aTaS2004/024350

species present. At the conpletion of this process the

contents of either the first or second reaction zone

204, 214 may be punped through a pol yner isolation
copininz]igogier-angif @Mn@allwsn@lyrmnzcd polyoler endnomeligaher-

R

awibhigaitepolyMetizddpolyned oi chionetry ratio, reactions
bet ween the ol i goner and the living anionically

pol yKEF Z2Wwwsengther anmyatmmth@tu masehe esed .tmp@duce:ﬂnp pillggmer-
ction,bhet
w0 SR b SR8 LR BUFRERFLE b, Nl
pllueﬁcqinoﬂ\&nt ﬁpmch filshscd v tank 03 ﬁm&npémﬁtcm fiOraREtGHEbne 204
ge anlonlczgly ﬂ@%gnerlzed polynmers are allowed to
£, tag @pPIPBYLatp 43§ cSed FmauHos e figthgopgmergs sorunged
{ [

infd thetRst redddion zb%b@@ﬁé?%?l?dzrﬂﬁ@ ft%@#eglﬁlg%gér] 21“1?131 #c%%ﬁgs of the

and the anionically po
firsbreaetaat zdner204 kamﬂﬂleﬁ beekaediwithmitbogehnud @orodghdy siated while

‘breactlo te res for th roducti on of the
G G S ArPrRPrEtn RV GTAAHER FPRRPrasatey rdice the
ddsired mﬁﬁﬁ%ﬁh

5 g R SR B

palpaergaiiontiniViaior & repidbt ininqtedrinidube fiot repbigor zmxetZOé from an

oI and, the |ivi anlon
iR BTN, S0 o bR B A ik PR B e PApitaicatly
paliaktizabte @@Ncﬁioﬁf&d danleldaded ® ﬁl@ﬁre@&idﬁrﬂoﬁébby at any time during
polynerlzed pol ymer chain, resulting primarily in a

thepplymrerizaiian stagsiooblagpiansandlook o éapqusbl@ak dopokymges. )
sihfke SIS0 UYL TR 2N YRR vt

poljphediatioh etage dnchéol]:eh’edd‘llﬂ aififste Elewle*ssfél ? T®for analysis and/or use.
Pu(nﬁ”es ondj. ng deactjvation of the livi ng character of

drsalyisht §org 2ssesndee vent ek RE2 1sqvainsd drfe 2sappidrgaction
zonb Q*ﬂ@%lfh%% €{ oBrib@YQSE dTH@@él?r}éﬁ Emghﬁt%?%g?ﬁlg IlﬂgaL%eIu s fed

st oi chi one rati os |arger than or
intestbd s¢doné rqactmxi ameébléefs:sn ofi ohgorgﬁrmrrage/taﬁk bi6, histhigthe hi
certa rrentihratlos fr m?2:1 to 1 are used

oD Pl G b S PO B P pend Fgefrbadnen fgee then
blaiKefdi il hivrop&l éﬂlﬁhbﬁﬁghl?%hﬁ@@ tyhils b&ﬁ% rcb@lgd BHheated to the

Alternatively, slow ad i ons of the
apamp@ﬁteaatbdlﬁcitmnympm@me p@hcwihe desined hiegnasadépcblgrﬂemauon is

ol uti reyv ced i.n th reactlon_
ook &M iR Ssfivh Ry e Frh A ol i s g resction
zoh€at4 tabPH@eREtin@dfthé ﬂﬁt I‘&@ﬁ&ﬂ Ahe2Ol WBRA chgﬁﬁ cghélgfgﬁﬁ

and the livi n& ani oni cal l'y polynerized poly at
depigedyrfratvsrrelyofiegonisats o éherﬁrstsre@@ml zone RO4 baibredpunopeadong

thd SRBn PRGN ?o'ﬁ Cfi‘h Iv}ﬁeﬁ %hé(—@gﬂpmg 18 desired. Samples can be removed

from the second reaction zone 214 at anytime during the modification stage and
collected in a second sample vessel 218 for analysis and/or use. Terminating agents

can be added anytime during the polymerization and modification processes from
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pol ymer chain, resulting primarily in (S)nQ (B)nQ
(SB)nO, (1)nO (SI)nO, (SBS)nO and (SIS)nO

woblkigorzes nodi fi ed anionically polymerized pol POBUS2004/024350
where O represents the oligonmeric "block” fornmed in
the chain interior, with the correspondi ng
deactivation o the Livi n%ychar acter of the resulting

Bt stor e ke 22(agd 2 tiully e pariey querioh theiwbienis spdcies
di gt
PABLC AL RUBRRUASH A R A the G gpona

rehefiom e«zheb;l)m, 254 may be phampedvhirgiph aﬂpdymblblgélh@éh uﬁlh224 for

ol.i -nodi fied anionically polynerized pol yner
a%%¥§ “i°hr ough favored chain coupling reactions nay

be aB%@ohﬁGfli!ng@h@lfatémdltﬂ)h oftHd ohét‘?gfeg \gl’\%luﬁ&{]{OQhQ i9

etc. covalently bound to the o ere the nu
agipnighldy Relymeyizérhsolpmensobiionsnd lthfgehgrmm lto tithidrh et01ch10metry

<l S G ATk B A Wi e
mJylfgmetthé@hhintdﬂdLUipﬁlhg o§ Blhéiﬁ”@&t[ﬁhn?%dcﬁ%né ChR &Q&fbnli 1

are used (i.e., nolar excess of hi um over

@We@@ﬁ@@hgomeéa@r b |a9mmq:e1iy polymernyd pelyinesmay be qmjrapld
Lithi |
i i PB4 e L B AR R e

aludveemﬂourgmmr lésa thzhﬁalioutll Agmas ks & AhouP20 Wimités ethis
ymer are carried out. In some instances the chain
m@ﬁl‘i‘ﬁ‘f’ FREodimertsivdifse &b@@aa@@ewdgtbwwm@@l@r p@lymerized polymers

ard N8RS & fedciitt F %&%n?? o ﬁqﬁu W glf)g)lcgd %egeté?arhvtgﬁl%gratures

nunber of ani oni y po ynerlze 0
for theppreduasioaad Iﬂl@dll@MﬂnddSﬁmmmé’allyQ)OBﬁner%& ipbBahats
ﬁ@nt 5to 15 and nore desirably about 5 to 10. \Wen
ineHide SGmRsRiEER Qhyops|iRRTABEN1 6 AlpHE & (A e abruk d 80%hd
reac tion. of
e catn oy MheoO 1R Siohds? PRUORE s Rliofbayoduct of e
rehartlmx:hmweelstha nhigemeatankd elashwﬁ@ ambnibﬁllﬁpd)@m%’m@éd pdd@mer is that
ner.i zed. paol yners have under gone

e TN e G
pdTRther e, résjﬂﬁn%rﬂrgﬁ%ﬁ? kd ¥ SBOBYIRBIF %%11&9 (gﬁgs%&b)a(vv%ere m

undergone chai ng reactrons.
is enivateigen SO, WRSQ SdS@lstﬂlgmeDnﬁﬂlﬁedl &1&hcmlytpb@menzed

pR DR PG BTG ek foiied Sosadninedamia the

cdﬂﬂé@ﬁ&dﬁ@dﬁact@&htﬂoﬁ o? QlerIRJn’?g g’ﬁa%fctél he tlférl‘eﬁﬂﬁﬁﬁéel er molecule

pol ymerized pol ymers have undergone chain
Chadm end- gatmomg]stwtvée%axb wlomlmfbemfrertdigomr hxidhlup’[ stmcﬁmhetry

L Vi ni_on neriz
rafl B el el 8 AR B £ B o FE e e Bl i gt
In@ertsigagtbodfnets fatlbb foRl 2: 0QITe -ardidekiafl rdpRd FIRASASYT the
nmeans that a portion of the total living
oligomer to the living anionically polymerized polymer is carried out. Alternatively,
slow additions of the living anionically polymerized polymer may be made to the
oligomer solution previously placed in the reaction zone.

Chain coupling means that the most favored reaction product of the reaction

between the oligomer and the living anionically polymerized polymer is that in which
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anioni cally polynerized polynmers are deactivated to

limt reactions between these anionically polynerized
weoabosrezw3and the ol i goners. Partial term nati 8aTAE000024350

carried out by adding a proton donor to the reaction

to partially term nate the anionic polynerization or

by i ncreasing the tenperature to thermally deactivate

op¢ eliggmyerrhamgs gaealentlydeund fn woredhay o am@}ngajbmoéymmed

P PR o ing PRARKAR TS O OR CBRD. L S 19
apd €818)1Ccoligomprrunatii fiehshiaitadsy poﬁ&ﬁélﬂied@om lvitger© D
FyaroS R hen: i T el Sheseonn mszar%éspondmg
a1 Of b DEiBThAALEALY the PALUAR BoREHARbIKIRE Smbi 15
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rgpoeseitis allofundei oo th@tlﬂsmbpmbly nerad@iveg d»ly)E:Hmﬂ th aThisagiven

been ol Iy d wth
e aRurPRe o4 dhuBrnd et T ot TreHods
dREbLHERkhB BliBomblRo i BioAREINHSIHYZROpIIRE! FfiSined

Iyners undergo partial coupling and/ or  end-cappi ng
thf@lagh fapersd isbdin ceuplbigrgactioppves be @ colrleqt@aafmcglomdm bri, tiéten,

péﬂt% gﬂ)@ﬁg %tco 6%18&1?/ lﬂ)%{'n& ok the o?{;%lhg l @‘ll r&?l?ﬁ%? Sf 6{0{,}]@3 (n)

hand mnnmlalvyrage bgma td the @hg@hymf @dtwﬁ@lrggpa@%galeqﬁﬂ to the
and/ or_ end- capplng reactions with coupling or
olé%fae%ﬁﬁav nighaigeavRingtmetures En faypred vhegeyas odigpmen fodgbiium

stgfc ﬁﬁoﬂ%%h@ 9.138¢ ﬂ§e§l {:lg Sf'n]oﬂl? le}\(cecég BPh &S etp%%ﬁ 3 ’ ﬁ

A RRS polynerlz mer chai ns,
ohgnmd:rb mgefagﬂam wheahébFe) rafiocad phed’@a@ 1ggeahrRht slithiRim per

ha| #ﬁp be_ e oned SU|tabIe caoupl i ng
}1gg}égr ctquléhgl rand 3yh egé c}fbtlgﬂsaf; tlpm@lpggp@%er to the
hl%g aﬁfoﬁwﬁﬁ& Plﬂgﬂ%e‘rﬁgd fnﬁgmgf BeRaHASR. fﬁ' Qo QHst eé gn% thain

or “anot her i ona silrcon conp
caipliagecactphs producteexlngamht-owupdmi momcailytmﬂymermedlpbtgmm e

ifi f 1 apl t th
wBR b Sy S o G T BBICALY Bl BaH L glping gp bl t
ezfcﬁroh"gbﬂn%r ﬁ&%ﬁtoﬁfo' %ndes-ﬂaﬁly%ﬁﬁﬂ P Bf anldhBord '&bﬁg&b‘f@ﬁﬁ&ﬁt 5to

ol yneri zed pol ynmers that "have been so coupled or end
apped nay be n1xed W th a portion of anlonlcally

poI y d rs.that been o d
Do e A T ot e B e e D Tl RSk With e
dﬁgmﬁﬂ$@amen@ﬁbﬂBE&ﬁF&@pﬁ@bMﬂEﬁﬁncb@dﬁ@Q&kﬂSnﬁnﬁ9&%ﬂﬁrh1

blend with desired properties

soEphingiRPeas gt keak abpir @plec% Péﬁﬁ@mmﬁﬁ’ m@bxtmﬂzg«rh pelytrieys
e&%lu}‘lﬂgf b& &394’]);)@re¥@t1§;1 dﬁlas%h{e 13&1&%\%&:9%0 '2§% :7[)%‘%0 e % of

polyne Prze oranronrc
thpahiprizally palynterisedbpsipmendiaft adetbdre o&ﬂm&i@dpl@li?g?ﬁhﬁﬂan@ I This

includes embodiments where about 5 to 50 mole % of the anionically polymerized

polymers have undergone chain coupling reactions and further includes embodiments
where about 20 to 50 mole % of the anionically polymerized polymers have

undergone chain coupling reactions.
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coupling agent other than an oligoner may be produced

in situ using stepw se reactions in a single reaction
waams/012498 er nat i vel y, the partial term nation/ parmiSai04/024350

coupl i ng/ end- cappi ng and ol i gonmer-nodi fication

reactions can be carried out on separate portions of

the Living anionically polynerized polymers in

separBfang E@@P@@“f?nﬁscﬁ%he mathodhprovised hetefry the lbdug esionmylly

-toget. rati o_of
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cou ,,.and therefore, the properties of the final
H&mPg

| j .
apo &1.1{’] fepolyinersfre deqe fo limgit seactianyleajveensthese

. e . ot by . ol
ek s S R e S
camied oubby aidmpé peyiel domt itoths redotien id partisliyateindihate the anionic
lication.is. as a c atibilizer in asphalt. This .
pRfyerizai ot anheatng Bedemperapisdherely eagtivateribe hving
poBRlers AuiRBR t8@shhME HRhQWhat AhyBESXRY &S a/eabnﬁvaiéf ﬁ# livin,
approach may be carried out according to the fo Iovm%wg
pgg'mféwm’élde,mt &ei i lignifsd Ite; ratqohp kst Watar, impededqrhenslic
[ . oduce "|iving" . pol ymer .chai ns havi ng
SABEEARIhoP SHAME ol SRS
oeta@stianél, bty iblibx P ¥ene (BHITE, ahil WiiRGrQhatBs 1HR3joRSor SF the
then deactivated in a partial termnation reaction to
agjenicelly;pelymerzedprlymersibes heve widstgone dgadtivaden may be mixed
1.Q0.C . ' [pr bn a partial ..
O e Ik AR i Bl s el B e Grocisied
tecropidie agohgeantbléml witlodésiied pespestiespol ymers. A portion
(e.g,, 0.5 to 709 of the polyner chains still livin
i s t FbtPmoeRPocEcs of ﬂ%fﬁﬂ%iﬁ?@d}*@wd%h%wbe bpj@tg;amon_lca%y
. _ ;
PSR S bl B PR BB SeSh) fo
being sxpoBhdit, ortrhacingrvaitteths ofipymére prsddbdthergin.oBugial eoupling

| bl .end i [ th i -nodj f|ed
oo RSP E ST T 3 8655 105 fhr GG g o pelypreyized
pROMEFRIHIZRE &%Nﬂ?ﬁrﬁ/&%ﬁ%ﬁpﬁﬁ% RlaBfods k@éo@ﬁgﬁ QP -

For either chain coupling or chain end-capp
cappE 4gents, dherthanlthewligosersgrevidet heetiy. dhe obulmgegsnts
oligoner additio es.and.stoichionetrjes, the
S R hrIB B R 2R R R g Pl hifpasatthongh
coupligg ag@ntofipable &B@uﬂiﬂigl%teﬂmﬂﬁ et 8flcHRMARLF Ak Yo
pol yneri zed pol yners. one of skill in the art would
erplgzeds t SHtable qoablegegenisior wsegs the naridal vaypling se include, but
oA O esi: f..reactivi based on
o oP L, e RS R%L B R SR CloNe kg TR o
canagegindgsuich s aibanist SilickBTettazhlbpido Or fiRYetRChOHBEE @k ecific
I\/brpggg%pi cally, p:l,errper atures bhetween 25C and 1200C may
e suitaple EQUNIRgG @E%IHH &Vithesjliqem tetsgchiqgigle bgingaarticularly
W BRI PH RS agSHC RS The portion of the anionically polymerized polymers

that have been so coupled or end capped may be mixed with a portion of anionically

polymerized polymers that have been oligomer-modified and, optionally, a portion of
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400C and 1200C. Under these conditions the reaction

occurs very rapidly upon m xing the oligonmer stream
wanawstonzs9Bi vi ng ani oni cal ly pol yneri zed pol ynmePCT/TiS2004/024350

reacti on may continue for several hours. Mre

commonly, a residence tinme in the reaction zone of

| ess than 30 minutes, and desirably I ess than 10
the drgetbentedsanimieallyi rodymerseditobynhars, to previds apolpeemelend with

Iggp&_r and the living anionically polynerized
dkﬂﬁa r-at the prescribed conditions. Ih sone

in st dnpelymer blead dengiaing amixtite b 6lif A& hdifié® BioRicallyp
re than about .3 mnutes is sufficient. As one of

pelypierized pely@er mith sty ated caipmioally pehenesigsd polyar and/or

d
ARGty bl Bloriz O p AP BN BO OURId1 St RGN Blop Bkt
cogningagent dtherahanemodligomes ma1y|bag>r@dmpd irssinsiig heprwise
SRiPt i SHER AN o AL REhyEt bp AR BLtRR AR e
cédlﬁiﬁg}’eﬁﬁ%‘é?ﬁﬁg 58 8h 0 orh@- rﬁ&ﬁﬁbatfo%e&%ﬁﬁ%z% %%géad&{%
| one

i'me "and stoi chionetry conditions. APP
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SRR e Sling BBl BRTRhvthyen R RS e "Fhgrato of
oBEdrBETT8 livimpCink drechl1§HoB & Hed YoRH oY HEL t8 @thiB %é/@i%ﬁ& wall Gffect

provi ded bel ow, along with a déscription of some
ﬂ?d?‘t’eéﬁf eoypligpeand; there ,tthfepr@p¢rgemftbe Giselblpml. eBtestefore, by

T, at | o r.e provi.ded
SR AL i TRERSS BPOU e A5 BN Pyl gnd pai
ccbuymg rédeeoss dpeblafdstong bermﬂmed @csr usb ih adet] of iR atiddye
solubility paranmeters for the oligonmers and the

C it
Oge F@@FF@FYWIPNW 1A% &APRBALINYliZes Iy rphali-e Bhip epylinatien is

det
O P SRR T RGBT ol D1 e et cr o
- A Wsexsmblingdizook,apfiiokth Hande BarreRCuPisalin2Rd0he fdm)wmg

%ég 1\&3' chis |ncor porat edherein by reference. .
pIgF ABIOPICHRPIYBRHEHAR fragdon ifgprredroug Fﬂepr@ﬂilv@o rké’#@

pADEHePEN RS I?avﬁig]Vaeé%r@Jnhcgpﬂ%he BRebf da%ﬂ cfi‘zﬂhoﬁ 11)131 (5.8, about 0

pol yneri zed mer were nmeasured accord
tostbanti2 %) @‘S@: lremgq»dmshmnbsdhmde@mmmmn asmuzﬂttynﬁmmon

stin er, aI s (AST dard procedures ASTM
re e%? %ga‘ﬁg?{%% Cfﬁl}ﬂﬂggwfﬁaﬂm&ﬁ i polymerged
p((lgl‘ﬂ):r ainsitih Q@ﬂhia‘l Mo@hg@%hﬂn &f cdup® Ak LI g‘%ﬁaﬂ’@ kFa co hng

ined by a sinple mass bal ance conput a romt

agenblarpreyidg éﬂﬁf}éﬂfl pebmpsi Aiportiansegg & f’n@ W)e(dllh@polymeg bhialns
o e RO N
teMhin@tioiMasasitdrei8 earrief out to deactivate any remaining living polymer chain
ends. Thus, this process may be used to produce a polymer blend including the
oligomer-modified anionically polymerized polymers, linear anionically polymerized
polymers and/or coupled radial polymers.

For either chain coupling or chain end-capping reactions carried out using a

variety of oligomers, oligomer addition modes and stoichiometries, the temperature of
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189-194, which is incorporated herein by reference.

The surface energies of the oligoners and
woblkigorz9s nodi fi ed anionically polynmerized pol POBUS2004/024350

were determ ned using a classical contact angle

approach. A Fi brobDat 1100 instrunent was enpl oyed and

contact. angl es were neasured using 5 m_ water droplets

these TR ORI TRRAY ¥arY Sver & Videdargeda wbtame thewdigagemmorlifiedi ng
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asphalts are known in ein ry as
arthomda hyspdlymbtiteduhyrhéresd tied aligoarasmsodifi¢doamiAaeABl flymerized

i.mprovenent in sone of .asphalt's properties, when the
PYIHIER 2P EL R Ea5116n SEiHPE BOmPFsing PAY drhsichad poat-eontinuous

or'H SoninESRNRRb S dpBla®dlaMRniiiRs, sa\g% ﬁigﬁ El?dwéf{gﬁﬁl flow

phase, conprising nostly a ‘polyner
ratps neeeshary dorpraoin the desmitei mesidenne timphiall stoichiséthecwmidivims.
is conposed nostly of asphaltenes that are inm scible

with the el astoner. ThjSy, t least in part, to
t he poor conpatibili tm&mm%mrs of the prior
art and asphalt, due to.the cqonplexity of asphalt. The
et SpESRRIL G B iRl eEn R i cmidnal pespeBfos of e
12RhereIi1] depENaTntth® ' iGer §d icati
olip@ i @%@é& ot DerRE@YpEIRAHAET Glvar gxgﬁggg@ea&l?gcatmns for

|rrigroves the performance of the asphalt es or
the pligemernmedified seiogisplly polymarizad pdipmerswisprongledbelow, along

| | - be b I qul heqr, f th
W BRHBRob B R o eoBT 1 i Plomppan e | o

ap@l€atiodt These applications are provided for illustrative purposes only and are not

intended to limit the scope of the invention.

In what follows, the cited solubility parameters for the oligomers and the
oligomer-modified anionically polymerized polymers were measured according to the
method for determining solubility parameters in Hansen Solubility Parameters — A
Users Handbook, C. M. Hansen, CRC Press, 2000, pp. 1 — 13, which is incorporated
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| east in part, to the vinyl aromatic conponents of the
anionically polynerized polyners and the oligoners,

weims®12398y| aromati cs, such as pol ystyrene ar BCT/US2004/024350

vitreous and may contribute a high elasticity value -

a property related to the rigidity of a material -

when they have a high Tg (e.g., close to 1000C, as for
hgreim ey 1atergage. T&}esgéass 5@1;15%1 feamseaturen (T fortheoligomers and/or of

R R IR0 bR aleABELAR % denmsd o,

am‘ordhfhg torthe standarteldmh inoghodk destibed glf Afrtgﬁeanhfﬂbcfléty for Testing

i fi t. Thi i t ow

e Mstorain PESED) iplodt Rttt ST M S omamMe P34,
NainfHRt (10208 Wil R4ta Fg YFw #gﬁn&%ﬂaﬁﬂ%er cfizil t&? ltﬁe oligomer were

nodi frers |acking a nononer” ‘can not
oblgned byfasimpleysesd balaneseimaiutaiontfeam wid knope cﬂxgomect ed

cofigo Yor R ROb EF i riebf PR iohonsriei by o rsphhag t

tidesaidbbeid o PR iR Tfebtﬁug T@RnSISgAPNBHioh, eW'i'IE?JIﬁt%fs&ence PP
because they contain bal ance of |inear structures

18%-184, Whl%l%@%p@r@@dé@r%bbmf@ramey sl syrfaed enseigies of the

which f
oY E 5 Rt e BB TP PRSP e
u$ing dslatsﬁcatl&bﬁﬁcﬁ dnglesaphtoh. ng HibioMat 20D indtrataeitSREmipIyed
phase segregation. i countries, such as the United

arg% eanéact angles Wersaneaspied usiag Arid vearerl dieplets and Sierdiopigt profile
{ andards of t.he OCI f State
vy S8 18503 ShaiflE 1 SRHE B TR0 A& > onich

A$ﬁﬁ£ﬁR@ﬁﬁﬁ@&ﬁ@ﬁaccordlng to perfornance grade (PG .

The standards of the Anerican Society for Testing and
Vat efsphadt padifiggtionesenisamigie ¢hallanges fon she followingaeasons.

Iy [ al t
AR PORRIL A LS A 0 s
whRBSR) dlviﬂedSnmmuheedmﬁmnuﬁds |afommragam@esvunﬁlpoﬁ$TM D
36, .whic ndicates the tenperature at which asphal t

afgml%énéﬁh agpbalivass, Wshimehide dhe J@gh%sﬁaloé%}aé@telg t
un@8tdsBRible 1H%01§791f1t§ S éﬂ% éﬁ?én%e%ﬁ' n: b ?fs?g reﬁanﬂé%ﬁ, seg

“Taken using the Ring an appar at u
AMBuC&QXIhlé&nmm HitOpHWoh#128¢ 4, Sﬁérfa?@eEﬁergy& Bu¢lngoam mhelo,

otk o 2800 ot PR kot 06 12 oD o i

ty}ﬁ@'aﬂi}‘ bBEiRa TS 1R rek MR BF 4 l:ruﬁé Bl Vh&ﬁuﬁ’h ERBUARBNBEr, and
urlng]aa set period of tinme. 3) Brookfield Viscosity

ganeradly @p@ptlwgrr@urﬁpf ngle@sd; 350f& aftatibbsphstiapiesniae.y f | ow

g]; c gfcp a lllaIt g\rﬁ 30%)26%%) ﬁl)g'ﬁ?_%gg p%yeéﬁ@g,e ? énogﬁ{j possess a
sepie® pﬁpnmdahaiarmuémlatt digwel1asd fifeiandl pfpet Berfasnia. tFor

this reason asphalt is commonly modified with styrene-butadiene elastomers to

improve its properties. These elastomer-modified asphalts are known in the industry
as “asphalt binders.”
Although these elastomers allow notable improvement in some of asphalt’s

properties, when the modified asphalt is stored, the elastomer-asphalt mixture
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material. Resilience may be neasured in accordance

wth ASTM D 113. 5) Ruting factor: G /sind at various
woenp@mzsres i s useful for determ ning the perPComsEwg©24350

of nodified asphalt at high tenperatures. This factor

i ndi cates how resistant a pavenent is to the permanent

deformation that can occur over tine with repeated

SPRAEISS 130 Wioghasesyfareis @ipelynesr phvsncarhirispag estiy a pelymer
SRR e LR S LRl A0 b B R Brposea

nfstly ofjadphalteanes Vet aesinibisdiblgRvitheiip elasfotie€ SThiddé &@, 8t least in
that the asphalt ﬁan wi t hstand greater deformation

PEteiA theaRQaricanpatibikity behvyeen RakanerRet thegriosertgnd agphalthdue to

RS ml Jregpesat ure. The Ruting factor may be
measd%%g{yi n accordance W th AASHTO TP5. 6) Upper

t enpdhatnmestors hive.dilpveted draniheiadditiovhef Bt podgméraoh@ositions

it ossi bl e, to .determ_ne the er. tenperature
PYQuieel HRFPIR i esPhalh dBIDRER IR ASHPTYicR 06 Sicchsphathnd fedeses or

cliRIREs FhécSsebhitibn. I WitbSwisRink e ngggi&gglm ﬁe.e%q&ga% WP

at which the asphalt may retain a e ri Ity to
pagisilat theomytdfrihe myentianéhe ineanpas heliave this mprovByent is due, at
det.ernmi.ni the, Ruti factor, it. is.possjble to.
S 8 R e e P s p i T Ay Rebaied
pYlytiers MR O BEANER sikfoe VIR atodWWRics,IsRBIPES Y1t Ereht Welvitreous
relates to the mninumtenperature at ich the
ands Ry contryteradiigh plagiirilyvalue fa mrbeity felaged to thesigility of a

j R e seqr ' is acritical
w02 2R 085 TP SOREIAANNA By bl e,
atslbyrtemperatiirest iiRnenigatt divge Somgbigent 6f thB@nionically polymerized

af orementi oned problens. |t has been discovered Fhat
PlprESTSABBProyide adgqupte dasipationyp! Harghak or merhanisal fraghirg forces

. : ' fi Ol .

e T RS B O R L RIRGR s e

diene démpaient (te., sfgnéfantty beloacly). Tncwitiastadphak dstefervidcking
b%J ance of nonomers and. gl i goner | ecul ar_ wei ghts

a ol g RenOPTFT 5RO UP e ocest bl pstdyn asphake fish wall Da Beiectadsio

lovPtefmper i r t Qi i bli . fonic

AR e s i olic DR GRS bl ot hAafiRd Efonitly
poly@edzedmwlyheraldosaribed here) fudetiinr aalakphadiveinforters be@usatidy

Bt A e S

d fuid Padiall Biguctifes hichTerh pRELQ0 And/8r Hithi fteks i
pdgl?ﬁggbl y about 50, %Oolto 208,%(1)0, by end-ég‘ggiroﬁglmsmthe

asphalt mais Huelteads toaise ithapofieniog ipoms and teedacemed the phase
' r-nmodi fied anionically polynerized polyners
Se%é\ggggghanced performance as asphalt reinforcing
agenlnscoantties, R bs thelUdRd States, modified asphalts are evaluated

according to the standards of the American Association of State Highway and
Transportation Officials (AASHTO), which rates asphalts according to performance
grade (PG). The standards of the American Society for Testing and Materials
(ASTM) are also used for asphalt evaluation. Among the properties evaluated in

modified asphalts are the following:
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The pol yner conpositions used for asphalt nodification
may i nclude at | east one of: 1) linear

woblkigorz9s nodi fi ed anionically polynmerized pol POBUS2004/024350
made by endcappi ng reactions between the anionically
pol ynmeri zed pol yners and oligoners, and 2) radia

made Wy ootiRE s CaRen B oIt (RBSH)  Heis vy Deibawpd in
B ARE WA BOA FOLVIBESwafR ; ibeﬁﬁggﬁ% gpénq‘é?&m%% WiRdh asphalt

conposi tions may optionally I near anionically
spéngrand ibzerngsaingwitabie forde supjecheppiieatiion aflieaofteding peint or

bR RUNTLLE R Bl S AR T
the pyrpopesetitiohlt 35U £ piasblerelatl iy 18 M 48y bPfe modified

polﬁner conmposi ti ons may al so include |inear
agihialin Pengtrajiop s1ayrhsrmeasured o gepordanchraith ey BVIANY as dppdistance

. ) i . h he ol .
SRR RO RSN e abPANAS, & hOSPL e,
ani 08) cal Brogidle}dmeiscase) ipelpYdpRtS rélefiky BanthbleGRMBhAYow

ggents ot her than the oligoner coupling agents
ofespaplt-Jargokiigld Viscosikiemay b srrasuredin dccerdange with ASITI D4404.

pol ygeri zed.. el. nf orcemen

ore Qb ¢ aprpeIes BrofRRy R bncBARE ol S OAET Fopbat
njatdriatreR esilpaicy reayibeenedbuehinbcdorRate witk ASTMID arnnatic
nononer and .at | east ,one conjugated di ene nononer, and

at | ehst BWEng fastor; Ghamogt vgdens temperatunesds asefdlbfoer i bed

' hi y L. on. hi..spne enmhodi ts
OB ORI BRI T
indédaesdioivzesistand paementcie ththefpermaeatidefEmiAiod Ihatehe o8ur
andde3|r€bly ag ut, 2 to 50 % of the total polyner
OV RV Epepted boads phigh fepmnasatiase Pt When the PyvRsRcHS i sibjected

to?bad %cﬁ%?éafér?ﬁjanacﬂé Hﬁgfi‘@.}ﬂé éll?\?!ﬁ‘(}/ BhL 38 nQp&ﬁ\é@r ’Thaelpe(}ore,

the fraction of non-no near anionica
higbénRmimigzedopedlyeset highdémperatunesdndiohte gesveie- asphilf éad

ionjcal I rized pol.ymer desirably accounts for
withistid Sgetetddaminiion BaLmaet iﬂ}aégﬁ‘_fﬁ lapstRutseg fagtoggat the
s @st¥eberbinge. t PhARutRRY MOBF ma) WP AfdakilrOdin Ac@oﬁ%ﬁéeaxkfﬁ y

enbodi nents, the radial oligonher-nodified anionica

AASHARIPSed pol ynmers have about 2 to 25 anionically
abaqut

| i | i desi r abl 2.1,
T i T Nk e e N o B
padbibioRIcterRiheaAN S AFHBE tenfy¥PatiRAR i aRBRIzh&AY iR %%Agfgfo

which the reinforced asphalts may be used are roa
stindardsg Ths ppperdempergtusmimitgokion dg thetreaimowf tempeatatune at which

| | - - st th I nf d
e R R T R

7) Lower temperature limit. By determining the Ruting factor, it is

possible to determine the lower temperature limit in accordance with AASHTO
standards. The lower temperature limit relates to the minimum temperature at which
the asphalt may retain adequate flexibility to resist thermal cracking.

8) Phase segregation is a critical factor in the modification of asphalt with

styrene-butadiene elastomers, due to the aforementioned problems.
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parts of the oligoner-nodified anionically polynerized
pol yner, and desirably 2 to 5 parts, may be mxed with

woswi13parts, and desirably 98 to 95 parts, POT/USZ004/024350

asphalt to inprove the performance characteristics
thereof. In sonme instances when the reinforced asphalt

is used in a roofing or waterproof coating
appl ichasibsen discqsrepthpiavhen abput hé tol ) gaiahy weight, redidesirably

L ' - .an I.ab Lo 1
B 73 b WETERY RO R B R PER L RO B R
dedrably @bupard $0 mole Hnobgiolglot atia fiigpioaMEndddener with a balance
0gerf or manc haracteristics. thereof. In certain

moBeREsAnS olispmempiseiiar WeigHisrdesignedhiogrpyige pyolubility

[ I r . i+ Hon
PRSI O 8191 05l S90S o1 500 PIPEH 120F o
60X tomB0P @ pdeisiratdyy about t-20P00a7 A Fafofabewttl t5@&‘e§i1@b@z%@ut 1

asyred as the tenperature at which the Ruttin
t‘ggcﬂtngﬁw? ﬁ?ﬁéﬁ%%lgpﬁéﬁfabéf ahouh & & 8(aze peadie )qui&yganémi:cally

- . H h
Pyl S SR matiag il s i 5 A0TED 408 ug, 00,
al) Od%Bﬁly(abewhéﬂlr,mﬂ) taSZOﬂ,@OOASTde%gpigglzrea&ﬁonﬁ alﬁ(lsbrto@upling
7 : asphal t. penetration at .25 as per ASTM D5
fe&?“%{%&‘)ﬁ r %ﬂl}ﬁ Oﬂ?é%m?ﬁﬁ@ﬂﬁﬁdg%%%ﬂyrp@l%%meémyaﬁs ve
f i . o @ i
B L

sepaf ¢ pokymien dempesfitions used for eépalt aimtificafivn any include at least
about 2% for r. avi n

' |
ol 1 Elibohs ARG b8 BT BHisatuhoiSineh S ndlimerd dvadaipmyend-
caApPirFoiegetiond BetkRen theldd¥oni i1k PR iynai-38 o Mees! aﬁfdgﬁf gomers, and

coating applications. The phase separation I ndex I
2)yradial, ﬁlg@ra@-m%ﬁs@ pdepically palpmenicas nodymaere madh by RBSHing
f - 1 surfaces. of a
rel R LB ah A bACH RO AT DS e Bechhers Figpolymer
cdmyireittoms tnadyruplignalheintiaderlihedr @ﬂioﬁﬁ:@ﬂﬁ\bblyﬁﬁﬁz@fgﬂgﬁhs made

163C faor 48 hours in a vertical position wthou
byedemiBaiongidhg sromp palymstaetionryith p ésradnatiog@gent (known as
«. i f : d.n: i e . .
A SRR AnibioBE: polBRBH AT AP 5L el bt iy dsglosure).
Inppaldytiverthe pelymehesrepasiticas neyHisl inélndd Yinest abiogitdily polymerized
ngarﬁag to tBﬁE-]ff sa a%gg%]et conposi tions made w.t
PYWLCS DA aRe B capPed us sPAPPEYE 355Nt wder thanithe elisame end-
ca@bingQEBht d¥BEH ] i i h es
A R R R G S e S R
cogpledniith edvpding npeatmetherthat ihefoligemer ampling agasedastribed
habout 20C to 50C in RBSP; an inprovenent of about 5 to
Q0% in asphalt penetration; and an inprovenent of

abouthéélidotnekQdifish ARGHEISARAALHARE poSii e%@éeﬁ for asphalt

asphalts tfor use with the ol'i goner-nodi'fi el
reders e ent] gry desarieblyesompesed of an anionically polymerized polymer,

polymerized from at least one vinyl aromatic monomer and at least one conjugated
diene monomer, and at least one functional oligomer obtained as described in this
same patent application. In some embodiments, the fraction of radial oligomer-

modified anionically polymerized polymer account for about 2 to 90 mole %, and
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pol ymers include, but are not limted to, AC 20

asphalts or other asphalt wi dely used in road paving
weuaels/axmat i ve rock asphalts, |ake asphalts, perfsk@uwor43so

asphalts, airblown asphalts, cracked asphalts, and

resi dual asphalts. Inpact Modification of Plastics and

Engi neer i ngBTher nopl astics: It has been di scovered

desEablpRavt 4650 8P %0 .of thegotbpelames comppasitiaph(.c. thagligomer-

i fs. i ght. [
SR BN o Do YA OV R
fraotiybof @udi-modified Ginyarsmuntoally pSBmeblzed pBSmet SR/ 58iar
gl S or (gjf)wgﬁ polynmers_ havi ng avh of about 20,000 to
osgempoRogrizeanionally eelvimesizsd aelsmer desirgbly acepuntofopeiout 10

t&O8Rlole DYarfd cfégﬂﬁh% P%urt g@‘ﬁ% b oY cﬁglﬁ?{%éag thllﬁgeg ie.élglgps;tion.

reaction, the res ng ol 1 goner - no

Ip odryeine einbedineatsy the rsdi llaolgomeharndéfibdui Sricaligpotynadized

i opact, nodifiers for .polar plastics bl ends, alloys and
ppl R R EbBR T L anifticalt Blsinertiioo ek chains, and dosrably
aBAR I 16 ARIaBbhicall \ SRR pSlyRRP LR Gupl i y
desirably 1 to ??oﬁjg?e %f)o%/ﬁlgpoxyl/, ar11l fg?)iegg{légg]lrl&h%{?d
ayerags- i onal nononer. In other such applications, the

et RTo Y aBiBREs B VB FOTRERT Aol i be dsed are
roudipaRing appBEcARak Elﬁb}obﬁﬂg/fdg%??ﬁof @oa@ih%}é%;ﬂl?caﬁoﬁs@' MRbkt Y

.paraneter that differs Tr e solubility paramneter
ingtangepew e reinfoscad asphadfi is tead iy ragsbpavige applieatiow, { 49 10

' 0. 2:BnNkts f _abo 200C to.-700C,
pAER0T AP Pladhuln e gn el nl B i gt 2 o
pates infagibleymiabd wiith 10920190 parts,and dEuitably SRS pars, $untphalt to
.desirably about 2 to 10. In some _such applications,
1apfeYe %f, Hebt%!lfsar&grcbéraﬁfyﬂws dharedt Ip peme sippnes W the ed

i oni - i I ' : t
RS PO SO0 Bt SSLLNARRN! 5 e
ofthe thighmemmiodifted ahioaiqatly aolyplesized polymer] adé dedimblys ®816

90 s _by . wei gh f i
PB O PEPBRES Wi L S0 PET. Sl AP 1 Uebeeorfanephat o

i }%}'@5@t}@%ﬁbﬁﬁ&c‘é‘ch£}a&€ﬁst§§%r€dﬂmOSi tion, enploying
the sane anionically polynerized pol yner, w thout the

ol i gbneartampeinbodsmentssthe pligamdérapedified esibsicalhcpol ymsriper
STM D256) inproved by 5% to 150% Suitab ar,
PV RETEL P B SRR BAB ORGP te Rl ties
plkég&rti%&ea)r}ﬁﬁxihiu% igiflichifon t@mBQﬂaMﬁ@bﬁ@ooﬁlf A9aC B RPLYFishdled as
(PE), a ‘polycarbonate (PC), a polysultfone, a
the déypdritere atawvhich the Rattthageacfd?dy DyaashicoSiear Spfthés (G*/sind)
pl asti CS. and bl ends and al | gys thereof. Specific
(heagin (F'sis thpgonpriox medwisepd @i thephasg anglsmreagired apper

ARSIk G, QuResB i Rl P Sl o

about 40 to 70°C; c) asphalt penetration at 25°C (as per ASTM D5) of about 30 to 75

dmm for road paving applications or about 65 to 100 for roofing and waterproof
coating applications; and d) morphology stability or phase separation index of no
more than about 5% and desirably no more than about 2% for road paving

applications and no more than about 25% and desirably no more than about 10% for
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PPE/ PS, PPE/ PA, PA/ ABS, PC/ ABS, PEl, PEK, PEEK, PSu,

POM and TPU. | nproved Adhesi on of Pressure Sensitive
wadhsainms (PSA) and Hot Melt Adhesives (HMA): PCT/US284/024350

been di scovered that when about 0.1 to 20 parts by

wei ght, and desirably about 0.1 to 10 parts by weight,

of _.oligoners containing 0.5 to 10 nole % of epoxy,

roiing, ang waleipEgof confng apnlirativnnolks phese Beparasiondndsy ismeasured

VR L BN RIS LA, 53 by

of e lcylmdrichlprobe,an®iedn tiof intchier sfdbsdaledltebd eontdihial thd¥®rmulated

%é(fswe is to be awlled by about 0 to 4 units,
asphaltand gesd @ 163°0 fo, 8tlsour%m?gvemcabb@monzm@ut@guamnd

o -1 800 b 0. 25 5,
RE8 BERHY. AR st el g Bren i RAS B R Tessufeptife
cﬂﬁphﬁlﬂﬁiy}be&bé&ﬂtthé adpPaftBich @h@se%ﬁ hd So1yme- ﬁ&’h phase in an

ani oni cal ly pol ynerized pol ybut adi ene; pol yi soprene,
agpaltgolynsg lenclsﬂqmargi tg the S48 JspRlpeinyprsitons avddagvith the

98 8P ng Bt e Ve st iam ERta i goove

refer@ntddpropertiyd mbylreprdsemenrimpedveiRht 6 MabduPZeRBIL, AdRamic
abo 40 to EO nol e, % preferablédabout 45 to 60 nol e

s]%ar 3 Qn}egg gt fpw@ a m@@ﬁ@rdﬁbg@t@ 0 2Rt émRBAPE gn improvement
oBBIATSE 2o SN B RIARFSS, L LLTRDGE v

pRadisepargminyner s nmay al so be present due to coupling
react, W t | ] The radi al po ymers typically
hav egﬂlﬁﬁqﬂ%?sl)gﬂ]g%}fog 8t Yﬂ% theligopisty? rRS’tlBﬁn%ﬁZCd

pJ)l?ﬁr%Irs iAcluBé Q)u%t@fn& DRk kg ATE®DO afté glg tﬁ%’oagﬂhﬁ% dély used

pol ynerlzed pol ymer has aNh of a
1r11r06@ pa009 SIg‘/hms Inatwenrcsb naﬂ@us Halamsphad’at pasrdeuna bephhltd O
esirably 18 to

ot B asilih) Fcka aeotsfs A rSifaTRpRaliog 1 o

Irﬂtﬁuc@Mdelaﬂidaﬁoﬂ of prefidszed Hpeintbiie TherfopRdidd t h ot her
conventi onal adhesive fornulation conponents, such as

t ackltfiagpeen @@C@Upﬂefl gt svhep plaent i0¢li toOpasts byammamﬂatmauy

al;o%t 6%‘1{) 80 pa Hg B @ft Pf ol%g ss ﬁrtgglg?étgén%? f}haq:{} h OV§E},WE

pdlpmaﬁsddtpcﬂ)ybutﬁmie@t!d)l@ﬁopﬂ&ﬁe m1 asBSJ MSBRII o SIS or (SDmS
pol yneri zed

PWFW@%&“@&M Ei\ié?ﬁblit 8@08@ tcs%ﬂos%)&l gérnpgend flpsdrablyf ab@uumooo
whi.ch
toglg)?%dg)t@ %EP m?@%%}lﬂﬂ%pﬂg%@iﬁé%ﬁh@ﬁ étg gncp gé(ﬂ%lgge eac':tf:on e resultlng

oligoticogeothfietaniesically palpaérized Poisers holeydndhRRdHefBfhife as
nd_i ndene- cunmar one resi ns.

.ter henolic resin
ingr g 11EPFIZY Plgios HADE. FURYSANC (EIRERER R pofar plastcs. Tn
soh@Cdtich g;shaaﬁ&gﬂ $hol algbﬂﬁrmb 511980 LAY dE§1€cﬁﬂcﬁ£ s

45 to 65 %y wei ght.” Plasticlzers, genera
mole %, of epoxy, anhydride, or acid functional monomer. In other such applications,

the oligomers may be polyacrylates composed entirely of (meth)acrylate monomers.
The oligomer molecular weights are desirably designed to provide a solubility
parameter that differs from the solubility parameter of the plastic to be modified by
about 0 to 6 units, desirably 0 to 2 units, a Ty of about 120°C to -70°C, desirably

-32-



10

15

20

25

30

as extending oils, include mneral oils, paraffmc

oils, and naphtenic oils, hi sone illustrative
wenhsdizmat s, the anount of plasticizer in thePCT/US2004/024350

conposition ranges fromabout 15 to 30 %y wei ght. The

anti oxi dants may be used to inhibit the thermal and W
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agemd0Ve te $iPpesin phabounl torbldesirably avotii 200 §5atdoF8 oPalout
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Cost GRS P A CLZE SptLen = PRI
SRS OB ETNIS10,, 1 L H R SRR .
ralypideRR@aligrethane (PU), and other polar plastics and blends and alloys thereof,
Specific plastics that may be modified include, but are not limited to, PA 6, PA 6,6,
PA 12, PBT, PET, PETG, PS, PS copolymers, SAN, ABS, PC/ABS, HIPS, PPE,
PPE/PS, PPE/PA, PA/ABS, PC/ABS, PEI, PEK, PEEK, PSu, POM, and TPU.
Improved Adhesion of Pressure Sensitive Adhesives (PSA) and Hot Melt Adhesives

(HMA):
It has been discovered that when about 0.1 to 20 parts by weight, and desirably

about 0.1 to 10 parts by weight, of oligomers containing 0.5 to 10 mole % of epoxy,
acid, or ester functional monomer with a balance of monomers and oligomer
molecular weights designed to provide a solubility parameter that differs from the
solubility parameter of the substrate to which the adhesive is to be applied by about 0
to 4 units, preferably 0 to 2 units, a T, of about 20°C to -80°C, desirably about -10°C
to -80°C, Fn of about 0.25 to 5, desirably about 0.5 to 2, and Fw of about 0.5 to 15,
desirably about 1 to 10, are used to modify anionically polymerized polybutadiene,
polyisoprene, SB, SI, SBS, (SB)xS, SIS or (S)mS polymers having a M, of about
20,000 to 300,000 g/mol, desirably about 40,000 to 200,000 g/mol by a preferential
end-capping reaction to yield a linear polymer in a proportion of about 40 to 60 mole
%, preferably about 45 to 60 mole %, the resulting oligomer-modified anionically

polymerized polymers provide enhanced performance as PSAs or HMAs, depending
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commercially available adhesive components are listed in Table A below.
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polymers may be improved by 1 to 3 units compared to their non-oligomer-modified

counterparts. This property may enhance performance in tire and other rubber
applications such as protective coatings and tie layers.

Suitable substrates for use with the oligomer-modified anionically
polymerized polymers include metal, plastic, wood and glass. Metal substrates are

particularly suited for use with the adhesives provided herein. Specific examples of
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desirably about 0.05 to 30 parts by weight, of oligomers are used to modify 99.95 to

60 parts by weight, and desirably 99 to 70 parts by weight, of an anionically
polymerized thermoplastic, such as polystyrene, having a M, of about 3,000 to 40,000
g/mol, desirably about 5,000 to 30,000 g/mol, by a chain coupling and/or end-capping

reaction, the resulting oligomer-modified anionically polymerized polymer has
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polymers may be used to decrease the melt flow index, while in other instances the
oligomer-modified anionically polymerized polymers may be used to increase the
melt flow index. In either case, in some embodiments of the blends, the melt flow
index is changed by at least about 5% due to the inclusion of the oligomer-modified
anionically polymerized polymers. This includes embodiments where the melt flow
index is changed by at least about 10%, at least about 30%, at least about 50% and

even at least about 100%.

Plastics with Improved Rheology:

It has been discovered that when about 0.1 to 40 parts by weight, and desirably
about 1 to 30 parts by weight, of oligomers are used to modify 99.9 to 60 parts by
weight, and desirably 99 to 70 parts by weight, of an anionically polymerized
thermoplastic, such as polystyrene, having a M,, of about 3,000 to 5 0,000 g/mol,
desirably about 5,000 to 28,000 g/mol, by a chain coupling and/or end-capping
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composed entirely of (meth)acrylate monomers. The oligomer molecular weights are
desirably designed to provide a T, of about -80°C to 80°C, desirably about -70°C to
70°C, Fn of about 1 to 10 and Fw of about 1 to 40, desirably abouit 2 to 25.

The resulting oligomer modified anionically polymerized polymers may
exhibit enhanced rheological properties, as characterized by parallel plate viscometry
compared to similar linear materials without oligomer modification. For example,
these oligomer modified anionically polymerized polymers may demonstrate
enhanced shear thinning compared to similar linear materials without oligomer
modification. This includes at least about a 50% increase in shear thinning, at least
about 100%, at least about 250%, and even at least about 500% incréase in shear
thinning.

The invention will be further described by reference to the following examples
which are presented for the purpose of illustration only and are not intended to limit

the scope of the invention.

EXAMPLES

Example 1 — Preparation of Oligomers, Anionically Polymerized Polymers and

Oligomer-Modified Anionically Polymerized Polymers

Preparation of Functional Oligomers I:
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Sol ubility Paramneter

17.22 19.25 17.63 17.24 17.59

19.26 17.22 Fn 8.59 8.86 1.64 1.84 1.44 7.60 24.73 Fw
wWa2033129311 5.52 8.17 5.21 22.69 367. 10 TE( m #p0iUsS2004/024350

0C)

-66.0 54 30.8 -57.8 97.1 50.4 -52 M (

g/mol) 1,100

2,500 2,300 3,440 9,980 2150 3,165 Mv (g/nol) 1,700
6,800 7,750 15, 250 35,910 6420 34,189 Functionality
Equi ¥aPEeen diffigrepgBmetionl mbmnes,:;@b@@taolmmog lto 014 below,
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SiTY\e sty e, Z—EHAE#Idethyiheml atiyldvs IMBIA €andtingl@ndtherylate, i-BMA
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a& 1ié hew MAH Brigl aﬁhﬁﬁ'fdeotm@ﬁ
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~ ety ba e

um na and nol ecul ar” si eves.
then | oaded into the reactor zone followed by the 1st
nmononer feed. This ﬂ“@hbtllaorFunctmmld)hmnhsat ed to the

were purified to
te, 5Y1A TalsifvimehagylaimAA =
ith
B PRvERaER oL s

Illllldl IBdblIUII
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al bbc

r’“' 1S 4: ;(Z)\%‘,; i fih 07
M= butgily gy i unTor 35Tt FHI830 UREE 1. 72 “10.35. | 63.56
neat MNIA [ & suit apl__e Sotvent Spht O1f 65 O [LT1E 3t acltgioor. 31.20
ZONEZ EHAG%AMOUNT [Of ¢j MITT @4 OT [ T 451 P 7,1[|1|3U| Bt ca o, -
cal cuv eg T 0 Tonm iLndi|vi gal | b orKs gRa7 91 2§ {718t 5 55 5.15
[T vi ngAgw)*oni cal [[y ol ynmerl Zzed polyners wjth_unber. -
aversupentanyl wel ght aqverjage.7nol eagl af v ONT galgout 0.8
Dt-@rtigefl pevaxidd énitiatoh e  pol yrer atl on_step was then artrowed
to pro@eéd in eit he(:rPi got her nal 83 qué’? - adi'dbatli 03 143
nBetetor Volunef(litd| _ emBer dt ur8e (ITf)8 and/ @00 f or @& 8 8
Eepeiion Fenpedtured¥7)dencl@6 t i|mel86 RTp) 202Duf i ngp t he 196 202 204
pBesidence Mimet(ingh sqeplsequed? ol daditi da(s) of2 12 12
dPYepmprdnnctionsitiner s Aridr o Bpory i led@paxyt | iBroy prEmrarmindxy | Epoxy
baiOklhlthParam@Wr bat ch’-Hode 14&hendira®y bnl7’bet hé§71a | 17.17 | 17.64
, ndorh3t ool hfer| h—’ﬂnr‘ ¢dhaol yidp qr 1.28 1.22
taper : lock CCpC.ilQ lLI‘:_\r ldsgf '1:312(36'1(1 B30 3.13
(@d@%su Livilne "“ni Q'r'ﬁ'4é7a| | \75%| Irf'é4"11'7 Yo S?rptl y neg-0 58
wer eMgEﬂ/Iaqlhed The Spdci|f BESSYINLRESi b 2BRdi tilZﬁOs anbo | 2,450
APP Mh@g/@at eri zali®p1Par arges gr 3,132 €| gi,zeen ;dohe a8 € 6300
© bbtrevtatirons—tsed-—betew-are He Fred—as———
F ol ‘j’ng“%yf;i‘fjgme 2,080 | 1,777 | 1916 | 2,017 | 440 | 1910 | 2,010
In table 1b, a = mole % of monomer mixture and b= weight % of total reaction mixture.
Table 1b. Functional Oligomers
08 09 010 011 012 013 | 014
STY (%)* - 56.15 | 3223 10.55 73.47 | 55.60 -
MMA (%) -- 1.24 16.76 1.80 25.45 1.33 -
2-EHA (%)* - - - 79.0 = -- -
BA (%)* 100 - - - - - 100
i-BMA (%)* - - 23.61 ) - - -
MA (%) -- - 19.50 - -- - -
GMA (%)* - 42.61 7.90 8.85 - 43.07 —
MAH (%)* - - - - 1.08
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STY = styrene, B = 1,3 butadi ene, n-BuLi = n-butyl
lithium CH = cycl ohexane, and

WONREDBALNIN, N N -t etranet hyl ethyl ene di am ne. PaT/Takioa/024350
2, "the first peak tenperature" refers to the o
tenperature recorded after the first nononer addition
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Tapered Tapered Tapered Tapered Di bl ock Di bl ock
Di bl ock Type of APP Bl ock Bl ock Bl ock Bl ock Bl ock SB
Propaggion of Living Anionically Polymerized Polymers I

Eight different living anionically polymerized polymers (APP) were designed
and prepared in 1 to 200 Liter reactor systems operated in batch, semi-continuous or
continuous mode according to the teachings of this invention. Briefly, prior to being
fed into the reactor, solvent and monomers were purified to decrease their moisture
content to a maximum of 8 ppm by flowing through a set of columns packed with
alumina and molecular sieves. Purified solvent was then loaded into the reactor zone
followed by the 1% monomer feed. This reaction mixture was heated to the initial
reaction temperature (Ti). As Ti was reached, n-butyl lithium or other suitable
initiator was added neat or in a suitable solvent solution to the reaction zone. The
amount of initiator is stoichiometrically calculated to form individual blocks and/or
final living anionically polymerized polymers with number average and weight
average molecular weight about a target value. The polymerization step was then
allowed to proceed in either isothermal or quasi-adiabatic mode to a final temperature
(T1f) and/or for a prescribed residence time (RTp). During the polymerization step
sequential addition(s) of different monomers were carried out in a programmed batch
or semi-batch mode depending on whether a homopolymer, random copolymer, block
copolymer or tapered block copolymer was desired. At the end of this process living

anionically polymerized polymer were obtained.
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SB SB SB SB SB 1,2 structures inB 10 10 10 10 50 49 30

10 block (%9 10 In Table 2, a = weight % of total
wonmsme?39si xt ure and b= wei ght % of total reacPCOMWS2004/024350

m xture. Preparation of Living AnionicallyPolynerized

Polymers I1: Ten different |iving APPs were designed
and prepared using a reactor system conprised of two
st r rlidg spPecalie smihasis conditiens Brhatastptization Retaafeters nje

' . 2. Th i st {
ePIBRE BRraLRe RABKHY 0 Phyions (0 belbl b REGA st Bilows.
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5 tRRbeYARr 2660 tﬁ@@ﬁ?ﬁ%ﬁl&% 8ec8 eQlafet %ﬁé G A7 Pmemﬁﬁi]igon and
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was then seal ed and bl anketed with nitrogen, and

heat ed t o TheleReddvingmnienisely PalymeritedtHolyaners
tenperature the purified nononer(s) was added and the

Living Afdnidalty’ Vegppt TOWSH o poteeted Of Rupr eS65Lbed
wg:ﬁ;,,g@rg (édr%e “RPFP; At}%?he éirfé) of Axfe re‘ggfi(nzﬁrsenpﬁé) 0 A};P
Péiigerk | Vi Ng APP was quenched with aj surtable

1 addificaiSTY WY 1 DIRsa@EeNt 259bA)| 090E ST alkh S 44l PI¥EHTA 300 | 2957

1" addiloaBagl’er | stiocs | pra.cr [t 049Ne mody T | Calooon Wt [tHe -

TMEDACKY onal oli goners. |The speci-fic| synthesipgo 0.19 O.ig

2" addiipn@ ®°ons and APP-char aet erli zat i opn par aevens [are.o 70.24

%N in tMes.1Tabl #1132 andh 3b sh.ed ow. 73 e | aksmoeVi 85 30mnS 85.06

Reactor Melngje (igeholy 300 deflPhed alg0f gl | Bifis, | STY =] stigo ene, 100 170

Initiad Reactil | = sgc- putdl I[itHl um ahd BZ 58 Benzene| Tabld 52
Tempagiure ()i ng Ani ahically Pol yrerized Polyners LiVing

Fighieghhi cal |y APP| APP APP APP |APP Pol ymeri keds7Pollynets |9 62
Tempergurg){°G2 113 STYl (%4 a 100 100_100 100 100| sec-BulLi_ 1. 54

Fhﬂ?&%b 1.081. 0B 1008[1.1843 1. 0H8BZ (Wb B9.%1 $9.162 | 115

Tempergfigh°Chg ls1~ 89 B1 Reagtor Valune (liter)!0 5 0/5 0.5
Targezs/. ‘;%Mé‘ Ini t- al | React i on™ - - 12,000 | 12,000 | 12,000
$/ind
Target APP M, 110.000 110,000 | 110,000 | 110,000 | 110,000 | 60,000 | 60,000 | 60,000
(g/mol) ’
Tapered | Tapered | Tapered | Tapered | Tapered | Diblock | Diblock | Diblock
Type of APP Block Block Block Block Block SB SB SB
SB SB SB SB SB
1,2 structores in B 10 10 10 10 10 50 49 30

block (%)
10 InTable 2, a = weight % of total monomer mixture and b= weight % of total reaction mixture.

Preparation of Living Anionically Polymerized Polymers II:

Ten different living APPs were designed and prepared using a reactor system
comprised of two stirred reactors in series separated with a Rotaflo® stopcock, as
shown in FIG. 2. The first reactor was fit with a side arm with an ampoule attached

15 for collection of samples. An initiator injection arm, and monomer and solvent feed
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25 25 25 25 25 Tenperature (0C) Final Reaction 25 25
25 25 25 Tenperature (0C) Residence Tine (hours) 17 17
W 205014383 Tar get Mh (g/ nol) 5,000 5,000 20, 000PROD/USRD4/024350
5,000 Actual living APP M 5,240 4,849 25,810 23, 750
5,380 (g/nol) Linear Linear Linear Linear Linear Type
of APP PS PS PS PS PS In Table 3a, a = nole percent of
ARpARRI e albqustiached Thisrepeiorwes aseddoicamy ot the eribnic

" / b L vi ani oni cal |
PRI TN R R IR spent
ugkdRo APHo R thendigoned niddi fjvatos whén &2d-d4pping W& Dhyhi( Widiator

100.100, 100_100. 100, sec-BuLi 1.54M% " 1.08 1.08 1.08
WS gucciehistq te ﬁQIYMﬁr@ﬁﬁl?}hﬁeﬁgﬁ%ﬁFﬂu@%hWC}&PP apppnd solvent was
| . / 7 0
+ oRgate e A R e,
bleniseted ith niiregent arsll heled ¢o therredFioR Serdper@nre2 At this temperature

o P AT ee) " REGIGRARL bR oRoTe alowsd praseedfony
préadriRl rédiddieé FRle) 2O AnORACEoLP D10 8PHR 100 APP was
quenched with a suitable termination agent (TA) to establish its physical
10 characteristics prior to the modification with the functional oligomers.
The specific synthesis conditions and APP characterization parameters are
given in the Tables 3a and 3b below. The abbreviations used below are defined as

follows, STY = styrene, sec-BuLi = sec-butyl lithium, and BZ = Benzene.

Table 3a. Living Anionically Polymerized Polymers

Living Anionically APP APP APP APP APP
Polymerized Polymers 9 10 11 12 13
STY (%)* 100 100 100 100 100
sec-BuLi 1.54 M (%)° 1.08 1.08 1.08 1.08 1.08
BZ (%) 89.61 89.61 89.61 89.61 89.61
Reactor Volume (liter) 0.5 0.5 0.5 0.5 0.5
Initial Reaction
Temperature (°C) 25 25 25 25 25
Final Reaction
Temperature (°C) 25 25 25 25 25
Residence Time (hours) 17 17 17 17 17
Target M, (g/mol) 5,000 5,000 20,000 20,000 5,000
Actualliving APPMy | 500 | 4g40 | 25810 | 23750 | 5,380
(g/mol)
Linear Linear Linear Linear Linear
Type of APP PS PS PS PS PS
15 In Table 3a, a =mole percent of monomer mixture and b = volume fraction of total reaction
mixture,

Table 3b. Living Anionically Polymerized Polymers

Living Anionically APP APP APP APP APP
Polymerized Polymers 14 15 16 17 18
STY (%) 100 100 100 100 100

sec-BuLi 1.54 M (%)° 1.08 1.08 1.08 1.08 1.08
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During the
addition(s) of

The pol ynerization step was then all owed
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in a programred

bl ock copol yner or

t apered bl ock copol yner was desired. At the end of
this process living anionically polynerized pol yner
wer e obtained. The specific synthesis conditions and
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4 bel ow. The abbreviations used bel ow are defined as
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lithium and CH = cycl ohexane. Table 4. Living
Ani oni cally Pol ymerized Pol yners Living Anionically

APP APP APP APP APP Pol yneri zed Pol yners 19 20 21 22
23 1st addition STY (%9 a 24 33 33 24 32
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TVEDA (%9 a 0.014 0.008 0.026 0.014 0.008 2na addition
B (% 76 67 67 76 68 CH (%9 " 87 87 87 87 88 Reactor
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12,000 18,000 9,000 12,000 Target APP Mh (g/nol) 90,000
64,0
5 OB 2000110, 108 3008 BpLAE BGF YA
regeion Bystdius opeatsd imieh), lsemt-sommudﬂs drizofinidds Moderacdating to
% of t nonone nd b= wei ght

5 ringE 2t W imibign. B, BHoPPGSIEIER bifo O reacior, olvent and
nidnbfiereyeryaiiRe £ b ARIAN Sl lni/mﬁﬁlleydéﬁfehtzﬁ)da fRok J}ﬂﬁﬁ §f & ppm

The living APPs described in Table wer e no
bmﬁpwmgqférqugh@t%w%qolmsgm¢mctw@ ahmllﬁa sndimskcibesievds.

PREL s S8 DB 5 A SRR B R D S e
fqea) mrrsac(tﬂﬂﬁﬁﬁaﬁe w hedidd/to thélin®tiA R H6:C Rlnlpkrature (Tl) As Ti
pol yneri zed ymer nodification step can be described

Wé% reegiqddinButy ]tlth%% oppifeiofuiteble ipgripnwies addadmeatsargp asuitable
t he ction

Il O SRS T e g

caeiilatad tnafolrm mdlkthmrblzeld qndloy fieal lﬂlﬁgarﬁﬁm&ﬂlﬁ Ptymerized

omer dded to t eaction zone neat or in
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n he no
(fllp)g%eﬁng?h potlymerlza%on s{l:p sequential addition(s) of different monomers

was carried out in a programmed batch or semi-batch mode depending on whether a
homopolymer, random copolymer, block copolymer or tapered block copolymer was
desired. At the end of this process living anionically polymerized polymer were
obtained.

The specific synthesis conditions and APP characterization parameters are
given in the Table 4 below. The abbreviations used below are defined as follows,

STY = styrene, B = 1,3 butadiene, n-BuLi = n-butyl lithium, and CH = cyclohexane.
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tenrasgr% iré) & ot i g’dd%ﬁ o] {hiebrga%tigﬁ %glileorlfllg}lf %é tailored to favor either
end-capping or chain coupling of the living anionically polymerized polymer onto the
functional oligomer. In some embodiments, a residence time less than 30 minues is
required to carry out the end-capping or chain coupling reaction between the living

anionically polymerized polymer and the functional oligomer.
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The specific synthesis conditions used and OVAPP

characterization paraneters are given in the Table 5
woebmwi23bhe abbrevi ati ons used bel ow are def i nedTA$2004/024350

follows, PTA = partial termnation agent, TA=

term nation agent, CH =cycl ohexane, OD = octadecanol,

BHT = butyl hydroxyl toluene, and UX = U tranox- 877A.
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siJof FoRpeRaiy 360 o9 Tions of s Hlepmile froyeietion oc - -
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96, 817 109, 122’114, 9
medJ,ﬁzetj)on of the remainder of living APP chains to occur subsequently. With or

without partial termination, once this modification step is completed, an additional
amount of a termination agent (TA) may be added to ensure that all living chains have
been deactivated, thus allowing for the subsequent separation of the lithium from the
oligomer-modified APP product. The TA can be the same as the PTA or different,
and can be also a chemical compound that acts as an antioxidant or thermal stabilizer
in the final OMAPP application. Optionally, other formulation compounds and
additives can be added at this point. The oligomer-modified anionically polymerized
polymer can be isolated from this reaction mixture by means of known separation and
drying stages downstream of the reaction zone, as described previously.

The specific synthesis conditions used and OMAPP characterization
parameters are given in the Table 5 below. The abbreviations used below are defined

as follows, PTA = partial termination agent, TA= termination agent, CH =
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t he sol vent.

°hol ymer was then isolated in the given
I eacloTabié 5 dadMiE e TaB1EY SHogitcda@EHN MY ARRS AolRlaP iveight of

the highest peak in a gel permeation chromatogram of the oligomer-modified

anionically polymerized polymer.

Preparation of Oligomer-Modified Anionically Polymerized Polymers II:

10

The livihg APPs described in Tables 3a and 3b were modified with the

'acnveiglﬂh"é of rgastipnipigredringishtep ofivelaion] cetiveiaht Brof praductand d =

functional oligomers 06 through 09 described in Table 1, according to the teachings

of this invention, using the two reactor apparatus shown in FIG. 2 as follows: during
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characterization paraneters are given in the Tabl es 6a

wanws@h2del ow. The abbrevi ati ons used bel ow ar ecdeiSeoed24350
as follows, TA = term nation agent, BZ = benzene, and

MeOH = net hanol . Tabl e 6a.
d j.goner - nodi fi edAni oni cally Pol ymerized Pol yners

theVippe pRmIsTIZAIPHalkinE PRcoibe fmst.rgam@n zpmsd R fsbkutionpptle

L P_APP Q, BBl 4o AR S, AREL3
bbb Aiaprhel ntd MGG ol QG Gy G Bttt g
rd\deﬁbh hiaEH "ﬂ‘bfe@:hﬂmn/g sufutARv4s%godled 2o 0°(? With tH9aid oF4-Rilling

6 Fu t|on I gomer a 27.6 28.7 9.1 5.2 5.4
mﬁ “tf%n %lﬂset%A wit nﬁm‘mp&ﬂw eidicapRing of e lymgamienically

BBy AP pAREw iR Bl PO er s sobeling BolledRop e
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ﬂﬂﬁrﬁ)ﬁ “%11 ‘@Em&%ﬁ% Z(‘)B?Sn‘B %05%?3’“9?59 lonsopighned 4n Hegecond
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wath, tBe Gmgliomd 0lig@ngovas spughy) the MngmemnihEId)n(ilMﬁ%)ecamd f2a€tion

2Ry § iR o i RBsths e o gl s i and
scdvad agetioFRIRE iMb (1Y fitst lelctionGo®- [ edthér Sasb tifmBdification

reaction was then allowed to proceed for the prescribed residence time at the selected

temperature. In these reactions no partial termination was employed and all reactions
were quenched with degassed methanol at the end of the modification reaction. The
resulting oligomer-modified anionically polymerized polymer was then isolated in the
given reactor or downstream through vacuum evaporation of the solvent.

The specific synthesis conditions used and OMAPP characterization
parameters are given in the Tables 6a and 6b below. The abbreviations used below
are defined as follows, TA = termination agent, BZ = benzene, and MeOH =

methanol.

Table 6a. Oligomer-modified Anionically Polymerized Polymers

OMAPP OMAPP OMAPP OMAPP OMAPP

Oligomer-Modified APP 9 10 1 12 13
Living APP APP9 | APPIO | APP11 | APP12 | APPI3
Functional Oligomer 06 07 o7 08 09
TA MeOH | MeOH | MeOH | MeOH | MeOH
Living APP (%)" 724 71.3 90.9 94.8 94.6
Functional Oligomer (%)* 27.6 28.7 9.1 5.2 5.4
TA (%)° 5 5 5 5 5

BZ in APP solution (%)" 89.61 89.61 89.61 89.61 89.61
BZ in Oligomer sol. (%)° 75.0 75.0 75.0 75.0 75.0
Mode of Modification coupling | coupling | coupling | capping | coupling

Modification Reaction
Temp (°C) 25 25 25 25 25
Residence Time (hours) 24 24 24 24 24

M, (linear APP) (g/mol) | 5,280 | 4,905 | 25,600 | 23,540 | 5,630
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coupled fraction In Table 6a, a = weight %of reaction
m xture, b= volune fraction of polynerization
weabostonzae3 ¢ - wei ght % of product and d = wei gar/US2004/024350
percent in oligoner solution. Table 6b.
A i goner-nodi fied Anionically Polynmerized Polyners
i gomer Modif.iedAPP QML AAPP_ QM ASPP_OMI AGPP MLA7PP

@RS Wodifiesi ARP | ﬁfy‘AﬂbF’lﬂM‘gfﬂPﬁN; P1LEVAPP1 PMePP 18

ed MAEP) gOMEr 0 670 9 TA MeOH{MeCH
%‘&“&Eﬁ% lvec%IHg:_ﬁ\?PH‘b Aﬁﬂgt)oaé%@. 1 884503 | 678:800 7. 0

ouplert OMATR 0 38,0 3300 33.3
E?E\y ((Z;/gggs 5 5B|5 g“é%? FA@QQ{%?@Q%@: ?%Z’%‘B) 81690 g49. 61

89 ¥PI(H9/M) 89, 61 3BF Hi 409 gon®T5 sbl 3.19 % " 486.Q 75.0

75 owplepzhains %) 0 end’8 end- 6&nd- §Bde| of73Modi ficcatli on

T s appi cappi n pi n
A‘*Eﬁt.? by e 100089 (5289, 10 SEPP "Bty

ofrgy xtigg b%olupe fzathaf nviz(wmﬁ@wsolm)c—
W'fl QE° 5”0 t%gg g’ﬁelfé’g"%“’(‘}@ SOBe8Ht%: 400 Mp (coupl ed
C]\/APP) 32,030 107,400 14, 350 34, 700 6, 490 (g/nmol) Mv
( coupT alle GhARMjg o ram0d B d 4G oricalP Dol thetRed Poly s
(g/mol) PDI_(Mw M) 3.00 8.35 3.08 3.13 3.95 Goupl ed

(94 50 79 65 66-51 Average nunber of arns hi
OLill il I-DM \L difled APP ONI‘APP" T OMAPP™| "OMAPP [ OMAPP | OMAPP
gomer-lodilie 15 16 17 18
Living APP APP14 APP15 | APP16 | APP17 | APPi18
Functional Oligomer 07 08 07 06 09
TA MeOH | MeOH | MeOH | MeOH | MeOH
Living APP (%) 89.1 94.8 67.0 67.0 66.7
Functional Oligomer (%)* 10.9 5.2 33.0 33.0 33.3
TA (%)° 5 5 5 5 5

BZ in APP solution (%)" 89.61 89.61 89.61 89.61 89.61

BZ in Oligomer sol. (%)" 75.0 75.0 75.0 75.0 75.0

. . end- . end- end- end-
Mode of Modification capping coupling capping | capping | capping
Modification Reaction
Temp (°C) 25 25 25 25 25
Residence Time (hours) 24 24 24 24 24
M, (linear APP) (g/mol) 21,400 | 13,150 5,053 6,160 5,400
M, (coupled OMAPP) 32,030 | 107,400 | 14,350 | 34,700 | 6,490
(g/mol)
My (coupled OMAPP) 1 ¢4 610 | 00460 | 27,200 | 30,100 | 24.100
(g/mol)
PDI (Mw/Mn) 3.00 8.35 3.09 3.13 3.95
Coupled chains (%) - 50 79 65 66 51

Average number of arms in

coupled fraction 1.5 8.2 2.8 5.6 1.2

In Table 6b, a = weight % of reaction mixture, b= volume fraction of polymerization solution, ¢ =
weight % of product and d = weight percent in oligomer solution.

Preparation of Oligomer-Modified Anionically Polymerized Polymers III:

The living APPs described in Table 4 were modified with the functional
oligomers O11, 012, and O14 described in Table 1, according to the teachings of this
invention, to form OMAPP. The process employed in these experiments was the

same as that used to produce the OMAPPs reported in Table 5.

-50-



10
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t Ps re ted in Table 5. The specific synthesis
a%%ﬁﬁ@i‘ﬁ@%@%kand OVAPP char acteri zati on paraneters
are given in the Table 7 bel ow. The abbreviations used

bel ow Eable ¢eligamerangdified haionieally RalpmeriesdRelymens =
oct adecanol, BHT = butyl hydroxyl toluene, and UX =

Ut ranox: 87 7A. Tall e 7T oMabHOTeNiArH OUbAA O AR T oty
Pol y  Pisgmeinpdificd AP o Ol e | gener ! nodi f ed APP
19 20LovpAlbineABA2PP (OMPRYD ARRZ) gARPP APPRIY ARPPE3
APP21|-APP22 ABB23 pTA L .=~ .| ~-Fydctional Gigpner
010 O Bipstiosal Oligemer Al oOF0 it QAT | B HI2RHT Bihal O14
Addi t ves [V RN HT AppBHGy 2 gHITS o JBHTAg| oBHT g
96. 00-o7—hedditres o = Funqti ohal | QT gofer
op o ko ralxing 4PR OAR | 96,50 08 dly Q848 | §690 ] P727
(/()a o ouU UpPK (%) 0% '+ PV 2 V9 Tx U 1gE o f—d o+
0.7 (A e H-aAPP—s-al utinr/(}{)}" 7 87 g7 g7
Furlltibnal Oligomer.(%). |~ 3. 0.52 1.82 . 200~ | 208,
88 CHTT PrAsSeyut 1 Om (%7 = 07 =87 1 T 7o [ 99
sol . 70D 1P& (oY SU € J.Ul_g 1Y CO T A Sorut Fon(7g
70 70| 780 AP Goltdch THX SOTGT T oM 457 | =57 ~ [~ 38
CH in PTA solution (%)° - - - - -
CH in Oligomer sol. (%)° 10° 30 30° 10° 30
CH in TA solution (%)° 70 70 70 70 70
CH in UX solution (%)"° - - - - -
Mode of Modification Enc_i- Coupling | Coupling Enc}- Coupling
capping capping
Modification Reaction 105 95 98 100 91
Temp (°C)
Partial termination (%) 0 0 0 0 0
Residence Time (min) 5 5 5 5 5
M, (linear fraction) (g/mol) | 98,807 | 67,319 | 101,872 | 85,343 | 65,118
M, (coupled fraction) 596.505 551,678 | 937,598 | 596,800 | 648,165
(g/mol) ’
PDI (Mw/Mn) 2.27 3.07 3.87 2.88 3.18
Coupled chains (%) 43 57 49 43 59
Average number of arms in 6.0
coupled fraction ’ 8.2 9.2 6.3 10

In Table 7, a = weight % of reaction mixture, b= weight % of solution, ¢ = weight % of product, d =
50:50 CH/THF solution and e= THF solution.

Example 2 — Applications in Polymer Reinforced Asphalt for Road Paving

Dry, gel-free oligomer-modified anionically polymerized polymers, OMAPP-

1 to 5 and 7 (Table 5), prepared as described in Example 1, were used as asphalt

modifiers or asphalt reinforcing agents in road paving formulations. To this end, AC-

20 asphalt (PG-64-22) was formulated by a hot-mix process. In this process a high-
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this stage very slow agitati on was ‘enpl oyed to prevent

nJasphalt over heating and oxi dation. Once the asphalt
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NSl AR Gl g5, o
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Gg/%méi takes the value of 1.0 KPa, where G* is the complex modulus and § is the
phase angle as measured per AASHTO TP5. Morphology stability or phase
segregation was measured as per ASTM D5976 as the percent difference between the
RBSP (measure as per ASTM D36) at the top and bottom sections of a cylindrical
probe, made in the interior of a sealed tube containing the formulated asphalt, and
aged at 163°C for 48 hours in vertical position without agitation. The values obtained
for the properties in the upper and lower sections are used as follows to calculate the

percent of phase separation:
1) % Separation A(RBSP)
A (RBSP) = highest RBSP value — lowest RBSP value

% separation rpsp = (A (RBSP) / highest RBSP value) * 100
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10 Pe%%e %%f GensEating cepmpsdio ﬂlesﬂSBlaalmwﬁeé vothathe QQﬂtGJ/APP 3

3.5 fidorRscdle ﬁngfo&gpg Qm%\ég‘%re obtafhed Qroﬁisreﬁffogceg asphalts with
APP-1 (control), and with OMAPP-1 to 5, and 7 using an Olympus optical

h

U‘ldb

C

microscope with a fluorescence source and 380-480 filters to observe the morphology
of both polymer-rich phase and asphalt-rich phase. FIG. 3 shows the fluorescence

15 micrograph of the control system and FIG. 4 shows the fluorescence micro graph of
the OMAPP-3 modified asphalt. The polymer-rich phase is observed as the brighter
regions and asphalt rich phase as the darker regions. Micrographs were taken at a
magnification of 1000x. As an illustrative example, a qualitative comparison of the
fluorescent microscopy images for APP-1 and OMAPP-3 revealed that the polymer

20  particles in OMAPP-3 were smaller than those in APP-1. This reduction in particle
size is evidence of enhanced compatibility with asphalt, in agreement with the
findings of L. H. Lewandoski (1994), Rubber Chemistry and Technolo gy, Rubber
Reviews, Vol. 67, No. 3, pp. 447-480.
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This reduction in particle size is evidence of
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the findings of 1. H le ndoqkl (1994), Rubber

| @sehaitst r\Medifier Te dkpdislen gy | RESI e PeF@A°EnsMaxpe T 67, Phase
3, pp. 447-480. EXAIpl &3 c°C)L\pp| (emilPons| Gi{sipsilythar | Separation
'Rei nforg It for Roofinglapd\Vate SEbof CoatinAdd®)
Y520 gelltree o! qu‘rrer rodffiedBni onic 19 —
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'ﬂ(f ?Lz Q ?Ili g i,’“ \') ..63C UD .73.‘ ai\ a‘D!J I~4L “:UUI ' T C1 0216
ofr—aspn t—+reirhto 171G gcllta o —moorthng—ana

Wat er pr oof Coat i ngs ppI | cations. To this end, 89

parts _of AC-.20 phal t (PG 64- 22 or mul ated Wit h
11par REVEPViRHE2 @aldPl gBfE |SPF’§d%a§X£E‘{>ﬁi‘if%5an§F between the values
Bﬁk%gg% e ROAUFERIFor 1he APHIPL b AEERP (chlrb thdthe

the proce

ure and testing nethods de d I n"Exanpl e
DMR@&H + snodlifgedgispleait. | Spetifiohldy, thaaspbwsanddlﬁhabwﬂﬁﬂ@\/IAPP 2

R e e e AR R e e
%P&dnﬂ Asphal t Rei nforcenent for Roofing and
Fluorescence microscopy images were obtained as in Example 2. A
qualitative comparison of the fluorescent microscopy images for APP-1 (see FIG. 5)
and OMAPP-3 (see FIG. 6) revealed that the asphalt particles in OMAPP-3 were
more defined and smaller than those in APP-1. This reduction in particle size is also

evidence of enhanced compatibility with asphalt.
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050C) and | vares TP2040 er pene/ phenol, i esin
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AlTRE D369N 203 ERRIGAMRRBE Yise] PRDe RGN iuBY R es I weight of 500 g.

The result was measured as the shear resistance that is proportional to take the

adhesive off from the substrate and is expressed as time to fail in days. Tensile tests
were measured as per a modified ASTM D3759. In this method, 10 cm long and 1
cm® cross-section probes of the adhesive formulations were employed. The probes
were subjected to a tensile test in an universal mechanical tester Zwick model 1445 at
a constant strain rate of 508 mm/minute until the probe was broken, and the results
report the tensile strength (resistance to break) of the adhesive formulation.
Brookfield viscosities of the adhesive formulations were measured at 150°C
according to ASTM D1084. Adhesive formulations and evaluation results are shown

below in Table 10 against an unmodified control.
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2ereckRgeryfor rgotagy evaipetian (Mw, ranging fronos OLOQQ tp % 000) The melt
rheology of OMAPP-12 through 15 was measured and compared to two linear PS

12 0 | vat a

East o °ﬁf§@°§§R

controls bearing similar molecular weights (Mw). The melt rheology of these
materials were measured using a parallel plate viscometer (Rheoletric Scientific
SR5000) under a shear rate sweep between 125 and 200°C. Comparative results,
consisting of viscosity at 1/sec and 100/sec shear rates and rheological ratio defined as

the ratio of the viscosity at 1/100 sec to 1/sec, are shown below in Table 11.

Table 11. Enhanced Rheology of OMAP-PS

PS Mp Mw PDI Structure | Viscosity Viscosity Rbeol. Ratio
Compound (g/mol) (g/mol) Mw/ at 0.01 s at 4.0 s” = Visc. at
Mn) @ 150°C | @150°C | 0.01s™: Visc.
(poise) (poise) at 4.0 s™
PS control A 903 32,840 21.40 Linear 1,035 923 1.12
Blend
PS Control B | 123,720 | 196,940 2.67 Linear 12,884 10,127 1.27
OMAPP-12 84,050 67,840 3.19 Multi-arm 11,822 5,438 2.17
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Brookfield Viscosity 55 23.0 29.0 34.0 27.0 46.0 (P
wa3aB@)23bensi l e Strength (Kg/cm) 4.2 7.2 5.9 8C8US2®4/024350

7.6 Shear Strength (days) 13 31 15 21 28 100 Exanple 5

- _Preparation of Rheol ogy Frhnn&ﬁd_g asti-cConmpositions
QLigofer- modified ahioni-calll vyl yher i zed oy siyrehre
OMATRAR| hg/8A9P+ | - 2390 st ruﬁ"‘uresﬁ‘\‘églgg{ ore?p]g’ged 4§<am)l e +®

1 (Tahl e~ &) Croam + OWNAA, 19 Aera
PPA%L A . T \w) C lco _ lII Yt J.Jl 1T .
OMKCPﬁ&éGW oopor_weo %gy eva(? uat %ﬁgi {f\ﬂm rangl ng frdm 50, OOO561
oMATB 130 0P Ha0 1804861 T T4B0 U uifhend P T5,1242 1 T BN 15 279
was nmeasured|and coppared tjo ltam near PS|control s

pearing simlar nol ecular wei ghts (MW . The nelt
r heol ogy of these materials were nmeasured using a

) SIEhHI] dofl | bPPlastlcs and

Eﬁlﬁﬁ)&l‘m@@mﬁhaﬂamﬁsresul ts, consisting of vi SCOSI ty at
1/sec and 100/ sec shear rates and rheol ogical ratio

def i ngfleashdibeutstahdifg eoldatal tt@asdrisyicgloligbhOfmedifietio
1/ sec, are shown below in Table 11. Table 11. Enhanced

5 mieGralyyplymeNse.poty s paring apppltisir drigRees PMAE-Py10, and

AR LA P ORI ol U s .o

1(318211;%% l;cénﬁéﬂlgtgentg peyipdas}icd zﬁrmloglg)neggnglﬂﬁgﬁo;?laﬁ?s CTgu thiobnd) 4
4 1.40 Linear 5 1. e P
c gligopgr- lﬁ%algwail gfnmvvfr? mpgly blended

e

10 251 Q&lfl)ﬁﬁld@cﬂﬁcaﬂﬁdlaw (LexdPPB-1]1 GERY a08pres@ibed derBpddature and
I\/ultl arm g, 16 100 6l.ra |aI OVAPP- 1 4
rs8idgngs tHNGEN farcr Bz?bﬁnaa ixiED Y pPSTaEE aPso REM “the

compounds thus obtained were grinded into small pellets, and their Melt Flow Indices

(MFT) were characterized in a Plastometer (Tinius Olsen PPDT-600) according to
ASTM D 1238, and their Tg was established through DSC (TA Insturments 2910 and

15 2020) as per ASTM D 3417 and D3418 to assess effects on thermal properties of the
compounds. The Polycarbonate compounds were additionally characterized with a
Waters 510 GPC, using a differential refractometer detector, THF mobile phase, and a
flow rate of 1.0 ml / min, maintained at 40°C to verify the stability of the modified
thermoplastics during compounding with the OMAPP. The results showing the

20 outstanding changes in MFI of the engineering thermoplastic compounds compared to

the unmodified controls with similar thermal history are shown below in Table 12.

Table 12. Flow Modification and Rheology Control of Engineering

Thermoplastics.

Compound 6a 6b | 6¢ 6d 6e 6f
(% wiw)

PA-6 100 | 96 | -- - - -
PC - -~ 100 96 - -

-57-
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T R0 O E M d 6 TRET [9g. 1T €] ghid shilggce tinme, in a 64 cc
B ADETEET X[ g (oW —ppeEraying|as b0 RPM The
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) lets, and theijr Melt Flow I ngdices (MFI) were
Ghé&cact er | 2€ed| §in jalsPl ast@netds (I8 nj us A sen PPDT-600)
dbdgmd) ng| +0 ASTM B.92PB8&.14and t hei r| Tg was est abl i shed
M @ogh DSE ([TA 19584 n#4i04 | 2010--and 2020) as per ASTM
D 3417 and D3418 to assess effects on thernal
properties of the conpounds. The Pol ycar bonate
CaapeleTs Apsli@tiansintSupfias Exergh Maiifiettionedd SuificedAdhesion
Waters 510 GPC, using a differential refractoneter
gripgicegent o NCRHEPIAAIGShase, and a flow rate of 1.0 ni
/ mn, maintained at 400C to verify the stability of

t he mbHigomsttmadefiedrmienicallypobimarizgd polypsunbkangg witbstantial

e I R

SRR a6 glyQnl Raproved ddtesie t6 polar Qbstrives. NDEEAOMAPP-16, 17, and
thermal history are shown below in Table 12. Table 12.

ER overshierlerzsdon theitsumires PrRggy tHRg p SibrePatgegiastatdlag

PG RRL "l g e ARcpRaR o RltaRA ol ity g o

commercial-PHAcodBRP-Cinparativé resudts,-are-sKdAFR1dW in Table 13. -

10 Table 13. Enhanced Surface Energy and Adhesion to Polar Substrates of
OMAPPs
PS Solubility Contact Surface Adhesion to Konig

Compound parameter Angle Energy Aluminum Hardness
(mJ/M?) (sec)

PS control 19.26 87.60 32.22 2 120

OMAPP-16 18.69 86.84 32.68 2 240

OMAPP-17 18.54 88.87 31.46 1 41

OMAPP-18 19.24 85.75 33.34 5 205

Example 8 — Applications in Impact Modification of Plastics and Engineering

Thermoplastics

15 Oligomer-modified anionically polymerized polymers OMAPP-19, 20, and 21

were prepared as described in Example 1 (Table 7). These oligomer-modified
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Blend T (0C) 270 270 270 270 270 270 M xing RPM 50 50
50 50 50 50 Residence 3 3 3 33 3 Tine (mn) M-I

wWOgHw133926. 0 44 6.2 9.5 17.0 22 Change M-I 69PEB/UR0MS24350

Control (9% Tg( 0C) 49 51 154 152 43 38 Mh (g/nol) - -
16,920 18,147 ~ ~ Mv (g/nol) - - 60,554 54,804 - -

Exanple 7 - Applications in Surface Energy . )
pBienicrlnpelymesiner miymarsev e relsetesh o imase sirdificagion of several

BB 655 OO R AN AT e
@iiirb)ca et eehehe Ambrhomil nhgdmercnmpdoped in hejoprepaatiay@able 1)

sh enhanced surface energy and inproved adhesion to
BB‘%%S%E]Bﬂ%tes. Dried OVAPP- 16, 17, and 18, were

char aghghdtzRshifich HIARICS fSMRfIARRS EORdNo 6T00% 95 bl Oflastic

contact “angl e instrunent. Their adhesi
cheseadioar thetfamgienof pokyermidea (R4), pesiculatly PAr 6P Aged, PX-12,

B Bai B e P B BT A P Ay EbEeh @ LD, pomers,
AN, AdBe POA B HIPS AP PP PR tpes/ A | AR PeBABS, PEL PEK,

Sol ubi lity Contact Surface Adhesi on to Koni g Conpound
PEESESur PONG (T@ Uz aad e lkeuwpieulny-blandpd so-fedror sappragested)with 5

i3 SRS e Butibisttnwired oMb bgedu ¥R im Wemer &
Oiiefderet 8o-18tafidg Bhin bresdexdridbr 205 =E24 wpb €W Brabender 15 mm co-

Applications in Inpact Mdification of Plastics and
EptainEeiGRd tWiRSETRhedaIdp gperating under a prescribed RPM, temperature

profile, and residence time. The resulting impact modified plastic compounds were
injection molded into standard ASTM probes in a Battenfeld 39 ultraplus injection
mblding machine with 40 ton of nominal clamping pressure, injection conditions were |
set in agreement with the recommendations for the plastics employed. The
compounded pellets were characterized by MFI, and the injection molded probes were
characterized by Tensile Mechanical Testing, HDT, and Notched Izod Impact
techniques according to ASTM D1238, D638 & D256, respectively. Results are
given in Table 14 below and show the enhanced impact performance of the OMAPP
over the unmodified plastic and engineering thermoplastic and against other suitable

impact modifier controls.

Table 14. Applications of OMAPP in Impact Modification of Plastics and

Engineering Thermoplastics

Plastic MFI Tensile Elongation @ Notched Izod HDT
Compound (g/10”) Modulus break Impact in 3.2 °O)
(KPSI) (%) mm
(Ib-ft/in)
NAS 21° 10.7 270.9 3.0 0.36 75.8
NAS 21 +7% OMAPP- | 8.1 267.1 8.1 0.69 76.5
19
NAS 21 +7 % OMAPP- | 7.3 247.2 7.8 0.74 74.2
20
NAS 21+ 7% Control 1 | 4.2 257.6 8.4 0.83 73.6
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Oligomer-modified anionically polymerized polymers OMAPP-19 & 21, were

prepared as described in Example 1 (Table 7). These oligomer-modified anionically

10

polymerized polymers were selected to demonstrate the enhanced thermoplastic

elastomer (TPE) properties of OMAPP over their unmodified APP counterparts. Soft

touch and injection molding TPE formulations consisting of 70 to 100 parts of

OMAPP and 0 to 30 parts of naphthenic, parafinic, or aliphatic oil additives and 0 to 2

parts heat stabilizers were made. These formulations were compression molded into

15
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NAS 21+7% OVAPP- 8.1 267.1 8.1 0.69 76.5 19 NAS 21 + 7
% OVAPP- 7.3 247.2 7.8 0.74 74.2 20 NAS21 + 7% Contr ol

W@ 240501263 . 6 8.4 0.83 73.6NAS 2 1 +7% Control PC®U82004/024350

250.3 3.9 0.79 75.4 Magnum 545-7" 7.0 193.3 13.7 6.91

cﬁgra@te%&{‘kg‘sﬁ&% -N Hardh¥estmd TeASi1OVBehatidal 5&’(1?1@ abcording to
PP- 19 num 545-7 + 7%6.2 177.5 36.6 6.51 71.6

mmqumm%%pactwelz%ms@we gesan Ea@eéé 70.5

Control 1 Crystal 3100 46.3 269.0 2.1 0.33 72.2

Cr yEdhaé 151 BAhan & Pedf@ n6ise 8f OMAPPY. s3I PR f@ SufhPpuchignd

CPS 3100 + 7% 20.9 254.0 5 0,90.72. 3 OMAPP-20 CPS +
7% Control 1 12. 9%@“2@%%‘%%@1’9‘2"%‘? P exan 141d 16.1
177.2.99_7 15 30 11R\ Iény 4S;Iq_+ ;04 142 197 5.110 4
23. 63| 11 Plagticoypnpp” 0l | & ore,d o Tensile ngle
189, 7| Ggomputh, AT 5 1@3/ qi g ¢ e ppd, sl 0

- 0.93 #7.7 Zytel | 7301 +| 7% 23. 2 250. 3 B. 8,40 80 5iea;
OVAPP| 2 1 Zytel | 7301 + 7% 23.9 257.6 8. fpsd) 86 4kl

Cont r OFo3oVEIEOX | 885 21| §.0210. J §k6. 8 U] 94k 345. V234 OX
325 +[¢%difrpE 18%.¢ 20 870.93 |45. 5 211.3 238.8

OMAPP-19 15.0 0.7 62 116.3 141.3
OMAPP-21 15.0 0.7 62 148.8 167.5
Control TPE 20.0 0.7 65 164.0 186.0
OMAPP-19 20.0 0.7 58 1004 116.8
OMAPP-21 20.0 0.7 55 1235.8 148.0

Example 10 — Polymer Blends for Use as Asphalt Compatibilizers

Production of a First Polymer Blend (PB1):

An 80-liter stainless steel reactor was loaded with 50.4 kg of cyclohexane and
a total of 8 kg of: i) styrene monomer and ii) butadiene monomer, at a weight ratio of
0.33 (styrene to butadiene). Both the solvent (cyclohexane) and the monomers were
purified in advance to reduce humidity content. An anionic polymerization reaction
was initiated at 50°C by adding 0.12 moles of 0.3 M n-butyllithium, plus a slight
excess to eliminate poisons in the reactor system. After the reaction temperature
peaked, anionic polymerization residence time was 20 minutes, producing a styrene-
butadiene anionically polymerized polymer with living chains. Immediately
following this, a partial termination reaction was performed, adding 0.0705 kg of a
butyl hydroxy toluene (BHT) solution at a concentration of 30% by weight in
cyclohexane. The partial termination continued until the temperature was
adiabatically reduced to 100°C. Subsequently, an oligomer coupling reaction was
performed, adding 0.324 kg of an oligomer containing styrene, 2-ethyl-hexyl acrylate,
and glycidyl methacrylate dissolved in cyclohexane at a concentration of 10% by

weight. The residence time for this reaction was 3 minutes. . A specified number of
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Hier bmizalty eobelPRhev temp SR Pt srodifaasionieatly
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I njection noldi n%m-erE formul ati ons consisting of 70 to
100 pihc tesolt captend was ceagylated enddriethaidtdharaicterized by

R Gh oo B BRI (. AL FERTR I Prehiofb.
Q&mp@@ﬁdw thelirtedladioiiealy M%Meatwﬁyna& mravlamgel n
anpl e 8. The resulting TPE conpositio

m@le@@hamahé fdesigaatsg “Mpo) af W%%’r%g%@@kmmpqiﬁda@w@w of 1.1,
t 4
CRERRF b SBis 25 PEOTanthy L el B Quilicit o

&uidne & drdadrdistribmivne feddisNgbmas mbHiddainicnidally poligherized

and I njection MIlding Applications Plastic % Q|
PRIy Shore A Tensile Tensile Conpound Additive 1010

Har dn r
{98 3 b <@52%66 @009 Wit d

(psi ) TRA EEBd PR s B 930
thREtht vadialGstrictitesZbhtath 28818 viiGIPell&s Hayinp Dvatiabl riithiheB of
141. 3 .PP-2121 0..7 62 1485? t67..5 . "
polymer chains coupled to the oligomer, typically forming radial structures containing
from 3 to 18 branches, with an oligomer core.

Three additional polymer blends (PB2 — PB4) were produced using the same
procedure described above. For each composition, the level of partial termination

and/or the quantity of polar random oligomer added was varied.
Preparation of Control:

A styrene-butadiene anionically polymerized polymer was synthesized in
parallel according to the procedure described above, but without partial termination,
partial coupling, or oligomer modification (Control). The resulting anionically
polymerized polymer contained a styrene to butadiene weight ratio of 0.33. This
anionically polymerized polymer is commonly used in the prior art as an asphalt

modifier.
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ayep&idelizer/asphalt mixtures bega:n with addition of polymer blends to the asphalt

at 185°C, + 5°C, using a heavy-duty shearing mixer at high agitation speed. Mixing

time depends on polymer type; however, for purposes of comparison, it was set at 100

minutes.

The compatibility of the modified asphalts (MA1 ~ MA15) was evaluated

using the tube phase separation test, as specified in ASTM Standard D5976. In this

test, the hot compatibilizer/asphalt mix is placed in a metal tube 2 cm in diameter and
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ARETarl ol b §° bl pna g pEHIALS)

b Ma19§8d ddaedt, APP 109, 122 108, 227
1 110, 000 Parti al

1 0.1 0 Mlar Ratio: Aigoner / Linear APP Branching

P&¥me NARP: PB1 PB2 PB3
Modified Asphalt MAI | MA2 MA3 MA4 | MAS MA6 | MA7 | MAS MA9
Composition (wt. %) 3.5 7 11 3.5 7 1] 3.5 7 11
RBSP (°C) 55 61 64 60 58 63 62 64 61
Penetration (mm/10) 51 61 70 42 80 80 44 57 80
Upper temperature 8 |92 104 |8 |88 101 |8 |89 100
Jimit (°C)
ISR (Rheology 100 | 192 |152 |015 |196 |226 |032 |- 1.96
Separation Index)

Separation using '
ARBSP (%) 0 129 |85 189 200 |34 [125 |200

Table 18b. Modified Asphalts (Continued)

Polymer Blend PB1 Control

Modified Asphalt MAIO MAII MAI2 MAI3 MA14 MAI5
Composition (wt. %) | 3.5 7 11 3.5 7 11

RBSP (°C) 62 58 63 52 64 64
Penetration (mm/10) | 35 75 75 55 52 70

Upper temperature 87 92 104 81 92 106
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3- 18- 3 - 14 3 - 7 0 # branches / oligonmer nolecule
OVAPP inblend, wt.%29 - 21 3 0 Mdification of

wopisaie3ed t h Pol ynmer Bl ends: Each pol yner bl eRdT/US2004/024350

(PB1-PB4) and the control was m xed with an asphalt

produced at the AC-20 refinery in Sal amanca, Mexi co.
The properties of this asphalt are shown in Table 17:

r_
IWNT(:; Asphalt Characterilkstics_Rilng & Balll

I%f&h@%?gﬁ Poi A0S (RBSPFO%40C P’e?ﬂetrat'%%‘? 69 ! 224

)e D104 DPC ( AASHTO

c A A
g LV B = \ IIIV 1 Illul u u.UI } J
G :};BJQEI ficarl y. fpfeach poI({/J b‘Tend (il e,
cofpatt bttt+zer ) and—the—controt—thr'eenodified

asphal ts were obtai ned, contalnlng concentrations of

3.5% 7% and 11% of co t|b|||
b1 oce BB R RIGHIE TG ATIet0r Faingho” %ﬁﬁﬂ asphlts MAL,

REgAN i §i1@on10of
asphgﬂgﬁat 1853@ﬂ§h%%?@ugﬂ%gl9Emgg§y@§ﬁ% sh ea#%gbhaﬁ

mixescopt W1thgehﬂmge$cant murcspméd 38&44)8|Omgn ﬁltﬂﬁOdbﬁ)@mitheo n

herebitomid Rt meat e oA i BR g ere bcn at o

medhidcsdospivhts (MA - MAI5) was eval uated using the
tube phase separation test, as specified in ASTM

St andResliepHey Gablenl §aand thswe carhseelagnarked dlfference between the

atibilizer/asphalt C I
SRR P T Br 58S i S PSS b ol Yoriiofn
16006 ovan. f9pecifiBalng wiesasphait ﬂn@d\iﬁ@d Wthﬂ\d@demeﬁ@ﬁbtrm@ a
The tube is cut into three equal sections, and the

phijesiabla highes sefienieg tepusranes; lﬁ@ebmnﬁram ap@ Adewertnegrentage of
égo%rit RURIIRAD fasb HROMLET wilh RS cAREIE) Of the

upper ang ower sec ons are exam negl e val ues

obt ai RecbulRirisbiof hiederdstas niicrosdopy timpgess fanbi A ldvend MA13

N
the %\Q@{&@F \%{%583% }({%ri g%@ Wi‘trh' a%vgﬁg’? dfandeler %@ﬁﬁ' 3 45 pm. In
MAlO the particles are no larger than 20 um. This reduction in particle size is
evidence of greater compatibility with the asphalt, in agreement with the findings of
L. H. Lewandoski (1994), Rubber Chemistry and Technology, Rubber Reviews, Vol.
67, No. 3, pp. 447-480. ‘

This evidence of greater compatibility in the modified asphalts containing the
polymer blends of the present invention was confirmed by examination of the
fluorescent microscopy of MA1, MA4 and MA?7, which showed smaller polymer-rich
particles dispersed in the asphalt, as well as a reduction in the percentage of
separation in asphalts modified with these polymer blends. This behavior is also
observed at higher concentrations of polymer in asphalt. For example, when 11% was
used in the production of MA2, an improvement in the temperature of softening and

penetration was seen, as well as improved compatibility (Table 18a).
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formulations illustrated and described, but embraces all such modified forms thereof

as come within the scope of the following claims.
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Separation I ndex) Separation using 1.5 23.1 21.6 4.9
ARBSP (% Fl uorescence mi croscopy i nages were obtained
wohomsmdedsed asphalts MAI, MA4, MA7, MAI O andPéi182008/024350
9, 12, 15, and 18, using an O ynpus optical m croscope
with a fluorescent source and a 380-480 run filter to
WASLTMS dhsIv Pl ogy of the asphal t/ conpatibilizer
conpositions. M crographs were taken at a
magni ficati on _of 100X. Review ng Tabl es 18a and 18b, we
can ske a fapkgemer-mpdified eaiopicelle eplyrezyhplygicpforpising
1 ured for the MAIO asphalt and for the
t@%g r%g{nllﬁlts)o [ ?Og'd asphalt, MAI 3. Specifically, the
asphafay nosh dligothenipblynidiizel dempn d¢asbdresnanomdriseleatst] from the
hi gher softening tenperature, l%%Fr fenetnation, and %1
FroWR EOYsERg Rf XBY! SoMadp HONOMSH W APK L EIeHoRal 1080RAY, fhe
e o . ;
FRics St = b SRl SRR Ao SODF goout 10,000
g/mod ahdal welpdit avdragepnbdleowlar weight af absul 00D @aws 168,000 g/mol;
smal l er than those in MA13, where the phase norphol ogy
ws particles with an average dianeter of up to 45
mm | ) MA Q) o liBiScRB) SdiheszenRiyHer ar ger than 20 mm
This réduction.in particle size is evidence of greater
conpatibility with the g;ghalt, in agreenent with the

findidgs ofhdoliggmarenedifies riogisabupolymrensdpobmass oficiaym 1,
iroinghe SOuneta N E-CR o e oy PRosg Lo.000

grab] bhe@d vasdhh aldrsgccableahlai weightef doly1i00 tb166)006 gafolt he

present invention was confirmed by exam nation of the

fluorescent mcroscopy .qof MAI,. MAA and MA7, i ch )

showed srraifh%?hwe;ﬁm?dlﬁ%ﬁmglgﬁ%l_iycn’ﬁgmam@&éﬂp eor o cfai@ 1
. . I

Q5008 e B8l pRERLO S0 A1 AR BS RO ARl

dlgmeszabldinsndrebreselevtedi fsora kiserolgsemsstingof mhykdede functional

concentratiqns of polyner in_ asphal.t. For exanple,
TRES 043 RSB TROAaHRET A8 GRP P Y o st G monomers.
i mprovenent in the tenperature of softening and

penet g at i OMhy\EISeon@e inodHedBhibnidslly padyR¥E@LEd polymer of claim 1,
conpatibility able 18a).As w || %ﬂé under spt ood by one

whketeingle phgerher has g number aveyageriwmdicr obiinplédenak groups per chain,
Cioularly | A 0%
BRUL et Rl O bR AT ARG LT,

enconpass any and all possible sub-ranges and
conbi fiat i oMke oligodnd-madifiédanionically polymerized polymer of claim 1,

wherein the oligomer has a solubility parameter from about 13 to 30.

6. The oligomer-modified anionically polymerized polymer of claim 1,
wherein the anionically polymerized polymer comprises a polymer selected from the
group consisting of polystyrene, polybutadiene, polyisoprene, and random, block or
tapered copolymers made from monomers selected from the group consisting of

styrene, butadiene, and isoprene.
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sufficiently describing and enabling the sane range

woebisgitmsken down into at | east equal hal ves, PCHiUS2®4/024350

quarters, fifths, tenths, etc. As a non-limting
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broken down into a lower third, mddle third, and .
upper 7t hi r @he eligomexsmoglified aniopicady pelymeszeRPIIpeRiclaim 1,

skilled in.th r Ll S " . .
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10,000 g/ nol and a wei ght average nol ecul ar wei ght of

about 160 00)’/[&1% 9 &H&_glggﬁ%glagfr?e@amé ?Qﬂm{gﬁ)ze@ﬁolymer of claim 1,

ani oni cal | neri ze

QlhegdirEe-atuai fal l§ o miedized pblysnep i polpnérzzed fooh yimyt arofmatic
claim1, wherein the oligonmer has nunber. aver age ..
msmeEersand gonggated (icns MANOMSEHINAF1Q1ST HHE of VHbt aré’ﬂb"‘t‘g

e S R e R N cal 1y

pol ynmeri zed polyner of claiml1l, wherein the oligoner

i's pollyner iChesligowen-mpdified shionirelln golymcoiaed polymer of claim 1,

radi cal.ly pol rizabl e ner.selected fromth .

" hsrreradisaly oS PP IR RHE fsnd b ated diene
Gt el el Ha ARbnERNGINET -Sstrudfiees CRInh @Kottt 8Go d0ingble %.
functional nononers. 4. The oligoner-nodified

ani oni cally polynerized polynmer of claiml1l, whereip. .
the oll2gondihelekigomermapidied sponicgly nobvmsrized pelymer phviaim 1,

T S
avusled cladihsyfrralapomrd o@d mpoleyser of claim 1, wherein

the oligoner has a solubility paranmeter from about 13

to 30. . : :
0 30 13.  The oligomer-modified anionically polymerized polymer of claim 1,

wherein the oligomer-modified anionically polymerized polymer has a number

average molecular weight from about 5,000 to 1,000,000 g/mol.

14.  The oligomer-modified anionically polymerized polymer of claim 1,
wherein the oligomer is polymerized from vinyl aromatic and epoxy functional

monomers.
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6. The oligoner-nodified anionically polynerized

pol ynmer of claim1, wherein the anionically
weoabosreziszed pol yner conprises a pol ynmer sel ecPed/uSemann24350

the group consisting of polystyrene, polybutadi ene,

pol yi soprene, and random bl ock or tapered copol yners

nade]Bronﬁﬁnnﬂqpnmns&ﬁdhﬂ&Muﬁnmﬂ@mbBmgﬂuﬂ@pobmsxchhgn1

of styrene,  butadi ene, and

g MR SR B AP PO AT, TP igayhRpscgon the
t6aPhflbudnt QHREIRDEDA AR G (ORIl pBHnRe] v Ter

as a nunber average nol ecul ar wei ght of about 3, 000
to 300,000 g/nmol. 8. The oligoner-nodified anionically
poI y it i z éalqmigpmr-mrdlﬁﬁdeanmmcalmmnwaeﬁ golymer of claim 15,

N R R e e

VB g bl B vt folf e6bv B]00Dt€ 80,090 pahotrer i zed pol ymer
of cI aim1, wherein the anionically polynerized

pol ynmer is polynerized fron1at Ieas ne vin )
ar omalt’i ¢ nHortiEomEFEnOgifiqdeRg iﬂﬂ?ﬂ’&&fi aalsEesAEain 16,

c{r? ﬁlﬂlxeeo e%)QnerTyﬁé?ﬁkg olﬂggélft'lecg AR BddY-functional or

neri z wherein the
oafboﬁt@hcadnﬂsfumioymhnomﬂnbrpol yrrer is polynerized from
vinyl aromatic nononers and conjugated di ene nononers

RN ERE T S s T R
\Q‘ﬂeirel-llinﬁe fé'abtg&f'iﬁ{)dﬁ@ dbinbAsksABORT. L&) § Wt.PPbNgBRAdrbaskd on the

ynmer of claim11, wherein the anionically
tptan ymenitxd deastadyatigonies aggbinjerdeal anpLymerniaed dej it ed
di ene nmononers and has a content of 1,2- structures

from gbout ggﬂ@ %ﬁ%f' .

ani oni'cal I?ﬁe 61?%/%% zé@feé?&&ucagﬁp ?J(qu erré)FEglm 18,
wiheeialthg Qﬂﬁﬁmﬁm}dlbcﬂymdnﬁdl Imhyrﬂal ik y tipoypisticlecind yueber
has a percentage of coupled ch fromabout 2 to 90

arsrage gpolaglarmrasty|af gbert L0408t ?%Q}Ia%g/mlcal ly

pol yneri zed polyner of claim1, wherein the

ol i gogpr - el §i gﬁ%e@%%&?iﬂléhl@ﬂiymh&%d%‘ai%@rofeﬁﬁn 19,

a nunber avera ar wei ght from about 5
\ih@@i(ﬁ the ﬁhigm'milly pdlytmefrtad pmﬂyngmmpmsah 4 pdpmansedgvitesalirom the

mertzed msr of erein the.oligo
S SrisEnE £EROW P aTRng: RO e, POV Rerenh g Panddal Block or
tE &d b&tﬂﬁ*m%@@ﬂ%%‘onl&on&h@rs QbleseiBonMdigkditonsisting of
anl oni cal pol ymeri zed pol ymer of claim'l, wherein

stjfremv,é)atadmm, gdgeppeencconpri ses about 0.1 to 40 wt.%
ol i goner based on the

21.  The oligomer-modified anionically polymerized polymer of claim 18,
wherein the oligomer is polymerized from about 0.5 to 60 mole % epoxy-functional

or carboxylic acid-functional monomers.

22. The oligomer-modified anionically polymerized polymer of claim 15,
wherein the anionically polymerized polymer is a thermoplastic having a number

average molecular weight of about 5,000 to 40,000 g/mol.
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total anmpunt of reacted oligoner and anionically
pol yneri zed polyner. 16. The ol igoner-nodified

wanb@izasl y pol yneri zed pol yner of claim 15, ROBUSRIV4/024350

the anionically polynerized polymer is a thernoplastic
havi ng a nunber average nol ecul ar wei ght of about
3,000 to 50,000 g/nol. 17. The ol igoner-nodified .
ani oni2dal | Y wethpeden preppring) apradigomer-olodi fiad e@ionigadly giolymerized

i S L yner.i fromabout 1. t0 . le % .
St R R S R e oh S ARSHY ot Bt et bt
phiganerolyrhéizelfeom bi gasrene Modomeesklenddofotahd yroup consisting
paol yneri zed pol yner of claiml1, wherein the reaction
Bf viaybaropghp moseerydiepoxy fungtionalmonomersy Hieligpasehaving a

I r ' .

b e e mAPD ey A S84 BT 808 /ol and a weigh
alérggamoleonkli fvieiit afibont D0ty apadtyeds00z2Adobol yer of
claim18, wherein the anionically polynerized pol ymer
IS a ther | astic I.ng,.a _nunber ayerage. nol ecul ar .
wei ghor b5 e e yBeattg Aligp itbls Pobfeized in a
Sdak 9 Wiz MBhfihGshs ?Blﬁ{HrfzﬁtliderrB@és)! 0es h3StheRANOIREMPErature of
claim19,” wherein the anionically polynerized pol yner
Eronmpatiosie $8Colaporeir3 ST withadesidenee tie igithamsacionef less thep
Q st yrene, pol ybutadi ene, polyisoprene, and
F‘g%ggk#mﬂﬁ%@k or tapered copolynmers nmade from nononers
sel ected fromthe group consisting of styrene,

but adpgne, Tasehdtikapsfkim 3] whifen tleioligomer l¥wetictddesdith the
anionically pol ynerized pol yner of claim 18, wherein
erienispily pehymerigedplymer intbeSameeacting Aong wherethg gniggically

R RERAl DR p e Tl {1 ea ani oni cal 1y

pol yneri zed pol yner of claim15, wherein the
ani oni26al | Yhp ahefimet o fadadm@3l, yirerein the antonerahy pbhsidrized polymer

having a nunb aver.age nol ecul ar, wej ght .of about

B RO A0 BGBS g PRGN 2380 ACTFERSIHWHS M S ZIAF e sgfomd
alac88Bsenodi fied ani oni cally pol yneri zed pol yner, the

nmet hod conprising reacting an anionically polynerized
polymer with an oligoner polynerized fromat |east one
monon@?. s e(The mathddrafelaime 3posppistgrpolwnérivgngthewniopically

B S Rlizga FROREE SaassERRh b BAR TRIRIELS: 1o Wl tvate o

oner I'ng "a nanber average nol ecu
pbish 0P livin@bititis ih GhORorg AR podyiflerizedPobMieraue F&@tng at
nmol ecul ar meight,of.about,légglto abou?@E0,000 g/m)I.g
least spwe ofdegisanagting liging,chans wHB thg eligomerol i goner s
pol ynmerized in a

28. The method of claim 23, wherein the molar ratio of oligomér to

anionically polymerized polymer in the reaction is between 0.02 and 1.

29.  The method of claim 23, wherein reacting the anionically polymerized
polymer with the oligomer comprises coupling anionically polymerized polymer with
the oligomer and further wherein the average number of anionically polymerized

polymer chains reacted with an oligomer is about 2 to 30.
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reactor using a continuous polynerization process at a

pol yneri zati on tenperature of from about 1800C to
wahost0136800C with a residence tine in the reacPor/usto04/024350

| ess than about 60 m nutes. 25. The nethod of claim

23, wherein the oligonmer is reacted with the

Sone S o foR BB, BB bebE AT DABEG Sore
PAbYIERYY F@PmerBed podinEmidaegosd caupihteddtionder ein the
ani oni cally pol ynerized polymer s polynerized in a

first reaction zone and reacted with the oligoner in a
secondl.r eadbe orethodred cladm 23 Twheneintieedlingfthe hzipmcally polymerized

risik Lynerizing the.anionically polyneri.ze
BaP e e g e rP e e i e Y R Efifg potymer
agRligbRed@ricluttiat whaeinQk tdastn 0aholk 86 of théianfbnedadly PSlyntkrized
the anionically polynerized polynmer and reacting at
Plamer Beapeass chénsapERGIAFtRNS! | vi ng chains with the
ol igonmer. 28. The nethod of claim 23, wherein the
nol ar 14 at | i e Waglgal |y pol yneri zed
pol yrr?éif i ngt émﬁéﬂa%ﬁ@ﬁlt@gcg@ @\/gelg ' 0.02 and 1. 29. The
nmet ho¢h) of tHeadligp2Br-mekdiiedi aniongatly ipoymdrzed polyniec af tlgim 1;
ggtynerized polymer with the oligoner conprises

pling anionically polynerized polyner with the
ol i gofgr aRGintatahiRicat pbButiz8EpAyREAJE NUMbeEr of
ani oni Cally pol ynerized podl ymer chains reacted with an
ol igoner is about 2 to 30.30. The nethod of claim 29,
wher eB®h abdhe polymsr e¢yopesitgm ofislaamezd2o vheteen teilmaireaidnjcally

Rl R g o3t PR 3 % Bl FBh ¥R pbmer that
BdY 126h daddtiyated by MaeinZedingQiggmer W th the ol i goner

conpri ses end-cappi ng anionically polynerized pol yner

with oligonmer and further wherein at |east 10 nole %

of t hétani &R BAlyMEr HINRAsEIqNAL ¢195%) Apnhersiyibe divga anionically

- ' i : : I b | Jd e
BERRRt AR e AT o L0t OB TE 0 SR BRI P domposition.
pol ynmeri zed polyner of claiml; and (b) a |inear
ani ondzal | » rpmifgmet naedabmnyprsing tBSoligdneerpobdified anionically
C osition of clai.m32, erein the |inear
SRR T Ghr st ik Melshigh o B8aetesee i on of
the anionically polynerized pol yner that

36. The reinforced material of claim 35, wherein the material to be

reinforced is selected from the group consisting of asphalt, plastics and rubbers.

37. The reinforced material of claim 35, wherein the reinforced material is
a plastic selected from the group consisting of polyamides, polyurethanes, polyethers,
polysulfones, polyether-ketones, polyetherether ketones, polyimides, polyetherimides,

polycarbonates, polyesters, polystyrene and copolymers thereof.

38. An article made from the reinforced material of claim 35.
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has been deactivated by a termnating agent. 34. The
pol ynmer conposition of claim 33, wherein the |inear

wanb@izasl y pol yneri zed pol yner makes up abouPCTLM@SR@®4/024350

90 nole % of the polyner conposition. 35. A reinforced

material conprising the oligonmer-nodified anionically

pol yneri zed polynmer of claiml mxed with a materi al

Do beddei nilbp auisle ofeslaimyis, i teaiaismnefrged afigenm
Ttsl TR G bidksidiPmBRIok GHAOECl S sel ected

ﬁ?%ﬁ@? éﬁgg%%%s%bn§?é]?ﬁ%]%?'agphaPi, p agtics and

rubbers. 37. The reinforced material of claim 35,

wher eéf. t hé medified msphdltwatoprisiak asphalt mpiked wilth thedlegrmes-

fr the.gro consi st i,.ng, of |.yam des,
Bior sy pobmaisd PRy ss POSHT dnes.
pol yet her - ket ones, pol yet heret her ket ones, poryi m des,

pol yeuher i mhdasodifsl ERIPONMIBSI0 @RhptBsdgeibout 1 to 15 wt.% of the
pol ystyrene and copol yners thereof. 38. An article

rhgméroadifine apienisrly pelymerzed pelymer baspdpmilpgotabweiphpof the
Bl e S AR OELR DR RS phEp R

conpression nolded article or a tire. 40. A nodified
asphaldf. coffphe nsidifjedessphait of dlaimetd einprisitgeabout 5 to 20 wt.% of the

laderer Tphned aonealLy poier o polYIEE Sfcru
g filafid F}Paycﬁ%gF‘fer—ln&d‘?ﬁéfﬁan%nig@ll‘?fpoiﬁﬁer@eﬂ @6 Rderodi fi ed

I oni ca yneri zed pol yner "based on'the total
wei ght of the asphalt and the oligomner-nodified
ani on#dal | Y molifiedrasphalt couipyising asptRlt rmriked modithe pelymer
asphal.t of .cl.ai m 40 conprising about 5 to 20 wt. % of
PHEPRT LR @ﬂb%%fied ani oni cal |y pol yneri zed pol ymer
based on the total weight of the asphalt and the
ol i goumr - My iRk @isphalcaf dlamp48 somsrisiretatpat ¥ 20 wh 36 of the
A nodified asphalt conprising asphalt mxed with_the
pelyyes compesiden bassth o thedpls weight olthe agnhalt ppd the Rodymer
?ﬁlﬂ{?@éiﬁo@f clai m43 conprising about 1 to 20 wt. % of
e pol'yrrer conposition based on the total weight of
the asphalt and the pol yner conposition. 45. An

adhesiye ccdopakhetivecomprsgidnsionprising the oljgnmesr-muodified ed

ani oni cal ly pal rized l. r .of .claiml, wherein .
Rl b e SR oA ik "WBesit 1 158 top PeSdye ggrprises
b OB 10 BAFEH AEolieeniel 8h HRBHN hmBint F36dcRY HobBRIBNG

and anionically polynerized pol yner.
anionically polymerized polymer.

46. The adhesive composition of claim 45, wherein the oligomer is

polymerized from about 0.5 to 30 mole % epoxy functional monomer.

47.  The adhesive composition of claim 45, wherein the oligomer is

polymerized from about 10 to 75 mole % vinyl aromatic monomer.

-72-



10

15

20

25

46. The adhesi ve conposition of claim45, wherein the

ol igoner is polynerized fromabout 0.5 to 30 nole %
wepesyitaeact i onal nonomer. 47. The adhesi ve CORPOAIS2G0&/M024350

of claim 45, wherein the oligoner is polynerized from

aboutgglO tThe/RinERVEc }fbd‘smion&mmhi@ fmherm@mptBing eeast one
adhesi ve conposition of claim45 further conprising

dddiie soleted divin ihecrew wosisdng oldask Hers gitdhilzees @é%sfé?l??rﬁ ‘and
of. tg ktl fiers, stabilizers, plasticizers and

'dants. 49. The adhesi ve conposition ofclaim45
conprising about 15 to 30 wt. % ol i goner-nodified

ani o al | Jhepaihysies camposiitdnyofetaimatsooimptisingmbeot 1 t0%0 wit.%
tackifier, about .15 to.30 w. % Iast|C|z

wfeomer i aenien braanered g0 DRcop ‘Z{it"p@aﬂa%mﬂﬁef
HB0IP14 & / 18} HclAer éi%éumt)bt& $6194 hapeaapdi fi ed

anioni cally ynmerized pol'ymer of claim1l, the
m xture conpr|S| ng about 1 to 15 wt. %
oI i gafter - nbanddifet] p]na;tmooainsylgmmlmﬂmze@wabltbmhgomer-

I I T -

t-gh% Wiori dligB heRhlificd Mioridadly HobheritBe pelymet bssefloashd wtal
con‘grl ses a pol yner selected fromthe group consjstjng

weighioMfiibe ghigaesr-pedifisd erignisally Polpmgriasiodyaer addhe plastic.

random bl ock or tapered copol yners made from nononers

sel ecied f’fg%%?giegﬁn%ﬂc 89@%@3 5 RehDdin ShYPIEAR com nses a

but adi €éne ene an ving a nunber aver
e eetdeddctedefirgh tthcogroalb) oensisBng Oﬂpolgs@fmﬁ,(mmylgmﬁm:ne 5 2.

%cﬁipa@”éghé' AbFmsas: Hier Greretsomb eI Ble onero B ReEy
&%&J&e&&ﬁtﬂ% %1%}]@ 95‘1551%5 '0¢ @tr‘yfé% tﬁitécﬁé}fée ﬁn@ﬁgprene and having a

ani onica nerize he nodi fi ed
mlm]setna&enage oloddcn a5 Heighth ef éaormt 8060 m 3Wg/whpr i ses
about 0.5 to 50 nole % epoxy-functional,

anhydgj de- func oL Ca a u

RAVRERSE e N A S S
SdiSprival At Bl 1l i IOk Rl 6ﬁ6r RRby Hﬁfhe&@f@ﬁrh&ﬁﬁ ofl reactor
pol'ystyrene. 55. The nog fied plastic of cIa|n150

oligomesr and paionically pelyssriped Rd¥mabhout 1 to 10 wt.
ol i goner-nodi fied anionically polynerized polyner

based nt I

ani oni égal Iy Jfﬁe ﬁll%ﬁn%g @Aggbbfﬁfﬂn%?faﬁﬂdé r&ﬁ@ﬁé?lg@%é} glglprlses

dhvat 06do 50 emble P/aspoxgr-fnﬁctmlna] amlﬁﬂndwfmoeuonaltdnealrbeaylna and-

EWOdUCt conpri ses about 10 to 30 wt. % ol i goner based
ciepal mopgmeL npunt of react ed

54.  The modified plastic of claim 50, wherein the anionically polymerized

polymer comprises a polystyrene.

55.  The modified plastic of claim 50, wherein the mixture comprises about
1 to 10 wt.% oligomer-modified anionically polymerized polymer based on the total
weight of the oligomer-modified anionically polymerized polymer and the plastic.
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ol i gomer and anionically pol ynerized polyner. 57. The

nodi fied plastic of claimb56, wherein the anionically
weoabosreziszed pol yner conprises a pol ystyrene. B8T/USE®4/024350

nodi fied plastic of claimb50, wherein the plastic is

sel ected fromthe group consisting of pol yam des,

pol yur et hanes, pol yethers, ysul f ones
pol yePfrer - Be Sindaficdlasfisof éﬁé‘ﬂ Rér wheewribe reagiion profuds

9 %r%e@ %Bbﬁp 1@958 30 Q\Ql %g% &att aSed orf@xeégtjﬁf %@unt of, re]glctg

styrene and copo ereo

p]lgﬁner@ndmnmm@lmgo};mmnasd paymiexed with the
ol i goner nodi fi ed ani oni cal ly polynerized pol ymer of

G (L e e
Wgélﬁﬁgsegla@%ws@rg@sed on the total weight of the

pl astlc and the o |gorrer-m)d|f|ed ani onically
pol yneri zed pol yne

58.  The modlﬁed plastic of claim 50, wherein the plastic is selected from
the group consisting of polyamides, polyurethanes, polyethers, polysulfones,
polyether-ketones, polyetherether ketones, polyimides, polyetherimides,

polycarbonates, polyesters, polystyrene and copolymers thereof.

59.  The modified plastic comprising a plastic mixed with the oligomer-
modified anionically polymerized polymer of claim 22, wherein the modified plastic
comprises about 1 to 10 wt.% of oligomer-modified anionically polymerized plastic

based on the total weight of the plastic and the oligomer-modified anionically

polymerized polymer.
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