WATER-BASED RESIN COMPOSITION AND ARTICLES MADE THEREFROM Field of the Invention
5[0001]The present invention refates to a novel water-based resin composition that includes an

agueous eIa&;B%gglg]imgrsion. Further, the invention relates to a method#&fﬁgﬂﬁg@gﬁ% agueous

elastomer dispersion and articles made from the aqueous elastomer dispersion which provide

substantial improvements in A%?Q%g&‘ﬁ fﬁmﬁbﬁﬁ% Me from conventionally

prepared water-based resin 10compositions. Background of the Tnvention [0002]The use of
water-based resin dispersions for iBEHe &R ERBR BRI M oating, and adhesive provides
several advantages when compared to its solvent- based counterpart. In particular, water-based
dispersions areF,epdvirw ttﬂn}entali!y- 15friendly, easy to formulate, control temperature, and regulate
pre-maturation, Sid’have %‘Eﬁrﬂs{i’ﬁble viscosities. [0003]However, there are also several disadvantages
to using a éonvédftidnal wattheyessent iesintigisrersiot. Forvelkantproatieisiacetimitgion both the

- compounding efhgdisersion Anek thrsesuiting.aHiske. Alefcomparagkng aparnierforms 20
between the elastomer dispersion and the remaining components such as djspersions of curing
ingredients and"544 i8F|Bﬁ%’i%gi’ed@ﬁ%?%?o?xgs.{%eﬁgncgs gs)‘ﬁﬁnaﬂﬂ?rﬁ‘ﬁhcg brEEEs oM ¥emaining

components mustoveretmecthisisairie rbitlqavindg thesconfihes oftheintowrpdispersion (water,
surfactant, and,gmulsifien).ffayeling.throuohthe agHeptsMedikp.aldhe.composnding formulation,

crossing the surface of the 25 dispersion of the elastomer particle, and finally penetrating into the
elastomer'PartitdBEF i@ fikelinood of this occurring is even smaller for higher molecular weight
components. Thisiahstad efalroil®adtdo a limitation on the nature of the components that may be

used. [0004[Thgggcond diggdaniages tiedywiatiansdnhe etiarmanse of e 30 grticles prepared

from a conventional elastomer dispersion. There is limited miscibility between the elastomer and the
remaining compohEAtEnpaRctaFRVGHER S 1AV HEASHY THIB RRSIRICRIFE 80 YHIS causes the
elastomer and thecampeagits toremainiarthetdbuksiattgandinhibitstheinhabiligngo diffuse and mix

'C;‘is"’l‘o ;Ei%;&?ﬁ ;\g‘é:lé{slr#g? ?g%}ﬁ%‘;g;ggﬁ%’éﬁsﬁ@é”c%%{foﬁ?e%ﬂ%%%ﬂ'k,aﬁs'&'?égmﬁg%iépm@t&%ﬁ&?, nfignal e'aﬁtomer

have adjustable viscosities.
(0003} However, there are also several disadvantages to using a conventional
water-based resin dispersion. For example, there are limits on both the compounding
of the dispersion and the resulting article. After compounding, a barrier forms

20 between the elastomer dispersion and the remaining components such as dispersions
of curing ingredients and additional polymer dispersions. During the film forming
process, the remaining components must overcome this barrier by leaving the
confines of their own dispersion (water, surfactant, and emulsifier), traveling through
the aqueous medium of the compounding formulation, crossing the surface of the

25  dispersion of the elastomer particle, and finally penetrating into the elastomer
particles. The likelihood of this occurring is even smaller for higher molecular weight
components. This obstacle also leads to a limitation on the nature of the components
that may be used.
[0004] The second disadvantage is the limitations in the performance of the

30 articles prepared from a conventional elastomer dispersion. There is limited
miscibility between the elastomer and the remaining components, particularly when
both have different inherent structures. This causes the elastomer and the compoenents

to remain in their bulk states and inhibits their ability to diffuse and mix in a
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[0005]The third disadvantage is the complexity of formulating conventional elastomer dispersions and
a lack of flexibility in altering the formulations while attempting to improve the performance of articles
made from the conventional elastomer dispersions. [0006]Thus, there is a need to develop a new
elastomer dispersion that can reduce or eliminate these disadvantages. This will result in a dramatic
improvement inthe, performange. of e Jeadlling. arueles, Summancifoaalln a fisstaspect, there is
provided an aqueous elastomer dispersion, comprising: a dispersed phase comprising an
elastomer and SRPEEHAIE PAYSINRYBIRPEAIRF dispersed phase is formed by dissolving the elastomer and
accelerator in gEolent systemthandian eqiteeus fhikase:[RRBO LY foarseahrtaspatbnthere is provided
a manufactured ajcle made. ram e aqugoup elasiomer, disparsion. as defined abye. [0006c]in a
third aspect, there Is provided a method of preparing ah aqueous elastomer dispersion, comprising the
steps of:  préfgarianiceiastotteiacerioraBIcsoftftivn depAdingan Blastotrerialaccelerator, and
a solvent systegksemuisifyingdhe elastomeriaccelerator solution to form an emulsion; concentrating

the emulsion to &8 %ia concﬁjntsr%ed esrnaullseié) to dertE moglin%vsqb%tarlti llgéall.oft e solvent system
from the conce& fated emulsioh toform a Stibstantia ﬁ})sop\?en -1arse%mdfs%l gﬁf’)lﬁ?é (E%fﬂtionally

concentrating thelswshstaitialiye sotve disddventisperdibn fUDGTTte ditelosivensiatesds a novel
aqueous elastomgr dispersien. disHneied phprgraration, and articles made from the aqueous
elastomer dispersion. The aqueous elastomer dispersion of the disclosure includes a dispersed phase
and an aqueoug“é’h‘&@@f The dispersed phase includes an elastomer such as polyisoprene and a minor
amount of at lepEiosag additirea he aqueptiepliageovidiiesayatouasidsather diptienaicempoimngs

dissolved in it. [0008]The;aqueguselastomer.dispersion mayhe prepated by dissqlying an.glastomer
and additives irya, é_}‘éfn&f byreangking ﬁ?ﬁngﬁl?ﬁ{keéﬁﬁw%ﬁy agwge&f%f?gﬁgoﬁﬁ@&kﬂé gmulsion.

The aqueous e oncentrated by removing the aqueous phase materia e solvent is
stripped from th conc’gpg@g&ggﬂg@'on to : :
[0006b] In a second aspect, there is provided a manufactured article made from the aqueous

elastomer dispersion as defined above.
[6006c] In a third aspect, there is provided a method of preparing an aqueous elastomer
dispersion, comprising the steps of:

preparing an elastomer/accelerator solution comprising an elastomer, an
accelerator, and a solvent system;

emulsifying the elastomer/accelerator solution to form an emulsion;

concentrating the emulsion to form a concentrated emulsion;

removing substantially all of the solvent system from the concentrated
emulsion to form a substantially solveni-free dispersion; and '

optionally concentrating the substantially solvent-free dispersion.

[00067] The disclosure relates to a novel aqueous elastomer dispersion, its
method of preparation, and articles made from the aqueous elastomer dispersion. The
aqueous elastomer dispersion of the disclosure includes a dispersed phase and an
aqueous phase. The dispersed phase includes an elastomer such as polyisoprene and &
minor amount of at ieast one additive. The agueous phase includes water and other
optional components dissolved in it.

[0008] The aqueous elastomer dispersion may be prepared by dissolving an
elastomer and additives in a solvent mixture and then converting the resulting solution
into an aqueous emulsion. The aqueous emulsion Is concentrated by removing the

aqueous phase material and the solvent is stripped from the concentrated emulsion to
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yield a dilute latex. The dilute latex that is obtained is preferably concentrated again to a desired solid
content. [0009]Articles made from the aqueous elastomer dispersion include medical gloves,
condoms, probe covers, dental dams, finger cots, catheters and the like. Description of the Drawings
[00010]Figure 1 is a flowchart illustrating a preferred method for preparing the aqueous elastomer
dispersion of the invention. Detailed Description of the Invention [00011]The present invention, which
relates to a noyg|paugaYSRlastmeldishersiba, itohsthdd ofSeaphratoneraradatiiles made from the
agueous elastome, disgerﬁicloglog%q}mulation, overcomes the obstacles discussed above. [00012]The
following term& T HENRtions are provided to clarify the meaning of specifjc term§: O
2009/114788PIOIR)S2009 4037 E8 0160 (LI ANC BRI RIS SIPPRKH ﬂ‘i‘fé‘%?ﬁe Mt between a true
solution and a JRixiuresReSUSRERSiaver Gantatsmbefiogasidereaiamtemltsidixe. which consists of two
liquid phases, a "dispersed phase", microscopic globs, which are distributed throughout the "dispersing
phase". In oil iPWE&E’F‘&%BE ?3‘?{% i‘W), the dispersing 5 phase is also named as aqueous phase. The
emulsion of thequeasent invBigtier is génerinyt iBrewel ¢ asieshmend é@]l@iﬂﬁf‘ﬁ%&%er, wherein the
polymer may be preparied.yia-amision fahanedzagen (nitrile, polyehloroprene), coordination
(Ziegler-Natta) Sofymerizatiqn‘(cis- olyisoprene) or anionic polymerization (cispo lyi soprene).
10[00014]"LatdRetpiled &?E}iﬁﬁff}?‘%é‘fg}’&a‘%‘%{?g sap from a rubber tree for

100011} The present invention, which relates to a novel agueous elastomer
dispersion, its method of preparation, and articles made from the aqueous elastomer
dispersion formulation, overcomes the obstacles discussed above.

{00012} The following terms and definitions are provided to clarify the

meaning of specific terms:
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making rubber products. Thus, dispersions, emulsions and latex are all considered to be kinetically
stable, colloidal systems and these terms are used interchangeably for water-based elastomer
systems in the_ invention. [00015]"Vulcanization" refers to a specific curingcpropess of rubber that 15
involves the Xadition &f €ulfur and is normally used in solid rubber process: s AR FrEvETsible
chemical crosslinking reaction in which polymer molecules are linked to other, polymer molecules by
atomic bridged @tiosed 6f SUifH2At8HRE TH00 FeP ClHRG L AL RSBithEI S UHEMEY reaction that
results in a higher:motectiaspaeight trarptysicat prodess dhatis:assoCiabed withigissglidified phase
20change. Fordhe pragess Qf the-aresrnk ipyeptop;&Hiing and wicanizatdanduay hejused

synonymously when refernr;gﬁto a process utilizing sulfur or sulfur donors. [00017]A conventional

“curing proces@* SrEAvE s oI Ng ehastinify e adigndiem g VLG ihdre digRis Meluding (1)

curing/crosslinkiagr dgefits suchl as edpameml;a_iasuIfm@mﬂorsmriw&mﬁmmmemlMogmors whic_h
release sulfur Wien. Ao DEALad A0 L RRIRXIAN SUINGRARRIHALAGRE RSRILS WYGh Defave like

catalysts for the reac on and may be categorized as either primary (e.g., mercaptobenzothiazole MBT
and mercaptolFEHAGtAiads| S TEsiHR PRl TR 1o8e (B Ary RICCENYSRSFEYe. GOMIIFHM, dithiocarbamate

and guanidine)zantt(3)astivatorssuthagdegiailispdatesand meatalic satis-¢e@. , zlnc oxide).

30[00018]"Crean[1ilrggérig,le ne of several methods (centrifuging, electro- decantation and evaporation)

developed for ggﬁce trating newly-made clastomer dispersions. This process can concentrate a
low-solid Enul§#8Ritd, for eXai§isie van elnE B0 Esfideniutsion. e erddRfingBrétiess depends on
the difference iQ-specifissaraMitnhetween aatesidsO)anddheelpstomes pobsmededge about 0.91) or

TECHIG91915,3 buoxancy 8l (e elasiomeic Robymer Ry.qalhering the paricles yhich are.
surrounded by serum, near the '‘bottom ornear the top of the emulsion. en-the 'separation is
complete, the agirsdaseéelasnphaseaayrivvsreeaving the concentrated emulsion cream phase.

Creaming can p@egelerated by ihaiaadiignofceraingreaning agepis asuchvas sadium alginate,
polyvinyl alcohol oy cel ulogg,tﬂ%rgﬁtl\{g%a %01919;[Thﬁ: a%ggoussoﬁéa@% mer dispersion of the invention

inciudes a dispBlee§phade’s U8l HREEE T AE GiLparSel PASE Hefudes AR elastomer and a

minor amount ofeaktekkt drneiadditive Thezagedvasphhck inbtogeswateiesetabiekebmponents which

are used in conyentionalelasiamer sispsrsion formulalians .sua.i@sssurfactants, pH adjusting
agents and other water soluble, adjuvgnts. The amount of water soluble C(ﬁﬁmpon%g?tg in the aqueous
0l s Dretey

phase of the el288Her disaé)f‘é'iﬁﬁige oS CAR IO CriBYR A 40t Aok ably about 2-10%
by weight of totadidispersiophsalids. JOOB20 Prieseldstom essmdgiddevdttur sbleldligheltiscconjugated-diene
inCIUding’ZO change. For the piocess of the present invention, curing and vulcanization may be
used synonymously when referring to a process utilizing sulfur or sulfur donors.
[00017] A conventional “curing process” of an elastomer is a crosslinking
reaction using curing ingredients including (1) curing/crosslinking agents such as
elemental sulfur and/or various insoluble sulfur donors which release sulfur when
25 heated, and/or peroxide curing agents, (2) accelerators which behave like catalysts for
the reaction and may be categorized as either primary {e.g., mercaptobenzothiazole
MBT and mercapiobenzothiazole disulfide MBTS) or secondary accelerators {e.g.,
thiuram, dithiocarbamate and guanidine), and (3) activators such as metallic oxides
an¢ metallic salis (e.g., zinc oxide).
3¢ [00018] “Creaming” is one of several methods (centrifuging, electro-
decantation and evaporation) developed for concentrating newly-made elastomer
dispersions. This process can concentrate a low-sclid emulsion to, for example, an

above 30% solid emulsion. The creaming process depends on the difference in

specific gravity between water (1.0} and the elastomer polymer (e.g. about 0.91) or
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15 but not limited to polyisoprene, polychloroprene, styrene-butadiene copolymers,
acrylonitrile-butadiene copolymers, styrene block copolymers, and butyl rubber. The preferred

elastomer of the invention is polyisoprene, which may be either natural or, s¥nthetip/. Alrgg synthetic,
linear, high Pﬁglé%m'wgight polyisoprene with a molecular weight of about i%%)d(? 0 About
3,000,000 that is commercially available can he 20used. [00021]The at least one additive in the

dispersed phalBostire A fettromsthrerei S HTR R RERIE P sharoNE B eeting ingredients,
non-curing ingkedients, @ad hdditionalop abpmiesiotodiehdiscubsad DElew twithithetisame, similar or

different chemigg) sisucihies (tom W slasiomen. Thedetabamount oheddiliua(shisrd 25is about
0.5-49% by weight of total dispersion solids. [00022]The curing ingredients may include any such

ingredients foufierin B ntroRAr S raatBretetiesdr BIdh AP OY RETRERB ARS8 D example, the
curing ingredients maydnealutienbet@ieviot iiniteddosdulfse/sedfutidenors, accelerators (primary and

secondary), andgylipr-curipg. (@rlsanaatienygelivaiaint, and XA chingligassinking agents

which are known to those s e art. There I1s no limitation on the chemistry and the number of

curing ingrediep&seisue tHeAAseBE IBhBE cApaBierys i $4816iNG iicdigh esing shanEdBIvint system of the
elastomeric soltioniwatich isdessaribediinvdetailihelauctine ghemicalstyucture abthgecuring

i e TG %1915 19

ingredients and their activity do not have fo be !‘eﬂir} %%hr(ay h
emulsification pc)?giggggnﬁfﬁﬁlﬁqé ?ﬁecgfﬁf)o}%t?oiﬁvg? %“uﬁn%%gré&ieﬁ%? ould not adversely affect the

desirable Berfornibifeaspring! rssviting aaptis anshaider Bt e disherdivies thd present fhvention.
[00023]When Guingsusing Sulfiporties maimeuwdng-agenisreiendly samprisas b elemental sulfur

(generally believed to be in the for ofﬁI » Ut not so limited). This be used alone or in
combination wi IgaéﬁlflﬁF gﬁeotr}.la,&%s}ﬁﬂ‘ﬁr%s)f’; asnfsise%e]g%gr?fglgo%je ué@/gﬁu‘ﬁ@ rge%l)}%es a sulfur donor.
Sulfur donors riiageirietugdéidbut are not limited to thiuram polysulfides such as tetramethylthiuram

disulfide and teti@e! Withiurgge disuifide nwhish Adsafungtionascuticanization agselgrators, and
10xantho en polysu fi(ies .Fs#ch as bu%ﬂgga&tho%/eﬁ disq.gh(ge,sgﬁli{é_ iitsglpr%pg(l) xoﬁlr}%kég_)ge_n polysulfide
DIXP, ang%lusgiiﬂ{o‘}?f/l W0 et BELIRTAS (GO0 S A B S ATAT LGS BUPRr& At limited to,
dibenzoyl peroxidesngtichbas:dine: rmanbfacturardny Rotk vamterbilt as\sardxabzs, Wisich has a curing
temperature of 120 {29.minkies tor RAMISORIEREAGK e dicwmvl RESOXIAGHSUCRAS or
synthetic. Any synthetic, linear, high molecular weight polyisoprene with a molecular
weight of about 100,000 to about 3,000,000 that is commercially available can be
20 used.
[00021] The at least one additive in the dispersed phase of the aqueous
elastomer dispersion may include at least one of curing ingredients, non-curing
ingredients, and additional polymers, to be discussed below, with the same, similar or
different chemical structures from the elastomer. The total amoeunt of additive(s) used
25 is about 0.5-49% by weight of total dispersion solids,
[00022] The curing ingredients may include any such ingredients found in
conventional elastomer dispersion compounding formulations. Feor example, the
curing ingredients may include, but are not limited to, sulfur/sulfur donors,
accelerators (primary and secondary), and sulfur-curing (or vulcanization) activators
30 and peroxide curing/crosslinking agents which are known to those skilfled in the art.
There is no limitation on the chemistry and the number of curing ingredients, but they
should be capable of dissolving or dispersing in the soivent system of the elastomeric
solution which is described in defail below. The chemical structure of the curing

ingredients and their activity do not have to be kept intact throughout the
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150ne manufactured by Alczo Nobel as Perkadox BC-40B, which has a curing temperature of
polyisoprene rubber of 120C/20 minutes, and combinations thereof [00025]Accelerators may include,
but are not limited to, dithiocarbamates such as zinc dimethyl dithiocarbamate ZDMC%, zinc
diethyldithio®AtBAHAIE B2 DEC), zinc dibutyl dithiocarbamate (ZDBC), zint dibeAzy! tthio

iocarbamate
(ZBEC) and zinc 20 pentamethylene dithiocarbamate (ZPD), thiazoles such as ‘
- mercaptobeFBHISIBIE (VB SBti AR 2 HETEAp oo s ok S (RN A
2-mercaptobemdctivbz alie(Z B Tdesthibicaresolfidess suichagaatiamettigithieadarbdisidfide (TMTD),
tetraethyl thiurg.disylfide TRl anddgirapentamethylene thiuram disulfide (TPTD), guanidines such
as diphenylguanidine (DPG) and dj-o-to_lyguaﬁiidine (D_OTG{51 and 25thifoug?as such as thiourea and
dipheny! thiouFe®“&ne or MOFE LSR8 a5 TRt B SirHtI BIE 8 & (UU8HEt dispersion of the
invention. {00C26}Aesivadbrs (grayrafiglbed @ybltoarein dtelifmrite d 183, Zincnoxid éinmiedndsiam oxide and lead
oxide. Zinc oxide igthe.asheammeninHeathwrganization Astivalor A.siagleaceelgrator or a

synergistic combination of accelerators may be used. 30 [00027] Includinr%curlng ingredients such as

sulfur/sulfur doff8ree Sdelidit ssqniire @ SEHVaT6reTin SHE L ARaR A OMF B c B¥Tiifoves the curing
mechanism antninddifies #tieriopolodicdfiteatures oheuredsanitiétilran exdifle, itpdovides

manufactured giiicles i, AUGRANAIIER &S ARSI dloueriBvelakhemicg)gesidue, and an

increased curing efficiency compared with a manufactured article TECI-1/691915.15 made
conventidfally By Hessh RispeHiehsEehta G R s fPHER O A Bufd Oy iffithesshis added as
aqueous dispessiensidoD028] Masti efthenemtusagdiagredients used in aqueous elastomer dispersion

BT seRsiie andhake aioh umolssularigight. This causes

formulations ot(}t&ﬁ ﬁrr]t are rﬁgilfi)g{{ Noj

the resulting article made from the elastomer dispersion to have such problems as low efficiency of
ingredient usesuis@slepatioybopethPudidriofatisiiing prote<sing &ig‘lﬁhﬁ?és@ TH&€e problems can
be overcome wikhtheuaauentisElastamerdispessiaspeddh ednyenfion lfeapteparation of the elastomer
dispersion.of the vention, noryeurng, ingredients, may ke inclyded. i dhe 40 forulation without a
series of p?1y5|on§hem|ca proces%es Such as aggregation, diffusion and migration fwﬁich occur with
formulation of sreemverticiralekesteraar i pErsio Ry 2CoHstRuert KRB BEFOHeSACe of the resulting

article, such asogiove, is impravad:l9@0<4RAnY-NaR-cH R IngEedichis thalasesomw@ntionally used in
elastomer 15 disgers'on %05]11
thy

unding for iQns.m e used in.the elastomer dispersion
of the inventiofi; £0F e%éemp é}? | l%cﬁgﬁpgﬁ%%?ﬁg Bt Pecr?é n}fg{}%ﬁ% ﬁﬁ%@%%?%%e%ﬁ%ited to,
antioxidants, stétvilitelithiptadticiaty < /2-bzome hjears, PitmerinfilerEBhnliidrabial agents,
indicatorSzoan%aﬁ%@%@%{m@d&%@%w@mﬁz@m@QQ@@MH@M&%@@Z@%@%O the aqueous
elastomer 10 is%(;)ésip .may include, but aé,(-;- %t%ﬁ é%ﬁpindeéed Ehengls SLLCh S butylated
hydroxytoluen&'(5 B: AP R FA2REHRABABAYT ‘Bnd thi Sty Isi R BB 2% hy droxyphenyi
propionate, hindeigd) polyphesolfchsoeih as butylated ddactiodiprode ¢iSVoFp-cresehahd

dicyclopentadighg, hingeratipheneihindered Ralyphenglics sughas tdmethyl-fisto), _
(di-t-butyl-4-hydroxybenzym)-benzene or octa ec¥l di-t-butyl- 25 4-hydrox }ghengl propionate, amines
such as a blen®EF 6B B HATIRATHLE/AAHEE b@%-%’?ﬁh‘ﬁiﬁiﬂégﬁ%‘@ﬁ%g GipHerii®amine, mixtures

such as ziic mercagtotulimintitazeleiphdndic) thazinen®derivative ssuchiass tnagitmne-phenol
mixtures, polyatomatic. amines suehas.PaVIRanigising)..phignolic antioxidant hydrazides such as

phenolics with anhzydride copolymer, phenolics such as 2,2'- . _ .
[00676] Activators may include, but are not limited to, zinc oxide, magnesium

oxide and lead oxide. Zing oxide is the most commonly used vulcanization activator.
A single accelerator or a synergistic combination of accelerators may be used.

30 [00027] Including curing ingredients such as sulfur/sulfur donors, accelerators
and/or activators in the emulsification process improves the curing mechanism and
modifies the topological features of cured articles. TFor example, it provides
manufactured articles with such qualities as a thinner film, a lower level of chemical

residue, and an increased curing efficiency compared with a manufactured article
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30 methylene-bis-(4-methyl-6-t-butylphenol), cresols such as 2,4-dhnethy1-6-(1-
methylcyclohexyl)-p-cresol, and styrenated phenols. It is preferred that hindered polyphenolics are
used. TECH/691915J6 WO 2009/114788PCT/US2009/037130 [00031]%?11&9{%%!“?&%5)42%@3 including
alkalis for pﬁlgcﬁ?fgf}ﬁgﬁ? surfactants and alkaline caseinates such as sodium caseinate may also be

added to the aqueous phase. [00032]Suitable plasticizers that may be added to the aqueous
elastomer 5di§B@%iWYﬁ‘5ﬁ?‘?ﬁd¥u%%,réﬁ S&W&?ﬁ@%ﬁf‘%‘%ﬁ%ﬁ’@%ﬁéﬂl@ e

TRhiferaldiis'ang ester plasticizers.
[00033]An antiogedantmiigdre agded thstheiagueous elastomer dispersion because ozone severely

damages some,glagtomerigaticlesysugh asHighlyinsatiraledipalyispierene.agigies. When included

in the aqueous elastomer dispersion of the 10 invention, certain high molecular weight polymers, such
as paraffin waSi BB S iRty eh e P RAIRNE JERBYEViRE Uit B dRE iith @k cellent ozone
resistances Othefexampleghof afticzonantstihatandijnbeatisdd inathe firveritioreissayngiclude, but are not

imited to eyl o phEnENERPMIRGS, 345135 ddo DAY - AUETNbRphenylenediamine

613PD, organoclay-antiozonant complexes such as 15 smectite-containing clay with
alkylaryl-p-phengReHa drRFRRTE Frtionar sl HERI TS o B SR BEN R fsOF5Etitted
para-phenylenediaminepdsiazinasiauech ds trisofNel  dedinvetiiplperity lapppipenyitenetliimino)

e A e (yeqliicpbenvinsrlamigel indeiasan. and peananlenediaines sueh 2

N-isopropyI-Nf}af)ﬁwenyl-p- henylenediamine (IPPD). i dition, polymers including waxes such as 20
paraffinic Wax NVE800-50Hvimfe ASER)SEAlIE IS INAY SBBER70h) Wit Fp AR8FRFEax) and low MW
PE wax (MW=300s1::08)d pobysnericvantiozenantaistichalstpalyhedendiptienyldiamineg, and ozone inert

polymers such as EPDM and brominated is len ra-methylst er.(B1LMSM) may be
used as antioz%ﬁ%ﬁ%ls?nmg %nrséa %?%%g/ %%t eh%%%%?g éjjs%% % 25 %B %%%%g%ﬁ%@p%gr%er{fts that may be
added to the atjuerss-elastomer dispersion may include a wide range of natural pigments such as
titanium dioxidgy@ndiiron oxidescand-syihelicpigmenis {00035 Suitabledillessthatemay be added to
the aqueoquys elaalstomer dispersign aééiur?clude,lbut are not Iirir;]ite%g to, inorgaqlic fillers such as clays,

. ; al : St
calcium cérbonéﬁ%ﬁ%@faﬁ&“ nd silica an oarté(gﬁlc?ﬁfers such as crossiinked pg gl/gn%ntﬂyt methacrylate,

finely divided utephaie résin pastithas BeicbponpésHioima-widrespeiefento 0036} Hfestidh prevention can
be effectively aghigyaskyen anaatimie obisiagens isdispersed-indhe asueous-elastomer dispersion
of the invemio%i—gxg,e ag?iisnlﬂ;tric%al agents, indicators, and additional polymers.
[00030] Suitable antioxidants that may be added to the aqueous elastomer
20 dispersion may include, but are not limited to hindered phenols such as butylated
hydroxytoluene (2,6-di-tert-butyl-4-methylphenol} and thiodiethylene bis-di-t-butyl-
4-hydroxyphenyl propionate, hindered polyphenolics such as butylated reaction
products of p-cresol and dicyclopentadiene, hindered phenol/hindered polyphenolics
such as trimethyl-tris (di-t-butyl-4-hydroxybenzym)-benzene or octadecyl di-t-butyl-
25 4-hydroxyphenyl propionate, amines such as a blend of 6PPD with methyi styrene
and  bis-alpha-dimethylbenzyl dipheny!l amine., mixtures such as zinc
mercaptotulumimidazole/phenolic, triazinone derivatives such as triazinone-phenol
mixtures, polyaromatic amines such as poly{m-anisidine), phenclic antioxidant
hydrazides such as phenolics with anhydride copolymer, phenolics such as 2,2°-
30  methylene-bis-(4-methyi-6-t-butyiphenol), cresels such as 2,4-dimethyl-6-(1-
methyleyclohexyl)-p-cresol, and styrepated phenols. Tt is preferred that hindered

polyphenolics are used.
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article, such as an antimicrobial glove, is safer for use because the antimicrobial agent
TECH/691915.i7 does not leach out to any appreciable degree (e.g. at least 95% is retained in the
article after storage at room temperature and a relative humidity of 60% for three months), as it is
intimately miX& %;a"@éd with the polyisoprene. Examples of antimicrok})igifé[{j%ﬁ{fg%%{t” ay be used
in the polyisop, (iisper lon of the invention jnclude, but Sare.not limited to, water-insoluble organic
phenol compotoeril%zi uch ;gqy_cgé L%EE‘-Y&C,&E- ‘chﬁ%‘%gﬁgﬁ%x@}}&ﬁ%ﬁ%f’%%% g*sgﬁr) ,acgmts
2-hydroxy-2,4 B ythoineprariestes-ormd, pladiioteriontense i e-efdedopribned eptdrophenol,
chlorothymol, ggddarachloro-meta-xylenol (PCMX), inorganic silver compounds such as silver
ion-zeolite particl d silver, sulfadjazine, zinc compqunds suc zinc pyrithjone, copper 10
compounds si@ﬂg%ycoppegrub@(%ﬁe ,p#g%?%%rtserr%s}?‘lstu’gﬁ?%eg ﬁ%g#o Igmoﬁo?: upﬁ%ﬁe eallﬁ(tf EKicerol
monolaurdgie, silfpemsramandniliepblymersichitiogeh feofiniasponirielsodscasspolyhexamethylene
biguanide andﬂw@gyp_enzoate-containing polymers such as poly(methacrylate) containing
hydroxybenzoate. It is preferred that organic Ehg;gl compounds are 1used. 15d[i00037tllndicators may
also be includédiithe aqu¥bALSFOENERYi S LIEh 'Sf TiSe VBN SHEE BFEVIHEE Ygnal of status
change of the tatexsaiole, sforekadaplezcndrer algiove:is btetchedhVahighly inditartes are used based
on their physicgl;and,chemical.propeies.andfunpctien.py.difergatmechanisms frarexample, the

moisture indicators may include, but are not limited to, inorganic salts such as cobalt chloride, 20 metal

ozonide dfd o?Hﬁ’fﬂ’@”e§Fé‘?§i‘&8f§lﬂdﬁ?§e§ﬂﬁh‘%§gﬁfﬂﬁﬁsﬁa?H%‘, A B aRE IR #ife, phthalein dyes
such as thymaisttigeephthaleiican dqphpreiphthateimi degariib saltsisuicheas dyest{plrenolphthalein,
thymol blue, mygresol purple)alang withdransiignimelals,and salvaioehramic fyes.sHch as betaine.

The microbe indicators may include, but are notlimited to, solvatochromic dyes such as

kd

betaine/ReichaF8to2Bmid o\illeef o miehseyaniHBaREr YR o iotidBe G BB dyes such as
bromcresol puppteand.phtfialeinsand asithDeyanimoyesaiftvediond ingidatoss mely imclude, but are not
limited to, dye intermediates (we asgs) sugh.as Ortolidine QTG and 0- dianisidine, (3,
3'-dimeth’(1)g<ybérr111§%%e O,%%?é%vas%é&% di(é%%rs égﬂgé%-% encﬁlghthgleih,’a.nd'chemiluminescents such
as 5-amino-2, Buerpgreles svphttalazirdHtESOfLRNAMTY CREHAR I ItE B attEnid mic dyes and
acid-base indigatoys are prefameech i00PRB} ARcardditional, polyieans kadayibeusadin-the dispersed
phase of the agueous elastomer dispersion, Such pol ts are preferahly. selected,such that when the
additional polyﬁf?jg? g ﬁ@%?é”ﬁll)jsg?v%r i the'So g‘ﬁ%ngﬁ%%rﬁ@é églsut%pgsrt ot t § %?I?/\]meric molecule is

miscible with theealstohser TpliaginerEREES béhied Hoth P TECHY 6PIOE TEefad®dniér and an
additionabpolypaafmayinctyde-chemical campasitinne shaipoertiguration gopagmeonformation,
molecular weight/molecular w&!g istribution_and binations thereof. The additional polymer(s)
may be involvg)voi%1 ?{? t‘"ft%]éi cﬁﬁng prol}c)t%;:(i.‘s)v S not, b3tIa ?tisﬁéﬂxal}été)rc?lgén gﬁ%uﬂ“ﬁé n(%?%psruc%ni%“cé final
performance ofthensrimdinbfadtirednarticfeoprkéthemol metspolyise Bréd mdSewnisitde curable

aliphatic conjugied-dignaslastemendhe.qdditionabpaiments) ynayinglusiesbrdds/aie not limited to,
liquid polyisoprene, lower molecular weight polyisoprene, isomers or analogue of polyisoprene, a
terminal-functiGhRIi SAEHERV AR %’Fﬁsffﬂ?soprene, a copolymer of polyisoprene, polychloroprene, a
styrene-bitadi§id e polynferntdOagrigomitsebbutadiene cdpolymeths styveris lbsksopolymers, butyl
rubber, and m%@%ﬁ&@k@w ptihese.nolimets.Thr aoMepus clastomendisRarsion of the invention may
have a range of 0.5 to 49% of the additional polymer in the dispersed phase. [00039]A flowable liquid
polyisoprene Wit 85Tt SR 8P&HSut 25,000-50,000 may be used as a processing aid in an
elastomer fornjotatieh and Saimib Hecoddispersedaditd cothventionaldhghamotiégetaweight
polyisoprene, %@9?&%&?9&%@%&'&%%& éé‘,"i%&%%n I 2ddition, Lo ifs.application.Ag.parrier sealing,

ela

adhesive and elastomeric coating (See U.S. Patent No. 7.335,807), it can also improve film forming

and provid@ thialfars slich He giaves WiersHiBIEueasTH polRoprensies&i€ididt the invention.
Examples of naniimitinghliqtiespolyidopsend pagteidtsanaydindiude,
[00036] Infection prevention can be effectively achieved when an antimicrobiat

agent is dispersed in the aqueous elastomer dispersion of the invention. The resulting

article, such as an antimicrobial glove, is safer for use because the antimicrobial agent
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20but are not limited to depolymerized rubber DPR and synthetic liquid polyisoprenc such as Claprene
L-1R-30. [00040]Lower molecular weight polyisoprenes function similarly to reactive plasticizers so
they can modulate the curing process. These low molecular weight polyi ake the article
thinner, softSr A e B se tactile sensitivity. 25 Typically, the molecular% \?\%%E?@?g s?uﬂc%polymers isin
the range of about 20,0001.00,000. They, may. include but are ngt limited to Lycopenc, Isolene,
Synotex 800, APHERSRTSSLY. PO AT R eIk ey Bab b oness,
4-polyisoprenesfteasisrdgedipodyiseprerdyanddr srichedpolyisopretie/safxshapathelastomers. Cyclized

30 polyisopreng/3, A:Rohisopres: sl as aynaiex 80 AR Isearinisaniaianethe tear resistance,
wet grip, tensile strength and lower ma ul);éiifor manyfactuyred articles due to ilis cyclized structure.

d
Trans-1, 4-polyiSBITERE 5t BAEIRDIZ o TS BYSUtE Y Uitete I RETAMBRGUFSBH for film stability
against filni agingranthdindensiaralichdrgesrdBrandhed andbstacshapad pdyisopréde, such as Shellvis
250, provides g FEGHIGORAS mRiaeril foLaticles, R4 asAlRYeS, AR decreased tackiness
-te

due to a unique time-temperature relaxation property of its non-linear structure (See Terminal
6

relaxation and eftRGSIBANGS eAtigidd YRR S VORISR, TRMpLRaRite 478 mMBfEcular weight
dependencies,chbushatiofPetpn@CStionceRarnt BilRolymeriBhysich 538 5i(kh)@6031it2510 1997,

incorporated hEﬁg&@i?&{gﬁf?&Cﬁhféﬁ.ﬂ%ﬁhéﬁﬁﬁﬁivﬁﬁﬁﬁﬁnqg%ﬁ@%@@iﬂ&%@@ﬂ%ﬁ@%ﬁ x and a value

greater than 1 is preferred (See Rheological Properties of 1, 4-Po|y|s%£)rene over a Large Molecular
Weight Rafige SHIRYSIToREeRIRS CORD1y5ises LG 1 9D OMFA. BRSSP RSTEI Gy Faference).
[00042]An exagiple¢if amanalogusidlasiameanisuin hydyegenatedealyisopréne bl available as LIR 920.

1t can provide 3 IIARUTRGSE AHSCIE) SRR oY D Ao Madtikifime hading. degradation
pJn C Tfh § g

good fit and recovery stret Is IS’ due to Its soft aliphatic chain togrovide lubrication in the
mobility of the pestlyricrityeRnsitrHals fepRiwYPE R ofobosT e rmiliatrifitafolialize&d terivatives of the
polyisoprene mayincikdgs hdshid areinot limited to acrylated polyisoprene, carboxylated polyisopmne,

epoxidizelpolylaapiene, swipaAEd RoNIsPRIShe And Hanteg,RalIsopIshs, Agiated
polyisoprene ntay include but are not fimite fo - and acrylic acid-moditied polyisoprene. They
can provide a rhariofacioned areiciés auitnasoh Wove e ahthnpistvedtthofinaiémprocess by way of
decreasing the;gygrallghlofinationdevel.20.¢ arhexylated pelyiserrenecanmpievdedmproved stability
to the aqueous (Flasto er disgersiotn o{.th%in .?ptio . Aglditionallly thee}/ ovide the manufactured
. - chemicad properties and func iqn Sy% l”elé{l inechanisms, &r ex d’n%ie th;: moIsture |, . .

article with |mprove§ iifh ?ormlng properties. Its hydrophilic nature lends’itselt to absorbing moisture
and providing thdimanufsctindddaricleswithtdiadedapiinyrsSulfonictchobispiahtoptovides a
manufactyred attigle withssugts RIRetiesas aRtistiaticsu2bantivuereRialadBInRvadkwat donning, and
anti-coagulation properties, [0Q044]Copolymers of % 0 rg e that m ¥be ed jn the dispersed
phase of the aci‘EPé‘é%}El&?aéi%[H? 570 eégr§i"cl)X n%%“t/h%ng% (la?f}]beﬁ] trjllra(-%-eﬁ}c)taﬁmi &8“?3@8%6“& and tri-

organic salts such as dyes (phenolphthalein, thymol blue, m-cresol purple) along with

fransition metals and solvatochromic dyes such as betaine. The microbe indicators

may include, but are not limited to, solvatochromic dyes such as betaine/Reichardt’s

253 dye, zwitterion/merocyanine and pyridinium iodide, acid pH dyes such as bromeresol

purple and phthalein, and anthocyanin dyes. The blood indicators may include, but

are not Hmited to, dye intermediates (weak bases) such as O-telidine OTO and O-

dianisidine (3, 3’-dimethoxybenzidine), acid-base indicators such as phenolphthalein,

and chemiluminescents such as S-amino-2, 3-dihydro-1, 4-phthalazinedione

30 (Luminol). Organic salts, solvatochromic dyes and acid-base indicators are preferred.

[00038] An additional polymer(s) may be used in the dispersed phase of the

aqueous efastomer dispersion. Such polymers are preferably selected such that when

the additional pelymer(s) isfare dissolved in the solvent system, at least part of the

potymeric molecule is miscible with the elastomer. The differences between the

TECH/691915.1 8



block copolymers. Examples of di-block copolymers may include polyisoprene-b- potybutadiene,
polystyrene-b-polyisoprene, polyisoprene-b-polymethyl methacrylate, 30 and .
polyisoprene-b-polyacrylic acid. Examples of tri-block copolymers may include
styrene-isop%%gggélﬁfﬂé‘%% (SIS) and styrene-b-(ethylene-co-butylené)-b-sﬁl?érﬁésf@élggj:ml'he
copolymers ma)ébe dissolved in a solvent such as toluene before being incorporated in the dispersed

phase. Such cOBSRRTERBraviddHa T P B AR FRLUPE d AR Wit RS IHYBr oV barrier.
TECH/691915 4 W@ 20081zt 28 BR GRS 200870374 SQH000U B} Argerigralizediormulation for the

vulcanization of Walgrshases ass.andibe AEdianal¥eHousAddityes 4Gk as thRpne shown in

Table 1 below may be used to prepare the aqueous elastomer dispersion of the invention. With the

exception of the' PRz eI, BH ot Hgkeaamid indheernrmisti S PrEBIR e 5h e form of
5aqueous flispersiohaifar sdlitds) Bhatueousce muijsiomsidor igedds) ({OR046]d abpdaitngredient Parts

by dry weight rybber (Rhf). Range LrefaiedRUGReLIalex 9 0L00 Ryt apdigL2ylfyr donors 0.1-5
limited to, ligquid polyisoprene, lower molecular weight polyisoprene, isomers or
analogue of polyisoprene, a terminal-functionalized derivative of polyisoprene, a
copolymer of polyisoprene, polychloroprene, a styrene-butadiene copolymer,

10 acrylonitrile-butadiene copolymers, styrene block copolymers, butyl rubber, and
modified forms of these polymers. The aqueous elastomer dispersion of the invention
may have a range of 0.5 to 49% of the additional polymer in the dispersed phase.
[00039] A flowable liguid polyisoprene with a molecular weight of about
25,000-50,000 may be used as a processing aid in an elastomer formulation and can

15  be co-dispersed with conventional high molecular weight polyisoprene, as described
in the present invention. In addition to its application as barrier seaiing, adhesive and
elastomeric coating (See U.S. Patent No. 7,335,807), it can also improve film forming
and provide thin films such as gloves when included in the polyisoprene dispersion of
the invention. Examples of non-limiting liquid polyisaprene materials may include,

20 but are not iimited to depolymerized rubber DPR and synthetic liquid polyisoprence
such as Claprene L-IR-30.

100040] Lower molecular weight polyisoprenes function similarly to reactive
plasticizers so they can modulate the curing process. These low molecular weight
polyisoprenes can make the article thinner, softer and increase tactile sensitivity.

25  Typically, the molecular weight of such polymers is in the range of about 26,000~
100,000, They may include but are not limited to Lycopene, [solene, Synotex 800,
and Natsyn 2210,

[00041] Structural isomers include cyclized polyisoprene/3, 4-polyisoprene,
trans-1, 4-polyisoprene, and branched polyisoprene/star-shaped elastomers. Cyclized
3¢ polyisoprene/3, 4-polyisoprene, such as Synotex 800 and Isogrip, can improve the tear
resistance, wet grip, tensile strength and lower modulus for manufactured articies due
to its cvelized structure. Trans-1, 4-polyisoprene, for example TP-301, provides a
different chain configuration for film stability against film aging and dimensional

changes. Branched and star-shaped polyisoprene, such as Shellvis 250, provides an

TECH/691915.1 9



0.5-2 Accelerators 0.1-10 0.5-5 Activators 0.1-5 0.5-2 Antioxidants 0.1-5 0.5-2 Stabilizers as required
Plasticizers 0-15 0-5 Antiozonants 0-5 0.5-2 Pigments 0-5 0-2 Fillers -

WO 2009/114788 : PCT/US2009/637130

improved fit for articles, such as gloves, and a decreased tackiness due to a unique
time-temperatare relaxation property of its non-linear structure (See Terminal
relaxation and diffusion of entangled three-arm star polymers: Temperature and
molecular weight dependencies, Journal of Polymer Science Part B: Polymer Physics
5 35 (15) 2503 — 2510 1997, incorporated herein by reference). Their effectiveness
depends on the branching index and a value greater than [ is preferred (See
Rheological Properties of 1, 4-Polyisoprene over a Large Molecular Weight Range,
Macromolecules, 37 (21), 8135 -8144, 2004, incorporated herein by reference).
[00042] An example of an analogue elastomner is a hydrogenated polyisoprene
10 available as LIR 920, It can provide a manufactured article, such as a glove, with a
low modufus, low aging degradation, good fit and recovery upon siretch. This is due
to its soft aliphatic chain to provide lubrication in the mobility of the polymeric chain
when forming a fiim.
[00043] Terminal-functionalized derivatives of the polyisoprene may include,
15 but are not limited to acrylated polyisoprene, carboxylated polyisoprene, epoxidized
polyisoprene, sulfonated polyisoprene, and hydroxylated polyisoprene. Acrylated
polyisoprene may include but are not limited to HEMA- and acrylic acid-modified
polyisoprene. They can provide a manufactured article, such as a glove, with an
improved chlorination process by way of decreasing the overall chlorination level.
20 Carboxylated polyisoprene can provide improved stability to the agueous elastomer
dispersion of the invention. Additionally, they provide the manufactured articie with
improved film forming properties. Its hydrophilic nature lends itself to absorbing
moisture and providing the manufactured article with breathability. Sulfonated
polyisoprene provides a manufactured article with such properties as antistatic,
25  antimicrobial, improved wet donning, and anti-coagulation properties.
[00044] Copolymers of polyisoprene that may be used in the dispersed phase of
the aqueous elastomer dispersion may include, but are not limited to,'éi—block and tri-
block copolymers, Examples of di-block copolymers may include polyisoprene-b-
polybutadiene, polystyrene-b-polyisoprene, polyisoprene-b-polymethyl methacrylate,
30 and polyisoprene-b-polyacrylic acid. Examples of tri-block copolymers may include
styrene-isoprene-styrene  (SIS) and  styrene-b-(ethylenc-co-butylene)-b-styrene
(SEBS). The copolymers may be dissolved in a solvent such as toluene before being
incorporated in the dispersed phase. Such copolymers provide the resulting

manufactured article with an improved barrier.
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0-30 0-10 Antimicrobial Agents 0-5 0-1 Indicators 0-5 0-1 Additional Polymers 0-49 0.5-25 [00047]The
formulation in Table 1 may be used for natural rubber latex or in 10 currently available commercial
synthetic rubber latexes. Generally, using additives as described above i{; vTa}rioz%%gc{%)r_Hginations or
concentrations 698%Hé§8§uperior properties that are not attainable with cu(r:rellﬁy Avanable synthetic
latexes. The formulation of Table 1 may be modified to make the aqueous elastomer dispersion of the
invention. In pANELSRr, for SeFAFEUSHICATANCCR G CHCEHALION oF L6 FShtves may be
desired to providktizestiiitonsimisbrprapiiitiess (0048} nrerbeembodite it oidhenmwention, the
crosslinking agept.prefsraily sylfsusisnehaddegddnionthedatayaadhisimaycausgmiemature

excessive crosslinking of the rubber in the latex particles. In ol;[g r empodiments of the invention, the
crosslinking ageHfte § FS‘SI?‘%HHH’F’MS‘F’%‘EH&&&&%‘&?E‘F&% %8}&%31 48 35408 20 dispersion
during compoundingsaighesagudous lidex-heforesses Simildelylisinte the vulcanization activator,
preferably zinc oxide, is inorganic, it does not dissolve in an organic solvent and cannot be
incorporated in[%oo{ggée] latex dispersion. Thus, the TECH/691915.111

Table 1

Ingredient Parts by dry weight rabber (phr)
Range Preferred

Rubber latex 1030 100
Sulfur and/or Sulfur donors 0.1-5 0.5-2
Accelerators 0.1-10 0.5-5
Activators 0.1-5 0.5-2
Antioxidants 0.1-5 0.5-2
Stabilizers as required
Plasticizers 0-15 -5
Antiozanants 0-5 0.5-2
Pigments 0-5 a-2
Fillers 0-30 (10
Antimicrobial Agents 0-5 0-1
Indicators 0-35 -1
Additional Polymers 0-49 0.5-25
[00047] The formulation in Table | may be used for natural rubber latex or in

10 currently available commercial synthetic rubber latexes. Generally, using additives as
described above in various combinations or concentrations provides superior
properties that are not attainable with currently available synthetic latexes. The
formulation of Table 1 may be modified to make the aqueous elastomer dispersion of
the invention. In particular, for certain applications, a lower concentration of the

15 additives may be desired to provide better or similar properties,

[00048] In one embodiment of the invention, the crossiinking agent, preferably
sulfur, is not added into the latex as this may cause premature ¢xcessive crosslinking
of the rubber in the latex particles. In other embodiments of the invention, the
crossiinking agent, preferably sulfur and/or sulfur donors, is/are added as an aqueous

20 dispersion during compounding of the aqueous latex before use. Similarly, since the

vulcanization activator, preferably zinc oxide, is inorganic, it does not dissolve in an

organic solvent and cannot be incorporated into the latex dispersion. Thus, the
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vulcanization activator may be added as an aqueous dispersion during compounding of the aqueous
latex before use. [00049]A method for preparing the aqueous elastomer dispersion from an elastorner
such as dry rubber, with additives in the dispersed phase according to the 5 invention_is illustrated in
the flowcharw&%gfﬁaﬂéﬁssl'he method is described as follows and in the E&%%ﬁé{gigﬁeﬁ’g%hsic steps
outlined in Figure 1 are not meant to limit the scope of the inventjon and may be r%peated or

performed in diFSABHEGPAGRY Y BrBIB4E FARSLE AIbRY SR ASRES L BPs 5 18 R U ntion. [00050]As
shown in Figuke the thestarting étdstomer, such as rubber, is 10optionally processed to reduce its size

so that it can ?_pxgﬁlissolvg i%eqhggl\f&nﬁrléﬂlgge&{gq(i@ggg afsizes foribeibblean particles is about

1-3 mm. [00051]Then, a solution of the elastomer and a minor amount of at least one additive in a

solvent systenfRSERHEE 2T HEY SBRMEh s aditrsvitibe dinaardmbrst ASIAREAB ISy mixing the
elastomer andithengciditiomakedelitivetpridn tatkh: emblgificatiomhT heeddditivessthibedrs to be included in

the dispersed pise 18 fisRolethina soivanler A it pleoluel's JDERqluaRty for the additives

are not Iimited,ﬁ)gt should be mix . vents that will be used to dissolve the elastomer.
Suitable solvefitsiféheagarneishiniysainidebuenrs FectstPseeRfolbiiEtrh&¢BEM), chloroform,
carbon tetrachigrigiparceiane rard dlkekeis 260 {0Qe5 2 Theconcentrations of the accelerators added

may be based g e formulation far yulsanizing iie Jubler fiavided ndanlehang e optimized to
provide desire pro§erties of the vilcani 4 ,rulbber. A sufficient amoéunt of solvent is added to ensure
that the atliitivesicirallstiresshsedaavitiuasdissive st fbrtthettsbel Trwadived iy Be first dissolved in

the additive so%)y@f@;f%gggggafg%g%gqgymlgbetl}ﬁraé,l@gbbﬁoaotvem@r may be dissolved in a mixture of
the additive soé\é%%}lnd therrubber ?olven &90 gs lThe rupber.is dissolve iar& Ehaestsc%lgtion containing

. ! 3 .
the solvent(s) additivEy, AT VER S the TUBBer may fitat b dissolved in its own solvent

before adding idibittreimixwirerokadditiFas @nttdhdiksetientsy Seitabieidetvenes fsr 80 elastomers may

include but are, et ligited 0 peRIANG: hexaR:hepianesPentanssioluemarcygopentane, and
cyclohexane. The solvents far the eJastomers ma k%e or a&ﬂ Iqu.{_f'dsdthat h ve a boiling point of less
than 100G and"BEIEFARN 1ed 8NP 76¢ , B fFaBly At AtviGaphetis SFEEEiTe BFiF necessary, with the
application of aliFERH /B SELLR apeirtialeveculimtT hEhsohentisisttwadiiiivinchsdeta single solvent

or a solvent mixfure;ingluding.a aR-Selvent. {980541The eencenirationaf ihexbher i the solvent is

governed by the . .. . o
elastomer. Suitable solvents for additives may include but are not limited to

dichloromethane (DCM), chloroform, carbon tetrachloride, acetone, and alcohols.

20 [00052) The concentrations of the accelerators added may be based on the
formulation for vulcanizing the rubber provided in Table I and are optimized to
provide desired properties of the vulcanized rubber. A sufficient amount of solvent is
added to ensure that the additives are still soluble with the solvent for the rubber. The
additives may be first dissolved in the additive solvent and then combined with the

25 rubber solvent or may be dissolved in a mixture of the additive solvent and the rubber
solvent.

[06053] The rubber is dissolved in the solution confaining the solvent(s) and
the additives. Alternatively, the rubber may first be dissolved in its own solvent
hefore adding it to the mixture of additives and their solvents. Suitable solvents for

30  elastomers may include but are not limited to, penfane, hexane, heptane, pentene,
toluene, cyclopentane, and cyclohexane. The solvents for the elastomers may be
organic liquids that have a boiling point of less than 100°C, and preferably less than

70°C, preferably at atmospheric pressure or if necessary, with the application of a
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solubility of the rubber in the solvent. It is preferred to dissolve as much rubber as 5 possible in the
solution. However, its concentration should preferably be no more than 80%, more preferably no more
than 60%, and most preferably no more than 50% of the maximum limit of ili use at
maximum sg%ﬂ?ylﬁésgolution may be too viscous for it to be mixed Wi%] t(?é% (?M%flgs? ile%rg solution and
to be broken down into small droplets to form an_emulsion. 10[00055]The vessel containing the
rubber/additiverSBRartrmxtd s MBS SR iR 28 89 28 Bat Ghail SHREE iRt the rubber is -
completely dissolvéids The damperature of the solvent is preferably maintained at about 25-35C, more

preferably at %%ebﬁﬁ8-30%19%950%13&%@%lﬂ"ii@grﬁeéati% aa@néaimngagh BRarpadgitives, and solvent

is 15 then converted into an aqueous emulsion by a process known to those of skill in the art, such as

those described!HbilinsoiPhtanbiabd hosgveay B ek HoRi9s 25 888 68PLAS 6,329,444,
hereby incorperatedeby tefera@ncen. Thiewpragess mayeinetistesiemidsifyiagttlyebpalymeresolution using an

emulsifier compoSHRp. (BDAMANLINe,SAER Ak lgyeling s RObIBEL Ao ARgheOmbINing It with

an aqueous medium 20 under conditions that are favorable to stabilizing the emulsion, Alternatively,
the water-baséd Gisparsisimrag 56 FoHvEy @Wﬂ%\?&iH&&W@%’téﬁ@@%’@nﬁ]&?ﬂ%’@%@bolymer solution
using an emulsifigk GRESHIGN NbaMagdedusths ediulifianshtinem remhaving-thie:sdivent, as outlined in
Figure I. [Ooosim}n ,ﬁ%‘?ﬁ{g';e‘i@‘?o%%l%figﬁ 51?1819“ be capable of forming a stable 25 emulsion that can
withstand the Reat ur’in'gpevaporatlon of the solvent and the subsequently formed latex could be
destabilizEt byiKdiine eattre nyetadlicestaigion ds caliieipdbHsEl IRt nifate used for
coagulant dippingstonakemgleveshemusifieragenisimay nshies buhpeeRotikisvited to, sodium
dodecy) sulfate, sodim dodecylpenzens sulpnate, and.caonicagld seapasuch as caprylic acid
soap, 30 capric acid $0ap; lauric acid soap, oleic acid soap and rosin acid soap or mixture of these.
Suitable emulgifidesishiougererably have low foaming propensities so that excessive foaming does
not occur duringgigvariousrprecessstensiof isalating polyismprenaiaey sancantrate. The weight of
the emulsifier solution is typically about 1-5 V\ft/.VO %, preferatPI’)( 173tw vol% tkaﬁ,ed%gn the volume of
the solvert. FOPFECTIREE01E. 11 3KREM TS SKR SRR SOIEH o 28% Fakd B Gry (BASF, 68%
sodium alkyl naphthaiemselssipdenate)limwaterfatiisied. 1o 2 HAB6f 160%5-3990 3T, 4., 3% potassium
hydroxide solutigpsmgy g 415e041900581T hedaiguarmylsienis dhendpyrpared Hydalng the 5

rubber/additive/solvent solution into the emulsifier solutign which is preferabli stirreg, e.g., with a

laboratory SilvEFEGHYAR PiBosyHite 8 A a €88 47k TIIE Mg A EHEEF Sk r & Nigat Sbout 3500-4500
rpm. The mixesdpeedrilqafiée: uintipthenfoanhs ithatareofobmied bredkatrnarrexemplified process, after

stirring for aboyt b.miniesALRA0NARAN P (SN PRI, SRECsh Mav.be ARcreased txabout 5000-7000
rpom and 10 stirred for about 10 minutes. The mixer speed may then be reduced to about 500- 1000

rpm and stirred 7B SIRAHARS Wiy WHED B {REPSaRTs TR Al BMHEANErESK. If excessive
foaming occurp@fteesamedimeint higbnapede shaansigo(GD0M 7PROupiitme mikihgrnspeed may be

red_uced to abqg%%ggt@%g@%sgygmgn%grg]li_i@_}é@&qnti_l the foams break. T_hen, the mix?ng spee_d may
be increased back to 5000-7000 rpm and mixing continues until the total time of shearing at this speed

is about 10 mibRBE70005H TEE iRy SRS nERORHitRT taPer 2 JBEHIENTicHEF above, but is
chosen sqthatthadinakmeamdiameied ahéhe-alasiomerpantices is simitaiviethedetaf commercial

latex products. For example, commercial polyisopeenc | e mean
e e A o o 1.5

diameter of abou ypically, a volume mean particle

micrometers iscdlssiralistes [ighdiostiedlsgspribas resifeltertiHarelismes: raskeRtititle having a
smaller particle:gigimeies.dieangrioispecds canibedareasened cdependingQeothexdesired

application. For e%%ar?%le, about ?00% rpm - 3893,9 {i@mms%@ulds iv(%tQSe giersi[gdagiﬁag O%article size
depending on Qg & totat ?Pﬁ’esg% z’f‘a 'shear ml?(IFl]g_. R’s ig%at?y sﬁ_orte.r fithe is requweé”when the higher
speed is éed, andeattiversdeedswilldeswt ielangit particle sivia 400060]NERMHE a§ueous emulsion

is concentrated,whekehyrdt astig0%should preferably have fow foaming propensities so that
excessive foaming does not occur during the various process steps of isolating
polyisoprene latex concentrate. The weight of the emulsifier solution is typically

about 1-5 wit/vol%, preferably 1-3 wt/vol%, based on the volume of the solvent. For
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preferably at least 30%, and more preferably at least 40% of the aqueous phase is removed resulting
in a first emulsion concentrate. The emulsion is preferably 30 concentrated using a creaming agent to.
increase the rate of seg)aration. The creaming agent may include, but is not limited to sodium alginate,
ammonium y&ﬁ%ﬁ%}ﬁ]éﬁ}yl cellulose, locust bean gum, gum tragacanth,PﬂdLga?PgaégﬁPn. [00061]The
emulsion containing the creaming agier]t is stirred at a rate of about 1500 rpm for 5 minutes, for

example. The RifERIE Aty e BesittitathrobgrsirEe dms S BF P4 HGditc i and poured into a
separatory funnelhtidfter |ealpingdire nixtare indthecsepazapdtyofuntél folabobit 46-28hours, the

emulsion sepaﬁg{%ﬁg}%yy}(&|§g§5ﬁlt£g%wgg{g&yer includes a concentrated emulsion and the lower

aqueous layer’includes water and possibly a small amount of emulsion, which is drained off.
5[00062]0therif4y8lto corfdEntr& theEHEI%on fhclt§e udifg&confiiuotidéBatrifligal separator (for
example, made:byAdphavkaviakiVediphalimor Sharpied)jice vapatadionhiing aittinafilm evaporator such

as Luwa thi”i'%%{%ﬁ‘é‘?gm{@h‘){v R ATINRION L NG MEPEIES, RN, %ﬂd%‘@%&(&aﬂ{ gale, the emulsion

may be kept in a tall cylindrical tank and at an appropriate time, the lower layer of skim may be
10drained out f&HiRg e U pe P haye? Hebiieitiatbtr SHITSTBFC o flitRe M PibEsdemRy. [00063] Once
the aqueous layer 6f theseobreRiraied emulsioadisreesmouae, @irteastOeytrefpkably:at least 95%,
more preferably.at least 98%, and.most preferably at least,99%,0f the, solvents are stripped from the
concentrated eé%u S%)%ﬁ © lif/li’eflaea“alffﬁates?a%il. . %%sér?\?gn%%drﬁ%ay% %lgtﬁgge@?oﬁ%ﬁhaeg%oncentrated
emulsion By, estjiredsqiadtiviglh mitlsratdis Fotarysea pvathen disclydises Buthiiotdty evaporator in
which an evaposatingnflagkiis-partiadboimmeses tayvaiambaih akademperativraafabout 50-55C. The
evaporating flabsrléa@a%/ﬁbe rotategoggl %bo(yt 150 #o 200 rm esgftﬂ?lila freahsthln flllrﬁ@ghe emulsion is

. . CRCESSIVE 1 CUrs atier some Spee Cari -
continuously formed thereby increasiry the Surface area for eva OTAtion t6 0C [00064]The

solvent vapor ¥y beroritensatharidawcoverdd bsdesedulatirpethidehangly cofl aqfiéfmnperature of
about -15 to -28fx#hrquahithe ¢oaling:eqll ofthe evanriatopantsabminmersing te receiving flask

of the evaporator in_a bath of ethylene glycol at the above temperature. [00065]Typically, a
temperatie of DB &R i B o8 S BoNEFL e 0aiior B gt the solvents

fairly rapidly. Hdwavémptorteeaporate off traces of residual solvent at the end of the evaporation

process, the sqiyggés may g hgaird do.a1hghe L IRMPE alkiieaf ahow 2Q:2R6ahRye their boiling
points. The tem%erature range_can be bf{oadeng[%%FO{aexample,,if the b,oilj%g point of the solvent is

high, e.g. about§HFABOEALTE LRILPTRRATBOE THER SPISLR BeigksiaBREE BopRi*da partial vacuum
to the emulsiorsmtbraithetboiindgipsintlol theusplvenisirediced tsdessehaexaodtcg0C. [00066]As an

alternative 4o UsIng AVAIRTY SYaPAaRNIP JEMmRYE MG SONEN anyShilahle device ngluding a thin film
evaporator such as a Luwa thin-layer TECH/691915.115 , ) .
particie diameter of about 0.5 to 1.5 micrometers is desirable. Higher stirring speeds

result in a final elastomer latex particle having a smaller particie diameter. The range
of speeds can be broadened, depending on the desired application. For example,
about 5000 rpm — 8000 rpm should give the desired final particle size depending on
25  the total time of high shear mixing. A slightly shorter time is required when the
higher speed is used, and a lower speed will result in larger particle size.
[00060] Next, the aqueous emulsion is concentrated, whereby at least 20%,
preferably at least 30%, and more preferably at least 40% of the aqueous phase is
removed resulting in a first emulsion concentrate. The emulsion is preferably
30 concentrated using a creaming agent to increase the rate of separation. The creaming
agent may include, but is not limited to sodium alginate, ammonium alginate, methyl
cellulose, locust bean gum, gum tragacanth, and carrageenin.
(00061} The emulsion containing the creaming agent 1s stirred at a rate of about

1500 rpm for 5 minutes, for example. The mixture may then be filtered through a
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evaporator, for example, may be used. On an industrial scale, a large scale rotary evaporator may be
used. [00067]After stripping off the solvent, the emulsion containing latex may be concentrated again
to remove any remaining aqueous components by creaming, e.g., 5 using sodium alginate. For
example, ab%y t%?f%gg%ium alginate (as a 2% aqueous solution) based S the VB(lirne bf the
emulsion may be added to the emulsion and mixed well by stirring. The mixture may then be
transferred int8'% SEpEFAEK ?ﬁﬁ?‘?g;‘ﬁ%alé?f’ BOER ‘H’P?L’ r %%%ﬂtﬁ efgiﬂ%{ﬁ%ﬁr}g‘t&{?rfﬁlg%éhich time the
mixture separates:inty fiwodhjarshoihétu}perkayde conisinssepresniratdd ddeerranththe lower layer

typically 10 Cogﬁﬁé%,@eﬁ'i&huaegua{%@&%au%ql%@%ﬂfﬁ@mpwques@mﬂmslower aqueous

layer is drained off and a concentrated latex is olgtaine Prefgrabl glg this second concentration step,

the total solids @EREPSFHRLY difia ) 23 Sheruduay Bhsh IRI@i e imes, preferably at least four
times, andsmore)pseferablyédteleasyfive timastkortexamplegthedotal soligs contentunay increase to

about 45-65% én%l&gé%%%M&&C@&C&&%ﬁ@,dnﬁmmg% KRRL IRva.asRmtatrrsfymae! for further

separation. If t?ﬂs is desired, after a certain amount of time, the lower and predominantly aqueous layer

may be drainetf GFAGRINYSTHe datER Ay ‘fﬁ@’r?lﬁ@li‘iﬁ%‘ilé&stﬁrﬁ‘ﬁ@H}ﬁnﬁﬂ%ﬁﬁ\ﬁﬁﬁtﬁ;hgrtotal solids
content obtainalbigifratihispr oeessads préfe sabbyabalitch0YsHtocaldut: Vo bykamight, depending on

how long the Iaiex 13 AP EfIRSERA'A1S, TaKBRHRLOARE HRansRoralip A RSts- anbigher total solids

content of latex is enera%y. preferred sincé transporting latex with higher total soﬁ’ds content means
transportify m&AedISBEE AL RS EARERY TCO 68U TG gotedudhe 8EREESESntent of compounded
latex (i.e. afterjpoyeicanizingringredigots andyethertiadditivas-have-hesiaddettodhedatex) is about

2525% to 40% depepnding.on.the thi fog gloves, 1 ' ol _i ith a higher
thickness reql}?%sﬁ% OéPIt%Oftgé?bSé"a legsl%%o, 910‘0 9 \ﬁgﬁ a?%l’igt%[ %gcﬁ:ﬂ“%t %ﬁ%iw

ids content. [00070]After the latex Is concentrated to the desired
solids content,2HeapHi B offiesutanbratEsinpry 158 dafutednadsd wiHIE BB SRS % potassium
hydroxide solugiaf. Ehe phnmakeradiusiedkased mthe intendedapplicatiorsyFerexample, 30the

pH range %f p%l E;gg ren léatex for makig‘%g?gloyes is bsgu 0.to 11. [00071]A met og for preparing a

. atory rota 4101, SUch a uchi rotary-evaporaior in Wﬁl . A
polylsopréne latex c}(r:ldaraﬁn(a“ié) the s{éps igure 1 and the descr?,ptlo above will be described in

detail below inzExampletitg (O 79 Ryékp e M Pl Sopren SIdak WP zaditived $iHgstay L, ZDEC

and DPG TECkHG9%9151L18,.Wi(a:RQGHAIALIBBP ColAetSA0030I 2130 P00 43] ko this example, the
additives Winggfg%{bf ang'o idanté.obtained.from Gpod %]r%i_e%nd zinc dieméllS dri Qié)carbamate

: . n 15 continucusly form credsl
(ZDEC) and di thithing fﬂ]ﬁ 5) VUICANIZAton accelera orsy(‘lgot% obtained from Flexsys), are
first dissolved imea for evaporation to oceur.

20 [00064] The solvent vapor may be condensed and recovered by circulating
ethylene glycol at a temperature of about -15 to -25°C through the cooling coil of the
evaporator and also by immersing the receiving flask of the evaporator in a bath of
ethylene glycol at the above temperature.

[00065] Typically, a temperature of about 10-15°C above the boiling point of

25  the solvents evaporates off the solvents fairly rapidly. However, tc evaporate off
traces of residual solvent at the end of the evaporation process, the solvents may be
heated to a higher temperature of about 20-25°C above their boiling points. The
temperature range can be broadened. For example, if the boiling point of the solvent
is high, e.g. about 60-100°C or greater than 100°C, then it would be desirable to apply

30  a partial vacuum to the emulsion so that the beiling point of the sotvent is reduced to
less than about 60°C.

100066] As an alternative to using a rotary evaporator o remove the solvent,

any suitable device including a thin film evaporator such as a Luwa thin-layer
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solvents. The solutions are prepared by dissolving 0.4 g Wingstay L in 60 mL DCM, 5 dissolving 0,2 g
DPG in 10 mL DCM and dissolving 0.1 g ZDEC in.10.inL DCM and then adding these into 600 mL of
pentane (obtained from Merck) in a 1 liter beaker. [00074]20 g of polyisoprene rubber (}I%raton IR) is
cut into smaW&é%%géléﬂﬁsslowly added into a beaker that is continuously EfF ST ARG EohE

ains the

additive solution wh‘ich includes 6100 mL_pentane and 8%§m.DECMlsolv%ptethgtlg?&gains 10
predissolved ZFHPRHg Qa7 FHPBPE W5t 08 Shr PDER TRE e ondents:

e toncentration m%xample 1 is about
2.9 weight polyisgpraneivglbimessiolvent. A higher concentration of about 6% weight/volume should be

feasible. [00075khpe; beakel s, tightly.Coyerad < for-EXamRIgMh apalvaihyiene,sheqt to minimize

evaporation and the rubber/additive/solvent mixture is stirred until the §5rubbe,r is completely

dissolved. The fSRTHEARTA8aGT 1A & OO RIS AHBS RS A A8 B8 2€ SFRUPY Bréferably about
28-30C. [0D07 6§hhesdibherigidditivEis ehentlmbdturelis’convierted doan (aguddusiemuision using a

suitable emU'SLfJ,ﬁfﬁ%ﬁf BI00,Shear MiXehr AR %mm%ﬁ%%?wig@d@(ﬁ 24N ekal 8% drd (BASF, 68%
|

sodium alkyl naphthalene sulphonate) is prepared 20 be dissolving 18 g Nekal BX dry in 900 mL water

and adjusting REFHR! DY 81D With 3G 398 BE LG AT ar O MR S SRATB TR Sblyisoprene latex
emulsion is thendraparedifiy flouwdyuposHidgdire dutiiyewsidiifive/selréntisolefiprantodhe emulsifier
solution which js stirred, e.q., with,a |a ory. Sily ixen fi ' Sguare Hole High
Shear Screen'ﬁ‘ﬁ/l0 g%ygﬁgou?%Su(S’(%%llS%??p?rl%%g%f%%)gﬁiﬁ%ge{?gﬁﬁgﬁ%}égyt?&%év}n}?}r%?e&s at this speed,
the mixer $pectPriintreabighilio abilLFemon: 7B PrAdRPSIRFE 18 4Bkt 16"MiRtEs. The mixer
speed is then regueed{e-AkaiR0-H00Q nantrstidracfok abair:d. nhrtesiduringiwvhich time the

foams that are Jormed biegke Ten, Ihe Mg spesck ey Redigiansed haskloA900 7000 rpm and

mixing continues untﬁotﬂe total timé of shearing at this speed is 30about 10 minutes. [00078]The
emulsion is cofeehthatediBysadtiseroust deasdivih BRfihated dRISIVEIGHIDS thictiaidrinto it and stirring
at about 1500 rprasfor srinipiesihd heambxiiy edsditergditbraugh absghrestoth and is then poured into

a separatoyy f é fter leaving the mixture in the separatary funnel f(f)r ablo t 16;20 hours, the
emulsion TECIIKBED 15,117 SH5a I NG Z1aycre. The dpeer Fyer Inaldes 3 tshcentrated
emulsion (aboutFOBicR50 Hithiare teeiielveiiandestitiyerinelutfe § Watdicattl podsibly a small

amount of emulgighwhiah igained @ffmay be drained off again. The latex may then be
filtered through a muslin cloth. The total solids content obtainable from this process
is preferably about 40% to about 70% by weight, depending on how long the latex is
20 left to separate. Taking into account fransportation costs, a higher total solids content
of fatex is generally preferred since transporting latex with higher total solids content
means transporting more rubber and less water.
[00069] For making gloves, the solids content of compounded latex (i.e. after
vulcanizing ingredients and other additives have been added to the latex) is about
25 25% to 40% depending on the thickness of the gloves required. Typically, gloves
with a higher thickness require higher total sclids content.
[00070] After the latex is concentrated to the desired solids content, the pH of
the obtained latex may be adjusted, e.g., with an about 5% potassium hydroxide
solution. The pH may be adjusted based on the intended application. For example,
30  the pH range of polyisoprene latex for making gloves is about 10 to 11.
(00071} A method for preparing a polyisoprene latex according to the steps of
Figure 1 and the description above will be described in detail below in Example 1.
(00072 Example 1 — Polvisoprene latex with additives Wingstay L. ZDEC and
DPG
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[00079]The solvents (in this example, pentane and DCM) are then stripped 5 from the concentrated
emulsion by, e.g., heating in a laboratory rotary evaporator, such as a Buchi rotary evaporator in which
an evaporating flask is partially immersed in a water bath at a temperature of about 50-55C. The
evaporating‘ﬁg’s:f?‘fg’ Htatd at about 150 to 200 rpm so that a fresh thin P IRE LR Ulon is
continuously formed thereby increasing the surface area for evaporation to occEr.‘lo 00080]After

stripping off th&'&8f¥ént, th&l dLIRBRREL HRSiATHSSTy I BISPEN eHafS i R A cBRER H ated by
creaming, e.g.frusirGpsdghittim @k ineteiiAind utitjbéeisodigniZalgiiated akpac9% aguaiings solution) based

on the volume gfie GulsIgR 5.20HE 0 185 FOMISIANAAF MG Rl k. gicing-The mixure s then

transferred into a séparatory funnel and left overnight for about 16-18 hours during which time the 15

mixture separafd¥itio TRoTAVERS FhEreRsHst haybrasialhé edhieentated it dAdthe lower layer
contains asslighidyotuihy d.aguEst s SolutionGiithral diteletex). Theuteindquelo i ldy@d is drained off and

a concentratedaiednoRANGH JAPRB Hilie sanceniiater aeicadepl inibessaparatory funnel for

further separation. After about 7 days, the lower and predominantly aqueous layer is drained 200ff
again. The latd®0&7ikered #réuiPahfiarRIACIBRb aHtF IR dsadiute S 13 BIBCSE 1 with a 5%
potassium hydgxite sabdtion DOBSRIARrather exampigyofprepatingaipbly-isoprenadatex according to

the steps of Figyre, 1wl be @%@g%bg%%rﬁb%s&%%n%oaﬁd"k?ﬁmﬁt%-&Q@&@%ﬂ&%%&&%@ - Pol o rene

latex with additives Win sta _ MET [00084]A solution containing four additives is
prepared B digsdiialy©.34% Wingsétay-11 pbbiaiiberfrom /i ar TOSSRACRERIAL'DCM (obtained
from Merck), disselying @ 22-6 DP G{ohtpinachfiene/Mexsysolephramigteioda@ivhidissolving 0.11 g

ZDEC (obtained. from Elexsys, 0.5 phr) in Qf , DCM, dissolving 0.11 g MET 30 (obtained from
Merck, 0.5 phrfiﬁ%&tréfs‘gfé@gﬁf% l(‘c%gt%\l%té% ??rdr? C(ltg”r'ck) and then adding the solutions one at a time to

600 mL pentarl8®Biained Trsrhewkerdk Lisbiveritfsehdlyistpnelte piftha Patetéarehefd0085]22 g of
polyisoprene rubhgritratonRidsctdnie smal-piesesand-slowlyaddedint thaicaptinuously stirred

solvent mixture containing the four TECH/691915.118 €iss lved additives described above. The
beaker is ]t'ghtl’i}’%%ifé?gar%@ifﬁ%eg élfésé)év?ﬁ'pﬁﬁetﬁ%nﬁgﬁjgnﬁ%z etéor%’Fﬁ}itﬁsl?eagfl‘ié%eéjrg f%gr?ugnd the
rubber/additivedipéiitametDEifiabbtoreiaikii€is stirred until the rubber is completely dissolved. The

temperature of-fag-golvent mixtuisris/Meiarabivamainiainedsatahub 25326, makewreferably about
28-30C. 10008 S SOMeD 1 ergian L(BARE: RR% ety
of 2% Nekal BX dry (BASF, 68% sodium alky! naphthalene sulphonate) is prepared

20 be dissolving 18 g Neka!l BX dry in 900 ml water and adjusting the pH to 10.5-11.0
with, ¢.g., 3% potassium hydroxide solution. The polyisoprene latex emulsion is then
prepared by slowly pouring the rubber/additive/soivent solution into the emuisifier
solution which is stirred, e.g., with a laboratory Silverson L4RT mixer fitted with a
Square Hole High Shear ScreenTM at about 3500-4500 rpm.

25 {00077] After stirring for about 5 minutes at this speed, the mixer speed is
increased to about 6000-7000 rpm and stirred for about 10 minutes. The mixer speed
is then reduced to about 500-1000 rpm and stirred for about 5 minutes during which
time the foams that are formed break. Then, the mixing speed may be increased back
to 6000-7000 rpm and mixing continues until the total time of shearing at this speed is

30 about 10 minutes.

[0G078] The emulsion is concentrated by adding 0.45 g sodium alginate
dissolved in 25 mL water into it and stirring at about 1500 rpm for 5 minutes. The
mixture is filtered through a muslin cloth and is then poured into a separatory funnel.

After leaving the mixture in the separatory funnel for about 16-20 hours, the emulsion
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napthalene sulphonate) is prepared be dissolving 18 g of Nekal BX dry in 900 mL water and adjusting
. the pH to 10.5-11.0 with, e.g., a 3% potassium hydroxide solution. 10[00087]A polyisoprene
rubber/additives/solvent emulsion is then prepared by slowly pouring the rubber/additive/solvent '
solution into Y& solution which is stirred, e.g., with a Iaboratorf SIERSH CART mixer fitted
with a Square 'Hole High Shear S reenTMgat abOL{td4000-4500 rom. AfBar s:dr{;inlg ;85_about 5 minutes
at this speed, THRAHIREP SHe8Y TS ineFeRo&H T8 Al S E BB BGBY ¥ AR S Rg continues for 15 about
10 minutes. THéMmixgrspeeddisthemceduerd iochidoutB0020000598ry arsdslimimy @oritinues for about 5
minutes during whicl) time the foamsfhat are formed breaks. After the foams break, the mixing speed
is increased back to 5800-6000 rpm and mijxing continues at this_speed for about 10 minutes,
[00088]The erhUfigidh is cohbertiXEat 6y AyaiR 8! gpgf’t?%i?ﬁé A BBBERREY from Kimitsu
Chemical Industrieshel apan)idissolvadsim 25 .nelg ohwesiter iard stiering at@boutviBeetepm for 5 minutes.
The mixture is filtered fioHgha.puslineleth endithee.pRuerdnie: sSpRariomfidnrg!. After leaving

the mixture for about 16-20 hours, the emulsion separates into 2 layers, AE upper layer is a

concentrated éRfUrEH {EBatE PIPNANY BRH R IB W adue iS TR TS Lo (AP 4" €hikI amount of
25emulsion, witictx issdrained-aff s[0B0B0 EHetsnldnts! (ir tns lsasdspentanelBIC Miacdtone) are
stripped off from@;@oﬁé con ag%%ggugg&gléi%&yevgpgm%% gygporation in a Buchi rotary evaporator by

heating it in an evaporating flask partially immersed in a water bath at a temperature of about 50-55C.
The evapbtatin®f8&k is rotfiedginnisur A5t hsotrpin LBURIRN LYBAHRIYA RAVISHRIFSE the emulsion is
continuously fosmed therelyisariersing the.suifaee aremfonauapatstian. toxsoour. \When the

evaporation slows down (after a it 2 hours)., the temperature of the heating water may be increased
to 60-65C to cé%%f&éy %hn(g%eegiésp%rgtjigﬂufggjso%t 3 gsurs). The total e\lla%gration time is typically about 5

hours. TECH/694¢1®. thegmwerp aubmizad sgbby TS0 IS0 7430 FobOvbRAHEN &ripiping off the
solvent, the emulgigndnhichnis palyisoprenglatex)dsceoncentrated Againmicreaming, e.g., using

sodium alginate, fbout dandtsodium alanate. (s 8 246, paugas solion) hasee g the weight of the
emulsion 18 adB&H'S HR*ERUILION And Hixed well By sifting. The mixture is then transferred into 5 a

separatory funtiel emdrléffoedtatays shishe by titeanisaur sdeiaratdhl mtstevsttayel$eAn upper layer
contains concepifates.iatex.aad:aioner Javer centaing a-alighilystwshid-aqueous solution, potentially
with a small amogn%] of Iatezlg The Iov%erta(wae&@ I:i\getr ins ﬂ:ai”egr%f aqd %e?logc%glgﬁ]a&ed latex is
obtained. The I3t&% i filtere(%’cthcr%nﬁa Bhuéi dothitan is.psﬁpaéjugiea 0 6:5,”e._g.,'with 5%
potassium hydsexidéir0sbitstiobo [0D0QF] Tl aricod srefastomely dissersibig &f dhanivention, prepared
for 20 off again. The latex is filtered through a muslin cloth, and its pH is adjusted to 10.6,

e.g., with a 5% potassium hydroxide solution.

100082] Another example of preparing a polyisoprene latex according to the

steps of Figure 1 will be described in detail below in Example 2.

[00083] Example 2 — Polyisoprene latex with additives Wingstay L. ZDEC,
25 DPGand MBT
[00084] A solution containing four additives is prepared by dissolving 0.44 ¢

Wingstay L (obtained from Goodyear, 2 phr) in 60 mL DCM (obtained from Merck),

dissolving 0.22 g DPG (obtained from Flexsys, 1 phr) in 20 mL DCM, dissolving 0.11

g ZDEC (obtained from Flexsys, 0.5 phr) in 20 mL. DCM, dissolving 0.11 g MBT
30 (obtained from Merck, 0.5 phr) in 50 ml. acetone (obtained from Merck) and then

adding the solutions one at a time to 600 mL pentane {obtained from Merck, solvent

for polyisoprene) in a ! liter beaker.

[00085] 22 g of polyisoprene rubber (Kraton IR) is cut into small pieces and

slowly added into the continuousty stirred solvent mixture containing the four
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example as described in Examples 1 and 2, exhibit properties such as solid content, particle size, and
pH comparable to conventional elastomer dispersions that are commercially available. To demonstrate
this feature, samples of the polyisoprene 15 latex with additives Wingstay L, DPG and ZDEC,
prepared in g&%‘f@i’é’ﬂé@%th Examples 1 and 2, were tested and compaé%TM%GP VO different samples

of the widely available Kraton(r) IR401 Pl latex products. The data summarized in Table 2 belo
cicate that (RS BRSBRRIGOOH 1 STTRE0 Bty Ao A At EOTLARTIGEE GRS Duch as wolume

mean particle gidyrtémesolidsstentent and pHpamencemparabtedatihe 20Kratbn polisoprene product.

[00092]Table 2 Broparies ofbLAlExAGURESR! halex-Exampled Aqueous PhbatexsExample 2

Kraton Ift401 Lot B1070119 Kraton114.401 Lot B1070629 Volume Mean Particle Diameter (11m) 0.45
0.49 completely dissolved. The temperature of the solvent mixture is preferably

5 maintained at about 25-32°C, more preferably about 28-30°C.
{00086] An emulsifier sotution of 2% Nekal BX dry (BASF, 68% sodium alkyl
napthalene sulphonate) is prepared be dissolving 18 g of Nekal BX dry in 900 mL
water and adjusting the pH to 10.5-11.0 with, e.g., a 3% potassium hydroxide
solution.

10 [00087] A polyisoprene rubber/additives/solvent emulsion is then prepared by
stowly pouring the rubber/additive/solvent solution into the emulsifier solution which
is stirred, e.g., with a laboratory Silverson L4RT mixer fitted with a Square Hole High
Shear ScreenTM at about 4000-4500 rpm. After stirring for about 5 minutes at this
speed, the mixer speed is increased to about 5800-6000 rpm and stirring continues for

15 about 10 minutes. The mixer speed is then reduced to about 500-1000 rpm and
stirring continues for about 5 minutes during which time the foams that are formed
breaks., After the foams break, the mixing speed is increased back to 5800-6000 rpm
and mixing continues at this speed for about 10 minutes,

[00088] The emulsion is concentrated by adding 0.5 g of sodium alginate

20 (obtained from Kimitsu Chemical Industries, Japan) dissolved in 25 mL of water and
stirring at about 1500 rpm for 5 minutes. The mixture is filtered through a muslin
cloth and then poured into a separatory funnel. After leaving the mixture for about
16-20 hours, the emulsion separates into 2 lavers. An upper layer is a concentrated
emulsion (about 720 ml.) and a lower aqueous layer may contain a small amount of

25  emulsion, which is drained off.

[00089] The solvents (in this case pentane/DCM/acetone) are stripped off from
the concentrated emulsion by, e.g., heat evaporation in a Buchi rotary evaporator by
heating it in an evaporating flask partially immersed in a water bath at a temperature
of about 50-55°C. The evaporating flask is rotated at about 150 to 180 rpm so that a

30 fresh thin film of the emulsion is continuously formed, thereby increasing the surface
area for evaporation to occur. When the evaporation slows down {after about 2
hours), the temperature of the heating water may be increased to 60-65°C to complete

the evaporation {about 3 hours). The total evaporation time is typically about 5 hours.
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0.94 1.04 Total Solids Content (%) 51.6 52.97 64.8 65.6 PH 10.6 10.9 10.7 10.7 Note: Particle size
measured using Mastersizer S from Malvern Instruments Ltd. [00093]Additional examples of preparing
polyisoprene latex according to the steps of Figure 1 described above butp%i§%ﬂi9r)creased

concentrationg 8t'acé&itators 25 compared to those of Examples | and 3Gre gesdiibed in detail below

in Examples 3-5. A latex from Example Cf ntrol, prepared by a different method, is also tested for
comparison wifif A8 latexes5f EXRRIpReL 3 1EERY % 67890 (ish is polyisoprene
2009/114788REFNI S20081AZA1301{00094]Exanye 33 and:@ognoite. Pohagopiérie latex with

varying amount;ym alginate (as a2 2% aqueous solution) based on the weight of the emuision is
added to the emulsion and mixed well by stirring. The mixture is then transferred into
5 & separatory funnel and left for 11 days whereby the mixture separated into two
layers. An upper layer contains concentrated latex and a lower layer contains a
slightly turbid agueous solution, potentially with a small amount of fatex. The lower
aqueous layer is drained off and a concentrated latex is obtained. The latex is filtered
through a muslin cloth and its pH adjusted to 10.9, e.g., with 5% potassium hydroxide
16 solution.
[00091] The aqueous elastomer dispersions of the invention, prepared for
example as described in Examples 1 and 2, exhibit properties such as solid content,
particle size, and pH comparable to conventional elastomer dispersions that are
commercially available. To demonstrate this feature, samples of the polyisoprene
15 latex with additives Wingstay L, DPG and ZDEC, prepared in accordance with
Examples 1 and 2, were tested and compared with two different samples of the widely
available Kraton® IR401 PI latex products. The data summarized in Table 2 below
indicate that the properties of the aqueous polyisoprene latex of Examples 1 and 2,
such as volume mean particle diameter, solids content and pH, are comparable to the
20 Kraton polyisoprene product.
[60092] Table 2

Properties of Aqueous PL Aqueous Pl | Kraton IR401 | Kraton IR401
Latex Latex, Latex, 1ot B1070119 | Lot B1070629
Exampie 1 Example 2

Volume Mean (.45 0.49 0.94 1.04
Particle Diameter
(1m)
Total Solids 51.6 52.97 64.8 65.6
Content (%)
pH 10.6 10.9 10.7 10.7

Note: Particle size measured using Mastersizer S from Malvern Instruments Ltd.

[06093] Additional exampies of preparing poiviscprene latex according to the
steps of Figure 1 described above but having increased concentrations of accelerators
25  compared to those of Examples I and 2 are described in detail below in Examples 3-5.
A latex from Example Control, prepared by a different method, is also tested for

comparison with the latexes of Examples 3-5.
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of additives Wingstay L, ZDEC, DPG and ZMBT [00095]In Examples 3-5, varying amounts of
Wingstay L, ZDEC, and DPG, as shown in Table 3 below, are incorporated with polyisoprene latex into
a single 5 dispersion following the method described above in reference to Figure 1. Example Control
has the sam® formulatiéh as Example 3, as shown in Table 3, but is not 5&83?3%%8%3?&@ to the
methods of thio%gg nt invention. pl ) ' %ep\%{td g\c?nrdin o the method
described in Example 1 of tJ'S. 528-38 e cot. 7- hme 45 1o cot. 8, fitie 67). In U.S.
Patent No. 6,8Z8:3% AECE s £MBE formulated into a separate dispersion and was
added individuallyotq a solytieraantamingdatay imwatess Wikxample/tentraldaneelesators ZDEC,
DPG, and ZMBT and Wingstay, L that were already in dis eir§ion_form were added t%latex in an
aqueous ol Al e ATkt EIHAF TO00HE] PHE 8K Saicle Eibds T5F Examples 3-5 were
increased fromdithe & vial wes rgi viennntExadmpiebt i @ ly stirringethelepwgldiolsatidelower speed. For

Examples 3 ard,d, e, 0igh shearstiking.spaevas S 908 ramyt/ 4 9quiem, far 10 minutes instead of
5900 rpm +/- 100 rpm for 10 minutes. For Example 5, the stirring speed was 5500 rpm +1- 100 rpm for

10 minutes. TREPAFEEYUES foE REMPIES 38 HFS BT HOPabiE S HisHrRd (8168 71About 25 g of
the latex from ‘sanhpaie&mmpdm3@5th¢1d1®1mﬂrdﬂsw&$m®admhealbghkb%.a]?m_iestiﬁﬁed with a magnet.
Further, S, Zn@¢aMBT wersafqed a5aduepysdispersions and, sediympgageinale yyas added as an

aqueous solution to each latex in amounts shown in Table 3 below. For Control, Wingstay L, ZDEC
and DPGWerd 8185 AtAKE S8 HlRPRrSsAS IVatai s KBrEatatiNnies Hhertdtisslated 25 latex to
a_bout 45% tqtaj acﬂiﬂﬁiﬁpntﬁnaiap@ tlhepk ofithe qmﬁm@mpdeddﬁie_x mmladjusteﬁ)m,abo_ut 10.5 with a
dilute pOtaSS'%@}’&H@%f%&'%ﬂn&%@ﬁ)@&ﬁ’%@éﬁfﬂé&di’«"ﬁsdﬁtﬁé?sf%ef&%RQE%“&*AC% fuslin cloth. The

mixtures were stirred continuously for about 18 hours at’an ambient temperature of about 28C.
[00098]Latex fifffis WatePraparatitng castie d580R 558 §e5tEtex on leveled 30 glass plates having an

enclosed areajofm@eput 60 Then ibyx1 8o stheftatexavpiieft sovny focabeut 2440148 hours. An

anti-tack agent suc calcium carbon . starch p: lied to the dried film and the films
were strip?r?ed gs}%sg%%%énptaﬁ%éﬁ _h%aﬁﬁr?s%\ﬁéﬁr%ﬁée%%%ﬁﬁigﬁﬁ%v%a%'[é%?‘g?l f@%fbr%f hour and allowed
to dry in the aiFfmBOsHintted. thhdifihtisverédihe neetetind Hotrair dveéRlatP1BBe or about
TEC1-1/69191:fndd id¥6242009661,4488P GH A9 2009/@34%30 20rminutes.sDusahelkspecimens of the
cured films were cut for, sical testing using AS.TM Die.D and tested according tq the ASTM
i12-080 1oa TR T TER s e g R B e R T Yeow n Tabe 3.
[00099]Table 3rhgirerlierdi phbeRrxample 3 4

20 [006097] About 25 g of the latex from each of Examples 3-5 and Control was

weighed in a beaker and stirred with a magnet. Further, S, ZnO, ZMBT were added
as aqueous dispersions and sodium caseinate was added as an aqueous solution fo
each latex in amounts shown in Table 3 below. For Control, Wingstay L, ZDEC and
DPG were also added as dispersions. Water was added to dilute the compounded
25 latex to about 45% total soiids content and the pH of the compounded latex was
adjusted to about 10.5 with a dilute potassium hydroxide solution. Each iatex mixture
was then filtered through a muslin cloth. The mixtures were stirred continuously for
about 18 hours at an ambient temperature of about 28°C.
[00098] Latex films were prepared by casting about 6-8 g of latex on leveled
30 glass plates having an enclosed area of about 60 mm by 100 mum. The latex was left
to dry for about 24 to 48 howrs. An anti-tack agent such as calcium carbonate or
starch powder was applied to the dried film and the fiims were stripped off the glass
plates. The films were then leached in water at 70°C for | hour and allowed to dry in

the ajr for 30 minutes. The films were then cured in a hot air oven at 135°C for about
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5 Control Wingstay L 2.0 2.0 2.01 2.0 ZDEC 0.5 0.75 0.75 0.5 DPG 1,0 1.0 1.0 1.0 Sodium caseinate
075075075075

WO 2009/114788 PCT/US2609/837130

20 minutes. Dumbbell specimens of the cured films were cut for physical testing
using ASTM Die D and tested according to the ASTM D412-98a test method. The
results of tests of various physical properties are shown below in Table 3.

[00099] Table 3

. . Example
Ingredients (phr) 3 7 5 Coriedi
Wingstay L 2.0 2.0 2.0 240
ZDEC 0.3 0.75 0.75 0.5
DPG 1.0 1.0 1.0 1.0
Sodium caseinate 0.75 0.75 (.75 0.75
S 1.25 1.25 1.25 1.25
ZnQ (1.5 0.5 0.5 0.5
ZMBT 0.5 0.3 .69 0.5
Tested Properties
Tensile strength {MPa) G.4 18.0 212
Stress at 500% Elongation
(MPa) - 0.7 1.3 17
Ultimate Elongation (%) 1210 1080 1022
Mean Volume Diameter (um} (.75 0.68 0.64 N/A

5 [000100] The cured film of Example 3 was soft and sticky and coula not be
tested. As shown in Table 3, increasing the amount of ZDEC incorporated into the
latex particles from 0.5 phr in Example 3 to 0.75 phr in Example 4 gave a cured film
with a tensile strength of 9.4 MPa. The film of Example Control exhibited higher
tensile strengths than that of Example 4.

10 [000101] Increasing the amount of ZDEC incorporated into the latex particles
from 0.5 phr to 0,75 phr and the amount of ZMBT during compounding from 0.3 phr
to 0.69 phr in Example 5 resulted in cured films with physical properties comparable
to that demonstrated by Example Control, which was prepared using the known
method described in Example 1 of U.S. Patent No. 6,828,387, Overall, the results in

15 Table 3 indicate that the novel PI latex prepared according to the present invention
may provide good physical properties such as tensile strength. ASTM D3577-06
Type IT classification standard for surgical gloves requires a minimum tensile strength
of 17 MPa, a maximum stress at 500% clongation of 7.0 MPa, and a minimum
ultimate elongation of 650%.

20 {000102] Another approach is to select accelerators that have low solubility in

the aqueous phase, such as those having a longer hydrocarbon chain or a higher
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S$1,251.251.251.2527Zn0 0.50.50.5 0.5 ZMBT 0.5 0.5 0.69 0.5 Tested Properties Tensile strength
(MPa) 9.4 18.0 21.2 Stress at 500% Elongation

WO 2009/114788 PCT/US2069/037130

molecular weight, Examples of such accelerators may include, but are not limited to,
zinc dibenzyl dithiocarbamate, zinc dinonyl dithiocarbamate, zinc di-isononyi
dithiocarbamate, and zinc N-dodecyl-N-isopropy] dithiocarbamate. Such accelerators
have higher solubility in the rubber phase and lower solubility in the aqueous phase,

3 [000103] In U.S. Patent No. 6,828,387, the amounts of ZDEC, ZMBT and DPG
added to the mixture were in the range of about 0.5¢ to 1.00 phr. In the present
invention, the amounts of each of these accelerators may be higher. In particular, the
amount of ZDEC may be in the range of about 0.2 phr to about 7.0 phr, preferably
about 0.5 phr to about 3.0 phr, the amount of DPG may be in the range of about 0.2 to

10 10.0 phr, preferably about 0.5 phr to about 4.0 phr, and the amount of ZMBT may be
in the range of about 0.2 phr to about 10.0 phr, preferably about 0.5 phr to about 4.0
phr,

[000104] In the latex made according to the process of the present invention, the
additives are already incorporated into the clastomer before compounding. This is

15 because the additives are dissolved in a suitable solvent, combined with the
polyisoprene solution, and then made into a dispersion. This method differs from
other known methods, such as the method recited in Example 1 of U.S. Patent No.
6,828,387 and in Example Control above, where separate dispersions/emulsions of
each of the components (elastomer and additives) are obtained from suppliers and are

20 then combined together.
ro0010s] Dispersions/femulsions are, by nature, thermodynamically unstable
systems, and in a multiple formulation process, there are many challenges to obtaining
a desirable uniform mixture. In particular, it is difficult to mateh the stabilization of
cach of the individual dispersions/emulsion systems, and because of this, a broad

25 particle size distribution often results. The method of the present invention may
overcome this disadvantage.

[000106] Further, the process for converting the solution containing these three
additives into latex is the same as that for converting a solution of polvisoprene
without the additives into latex. Thus, this method does not require extra energy.

30 This procsss allows for a savings in energy, equipment cost, materials (a lower
amount of surfactant is needed to stabilize the dispersion), and labor required for
dispersing these three ingredients when compared to the method recited in Example |

of U.S. Patent No. 6,828,387,

TECH/651915.1 23



(MPa) 0.7 1.3 1.7 Ultimate Elongation (%) 1210 1080 1022 Mean Volume Diameter (gm) 0.75 0.68
0.64 N/A 5[000100]The cured film of Example 3 was soft and sticky and could not be tested. As shown
in Table 3, mcreasmﬁ the amount of ZDEC incorporated into the latex paHflL %’%n’kﬁ)ﬁ (phr in
Example 3 t &8 PR R Example 4 gave a cured film with a tensile strength P Lf a. The film of
Example Contr% blted hlgh rtenslle ths IE t of le 4. 10 000101]Increasing the
amount of ZDE %@ rporat ’ed"‘?] ti%he" T’atﬁnﬁﬁgrzﬁcl s??oD % %?@ 78 BRPESE t9¢ amount of ZMBT
during compom@ﬁmgafmm‘ﬁﬁlt@hntgrp)a@@pmmt@@mp@csm@seItedhmlwtredpﬁlmt:s atdth physical
properties compaiablg.ig.that demenstiated by ExampecontraluhiewasRIepared using the known
method described in Example 1 of U.S. Patent No. 6,828,387. Overall, the results in 15 Table 3
indicate that th¥'H8¢IP 184fek prepared accordlng to the present |nvent|on may provide good physical
properties sucfoagli@hsile Stang Wi ) 5 otE fifor surgical gloves
requires a mmm@’%@g@lmﬁg@gg@%p{ 17 MPa a maximum stress at 500% elongation of 7.0 MPa,

and a minimum ultimate elongation of 650%. 20[000102]Another approach is to select accelerators

that have low $8TB8y in tHE S GRS RASE N IIFAR HTsE HAVIRGENENYE: hyBFstkrbon chain or a

higher isoprene-styrene (SIS) diblock copolymer obtained from Zeon Chemicals under the

il

trade name Quintac 3421, Quintac 3421 has a styrene content of 14%. A solution

10 was prepared by dissolving 0.44 g Wingstay L, (obtained from Goodyear, 2 phr} in 60
mL DCM (obtained from Merck), dissolving 0.22 g DPG (cbtained from Flexsys, 1
phr) in 20 mL DCM, dissolving 0,165 g ZDEC {obtained from Flexsys, 0.75 phr) in
20 mL DCM, and dissolving 3.3 g Quintac 3421 (obtained from Zeon Chemicals, 15
phr) in 30 mL toluene (obtained from Merck), The solutions were then added one at a

15 time to 600 mL pentane (obtained from Merck, solvent for polyisoprene) in a | liter
beaker. The solution of Quintac 3421 in toluene was very viscous and 3 mb of
toluene was used for rinsing the residue sticking on the glass container.

[G00110] 22 g of polyisoprene rubber (Krator IR} was cut into small pieces and
slowly added into the continuously stirred solvent mixture containing the four

20 predissolved additives described above. The beaker was tightly covered with a piece
of polyethylene sheet and tied with a rubber band to minimize evaporation and the
rubber/additives/pentane/DCM/toluene mixture was magnetically stirred for about 3
hours whereby the rubber was completely dissolved. The temperature of the solvent
mixture was maintained at about 28-30°C.

25 [000111] An emulsifier solution of 2% Nekal BX dry (BASF, 68% scdium alkyi
napthalene sulphonate) was prepared be dissolving 18 g of Nekal BX dry in 900 mL
water and adjusting the pH to 10.5-11.0 with a few drops of 3% potassium hydroxide
solution.

[000132] A polyisoprene rubbet/additives/solvent emuision was then prepared

30 by slowly pouring the rubber/additive/sclvent solution into the emulsifier solution
which was stirred with a laboratory Silverson L4RT mixer fitted with a Square Hole
High Shear ScreenTM at 4400-4600 rpm. After stirring for 5 minutes at this speed,
the mixer speed was increased to 4900-5100 rpm and stirring continued for about 10

minutes. The mixer speed was then reduced to about 1000 rpm and stirring continued
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TECH/691915.122 molecular weight. Examples of such accelerators may include, but are not limited
to, zinc dibenzyl dithiocarbamate, zinc dinonyl dithiocarbamate, zinc di-isononyl dithiocarbamate, and
zinc N-dodecyl-N-iso yl dithiocarbamate. Such accelerators have hlg?‘ ;{%W Bhe rubber
phase and | et SOIlLf y in the aqueous phase. [000103] In U.S. Paten %r iﬁ the amounts
of ZDEC, ZMBT and DPG added to.the rH%ture w relm the {lap%%roffa oué %5 toI]\3 00 phr. In the

a mmu u:m time t
present |nvent|8n ?ﬁe amoun ese acce er ors may be |g?’ner Fn partlcular the amount

of ZDEC may bedssithelqange wﬁfamm Odepiietocabditien®.0 phr, preferably about 0.5 phr to about 3.0
phr, the amoupiah BPG may.beindds BRIQREARA QyZaEaI;hQ 86.Q B@@&t@t@@@hﬁ@bout 0.5 phrto

about 4.0 phr, and the amouynt of be in t to abo t 10.0 phr,
preferably abo(ﬂé1 ﬁ%rlof?) B%SLH%GSH? %@‘fbﬁ at‘?@ ex %cg % @ordmgﬁ‘f%l process of the
present im?entmmrtgletaddm\Ié&()amna‘lveadmmnmrpﬁmt@dtmmmféﬂas@meuabﬁdnesmmpounding This
is 15 becauseJﬁﬁu%ﬁ&"&%ﬁ?dﬁ%@&%@h’%dﬁ@@%ﬁ%‘? soive . GemRingswithitheRalyisoprene

solution, and then made into a dispersion. This method djffers from other known methods, such as the

method recﬂed%?%%ﬁ?p‘@ef‘afﬂ@ SERYYAIS K %%%33waﬁaefdaﬁ?awI%C@bcﬁmﬁt%fbove where
separate dispessitrisiefrivigidns ofleack of thhecompondmtsr (elastonder smndladditives) are obtained

from suppl|erse%dsiajhe@Qm%ggmgga%dftogether [000105]Dispersions/emulsions are, by nature,
thermodynamlcall)g unstable systems, and in a multiple formulation process, there are many

challengéd to 68tikthg a oS B I RS RS Rt a‘?h’ﬁﬂfawefﬁ?rd?ﬁf’&ﬁﬁg‘?ﬂ‘a@n the stabilization
of each of the tagividualidispatsionshemesipmsysiemBparidoirecaugeaithis, ledoirgank25particle size

distrbution oftep, gayia TS NG SLhe,IERENLIVERR WaY AYRIGPME S dispdvantage.

[000106]Further, the process for converting the Solution containing these three additives into latex is
the same as ttﬁﬁ’h?ﬁlb@)%\%ﬁfnﬁ bowsIErtitsny et B‘él@ﬂs%ﬁ%ﬁé‘%iﬁwoﬁ‘ﬁ?ﬁéaﬁ%ﬁﬁﬁegeiﬂ%&ﬁtex Thus, this

method does nehfeDatitd@xiracheigy. Ba Ihﬂ@spmmessnad:lﬂws terubisawngsdntian@rgy, equipment cost,

materials (& lower. amunt of surfactant s nsedegojstaiizs the dispersiony, and gl required for
e

dlspersmg these three ingredients when compare to'the M d recited xampe 1 of U.S. Patent
No, 6,828 387vapEOHﬁ6@£99raeﬂzadW®@od9mmwéamemismgvdswamdmﬂin addition to

Wingstay L, Z%@c am’@BGzmmraz@f:miygsaﬁrenmmyﬁaatacaf@@raiadimiad@e dispersed
phase of the p rene e n”éeg@gd descr{jb%d {Qel w.in Ex es an 7, which follow the
method outliné gur Iﬁﬁbé%ylb ]T‘:yx mple 6- o?ylsop nyeefate%}(/v% d%ltlves %Nlngstay L,
ZDEC, DPG émj;@ngu(@?uﬁﬁa{;tgatggp){uene which has a higher boiling point, was evaporated at
20 about 60°C under reduced pressure of about 100 torr for 4 hours. The weight of the
concentrated latex was 246.2 g.
[000115] The latex was further concentrated by creaming using sodium alginate.
0.25 g sodium alginate dissolved in 15 mL water was added to the latex and mixed
well by stirring. The mixture was then transferred into a separatory funnel and left for
25 10 days during which the mixture separated into two iayers. An upper layer contained
concentrated latex and a lower layer contained a stightly turbid agueous solution with
a little latex, The lower agueous layer was drained off and a concentrated latex was
obtained. The latex was filtered through a muslin cloth and its pH was adjusted to
10.95 with 5% potassium hydroxide solution. The weight of concentrated latex
30 obtained was 42.16 g with a total solids content of 554 %. The mean volume
diameter of the particles was 0.69 micrometers.
- [000116] This Iatex was compounded with (.75 phr sodium caseinate added as
aqueous solution, 1.25 phr sulfur added as dispersion, 0.5 phr zinc oxide added as

dispersion, and 0.69 phr ZMBT added as dispersion. Water was added to dilute the
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[000109]The copolymer of polyisoprene used in this example was a styrene- isoprene-styrene (SIS)
diblock copolymer obtained from Zeon Chemicals under the trade name Quintac 3421. Quintac 3421

has a styrene content of 14%. A solution 10 was prepared by dissolving ' L (obtained
from Goodygé)r,zﬁ"?)/ﬁ}ﬂﬁ%o mL DCM (obtained from Merck), dissolving fﬁ%’%gf)%gg ?)&g?;ined from

Flexsys, 1 phr) in 20 mL DCIvl, dissolving Q.165 E btained from Flexsys,,0.75 phr) in 20 mL
DM, and cisSURifG 5.3 BBHLD S5 AR SO el AP T B 50 mL. toluene
(obtained fronwierdikyicTitie soluti@iswirk redihénpatide vhohiedmrilesitite. tdl80am M sentane (obtained
from Merck, sqlygat farRelyispnignelin A innkeakerIh@solutignoh@uintacdd2l in toluene was

very viscous and 3 mL of toluene was used for rinsi[%g &g%r{eiidtueiﬁtickin on the Hass container.
[000110]22 g SHAEBI iSO preHa S BE RITBRIRT WA et into &RAN Pia S AAPLUBWE added into the
continuously stivét: Solvént shikterercbrthiniggsthéaferirad Gepredissolvedeadditivesndescribed above.
The beaker wag fightly ¢pvened withaniees af:peletivicngsshegtardlied-withavadbber band to

minimize evaporation and the rubber/additives/pentane/DCM/toluene mixture was magnetically stirred

for about 3 holtiS AARAFALY the TGS WAS L St AP HIRs SRY FRE HERTISLIIFE BT the solvent
mixture was maantaifibel fitrabout 28:30€hab000®1 4] Al @ foulsifier solution Iofr2% Nekal BX dry

(BASF, 68% spaijm,alyl aaniialene slphanalRLIES A SPALEPG dissPBE-1f a1 Nekal BX dry in
900 inL water and adjusting the pH to 10.5-11.0 with a few drops of 3% potassium hydroxide solution.
[000112]A0poI§7i’§B}5‘?%ne rubber/additives/solvent emulsion was then prepared 30 by slowly pouring
the rubber/additiva/stlvent balubiesn! it ihene piulsifiercgoiitionvevhich Veas!sticadattly a laboratory
Silverson LAR T mixet filed with & Sauate, Hols Hiah SsarseeenTiat 440064609 pm. After stirring
for 5 minutes at this speed, the mixer speed was increased to 4900-5100 rpm and stirring continued
for about 10 misbked PTRE mixer speed was then reduced to about 1000 rpm and stirring continued
'1ECH/691915&4 1 §or abgubbgrirute saidsingevehial dimentbedtoamsithatwere fovaEd break. No
excessive foa 5;}9 was 1'\%101%1[19 rithese conditions. [000113]The emulsion was concentrated by
adding 0.5g o0 ' ined from Kimitsu Chemical Industries, Japan) dissolved in 25 mL
of water and 5!88HHY at afdat TBODHSMAoPEMSIRITES. e Ihiktiirewagidilteredthtbugh a muslin cloth
and then pourgehinte ageparsforiummeli-Alerdeaving the mixiureferaliow.d6-86bours, the emulsion
separated into 2 layers. An,upper. layer was a enfrated.emulsion (about 810 mL) and a lower
aqueous Iayerch:jti))F%%/zi’|rrs1§eL o AP RIS te?r%glg%n}‘v@ﬁ% YWwas dra (aefgjoogﬁ.giﬁfcgg’B%M]The organic
solvents pentah&RCKingstar de(vhsrastiispedotront thiecorftemtdiéd/letrhimsien Hyheat evaporation
in a Buchpgotagy.Ruapeirateriky heatingae eputsiomihanuanorating iflask partiatyimmersed in a

water bath at a temperature_of a 45C for 3 hours followe 0C for.4 haurs..The evaporating
flask was rota?élasglt %oht{giogr[?r{é%% ?ﬁ% g#esr rfhsiﬁﬁfﬁ?ﬁsb t% gﬁjn%)ulg’ioznﬂwqgg é)% ihuously 15
formed, therebsisstyaasing ghéesiorfaé bl dréebfonal Epordisert8adaens. Theowolveht valpor was

condensed ang,feeeVSHeshby sieulating sthylengdalyealaldirmpsratiieiobabes ph5C to -25C
through the cooling coil of the e\%ag)orat also imT ' flask of the evaporator in a

) rand immersin Tje recejvin q
bath of ethylert W& AIHAE BRI ME P SPAETE [AHS ytlﬁ%?’,ﬁ%bcl &hé &vliffgﬁ 45 higer boiling point,
was evapiifatedlat 20abButt60C Urder irbduecedpresstisecof abbiind0d tolmdior Yahoerd. The weight of
the

for rinsing the residue sticking on the glass container.

1000120} 22 g of polyiseprene rubber (Kraton IR) was cut into small pleces and

slowly added into the continuously stirred solvent mixiure containing the four

predissolved additives described above. The beaker was covered tightly with a piece
30 of polyethylene sheet and tied with a rubber band to minimize evaporation and the

rubber/additives/pentane/DCM/tcluene mixture was magnetically stirred for about 3

hours whereby the rubber was completely dissolved. The temperature of the solvent

mixture was maintained at about 28-30°C.
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concentrated latex was 246.2 g. [000115]The latex was further concentrated by creaming using
sodium alginate. 0.25 g sodium alginate dissolved in 15 mL water was added to the latex and mixed

well by stirring. The mixture was then transferred into a separatory funne r 0 days
during Whicﬁ\%%éﬁﬂ?&fd?gsseparated into two layers. An upper layer conta#éé%%cégﬁmc%ﬁt%gtﬁeld latex and a

lower layer contained a slightly turbid aqueous sqlution wi little, latex, . The lower agueous layer was
drained off anciegocgrlll:entrﬁt’éa“i’ﬁ{ W ugﬁfla?ﬁs%é’wg‘;\fgg)@%g%@i térée%%ﬁ?gﬁiahag( ?nﬂuslin cloth and its
pH was adjusteabtbakd:OEiplithBhovpotassiand by disridesbiutioh Neke RaighitinPeomdentrated latex
30obtained wag 42 16 A3 H?é"%loaef%“ﬂﬁﬁ)ﬂﬁe\mtﬁﬁ AhpsThe meanval ne diameter of the

particles was 0.69 micrometers. [000116]This latex was compounded with 0.75 phr sodium caseinate
added as aqueBli€i@blution, 1.25 phr sulfur added as dispersion, 0.5 phr zinc oxide added as
dispersionsand0892phr ZMBsblgidoechasudisparsivmedMateniwvasibiided o tHiuter¢ecfECH/691915.125

mixture to a tofal salids conientRS AkeMyARYeaRARE Ribabihecompainde./atexwas adjusted to

about 10.5 with'a dilute potassium hydroxide solution, The latex was filtered thFOUﬁh a muslin cloth into

. | .
a beaker and WACHER cHUET et B i SRRl vt SsaTaigHEL fBsb Hsary S anmfeh¥fperature
(26-28C). Latexifilmshsue BerpeePelrediby0si 6asting. 7468 ginhiatex Dmiaveled ¢lasseplates having an

enclosed area g 60,00 bY; 100 1 5306 AP 5 005,280 48 i, £ afoium carbonate

powder was applied on the surfaces of the dried films and the films were stripped off the glass plates.

The films Were it te JoRaw 1A MRS as 15 RMCAGRAIHU R &mANYg B5TERF fOTHR S for 30 minutes.
They were themeuned:is hehaisovemat HRECHfor 20:1Rminudes. @00 Idikurabkell Specimens of the

cured films were cut.for, (ptrwsica_l tes%i%qﬁyfsip ASTM:Die D and tested according to ASTM D412-98a
e 00118 '

method as sho%ﬁelsﬁ“ﬁgéfb 4below. [0 ?(eacrﬁf) e 7 - Polyisoprene latex with additives Wingstay L,

ZDEC, 15DPGI# BiS (védwentisz) [000rroytict doliies SrpdIgfstiehe#86&in this example
was an SIS triglagkcaramamwithdhenitade names ety ddkbhAd ebtainedframeDexco Polymers) that

0 ; : :
has a Styr?sn © %ﬂﬂggg tato'elzb]éﬁt/%@hSl'gll'}xjtflgrnSVI\{latgu SPRE gmtﬁ)i){ugelswsfgslvlﬂg"ed through a muslin

cloth and then poured into a separatory funnel. After ieaving the mixture for about
16-20 hours, the emulsion separated into 2 layers. An upper layer was a concentrated
emulsion {about 800 mL) and a lower agueous layer contained a small amount of
emulsion, which was drained off.

20 [000124] The organic solvents pentane/DCM/toluene were stripped off from the
concentrated emulsion by heat evaporation in a Buchi rotary evaporator by heating the
emulsion in an evaporating flask partially immersed in a water bath at a temperature
of about 45°C for 3 hours followed by 50°C for 4 hours. The evaporating flask was
rotated at about 210 rpm so that a fresh thin film of the emulsion was continuously

25  formed, thereby increasing the surface area for evaporation to occur. The solvent
vapor was condensed and recovered by circulating ethylene glycol at a temperature of
about —15°C to ~25°C through the cooling coil of the evaporator and also immersing
the receiving flask of the evaporator in a bath of ethylene glycol at the above
temperature. After that, toluene, which has a higher boiling point, was evaporated at

30 about 60°C under reduced pressure of about 100 torr for 4 hours. The weight of the
concentrated latex was 241.0 g,

[000125] The latex was further concentrated by creaming using sodium alginate.
0.25 g sodiwm alginate dissolved in 15 mL water was added to the latex and mixed

well by stirring. The mixture was then transferred into a separatory funne! and left for
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0.44 g Wingstay L (obtained from Goodyear, 2 phr) in 60 mL DCM (obtained from 20 Merck),
dissolving-0.22 g DPG (obtained from Flexsys, 1 phr) in 20 mL DCM, dissolving 0.165 g ZDEC
(obtained from Flexsys, 0.75 phr) in 20 mL DCM, dissolving 3.3 g Vector A};]];l[ jspl jned from Dexco
Polymers, 1?%?’1??%%88%& toluene (obtained from Merck) and then adding the sé?@%g%gs‘?one at a time
to 600 mL pentane (obtained from Merck, solvent for polyisoprene) in a | liter beaker, The 25solution of
Vector 4111A i (HtReRB58% DerPHls dP&RES R tbqotg%ﬁ% e WASHREJHSF S9%iithe residue
sticking on thecgtasstedtaine anf0O 3120 [22cgcofipbiydsopetls rutbirbrqiikeatonii@yweadhcut into small

pieces and slowly agded %HQ]EQ%PQ@&@H%%M sticarhpelventIIXIWG CanaRng: the.four predissolved
additives described above. The beaker was cov%red tightly with piegé 30 of poI%%thylene sheet and

e
tied with a rubB8RBSfd t8enififnTZS SUS5E RS hACIRE TIN5 ARUARVESIBR AtARSDEM/toluene
mixture was magietidally st rpdadfoaboutr3xhbussiviherebyctheight bércomsntempletely dissolved. The
temperature %H?ﬁn%ﬁ"&%@tdm?g%%‘ﬁ@% mainaingdalahaut 28,306k, TRCHIBAIRNE26 WO
2009/114788PCT/US2009/037130 [000121]An emulsifier solution of 2% Nekal BX dry (BASF, 68%
sodium alkyl naBthEfEREsIPHBRENET Was prepared by dissolving 18 g of Nekal BX dry in 900 mL water
and _adjusting tineopkbfo 1_(_)25—ng0© w&haaeiemdr@mamfrﬁ% pdﬂa%ﬁjnplhyshtﬁxirﬂe:ml_mton. 5[000122]A
polyisoprene rubhsriadgliivesianivent eRURlnpaLhan.LERALERDY sioWly AouHng.he

rubber/additive/solvent solution into the emulsifier solution which was stirred with a laboratory
Silverson IPARTdFskar flitaersigitn AEGIARMHOWEEH g Shf SersiohTM 2t 498024890 pm. After stirring
for 5 minutes aitfis spegckithe Mixespeedwasinsreasatda 450Q-2400pmiand stirring continued
for about 10 10 mintes: the mixer.speed waghen sedusgdiaabout LR aaRdtining continued

for about 5 mincﬁfg}%oaunng which timé the foams that were form . No excessive foaming was
noted under thédetieanditiohse 001D aTTHE SIS WAV BEhebtriiad By &8t 0% g of sodium
alginate (obtaingg-frommKimitsy Ghemisaldndustiesodapandizsokeddnak nibefvater and 15 stirring
at about 1500 for 5 minutes. T ixture was filtered through uslin,.cloth and then poured into
a separat %ry fu%%rﬁ%% ,&?tégp SAVIN }et‘riw}gerr}:?%ﬁ & osg%gég " -58%533}52{%é%legrlr)lgﬁcé%sn&éé%aratepd into 2
layers. An uppErtayés fvas a concentrated emulsion (about 800 mL) and a lower aqueous layer
contained a smadoampunt af.eruisiandwhichwasdraineafi2e[Q00d24bEhengraanie solvents

pentane/DCM/tolﬂgne éereagéﬁe% ed off fram the CQ%%entratedu%%l#E}'}?% tg&l tgﬁf%t evaporation in a Buchi

rotary evaporafo? By heatl S i a T AV poratn G HaSk PArAIR immersed in a water bath at

a temperature 68#akbltdB @ doeBhomydoliowdd By BAC a4, The evaporating flask was rotated
at about 221??] rqm)@%?at aﬁﬁénéhﬂ?eﬁﬁ}gi&f %h%@m%&}&&%@ﬁfé?@?&%ﬁ!y @anformed, éherzby ;
increasing the surface area for evaporation, to oggur. The solyent vapar was condensed and recovere
by circulating L ABIRBPEIaY %E?Sré%ﬁédoﬁgﬁégﬁg -E?&a/% -5@@’?%@6@%&9@3&% coil of the
evaporator andFalsorminetsimes thiepeid eivinigifidiok. of th ecevapor atomiaraddathlebethylene glycol at the
above temperaﬁ{,{j@rz@j‘ter that,ifoJuene, which has a higher boiling point, was evaporated at

Tensile strength Stress at 500% Ultimate elongation
{MPa) eiongation, M500 (%)
(MPa)
Example 6 15.2 1.5 1070
Example 7 16.4 1.4 1090
ASTM D3578-05, 14.0 (minimum) 2.8 {maximum) 650 (minimum)
Type Il

(0001307 As indicated in Table 4, the cured polyisoprene-SIS latex films of
25  Examples 6 and 7 met the ASTM D3578-05 standards. Moreover, the stress (or
modulus) at 500% elongation, M300, were surprisingly low and comparable to that of
the cured polyisoprene films discussed above (see Example Control above which has

M300 of 1.7 MPa). A low modulus is a desirable property because the resulting
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30about 60C under reduced pressure of about 100 torr for 4 hours. The weight of the concentrated
latex was 241.0g. [000125]The latex was further concentrated by creaming using sodium alginate.

0.25 g sodi i jssolved in 15 mL water was added to the latex @»@%@Eﬂﬁ)@/ﬂﬂ!}@y stirring. The
mixture Wa;&?#?h&%?aﬁr%erred into a separatory funnel and left for TECH/691915.127 10 days whereby

the mixture separated.into two lgyers,.An er layer, contajned.concentrated latex and a lower layer
contained a sliff f}cttufreé}é Sé}\tgguaé@u%oggfﬁﬁg&;mé)\g\ﬂ pé%vrﬁigslﬁ?é%.q‘?‘?{le&l0535}5?55&%%15%36Ig‘ci/eé'r was drained off

and a concentréted!fdiexalescdBraiiet. of Fsdaess WwasdiTiersel theroligntty evshitheiotitand its pH was
adjusted to 5 10-99 with.eap1pRtasa MY dERYIdersaibtione Thevwirigbtebeonsanirated latex obtained

was 41.52 g wit otal solids content of 54,27 %. The mean volume digmet as 0.57 micrometers,
(000126125 5 PR kel WAL EE ISP §°7E LRI LAt MIALH H€ aqueous
solution, 135 ght-3alfPadded as dispersion, 0.60 phr zinc oxide 10 added as dispersion, and 0.75 phr
ZMBT added gg@ispgrsion\Watemnypsegdesdo diluiethe.mixredapigtalsalidsegntent of about

45%, and the pH of the compounded latex was adjusted to about 1Q.5 with a dilute potassium

hydroxide soluBt e YBiEx WadHERAISPRE i BUEH 2 LERS OISR hE PBaker Bhd was covered
and stirred withwai ghiaghet fdisg@shourdidt)amblient tendpesatdrebaboliy26: 15 2B knhetthis example, the

latex was stirregl ign A0 RaursJnsiead gt RRA0uS, as i Examale 6100932 (1Ths campound was

converted to a cured film, as described in Example 6 above. Dumbbell specimens of the cured films

were cut ot pHFSREPISHAY CRHGASEVPETRNTS 4rit 1e5tebPucditittylth WEFNIT7 £2%98a method.
20[000128]Physicalsprapestiesof Theschiite calatebdibleadefl Bxamplgsobrandafewene tested and compared

with t_h_e A_ST'V';&?9?é%&%ﬁ&ﬁ@%%meﬁﬁ&%ﬁf}%&g@s‘fof Rubber Examination quves, Type Il
classification. The results are Summarized in Table 4. [000129]Table 4 Tensile strength (MPa) IStress
at 500% [000132] An advantage of using SIS in combination with elastomers such as

polyisoprene is that SIS is significantly less expensive than polyisoprene and the

15 amount of polyisoprene used in the latex may be reduced by incorporating SIS, thus
reducing the cost of the raw materials. By incorporating SIS in the dispersed phase,
improved tear strength, puncture strength, solvent resistance, and degradation
resistance propetties, as well as processing advantages may be obtained.

[GO0133] The method described in Examples 6 and 7 is not limited to the

20 addition of SIS to elastomers such as polyisoprene. As noted above, other polymers
may also be incorporated with the elastomer using the process of the invention. In
addition, SIS may be combined with the elastomer without additives. An elastomer-
SIS latex without such additives may then be converted to a cured film by using the
methods discussed above.

25 [000134] Advantages of the latex of the invention, process of making the latex,
and articles manufactured from the latex include improved film forming (less
surfactant/emuisifier compared to conventional composition), performance
modification of gloves and other articles (protection of sensitive additives}, and
enhanced formulation properties (formulation stability and compatibility). In

30 addition, the latex provides improved bulk properties of gloves and other articles
(softness, barrier and oxidative degradation resistance), reduced surface
contamination, e.g. cleaner glove {less impurity migration to surface), increased

formulation efficiency {(availability of additive without diffusion loss), improved
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elongation, M500 (MPa) Ultimate elongation (%) Example 6 15.2 1.5 1070 Example 7 16.4 1.4 1090
ASTM D3578-05, Type Il 14.0 (minimum) 2.8 (maximum) 650 (minimum) [000130]As indicated in
Table 4, the_cured polyisoprene-SIS latex films of 25 Examples 6 and 7 met the ASTM D3578-05
standards. %9@89%)}1 H8 stress (or modulus) at 500% elongation, MSOO,WgFg%ﬁ?%P%%%’Iy low and

comparable to that of the cured (ﬁglyg;sf?lprene films di c.uss%ge%lg/oa}@ %sfees Exam ée C(Pntrol above
rty be

which has M5BE8FT% MBET A v hod il i85 desirdAsis rope 188 the Tedulting

TECH/6919151e28fapraihgciofer|s ssofdbndh dohfisitabtedaetiehprovides good tactile sensitivity to the user.

The M500 valyes pfthe films ofFormpiss&and hweasignificantydowrrihandhatof natural rubber
gloves which may have an M500 value of% out 3.9 MPa %?é]e?\ﬁ 2,6- 5.0 MPa). Polyisoprene gloves

typically have MIEUBVATES BP At HE 2 MBH (rEHgA B ToA 26 Wp e inventive aquedts
3

polyisoprene latex provide substantial improvements in performance in the various
applications since a wider range of additives may be included in the latex. The
improvements in the performance depend on the nature and amount of the additives
dissclved in polyisoprene solution prior o emulsification. For example, the
advantages of an article such as a glove made from the aqueous elastomer dispersion
10 of'the invention include mechanical properties such as barrier performance, touch-feel
sensation, tactile sensitivity, tear resistance, and instrument gripping, and enhanced
glove surface performances such as antimicrobial activity, antistatic property, a clean
glove surface, and sweat absorption. Thus, according to the invention, additives may
be selected to improve specific properties of products in a wider range of applications
15 than previously possible.
{000136] The aqueous water-based elastomer composition of the invention may
be processed to make & variety of articles including, but not limited to medical gloves,
condoms, probe covers (i.e., for ultrasonic and transducer probes), dental dams, finger
cots, catheters and the like. Methods for processing the composition may include, but
20 are not limited to coagulant dipping, dispersion dipping, drying, leaching and oven

curing,

TECTI/691915.1 30



[000131]The method of the present invention may incorporate up to 20%, preferably up to 30%, more
preferably up to 40%, and most preferably up to 49% (by weight of total dispersion solids) of SIS to the
dispersed phase. Typically, SIS cannot be milled down to form dispersions such as the ones used for
sulfur, vulcanization 10 accelerators, antioxidants, etc. because it is not a hard solid and a commercial
515 latex is WitaaisadlabiezdTikus, SIS cannot be blended with polyisoprene latex and made into a
product using conventional methods. [000132]An advantage of using SIS in combination with
elastomers $udh agueolyisipreneisithar S48, isosigmificantly less expensive than polyisoprene and the
15amount of polyisopigresadgthindengiexingagnbelagdusedby mcerpelating, SiBethiusseadiucing the
cost of the rdmpmsté rigissBis ifionrpdrayings SIS imsthiecditpérsent phdsecilupatieth teaobtrangth,
puncture stresgitn, sotVent resistance, and degradation resistance properties, as well as processing
advantages may benofstatnes pf@860133]The method described in Examples 6 and 7 is not limited to the
20 addition of 515 to elastomers such as polyisoprene. As noted above, other polymers may also be
incorporated witke theuetast@sousingditherprocesslafithé,irmisrtionthe ddshiciory 5415 magbbe combined
with the elastgrharaitgegacitidives clantetastomer515 latex without such additives may then be
converted to a cured film by using the methods discussed above. 25[000134]Advantages of the latex
of the invenfiofihpregassusf shatangthbsiatesiomnd akticte$ ,nvdrutacttiredlirormbeitelerieiude
improved filfnoiorniiveg giesy sacfatsang eniulsiflgrscpraparaehtpcbdrrepntion abgoepdsitishipperformance
modificationcopgfipwes and/stigrlartivtedi ¢peoteptibmeisatipitive blddkivespl mmdrenmzhbatformulation
properties (fmrhedation stability and compatibility). In 30 addition, the latex provides improved bulk
properties of gloves and other articles (softness, barrier and oxidative degradation resistance),
reduced surfac€hcontareimatiolrs@igecidapersiove {lessimpurishantgmation wastmiage hdncreased
formulation efficierey Yavdilabfilifyoof Holdideteithout HFOWsIW loss), improved TECH/691915.129
maturation process (no diffusion process of ingredients/additives), and reduced manufacturing costs
(less individual additive production). [000135]The agueous polyisoprene latex of the invention
demonstratés beaefitcoveeltsoriatdivproduct bedeauss eladtoriertbeantittest macladifvimefe inventive
aqueous 5 pelyigeprefioiatexiprovigersubstamtistig profeneifisrisuferfordramcs in peswatious
applicationscsineg’ awidiek raggengasditivesieraiptse inolitiveldin thentataxdafite insproviesrents in the
performanceldepene onaitéonatants andgamoisnt iofi¢te adtitieshldsaledsin ipdlymopreraredsolution prior
to emulsificatidifidhel pxbmpte, the advantages of an article such as a glove made from the aqueous
elastomer dispersion 10 of the invention include mechanical properties such as barrier performance,
touch-feel sénsehioraqrastile stassitivity, dsaenssistahodaianddihstrovhesimgrippimgcand ehiilmced glove
surface perfarenbmaios sndhabideasttionicradidivtivigpoahtistatic phopedy’ayeanighivel sothce, and
sweat absostists. of s aqecorsidgstontkiedisperion, additives may be selected to improve specific

properties of products in a wider range of applications 15than previously possible.
7. The aqueous elastomer dispersion of claim 5, wherein sulfur donors are selected

from the group consisting of thiuram polysulfides and xanthogen polysulfides.
8. The aqueous elastomer dispersion of claim 5, wherein peroxide curing/crosslinking

agents are selected from the group consisting of dibenzoyl peroxides, dicumyl
peroxides and combinations thereof.

31



[000136]The agueous water-based elastomer composition of the invention may be processed to make
a variety of articles including, but not limited to medical gloves, condoms, probe covers (i.e., for
ultrasonic and transducer probes), dental dams, finger cots, catheters and the like. Methods for

~processing thy cqingslion X EIARULR0e RLMIte o cheaulant deIng. dispsson
dipping, drying, ¢ % n&’oﬂé’éﬂn 5@%‘%{5&1@; %&%ﬁ%lé@lq m“rj ﬁg uancﬁn%gueous

elastomer dispersion, 89 prising: |sperse§§ ase comprlélng ane astomé dan accelerator,
wherein said dispersed phase is formed by dissolving the elastomer and accelerator in a solvent
system; and <’1‘6 sst&n;m% }g%gyafe ﬁﬁme&g‘g AN AL brfierginine
elastomer is alg Al gaied-digne. M8he 3 iNe, gq& us elastomer 8|sper3|on of
claim 1, wherein‘the elastome |s s elected from e group corisisting Cof po ylsoprene polychloroprenc,

styrene-butadigngcop Y Bl %%g'%@ ta%c’kv%fe%aspsx%%nﬁ Qowm%fré and buty
rubber. 4. The aaygo ss&%mt SFSIRNON %5’1{1; slheren U gemﬁcs i olcular
weight of ab 6}189119 % A 9& Brel, @3}{8&@%6 §ff SR OLEAIN 43

wherein the 0515;.[1 d? gcggg é?l@h ecggggg éégl%%f{zer onos perOX|de

curlng/crossl |ng agents, acce ators ac ivators, ant|OX|d’ants IPZEISRICIZE,‘I‘S antiozonants,

pigments, f'"q? ﬁ{ylga@égpgaé;&qs&m RiBES,Ad: Acklanal poly %féers%@ aqueRys elastomer
di f additive is about 0.5 t
asgftrzlg‘;)%yﬁgg% h?gfc%)ta &glﬁf"% quie%us ea%tgtt)%tg speﬁ}%%%s The aqll]/:oljsael(;itomero
dispersion of plainy,g WASIEE }&éﬁ oS, %%sase'%@%ﬁa{ﬁ% therdro %ngﬁt%% Ol fiuram

| f d h
i R O e

e se
dicumyl f  claifn 1, wh
a?c“eﬂ“eyra?é?!s"é §ff% e e gm?g%oﬁg%%%%%%%ﬁ.s‘c%} TARTGR éfséi”%ﬁ.u‘i;"m uifdes,
guanidines, angd thiQur &sug.%i slfb qUaQUS (Lzasgwﬁirrgl%oe\@lg lgf Wh relgn Sctetill\,{eators are
selected frongété%@&%%ﬁ‘f’)&%ﬁ%ﬁ A TR e R S %g%aﬁcf%’[’? 0¥ W rmpounds,

morganic silver compounds, zinc compounds, copper compounds, fatty esters,
silicone-ammonium polymers, nitrogen-containing polymers, and hydroxybenzoate-
containing polymers.

15. The aqueous elastomer dispersion of claim 5, wherein indicators are selected from
the group consisting of moisture indicators, colorants, phthalein dyes, organic salts,
transition metals, microbe indicators, solvatochromic dyes, acid pH dyes, anthocyanin
dyes, blood indicators, acid-base ndicators, and chemiluminescents.
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11. The aqueous elastomer dispersion of claim 5, wherein antioxidants are selected from the group
consisting of hindered phenols, hindered polyphenolics, hindered phenol/hindered polyphenolics,
amines, triazinone derivatives, polyaromatic amines, phenolic antioxidant hydrazides, phenolics,
cresols, and styrenated phenols. 12. The aqueous elastomer dispersion of claim 5, wherein stabilizers
are selected frdrhethgugrapleshsistingspisiol ding atkdisyburéacthntaddithatkahingcaseirate. 13. The
aqueous elasterteedr fiispetistogroficlammmsiiing erfeinlineidnidzcoantseare pelecteddromttheagroup
consisting ofialkyt/arypeighe nyfehetshamingsyut 20,000-100,000, an isomer or analogue of
organoclayadtinzomantcanptexest flinctionalized benzetiiaz @lf pilivzipes)p; phanpylbmeciamines,
waxes, polymégrisoantiezonanishindpzone inerstyolymbusadleheTheopolyeous elasygbmerilispersion of
claim 5, whémadiantintipobhiatragentsnarblsdtertpd froemsteryioupleonsistimgbfindtersmssaiuble organic
phenol compresngsisimerganic silver compounds, zinc compounds, copper compounds, fatty esters,
silicone-ammonium polymers, nitrogen-containing polymers, and hydroxybenzoatecontaining
polymers. 15. The:asgyeous ellkstomer dispersion of ctiim5 ] (sher@ireindibatotsrare Seledted from the
group consisbirg yofiendististereneiCatprs) calprant 5 htbapelydyes, organic salts, transition metals,
microbe indicators, solvatochromic dyes, acid pH dyes, anthocyanin dyes, blood indicators, acid-base
indicators, dréd Thengigminekstnts:r dihefhenagfudans Hlastbenen dispatdionnat playme; hekerein the
additional pelymees i elssledied troxhdine 4ufosonsisding of eliqeddipohybopiemer apahgdsoprene
with a moledidperwedightsf between about 20,000-100,000, an isomer or analogue of polyisoprene, a
terminal-fiinctionalized derivative of polyisoprene, a copolymer of polyisoprene, polychloroprene, a
styrene-butdéietie copobpn elastenydodisileitadiboeioopglywherspsheenechictkrdopdiedens, butyl
rubber, andameuifiect fenps pitheshpal Prddrsaba it The etliueous elastomer dispersion of claim 16,
wherein the styrene block copolymer is a styrene-isoprene-styrene (SIS) copolymer. 18. The aqueous
elastomer diheldionaghetaim d &strhereiistresadditiondhjsolymerhesia rdrgeafcaboupitis: to about
49% (by weightpofdhe stddidnizkpolypercirthe dispersed phase. 19. The aqueous elastomer
dispersion of claim 1 , wherein the accelerator is added in an amount ranging from about 0.2 to about
10.0 phr. 201Théaggecus etéstomer dispamsion of claim 20whdreicithenagueous phasdgaomprises
water solubkelubhpongnisenil isThet anpredhisrelHBto me maigghé rsiowte] sldids 20, tdhegsirvan amount of
water solubBasommgodeptssenot more than 10% by weight of total solids of the agueous elastomer
dispersion. 22. A manufactured article made from the aqueous elastomer dispersion of claim 1. 23.
The manufaluredhantitietofed aitck2madetain tihe aqtichischsionted drapershe gfoupoohsisting of
gloves, condoms, probe covers, dental dams, finger cots, and catheters. 24. A method of preparing an
aqueous elastolier dispefsionedontprising thanstéps wherein theeptiihgiandtastdnientadbelerator
solution congprigingpasistingtomelyers,acorderasonahd aseiwentesystalameminsiéyingtthend
elastomer/acablgestor solution to form an emulsion; concentrating the emulsion to form a concentrated
emulsion; removing substantially all of the solvent system from the concentrated emulsion to form
a substantiallf: gofvethiefleé pigpeisipem agtoptiolksitycodtspamsitingethepsisigdhtiatpsolvent-free
dispersion. 25. The method of claim 24, wherein the elastomer is selected from the group consisting
of polyisoprene, polychloroprene, styrene-butadiene copolymers, acrylonitrile-butadiene copolymers,
styrene block copolymers, and butyl rubber.
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26. The method of claim 25, wherein the elastomer has a molecular weight of about 100,000 to about
3,000,000. 27. The method of claim 44, wherein the at group consisting of sulfur/sulfur donors,
vulcanization accelerators, vulcanization plasticizers, antiozonants, pigments, fillers, additional
polymers. least one prighiiveqis selerigeifiomdhecpamXidatisinaisresslinkingragertsnastivators,
antioxidants, gtabilizass, antigderobiakagents, indicators, and 28. The method of claim 27, wherein an
amount of the accelesatosiandatieaskene-adeitieds AR B A RSP WalaRE &f total solids of the
aqueous elastomer dispersiain2he taaimetheorofhslaienR4nwhedeimihgselvent system includes a
first solvent and seceffsehenisb3andie mathed efclain a9, whessin thenelastomgrissaluble in the
first solvent, Qﬂﬁhﬂl@ﬁ)@tdqaﬁh@ﬁigﬁgmw}jssggm@qg&%ﬁg@ﬂgﬁ@vent. 31. The method of claim

29, wherein the first @@tllmngng@ﬂ@ﬁ@@@@ﬂ@@.ﬁg%ﬁgﬂ@@@%&bﬁéQﬁgﬁ@ﬁ@ﬁ@ﬂt includes one or
more solvents. 32. The method of claim 24, wherein the emulsifying step comprises adding an

emulsifier. 33. The method of claim 32, wherein the emulsifying step further comprises mixing with a

high shear mixer. 18¢. fibgsaedod ahelaim dhemwherain eneanhboh abiha corraatraling steps
comprise addiadskEHRAMINY 3a8Atopend hegurtinasofclim 34 wherein arg.or bathighthe
concentratingsstoRs b ERIRAES RAPRAINGRSRMSOL BB ADFAY, 3AHSRUS SEIeN. 36. The
method of claim 24, wherein one or both of the concentrating steps is carried out by centrifuging using
a continuous gentrifeaalEeRYRIMIM3Z5, THRRathAE ahslsitt2dhWhelsining LEaving steRcomprises
evaporating themohent sysiesdiiomothe concentrated solution. 38. The method of claim 24, wherein
the removing step comprises heating the concentrated solution to evaporate the solvent system. 39.

The method afclaine 24etfledner epmpusingibe sierpoiapivsting thairR ol dheagugausslastomer
dispersion. 48:cTipe soathamhef elpinBd whereirishstotalsalids content of e agugous glastomer
dispersion is abRihAarRR%0 Bycweiaids, 4 1vIibsmaiaad okalaimres, fug ﬁfdé%@,pri§{5ﬁ%|2@r§,tep of
making an arjghedfepreriheaauense/asiomea disRREsionnddidhsimeibestof slaimpl, whgrein the
article is selegtegtfpm Hgyaraudp consisting of gloves, condoms, probe covers, dental dams, finger
cots, and catheters. 43. The aqueous elastomer dispersion of claim 1, wherein the dispersed phase

further comprigesratleashene perikionag!, additve. A 4ndhigmathedet daim24nWiegindhgestep of
preparing an glRsRMaE agealeratorsoltign fuiher epmprses,adding atdeashong addiignal additive.

dispersion.

29. The method of claim 24, wherein the solvent system includes a first solvent and
second solvent.

30. The method of claim 29, wherein the elastomer is soluble in the first solvent, and
the at least one additive is soluble in the second solvent.

31. The method of claim 29, wherein the first solvent includes one or more solvents,
and the second solvent includes one or more solvents.
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32. The me.thod of claim 24, wherein the emulsifying step comprises adding an
ernulsifier.

33. The method of claim 32, wherein the emulsifying step further comprises mixing
with a high shear mixer.

34. The method of claim 24, wherein one or both of the concentrating steps comprise
adding a creaming agent.

35. The methoed of claim 34, wherein one or both of the concentrating steps further
comprise separating a concentrate and an aqueous solution.

36. The method of claim 24, wherein one or both of the concentrating steps is carried
out by centrifuging using a continuous centrifugal separator.

37. The method of claim 24, wherein the removing step comprises evaporating the
solvent system from the concentrated solution.

38. The method of claim 24, wherein the removing step comprises heating the
concentrated solution to evaporate the solvent system.

39. The method of claim 24, further comprlsmg the step of adjusting the pH of the
aqueous elastomer d1spersmn

40. The method of claim 24, wherein the total solids content of the aqueous elastomer
dispersion is about 45-65% by weight.

41. The method of claim 24, further comprising the step of making an article from the
aqueous elastomer dispersion.

42. The method of claim 41, wherein the article is selected from the group consisting
of gloves, condoms, probe covers, dental dams, finger cots, and catheters.

43. The aqueous elastomer dispersion of claim 1, wherein the dispersed phase further
comprises at least one additional additive.

44,  The method of claim 24, wherein the step of preparing an

elastomer/accelerator solution further comprises adding at least one additional
additive.
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