| NCREASED MONOVER CONVERSI ON | N EMULSI ON POLYMERI ZATI ON FI ELD OF THE

| NVENTI ON 111This invention relates to an inproved process for redox

i ni ti at edwerrniozissesopol yneri zati ons whi ch i ncreases nDNOFET/USRINYAREBEDN.
BACKGROUND AND SUMVARY OF THE | NVENTI ON 121Reducti on/ oxi dation, i.e.,
redox, enulsion polynerizations, to form for exanple, enulsified stryrene
but adi ene rubber, are typically conducted in cool conditions using soaps,
and typically term nated by a shortstopping agent. The purpose of the short
stopping agent is to nake the initiator systeminactive under the
prevailing conditions, and thereby prevent cross |inking and/or gel

formati on. Processes fﬁ{ ﬁﬁfﬁﬂﬁﬂiﬁﬁmk’%é#%ﬁﬁ%i%ﬁﬁwm” zation
term nated by a shortstopping agent are we nown an escribed in great
detail in the prior art. For exdiplL¥MBRIZAPIZ617, U S. Patent Nos.

3,402, 138; 3,296,177; 5,384,372; and U Il mann's Encycl opedi a of |ndustri al
Chem stry Bd. FiF3.p 60GHRFRPs@ENTIONsuch processes for form ng, for exanple,

et hyl ene styrene but adi ene rubber, and are each incorporated herein by

reference. 131Tglgr e arf; %%nt e%teg%mﬁlﬁrlo%d oc@‘ss\%rquo\(%{igia%dy of

short st oppi ng agents to Used I n the atorementione processes. For
exanple, a w @@IWOTUS?@@@SIMIIO@S whigppérergesagaamei eonveggondescri bed in U. S. Pat ent
No. 5,384,372, conpositions of isopropyl hydroxylam ne and its salts. In

U.S. Patent NeACRGRULMSAND UMM AU OFSted INOERTINOY hydr ophobic free
radi cal scavengers based on phenol, nitroxide, and hydroxylam ne wth

i sopropyl hydr oxyl,am ne in sion.processes of rubber
| at exes. 141Unf?!tunatR?M8k%%X8B% o% %%% §m3ﬁmng&émm§%g eS¢t 'bed above

suffer fron1ohev@mphnmem@hﬁﬁtﬂ@ﬁﬂm@gwmﬁuwxeﬁ@nnhgmyt@@upubce@ses are only
capabl e Of 1 eshlifibMshilsp RIS UKL &Bnﬁ&gmgég&tpﬁ{cem bef ore

excess crosslinking occurs or ormat i on resu course, this neans
t hat any unre@%@%ﬁmﬁbﬁﬁwéﬁOMW%%%mﬁét@é@bV@?@&m@bﬂsﬁédV@PWhgdﬂﬁﬁls may be

costly and i ngfaiifl @(mdltloh@'éﬁilﬁééby prdve RRRIRRKS aldr AGH ARG, t he mononer
conver si on b%%ond Percent hen often a large anount of gel and
T

crosslinking ¥ rragsiet ©r ﬁﬁ?@ﬁ”Hﬁvm@§G§EKTB?Wﬁ@PBBWHBW@WﬁdbV@ke for exanple,
equi pm%‘gt fowhbrm@o\fﬁ[n‘él@ﬁﬁﬁé dblmgrhoym aln& doYErHegl I@ea@@mlnﬁme nbpm-dg?pove& alnt

i nproved process onyer si on. coyl ai ne

woul d furt hereXB'@plﬁe\gpSZ)éﬁfg7glp§ 'E?f:e}’?t Osp? 6@3?5 bt 9&} Eed 33 pr Sﬁ‘ﬁct with | ess

gel s and cros&%hmhmmquh@ﬂhxﬁnmﬁ@MhnnﬁhmnyBﬁassﬁﬁ delsdribs e peocps@cess al so
resulted in lF g fouf &O{roilvene§? des&;te(}he hhgh nnnoner
conversion, tfhed T tEWSETY" OIS QHBIFIS TRTO°r PR T f ur t her

benefi ci al |fm@m@hmwrpm0daﬂs&@mmld reduce or elimnate the need for

enpl oyi ng a short stop agent, nononer recycling, butadi ene washing,

but adi ene di sti 3 ati onpheRlyr &NGLE|EARERGIy 2R Qhrichf fiShorklopARE NG Of i nert
and/ or retarding conponents. 161Advantageously, inventive conpositions and

i nventive progeEsiade hxdé thpdeismantiopesederet HAT Snwale. hraidy'y gseds

af orenent i onesebppmﬁglgenﬁ@qs adsSiébel Ve sOtBT NEleSigh 3Pl Borfaliiastoer i stics. 171In
one enbodi nent e |nvent|on relates to a nmethod for i ncreasi ng the

mononer  conv e ®rBH gy @minegpd fthaft dip - gﬁ‘ﬁ?té‘fooﬁ7%)3o459rr‘éislsigé’€ﬁt%’ﬁo The net hod
conpri ses adchmpg)ya.y@xomeialﬁtee Qiﬂl(:ﬁl@fﬁ%tigﬁisfbgseaﬂn prich@cihiirm@dearmaunt of a
substituted ﬁpg h po [éggrlz t|on medi um 181[n a?other enbodi nment
the invention” 8?‘%{?’%‘&8 PER Bompraladiexy gpingaiortHgpping agent in emulsion

processes of rubber latexes.

4] Unfortunately, the redox emulsion processes described above suffer
from one or more shortcomings. For example, the processes are only capable of
resulting in a monomer conversion of about 65 percent before excess crosslinking
occurs or gel formation results. Of course, this means that any unreacted monomer
must be recovered for recycling. This may be costly and inefficient. Moreover, if one

seeks to increase the monomer conversion beyond 65 percent, then often a large



an enul sified rubber. The process conprises (1) reacting styrene and

but adi ene in the presence of a soap, water, nodifying agent, and an
activati nyoagevis3@nd (2) optionally term nating the reaetCiras2etono3ar
shortstoppi ng agent. An effective amount of a substituted phenol is added
to the reaction mxture of step (1) to forman enul sified styrene-butadi ene
pol ymer having a | ow gel content and hi gh nononer conversion. The
substituted phenol is selected fromthe group consisting of 2-6-di-t-butyl
paracresol; 2,6-bis(1,1-dinethylethyl)-4-nethyl phenol;

oct adecyl - 3-(3,5-di-t- butyI 4- hydroxyphenyl)proprionate; benzenepr opi oni c

acid, 3, 5-bi 3-C,. 5 al.kyl. ester ester;
1RGANOX 1520 ?”?gé{& éeg‘i&-?d C{OS%/““E 3“5 ﬁhl?fmay Caxsc?rﬁé Si Sr?b'ifﬁzbkk%ﬁ&“lolo

(Pent aer yt hri exampia atlwml{eﬁt—fbshr@ d| tert butyI 4- hydr oxyphenyl ) - propi onat p;

| RGANOX 1076 (Cctadecyl-3-(3,5-di-tert-butyl- 4- hydroxyphenyl) -

propi onate); angsyi xtua\@&)r&lh@y etqtoum\/%@dagr%%%@&%&DQ}T{M&QJOQ@%? [91In

anot her enbodi ment, the invention relates to a nposi tion conprising an

emul si fied ruBBEFYY hrelsr mORRSE consfPT swld tiﬁr‘?P‘tag‘e%ielF W%@iﬁ‘ﬂﬁﬁr‘ﬂﬂ desyrdrie and
but adi ene nNoOnaRRhS: prddes p@@ﬂ@ﬂ&lptrddﬁﬁ With l&h@&%ﬂefdsﬂﬁﬂn@tﬁan o enBofNONMEr

conversion of greate than abou rcent | east

subst anti al | ypggfssﬁfsr refé“c S EE) S&fes'i'l\ggé'? le?ﬁ‘g‘g‘f‘éﬁ'{dl cﬁréilvef“?ségesﬁ‘fe the

crosslinki ng. h@&ﬁlbhmamtvheronelmddwmm fuithfeebdnafi@a! itonuliehrikes: t o

enul sified ruf or sy t| for menti pned net hods
and processes. Q‘%ﬁcl SUCh l;Erf')uer SRS ‘lceornpm{"ﬁ5¥}}er?§%in 5 G Oryé']ga?tg to articles
mad_e f romt hestemramtsmt)mms rec PIETAbLED DEGTIRI P Pltahe R isTHEoh NWENE | ON Gener al
DEf Initions cleinﬁ%] andeF%mre’am 0H§e¢tddn%h%{apj’ %E\E&’%Ltj y means a pOl yrrerl c
conpound prepared “by po ynmerizihg nmononers, " the same or a
different type. The generic term "polyner" enbr aces the terns

"hormopol ymer, " 'Yopol yfeyantageougy. pﬁwewwom%@'tw nd e BBF PivEisees RiiGe by

pol ymeri zi ng Bdauﬁlsﬂfverla@t’h&t tﬁééDﬂiSnnyftH’éQﬂﬁWnﬁ@ned needd &ld als@ﬂmé%&ieﬁ on," as used

herei n, gener %\% 1c utdes a mxture of materials which conprise the
conposi ti on, §‘r 9"t i on products and deconposition products formed
or derived from the | ngredi ents or materials of the conposition. [ 14]

"Redox initiatetfl or "hedogmbadindnathieamventicagelatsetd almetheil for ingeagrgh¢ y i ncl udes
any chem cal h6arkdh QfhvbSHE o380 Tl Bl BOI gﬁ@ﬁ’{al iGAlih@Meiffer ein free
el ectrons (such as those fromorganic ra g tart a reaction wherein
one or nore a‘foﬁ}?élsqﬁ&%"&WW%&Q"@&WPW%@&@C"@@m‘g}@tlofasu@htutﬁldanges i nvol ve,
for example, gxhélad ih@polyhéhidngsddlks 1 n an increase in oxidation nunber and
reduction which results in a decrease in oxidation nunber. The changes may
result from fo exarrp el ectrons or those actions
wherein no el ec[ on trﬁﬁg?tgﬁre%’@%‘ﬁ?%msf}llfcﬂveﬁgor'trﬁ'(%?%mar?v‘i?ﬁﬁ‘ﬁd" B¥al ent bonds.
WD 2010/ 08308@:%5%&1132mérozmeazcem@hpsmsnamm@l skyyeng @hd-futa@Rne indise used

her ei n, gener g t are no subst ntial ctabl g amounts of
gel using the Jéslﬁ%ge%??g% ageé’hnl '%g St B hE 'é%aﬁemﬂcg{zg%t'lo this is

| ess t han abdgmnlﬁhtlm%hbyeavvmnqhm as[lcir(s]obimg\agml Apeffteint imowmsofissed her ei n,
general |y mealg.thatonkll§isd t.he Lyt cal
t echni que dESCI’SI“be pherﬁbefsnl}%g% thgﬁeagféf’%% ess%t%g(rll) tgﬁ%“ﬂ“?‘“ﬁmé% Bda wei ght .

1171" Subst antsba¢nieypufadicre oy mer b@mgladwg‘gcﬁnt%anﬂslw dmpepwon@mmr al ly neans
that a subst affelsal@RRyRngAl g ABNEL0 RS ARh HoeRaepRpef Lo @
crosslinking treatnent and therefore ot su romrestricted

nol ecul ar mobArgsPk ?f6\Mﬂ’chd‘ﬁﬁ?y'te@mr4t"@¢thﬂnhﬁoltqq@d@xit-’eﬁsﬁ -dir-botl-4-he pol yner

under | oadi ngwJolﬁihewu)gmpmagrr&rnz&egw&w /5, 5%%@9[3?9 nnzﬂfy?eh'pl) sgeneral ly
neans a nononmer conversion of greater out ercent or

hi gher, basedV8ixt!tte:tordd! wer gifr: lBﬁAﬁ‘@ﬁ‘o‘rﬁ%ﬁ) (24 [(Qﬁvbf%))mﬁthvélrw se
speci fied an calsklylIRGANGX BUG [PerBersihGilBndkps-@l skafd m@,gtyg‘[ hyRYypen@ht her [inear

or branched.
propionat}); IRGANOX 1076 (Octadecyl-3-(3,5-di-tert-butyl- 4- hydroxyphenyl)-

propionate); and mixtures thereof,



Redox Initiated Emul sion Processes [201The instant process is a redox
initiated enmul sion process. In general, at |east one conjugated diolefin
and opti oweal2by/@3mepol yneri zabl e ol efin are pol yneri zed PCH/UBR010020S3TIS
medi um Exanpl es of conjugated diol efin nononers include butadi ene-1, 3,
2- chl or obut adi ene- 1, 3, isoprene, piperylene, chloroprene,

cycl obut adi ene-1, 3, 2-phenyl but adi ene, 2, 3-di net hyl but adi ene-1,3 and t he
| i ke. Representative exanples of the copolynerizable ol efin nononers

i nclude aryl ol efins such as styrene, vinyl naphthyl ene.

al pha- net hyl styrene, parachl orostyrene and the |ike;

al pha- net hyl enecgr boxy Cl nd their este amdes.and nitri |es such
as acrylic aC|d%ﬂnethaLﬁnp?%e%%mﬂ?mnt 8??'1mP%SKHN?H3%?V1anIde and the

i ke, and V|nVMHWahgdeenduﬁ@ha@wvrﬁwtmmenemQMkoumddwnvdﬁymshnmﬂlde and the
ke [211 1 GRSidithe hiBmERIPH SHBLSHA, agtaxeérf{ew (PR RY,PE t erm nat ed
by a shortstoppi ng agent t such s not require exanp , I f less

t han 100% nonefEersiebhheatater BHan t@utﬁéstengénapertenefB)taheaspetbytwmallzmhfr@n may be
term nat ed meMh@)m@QQk&k%ﬂm9®f@e§ﬂ9&ﬁ§&ﬁgp'”9 agent such as, for exanple,

i sopropyl hydroxyl am ne or a salt or mxture thereof such as descrlbed in WO
02/ 38617, i ncor at ed, her reference requction agents
li ke sodiuntnitﬁ@ e, st %SPB‘HE?FV TV@Q“1§88FWﬁFwaﬁkd”ggas

di et hyl di t hi adéar bammbiésys nsadt by tie sforearentNBxd @etbods tasd tedekseat | ves. The anpunt
of shortstopping agent used will vary dependi ng upon the process and

shor t st oppi ng a?ﬁj“ buj, ah&héﬂéﬂb&ﬁdtérﬁ( tffuerlg\';@nﬁtgﬂjéfateptoqnltlcteg m%dé)frcmf'me( parts per
hundred parts of nonormer) h about 0.03 to about 0. being preferred.
The manner bycaiPEteEhe shortstopplng agent wil | be added will be in
accord with conventional techniques used in rubber polynerization
processes. PrBEEAHELY DESORHULIOOUSE IOIBUNVENTIDN he shortstop will be added
to the polynerization reaction mass when the desired conversion is

obt ai ned. EéRla) DG iR,0cess according to the present invention nay be
applied in a batchw se or continuous node. For econom c reasons, the
process is prefghably GQptRuaYSed h*aevttegatmut hednd 'aa%m@r &l dofGhat 0 be
critical to the overall i'nvention. The process of resent invention is
not dependent PTeireaby PRAIETZNH “aC?“OF‘ﬁVIStW*‘aEhé'tOf t*eté@mwtwfferwemeu hy agent,

conpl ex for m pgeRaant polmbd enbra@esmeameetmo@blgae@ bsianees, enulsifier,
di spersing agent, nodifier and the |ike J Conventional cold or hot

redox emnul si onerP@l‘H‘?Seés s B%’y'@?fﬁf”égf‘etd P\R/lym‘i”%‘f‘lge OB BV YPSPENL i on.

Conventi onal meéhierssurfactants, known in the art, including, for exanple,
sul fonate detergents and carboxyl ate soaps, are useful in the instant

i nvention. The el of S d ba pon the total
wei ght of nonong§g chagbgﬁghﬁﬁ gg%%gég Rdnﬁﬁgﬁqmg amx*” ?umelght of ionic
sur f act ant pemw@ﬁ@ﬂﬂﬁ@h@mbywmbugmpmmkmnnneﬁe$w@phn?mﬂwadwfron1about 1to
about 15 phmd%@dn%mﬂ%?ocﬂfcgff% @gwdeﬁ&q f;o%ome%%geldten% of Ha %"dft}t'eo phm bei ng
nost preferred he process Is prefer carried out in

pol ymeri zat i oR8PPHHiaRhi ch the netal conpounds of the redox system are
conpletely (or alnost conpletely) conplexed; that is to say, that the

pol yreri zati on 18] car rirebxQsitiatéd? of hedqanasameamse@ﬁwagtgewnpl exi ng agent
that at | east. 30 ercgnt f the nmetal c ound reacts th it to forma
mater-solublé"c%ﬁgfgf 'ﬁﬁ&ﬁﬁ&m(tﬁ%§%m88 1B R7Ngerig ke ¥ ?ﬁ@ﬁ@?ore
constitute pacﬂetctrmfs (tuhmasrtadeﬁo@ys@hmmaandls)aslw aabarceadwhepd”e&en)t mate t he

begi nni ng of po nerl tion. exing agent is, for
Patance” sodii B FIFGIER PR R ebb AR BERT SRR 00
2010/083089P®¥MU$@0W@#0%@3§Mannmm@@5ﬂdmmmdmmHMWbmduamakm\ﬂmﬁ redox recipes
applied in th'gsum)l %@grea%f?“&@anoﬂ% ug ?I[;'e chnI Liat Orreéulff% ?orerg?n ?e’
hydr oper oxi de, an ac ened%?? consi st s 6t "dever al
conmponent s (anmnﬁ@uﬁﬁbhmmsmﬁMEewmnmmnd@ﬁpdundxnoﬂh@skrm@mepebaare of ten
varied so th t of the initiator and/or of the activator
are enplOyed4&§ﬁ&b§%€§&$QEgt€§ ues can then be designated as the 100% or
the 100/ 100 |l evel, the desired nodifications being expressed in percentages
thereof, for instance 50% 1| evel or initiator/activator |evel =50/50.

[ 26] Activators usually conprise heavy netal (Nos. 23-29 of the Periodic
Tabl e) water soluble salts, such as ferrous sulfate, cobalt chloride,
cuprous chloride, nickel sulfate and the |ike. [271Wen enpl oying the
process at |less than, for exanple, full nononmer conversion, then it may be
useful to polynerize at an initiator |evel such that upon reaching the
desired conversion, the initiator is nearly or fully consuned. This may,
for instance, be effectuated by ch005|ng a Iom1rat|o betmeen the |n|t|ator

.y A N1 1 L, Y




[ 30] A high nononer conversion of the aforenentioned processes may be
obt ai ned with reduced crosslinking and gel formation by, for exanple,
addi ng arnwefzhmaisdose anmount of a substituted phenol to tireTSRym®RO33AL I ON
medi um Wil e not wishing to be bound to any theory it is believed that
addi ng the proper substituted phenol, in the proper anmount, at the proper
time, acts to trap free radicals, and thereby prevent the radicals from
form ng gels and crosslinked products, as the reaction is allowed to
continue to consunme nononmer and thereby result in high nonomer conversi on,
Wi t hout producing its usually attendant problens. Mre specifically, free
radi cal s are of gn gen: fr J l ysis
during the proctss andg ﬁgﬂ%$§gﬁkfegggQ¥g5gE§%<ﬁhﬁﬁF%MnﬂHH%&@h9 A proper
amount of a pweﬁewn@ﬁb@ﬂmwﬁvedmmh@H@hﬁ&@ﬂ@ﬂm@YWmh@dWGWﬁéﬁmﬂﬁ e radicals
maki ng it poqéhqu-Bgmgomkhﬂggt&gemﬁgg@%ﬁﬁqk@ﬂer|zatron W t hout substanti al
change in kinetic order resulting in hrg nonomer conver si on. [ 31]
Wil e the substjtuted phenol s t he n raI r edox
initiated enul§h@n pr o 8§§8§0ﬂ?%vﬁﬁﬂfﬁgpﬂ% WWﬂpﬁwa%H@§“W§§88§
partrcuIarIy<meaﬁmégﬂssnymemwbeaﬂkkmgnedekymﬂmemnmn@neﬂbaﬂﬂﬂmnbutadrene

nmononmer to fo qug/% &5g&|ed styrene but adi ene rubber. Such processes

advantageousIZS/O cur-i'n the presence of a soap, water, nodifying agent,
and an activating agent . [ 32] Useful substituted phenols i ncl ude any
that are capabl@d7lof bi Subsigtialyfise of aroselinkingdiag ted prrejpsersilvinaate gi ven redox

emul si on pr quaas%@l@osta&}ﬁmrﬁﬁlm &urklsfgormr@gn&%apéx osaﬂ%atch&&ﬁlkﬁrgbs'“ tuted with
an al kyl group such as a _branched al kyl gr ‘QF i ke |-€rop or t-butyl.
1‘1

PartrcuIarIytﬁﬁeF@ﬁﬁﬁﬂ@mgﬁﬁgFﬂﬁﬁwgﬁﬁbﬁEﬁ delr BEPEY FY SR ¥ he gr oup
consi sting oOftendt8tiflit tHeelmfisyn dpae dolomesabicr 1ddfghi s( 1, 1- di net hyl et hyl ) - 4-
nmet hyl phenol ; octadecyl - 3- (3, 5-di -t-butyl -4-hydroxyphenyl ) proprionate;

benzeneproplon CId’E@%r%ﬁgﬁa“% ﬁ%gghgg%Hx&g%q¥h&?ﬂup%g§9xyl C13- Cl15

al kyl ester; NOX 1 o-cresol); | RGANOX

1010 monomer conversion of greater than about 70 weight percent or h1gher based on the

(Pentaerythri, mF&%é fl1n%§ 5-ditert-butyl -4-hydroxyphenyl)-propionatl);
| RGANOX 1076 %Cbta ecy 3,5-di-tert-butyl- 4- hydroxyphenyl) -

propi onate) and m xtures thereof 3 The effect a nt of a
desired substi tlitled pH@Wﬁ?mV%WF%§”8§ﬁe dﬁ%@gﬂﬁbﬁwﬁﬁE"egé ﬁﬁf e amount s,
process condinkdy®8sitheaRtkat ii@ranpteal fi c substituted phenol. However,
preferably the anpunt and type of phenol should be selected to be
sufficient tqledgxpnqmtedtﬁmﬂgl%? L@l 1y all of the free radicals produced in
a given emul sion s manner a hi gh nononer conversion may be

achi eved due to, for exanpl e, a substantial anmount of the free radi cal s

bei ng bound so BMat t H&§ is@pipErcessAra edaxdaitded nydonRrestis It &n¢dl #h gel s or
crosslinked pgQcHA6 tShjughidd a@eﬂﬁ Qarrupﬁoﬁmry Slcdpb@mbh@braroeﬁe Bile pbiyMefideti on
preferred ampunts and t Ees of gtrtuteg g nol s may, lecﬁult in a nononer
conversi on of "y WYY MF es? conpyeatedidiniy Wm§W§5T “tfian about 75, nore
preferably greatiefe-i harhabodutadi8iy- | Tikoprefy, eipetyhd, yhiglopater t han about 85,

mor e preferabl reater ~than gbout 9Q, r r reater than about
95 wei ght peﬁ%éﬂgygﬁﬁggaﬁ% °p '%F%?%&;V£R§ﬁ¥£ $%ﬁﬁgﬁédglggeferable amount s
and types oflsmhﬁmwhuﬂe@nﬂh&ﬁdﬁsowﬂﬁhwdﬂﬂeMdﬁen@hakeukhﬁeexaﬂwhe, may al so
result in at ast. subst nt| free emul sj [ or pol ymner
that is at | egc% as stmg, ¢ o Vgt r}%{}yl nega? hélfmegn Isgyscincrﬁ?%chlgr%gyrgﬁe andl ective

anmount s of sunhs:taipﬂmumdlybimmbbxyrhaycldsaingéletfr eaTy. alnoigs an@i nfdiles wcla@out 5 parts,
preferably fr £ om about
0.02 to about™ %Qﬂgb?ng%Cagﬁggﬁm%gﬁgdﬂ&hﬁﬁgﬁﬂge?ﬁh %m%2$?§l nomer .
Advantageousmekeﬁkegswm@ﬂewwbhneremyMMQmewﬁﬁﬂMﬂmted phenol typically do
not have a short stop effect, i.e., it does not significantly hinder

further polyner b(fjat | ON¢ desired| tﬁé]edJMrﬁJn%tyh%ﬁza%HPhhﬁﬂi beabrmf@sddied substituted
phenol nay be added at any convenient tine in process, so long as

sufficient pleHtsiorpiae sepidEhiich § predpdrd: FO{)F"aé‘tp'et @éf’éscth%’h”é)gt/"antr all'y hinder,
the free radingabseloMEsRANS deSikdadthen@e bdlyh@REIN GRS bt @rif@4Ed gahs or
crosslinked products. Thus, in a continuous or batch process, the desired
anount of desired substituted phenol may be added continuously or
increnentally along with the nononers prior to significant polynerization.
Alternatively, the desired anount of desired substituted phenol may be
added increnentally, or in full, while polynerization is occurring, so |ong
as there is a sufficient amount to prevent, or at |east substantially

hi nder, any free radicals fromparticipating in reactions to formgels or
crosslrnked products In one enbodrnent at Ieast sone of the desrred

Y 1 . " 4 1 T [T "



substituted phenol is selected fromthe group consisting of 2-6-di-t-butyl
para-cresol; 2,6-bis(1,1-dinethylethyl)-4-nmethyl phenol;

oct adecylw8-208yds3@p-t - but yl - 4- hydr oxyphenyl) propri onat @eCThse@meneq3sDPi oni ¢
acid, 3, 5-bis ((1,1 -dinethylethyl)-4- hydroxyphenyl-C 13-C 15 al kyl
ester; 1RGANOX 1520 (2,4- BisRoctyl-thio)nethyll- o-cresol); | RGANOX 1010
(Pentaerythrit-tetrakis[3-(3,5-ditert-butyl -4-hydroxyphenyl)- propionatp;

| RGANOX 1076 (Cctadecyl -3-(3,5-di-tert-butyl- 4- hydroxyphenyl)-
propionate); and mxtures thereof. [42]7. The method of any preceding
Enbodi nent, wherein the effective anount of a substituted phenol is from
about 0.01 to about 5 parts per he nethod of any

precedi ng Enbeefinkeit Shﬂ’/{ﬁE’P%’P agteﬁtesug‘faf;gféf‘?%pgﬁ?ﬁfﬂ’ yl(%’fdgoxy Y futed phenol
i's from aboutsa@oQdixtu: takeifbuch apadséribed @rw QOO 3REITt iscammmanigierein by [ 44] 9. The

met hod of any reced Enb
substi tuted dﬁé’ﬁB‘ie ‘?Slwe‘%ra dof)tboﬂtagedﬁsdv%ht%d%ngm r@gﬁggngg&r@s{ﬁm@g@igg ggr ? s

m)lnomar [séﬁl]im]iﬂne'm}didmh@tzhbmha@fs salfiflespore@oind dfs Etrrtyetdieﬁeﬁte amgir ei n t he

pol ynmerization results in n b focQl SRtBonstdpaing about 85

wei ght per cen({} hortsmf%éﬁagﬂ % R O%W’%; yP%?gé)é di ng SEnr‘})SoOg?‘rrgent wher ei n
t he polynerlz@mnbm1$esmﬂb§kmnw@ﬁﬂﬁhém%9PbbﬁVé?@¥ Bynder Paftedt er t han about 90

wei ght percenf nomer) LN%KLE)(QH?O Jhe ag&tt b@%hﬂfbelﬂg'flreﬂﬁg&eﬁl'e 'ﬂﬁm@ﬂ@?dhlﬂlﬁnt wherein

t he polyrrerlz fon‘results in a nomer conversion of greater than about 95
wei ght per certhe shortstfnpBig agedt WH‘é’eﬁéquo‘ti‘”&F inggqsPr vk e ?{ﬁ'o‘l‘ﬂ#{%'m‘%ﬁt wher ei n

the polymeri ZuFLd ﬂ'?uﬁ’bg?ély%%niaﬂoﬁ-ﬁro&egﬁﬁPrgféﬁﬁltyadﬁtat]@éohsysoglﬂbn $troesshedrul sioon
pol yner. an r ecedi E@"?Od' wherein the
pol yneri zat | oﬁtPPr‘”égtl}F pdsleq 9 the RobIMeREAtion Fi’é‘i“OF ?a%ftw B esérﬁ é?ﬁf PPy free of
crossl i nki ng.gbtained[ 50] 15. The method of any precedi ng Enbodi ment, wherein
t he pol yneri zati on nmedi um conprises a soap, water, nodifier, and an

activating agen(}%“ Za’%heglocé‘s@ ccg%mg‘?& IEQPreQJn 1%%1&“@8%' P;Slleﬁmlé)d' ment,

wherein the pol um ses styrene, di ene, water,
fatty acid sdaphwisesiqentimeisdnasioalr eefbnethrf@ﬁISytSet ¢ PRSP é’tﬁfeﬁbbn conpl ex,

sodi um for mlc%ﬁthr}ﬁg% ﬁéuf(ffvgxﬁfts%g% il Rl qpcﬁ%ﬁwal {RELAPLANR entRRAThe

d|-|soproplybenzene operOX| 7. The met had of any preceding
Enbodi ment,  wheessiaf ﬂtemeesmlwﬂ%'m‘ AP Qﬁﬁe’ﬁd%m é’@)?fmi’é'f“é‘&ardt““%fort ehsEPat ure of

from about 0 t{e&hcﬁ'@gkgnté%lex forming agent, buffer, oxygen-combining substances,

emulsifier, dispersing agent, modifier and the like.

[23] Conventional cold or hot redox emulsion recipes may be employed
with the present invention. Conventional ionic surfactants, known in the art,
including, for example, sulfonate detergents and carboxylate soaps, are useful in the
instant invention. The level of ionic surfactant is computed based upon the total
weight of monomers charged and ranges from 1 to 30 parts by weight of ionic
surfactant per 100 parts by weight of monomer (phm), with from about 1 to about 15

phm being more preferred, and from about 2 to about 10 phm being most preferred.

[24] The process is preferably carried out in polymerizations in which the
metal compounds of the redox system are completely (or almost completely)
complexed; that is to say, that the polymerization is carried out in the presence of
enough complexing agent that at least 90 percent of the metal compound reacts with it
to form a water-soluble complex compound. These complexing agents therefore
constitute part of the redox system and are already present at the beginning of the
polymerization. A very suitable complexing agent is, for instance, sodium salts of

ethylene diaminetetraacetic acid.



[ 53] 18. The nethod of any precedi ng Enbodi nent, wherein the polynerization
is conducted at a tenperature of from about 3 to about 10C. [ 54] 19. The
met hod ofwarnyiomsswsedi ng Enbodi ment, wherei n the pol ynmer ipzattiseno0ioz03sonduct ed
at a tenperature of fromabout 4 to about 8C. [ 55] 20. The nethod of any
precedi ng Enbodi nent, wherein the polynerization is conducted for from
about 4 to about 20 hours. [56] 21. The nethod of any preceding

Enbodi ment, wherein the polynerization is conducted for fromabout 5 to
about 7 hours. [57] 22. The nethod of any precedi ng Enbodi nent, wherein
the total nonomer conversion is at |east about 5 percent hi gher based on
total nononmer conversion as conpared to the sane %eess conducted w t hout
addi ng a corrposﬂsﬂon c@r?ﬂ??r%l?(’r‘}@eﬁh“@ﬁd@éfeﬂpés ?HIEFGH‘Et 6POIYMEIBYY t ut ed phenol
to the enul si mﬂlu&i’lﬂnllrﬁlgatbrh%r &@h}bl’éﬂl’yld?c@&bﬂﬂe and an[a&watoz&thﬁ%emlhOd of any

pr ecedi ng Enbodi.ne } q\ mer  conversi.gn is.at |east
about 10 perc%ﬁ?“ﬁ?dﬁ@?aBﬂg%ﬂaﬁﬂﬁwgﬁaf'ﬁﬂﬁgﬁﬂFaeaﬁvgr% on‘%&m%g%pared to

t he sane procaseﬁ&omduﬁbadimh&hommnaﬂmﬂﬁgnmmn@mnmsﬁﬂw@anemnpp|srng an
effective anDunt of s t ed t he

pol yreri zat i of"P Y %U&“?ﬁg %?k% V*%%%@ %%E&Eﬁgngﬁgnt i n which
t he pol yneri zvdlahe desnetdequrﬁqatoedbdmg capsiet ingeoppigagthergefor instanck 60]  25. The
nmet hod of anyyﬁrEGS%Iﬂ9m5@Q99&&qQ%I _{gsowhi ch the pol ynerization is not

term nated by a shortstopprng agent [61] 26. A process for naking an
emul sified rubber conprisin 1 ctin n and but adi ene
in the presencel® a s%ﬁHMOWéP@JyC%HﬂF?§i%/ aéﬁrsgézggéﬁ §6 fiati ng agent ;
and ( Pabley PhafePsd@lblelsaltsesudh Rabirdlg siflAtefcdbeiaciidriig, caprviis dhlosidar t st oppi ng
agent; wherein an %$ fec & ﬁ anount of a substituted phenol is added to the
reaction m xt UF BELEM 5% to forman an emul sified styrene- but adi ene

pol ymer having a | ow gel content and hi gh nononer conversion and wherein
t he substi t ut ed[3henol When swill@dtzalE freagsn at lees topnolgperamnisi il imegoradr

2-6-di -1-but yéonpé?ﬂgn ?hreﬁﬁ(?rlaiy b&uLrR ool mbrish BT N} RV bac thatBIRY ! phenol ;

octadecyl -3- (3,5 4- hydr oxyphenyl ) propri onat e; benzenepropronrc
acid, 3, 5-bi eac(h(ngtlﬁd@rlr?étcwrrémmmr&ratﬁy'arl%xlyﬁh Hy poneamedeTBis magy | est er

ester; | RGANOY; Aﬂ@tg&e(t%reﬁ'éctlﬁlte%BQGEdblsmé Qlo@)rﬂfﬁiﬂéﬂe’en thQirfti@s vl anll RGANOX 1010
(Pentaerythrrt tetraki s[3-(3,5-ditert-butyl-4-hydroxyphenyl ) - propionat]);

| RGANOX 1076 {t¢teideeyl - 3- (3, 5-di-tert-butyl- 4- hydroxyphenyl)-
propi onate); and m xtures thereof. [ 62] 27. A conposition conprising an
enul sified rubb@@s8] wher Bius, thapotynretilzhien medinp pitge®mprises s saherwategd from styrene

and but adi ene oner.s i ri zed by:
(A) a nononer @gﬁggrgvgﬁag?gmﬁagpgﬁqﬁﬁga9aﬁdﬁag%%kh8p”L&U&erc &? (13) at

| east substanmw&rmegéﬂwﬁﬂbe"%aﬂﬂmﬁcmaﬁmmea@@r§vU§®dﬁwwwmmya@¢ee of

cr oSS! | nKING. oap, olebifl @ Rnclig FATBARLL AR TorkBAdIER M le WRET Sl N L he

pol ybut adi ene ¢ rrses ess percént by wei ght gel content.
dodecyl mercaptane, di-isopropylbenzene hydroperox1de and/or p-

methanehydroperoxide.

[29] In one embodiment, the temperature of the polymerization ranges from
about 0 to about 50°C, preferably from about 0 to about 25°C, more preferably from
about 5 to about 20°C, more preferably from about 0 to about 15°C, more preferably
about 3 to about 10°C, with a temperature range from about 4 to about 8°C being
particularly preferred. The polymerization may be conducted for any length of time,
but it is preferred to be from about 4 to about 20 hours, more preferably from about 5
to about 10 hours. A chain transfer agent may be used in order to, for example,

control the average molecular weight.

Increasing Monomer Conversion in Redox Emulsion Processes



[64] 29. An enul sified rubber formed fromthe nmethod of any of Enbodi nents
1- 25. [ 65] 30. An enul sified rubber fornmed fromthe process of

Enbodi merv02610/083089[ 66] 31. A conposition conpri sing thepremuisgomioeas3T ubber
of Enbodi ments 28 or 29. [67] 32.An article conprising at |east one
conmponent fornmed fromthe conposition of Enbodi nent 31. [68] 33.The
article of Enbodinent 31, wherein the article is a tire. [69] While
certain representative enbodi nrents and details have been shown for purposes
of illustrating the present invention, various nodifications and changes to
the process can be nade w thout departing fromthe scope of the present

i nventi on. &70] The practice of this _ invention is further illustrated
by reference tol¥he fofPERMGOBRAABEELNRATE AfoEMENT REERIBEE et Bayk

represent at i vebtdigddRath réduaddl kRSInking bndvR | Rimdtide bk CaRRaYle, bitdigz annvent i on.

[71] Al percentages are_.givyen in . ternms of percent by weight unless

ot herwi se i nd?%ﬁ?gﬁmoﬁfﬁﬁ%f“&mumﬂ’hﬁﬂ]m tﬁ%"‘@%ﬁfﬂ"@?%ﬁ”@vi\%@% " e intended
to assi st in aBhidfodeeddbadds my tigorytihie belirRveithdt addingaihwdprapee substiteted ed t o t hose
of skill in the art. Particular eci es.. l.o It cul ditions,
rel ati onshi ps?’eﬁéﬁl}dntﬂ}?@ r(ipfrkaélfou%raet%éjé?pﬁrntéﬁe’ o %SSF frﬁeﬁrsaélﬁegst’lfr\?fret?&gﬁd not
limting. Allprdesitjnaticdnfonforthpgrt!s amtcrosplankedsproduatd, d5%e resgddn ias wi | | be
used in the f | | akd thQLs (S welght and wt. %

unl ess expr es@ 05”9#8?%8%%30‘?%%%%?@&"&tas eyﬁgﬁruotyne@él? n the follow ng
exanpl es ref esesvargopaithent pypdygisisgtytusugtly atisadansrropeny Magenseifigndly. 190 parts of

monomer char g d 3 Lhdh grek@atgixtﬂfﬁph@esleQifropErQQidQB)emiétainY@th%% the nodifier
ly a 10- C12

enpl oyed was typi cal m Xt ure of nmer capt an al t hough ot her

modi fiers suchiogss ad s ofep radree ajopsinking aniesle-uf STPHEMEBY g B™so be
enpl oyed. Thegsultditd phesol R &b @b RImeDRR AR alsMaRing @Ipbisdidto POBinGd . The
activating agents used in the es were paranment aneh drgfégroxi de or

he exanpl
di i sopr opy| beWIBRORRSFEGHER Bﬁ?ﬂésugft?'ﬁ'ﬁlf&ﬁ“g&% petig Pyish B BRi%es for rubber
such as cunyl hyshhepemexiicke and di benzoyl peroxi de may al so be enpl oyed. The
reducti on agent used in the exanples was sodi um for nal dehyde sul f oxyl ate

al t hough ot her Eﬁfuct [ %il&gg%ﬁit&%@w@s [g%{%{)kfe%%g@p@?hg% ofSRdieHdydi t hi oni te,

hydr oxyl am nes, "of sulfites nmay a . _ fatty acid used in
t he exanpl es wdex initisted emusiencbr@edses @dows ktdeseribgsl Hexahave byghrainylaeni mal  or

plant ori gi najefkatdndn AGlile T8YreREm S PR buRBkASRbdMeSB i Mer e used as
the rosin acid in the exarrpFes al though rosin acid from pi nes, root or

bal samwod, ofmyiidydrshisne bitediene a¢bbere Py ely RseasFset adv ISy !y M1y eyeIndbipl oyed. The

el ectrol yte syrggeﬁd_pofggmbgyaeéi hdlify RE a KA IR fSciNatndRBRP4 1 n conbination with
NaOH to forma tri- sodium phosphate buffer although any system nay be used

to maintain the around . 10. . The .irqgn. conpl e sed i,n the exanpl es bel ow
was FeSO, and dﬁg’_{apl e Se?uéfur('%’fltf“étﬁ‘g%kieg%’ 'rrf%lfl % arné)ggg §) aé’?bq%?t 'rgbnékymaﬁny r edox
syst em such asfréchadel padedd nnhe@iven @dox Nnulgbreprogrssgs. beypeniplubyietkd The soap

enployed int | es t r ARV | d soap

system al t hougﬁnﬁﬁﬁg@ggesuml%ﬁ%%\gﬁgégﬁlkglsg@gg%cgﬁéggﬂggcgad %?l%ﬁkﬁ ke

( Napht hal enei ismbnyi 1 tsuiyf. dtagicelprly pre#tablssukibued phaypls afe sefedtes fram thhe bel ow

exanpl es was e S| i : C iinked rubber gel with
mp %}O h fling %—%{?t‘éb}t)gé?rﬁ\éﬁwl, Zwblg{ﬁ,l%@%ﬂlétg}ffgl g

occl usi ons", rnal o 0l ymer Sci ence, , ssue 5, My
1985, pp. 1969cthdggnolhictadedys3{htdirtgutvatdadraspbiniDpgrioater ence. | n general ,

the test procgafSedspidrd! RS s-fid { BI-ahiehyRAFHLS IR VR JORA K Mester;
IRGANOX 1520 (2,4- Bis[(octyl-thio)methyl]- o-cresol); IRGANOX [010
(Pentaerythrit-tetrakis[ 3-(3,5-ditert-butyl-4-hydroxyphenyl)-propionat]); IRGANOX
1076 (Octadecyl-3-(3,5-di-tert-butyl- 4- hydroxyphenyl)- propionate) and mixtures

thereof.

[33] The effective amount of a desired substituted phenol varies depending
upon the reactants, amounts, process conditions, and the specific substituted phenol.

However, preferably the amount and type of phenol should be selected to be sufficient to



0. 2000+ 0.0001 g in step (A). The sanple is put in a sack from gauze and
the weight is detected in step (B). Next, the sack is put in a 150 m flask
of tol uerwoforo/@dshours. Then, the sack is renoved frompPColusene/w3th
tweezers. For evaporation it is left for about 30 mnutes in a fune hood.
Then the sack is heated in an oven for 2 hours at 105C. The weight is
detected in step (C). The gel content is defined as: C- (B - A Cel
content (%9 = * 100 A A= sanple input (g) 13= Sack + sanple input (g) C=
Sack + sanple input after drying (g) (B-A) = Sack (Q) Sarrple experinment: A
= 0.2001 g B =0.6220 g C = 0. 4220 g Gel content (% = 0.04998 Exanple |
1751A redox initiated emul sion ymeri zation was carried out using a cold

soap styrene bt xéh é“r?é‘a’ﬁtﬁ‘“);/ﬁlb‘?ftaeaff‘ieé?? RS PFPIEISE N g YREMEtos PIcEsteld on Tabl e
1. Table 1 I ngiafingéta h@arnt@o@arcoa\%hqaarﬁawe hompitd @B tol fdf@xanipin@mer (phm

TONONEr  exper Isurggtgrgtlal amou}{t O?qle free ra 1cals gemg bound so that they cannot participate in
reactions to form gels or crosslinked products. In accordance with the the present
invention preferred amounts and types of substituted phenols may result in a monomer
conversion of greater than about 70, preferably greater than about 75, more preferably
greater than about 80, more preferably greater than about 85, more preferably greater
than about 90, more preferably greater than about 95 weight percent, based on the total
weight of monomer. Preferable amounts and types of substituted phenols include those
that, for example, may also result in at least substantially gel-free emulsion polymer
and/or polymer that is at least substantially free of crosslinking. Often effective amounts
of substituted phenol may range from about 0.01 to about 5 parts, preferably from about
0.01 to about 1 parts, more preferably from about 0.02 to about 0.5 parts, of substituted
phenol per 100 parts monomer. Advantageously, effective amounts of the substituted

phenol typically do not have a short stop effect, i.e., it does not significantly hinder

further polymerization.

[34] The effective amount of desired substituted phenol may be added at
any convenient time in the process, so long as sufficient phenol is present to prevent,
or at least substantially hinder, the free radicals from participating in reactions to form
gels or crosslinked products. Thus, in a continuous or batch process, the desired
amount of desired substituted phenol may be added continuously or incrementally
along with the monomers prior to significant polymerization. Alternatively, the
desired amount of desired substituted phenol may be added incrementally, or in full,
while polymerization is occurring, so long as there is a sufficient amount to prevent,
or at least substantially hinder, any free radicals from participating in reactions to
form gels or crosslinked products. In one embodiment, at least some of the desired
effective amount of desired substituted phenol is present before the monomer
conversion reaches 65 percent which is often the point at which free radicals may be

formed.

[35] The aforementioned methods often may result in a total monomer
conversion which is at least about 5 percent, preferably at least about [0 percent

higher, based on total monomer conversion as compared to the same process



But adi ene 77 770g Water 215 2150g Fatty acid soap 2.5 25 g Rosin acid soap
2.5 259 Total electrolyte 0.45 4.5 g substituted phenols 0.01 - 1 0.1 - 10
g Chel at estoizoovsssapl ex 0. 01 0.1 g Sodi um f or nal dehyde earfuszylbares3n. 05 0.5
g Tert. Dodecyl nercaptane 0.14 1.4 g

conducted without adding a composition comprising an effective amount of a
substituted phenol to the emulsion during the polymerization. Thus, the monomer
conversion may be preferably greater than about 85 weight percent, based on the total
weight of monomer. The aforementioned products are often at least substantially free
of crosslinking. This often means that, in one embodiment, the aforementioned
products are often at least substantially gel-free (e.g. less than about 0.3, preferably
less than about 0.2, more preferably less than about 0.1 percent by weight gel content,

as determined by the method described in the examples below).

IHustrative embodiments 1-33

[36] 1. A method for increasing the monomer conversion in a redox
initiated emulsion polymerization wherein said method comprises adding a
composition comprising an effective amount of a substituted phenol to the

polymerization medium.

[37] 2. The method of any preceding Embodiment, wherein said
emulsion polymerization comprises polymerizing a styrene monomer and a butadiene

monomer to form an emulsified styrene butadiene rubber.

[38] 3. The method of any preceding Embodiment, wherein the

substituted phenol is capable of binding with a free radical.

[39] 4. The method of any preceding Embodiment, wherein the
substituted phenol is added during the polymerization prior to the addition of a

shortstopping agent.

[40] 5. The method of any preceding Embodiment, wherein the

substituted phenol is added with the monomers prior to polymerization.

[41] 6. The method of any preceding Embodiment, wherein the
substituted phenol is selected from the group consisting of 2-6-di-t-butyl para-cresol;
2,6-bis(1,1-dimethylethyl)-4-methylphenol; octadecyl-3-(3,5-di-t-butyl-4-
hydroxyphenyl)proprionate; benzenepropionic acid, 3, 5-bis ((1,1-dimethylethyl)-4-
hydroxyphenyl-C3-C;s alkyl ester; IRGANOX 1520 (2,4- Bis[(octyl-thio)methyl]- o-
cresol); IRGANOX 1010 (Pentaerythrit-tetrakis[3~(3,5-ditert-butyl-4-hydroxyphenyl)-



di - isopropyl benzenehydroperoxide 0.05 0.5 g Short stop (Hydroxyl am ne/

i sopropyl hydroxylam ne 1:1 weight ratio as 100% concentrated) 0.05 0.5 g
[ 761The awowelopmsBosoeri zation was carried out at 5-7C forCé/usounws20831h a
final nononer conversion rangi ng between 85 and greater than 99% based on
total nononer weight. The resulting product was free of gels and
crosslinking. Exanple Il [771Under nitrogen atnosphere, at 5C, a stirred
five liter reactor was fed the foll ow ng: styrene and but adi ene nononers,
sodi um f or mal dehyde sul f oxyl ate, tdodecyl nercapt ane,

di i sopropyl benzenehydr oper oxi de and a phenol (ANOX BF(t m available from

Great Lak Chem t was initiated by adding a
chgfiat eg ?fonpfe?g]‘r?%%)”{lw){) h(g\é%&%%?yé'f@ﬁéh feﬁd’r“%‘l ‘e Aydoxyphendhiown in Tabl e

2 bel ow. Tabl erogiochni®r edingxtuss Rakeds per 100 parts nononer (phn) Inputs as 1
kg nmononer experinment 483.2 g Styrene 28.7 Butadiene 71.3 1200 g Water

Enul sifier 224. ?[’4'2] Emul §.i fi elrhe?’n%ﬁ)%d gfagly preceding Embodiment, wherein the

effective amount of a substituted phenol is from about 0.01 to about 5 parts per 100

parts monomet.

[43] 8. The method of any preceding Embodiment, wherein the
effective amount of a substituted phenol is from about 0.01 to about 1 parts per 100

parts monomer.

[44] 9. The method of any preceding Embodiment, wherein the
effective amount of a substituted phenol is from about 0.02 to about 0.5 parts per 100

parts monomer.

[45] 10.  The method of any preceding Embodiment, wherein the
polymerization results in a monomer conversion of greater than about 85 weight
percent.

[46] 11.  The method of any preceding Embodiment, wherein the

polymerization results in a monomer conversion of greater than about 90 weight

percent.

[47] 12, The method of any preceding Embodiment, wherein the
polymerization results in a monomer conversion of greater than about 95 weight

percent.

[48] 13. The method of any preceding Embodiment, wherein the

polymerization results in at least substantially gel-free emulsion polymer.

[49] 14, The method of any preceding Embodiment, wherein the

polymerization results in a polymer that is at least substantially free of crosslinking.

[50] 15.  The method of any preceding Embodiment, wherein the

polymerization medium comprises a soap, water, modifier, and an activating agent.

[51] 16.  The method of any preceding Embodiment, wherein the

polymerization medium comprises styrene, butadiene, water, fatty acid soap, rosin

10



Fatty acid soap Rosin acid soap Total electrolyte 0.45 - Phenol (ANOX
BF(tm) 0.029 0.5 g Chelated iron conplex 0.01 Solution 60 m 1.269g
CHELAPLEXVO.28108808Fe SO4* 7H20 Sodi um f or mal dehyde sul f oxpCatis2@00163687 7 ¢
solution 40% Tert. dodecyl nercaptane 0.18 3.1 g

di - | sopr opyl benzenehydr oper oxi de 0.106 3.6 g sol utions 50%

acid soap, electrolyte, chelated iron complex, sodium formaldehyde sulfoxylate, ter-

dodecyl mercaptane, and di-isoproplybenzene hydroperoxide.

[52] 17. The method of any preceding Embodiment, wherein the

polymerization is conducted at a temperature of from about 0 to about 50°C.

[53] 18.  The method of any preceding Embodiment, wherein the

polymerization is conducted at a temperature of from about 3 to about 10°C.

[54] 19. The method of any preceding Embodiment, wherein the

polymerization is conducted at a temperature of from about 4 to about 8°C.

[55] 20.  The method of any preceding Embodiment, wherein the

polymerization is conducted for from about 4 to about 20 hours.

[56] 21.  The method of any preceding Embodiment, wherein the

polymerization is conducted for from about 5 to about 7 hours.

[57] 22.  The method of any preceding Embodiment, wherein the total
monomer conversion is at least about 5 percent higher based on total monomer
conversion as compared to the same process conducted without adding a composition
comprising an effective amount of a substituted phenol to the emulsion during the

polymerization.

[58] 23.  The method of any preceding Embodiment, wherein the total
monomer conversion is at least about 10 percent higher based on total monomer
conversion as compared to the same process conducted without adding a composition
comprising an effective amount of a substituted phenol to the emulsion during the

polymerization.

[59] 24.  The method of any preceding Embodiment, in which the

polymerization is terminated by a shortstopping agent.

[60] 25.  The method of any preceding Embodiment, in which the

polymerization is not terminated by a shortstopping agent.

[61] 26. A process for making an emulsified rubber comprising:

11



Short stop (Hydroxylamine/ 0.5 g |Isopropyl hydroxylam ne 1:1) 1781The
nononmer conversation was detected cyclic after each 30 mnute period. The
resul ts awe 28tvmssoson Tabl e 3 and the net hods descri bed iPpowasz@bOR0B3DEl oW
Table 3. [79] Table 3 Tinme [h] Tenperature [C] Pressure [bar] Mnoner
conversion rid 0.5 5.3 0.31 11.3 1 4.9 0.31 22.7 1.55.9 0.31 38.4

(N reacting styrene and butadiene in the presence of a soap, water,
modifying agent, and an activating agent; and

2) optionally terminating said reaction with a shortstopping agent;
wherein an effective amount of a substituted phenol is added to the reaction mixture
of step (1) to form an an emulsified styrene-butadiene polymer having a low gel
content and high monomer conversion and wherein the substituted phenol is selected
from the group consisting of 2-6-di-t-butyl para-cresol; 2,6-bis(1,1-dimethylethyl)-4-
methylphenol; octadecyl-3-(3,5-di-t-butyl-4-hydroxyphenyl)proprionate;
benzenepropionic acid, 3, 5-bis ((1,1-dimethylethyl)-4-hydroxyphenyl-C,;-C 5 alkyl
ester ester; IRGANOX 1520 (2.,4- Bis[(octyl-thio)methyl]- o-cresol); IRGANOX
1010 (Pentaerythrit-tetrakis[3-(3,5-ditert-butyl-4-hydroxyphenyl)-propionat]);
IRGANOX 1076 (Octadecyl-3-(3,5-di-tert-butyl- 4- hydroxyphenyl)- propionate);

and mixtures thereof.

[62] 27. A composition comprising an emulsified rubber wherein said
rubber comprises units derived from styrene and butadiene monomers, and wherein

said composition is characterized by:

(A)  amonomer conversion of greater than about 85 weight percent;
(B)  at least substantially gel-free; and
(C)  at least substantially free of crosslinking.
[63] 28. The composition of Embodiment 27 wherein the polybutadiene

comprises less than about 0.1 percent by weight gel content.

[64] 29.  Anemulsified rubber formed from the method of any of
Embodiments 1-25.

[65] 30. An emulsified rubber formed from the process of Embodiment
26.

[66] 31. A composition comprising the emulsified rubber of

Embodiments 28 or 29.

[67] 32. Anarticle comprising at least one component formed from the

composition of Embodiment 31.



2 5.40.3153.72.55.40.3168.135.30.374.33.54.90.382.545.5
0.26 87.7 4.5 5.8 0.25 92.7 [ 80] The nononer conversion is detected on
| at ex anpWeofwmssosbhe test run. The latex is added to arprasz@osod3nei ghed
250 m flask containing about 50 i Ethanol. The flask with the latex is
wei ghed again and the weight of the latex is calculated fromthe

di fference. The coagul ant (rubber) is isolated fromthe water phase over a
previously weighed filter. The dried filter (30 mn at 105C) contains the
rubber amount in the given latex at the sanpling nonent of the

pol ynmeri zation. The feed was 1000 g Mononer (Styrene + Butadi ene) and 2200

g Enul sifier (Water + Rosin +fatt cid. soap) and the sumis therefore 3200
g. In the case Yfl 100%3con$3er%r“‘aﬁgfa‘":a“%b(ﬁ’g'i”ﬁ”%gn‘fwéeﬁ?m P‘Fﬁ%‘ﬁeerls)at(')r?‘ 31.25% i s
achi eved. Thus, the nononmer conversion is obtained fromthe solid content
of the |atex as[68hown Whilckettan reptyedngaive embofi@iefts and details have been shown

for purposes of illustrating the present invention, various modifications and changes

to the process can be made without departing from the scope of the present invention.

[70] The practice of this invention is further illustrated by reference to the
following examples which are intended to be representative rather than restrictive of

the scope of this invention.

[71] All percentages are given in terms of percent by weight unless

otherwise indicated.

Examples

[72] The Examples provided are intended to assist in an understanding of
the invention, and are directed to those of skill in the art. Particular species employed,
particular conditions, relationships, and the like, are designed to be illustrative, and
not limiting. All designations of “part” or “‘parts™ and %" each as will be used in the
following examples, mean part or parts by weight and wt.% unless expressly noted.
The term "parts” as employed in the following examples refers to parts by weight of

shortstopping agent per 100 parts of monomer charged.

[73] In the examples of the present invention the modifier employed was
typically a mixture of C10- C12 mercaptan although other modifiers such as a C4-
(20 mecaptan or mixture thereof may also be employed. The sulfur is preferably
bonded in a tertiary position. The activating agents used in the examples were
paramentanchydroperoxide or diisopropylbenzenehydroperoxide although other
organic peroxides for rubber such as cumylhydroperoxide and dibenzoylperoxide may
also be employed. The reduction agent used in the examples was sodium
formaldehyde sulfoxylate although other reduction agents such as pyrrophospates,
sodium dithionite, hydroxylamines, or sulfites may also be employed. The fatty acid
used in the examples was a saturated C10-C36 fatty acid although any animal or plant
originated fatty acid may be employed. Potassium salts were used as the rosin acid in
the examples although rosin acid from pines, root or balsamwood, or

disproportionated dehydroabietates may also be employed. The electrolyte system

13



I ngredients Parts per 100 parts nononmer (phm) Inputs as 1 kg nononer
experinment Styrene 28.7 483.2 g Butadiene 71.3 1200g Water Enulsifier

Ermul si fi ewo 2pBajgadsver pol yneri zation (with or wthout tecwusatioon3by short
stop), the product was then coagulated with sulfuric acid and pol yan ne,

i solated and dried. The resulting solid rubber weighed 1548 g and was
stabilized with 0.3 phr (parts per 100 parts rubber) of an antioxi dant of
2,6 di-tert-butyl catechol. Advantageously, it was generally observed, that
upon addition of greater than about 0.2 phr of an appropriate substituted
phenol, a further stabi lization was not required. Exanple |11 1831A rubber
rradelnamanner Iar to, Exa 11 abo ared wi.th (

convent i onal ?'HPJB’@F % he Fraglss %ﬁ%ﬁ@f‘ '“(?8?‘?8‘8??{‘%%&%8) QTRSE a ph)enol
addition and é(ﬂ)unﬁplfokﬂhblelbuﬁﬁdcr a%‘e(gmmp@yﬁmm aonearsi to matmdtechepii kouid a phenol
addition. The ul.ts ar 0 n.Ta and .t descri bed

i medi atel y b(ﬁ‘o ef%fompex gym‘\h 5T eS%ﬁuHBVeaFF délrﬁl&%l?ﬁpgéf( to Exanple Il
( mononer conveeﬂsiem:ﬁle&ﬂ%tetl@mwemltmawany tdiresystemombme thogednwdros iCon 65%)

Conventional pURBEL Wil HBROIE HE QDY ERALAT iPRIGRNLELSLPRa{ I 92. 7

standard rosin / fatty acid soap system although any be employed such as systems

based on NEKAL (Naphthaleneisobutylsulfonate).

[74] The detection of gels in the below examples was based on “Analysis of

swelling of crosslinked rubber gel with occlusions”, Journal of Applied Polymer
Science, Vol. 30, Issue 5, May 1983, pp. 1969-1988 which is incorporated herein by
reference. In general, the test proceeds as follows: first the sample is weighed in
0.2000+ 0.0001 g in step (A). The sample is put in a sack from gauze and the weight
is detected in step (B). Next, the sack is put in a 150 ml flask of toluene for 24 hours.
Then, the sack is removed from toluene with tweezers. For evaporation it is left for
about 30 minutes in a fume hood. Then the sack is heated in an oven for 2 hours at

105°C. The weight is detected in step (C). The gel content is defined as:

-(B - A)
Gel content (%) = * 100
A
A sample input (g)
B = Sack + sample input(g)
C = Sack + sample input after drying (g)
(B-A)=Sack(g)
Sample experiment: A= 0.2001 g
B=0.6220g
C=04220¢
Gel content (%) = 0.04998
Example 1
[75] A redox initiated emulsion polymerization was carried out using a cold

soap styrene butadiene polymerization with the ingredients listed on Table 1.

Table |
Ingredient Parts per 100 parts Input as | kg
monomer (phm) monomer
experiment

14



65 85 Styrene 25.8 23.6 27.3 Organic acid 7.67 5.27 4.63 Soap 0.03 n.b.
Extract 5.6 4.29 Volatile Matter 0.13 0.35 0.36 Ash 0.59 0.08

WO 2010/083089 PCT/US2010/020337

| Styrene 23 230 g
Butadiene 77 770g
Water 215 2150 g
Fatty acid soap 2.5 25¢g
Rosin acid soap 2.5 25g
Total electrolyte 0.45 45¢
substituted phenols 0011 0.1-10g
Chelated iron complex 0.01 0.1g
Sodium formaldehyde sulfoxylate | 0.05 05g
Tert. Dodecyl mercaptane 0.14 l4g
di-isopropylbenzenehydroperoxide | 0.05 05g
Short stop (Hydroxylamine/ 0.05 05¢g
isopropylhydroxylamine 1:1 weight
ratio as 100% concentrated)

[76] The above polymerization was carried out at 5-7°C for 6 hours with a
final monomer conversion ranging between 85 and greater than 99% based on total

monomer weight. The resulting product was free of gels and crosslinking.

Example Il

(771 Under nitrogen atmosphere, at 5°C, a stirred five liter reactor was fed
the following: styrene and butadiene monomers, sodium formaldehyde sulfoxylate, t-
dodecylmercaptane, diisopropylbenzenehydroperoxide and a phenol (ANOX BF™
available from Great Lakes Chemical). The polymerization was initiated by adding a

chelated iron complex into the mixture. The ingredients are shown in Table 2 below.

Table 2
Ingredients Parts per 100 parts Inputs as | kg
monomer (phm) monomer experiment

Styrene 28.7 4832 g

Butadiene 71.3 1200 g

Water Emulsifier Emulsifier

Fatty acid soap

Rosin acid soap 22431 37752 g

Total electrolyte 0.45 -

Phenol (ANOX BF™) 0.029 05g

Chelated iron complex 0.01 Solution 60 ml
1.269 g
CHELAPLEX
0.344 g
FeSO4*7H20

Sodium formaldehyde sulfoxylate | 0.0166 7 g solution 40%

Tert. dodecyl mercaptane 0.18 3.0 g

di-Isopropylbenzenehydroperoxide | 0.106 3.6 g solutions 50%




0.33 Gel 0 n.b. 36.15 M 1 + 4 unnassed 64.7 46.0 Rel axed, |Index unmassed
86.6 92.6 Slope unnmassed 34.46 0.4527 M. 1+4 massed 78 48.4 84.4 Rel ax,
| ndex naswed010883@983. 4 Sl ope nmassed PCT/US2010/020337

Short stop (Hydroxylamine/ 05¢g
Isopropylhydroxylamine 1:1)

[78] The monomer conversation was detected cyclic after each 30 minute

period. The results are shown in Table 3 and the methods described immediately

below Table 3.
[79] Table 3
Time [h] Temperature [°C] Pressure [bar] Monomer conversion
[%]
0.5 5.3 0.31 11.3
1 4.9 0.31 22.7
1.5 5.9 0.31 38.4
2 5.4 0.31 53.7
2.5 5.4 0.31 68.1
3 5.3 0.3 74.3
3.5 4.9 0.3 82.5
4 5.5 0.26 87.7
4.5 5.8 0.25 92.7
[80] The monomer conversion is detected on latex amples from the test run.

The latex is added to a previously weighed 250 ml flask containing about 50 ml
Ethanol. The flask with the latex is weighed again and the weight of the latex is
calculated from the difference. The coagulant (rubber) is isolated from the water
phase over a previously weighed filter. The dried filter (30 min at 105°C) contains
the rubber amount in the given latex at the sampling moment of the polymerization.
The feed was 1000 g Monomer (Styrene + Butadiene) and 2200 g Emulsifier (Water +
Rosin +fatty acid soap) and the sum is therefore 3200 g. In the case of 100%
conversion a solid content (rubber) of 31.25% is achieved. Thus, the monomer

conversion is obtained from the solid content of the latex as shown in detail below.

[81]
Ingredients Parts per 100 parts Inputs as 1 kg
monomer (phm) monomer
experiment
Styrene 28.7 4832 ¢
Butadiene 71.3 1200 g
Water Emulsifier Emulsifier

16



0.4612 Conpound viscosity M. 1+4 83.9 75.1 94.8 Conpound vi scosity

Rel axati on

91.5 86.8 Conmpound Viscosity Slope 0.3941 0.3212 Monsanto MDR

2000 E; 1wOGp10l08308kiz; 5,5 arc Tsl 2 3.1 3.2 Ts2 3.2 2C3/U$2010D1B37

Fatty acid soap

Rosin acid soap 22431 37752 ¢

Factor(F) = (A + B ) /A F = ((483,2+1200) + 3775.2)/

*100 (483.2+1200) *100
F= 32428

Conversion = F * R /L Conversion = 324,28 * 1,44 /12,17 (%)
Conversion = 38,4 % (sample from table 3)

A = sum monomer

B = sum emulsifier

R = Rubber (coagulated dried
sample from L)
L = Latex (sample)

[82] After polymerization (with or without termination by short stop), the
product was then coagulated with sulfuric acid and polyamine, isolated and dried.
The resulting solid rubber weighed 1548 g and was stabilized with 0.3 phr (parts per
100 parts rubber) of an antioxidant of 2,6 di-tert-butylcatechol. Advantageously, it
was generally observed, that upon addition of greater than about 0.2 phr of an

appropriate substituted phenol, a further stabilization was not required.

Example H1

[83] A rubber made in a manner similar to Example Il above was compared
with (1) a conventional rubber with 65% monomer conversion made without a phenol
addition and (2) a rubber of 85% monomer conversion made without a phenol
addition. The results are shown in Table 4 and the methods described immediately

below Table 4.

[84] Table 4

Rubber Made | Conventional Conventional
Similar to rubber (monomer | rubber with
Example II conversion 65%) | monomer
(monomer conversion 85%
conversion
92%)

Conversion (%) 92.7 65 85

Styrene 25.8 23.6 273
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2.9 4.2 4.5 7T50 6.5 7.17.57T90 13.4 12.7 13.0 M 3 2.6 3.3 WMH 19.6 22.2
20.9 MHM 16.6 19.6 17.5 35/145C, dunbbell No. 1

WO 2010/083089 PCT/US2010/020337
Organic acid 7.67 5.27 4.63
Soap 0.03 n.b.
Extract 5.6 4.29
Volatile Matter 0.13 0.35 0.36
Ash 0.59 0.08 0.33
Gel 0 n.b. 36.15
ML1+4 64.7 46.0
unmassed
Relaxed, Index 86.6 92.6
unmassed
Slope 3446 0.4527
unmassed
ML 1+4 78 484 84.4
massed
Relax, Index 92.6 83.4
massed
Slope 0.4612
massed .

Compound viscosity 83.9 75.1 94.8
ML 1+4

Compound viscosity 91.5 86.8
Relaxation

Compound Viscosity 0.3941 0.3212
Slope

Monsanto MDR 2000

E; 160°C; 1,7 Hz; 5,5

arc

Tsl 2 3.1 32
Ts2 3.2 4.3 4.7
T10 2.9 4.2 4.5
TS50 6.5 7.1 7.5
T90 13.4 12.7 13.0
ML 3 2.6 33
MH 19.6 22.2 20.9
MH-ML 16.6 19.6 17.5
35/145°C; dumbbell

No. 1

Tensile Strength 28.7 28.6 31.5
Elongation at break 495 509 484
Modulus 300 14.8 14.9 17.4

35/145°C specimen
12,5mm thick

Elasticity 498 502 494
Hardness Shore A 68.3 69.1 67.7
Tan d - 10°C 10Hz 0.1977 0.3738
Tan d +20°C 10Hz 0.1677 0.1900
Tan d -70°C 10Hz 0.1199 0.13177
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Tensile Strength 28.7 28.6 31.5 Elongation at break 495 509 484 Mdul us 300
14.8 14.9 17.4 35/ 145C speci nen 12, 5nm t hi ck Elasticity 49.8 50.2 49.4
Har dness wban®/83@8. 3 69.1 67.7 Tan d - 10C 10Hz 0. 1977 PCT/US2010/020337

[85] Compounds and vulcanisates were prepared by combining and
compounding the constituents listed below using a lab mill. Recipe is according to

ASTM D 3185-1A.

[86]

Compounding Amount
(phr)

Elastomeric polymer Example (styrene butadiene copolymer) 100
IRB 7 (international ref, carbon black, Sid Richardson) 50
Stearic acid 1.0
Zinc oxide 3.0
Sulfur 1.75
TBBS (N-ter.-butyl-2-benzothiazylsulfenamid; Vulcacit NZ 1.0
Lanxess AQ)

[87] Mooney viscosity was measured according to ASTM D 1646 with a

preheating time of 1 minute and a rotor operation time of 4 minutes at a temperature

of 100°C [ML1+4(100 °C)].

[88] Tensile strength, elongation at break and modulus at 300% elongation

(Modulus 300) were measured according to ASTM D 412 on a Zwick Z010.

[89] Heat build up (HBU) was measured according to ASTM D 623,

method A, on a Doli 'Goodrich'-Flexometer.

[90] Tan 8 (60°C) was measured using the dynamic spectrometer Eplexor
[50N manufactured by Gabo Qualimeter Testanlagen GmbH (Germany) applying a
compression dynamic strain of 0.2% at a frequency of 2 Hz at 60°C. The smaller the
index, the lower is the rolling resistance (lower = better). Tan & (0°C) was measured
using the same equipment and load conditions at 0°C. The larger the index, the better

the wet skid resistance (higher = better).

[91] DIN abrasion was measured according to DIN 53516 (1987-06-01).

The larger the index, the lower the wear resistance is (lower = better).

[92] Measurement of un-vulcanized rheological properties according 5 to

ASTM D 5289 using a rotor-less shear rheometer (MDR 2000 E) to measure Scorch



0.3738 Tan d +20C 10Hz 0.1677 0.1900 Tan d -70C 10Hz 0.1199 0.13177

[ 85] Conpounds and vul cani sates were prepared by conbi ning and conpoundi ng
t he constwouerms3dspst ed bel ow using a lab mll. Recipe iPsTasecan®203g’to ASTM
D 3185- | A [86] Compoundi ng Anount (phr) El astoneric pol yner

Exanpl e (styrene butadi ene copol yner) 100 1RB 7 (international ref. carbon
bl ack, Sid Richardson) 50 Stearic acid 1.0 Zinc oxide 3.0 Sulfur 1.75 TBBS
(N-ter.-butyl -2-benzot hi azyl sul fenam d; Vul cacit NZ Lanxess AG 1.0

Time (Ts) and Time to Cure (T). The “T 50™ and “T 90™ are the respective times
required to achieve 50% and 90% conversion of the vulcanization reaction. The “T's
I and *“Ts 2™ are the respective times required to increase the torque by | dNm or 2

dNm above the respective torque minimum (ML) during vulcanization.

[93] The rubber made in a manner similar to Example I was

advantageously free of gel and crosslinking.
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[ 87] Mooney viscosity was neasured according to ASTM D 1646 with a
preheating tine of 1 mnute and a rotor operation tine of 4 mnutes at a

t enper at twe 20f0/883¢€ [ ML1+4(100 C)] . [ 88] Tensil e st remgishiomkmagat i on
at break and nodul us at 300% el ongati on (Mdul us 300) were neasured
according to ASTM D 412 on a Zw ck Z010. [89] Heat build up (HBU) was
nmeasured according to ASTM D 623, nethod A on a Doli

' Goodri ch' - Fl exonet er. [90] Tan 6 (60C) was neasured using the dynam c
spectronet er Epl exor 150N rmanufactured by Gabo Qualineter Testanl agen GrbH
(Germany) applying a conpression dynamc strain of 0.2% at a frequency of 2
Hz at 60C. The smaller the index, the lower is the rolling resistance

(1 ower = bettW¥eykimran 6 (0C) was neasured using the same equi nt and | oad
conditions at OC. !The farHef i HErpiRdle meaeh t’eé?‘o‘i‘ﬁér?/%f(ﬂ‘étf??%‘sr esi st ance
(hi gher = bet &gligion polymeli®ikibn Phi¥eiabii@si-as swaprise asdiigeccoapodiai ng to DI N
53516 (1987-06-01). Th(aT | ar %Er thrg i Hd.ttax ﬁ]heljc quer tmrggzzytx%gr e(rjigl%i stance is
(1l ower = bet t@ymprising an qfgerjve gragut pha Rt ttgd RIRIQ {9 R0 s g= R SIS c al
properties according S5THeoneABSIN Olab2 8 Mvhesinngidamubioopelyweszagdvear r heonet er
(MDR 2000 E) to neasure Scorch Tinme (T i . The "T 50"
and -T 90" ar‘éo"’tpﬁ‘éesrpg‘gE?%rézt"?g\/aeswtr?nﬁénson?n(‘éeqr%l)]dr%ﬂg%d?ng@ﬁﬁﬁ]\l/e%%&é ;la-r)rm 90%
conver si on of erbigfiadustycan ibaadieromubberact i on. The -Ts and "Ts 2" are the
respective tinmes requi [ ble2f dNm above
the respective tor3que fnﬁg?et&%%o?%ﬁgﬁrh%%gltbﬁ{uggﬁit%%hié%ﬂy%%ﬂ%he r ubber
made in a manviedinsyith # fige redicaxnaripadded riopkpor AN g RIBFFEFAIOR PRE 1Df gel and
crosslinki ng. . Yy q,ifmhogtst@ppri@tdg&q for increasing the nononer conversion
in a redox in|t|ate8 enul si on 88 ymeri zati on wherejn s? d net hod conpri ses

! |

addi ng a conposi t fon cBirpRatRadREClaim bryhsrin hesulirtistPhetel 5 s85H%t i t uted phenol
to the pol ymefhz afel @ftp CBRisHIR of 2-6-di-t-butgt pati@estB L Baeh( 0f-didetmy mhil)-4wher ei n sai d
emul si on polynerization conprises. pol ri.zing a styrene nononer and a

but adi ene nonB&EYPHOl %Crt"rﬁiF%YllT3'é%‘?%ﬁplf”i%‘gs’%?rﬁi‘yé’ﬂ%“yi?ﬁ? [fi"&%e rubber . 3.
The met hod of be@keﬁhie;lﬁ’(’bplioni&/\&tﬂf,ejﬂﬂbiiMEIﬁMkkﬁ{yiethyl)adlyﬁhﬁm&n}ilﬁ1£@1}9allb$'|e of binding
with a free radica | dded prior.to_ or. durl I rization
prior to the ?&dﬁ‘ﬁpéﬁr&)gﬁb?&'n%%{'%@&%ﬁﬁ?&]“%@@ﬁ? icresoqglﬁ@ﬁjag'llﬁe{@net hod of

d ai m 1, wher @emadrireritstetntkis{ +-Q5etkephamiod-hidsoxgpicadi-papibnaghn IREANG o up

consisting of 2-6-di:t- | . para-¢re , - bi - (i / t hyl) - 4-

nmet hyl phenol ; l%é?%‘g%déﬂlggg%?%%&w? -4b(§1foj§?x-y ﬁt}eﬁvg Zé??/uaégﬂ%}%l? b(gllﬁ)e(rgi onat e;
benzenepr opi oteeofaci d, 3, 5-bis 41, 1-di met hyl et hyl) - 4- hydr oxyphenyl - C13- C15
%‘;g' ester; | RGANOX 1520, (2.t ik 608V br iR MLk the@rssol ) | | RGANOX
( Pent aer yt hr i tmewt ofaksiis|igied Phaokis framabay | abew d PessnshEINPRYS pr opi onat ] ) ;

| RGANOX 1076 ((etadecyl -3-(3,5-di-tert-butyl- 4- hydroxyphenyl)-

propi onate); and m xtures thereof. 5. The rre%ho_d of any one or nore
of Clains 1-4, whérei nThepetkedfodanyae ouhest At C3Msd-SUBLEN {5t ed phenol is from
about 0.01 top@rﬁﬁéﬂza&nﬂ@sﬁﬁﬁinﬁﬁfen&% cPAEdsDn ODREHIR Ehan about 85 wéght The et hod of
any one or nore of Clains 1-4, wherein the polynerization results in a
nmononer conveP¥$¥Bh of greater than about 85 wei ght percent. 7. The
met hod of any one Or nMPEEm@hodGr @iyhe dr fore WhElai@isn -4, hierpialthener i zati on resul ts
in at least substantially gel-free errullfi 0[1 gol Mer . lyme 8. The net hod
of any one or PHRYPEIZBONEFYITIR atleast sugianpliy ge 'ﬁeeﬂélsilgﬁé)rolyza‘i on results in a
pol yner that is ats. | easke sethaitodntyi b bymére eeClafinsdro9bérkinktieng. 9. The
met hod of any one or nore of Cains, 1-4. . wherein. th I ri.zation nmedi um
conprises a sBAPMerfAW sl PP ttfiff 4 ‘ﬁasé%‘ibf‘\‘}'giab%g“gogé’%?& hkifg: 10. The
met hod of any one or ndhemakhoddf aiymme e more whelpigisr -4 hberpoltherer i zation i s

conducted at a tenperature of fromabout O to.ab PRGvati 11. The
, wat dif) QaH a ating agent. - .
met hod of anyp‘%}ﬁ'@gg?noﬂﬁ?eglu&coﬂp%ﬁe?r% “iP47"Ynerein ‘the pol ynerization is
conduct ed for froniabotibe Meth@l odibgune 80mdrouf Glaims 1-4, wherein the
polymerization is conducted at a temperature of from about 0 to about 50°C.
11.  The method of any one or more of Claims 1-4, wherein the

polymerization is conducted for from about 4 to about 20 hours.
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WO 2010/ 083089PCT/ US2010/ 020337 12. The met hod of any one or nore of C ains
1-4, wherein the total nononer conversion is at |east about 5 percent

hi gher ba¥@d'W¥#BPal nonomer conversion as conpared toPfRESEUAE2HPbeess
conducted w t hout adding a conposition conprising an effective anmount of a
substituted phenol to the enulsion during the polynerization. 13.A process

for making an emul sified rubber conprising: (1) reacting styrene and

but adi ene in the presence of a soap, water, nodifying agent, and an

acti vating agent; and (2) optionally termnating said reaction with
a shortstoppi ng agent; wherein an effective anmount of a substituted

phenol is addedtothe r eac n. m xture of e ) to. f n an

enul si fied styrenelbut g&FB‘ﬁ% ‘sp)?)faﬁﬁ‘é?e Ol’ié{\?fenoﬁ%i? 'YL‘)i)f/\/il gy ?'é) and hi gh

nonomer convern'sdnarﬁeranﬁivevmﬁaneatrlhatttasouwb&tdnt higled bpbenobtal someleect ed fromt he
gr oup con5|st|n of 2-6- para-cr e 6-hbi.s(1,1- ..

oot nyl ot hyl Yo Rise i Pt e RRker S TRgbd ot hy § pipositon

hydr oxyphenyl )cpmpxmng@n affetivbeanaendprapiiorid phaol td the3mubiobidaring the

((1, 1-dinet hyl % % ;4= hydroxyphenyl - G 3-C15 al kyl ester ester; | RGANOX
1520 (2, 4- Bi 5? cty |o) met hyl ] - o-cresol); |1 RGANOX 1010
(Pentaerythrit-tethaki g[Bo¢S;, f@ﬂlml‘t"@rmfbﬂubflled gibbérganerisyshenyl ) - propi onat]) ;

| RGANOX 1076 ( Cct aﬁ Cylrea\g’t r(g%tyl'nseng bad lﬁﬁatdlepé*%mlme pre‘genc@)ﬂﬁi %ly M?epyl ) -

propi onate); and m xt ures thereof he process of daim 13 wherein the
pol ymeri zat i ormodid¥ing pgsn Wda?“ﬁﬁ%fﬁ%rag%r‘w@r sion of greater than about 90

wei ght percent. 15pThe ophiRaRsSmfiatith didRedBomIek @mngtb@ r%cagwer i zation
results in a nononmer conversion of greater than abou ht per cent .
wherein an effective amount of a substituted phenol 1s added to the rea 10n
mixture of step (1) to form an an emulsified styrene-butadiene polymer having a low
gel content and high monomer conversion and wherein the substituted phenol is
selected from the group consisting of 2-6-di-t-butyl para-cresol; 2,6-bis(1,1-
dimethylethyl)-4-methylphenol; octadecyl-3-(3,5-di-t-butyl-4-
hydroxyphenyl)proprionate; benzenepropionic acid, 3., 5-bis ((1,1-dimethylethyl)-4-
hydroxyphenyl-Cy3-C,s alkyl ester ester; IRGANOX 1520 (2,4- Bis[(octyl-
thio)methyl]- o-cresol); IRGANOX 1010 (Pentaerythrit-tetrakis[3-(3,5-ditert-butyl-4-
hydroxyphenyl)-propionat]); IRGANOX 1076 (Octadecyl-3-(3,5-di-tert-butyl- 4-
hydroxyphenyl)- propionate); and mixtures thereof.
14. The process of Claim 13 wherein the polymerization results in a
monomer conversion of greater than about 90 weight percent.

15. The process of Claim 13 wherein the polymerization results in a

monomer conversion of greater than about 95 weight percent.
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