WD 20081075067 PCT/ GB20071004914 1 THI N CONDOM The present invention
relates to condons conprising natural rubber and pol yuret hane.
particularly thin-walled condons, and a nethod for naking them The

maj ority¥of condons are nade fromnatural rubber l|atex (NRL) by well
known. manufacturing processes. To ensure that condons are suitable for
use, their properties nust neet the requirenents of national, regional
or internati %@Loosﬁ&%@ﬂards which normal ly include aPé’B/&qu"HMPHrSt
pressure requirenent. Wiile condomwall thickness is normally fairly |ow,
bei ng between 50 mand 70 m it would be beneficial to reduce this even

further to encourage the use of condons. A perceived |oss of sensitivity

when using a condomis often usegygSc@ipogxcuse for not using them
| eading to an increased risk of pregnancy or sexually transmtted
i nfections. Accordingly, it would be desirable to be.able to manufacture

t hi nner condorge prebiat in@iRlich rbied th cﬂe&hmab@sumamkﬁb&hm%ryme@:&%oms t hese
thin condons nust LESO meet the burst ess re requirements of the

standards. ARHGHEH P’t“é]?Fﬂt“%“dﬁlaﬁéndﬁé%ﬁﬁh" &3K1ge BefRe t hi nner condons, it
has not heretofore been possible to nake th| n condons whi ch neet the
requirenments bur st. pressure ecifi d in the ndar The t hi nness

or
of the condor{fhfémivﬁ'l o gindomeyee BRI %&“%Vﬂ ARPCS IRt ¥ Iweﬂﬁ‘i"?:‘ﬁ‘hess
Singl e-wal | tofincfsfi@é@ provass! ITerEsie o cond i akOuNitalte fdzone theiraprapetties ght
asurenment. A 20mmr secti.on.is cut roma |de part of
‘he condom pYEf @F%B‘Teﬁ%&er{’%’g °fr?f’t5m§0‘c'f§’°8’fl of I‘ﬂ%e gﬁﬁa‘l‘;@[ﬁﬁ’ sanpl e
pi eces are t\ypinkdty Inyludes@dnifnon bireipedsdues reduirerénng, and the thi ckness
measurenents are used in calculation of tensile strength).. Know ng the

circunference of the ring, its length of- height and the density of the
| atex film 3SVhilglcendaal walltthicioks eswmoely fhidy dow, bahaberedeco S0ngn de7quat i on:

CONFI RVATI CN;.LSECP would be beneficial to reduce this even further to encourage the use of
condoms. A perceived loss of sensitivity when using a condom is often used as an
excuse for not using them, leading to an increased risk of pregnancy or sexually
transmitted infections. Accordingly, it would be desirable to be able to manufacture
thinner condoms. Not only is it desirable to make thinner condoms, these thin

condoms must also meet the burst pressure requirements of the standards.

Although attempts have been made to make thinner condoms, il has not herstofore
( been possible to make thin condoms which meet the requirements for burst pressure
specified in the standards.

The thinness of the condom is typically determined by the single wal! thickness.

Single-wall thickness measurement on a condom is done' via a weight measurement.
A 20mm ring section is cut from 2’ pﬁrallel-sided part of the condom. preferably at the
mid-body of the condom (such ‘ring’ sample pieces are typically used for tensile
testing, and the thickness measurements are used in calculation of tensile strength).
Knowing the circumference of the ring, its length of height and the density of the

latex fitm. single-wall thickness can be calculated using the equation;
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GPrr rin."c'rrneulcre,w x i+ri .,h: r: MAP Wiere. Single-wall |hkknels a
| hl oar ras of one condon?®4 |l jpm Density eensify 01 condomfim (grcnf
Circmmierenco = ceanl |l eronou of inp 'anple Inmul Herlhl height al ring
sanple (cm Rua nrarnference Ring heignt The international condom
standard (BS EN | SO 4074: 2002 Natural |atex rubber condons: Requirenents
and test net FWRIFPSNTEDONg with many ot her standards, i|M/GReS/004a14

requi rement that condons have a m ni néim burst pressure of 1.0 kPa when
tested according to the method in the standard. In brief, the test
requires that a condomis inflated at a fixed rate of flow of air,

whi | st both the pressut.esand.wolume dfemir in the condom are
continuously nonitored so that™fe pressind =448 vol une readi ngs when the
condom fails by burst g sakenheerr ded.. .JREs6. dRASHLGTENtS are known,
respectively, as the bur§ S RLessure (gggﬁgFEQMWHMﬁTLopascals, kPa) and
burst volune (measured tanlitres, L, -@éxdeciagi s cubed, dmB). This
testing is carried out on a-mnunber of«condops.i5m each batch, the
nunber bei ng deternined by the-bateh-%ize. As the wall of the condomis
made thinner, the pressure required tgenhfl adgemnd eventually burst the
condom decreases. As a result—t+here. ils a lower limt to the condom wall
t hi ckness that can conply wth_t he bufst pressure requirenents of the

st andard. Furthernore, inflation volunme and inflation pressure are
linked. Apart from the initial stages of inflation, the larger the

| nflation volidieeddioal Bindith dafiferd PHS| Ak LSO (0 RERBS Waird) Qe PipEONdOM LYDE.
Mdulus is essentially a nmeasure of stiffness, sucﬁ that a | ower nodul us
mat erial is rmordemes|Reqdiereentsrand fesinerhods), |alvag wilsmery othsestengerds. insludes e

a requirement that condoms have a minimum burst pressure of 1.0 kPa whep tested

according to the method in the standard. In brief, the test requires that a condom is
inflated at a fixed rate of flow of air, whilst both the pressure and volume of air in the
condom are continuously monitored so that the pressure and volume readings when
the condom fails by bursting are recorded. These measurements are known,
re3péctively, as the burst pressure (measured in kilopascals, kPa) and burst volume
(measured in litres, L, or decimetres cubed, dm®). This testing is carried out on a

number of condoms from each batch, the number being determined by the batch size.

( . As the wall of the condom is made thinner, the pressure required to inflate and
eventually burst the condom decreases. As a result, there is a lower limit to the
condom wall thickness that can comply with the burst pressure requirements of the
standard, Furthermore, inflation volume and inflation pressure are linked. Apart from
the initial stages of inflation, the larger the inflation volume, the larger the inflation
pressure for any condom type. Modulus is essentially a measure of stiffness, such that
a Jower modulus material is more pliable or elastic. Increasing the modulus (i.e.
increasing the stiffness) of the condom material also increases the burst pressure when
compared to a condom made from a material with & fower modulus, at the same
inflation volume. That is, the higher the modulus of the condom material, the higher
the pressure necessary 1o burst the condom, at a given inflation volume. However, ip
almost all cases, increasing the condom modulus has the additional effect of reducing
the burst volume. Because burst pressure is related to burst volume, any reduction in

burst volume will alsc iead to a reduced burst pressure. Thus, a condom made from a




increasing the stiffness) of the condommaterial also increases the
burst pressure when conpared to a condom nmade froma material with a

| ower medul us, at the sane inflation volune. That is, the higher the
nodul us of the condomnmaterial, the higher the pressure necessary to
burst the condom at a given inflation volunme. However, in alnost all
cases, increasing the condom nodul us has the additional effect of

reduci ng t N B30l une. Because burst pressure iBCTIGBR@/ed1¥ 0 bur st
vol une, any reduction in burst volulre will also lead to a reduced burst
pressure. Thus, a condom made froma WO 2008/ 075067 PCT/ GB2007/004914 3
l'at ex for mulgki Bl nigsMld B & Bwé uBedlukd Sl ald Habt B 10Wed bur@l SO have a
| ower - burst pressure. Previous attenpts to produce a very thin condom
conpl yi ng wPEF'®he burst pressure requirenents have fail ed because use
of materials with a higher nodulus, in an attenpt to maintain mninmm
burst pressures that conply w'th E_lhe requi red stanpdards at | ow condom
wal |t hi cknES¥IousAERAE ARG 2ap51, 0 0% CPBBYEE B e CEI BFHE,  whi ch
results in reoiteaRsts DieShilerRcast e of WitsREIP oA GNBigheh awduligan ashried in the
past to achi eve thinner condaons. Fi rstl1 , elltt@{ngts ha\ée lg@? made to
make condonE PoiTIETA T BROMTHWET PIESTTESS %I‘iﬁ‘ﬂﬁ LERHEC S SNRL to give
t hi nner conaQow eakids walShRRd, Wimesttilvarglysalievedubgiciursiragiend, ohithke condons
from syntheti mat&eri | s, having higher tensile properties than NRL. In
the first af Lﬁ‘éé{’c?ﬁ “E‘t@i“ﬁ‘g““?sﬁlé'es NRL), there is a linmit to how thin the
condomwalls can be before the condons start failing to neet the

requi renents_of the standard an attenmpts to r e par anmet ers
to alleviat 2‘”? F'%lf’psmﬂff)re(s)tl%l Véacn‘%eﬁna\%igd Bneglﬁ pﬁsr%stﬂc?cé‘?gfﬁﬂ?n.%l Eﬁdoﬁéi?q%t}zn f ound
that, in or gdempt bave s madd th atake dosdome firoth aetimak ubtgr lbtax GYRIYdetismgt e 1S as

hi gh as posgj 1 oo b . St .1n r typlLcally needs
to be at Ie%éés%N ]ﬁttﬁﬁngtth gei%gcro g‘% e%'/%llgﬁcgoﬁgly’aag%@ﬁew %ﬁggeﬁlp%a%tﬁ]%%aui rement s
gi ven i n t heondamsritpay shetiTmpterialdawnblagher ttastepronesies enMNRLi n a mi ni num NRL
condom t hi ckness of between about 50

In the first approach (using less NRL), there is a limit to how thin the condom walis
can be before the condoms start failing to meet the requirements of the standards, and
attempts to alter process parameters to alleviate this problem have been unsuccessful,
it has been found that, in order to ensure that the manufacturing batch pass rate is as
high as possible, the mean burst pressure of each batch typically needs to be at least
two standard deviations above the minimum requirements given in the standards. This
has been found to result in 2 minimum NRL condom thickness of between about 50

pum and about 55 pm (single wall thickness).

Using the second approach (using synthetic materials with superior tensile strength to
. NRL}, it has been possible to make thin condoms. However, the synthetic materials
used also tend to have higher low strain moduli and lower elongation-at-break than
NRL and so the benefits of having a thinner condom, such as improved perceived
sensitivity, are negated by these thinner synthetic condoms being perceived as being
stiffer and less flexible, which is undesirable. As a result, these condoms made from

synthetic materials are unsatisfactory.

Recent work with high-styrene styrene-butadiene rubber latex (SBR) and
carboxylated SBR (X-SBR) gave reinforcement of tensiie modulus but we have found

that condoms made from NRL incorporating SBR and/or X-SBR suffer from the




m and about 55 Im (single wall thickness). Using the second approach
(using synthetic materials with superior tensile strength to NRL), it
has been:possible to nake thin condons. However, the synthetic materials
used also tend to have higher |low strain noduli and | ower

el ongation-at-break than NRL and so the benefits of having a thinner
condom such as inproved perceived sensitivity, are negated by these

t hi nner synt ¥ P%¢8fdons bei ng perceived as being FOXiGBet07/6MY4| ess
flexible, which is undesirable. As a tesult, these condons nade from
synthetic materials are unsatisfactory. Recent wor k wi th hi gh-styrene

styrene- but a%v?e?‘@ur&‘é@l?ﬁés dEéEhS‘e’& aéoﬁBB)s a8, tﬁﬁédﬁ@&%@ Adde domBiRI( #4SBR) gave
rei nforcement of tensile nodul us we have found that condons nade

from NRL i ncSPRGT88R Rignispr nahmdwcdxo SREb the TS PTEFYIB ARG IFFE DI 5 8198/ 075067
PCT/ GB2007/ 0Q4 ks 4 | ower burst vol unes descri bed above. As a result,
thin condons made from NRL and SBR/ X-SBR bl ends are not predicted to
neet the burst pressure requirenents of the standards. The data shown in

Fi gures 1 andhedatd shoed in figred hanld 2alidsirde gl aftiR0gh thRilSdeatigisincteased NCr eased

for X-SBR/' N a Fi ure 2) t he
addi ti on ofRﬁﬁagg%gﬁgéﬁﬁgﬁéfkﬂgk) T%U? Né@ﬂﬁﬁkkﬁﬂﬁ gé Fr¥equence,
the burst pr s8R kasflovere tiecnedonuradde, ﬁsraoaasns)!quS:BR! f¥Rburkt ;emlse (rigure 1) is
simlar to that of the d for | ati (t wi t hout the

@ddi tion of Sondogps H?&ng$§ lﬁ#ﬁ 18R ﬁd&é??ﬁ?é&ﬁ%% %iglve have now
found that i Umncﬁlfpmﬁcsmiﬂitmn {{tbat lrmkl&hohﬁhe Mmdmmﬁs‘x SRRtFigure28 agimilarcant | y

t hi nner than cg% E:E(HNRL condons and whi ch have acceptabl e overal

properties, as, 1'n particular, perceived stiffness, and neet the
requi renents of the standar ds, by bI endi ng a pol yuret hane |l atex with

natural rubb e }Ja %ﬁf foJﬁIal%ha'_l trﬂ éﬂ%%:’lﬁ]? Q,Smﬂﬁ@ %\ﬁ{'i,' ch?cﬂmglﬁ%ygre s}@n%c%ﬂy

rei nf or cement Iea
thinner than current NRL condoms and which have acceptable overall properties, such

as, in particular, perceived stiffness, and meet the requirements of the standards, by

blending & polyurethane latex with natural rubber latex,

The limitations described above, where reinforcement leads to higher modulus, lower
burst volumes but no improvement in burst pressure have, surprisingly, been
overcome by using polyurethane as a reinforcing blend with natural Tubber in the

manufacture of condoms.

According to the present invention in its broadest aspect, there is provided a condom
comprising natural tubber and polyurethane. Natural rubber and polyurethane are
preferably present as a blend in condoms according to the invention. Ideally, a

homogenous blend or mixture is used.

Condoms according to the invention can be made from a latex which comprises a

blend of natural rubber latex and polyurethane latex.

In a preferred aspect, there is provided a condom comprising natural rubber and
polyurethane, and having a single wall thickness of less than about 55 pm and a burst

pressure of 1.0 kPa or above.




burst vol umes but no inprovenent in burst pressure have, surprisingly,
been overcone by using polyurethane as a reinforcing blend with natural
rubber in the nmanufacture of condons. According to the present
invention in its broadest aspect, there is provided a condom conprising
nat ural rubber and pol yurethane. Natural rubber and pol yurethane are
preferably present as a blend in condons according to the invention.

| deal ly, a §&8Gus bl end or nmixture is used. CorR§BiEB2M0MEydi ng to
the invention can be nade froma | at®x which conprises a blend of

nat ural rubber |atex and polyurethane latex. In a preferred aspect,

there i s pr owrsiaf), ecRndom aoumsd isiam?f-lstawb;alhssraubg.erbltj fessipOlsyur et hane,
and having a_single i ckness o s n mand a burs
pressure of 33°up! '29& %/?b%%%&e".““m%ﬁﬁﬁﬁ‘%@@%’g@:‘?ﬁ(%éé@%@ 914 5

Preferably, the single wall thickness is about 50 pmor |ess and the

bur st pressgre s about 1.2 kPa.ﬁr above gpe burstlpres§ure is as

def i ned by Baneier a8pscl e Hivensign Proyifes fdeisn &f polyutsthane in themanyiaatiee;

provi des t hefdsi mafurap abhed laek bahiden. Typicil, thepiifuestiabl @ usedfin e tddinn nat ur al
rubber | atex.cqondom ically, the polyurethane i sed.in the form of
a di spersi oftf 2 g’F%efsé‘?“ag’%égfag@hJE‘XBgYVﬁ?agf P%'r‘?&delnstg%?&‘aﬁ °HTG He Wi uf act ure of
natural rublbg 1dtetc@ndome haldngm singleiwal) tidckaesa gf lesswhan labdun 58 kinemsreof | ess

t han about 5% %gﬁ°Fqu ; ggferably of 50 pan or less. According to the
present i nvBREl hee” €% al so provided a process for making a condom
* whi ch process conprises m xing pol yuret hane and natural rubber |atex and
formng a cg %’iﬂgttﬁ%ee;}rés‘éﬁp m\Ef.t‘?oBgﬂe@% eYase! &i&%@'ar#&%&sgﬁp %akiﬁg ysed as a

di spersi on. or “exanpl e, a bl'end of a pol yurethane di sperston and

nat ur al r ubbasdonh ahiek progessienarprises Pixitgopoiiyrefhaneaang obtyial wibbea datexl aifex (PUL) s
used as a rglnf i A i r ..condons.
Preferably, 1 "égr%gf’%?te}it’ﬁéﬁé’w%ﬁéﬂw’gﬁhﬁ?et garllle g&{eg)%E Hﬁggé}gmﬁ?

For example, a blend of a polyurethane dispersion and natural rubber latex is used.

-

Preferably, a polyurethane latex (PUL) is used as a reinforcing blend with NRL in the
manufacture of condoms. Preferably, the polyurethane is a polyurethane latex. Most
preferably, the process comprises mixing polyurethane latex and natural rubber latex

to form a blend, and forming a condom therefrom.

Description of the Figures

Figure 1 shows the effect of carboxylated styrene butadiene rubber (X-SBR)} loading

on the burst and tensile properties of natural rubber latex/X-SBR condoms.

Figure 2 shows the effect of single wall thickness on the burst and tensile properties

of unmodified natural rubber latex condoms.

Figure 3 shows the effect of polyurethane {PUL) loading in natural rubber latex on the
burst and tensile properties of condoms made from a natural rubber/polyurethane
blend.

Figure 4 is a graph showing the variation of burst pressure with condom thickness for
natural rubber latex (NRL) condoms, natural rubber/carboxylated-styrene rubber
butadiene (NRL/X-SBR) rubber condoms and natural rubber/polyurethane
(NRL/PUL) biend condoms.




preferably, the process conprises m xing pol yurethane | atex and natural
rubber latex to forma blend, and form ng a condom therefrom
Description of the Figures Figure 1 shows the effect of carboxyl ated
styrene butadi ene rubber (X-SBR) |oading on the burst and tensile
properties of natural rubber |atex/X-SBR condons. Figure 2 shows the
effect of single wall thickness on the burst and tensile properties of
“unnodi fi ed naVarHpVBEBber | at ex condons. Fi gure 3 showerGhmomifsect of
pol yuret hane (PUL) |oading in natural érubber |atex on the burst and
tensile properties of condons nmade from a natural rubber/pol yurethane
~blend. Figure 4 is a graph showing the variation of burst pressure with
condom t hi ckness for natural rubber | atex (NRL) condonms, natural

r ubber / car boxyiedtreg palyuystepe aey el yussthensfliserraions are ysx igirehangeiblier condons
and natural rabbes hiahigbbaneenl Mol heldne dbatsh GRndey oty 4008/ 075067
PCT/ GB2007/ 004914 6 The terns pol yuret hane | atex and pol yuret hane

di sper si ons af&*ised i nt erchangeably. As used herein, therefore, the
term " pol yuret hane di spersion' includes polyurethane | atexes. A

significant ippravenent in burst pressure i.s . qbtajned thr t he use of
NRL/ PUL bl erfd S e Bpravemeni it Dy eSSkttt Qe g?““&l&ﬂ&?&Fee‘ir}l%‘gﬁuﬁ'g‘n{lPUL) to NRL
does not reduseds. Wechabaifosid tw bdditdn O pdyueetimantP URX toeWRL &ws asideducon of
X-SBR. As a resul condgns made | fr a ej nforced blend,with NRL
pave hi gher 8 Pl 1 SO0 B e o R SR Ao B oReRrE Pt
condons made fratronREL ramforted blexdulithNRIpabe/highet tuasn predslmesutlaraRL/XsIBFRer i or to

nat ural rubber hat ex condons. For exanple, we have found that natural

r ubber/ pol yuréetn ane bl end condoms have a consi stently higher nean bur st
pressure '

We have found that condoms made from a natural rubber/polyurethane blend are
superior to natural rubber latex condoms. For example, we have found that natural
rubber/polyurethane blend condoms have a consistently higher mean burst pressure
than natural rubber latex condoms, even at single wall thicknesses approaching 40 pm
(Figure 4).

Condoms with a single wall thickness of 55 um or less are preferred. Preferably,
condoms according to the invention have a single wall thickness of less than 55 pm,
such as, for example, 35 to 55 um, more preferably 40 to 50 pm, even more

( preferably a single wall thickness of about 40 pm or Jess.

Condoms with a burst pressure of greater than 1.0 kPa, preferably greater than 1.1
kPa, more preferably greater than 1.2 kPa are preferred. Advantageously, the
condoms have a mean burst pressure of at Jeast two standard deviations above the
minimum reqttirement given in the standards. For example, condoms having a mean
burst pressure of at least two standard deviations above the 1.0 kPa minimum burst
pressure requirement of the international standard BS EN ISO 4074:2002 are
preferred. We prefer to have a mean burst pressure of about 1.2 kPa or higher, to
ensure the condoms will be capable of passing the international standard’s burst
pressure requirements on a consistent basis, It is highly preferred that these burst
pressures are achieved in condoms having a single wall thickness of 35 pm to 55 pm

“or less, preferably 40 pm to 50 pm. Higher burst pressures, for example 1.3 kPa or




t han natural rubber |atex condons, even at single wall thicknesses
approaching 40 Nm (Figure 4). Condons with a single wall thickness of 55
mor less are preferred. Preferably, condons according to the invention
have a single wall thickness of |ess than 55 prn, such as, for exanple,
35 to 55 m nore preferably 40 to 50 m even nore preferably a single
wal | thickness of about 40 mor |ess. Condons with a burst pressure of
great er than OHKBHST hreferably greater than 1.1 kREVGREIPSHEPGES er abl y
greater than 1.2 kPa are preferred. Advantageously, the condons have a
mean burst pressure of at |east two standard devi ati ons above the

m ni mum r equi ghevent 1.4ikPesr dbbvel brel.$ kBenctasbd®. ard-dlsc &Xkamblecfpor cmictons havi ng a

mean bur st ptrhess%anaboutsﬁltm &gcntdm 1003 e%ﬂdé"rd devi ati ons above the 1.0

kPa ni ni mum burst pressu of "the international standard BS

EN | SO 4074: 2002 are pr ef erred Ve pref er to have a nean burst pressure

of about 1.2 Ki Iygrrethme%fig gﬂ( lgﬁaéf%ﬁyﬁxﬁaﬁﬂ%dgﬁggg@ﬂ%é Iaurg%regﬁpeabl e of

passing the i'nternationa ure requi'rements on a
consi st ent baspush thatcondgmpgre priegictest te fagt rﬂe‘dequ"rlimemﬁ REBREN @ﬁ%ﬂomﬁﬂ@s sures are

achi eved in coRdaMR.NGUl R a§4§ﬂuﬂgzl 1§wé6V&H;s Jeﬁréss.{mgmefam%ﬁprmmn& m or

| ess, preferabl%q40 mto 50 m H g bur st pressures, exanple 1.3

kPa or WD 2008/ M@SWF@QGQ‘H‘W@QT@ urﬂole&{lfé\)‘éRL &m‘ilat@nk%?“@‘r above, or

1.5 kPa or ahfve; 186 tidists 18mhraNRPRs §PEmcondons  thinner than about 50
m dependi ng upon the blend. At polyurethane |levels of 15 or 20 parts per

hundred rubber (pphr), the burst pressure is such that condons are

predicted to Weelve hRudQAHAL S1TR Rdnge efffoﬁﬁraﬁl}hslca@mﬂ@sz@%&ev@g ofd. t hi ckness
of as low as 40 mor |lower. This represents %{ g@r ficant i nprovenent on
the t hi cknesSEYVEHE: e&nﬂrb@roaemserf nefTS Hoad, ¥ RRLUFOPEat i ons,

which have guh@weed i Fighk N @BEshbwiErkphdhllaik Gigtre 301t tsipfltentFron{Wighav e

819 nducted tr I48' asl ngt{]ualamgbezo%?yurethaneoblemallcg}gdlor(r)lg gavggrl]]}g%crnbupsg px%lss]:JEeet a%nt level s

both natural rubber latex condoms and natural rubber/X-SBR condoms at all loading

levels of polyurethane tested.

Any suitable polyurethane may be used. Preferably, the polyurethane is an aliphatic
polyurethane.  However, aromatic polyurethanes may be used.  Preferred
polyurethanes for use in processes according to the invention include anionically or
non-ionically-stabilised aliphatic polyurethanes, including anionically or non-
ionically-stabilised aliphatic polyurethane latexes. Preferred aliphatic polyurethanes
include, but are not limited to, aliphatic polycarbonate polyurethanes, and aliphatic
polyester polyurethanes. Preferably, the latex is substantially solvent-free, or contains
low levels of solvent. Most preferably, the latex is free from the co-solvent N-
methylpyrmrolidone. The latex may also, or alternatively, be substantially free from

emulsifier.

A preferred aliphatic polycarbonate polyurethane latex for use according to the
invention is Acralen ® U-900, which is commercially available from PolymerLatex

GmbH, Germany. Any suitable aliphatic polyester polyurethane latex can be used.

Another preferred polyurethane latex for use according to the invention is Incorez

WR835/092, which is commercially available from Industrial Copolymers Ltd, UK.




pol yur et hane, and the properties of condons nmade fromthese formul ati ons
are summarised in Figure 3 and shown graphically in Figure 4. It is
apparent fromFigure 4 that natural rubber/polyurethane bl end condons
have a hi gher burst pressure than both natural -rubber |atex condonms and
natural rubber/X-SBR condonms at all |oading |evels of polyurethane
tested. Any suitable pol yurethane may be used. Preferably, the

pol yur et hane WE"A74¢% phatic pol yur ef hane. However, PLT{GRRL07 /04914

pol yur et hanes may be used. Preferred ® pol yur et hanes for use in processes
according to the invention include anionically or

non-i oni cal | ynceeaBi8B3/8%8ds ab elghatici polypobopete eolirasiemss latemc | Hookersy, amyi oni cal |y
or non- ioni ' Bngﬁ | ne | atexes. Preferred

al i phatic po%@%@g ﬁ%neguhﬁﬁgwﬂﬁt u%ﬁg&%:ﬁﬁ%%%%ﬁ]ted to, aliphatic

pol ycarbonat e pol yurethanes, and aliphatic polyester polyurethanes.
Preferably, LB slidhembs: M%@@fae%hﬁ e 80 YEME odnliGifs ofQhe HOMMiGANS | oW

| evel s of solvent. Most preféra e latex Is free fromthe co-sol vent
N- met hyl pyr 1 Pré%héO“quhfeCQ"éﬁﬂél}tg mtﬂéal Jepbergelyaietaentlendy Bryulatin
substantial | yofdiigige bQMbmAEUL Sh falne.!im ﬁ%npﬁ mﬁw e6hpR! InthAdkddCasP@lycar bonat e
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where an aliphatic polycarbonate polyurethane such as, for example, Incorez

W835/092 is used, we prefer condoms comprising a natural rubber/polyurethane

blend comprising the aliphatic polycarbonate polyurethane, for example Incorez

W835/092, in an amount of from 5 to 10pphr, more preferably Spphr to 7.5pphr.

In a preferred embodiment, condoms are made from a latex blend formulation

( comprising the following ingredients;
Ingredient function Range (pphr)
Natural Rubber Latex 100
Stabilisers 0.40 - 0.80
Vuleanising agent 045-0.75
pH adjuster 0.05-0.10
Vulcanisation activator | 0.40 - 0.75
Accelerator 0.40-0.75
Antioxidant 0.15-0.25
Polyurethane latex 5-20
Ammoniated water 2533




wei ght). Mre preferably, condons conprise polyurethane in an anmount from
S5pphr to 20pphr. Suitable anobunts of pol yurethane depends on the type of
pol yuret hane. For exanple, for aliphatic polyurethane | atexes, we prefer
condons conprising polyurethane in an anmount from | pphr to 50pphr (dry
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process for maki ng a condom whi ch process
We prefer to add the polyurethane latex to compounded, prevulcanised natural rubber

latex, Preferably, the polyurethane latex is added to the natural rubber latex before
transfer to the dipping plant. In a preferred embodiment, the process comprises the

following steps:

1. Prevuleanisation: add compounding ingredients to the latex and prevulcanise

at an elevated temperature until the appropriate swelling index is reached.

2. Maturation: cool to ambient temperature and add further vulcanising agent as
appropriate, and allow the latex to mature at ambient temperature until the

appropriate swelling index is reached.

( 3. Finai stage compounding: add more vulcanising agent as appropriate and heat
at moderate temperature until the appropriate swelling index is reached.
Conventional crosslink density measurement typically requires a disc of a
specified diameter to be cot from the latex film. This is then placed in a
solvent such as toluene or n-heptane, which causes the film to swell; the
diameter of the disc is measured when the swelling equilibrates, and the final

and initial diameters are used to calculate a “swelling index”.

4. Final adjustment: add polyurethane to the fully compounded latex, mix and

dilute if necessary to correct dipping viscosity; add to dipping plant.

We prefer to make latex films by “straight dipping”, that is where no coagulation of

the latex is used (by dipping into coagulant before the latex dipping).




conprises m xi ng pol yurethane | atex and natural rubber latex to forma
bl end, and formng a condomtherefrom The condom can be formed in any
suitable-way. Typically, this is done by dipping a condom shaped forner
into the blend to forma filmwhich is subsequently dried and cured, as
will be clear to those in the art. W prefer to add the pol yurethane
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coagul ation of the latex is used (by dipping into coagul ant before the
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amount from 5 to 20 pphr. Where the polyurethane comprises an aliphatic polyester
polyurethane, such as Acralen® U-900 for example, it is preferably added in an
amount from 12 to 18 pphr. Allematively, a preferred polyurethane comprises an
aliphatic polycarbonate polyurethane, for example Incorez W835/092. Where
condoms made by the process according to the invention comprise a polyurethane
which comprises an aliphatic polycarbonate polyurethane, it is preferaBly added in an
amount from 5 to 10pphr, more preferably Spphr to 7.5pphr.



. Preferably, condons made by the prOﬁ?ss according to the invention have
~a single wall thickness of 55 umor |less, preferably 35 gmto 55 um or
| ess, nore preferably 40 pmto 50 urn. Any suitabl e pol yurethane can
be used. Rreferg ed pol yurethanes for use in the method according to
the invention are anionically or non-ionically stabilised aliphatic

pol yur et hane | at exes. Advant ageously, these | atexes conprise |ow | evels
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7.5pphr. n CLAIMS 1. A condom conpri sing natural rubber and
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pressure of about 1.0 kPa or above. 3. A condom according to claim 2
wherein the single wall thickness is less than 50 Pm 4. A condom

accordi ng 1.0 cliatend@marccddingite lnyhae of chimsi to# edeteirethefpobbetitand . 2 kPa

or above. comprises an aliphatic polyurethane.

6. A condom according fo any one of claims 1 to 5 wherein the condom

comprises polyurethane in an amount from 1pphr to ’SOpﬁhr {dry weight).

7. A condom according to any preceding claim wherein the condom comprises

* polyurethane in an amount from 5 pphr to 20 pphr (dry weight).

8. A condom according to claim 5, 6 or 7 wherein the polyurethane comprises an

aliphatic polyester polyurethane.

9. A condom according to claim 5, 6, 7 or § wherein the polyurethane comprises
Acralen ® U-900. '

10. A condom according to claim 8 or 9 wherein the condom comprises an

aliphatic polyester polyurethane in an amount from 10 pphr to 20 pphr (dry weight).

11, A condom according to claim 10 wherein the condom comprises an aliphatic

polyester polyurethane in an amount from 12 pphr to 18 pphr (dry weight).



5. A condom according to any one ofl claims | to 4 wherein the
pol yuret hane conprises an ali phati% pol yur et hane. 6. A condom
according to any one of clainms | to 5 wherein the condom conprises
pol yur et hane in an amount from | pphr to 50pphr (dry weight). .7. A
condom acgcording to any precedjng claimwherein the condom conprises
pol yur et hi#ne \FORFOmM ATFRIdinesty Blﬁﬁ“sgﬁpﬂ‘iﬂ whereptheplyurgthang copassEm 8. A
condom acAphdlic pelybAbéiaiipdlydrethne®d’ 7 wherein the. pol yurethane conprises
an aliphatic polyester polyurethane. 9. A condom according to claimb5,
6, 7 or 8 wherein the pol yurethane conprises Acralen (r) U900. 10. A
condom acgor dian@ohddnt lagdofify % i €F alikrdil) Ghe ARSIAT: hibSfate AN
al i phatic pol yester polyurethane in an amount from 10 pphr to 20 pphr
(dry wei gﬂﬁ’?})“Fethaﬂ?OmPr@&ﬂﬂﬁ’rﬁzaWWQan to claim10 wherein the condom
conprises an aliphatic polyester polyurethane in an anount from 12
pphr to 18 pphr (dry weight). 12 12. A condom according to claimb5, 6
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accor di ng‘”?’éhtlzl aim12 or 13 wherein the condom conprises an aliphatic
pol ycar bonat e pol yurethane in an anount from5 pphr to 10 pphr (dry
wei ght). 15. A condom according to claim12 or 13 wherein the condom
conpri ses!ian AaPen9REt 3ceorpiBe y& sisb hA s 13 orhpisite i sardonh copprissbaht from 5
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manuf acture of a natural rubber |atex condom characterised iIn that
the condoff#®)-as defined in any one of clainms 1 to 15.

16.  Use of a polyurethane in the manufacture of a natural rubber latex condom,

characterised in that the condom is as defined in any one of claims 1 to 15.
17.  Use according to claim 16 wherein the polyurethane is a polyurethane latex. .

18.  Use according to claim 17 wherein the polyurethane latex is an aliphatic

polyurethane latex,

19.  Use according to claim 18 wherein the aliphétic polyurethane latex is

anionically or non-ionically stabilised.

20.  Use according to claim 18 or 19 wherein the aliphatic polyurethane latex is an
aliphatic polycarbonate polyurethane latex or an aliphatic polyester polyurethane

latex.

21. A process for making a condom which process comprises mixing a

polyurethane and natural rubber latex and forming a condom therefrom.



| T Use according to claim 16 whereij the pol yurethane is a pol yurethane -
| atex.. 18. Use according to claifh 17 wherein the pol yurethane | atex
is an aliphatic polyurethane |latex. 19. Use according to claim 18

wher ei n the ahigiRls cd@hyochlifanenbRinake reling By Yetifne

non- |on|ﬁally g??ﬁlllsed éIZO Use accordlﬂgw%o claﬁﬂ??g or 19 wherein
the alip Elade pol yurethane latex is an aliphatic polycarbonate

pol yurethane | atex or an aliphatic polyester polyurethane Ilatex. 21. A
process fqQr maki ng a condom whi ch process conprises m Xxin

pol yur et Hane ArRiocssagroaging @l 22 sheseindhrpobgiethang latexds asls %\“?‘her efrom
13 22. AnpeRresioacsRrding to claim 21 wherein the pol yurethane is a
pol yurethane |atex. 23. A process according to claim22 wherein the
pol yuret hane latex is as defined in claim118, 19 or 20. 24. A process
accor di n@4t 0 ApfoceEiercedrdifg ﬁelaliry‘ oRteloflcRims2 W0 €8 Sihbreinhife SRABSIR S 4sS as
defined in_any one of clalns to 15. 25. A process according to any
one of cldﬁr?@‘Qi”yﬁ%‘e?ﬁcmrléPPthe pol yuret hane and natural rubber
latex are mxed to forma blend. 26. A process according to any one of.
clainms 21 to 25 wherein the polyurethane is added to conpounded,

prevul carf® sedAr!%i?‘iﬁ’ﬁsaﬂ“?‘ﬂt‘ﬁﬁ)@ranb’&f‘%%f°l“2“?s 21,@3?8’@@@@‘5%%%‘% 0 any one

of cl ai Mand hatlrdl RBbeMEEIrmiRE tCPAROBhd formed by dipping a
condom shaped former into a mxture conprising a pol yurethane and

natural rubber latex. 28. A process according to claim27 wherein the
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coagul ant prjor to latex dip
g adged to compounded, prevulcamsedg natural rubber latex.

27. A process according to any one of claims 21 to 26 wherein the condom is
formed by dipping a condom-shaped former into a mixture comprising a polyurethane

and natural rubber latex.

28. A process according to claim 27 wherein the dipping is straight dipping,
without any step of dipping into coagulant prior to latex dipping.




