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50 those having three or nore active sites for reaction with pol ymer
lithiums. Polyfunctional coupling agentg considered useful in the first
coupling step of the inventive pEPdR484 848BIude al koxysi | anes, such as
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di dodecyl terephthalate. Each acyl group of the esters and anhydrides is
considered to be difunctional fgr cgRrpling since two nol ecul es of polyner
l'ithiumcan react with the acyl up. O her 30 acceptabl e pol yfunctional
coupling agents are nultiisocyanafes, nmultlimnes, nultianhydrides,

nmul ti hal i des, particul arly hal osiAanes, mul tiesters and multi ket ones.
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as di nethyl isophthalate. Myst pref & redORre tbtraethoxysilane and

t et ramet hoxysil ane. M xtures of two lor nore pol yfun- ctional coupling
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conpl etely reacted before adding the second coupllng agent If both types

of coupl 4"38'52 ent s are added to et her,, ctlona ou nat e.
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different functional groups, can be used.

50 Any effective amount of the coupling agent can be employed in either of the two coupling steps. While
the amount is not believed to be particularly critical, an amount sufficient to give multifunctional coupling as
determined by gel permeation chromatography is presently preferred in the first coupling step. It is
essential that in the first coupling step, the amount of polyfunctional coupling agent added be insufficient for
complete coupling of all of the growing polymer chains. In the second coupling step the amount of

55 difunctional coupling agent used is equal to, or in excess of, the amount needed to complete the coupling.

The amount of multifunctional coupling agent in the first step is 5 to 80 weight percent of the total
amount of coupling agents, preferably 10 to 50 weight percent, more preferably 15 to 30 weight percent.
The amount of essentially difunctional coupling agent in the second step is 95 to 20 weight percent of the
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56 di'f uncti onal coupling agent used is equal to, or in excess of, the
amount needed to conplete the coupling. The anmount of nultifunctional
coupling agent in the first step EP0A64B43BIvei ght percent of the total
anount- of coupling agents, preferably 10 to 50 wei ght percent, nore
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and balance. Pressure was maintained by nitrogen and polymerizations were adiabatic once |n|t|
When required, warming was controlled by automatically-regulated, steam addition to the water jacket.
The following polymerization recipe was used in the examples with changes in coupling agents and n-
butyllithium levels. phm is the quantity in parts per hundred parts by weight of total monomer charge.



5 iniftiator charged to the reactor were determ ned by neasuring differences
in weight on an electronic balance. Pressure was maintained by nitrogen and
pol ymeri zations were adiabatic BR@464847Bted at 50- C. \Wien required,

warm ng was controlled by autonatically-regul ated,
The following polynerization recijpe

wat er | acket.

steam addition to the
used in the exanpl es

with changes in coupling agent s @a@mahzatﬁﬁnedmtyl l'ithi

quantity in parts per hu
EP--O0 464 847 Bl Pol yneri
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n-Butyl lithium
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dllb nononer charge. 5
arug:i‘?g‘ e ’ S gtr'?gm(}"%) Concentration (phm
Cyclohex2dd) St yr ehe 210 75
Styrene 25 Tetrahydr of u?dn ( THF) 0.04
25

Bypdisr. 0. 18 1

Coupl i ng Agents Tetrahydrofganf@HRA5( 20 25 30B085 4p 45 50 55 6 EP O
464 847 Bl Charge Order yiitigm approx. @i cenf rati on, phm Step #1
Cycl ofgexane Coupling Agents 140 _Tet r alfr of bir an
0.04 n-ButylI'i t hi um 0.031 Styrene
40 Cycl ohexane8 23.4 10
Time (mn.) 12 Step #2 nButylllthlum
0. 033 Styrene 20 Time (mn.)
12 Bujsadi ene 8 15
Cycl ohexane8 20 Time (mn.)
16 Step #3 n-Butyl lithiunb 0.114 Styrene
15 20 Time (mn.) 12
Step #4 But adi ene 17 Cycl ohexane’
20,
25
30
35
~ 40
45
50
56



Time f(min.) 16 Step #5 Tenp., * C

90 Pol yfunctional Coupling Agent . Varirabl e(x) ¢ Cycl ohexanea

6.6 Time (min.) ' EP 0464 847B10 Step #6 Tenp., * C

90 30. - Di functional Coupling Agent

0. 4-xc Cycl ohexanea 6.6 Tine (min.)

16 Work Up Wt er Charge Order , 0.2 Tinme|(mn.)

5 Carbon Di oxi de ' O 2T TE . T

20 -Ant i oxi dant Component 1 ok |TC ce? ration, ;}hm
5.QTenp., * C Step#1 | Cyclohexane 90 Fl dsh Pa#y/nmer solution @

178-18F * C eAfter] each aduettshyswofgdn mononer, i nit|i ator,0%% additive the
feed |ines were rilnsed wi} h-Bolithiumcycl ohexane sollvent. @he third

n-butyl I'i t hi um chgrge was| tijeast ed to control thg finaf nelt flow at
7.0-9.0 45 §ycidpexenet. eThe anount df pol -"unctio%al coupl i ng

agent (x) varies. |The totpMmed®iht of pol yfunctidnal cOupling gagent and

di functlonal coupl|i sigb AIENh-BuGNMiuch Phm  thus the Jamounto.e8 di f yincti onal
coupling agent is |the diffewmiee between 0.4 phmjand x20 50 Cycl ohexane
was flashed from tlhe resipTtimRamingg about 14 wei ght pereznt cycllohexane in
t he pol yner. The pgol yner astadidieed in a vacuum oven (928 C) for |one hour,
choppeds and dried anot hef Cixdanexanst t he vacuum ovgn. PoRGner noljecul ar

wei ght was det er mijned by p&imedmindeati on chr omat ogr aphyl@isi ng a|Waters U -
trastyragel col unm el T buran as solvent and gy{¢V defector. Melt
fl ows were rreasured%aé:%or L’{?&ﬂfﬂﬁ’ STM D 1238-86 Usi ng @g extrugi on

pl astoneter at 20q * C w qumg(ﬁl,mg kg wei ght "Sad testgd of the¢ inventive

Qﬁolyn@r wer e dorfe—ast+Rgrextrudet—sheet—Trete h a Conet
master Model L-|{5SWmd4 npPeidiene with the bottomlheatel’ on fulll and the top
heater off. The dvell ting @‘e’@ﬂeseconds and saq was fieasured| The sheet

t hi ckness was meagured wi} M (P nbdel 549 7 p o M54 847 i

M croneter. Sanpl dsstap#sit | 3dmp, @n by about 15.5 dm wer @ used. The sanpl es
were cPanped at tie ends pPolyfaectioratGpeplingAgaphsi on and VieiabletX)°st aijce bet ween
clanps was 33 cm |A | abor piCgelohekape®t was devel oped to gi®%@ an indi cati on of
t he polyner nmelt dtrength| TineRm®dnetrics i,. t Mechat® cal Spgctronet er
(RVB) (Rheorretrics,Stkpfe, Homg.algvay NJ) rreasur S Sstrggn versys tinme at a
5 congjant stresy. oW %h&r@ildﬂalro%ﬁﬂﬁndkbihtcat es re chein ent gngl ements
and a higher nelt [strengtpciéishdxaReshi gh strain ratle. Thesstrain|rate tests
were carried out ith a camaneqmﬁt)pl ate configurat}fon teemeasurg strain
versus tinme at 190—+€wt ComStant—Stress of T IV 0611; (T x]|10
dynes/cnR) . A i ni YAk hors warmup time pas usgd to bring the RVB
to equissi brium tenperaturp n loXletartlngthet t rung, Strailn rates
shoul d be conpared betweep with the sane jpelt P ow si nge the
polymer nelt strerngth is ' afunctlon of | ecul pgs Wei glyt . Exanpl e |
This exanple illudgtrates %E‘neq gar at i on of butadj ene-sgyrene qopol yners

wi th inproved melt] strengf kghs Ey partially couplfng te Iiving polymer

wth a4ultifunctilonal co erlagmgﬂﬁgew]w{,,{@tw@mohox sil ane - (CEt SQ ]

sAfter each addition of monomer, initiator, or additive the feed lines were rinsed with

91 g. cyclohexane solvent.

bThe third n-butyllithium charge was adjusted to control the final melt flow at 7.0-9.0
45 g/10 min.

°The amount of polyfunctional coupling agent (x) varies. The total amount of

polyfunctional coupling agent and difunctional coupling agent is 0.4 phm; thus the

amount of difunctional coupling agent is the difference between 0.4 phm and x.

80 Cyclohexane was flashed from the resin leaving about 14 weight percent cyclohexane in the polymer.

The polymer was dried in a vacuum oven (92°C) for one hour, chopped, and dried another hour in the
vacuum oven.

Polymer molecular weight was determined by gel permeation chromatography using a Waters Ul-
trastyragel column with tetrahydrofuran as solvent and a UV detector. Melt flows were measured according
to ASTM D 1238-86 using an extrusion plastometer at 200 * C with a 4.9 kg weight.

"*Sag tests" of the inventive copolymer were done using exiruded sheet. The test was done with a
Comet Labmaster Model L-5 Thermoformer with the bottom heater on full and the top heater off. The dwell
time was 60 seconds and sag was measured. The sheet thickness was measured with a TMI Model 549

55
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and 8orrpl etion of the coupling wwth a conventional, essentially

bi functional coupling agent (Vikoflexe 7170y. The poI ynmers are sumari zed
in Table I~ Polynmers 1 and 2 ar ER0AG4 847 Btsi ns nade to different nelt
flows \wi thout a multifunctional coupling agent and with the Vikoflexe

coupl i ngﬂ agent. Polynmers 3 through 7 are invention polyners mag Qﬂg
di f f er eMicrorasjes| Samples Aoyt 35,5 ¢ Pwhsrﬁﬁtsm‘&eé? pRogy/ 1P . FPO""\V?F’R P ths, 20

The RheGM'é? PPQ?éd'WE'Eﬂ?&ﬁP‘UQ di

gp %Y r tes 0
|C-for thed %Eyt ?{ dhe, %‘W;su ﬂ Yol lﬁ'elmea?"tgzl ower
vakues gﬂ:sgﬂ ?"8 l’ ez more g?wam jﬁ:f e %Q ] tth {hait S' ty.
o]

In orfie, b Cath ”o%?ﬁ'a!%ﬁ % e ekl ues
ram ra r | ith n e tr

f rom TaQ rgus E oﬂ %te f

oo Vel LRGN ol fl’i@lrtesf e tahi p

bet ween rﬁt n%greﬂ Similek FtIF the 28MP B fibv Sihdo o PSRN ol &trbrigihas | ow

25 st,r;,alagogﬂ;nam 16e u, eeg}gpect ed to show i nproved nelt strengths over

control pol yrrers wth the sane nelt flow. Invention sanples. 3 through 7
are cl egkanipi9e! ow the |ine, denonstrating inproved nelt strengths fromthe
t wo- st ep coupl I ng. Cel perneation chromatography provides information about
t he pol yrrermsséxéruplé luates (he preparation@k pitediend-stiase copolgmerk witha impraxerbmalb stesogth ar
wei ghis (iWphrtially chipBngBé liingapvlympewithnaineltifirtional @upting sgenhitetreetiiaxysilynp -8 30
nunber andeoanpitionsdf the wbuplingywdth gleonvéitinal, esse@Rlydaignctioralmoupieg agent (Wkdfiex®iF170)or a
Mr Mh 1 at i The blyrherS Bre sumimadze@CimTablel . Pahimerset ardl harg centrRlypsing mage ity difigrent mglp

| nvent i dowsPeithgutamultifunctional couplingfagars encDgth t@erﬁrnﬂeg?roum aoent Rielymesh 3 thigyatvh  of
92, 000 @recinvention polyresremadenifh different Jevelgpfirbuivlithiug, tefrasthoxysitangyang Wkaigr®, ey 6 has
a\.MN/iWh r athe gihegmetricy Mechanjcal Spectrometer (RMS) strain rates in %/min at 190°C for these polyrpey;

Tet r aet KERPpd) *’fha‘ﬁéhatﬁﬁl I"?"H ofFyave lower viljgs ( melt strengths) @B'IJI@"F’ g°_'g&'g%fﬁt
phm IVH"? sqqrquco cl épcﬁv |gerer%a I){al RS the strain rate val

th tr ts
#3 #1 amsﬁlfe normal 4{13“2 p be earg 4 ’?f"d bag drﬁw'rgg?;glb lgéqql:‘gmb: e yme.rnz,o II:;wo 40
' strain rate, woul%ti ected to 3| ver co lymers with e%%me melt
flow. Invention s )gghrough@ ?I 311 m;fg Te r& nstrg proved (5"68 ths frorr(\) 39

the two-step cou

Gel permeati atograpr \;IidesanQr?\gnon QboL?‘@ne ponrQerQ;ﬁuctures Corﬂ’oﬁ%lymer 1

has aew;ght a\a/I n%n lecular v@u iviw) 1@580 ganqy ﬁer moleQathﬁlc mass unitd (a%@l)) and a

30 number average lar welgh%llvfr\)?‘ 89@0(93{3ms or Iole (amufJFoi0® Mw/Mn ratidef 355, while
Control Polymer 28as io bLH1ER. RlenkidrPalndr 4 hadd Mw of 156000 graaisipexiele | ane

[ (OMe) 4 (@Phu) atEdn MIHSE @2, eoo drdiis gotinble {dmug fol & MAIMrOratot 1 BY waigEHRlymen6 hdsiavveManpl e.
The pol yameobsi.reci pes and strain rates are shown in Table Il. Plots of the

pol ymer strain rates against nelt flows are shown in Figure 2. Polyners 8
through 12 have strain rates well|l belTeblet he |ine drawn through the points
for control Polymers 1 and 2 indicating higher nelt strengths for invention

NP o 00
AOOWOWWOOU

pol ymers[ 8 tnr ough 12,8 EP £ %nlaﬁ&clﬁ’a M€ | I Tet r anet hoxysi | ane
Coupl i ngi-e oy-rer—Ne NSt -+ 2| t
ELow, g/ | Rolvmer bt r aiNBLRbR 0. oy nP?PP#!B Agegsphm 41 ;M°!#E'°‘(’ lﬁé@)‘lﬂ! iStraip Reteydeminef
_ 8 % D0.031 D.A437 @21354 |44 @b)si ﬁVka@xﬁfb .10 108
9 0.8+ J‘-|-U \.. —66 P 130
10 1(3 5 ‘}4 11388
122 11 o 0331 032 6.4 11>
75 1245 O 34 [P-2 g
85 A Qel pE ﬁ xarrbgr‘atlmn of zDé)Iyrrer 9 shgys thap it
has a My 032 66 113
0.031 0.32 54 86
aControl runs
50
Example Il
55 Tetramethoxysilane [(OMe)Si] was used as the multifunctional coupling agent in this example. The

polymers recipes and strain rates are shown in Table Il. Plots of the polymer strain rates against melt flows
are shown in Figure 2. Polymers 8 through 12 have strain rates well below the line drawn through the points
for control Polymers 1 and 2 indicating higher melt strengths for invention polymers 8 through 12.
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‘per nole (amu) and M of 95,000 grans per nole (anmu) for a MV M ratio of
1.75. The difference in structure between pol yners made according to the
present invention conpared with p&PYMS4B4TBde with only bifunctional
couplirng agents is readily seen in the nol ecul ar wei ght distribution (M\D)
curves produced by gel perneation chronmat ography The ordinate (vertical)
scal e represents the 20 magnitude of @Y eaks and the abscissa
(horizontal) scale represents the gpc elution count-in arbitrary units for
conparison of figures. |In FigureTetamethokystand @oiptinga MAD curve of a typical
cowtr ol CYTTET ge Wer T g DriungT Conal—caupl and
3d are® b b%lm;e;gg nf L mel y Irbg) a';]zlmg\ ngernrt‘.@' J%t?ﬁ%@’mm% %%T?rf]?%?é’ a&hﬁﬁ 19

t he pol yndri zati orl éf fa#po| ¥ie #1mws-$mvmmEr simlar tq that used for
the preparnafl of o3 : B4 30 |Sh@ug the @fter |all tyggee
n-butyl | ithi u%cha%ﬁ%% ﬁgg Ar | gﬁgho \S %\éﬁé -trre%_gf erert pol1§gner
segnents Qef oye any.osPlodss thos Theos!! t i f upghi orfal cog@l i ng ( cur ez 3c)
changes the gpc traess|o3pprial | yobbe fhapasof |the l@gger ((hi ghess
nol ecul ar |wei ght ) pegak ooéi 35| heo¥p kof| | exBacoypl i ngs.st ep (cur vegdd),

further cl allgca- | || t .JbbLIl , /—\ bUIlpdl | bUll of—curve 30 W tiT 3a

szafsng;f,fzf“ u n% Tl f"“ Y ot
. dl r J\\%n@cfe%oglségd’ Qled
in Table eﬁsm rme%u.arm kghgmgtmm orn0f

the poly eﬁﬁe h Zhiof ames.s ScalsrostBdints 4l €
bel ow t hep, tpréan%ﬁioﬁhfg &e? %H’B&'ﬁw thePhpeBhiien BaHEIn WibitkryDM P
have UF‘US rﬁ’dﬂn uFe@ h ci'%ure'?@ bdrEsa id4 MRS carvd¥f Diypidat orfdBCholfrdNTadee!
ol e ( arm\)nthad’ldfuﬁbﬂMQI ) GurdésabBb 3d) erd SMr@Mmr&Weéc & thedpolyieridation ahixtére af
1.11. Pol &4 pbints adimgit erz%‘ﬂanofCH‘ péhey nad®bn a inkElhe? Binilagtor Btatsba &r thed Ow

mul ti f uncprbpaiBbn ¢ Poiphera) CuEist shbicthe MWD ditart dll atitéa n-BlbdiitHi éhafgasand cleedyashowse| y
| ow sol ubihé thies differeatylyaiecsegiments Biforé iy doaplieg. The meltifuratiorBl\dokbling (cCOGe Pd)whangese d

i n Pol §irethe bbc tracel espgeilly rtmn eltapoiof thi riarger Shighebti melexiat weibld) prakoAstir the Gkofieken
enough nuéauplihgiistsp i (@nal 3d) urtherughianges; inf the - carwm occpre At comparigeryeftrurvg 33 | with [3g |clearly

Di net hyl i shopsthércianges inGAWP by thy padeseof thisinverttion. NBL, phm Coupl i ng
Agent, phm Melt Flow, g/10 mn Strain Rate, % mn #1 #2 #3 #1
DM P_ 42 Examplellbx G 13 0.031 0.032 0.132 0 08 0. 32
8.2 111 14 0.031 0.032 0. 125
6 0 - Several polgaerguere prepareg_gsmg dime yI ﬁ the muﬁlﬂﬁglonal cou 4

agent. Pon _15 e Sl?d fn T vvas
used to f ?"L’ “H‘érﬂ? f"&"‘t‘;b aﬁﬂ\fﬁﬂf‘ ?(fp ﬁ'ﬁ S m‘é ab°°

t ym rs ers 0 t|o
to t hesspr Yis e mole g}: r@ ,@% ,E‘m t he
p0| ymers aaﬁq ;ﬁi h%ﬁ@n ratlo9 indicatin 5 ?kﬁp a{f ona
Pol l]ﬁe

Shown 1 n ek g 9{@9&\5 W RAS th\E ki) nung
agent andoogpl opg&, |,,g,ﬁ eng,gup i ng agent had | ess sag than con roI poI ymer s
made wif hout he mul tifunctional coul pling agent. Hi gher nelt strength

pol ymers woul d be expected to sag | essrablgdn polynmers with | ow nelt

strength. 5 Table IV Sag Test to Pol ynmer No. Coupl i ng Agent
Melt Fl ow, Sheet Sag,—Tm T RNESS, M 1a
Vi kof | ex(') 0. 4 phm Bl"’?“ﬂ 'soPhthala{ (fc?u'g'ﬂg 66 7 28
Vi kof | ex* P@yrdor plb.r]1 NBL, phm Cougling Agent, phnQ). P@elt Flow, g/10 5id .| Strdin Rate, %/min
Tetr aet ho> ysil ane,| U, OB BNVLVKHol bfif? [#2 viRstiekd'[? 6 8 0. 46 54.(0
13 . 0.031 | 0.032 | 0.132 0.08 .032. . 82 _ o111
50 14 0.031 | 0.032 | 0.125 0.08 0.32 6.0 84
15 0.031 | 0.032 | 0.125 0.06 0.34 6.8 158

SDMIP = Dimethyl isophthalate

% Example IV

A sag test was used to further demonstrate the advantages of polymers prepared according to the
present invention. A sheet about 0.57 mm thick was extruded from the polymers and held in a hot
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6

Tetr aet hoxysi |l ane, 0.08 phnM i kofl ex6, 0.32 phm 6.6 0.56 -
57.2 8 Tet ranet hoxysi. | ane, 0.04 phm Vi kofl exOQ, 0.36 phm 7.0 0. 56
46.6 9 * Tetranmet hoxysil ane, EP 0@8pBdmMBkofl exO 0.34 phm 7.7 0. 56
50.8 aControl polyners. 20 The sag test results are plotted in Figure 5
agai nst %ol mer nelt flow val ues. I nvention sanple points are | ocated
bel ow t e ?W'P"o qrf"ﬁéheef'rfﬂrb(i%{t'le t?é?‘tﬁ?i”“ﬂ%me ag‘P'r“'é 9 Wesype 'g%‘kﬁé?’?wl‘rade
with th °’é pred, yith "2&‘ °t°"e' 8 gpelon '"easelg of
t he pol @' % 3‘1@% " ot igher msh StHRBPthi ng
t et pé’8?"ﬁ%’ﬁ§'°‘f faaﬁ"ss P Vé%*’m‘t’"%‘ %Y'r'@el bed i n Tabl e V.

Pol yrrers 16 and 17 are 30 control
Polynmers 1 and 2, but with |arger

po

YIER/S prepared in a manner simlar to
reactor vol umes.

Pol ymer 18 was prepared

usi ng t epraet hc,\"si are——A—a—RRRRef—SiR-ar—to—t-hat—used—For—the
preparatjon of Polyner 5, but Wi _t h asﬁga"'re&er reactor volune. Polyners 16,
17, apd [Riykheme. frel t flow vedugmg Ageht 9/ | O m n dieibridw, [ 8- Thadtd J sag, mm
respecti veI y. The strain rates in % mn. of pol\ywehin 1Pnickdessmrd 18 arg 100,
143 and [ESp¥CtTVveEly Tabl e
V Pol ynef Prlysr cql Propert?Eg'e’%a |é!“No Haze/ Bl ufRess %ural 66.7
Modul us, [MPa Tetq. 'a E Q(/% Izo | fpactia 4 i elld %eak :
Yi el dis Break 16b etraethoxy lox : 3§ 4. 2
264 0. 3 traethoxy la koﬂex® 03 n"r 88 f R

: 4p 36 ph 7.0 056
4.4 265 g En;’:ciéﬁe 0.08 ph 34phm 77 1448 o5 508’
26 4.4 233 +A—8—3€ 442 : 26
27 3. 4Control pajgmers. 16.3 lod 3.1/-3.2 1509 31
26 204 .2 231 11.2 111d - 4.5/-3.2 1409 30
30 4. 2 The sd@Zast results arelflotibd I3 Bigure 5 against.p3lymér. Melt flow values. Al4RBntion sample 23
26 4 pbints are2Abcated below the3cbntrol fifis, indicatind B&iter melt strength fdr pélyrﬁers made with the iwbo 7
27 s8P coupling. 2 261 14. 1 50 15 2.0/ -6. 1455
25 28 4.2 264 18.7 "Notched I|zod, J/ M bControl polyners

Vi kofzfeEMI ed OTetraet hoxysr | ane/ Vi kof | exO coupl ed 55

dTet r anet hoxysi | anel /i kof | exe cotipl'ed ' Di itet hyl” i"sopht hal at e/ Vi kof | exO
coupl ed 1(Physicabprogpriig 4t Bueral Bf hy lpelymess from ¢hej ahovpeisrepley vorrodetarmined yhisiection

i nvent i @10idpg|tostspasimens, éor evalustiona The)regylie rarg dascribediin gble ¥ Rahimegsotft ang| 17 are
pol yrggr Sontrdlapdiversoprepared 'b ey Saen supr'%pe?&"ve%rs drand 2 byt Wihslaeeoeacies Va'“’i“%ssul t

of di ff@Pléyé'ﬁ%;e‘? was I‘:FP%’F’P" r;w*:t&aggg’??}:;ty gréﬁdggmgrn%?'af frathat; ”ﬁ?-,d %ﬂh@:é’f"@ érel i ng
tech a

p?gpglr'?lggsm e:r;ﬂ checiy T st e B b‘!ﬁ.‘r?rP@'Vs.“"ég%r o e b
at | easf tion of the final copolynmer product is branched coupled by a

sequent | aI charge copol yneri zation cg r\; sing the sequential steps of:

polymerizing in solution at |east two arges, at |east one of said charges
bei ng a eergated—di-ere—anrd—at—teast—enre—of——sal-d——charges—beihrg—a
monovi nyl ar ene, t her eaf ter couB?'V'm!j Physical PaOPs@Ps,/f unctional coupling aggent,
uber ei n fishRpleNE UHazdASiRods | Flokital MobisiusMHa [[ 9énsfid? MPA ] E10R&uEH.J " J1z6d imBhdis PT L he
gr owi*hg [pol yner |chains, arld thereafter, ..mé, tr—ardrftmct | onal
coupl i ng_agent _ |wherein tHe anmount used ﬁel{’) ak | Yield | Break
16° 2.0--4.5 1489 30 42 264 10.3
170 1.6/-6.4 1488 27 30 44 265 16.7
- 18° 3.6-35 1448 27 26 4.1 233 128
3° 4.9/-4.4 1472 26 27 34 | 236 16.3
109 3.1/-3.2 1509 31 26 4.2 231 1.2
119 45/-32 1409 30 30 42 | 282 15.1
13° 1.9/-7.9 1408 23 28 46 | 252 317
s 14° 3.2-4.8 1457 27 29 42 261 14.1
15° 2.0/-6.3 1455 25 28 42 264 187

#Notched Izod, J/'M

bControl polymers Vikoflex® coupled
“Tetrasthoxysilane/Vikoflex® coupled
9Tetramethoxysilane/Vikoflex® coupled
°Dimethyl isophthalate/Vikoflox® coupled

55
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‘whi ch is needed to effect desired coupling. 15 2. The nethod of claim 1,
- characterized in that said polynerizing in solution conprises polynerizing
at | east one nonovi nyl arene nononEP 0464 84T Bleast one conj ugated di ene
nmononmer in a ratio of 55 to 95 wei ght percent nonovinylarene and 45 to 5

wei ght percent conjugated diene, by a sequenti al char e 80|¥ ri tron
process 20 The regiifeine ahle Y shpw that the W?“E%‘ W&‘P‘@ hayeph ??l tr'
conj ugat eRpIeen Yariations incphugical pippertie gaa e 'f' il wmol od.
nmonovi nyl "3?‘@?1@”‘"61‘% the; twp-gtag, foupling %{?“!j’e% "??Br%ﬁ PRIt T
are/errpl 087%‘151' pa‘l 8%st one separate charge of each of sar d rmnovr nyl arene

and of %sa Idl conJ ugated diene follows the last charge of said nonoal kal i
metal iniYr8tor: at |east one separate charge of said conjugated diene 25

precedes § hg rJné"iﬁoh &?J cafcoﬁ Infbr PTOARE WhEHhih af Bdsh pdriitinlok thb @iﬁal cEHORMBASSHuct
separ at e er OH}Eﬁch REHUSERT dndrgs chidlydRzafichNdomlisidgOM® Isedubstial #édsQgr: t O
addi ti g ﬁiengﬁ‘dﬂtat ﬁ&@ﬁrﬂ%harg%s al [38st BRY d1Q4ld rarged Bding) aloonjGdidatvh@ridz ed
int hat Sa' ‘Et B b’rfsed'f sfid Birde8 béifY &inbrdRnyIdeHa) thérEherd BRLNIIAG Withzd pulifuttiond) coupling
| east one NMRRRY i whle! 1) BmelAN Y88 is MEUicRAt foEdmiplefeNéoupling jofi glabicttle gro@ing popmenTer
in a ratio QhaifebaridOméEarié caliplingDith G2 dHunABTD Ydupling e ewharelh & amaunb ussdiigthat
percent conjwiigRisegedetl @ etect Aysired coapling.nt i al char ge pol yneri zation process
conpri g4 ng; charging with a monovinylarene and a nonoal kal i netal
i nitiator2 ahamgthodjofveldrh 1achaacterized inl that sai¢ polymetizio i asrymne@mar-seﬁeolvrmrenept and
a nonoal kal ileastrone mahayinylarg® monomervnd gt lazpt oiet deniugated sispe rpnamerinca ratiecef §5 to 95
monoal kal i iweighti petcent;manpwinylatene gricv 1aiStweight eastept ReaiteatPd flieapbYriTRIYRERA! chargeThe
met hod of amylvmﬂzethepipﬁeéedr ng clains wherein said di funct | onaI upl i ng
agent P& selwherein at flgegining i sapamim pleges cansistindopfoteid eanjvaater die ‘316%1
nonoest ers, cr'acﬁseﬁ@ssﬂ"wvége@ mgravingarene, anq pt QB%M%"Z’S?F % m°"°a 'ﬂ?@ﬁ‘@? 'aé°'8h s.
e d| ng c a| V\/ner Sal f un
coupl i ng agéh'Paﬁ" Q“ %[?tRB faﬁé 'ﬁ%‘r 9‘%’?‘;‘%‘%‘{’0 nﬁﬂ °€F CP"L%&%% )éa{' & ol gg% 6.
k

5. The net h@mpigyed; an of the pr
The net hod ‘farcou I Nng agen

di met hfi | sc5’ %ﬂif éas“i apy 8 h'°"°a' i c
anhydri de. - r?i% "éi ﬁé& Op%!i l"‘g‘grgece(ti ﬁ’agc%ﬁﬁiéﬁﬁﬂ\r’\kgér?go %d'tgnw%yl
di f uncti onal®™ |ng agent S epoxrdrzed vegetable oil. 60 8. The nethod
of any of ”’rﬁ eﬁ'1 & im G| SHaPiBrolMB& inEthdl sSidipBlyMBRAY inSolulidreddfplises Bbiyhénaing and
sai d cgpj ﬁga&éﬁf et LRGP ot S ‘oA feAE mohony, B ol 6115 & 95

wher ei n sai Gyeisht p eﬂ:@ﬁttmdﬁ%ymﬂ@‘éﬁm 18584y hTPEREREonjuGatedit d/én6, 1Y, a Seaudhtial ichdrgeast
55 one cbgw.rnugafoﬁgro&sea@ngﬁgﬁ@ner is 1, 3-but adi ene, sai d nonoal kal i

i nitiator i shélgikgwithld rhdnblinyiirens andch enoalikali matai initkaddr; coupl i ng agent is

t et r aet hoxy shargiiewithad mbnEvinythretlé, fandcdnjugatel diene mohameg arsicemaénodlicli epawr. di zed

veget abd e oichargidglwith a ridrowinylafefie 8ati/a itdnoalkali initiator; and 1 S

It The resulchagingwithadonjuddtes [disne mbratnet. he i nventi on pol yners have physi cal
properties simlar to the control polyners. Variations in physical
propertied dhe methad ofodny of the dregeding qlaima wherel¥ saidh difpnctiengl.eoupling, agept ip selpcipg fromese
resul ts showiaidebydes, Wiketonge, dihalepilagasi fiancridag. MeNopHArg lastopss. Yaaptable pitsnd PRIk s

not cadke a VPERRE%HBN in nol ded -> product properties. 5 laims 1. A
met hod for pr eparr ng a co mer product, where ortion, of t he
final copbl ‘; p%/ g’ﬂ’ 8'8'0‘&‘%’1?’9'"0?3"2 pg‘é'd?f@?ﬂaf ﬁ?up@ a?’ﬁ"t 's

copol yner i zzﬂ"f’ﬂﬁ'aﬂ%ﬁﬁ}"i'ﬁ YIeRe % Phnt i al steps of:

4 6. The method of claim 5 wherein said polyfunctional coupling agent is dimethy! isophtalate, tetramethox-
_ ysilane, tetrasthoxysilane or phthalic anhydride.

7. The method of any of the preceding claims wherein said difunctional coupling agent is epoxidized -
vegetable oil.

8. The method of any of the preceding claims wherein said monovinylarene is styrene and said
conjugated diene is 1,3-butadiene.

8. The method of claim 2 or 3 wherein said at least one monovinylarene monomer is styrens, said at least

85 one conjugated diesne monomer is 1,3-butadiene, said monoalkali initiator is n-butyllithium, said

polyfunctional coupling agent is tetraethoxysrlane, and said difunctional coupling agent is epoxidized
vegetable oil.
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10 polynerizing in solution at |east two charges, at |east one\fsm—d—\
charges being a conjugated diene and at |east one of sai d
nonovi nyl arene, thereafter coupling with a polyfunctional l;m,ﬂ
wherein the: anount used is insuffi CEPIOt468@a7 @anpl et e coupl | ng cof tal |
gr ow ng pol ymer chains, and theredfter, coupling with a difunctional
coupling agent, wherein the anount used Is that which is needed to effect
desi red coupl Ttngesulj_%m X abler ¥esheme thataifie ipventignziiolymers heyeophyeieat priopasties isimilertin theogntep!
poI yneri zi RYYMers-S@rigiensoin pewstnr@;@s'ef)awnwbszwn@a%e restof differmeceprinaelt fiopt Hheete
oq{ar anéesyts shew dhat B dwe-eR eRyRling dechRigue < HimiBYRBtion; deegngt ayse agpdugtipn;ig myided
wei gh per @@fvct RORFYASNy | ar ene and 45 to 5 wei ght percent conjugated diene,
by a seqﬁtentlal charge polymerization process 20 wherein at |east two
separate c 'B%s consi st| ng of sa| d conj ugat ed di ene, at Ieast tvvo separate
char ges cons oid

nono arene and at
monoal kal i h'e'g %ranci?qu Pl@ﬂg W cgpo u nﬂ§§%l Qew % mT ;:: %R%fon f o
each of said ﬁ’w?'%” p ? e a?Bqu
char ge df sai % | g} 9 ﬁ o 19
sai d_conj ugat e wﬁaan amounptsea‘i’ namtc g - £ 446ing of 7 of thmanm? k&f‘"

metal initiatgbins aiRd tAaters SdapIng vith! Wﬁ@ﬁ&nap &W@ eWTfﬁé lafnBint ‘hébd is that
subst anti al mml,@ﬁéeggu 1B lehidtk ddsPedPddth |,t,¢]on of any su sequent charge. 3. The
method gf claim1l1l, characterized in that said polymerizing in sol ut|on
conprises pol 'maﬁétﬁddrtg cRim 3(haracterlz6thimithad B&d PEIYIRSzIAY intsofifish ¢UMPASER polgmMetizing at
| east one conpasganedondisylensiontieér andl abledsbbrieconjligated diehe thonantlr §hd rafie6fE8NH 95
nonovi nyl ar enesight gerddnt tnondvinylereghénd piSric 6 rveighioperastiadosjdgatidedianp, tyya sequertjalahérga |
charge pol ynegolypatization ggoa®seess conpri sing; charging with a nonovi nyl arene
and h memoal keHereinat: hst itwo iseratater charges icorisistingneft daidacanjvgaled dighenat feast twocpoparate
conj ugat ed dichagesremeisting ohsaitl moneymdarnecand at least fwet charges3® a monoaliall mglahigitisiprdte a
monovi nyl ar errerigyedia nonoal kal i initiator; and charging with a conjugated.
di ene nononerat least onp senpEate eiarag of easl opsaid 'ﬁ@%ﬂéﬂfﬂ!@laﬁ olcsaidi qepjugatad diane ’Og%wsdhe
di functional "BBEHreng seigomenoplkaliagtal initistor: rat Wcﬂ"&lsm&”gecﬂf ¢ Spniugated diene
di hal osi®f anesPreqf Ipg Sharge.qf spid mppoalkali metal infigtog a“‘t/ lgl e oils a %

epoxi di zed 40*"“’h SeRatalo-MONMET Gharae “°5‘°P°IW"?Péttﬂdﬂbs@P" qtiop |geor Jp &¢ 'Eﬂ"rPé any

clai ms wher e {P8U"HBHy f unct i onal coupl i ng agent | s an al koxyS| | ane,

cyclic anhydryde Modds dafis], ;laraéél eu:l6 m al IZI mifl ol(}mgr?‘zlng at
pol yfungji dng g,%p‘r Nalol ,ﬁﬁﬁf of 55 to
ysilane, tet r ight! Pérdent %tnﬂsre ona conj a

t he precedi NOpofyiviatidiion/§36cesd ddmp unct| coupf"? ng agent 'S epOXI
veget abl e 0i | chargfdg Gith n,gndmylm é?,ﬁ aa,woégg‘ah b8 iRédredi ng cl ai ms wherein sai d
nonovi nyl ar endargihg ity & MBRovANEreseR brfd déﬁ]ﬁbaté@%ﬁeﬁdmdﬁoﬁt%?add?a rondali irkioRNe. 9.
The net Bod ofchedgmb Witi’a Monc¥inyikieriecdnd aSrvhébliah inli&aSandone nonovi nyl arene nonomer
I S styrene, Sibgingivith £achiugitéd diene mioaemeronj ugat ed di ene nononmer is
1, 3- but adi ene, said nonoal kaii initiator is n-butyllithium said
po f unct i dndihecartipldiohgnyagfai preceding tlaiss twheneln Ssaid alitanctianalcbogmingl agbint is Iselédtaninfedm

| i ng, agervialdebydspaiiietdnese dihalesiianbs [diepoxisies, mahdesters, [ERtoibs/\@getauley oiSiand epoxidized
I |l 111§ | |vegetableldils11 1111 PatentansprUche 1. Verfahren zur Herstellung
ei nes ‘Copol yner produkts, wobei m ndestens ein Tell des schileBlich erhalte-
nen Copol yﬁ‘er'B‘Po'dﬁfR‘tds °ﬂ/éPVZ\%|“ljt pigeading paims jwherein spid polfuncienalc Rouplingeagent is an
Copol ymer i sat¥Srsiine. efyplsispgrider a diesterier f o] gender Zugabe, die die

fol ge nde [ g.Uf'ﬁ\Ie I?naerh Sr I 8&%%“&1elijemséa%fp%l}functtonal coupﬁtg aﬁéﬁ? gs dsrr?e[thy?godh{]alate, tetrargethox-
ysilane, tetrasthoxysilane or phthalic anhydride.

7. The method of any of the preceding claims wherein said difunctional coupling agent is epoxidized
vegetable oil.

------- - 8. The method of any of the preceding claims wherein said monovinylarene is styrene and said
: conjugated diene is 1,3-butadiene.

8. The method of claim 2-or 3 wherein said at least one monovinylarene monomer is styrene, said at least

85 one conjugated diene monomer is 13-butadiene, said monoalkali initiator is n-butyllithium, said
polyfunctional coupling agent is tetraethoxysilane, and said difunctional coupling agent is epoxidized
vegetable oil.
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Monovi nyl %l&&ﬁmHgﬁ? f égg{éﬁ%ﬁgﬂ %‘ﬂ% J\%mé?adakg IJOP g sokon gi:%rgl 6 IPSrgme{?I nes
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pol yf3inkt i onékdabmeinaskprjugiegemPiennwnoroererDi net hyl i - 45 sopht hal at ,

Tet r amet hoxysi | an, Tetraet hoxysilan oder Phthal saureanhydri d handel t. 7.

Ver f ahr dn Yegahiencnagh (pinera rdey, yereiehenden asprilghe. probleidas ditwristisineliesKupplarigsioitel wiem

di f unkti on%?"F%YPeRLR!gF%ﬂg9ma'P§°0!"éﬂ9"MF@¥'¢P"evmreMwePfHﬂaﬂzer@ilaoIunmermiel t.

8o/ & verdedas Bfpn Pn asgrudbitEr vor st ehenden Anspr Uche, wobei es sich bei
dem VB ngw\pa}/fvl ren um Sty(%%voml%lld bei dem kon ugi erten Dien um 1, 3-But adi en

handel t R Anspris i 65,815 bel slempolyfunksienelien Kype-

i ndestensungf r{th?r? \}'f%‘ﬁﬂlao'{reé'h SWAEWd[HﬁdSE??eﬂID'%hQ?QF"(" es 5| ch bei dern
dest
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50 8. Verfahren nach einem der vorstehenden Anspriiche, wobei es sich bei dem Monovinylaren um Styrol
und bei dem konjugierten Dien um 1,3-Butadien handelt.

8. Verfahren nach Anspruch 2 oder 3, wobei es sich bei dem mindestens einen Monovinylarenmonomeren
um Styrol handelt, es sich bei dem mindestens einem konjugierten Dienmonomeren um 1 ,3-Butadien
55 handelt, es sich bei dem Monoalkaliinitiator um n-Butyllithium handelt, es sich bei dem polyfunktionel-

len Kupplungsmittel um Tetraethoxysilan handelt und es sich bei dem difunktionelien Kupplungsmittel
um ein epoxidiertes Pflanzens! handelt.
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“C 'L M S* Revendlcatlons 1. Un proc6d4 pour preparer un produit

copol ynbre dans | equel au noins une partie du produit cop u"mnﬂﬂ"mﬂ :

coupl de, ram fide par une copol ymEPiG484i8% B1 char ge sdque l umm

les 5 et apes s~quentiell es consistant & polyndriser en*sdlutiof ati *

noi ns deuE Eﬂ au noins |'une desdites charges etant un-dci ne conjugud
evepdiggtiondio s di t es char

‘et au noi ges dt ant un nDnOV|nyIarbne _puis A coupler
avec un ageqh

LB el
pEnERE e

cref'ssant s éh‘é%r Mgl 00

la quant'tﬁau tEne e 'Jesdt&%sr rwﬁs lar
coupl age 10 pyis 3 cg@fdr Ede uf agenfodtofisiags ol%q:&ﬁ&nf%ﬁ rlaedllﬁrﬂﬁ@ I'igéb 041 inb uﬁlgﬁigy ﬁa&frn
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char ge s-~zueaiptoeddsasionianéehdivgtivnl 1, Sdlaciiisdéh ddajui ladiopoly@drisatighaan delatiod €@omprend
conposant dudpdiyvéiigtien dannelgd, manombe ide Snofievinyladha stoits: rsdnsaundamondre disnpe@s ant
dudi t nonoviconjugad lselan Wt rapport Y55 ek enaloils ge snodovinylersae elr decs 415-tHabn poids de
nmono- abical i Widaeepnjugusi fai wnerserédéade potymérsaiond chirge sfauentigar ~e de chacun dudit
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et chaf e ctggrr e’“ﬂ%f ‘|;ﬂ9rR9ﬁ’B? p§ h?s"”PIG %iﬂ%%‘grf%%@@@ﬁgg;;:
Cerplb men 3.
Le proc~dd § ‘lgH ’ﬁ*F% @Pf?aff'?'% QA’E? t§'6“°@ %@ &% héi  avant
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un rap r S 2 10) e' 10N 8n Soluuo I i ds
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monovi gyl ar enGa ehargé avadTh MEMNinfl@ndtE ah niSREMBrebiSiMue tonjugad ef @ STiéalCAMESEI UN
nononbr e di Mehsjalaliconj ugu6. 35 4. Le proc~d6 selon |'une quel conque des

revendi cat i Onda gifarye Gekeruh @novihgladnd @ gnl erhorteatldd métg envho-alealia petpl age

di foncti onnel I@ehargelasicain mpaormiire diéquel cajugudaydes, | es di c6tones, |es

di hal osi | anes, |es di poxy- des, |es nonoesters, les |lactones, les huiles
vegqt assest ele |peasédéusdiansi'upel puelcdngus dgsoseyandicationssprétédenteso denslegus| dadit |agent ele
quel conque dawlageditonaivanat ¢sb phwishpasnidlerediaidéhyded des dibdianas lles| ditdlotilanegelns digRoxyt0
coupl age poHgs lommerageierslesdagtoness log hlles yeeftalen b los fiflen iggiales éRoxdfes i que ou un
di-ester. 6. Le proced4 selon |la revendication 5, dans |equel |edit n%]ent de
soupl age Dol P salipnefune quelconquedag teyendicatigns préefdsntasy, dpns lequal ledit age

t dt r an®t hox §PRagRelyionetiopngf gst 7 fierxysianp, 449 anhygride C&ﬂ'ﬂ‘ﬁpcﬂuluﬂé"eﬁtﬁ't aI | que. 45 7.
Le pr oced56 eI S0k

| equel Iedl se&’é:gajg Vfgr;’c s1||§ne drﬁl‘f@%ﬁ ane%? gﬁu%g g_ﬁ e[sg'lsé)ahqga-

6poxydé6e. uhe n ue |cat|ons

pr~cdd%nt7es u% él el éeqqaeonac%éggss' .lavénaaa% &é&d s hils "i88hef loot Sk ! eNe
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conj ugu4 esto ngld,fgnch%@, & huils lo'éoxyidaC0d4 sel'on’ 'a revendication 2 ou
3, dans | equel au noins un nononb ge nDnOV|nyIarbne est le styrbne, au
Moi NS | ek, t L4THHOSHAE sBlorf RS GEBIBndue r(!béJB%ﬁdlSﬁanl ﬁéo@de%febtuaaéiremﬂedd @éHolin nylardne
initiateur & dinstdhe SIMAR didhe"cBhilgué Bty 13-bitadhidHey | | 1 t hi um et 1" agent
coupl age pol yfonctionnel est le t~traethoxysilane et ledit agent de
coupl age ali Loprotddé selen la esvbndicaidn [25ul 32 dand Kguél lae mdia® ¥y shedmemSde monovinylaréne est

le styréne, au moins ledit monomeére diénique conjugué est le 1,3-butadigne, ledit initiateur de métal

mono-alcalin est le n-butyliithium et I'agent de couplage polyfonctionnel est le tétraéthoxysilane et ledit

agent de couplage difonctionnsl est une huile végétale époxydée.
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