WO 97/ 48765 -

PCT/ US97/ 105580 97/48765 SOFT NI TRI pETRISSB6S56
FORMULATI ON Background of the Invention

The devel opment of nodern rubber materials has made possible the

manuf act ure 5 of a wide range of el astloneric articles having
varyi ng properties of strength and chem cal resistance. One

useful class of rubber conpou I Itrile

which is widély used to make gﬁlaﬁmﬁm gEREORMALATION |

Carboxyl ated nitrile, which is a terpolyner of butadiene, acrylonitrile,

and- organi ¢ aci noner st two properti-es that make it useful
for manufacturi sckgroind n)aesln%n 1o ric articles. These two features are
hi gh strength and i npEmeweveldpment otmodemaitbber materials has mgdiy passibbothe saanuagtuse

and-oils. g‘pou&cy \gﬁegﬁk&p%ﬁeﬁgﬂarﬁé}ﬁz a{rﬁag?ﬁa\ﬁl‘.‘g bﬁgxdg}ﬁiﬁgﬂu# &f streng th and

| atex formf actur such as
gl oves or chemlcaj resiiansas O nmuswxbsheqofmgb@@pmyn%m theaitrilg rubhgr class,

ggtemnszeatc E'glsgr g&@gg is @ml)aﬁéhﬂ‘{?hﬁké .a:)v]?n;ta)fcof amcl%s rr%ﬁr mﬂﬁif@dt@ﬂe' y-.perforned. t 0
pal.yner and the | evel 6‘$°E¥}P§eﬁ@'t5¥ a¢hich i@ tFﬁ\?ng‘fI%ercﬂf hgfardéeﬁﬁt ?Frélﬂﬂmt‘% and
ﬁhéfhﬂ ca1l g e|5| st adigénic I.':1c1d _monomiers, hag at feastftvo Ipsdimdn&rthatohﬂce iPosefulefos mahtfacturing
igher leve a on e '
to a1 phat 1.0 e&asi el ThE ol ToRHS REhie upnath an irmpeymeb G Lo Ein.
have . .-- hydrMod oheints mﬁuﬂsr yompauniding, andicutieg thecubbetwhich is usedio
of- the monomer's QR ulEENe,. dipping 1o, providd Sk U har TedfBSull fSpBYANIE -

degrée of chemi-cal resi st
chenical Iy crosstondpug) wrtbgmmasedl@mséwémwmsmmts,ﬁw%%ém@ﬁﬂvaé?ra 1s

generally performed to optimize these properties. The level of each monomer in the
" 15  polymer and the level of curing affect the levels of strength and the chemical resistance
in the finished article. Polymers with higher levels of acrylonitrile tend to have better
resistance to aliphatic oils and solvents, but are also stiffer than polymers that have
lower levels of acrylonitrile. While the chemical nature of the monomers from which
the polymer is made offers some degree of chemical resistance, when the polymer
20  molecules are chemically crosslinked, resistance to chemical swelling, permeation, and
dissolution greatly increase. ‘
. Crosslinking also _incf'eases ihg strength and elasticity of the rubbér, °
* Carboxylated nitrile latexes ¢an be chemically ciosslinked in at léast two ways: the
" butadiene subunits can be covalently crosslinked with sulfur/accelerator systems; and =
25  the carboxylated (organic acid) sites can be ionically crosslinked with metal oxides or -
salts. Sulfur crosslinks often result in large improvements in oil and chemical
resistance. Ionic crosslinks, resuiting from, for example, the addition of zinc oxide to
the latex, resuilt in a rubber having high tensilestréngth, puncture resistance, and
abrasion resistance, as well as high elastic modulus (a measure of the force required to
30 stretch a film of the rubber), but poor oil and chemical resistance. Many currently - -
available rubber formulations generally employ a combination of the two curing
mechanisms. For example, in combination with sulfur and accelerators, carboxylated
nitrile latex manufacturers frequently recommend addition of 1-10 parts of zinc oxnde
per 100 parts of rubber. .
35 When zinc oxide is not employed, the curmg time required to reach an optimum
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strength, chemical resxstance, or both resultmg in articles that are unsuitable for many
applications. o ' .

Accordingly, a soft rubber having strength and chemlcal resnstance similar to
15  stiffer rubbers is highly desirable.

Summary of the Invention

An object of this invention is to provide soft nitrile rubber formulations which
have strength and chemical resistance comparable to conventional stiffer rubber

20 compositions.

Another object of the invention is to provide soft nitrile rubber articles, e.g.,
gloves, which are strong and provide good chemxcal resistance, while being soﬁer and
more comfortable than conventional articles. ™

Thus, in one aspect, the i mventlon provxdes a method of making a mtnle rubber

25 composition. The method includes the steps of combining a nitrile latex base with a
stabilizing agent and adjusting the pH of the nitrile latex to about 8.5 - 10.0 to yield a
basic nitrile latex. The basic nitrile latex is contacted with a substantially zinc-oxide-

" free crosslinking agent and with at least one accélerator, to form a nitrilé rubber
composition. That composition is substantially free of zinc oxide.

30 . In preferred embodiments, the stabilizing agent is ammonium caseinate. In
preferred embodiments, the step of adjusting pH includes adding an alkali hydroxide to
the nitrile latex. In preferred embodiments, the crosslinking agent is sulfur or a sulfur
donor compound. In preferred embodiments, the accelerator is tetramethylthivram
disulfide in combination with mércaptot;enzothiazole (MBT"")' In preferred

A 35  embodiments, the method includes the ﬁn’fher step of aging the nitrile rubber
' composition for a penod of one to three days, before the composmon is. formed xmo
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substantially free of zinc. In preferred embodiments, the nitrile rubber is resistant to

organic solvents.
In yet another aspect, the invention provides a cured nitrile rubber prepared from
50 anitrile latex base, a stabilizing agent, a crosslinking agent, and an accelerator, and the
nitrile rubber is substantially free of zinc oxide. The cured nitrile rubber is also
characterized by having a 300% modulus of elasticity in the range of about 400 psito
; about 1 100 psi, and by havinhg a tensﬂe strenigth greater than about 5000 psi. '
: In still another aspect, the invention provides a2 method of makmg a sulfur-cured
25  nitrile rubber, comprising the steps of combining a carboxylated nitrile latex with a
stabilizing agent, adjusting the pH of the nitrile latex to about 8.5 - 10.0 to yield a basic
nitrile latex, and contacting the basic nitrile latex with a substantially zinc-oxide-free
crosslinking agent selected from the group consisting of sulfur and sulfur donors, and
with an accelerator, to form a nitrile rubber. The resultant nitrile rubber is substantially
30 free of zinc oxide. - ' '
In another aspect, the invention provides a sulfur-cured carboxylated nitrile
rubber, wherein the rubber is substantially free of zinc oxide, and further characterized
in that the rubber has a 300% modulus of elasticity in the range of about 400 psi to about
1100 psi, and in that the cured rubber has a tensile strength greater than about 5000 psi..
35 In another aspect, the invention provxdes nitrile mbber compositions made
_according to any of the above methods.
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15 - Detailed Description of the Invention _
The invention provides nitrile rubber formulations useful for manufacturing

articles having good strength and chemical resistance while being softer (i.e., having a
lower elastic modulus) than many previously known rubber formulations. The invention
also provides methods of making such nitrile rubber compositions, and articles of

20  manufacture made thereof.

The term "nitrile latex" is art-recogmzed and refers to a synthetic rubber latex
used in the manufacture of elastomers Nitrile latexes can be carboxylated or
noncarboxylated; carboxylated nitrile latexes are preferred.

" Asdescribed further below, the nitrile compositions of the invention are
25  preferably substantially free of zinc oxide. The term "substantially free of zinc oxide,"
as used herein , refers to a nitrile rubber composition in which zinc oxide is not present
in an amouﬁt effective to signiﬁcantly crosslink components of the nitrile fubbei', €.g.
 the carboxylate moieties of a carboxylated nitrile rubber. However, it will be understood
by the skilled artisan that the inventive compositions are preferably substantially free of
30 other compounds, e.g., other metallic oxides, which could crosslink, and thereby stiffen,
carboxylate moieties of cured rubber materials. Thus, although reference is made herein
to compositions ‘which are substantially free of zinc oxide, in certain preferred
embodiments, the compositions are also substantially free of other metallic compounds,
particularly divalent metal oxides such as lead oxide, magnesium oxide, and the like,
" 35 " which can ionically crosslink carboxylate fhoieties of rubber materials. The term. |
" "divalent metal oxide-," as used herein, refers to an oxide of a divalent metal, i.e., a metal
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300% nmedul us of elasticity |ess than about 7584 kPa, preferably in the
range of abo kPa to about 7584 kPa. In preferred enbodp
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enbodi nents, the cured nitrile rubber is furtsher characterized in that the
tensile strength is greater than about 34473 kPa. In preferred

enbodi nents, the rubber |s substaptial|y fre

of zinc,. In
enbodi ment's, t han Wier exddatipntate; Expraplagy smafqnb%amdss y&?\r@rﬁ %‘5%0, BaO,
In yet another -Mg@ocaotdiﬂ thairat lmprefsrmdlemﬁ)danemaﬂe Bbinpositionsibfithe invention

prepared from a,nit at e stabilizin 0sslin .
gent. and an adthupds s B 8-Ebarh i Rungich oy oERE e o P ARR Rriges
zi nc oxide. Themure pnhfenablyr less tharbabout 02 plired divederstanasali oxideshinoreaprcfayabdy 3656 %
nmodul us of ekas ér R34

by -havi ng a 'Lfens tbeirerr of'?igrg ;ntﬁdli) {gg ua?ﬁgﬁ%grﬁg%ﬁ)‘ﬂiss tﬁgﬂ ﬁlﬁ t(g}ﬁ“
anot her. aspect, Ofdt%'a]mve‘mal@mdpﬁow des a method of making a sulfur- cured
nitrile rubber, conptising the steps .of .combi ni. ng.-a. .carboxylated-nitrile .

|l atex “wi't i a stab lizing agent; adjustihg the pH of the nitrile latex to
about- 8.5 - 10. &-é@ﬂ@éﬁéﬂ%@—‘a basi.c nitri.le ldtex, and confdcting the basic
nitrile latex with aCabotydaed aidile Iauemsmaﬁle fbfﬁ@mﬂnsﬁietlmdsaﬂd a@apbsitions of -
sel ected fr Q} % rﬁp conipstl Er}_g rarts ciur and sul ur dxmg and with an
accel erat or 10t o dregiysation &7y et o e S S BRI w2
substanti al I Y frcmrbomylatcdnntrﬂalatncanbe employed; héxesrhanimgdigh levals of auxyhdnitile are’

provides a sul fk&?ef&&’%c?&he%&ﬂ@ﬁké%&? W&%}'r@sx&tﬁ]?&%f stu}éﬁ'%ﬁhﬂsi{igﬁ rFﬂ%QﬁEmbPe

substantially ffee of zinc

rubber has a 30esbmuriatedfitsHe latexss pushas Rerbunsa N laigeKA8230 and KABASPayero
about 7584 kPa, C%E]S') iafe sllaibld fof usSeinafle 5LHIBRInVSioR. (RAG 1hRx&s, 5EIHMSTHACSES-OY4

t han about, ?54 473 cll( 6&‘ 065 (Reichhold Chemical) are also suitable. Pcrbunan N latex KA8250 is
preferred. However, in certain embodiments, a nitrile latex with a lower level of
acrylonitrile can be employed. Although an article made from such a latex would
generally have lowered resistance to hydrocarbons, the article would also be softer than
an article made from a high acrylonitrile latex, which is an advantage, e.g., in medical

20 gloves. _

In general, the use of stabilizers in the subject rubber formulations can decrease
agglomeration of latex'pafti'_cles,_reducing the formation of defects in articles, such as
gloves, made from the rubber formulation. Thus, in cériain embodiments, the use of a

~ stabilizer in an amount effective to prevent agglomeration, is preferred. The amount of
25  stabilizer required will vary-according to factors such as the nitrile latex émployed, the
pH of the formulation, and other factors. The skilled artisan will be able to determine
appropriate amounts of a stabilizer. In preferred-embodiments, the stabilizer is an
emulsifier such as linear sodium dodecylbenzene sulfonate. Other stabilizers include
sodium 2-ethylhexyl sulfate. Sodium dodecylbenzene sulfonate, when employed, is
30  preferably present in amounts up to about 1.0 phr. Sodium 2-ethylhexyl sulfate is
preferably present in a range from about 0.01 phr to about 1.0 phr, and more preferably
about 0.05 phr. The amount of stabilizer employed should be controlled to prevent
foaming of the nitrile latex.
_ Ix;;r—eferred embodiments, a protective colloid is present as stabilizer. A
35 . protectlve colloid can prevent the latex from becoming excesswely viscous. szcos:ty 1s
> - aproblemin nitrile latexes, particularly at higher pH levels, e.g., at pH above about 8.0.-
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conposi tions nade according to any of the above nethods.
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manuf acture made from any of the nitrile rubber conpositions of the

i nvention. A preferred article of manufacture is a glove. In preferred
enbodi nents, a glove according to the prese I nvention includes a | ayer
of a cured nitrile rubber conposition of the invention, the | ayer havi ng

a thickness OfohﬁtxﬁEﬂﬁco%m «¢hn Read o gﬂdtxﬁbﬁﬂﬂhe%emhlch 1sth1gh1y unf¥si@ble.
R A O A OO T
Brief Descri ptthe tevef oft fretebtivetollpid should be carbfuljyrcentrolial to dvaid goblehs such as
conparing the RYSLGR oPhYRGHId ABbE coifositéh®Fhe amount of protective colloid
5  required depends on characteristics of the latex such as pH, solids level, and particle size
distribution. A preferred protectwe colloid is ammonium caseinate. In preferred
embodiments, ammonium ‘caseinate is present in the range of abouit 0.1 to about 1.0 phr, .
‘more preferably about 0.2 to about 0.4 phr. Other exemplary protective: colloids include
© plant hydrocolloxds such as sodxum algmate, protems other than casein, and other water
10 soluble polymers such as polyvmyl alcohol. In certain embodlments, the protectwe
colloid' may be omitted. For éxample, addition of water to a latéx generally reduces the"
need for a protective colloid, although a thinner latex frequently results Such a thin
latex may be preferred for manufacturing thin rubber articles. .
As described above, when zinc oxide is omitted from previously known nitrile
15  rubber compositions (which typically have apH of 7.5-8.5), articles made from the
nitrile rubber will frequehtly suffer from low tensile strength and decréased chemical
resistance compared to nitrile rubbers which contain zinc oxide. Sulfur-based cure
systems are usually retarded by the presence of acidic materials, and are often more
active in the presence of alkaline materials (i.e., at higher pH). We have now discovered
20  that if the pH of the nitrile latex is raised to a range of 8.5-9.5, more preferably about
8.9-9.2, an improved cure results. While not wishing to be bound by any theory, it is
‘believed that the higher pH level of the inventive compositions results-in effective
activation of the sulfur cure system (descnbed below) and improves the cure rate, The
specific pH needed can vary depending on the partxcular nitrile latex being used, but can
25  be readily determined by the skilled artisan using no more than routine experimentation.
In a preferred embodiment, the pH of the latex is raised to at least about 8.5 by addition
of an alkali metal hydroxide. Exemplary alkali metal hydroxides include lithium,
sodium, and potassium hydroxides, with potassium hydroxide being preferred.
However, other strong bases can also be used to raise the pH of the nitrile latex
30 composition. In preferred embodiments, an aqueous solution of an alkali metal
hydroxide is added to the nitrile latex. In general, slow addition of the alkali metal
hydroxide providés superidr results and is preferred.
The use of sulfur and sulfur donors (collectively, “sulfur compounds”) for...- -
. vulcanizing (covalently crosslinking) carboxyl-ated nitrile latexes isknown in the art. A -
35  sulfur compound, optionally in combination with an accelerator (which féduces the time
requ?red for vulcanization) and/or an activator (ie,a compound which i:}ci'eases'.the‘_
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materials. The térm. oXI as use rern ers. to an
oxi de 15 pre ferred as the accelerator A nitrile rubber that is substanna'lly free of zinc preferably

does not include zinc, from any source, in an amount effective to sxgmﬁcantly crosslink
components of the nitrile rubber, e.g., the carboxylate moicties of a carboxylated nitrile
rubber. In certain embodiments, combinations of accelerators can be employed.

The nitrile mixture can optionally also include additives commonly used in

20  making cured latex products, including pigments, plasticizers, processing agents,
coagulants, and the like. A preferred pigment is titanium dioxide, which is useful when
. a non-transparent article is des:red It is believed that titariium dioxide doés not.
‘ wmcally crosslink carboxylate moieties of rubber materials, and therefore does not
" undesirably stiffen the'rubber materials of the i invention. Plasticizers can be added to
. 25 improve the "wet gel strength" of the nitrile rubber.

In preferred embodiments, nitrile rubber compositions of the invention are
substantnally free of zinc oxide. As described above, the use of zinc oxide in
carboxylated nitriles is generally associated with stiffening of the cured rubber. By
eliminating the use of zinc oxide, the present invention provides a nitrile rubber that is

30  softer than many conventional nitrile rubbers, and yet has strength and solvent-resisting
. qualities comparable to conventional materials, as shown in Example 2, below.
As the skilled artisan will appreciate from the description herein, the nitrile |
rubber compositions of the invention are economical in that they generally do not
e require the use of additional expensive reagents. Thus, the nitrile rubber compositions -
35  of the invention cari be made at a cost comparable to that of _convehtibnal nitrile rubber
formulations. - - ' : )



-4.a- of a divalent netal, i.e., a netal WD 97/ 48765
PCT/ US97/ 10556 : : -
in the +2 WQOH#TGH state. Exenplary dival ent netal oxides i RETYSYV1IBETS,
PbO, BaQ, MJO, CaO, and the like. In preferred enbodi nents, the
conpositions of the invention [ %cl ude | ess than about 0.3 parts
per hundred dry rubber (phr) of divalent nét’al oxides, nor e
preferably | ess than about 0.2 phr of divalent netal oxides, nore
preferably | esg Methods 5 t han about 0.1 phr of divalent netal oxides, and
nost preferabl’y Tess than about 0..05 pht ' . of dival ent t al
oxi des. 1 CompoMetos oPSoBBaAdREAITHE e fralations afs KONRn (B args Thys,
t he met hods anie eampeositibrsadesciiied above can be made using standard rubber processing
equipment and techniques, thereby avoiding retooling, which can be expensive. The
5  invention thus provides economical nitrile rubber compositions.and articles of
manufacture. As described below, certain components of the nitrile rubber can be added
at any time during the compounding process, while other components are preferably.

added in a specific order.

5-

. In gener;l, the compounding process begins with a water-based carboxylated

10  nitrile latex, which is usually stiljre'd_' or agitatéd'throughout the compounding: 'proce'ss to

" ensure cfficient mixing. ‘Stabilizers, including protéctive colloids, are generally added
before the pH of the latex is raised. The pH of the latex is raised, and the cure system is
then added. Dispersions, of pigments, if desired, can be added at any stage.

Once all components have been added, the composition is preferably aged for

15  one to five days, more preferably from one to three days, before forming into finished
articles or other use. The aging period improves the dipping qualities of the latex and
results in finished articles having fewer defects.

Articles of manufacture can be made from the inventive compositions according
to methods known in the art. Exemplary manufacturing methods include casting,

20 dipping, molding, and the like. Articles such as gloves, condoms, and the like are often
made by dipping a form into the latex compositions, thereby preparing a latex filmon
the surface of the form. “The residence time of the form in the latex composition can be
selected to obtain a film of a desired thickness on the form.

The form is preferably dipp¢d in a coagulant solution prior to dipping in the latex

25 composition. A preferi‘e_d coagulant solution includes calcium ions; a preferred calcium
compound is calcium nitrate. A preferred coagulant solution is a solution of calcium
nitrate; the solution is preferably in water or an alcohol such as methanol or ethanol.
Use of a coagulant can result in a cured rubber having increased strength, e.g., tensile
strength. '

30 After the form has been dipped in the coagulant solution and into the nitrile latex
composition, the form (with latex film coating thereon) is preferably immersed in a wash
fluid, preferably water, to remove residual coagulant and other (generally water-soluble)
materials from the latex film. The washing time will vary according to the nitrile latex
composition and the coagulant solution employed; a time period of about twenty

35  minutes to about forty minutes is generally suitable. The latex film is then removed ;
from the wash bath and dried and cured to produce a rubber article. The latexis

i



10 the-invention are known in the art, and are commercially avail abl e.

Wi | e any wo 99Aa8786xyl ated nitrile |latex can be enpl oyed, | apexasonissad.
high levels of acrylonitrile are preferred due to the |ncreased
chem cal resistance of such conpositions. For exanple, .

carboxylated nitrile | atexes such as PerbunandN | at ex - KA8250 and KA8425
(Bayer Corp.), are suitable for use in the subject invention.

O her | atexes, such Tyl.ac 68-074 and 68-06 Rei old
Chenical) are al8&® iytdé%fié‘t elpgqtgi}?g}per@t}wgt &£ RAGDBRatuEe bave100 » more
preferred. Howevgreferably i:ethbaangeeﬁdmdbmmseﬂ? o dbolut 210°F| Athextiné idquited fmRirying

made from such £dESRaRgg i ensure Sy diref | SREDCHF e LB i e T bodedl e
t o hydrocar bons, curing prodess bsualip néqhires samewhat dfigher hedtahan drying; preferredan
article made gfr O%x%eﬂh]ﬂ-gs A HRP b S Aok 206“%‘ tSbet?t ﬁb°ﬁd‘fﬂ9 ’aﬂfb‘?e 1secuged’

I n nmedi cal
stabilizers in tmxlgm@pmaumm@nsa@nmdat i ons can decrease

aggl omerati on of | at exfpadiring! ﬁfmﬁ&?‘ﬂﬁidi’& &H%ﬁf;&ﬁd’fﬁlﬁ rtfiér t?é‘aft&%c%oid?ng to

articles, such as er, formuyl ation.

he ru
Thus, in certai nk‘&Yﬂb'ﬂFWQﬁﬁég'&fYé’\{‘i@’é‘a&*Pn olowed y neutralizatipn-and drying, When all
anount effeCthetrédﬁn@:ﬁtﬁ\&ﬁﬁﬁy,%wédﬂiﬁlét&ﬂ 108 artictesita be striifbed Toth Bi¥dUfths Ad
25 ° ‘stabili required will vary accor di- ng-to factors such as the nitrile
| at ex enpl oy@d pagkaged. ' pH of "the fornul ation, and other factors.
The skilled artisan wihe cured nittile rulsbed éorenutations of the invention.anpmfmrri.mlmve lower

amount s of a st aab.tl»qcﬁ&duhw tl@h%ﬁa’ c?ﬂ gxﬂgﬁgi i'ﬂ‘é'ﬂ&tﬁa it}ﬂe ?ﬁlﬁ)@ﬁ, kﬁ%e inveRfive

enul sifier such as enze
st abi | i zer s i nc|nittile rubbers have good atmngﬁh an@hmxepéx«;qxstmef dihgs, igeae aspect, the

dodecyl benzene sibémnat &ﬁoviﬂ@@i‘nﬁ‘i‘lﬁ iy mdténa] whxclf’ then Eﬁ&ﬁeﬁébi Y00% Bsefius' 18ss
anmount s up 2- et hyl, hex I

abou 0 m
pref erabl y pl(r%e etﬁﬁn pbpug 1535@@7?9‘5%# REOIAuars ingl )pHP PF erm)erpqulmeﬁm the gyged
nmore preferably nitrile rubber hassd300% thoduluglif zheT:hﬂg@mmm 400 pdi ababait 4100 psi, more

Carex, oo PRy bBout 300 b8 BaBAR Dast; et BB B sl

present as st abifubbggmatgrial has awsﬂe plrengsie groatsr thanjabout 3000 mr,mnmrqubbat ex
from becom ng exgsgssl thah )ibdﬂt%@@@' §51 ‘ﬂl gfé?é(‘r Jtdr’erhﬁcrdxments the cured RO HBet Material

nitrile |atexes, particul H abgve, about
8. 0. 20° ' has a chemical 1 resxstance charactenzed by an increase o%‘ less thanpabout 7% in area after

24 hour exposure to hexane at room temperature, more preferably less than about 5%
increase in area, and still more preferably less than about 3% increase in area, and most
preferably about less than about one percent increase in area after 24 hour exposure to
hexane. A cured nitrile rubber material having less than about 7% increase in area after
25 24 hour exposure to hexane is referred to herein as "chemically resistant.” In certain
preferred embodiments, the cured nitrile rubber material has a chemical resistance
characterized in that there is no permeation breakthrough of carbon tetrachloride after
seven hours exposure, as measured according to ASTM method F739. In preferred
embodiments, the cured nitrile rubber material is substantially impermeable to water,
30 .., liquid water and water vapor.
Gloves manufactured according to the methods of this invention preferably have
a layer of a cured nitrile rubber of the invention having a thickness of between about 3
mil and about 30 mil. Thin gloves provide better feel for the wearer, which is desirable,
_ e.g., for surgical gloves. Accordingly, surgical gloves preferably include a layer of a _
35  cured nitrile rubber of the invention having a thi ckness between about 3miland 11 mil,
more preferably between about 5 mil and 10 mil. Thicker gloves provide befter strength
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undesi rabl e. Accordingly, at high pH, a protective colloid is
preferably added to the |atex. However, the |l evel of protective
colloid should be carefully controlled to avoi d probl ems such as sl ow

curing of the nitrile rubber conposition. The anount of protective colloid
5 required cepehemicahresistanze; ehich is dssirable] &ig., fc&ﬂ@dorﬁtb?hoﬁ%dﬁéﬁx alsglbiéks

ol e D a5 BRS¢
: 2 szns)e nt i nofthe mawy@rdiavmmthldmrss betwieruabatit 00 p’nl and 30 m11 nmrepreferably
preferably ab%iw&n%bbﬁt ﬁ?ﬁh‘ltarﬂ 28 mﬁhf)fc&rg@lr}léﬁ il SQ%! arwvﬁf %&%&%‘ﬁe that the

I 1 oi ds i pcl ude ydrocol ol ds™ S um a
S?ot 2: ni B ﬁelﬁﬂmamtreag@mr Eaaﬁaoféﬁqebrg Iqkgs &or other astigles)ican pe tyinkershan3hmils, if

pol yvi nyl  al cghedter ]irﬂteﬁﬁdiﬂ A d%sﬁéﬂ)(mh r§veé§ﬁ’tcﬁifaﬁrn@§8f the inventive ﬁgﬁleo id may

uces the -

b d. F ddi, t ter t atex genera
_ngegrr} ; ea pr g{’@g’?gy “%Hﬂaﬁﬁplﬂssl*@F gﬁ%’ﬁgﬁ‘%@ﬁﬁﬁﬁﬁfﬁh%wepﬁeﬁﬁ! ey buewhichs .
Such i’i thin - arenotlxmtlabym@;iobanmmfoerablbd f or - manuf ac'éu(r);(lnget Ihlsn :nuﬂae(rj om

t
g: eillcoﬁzl known_ ni trllpeé%gqeﬁ% req%@%g%g?‘?‘%ﬂ@ﬂﬂ%wﬂwﬁ%? ayeRy! %c'éfegH
of 7.5-8.5, aitrileubbemefithe m\@m:omeThus for exiampid, e layepbfa cunekilmt&'ﬂembbat ofithe
suffer from | awehRos bbﬁbéﬁ mﬁ@h@%g %%Sﬁ&?ﬂla@?ﬁfnecfﬁj ?nrffere ﬁafésnc

conpared to nitrile rubbers ntain zinc_oxi de. Ut o baseq
syrs? ens are ué‘hgqq“ya fumpesitearticle; Rucheamposite agticlesgani in semessmbodimentsdpravide

often nore qualities such as increased chemical res1stance puncture re31stance or tensile strength
compared to conventional articles.

- 15 - In another aspect, the invention provides a substantially zinc-free nitrile rubber
composition which has low elastic modulus but high tensile strength and chemical
resistance. In this aspect, it is preferable to employ an accelerator which does not
contain zinc. Suitable zinc-free accelerators include sodium dlbutyl dithiocarbamate or
MBT and TMTD, as described above.

20
Example I :

A carboxylated nitrile rubber formulation was prepared as follows, using the
amounts of the components shown in Table I. All amounts are given in parts per
hundred dry rubber (phr).

25 ' -
Perbunan N Latex KA8250 100 phr.
Ammonium Caseinate 0.25 phr
Potassium Hydroxide ' 1.0 phr
Sulfur 1.0 phr
Butyl Zimate 0.50 phr
Titanium Dioxide 1.0 phr
Phthalocyanine Blue 0.10 phr
Sodium 2-Ethylhexy! Sulfate 0.05 phr
Zinc Oxide 0 phr

Notes: phr = parts per 100 parts of rubber.
Butyl Zimate = Zinc Dibutyl Dithiocarbamate.
Tablel - N
30
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active.in.the presence of alkaline materials (i.e., at higher pH. W have
now di scover geh ¢fugrésrat if the pH of the nitrile latex is rai sedTUSIHI0586 e
of 8.5-9.5, nore preferably about 8.9-9.2, an inproved cure results.
While not wishing to be bound by any theory, it is bel i eved that the
hi gher pH I evel of the inventive conpositionsliesults in effective
activation of the sulfur cure system (described bel ow) and inproves the

cure rate. The __ speci fic pH needed.can v de ' t .
particular nitr !lf‘ést’l the Pronse ?Wﬁﬁﬁ%‘gg?teﬁg?ergﬁﬂa@ag&teﬁw -ng%feéf:kg?' rad” %§hed '
the skilled artiinga Hsting vesseloTke labexnwassitained toxxgmovereorttamination, includingn a
preferred enbodi nen

t,.t.he pH of .the | agtex | ' RO
by addition coagylate] Bieqs o “fﬁ@’?&ﬁ“ﬁ?%‘?%‘lf? g8 b&‘%%%%f’%’?ty“e%ﬁ%&é%‘? R rpdstitred
hydr oxi deshi ncl utisoughbin thecompoundisg prasedduran dhpdeved of agitatipn vasisulficientite Hisperse
pot assi um hydr ox| ' f r ImBaStesT
al so be used%t.o)&?'g:ggl{e%%'%e%&ﬁ%ﬁﬁfﬁg =?1S|tth‘r:}fllwe %@gg’ %Mgg’rr%}gfs‘ﬂ] ?lgg I n =an
preferred enbodidefoarssr can bepddedif negessemvon of an-al kal i. ‘metal SR
Q.Vﬁ';?,x' f'rgt S added ;’slgtr:%iglst%gﬁ%r%}g\%%rgtaﬂged tgﬁhﬂfﬂi@f.?lnit?ﬂdiw;w 'sdsdim?u Z?E_thghﬁexyl
-netal . - ) ' uperior results and is preferred. . .
The use of sut f usulEaivagpyedito HREOVE ‘%%ﬂ?&é{aﬂ??/@?- flua'l’éﬁf’?ﬁ&“.’ké%rﬁoé“?mf'gpk
Kﬁg\?\ﬁn! Zi ?% (Cormbgégﬁgyp&v&l&?ig'mhbw)omge Wé_.ftﬁrdfi?pﬁlg.r iAmmbnivaxeaseinate, a’ .~ -
in e art. : ul.fur c Qun optional | v in. ' ' |
accel erat or 'k%i'ﬂﬁtqca?ﬂﬁﬁ%imf’h‘gaﬁ ?‘ﬁ@ﬁ% prevep %F?Sé‘éf'%aéog{}ﬁﬁgg{rﬁqg{a# ?‘g%;% bdhdt
and/ or " an act i vatheratéiat whichithe curecysiemtlienticals affectshesrubber particles in thplatex. The

gé{rf'ggg‘;’ /1055 6 protective colloid was mixed into the latex for 20-30 minutes before proceeding.

. 3 _ . . ey . -7 -
potency of an accel er Newk pn eight pescent solption of otaspiugshydroxide in woter ygs slowly
Preferred cure agded to raise the pH of the formulation to about 8.9-9.2. The sulfur/buty! zimate cure
15  system used in this example is effective at lower pH levels than cure systems with other

accelerators.

Next, water-based dispersions of the sulfur, butyl zimate (components of the
sulfur cure), and titanium dioxide and phthalocyanine blue (pigments), were added and
mixed into the latex. No zinc oxide was used. The formulation was allowed to mix for

20  atleast 60 minutes, .strai'ncd again, and then aged for 1-5 days before dipping to form
finished articles. |

Example2 _
_ .Gloves were made from the nitrile latex prepared in Example 1, supra, by the
25 following prdcedure. . '

' Ceramic glove forms were cleaned with standard surfactant solutions before use.
The clean forms were preheated in an oven to a temperature in the range of 170°F to
220°F. The forms were then dipped into a coagulant solution of calcium nitrate,
followed by dipping into the latex compound described in Example 1. The thickness of

30 the glove is determined, at least in part, by the length of the latex dipping period.

The latex-coated forms were then dipped into water for 20 -40 minutes to remove
residual calcium nitrate and other water-soluble materials. The forms were then heated
in an oven for a time sufficient to dry the gloves, and were further heated to cure the

- _ - - rubber; the drying gen;;a;ii; was performed at about 160-210°F, and the curing was
35 performed at about 240-300°F. ) o ‘

. . . ° —
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sysfens for the inventive conpositions include sulfur (i.e., elenmental.

sul fur) and sul fur donors, in conbination with at | east _one

accel er at orwOARTM8#65 ety of accel erators useful in t he 5@@@?{{/10556

i nvention are known in the art (see, e.g., U S. Patent No. 5, 326, 828). 5
Preferred accel erators include zinc dibutyl gi t hi ocarbamate (sonetines
referred to as butyl -zi mate), sodi uml I"but yl dithiocarbamate, MBT
(mer capt obenzot hi azol €) and TMID (tetramethyl thiuram disulfide);
MBT and TMID are gepﬁfa? || iHe GRISHEY Fﬂ)vbﬁwere stripp e@%fpﬂi&%hﬁil ABlingle was it Grohd
effectlvefor curing o rboxla itril ositions aving . e
varied, e.g. #BWVC@FO‘WF by, the abge misthad f"é’ﬁf tesh yerePREoRRshi e redHts s

]'CVBT alnd 10 TME@esi@a&%?@h@daﬂly depﬁﬁedeihfﬁgﬁre \IE(tHe(walle dsuhoasanids of paurids per square
ormul ati ons. zi,mat e re iy

| ower tenper at H’th A%@P&Y‘H‘i"r}égw L H‘%@P ?f"?\e fitio ﬁ‘osto aﬂlth@ )l@ggﬁlwp ﬁés_
zimate is a5pr eimere@hsacuuidahm than aldomunerciallyraveidabde nmlbfgitwee(dl’dn Nltnle "al4-
enbodlnents e i on

i s  desired, hgl'th'éécgl er soé@gtrﬁo?lﬁp"tﬂ’lg&geﬁf??ocars%gréadtﬁg{%bpg e cg?zb?ﬁgtlon
of MBT.and TMrBloveof i® 1nvqmnenes’$lm!nﬂa(§monséréb@eﬂhé cemspercially pygilable gloymas -
that is-subst a?ﬁdvﬁ“: t}ferg‘f-é‘atélfteﬁéﬂé%trﬁﬁ herak shbj ect loveOloes not include zinc, -

from any source, In an anount effeecti Si sl ink
conponents of .t he niThechemicalysgistange @f/'ietgﬁ%’ é’g‘?‘h’(‘}?@ 5@}?@?@? & f mgasured
car bloxyl ?t £l nhédolgdlﬁg to ASTM mmhﬂmssmscgeaﬁmanlyemp?ﬁmmgureaormaersabjeons of
accel eratars can_be " r

optional Iy al s E‘%ﬁ%ﬁﬁe Ué‘?”é’Sﬁﬁ%ﬁ‘i"V"&?@”&' }1 E%ﬁcﬁkﬁ&a\’l the g%{rheé | at ex
products, i ncl uehiterial,= apmenersiallylaxsilable nitrile latpxndﬁ&s(mlgﬁaghth@ﬁ glove available
coagul ant s, - angoblRotth SGterf PRIGLE! SibHudBEPLA1SSGH.! TRCABRA B trveibn 1

usef ul Wnen a no ransparen art’i I eved t hat
titani um di oxi seovidesdmpeaved levels of permeatiqnresipigacs ‘Pr‘Fﬂ(l chepyigals tested: SmRarsdde

(r)L I lro b er E?It e F}é@é%ﬁutg Egﬁklmﬁ mtﬁr g?]mdm ”FHezcgrred nitrile Eﬁiﬂﬁé bfithe)invntibh provides
i mprove the mét‘“g'é’f“ IEHISIARCR 1 PS Ef‘eﬁtf?é'al?fﬁl&*rloggﬁ “B‘%eciar nte gacq“&%e Gifth Which
pr gf erred Ie Irr‘o ot begakehrowght was seen elbéreaftersepmlicurs nEheosubjdee nitrileaubbes material .
t ant 0
substantial |y fsg%xﬁifb dé Igf rﬂz?ézg@ in 418a gszféﬁil?@%‘hép Ny 1% BBt PENGRr ekpiurOt de

I n car boxyl a es I's ge assoclated wth stiffening of
the cured rubbépxarswtroomtemnqmtmenatl ng the use of zinc oxide, the present

i nvention ppovi des Fpklthé bred WRHRS ni_bbékt ofitRe invention provides improved softness, while
maintaining strength and chemical resistance comparable to, or superior to, a
conventional nitrile rubber. The subject r_iit_rile rubber is also free of zinc oxide, and, if a
zinc-free accelerator is employed, can be made substantially zinc-free. In certain
embodiments, the subject nitrile rubber compositions are substantially free of divalent

25  metal ions.

The contents of all publications cited throughout this specification are hereby
incorporated by reference in their entirety. -

30 Eguivalents '
Those skilled in the art will recognize, or be able to ascertain using no more than

routine experimentation, numerous equivalents to the specific procedures described

herein. Such equivalents are considered to be within the scope of this invention and are

. covered by the following claims.

35 '
. What1is claimed_ is:



30 softer than many conv ubbers and yet has strength.
and sol vent-resisting mm"“j{gm rable to convent i onal
mat eri al s, WOPTHBRN i n Exanpl ec2 t RET§IPESS6
artisan will appreciate fromthe description herein, the nitrile

rubber conpositions of the invention are ec?gom' cal in that they generally
do not require the use of additional “€Xpensive reagents. Thus, the
nitrile rubber conpositions 35 of the invention can be nade at a cost

\CA%”B?; 23'725'[ 0 t hat Fafalig O STtitHRaP o ves! Wire tripHRBYEF the forms.  AlsaHiphd wa§igut from
PCT/ US97/ 10558 glove produced by the above method, and several tests were performed. The gesults of

]Ic . I\/:E‘t hods the teslzs are graph:Milyhdhiﬁcted ncBigmelthcﬂbﬁi tho@sands o€ pounds per gquare
ormul ations ar t e
above can be Hﬁg)é ‘ngﬂ P};\E@X ’rtbﬁgg?sv ?f&%gg'eﬂ P%@gﬂﬁni@%‘?ﬁﬁl{i %as
t echni quesy tamlmmd\gus)ehm cmgmwhal&haualnblheni@mbeglevwé?dﬂ' htrilg," a 14-°
t th I
ot o O PR 683 ERIABIR £ Nkt Safeef PRIRESS BTN ddd31on PGS Thec! o
ni tril-e rubbeglovaef the invenstonds slightly stiengé¢n thandghe n@nmweumva;@bhgm@,@s -
whil e other coRgwBPile @eRePlealitd tRingth of the subj 9@90{/@ a specific order.

[ oeneral, <R o 0 RO TR Bevtotgine o S
conpou nd| n(g pacoadifig to ASTM method F739, is graphically deplcted in Figure 2. The subject
material ("Soft Nltnle") provides greater resistarice to chemicals than the control
material, a commercially available nitrilé latex rubber (a 15-mil-thick glove available
from North Safety Products, product code LA153G). The material of the invention
provides improved levels of permeation resistance to all chemicals tested, compared to
15 the control nitrile rubber formulation. The cured nitrile rubber of the invention provides
excellent resistance to permeation breakthrough with carbon tetrachloride, with which
no breakthrough was seen even after seven hours. The subject nitrile rubber material
also exhibited an increase in area (swelling) of less than 1% after 24 hour exposure to
hexane at room temperature. .
20 Thus, the cured nitrile rubber of the invention provides improved sofiness, while
maintaining strength and chemical resistance comparable to, or superior to, a
conventional nitrile rubber. The subject x_iitrile rubber is also free of zinc oxide, and, if a
zinc-free accelerator is employed, can be made substantially zinc-free. In certain
embodiments, the subject nitrile rubber compositions are substantially free of divalent
25 metal ions. |

The contents of all publications cited throughout this specification are hereby
incorporated by reference in their entirety. -

30 Equivalents .
Those skilled in the art will recognize, or be able to ascertain using no more than
routine experimentation, numerous equivalents to the specific procedures described
herein. Such equivalents are considered to be within the scope of this invention and are
.. covered by the followmg claims. _
35
. What is claimed is:
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time of the formin tkentaetisythebaxio nittileolatexawitibe substantially eineaixide-free alobslinking .

a filmof -a desired.thickne 1 .t he [ M. Th (NS .
or et er abl y.di ppedsi 24 S leskPore e Bbesp fom p pitleubbe EpRory, oy o5
conposi tion.” A pref er méxtreinshpsitrile nehlien composition isubstantiatly fraei afizince oxide. -
preferred cal cium conpound is calciumnitrate. A preferred coagul ant
soluytion is a‘'solution of ealcium . hitrate; the solution is .
preferably i waBer o ssthadaspendingteiclaim hyhersin thegitabilizing ggent is selected fiem the
of a coagul ant cgfbupQdHbiktihg ofarMofiim bddeRiate) Sodind alglf4te 2aRbolVifiidlbhol. -
e.g., tensile strength. 30 After the form has been dipped

in the coagulant solution and into the nitrile | atex conposi tion,

the form (with |atex fA methodadccordirigterctaim)1,ivehepaire ther ssdyl of ddjusting pd includes\adding
fluid, preferabl £ . Iydial coagul ant and ot her (generally
wat er - sol ubl e Xn%ﬁ%ﬂ%?éo%n%f@?gfntﬁ%ﬁgﬁ atex film The washing tinme wll
vary accordi to the nitrile | atex conposition and the coagul ant

sol ution enpl oyeq; a 4 MRl dcskdfily 8RB 1, WRHRkein B crodBlifiking agbt i8 B Qtiffur
forty mnutes is generally suitable. The latex filmis then renoved

fromthe wash bafPMBP¥Pdri ed and cured to produce a rubber article. The

| atex is

S. A method according to claim 1, wherein the at least one accelerator compl:ises
20 tetramethylthiuram disulfide and mercaptobenzothiazole.

6. A method according to claim 1, comprising the further step of aging the nitrile
rubber composition for a period of one to three days before use.

25 7 The method of claim 1, comprising the further step of curing the nitrile rubber
composition to form a cured nitrile rubber composition.

8. ' A cured nitrile rubber composition formed by the method of claim 7.

30 9. A cured nitrile rubber composition formed by the method of claim 7, wherein
said nitrile rubber composition is substantially free of divalent metal oxides.

10. - An article of manufacture comprising a layer of the cured nitrile rubber
composition of claim 8. .
35 '
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-9 - generally dried a ' ature, e.g., a tenperature. .
above 37.8[err]C, nore preiﬂi ﬂg“ “ﬁg@ﬂgnge fromabout 65.5[err]Cto
about 98. O 48765The tine r or s Ulyi ng can be sel KGHEESHEOBsur e

any desired level of nmoisture in the filmprior to curing. The curing
process usual ly requires sonewhat higher heﬁ% t han dryi ng; preferred
tenperatures for curing range from about 93" 3[err]C to about 148.9[err]C.
The article is cured until a desired cure state is achieved.

After curing, fyhe wlg{g@amgéﬁib@&m@awmrﬁw@e further treated
according.to known net ho%st{,mg.#% , by chlorination, followed by '
neutral i zati on and HPNRAGY »al'l treatments, if any, .are conpleted,.the
articles can be strd quatsitizihgagenthe forns and packaged.. The cured

nitrile rubber fornulati . s d ' [ fter, i.e., have |ower
el asti c nodul us, thﬂﬁ‘%@ﬁ@%ﬁ%‘&%ﬁﬁdgﬁﬁﬁ%ﬁﬁ%ﬁgﬁpggﬁg% ?ehrdl | e rubbers, but the
inventive fAitrile ranzdseelsratetyve good strength and chemnical resistance. Thus,’
in one aspect, the I, O Rl Qi € Lihg b ' T '

when our od has o SRR EAG ARG ShrpoRtibt it Sbkuhly 68 S di el
embodi ment s, toxidesanschasia; 300Pemodulye of elagticity lessgbamahaut 4500 psit he rarge of
about 2758 kPa to about 7584 kPa, noré" .preferably about 3447 kPa to about

4826 kPa. In preferyed enhodi rents, the,cur .nitrile rupber material has’
ol srr Baet P A e BPB e mpoaitip ot laith Lo fisthes FBRBVISFA gy Bai¢
t han abouil037 30%Madulus ipinahe rangd of abmn 50@ phisto abbwet 200rpeil nitril e rubber -

material has a chem cal resistance characterized by an increase of |ess
t han o '

13. A cured nitrile rubber compositioh according to claim 11, further characterized -
by being substantially free of zinc.

15 14. A cured nitrile rubber composition according to claim 11, further characterized
in that the nitrile rubber composition is resistant to organic solvents.

15.  An article of manufacture comprising a layer of the cured nitrile rubber
composition of claim 11.

20
16.  Anarticle according to claim 15, wherein the article is a giove.
17.  Anarticle according to claim 15, wherein ihe layer of the cured nitrile rubber .
composition has a thickness of about 3 mil to about 30 mil.

25 ' ’

18. A cured nitrile rubber prepared from a nitrile latex base, a stabilizing agent, a
crosslinking agent substantially free of zinc oxide, and an accelerator, wherein the nitrile
rubber is substantially free of zinc oxide, and further characterized in that the cured
nitrile rubber has a 300% modulus of elasticity in the range of about 400 psi to about

30 1100 psi, and in that the cured rubber has a tensile strength greater than about 5000 psi.

19. A method of making a sulfur-cured nitrile rubber, comprising the steps of
combining a carboxylated nitrile latex with a stabilizing agent,

adjusting the pH of the nitrile Jatex to about 8.5 - 10.0 to yield a basic nitrile

35 latex, and ) ' . B ' .
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about ¥%-+ n area after hexane at roomtenperature, nore
preferably | ¢asofiieaes abof”l“"ﬁl“l Imgmeml!rar ea, and still nor ep@t/RESIIRESY
| ess than about 3% i ncreaseci nLarea,s an preferably about |ess than
about one percent increase in area after 24 hour exposure to hexane. A
cured nitrile rubber material having | ess thgn-about 7% i ncrease In area
after 24 hour exposure to hexane is referred .to herein as "chemcally
resistant.” In certain referr emhodi pent s, thec red nitrile bber
mterial has a chor CAMACBRE SIeREE TF OGNt 8dressiuking SEet sgicpisd fEpm the
permeation breagtbliy cstgistiag of sulfiarant sulfacddnots, drd Mfithein seslerutdiotw form a nitrile
exposure, as neasyfed according to ASTM nethod F739. In preferred

enbodi nment s, the’“Eéﬁ‘ed nitrile rubber. material is substantially

i nper neabl e t o wat er , wherein, the sujfiirebuvet mitrile mebben iscsubstapially free of divalemumetal
manuf acturedsacc -&ié'[sng to the nmethods of this invention preferably have a

| ayer of a clUreda nitrile rubber of the invention having a thickness of
betvveen about 3 mm and about 30 mm Thin gl oves provide better feel for the

wear er’,” whi ch i Szdjes'A%91f§r-c\ﬁ ca brf»gylaéﬁhﬁhfeahbgéroﬁﬁé euﬂﬁ@ 8%) bstany 1all')he

sur gi- cal gl ovesgfpreferab y'1nc er o

er o clred.ni t r
i nvention havindres af rﬁ‘@l?@é@tﬂé{mr@%‘%@be@hﬁﬁ%ﬁﬁﬁe in “'&%’P@bfﬁrhﬂ asabley
bet ween about 5 mpddislofiélasiitity Tiihe/tagecdfabeat 400 psi to about 1100 psi, and in that the

AVENDED SHE%B . cured rubber has a tensrle strength greater than about 5000 psi.

"21. A cured nitrile rubber chatacterized in that the rubber has-a 300% modulus of
elasticity in the range of about 400 psi to about 1100 psi, and a tensile strength greater
than about 5000 psi, and further charactenzed in that the rubber is resistant to organic

15  solvents.
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4

- 10 - and chenical resistance, which is desirable, e.g., for Iaboratory
or industrial gloves. Thus, |aboratory or inductrial gloves preferably~’

include a layer of a cured nitrile rubber of the invention:-having a »+ »»
t hi ckness between about 10 nm and 30 nm- nore preferably between about 15
nm and 28 nm Of course, the skilled arti%an will appreciate.that the cured
nitrile rubber |ayer of such gloves (or other articles) can be thicker than

30 nm if greate otection is desired. The ed soft qualities of the
i nventive nﬁ?ﬁ‘?‘&"@éﬁ’%@? 163, OF gtheppse- ﬁﬁéﬁrﬁff;@e‘éF quqqatthqamgﬂxpﬁ inckudes t han
convent i onaﬂheqimstelpmf cuﬁng me&ﬁﬁlélﬁibbﬁi@iﬁpbsfti@' td f6¥m b BGRAMAFilARbEer

The invention also c err 03| articles: conpri.sing,a |layer of a
cured nitri EORTHIL HOHM%FPVI (Jeeurdpitrile Tublier composiion  of 4.

cured ni trifoemed bipdie thové-Idescnbude niethwd. daa prefened emboditent theadiesd sitrilanot her '

terial rubh C, form a.co ite article.
gﬁcﬁ%?rmom gge P$ F{t%hiy%ubb néaliynﬁee %t)% ?lﬁlétrﬁlétgl ?;?S?ﬁrg@ n%nﬁ??@lé Osuch as
i ncreased qtremdcaan amsleslfammfaqnun compdsing gilsyteant the aured mmsle hubbet r engt h
conmpar ed t Q. tan{n:tgﬁ?éd@f&k% gée-descxtlbedlmleiﬁ not her aspect, the invention

provi des a s ree ni e rubber conposition which has |ow
el astic nodul us ImmomeghsmetnmelIQVMIOngde@mmMQMWb@s cemposition. | n thi s

aspect,. it i J&f SHAL k@oaepc@rﬂp&momc@aef& gﬁareczate%%,%hggasglzﬂl%tagganaa' n

Zi nc. Swté{bezlncfree c erators 1 nc e _sodi um
di t hi ocar baHBstAtALLYEPe-Fde -%m‘sros ml%r&%g@pb@a 4B 3o eratomﬁpq e'l A

car boxyl at edbsthitiallyerdewii2tic dxideNFhathes the\RiedhitfiiRIrBBberTomPbiif¥Shasysi Ng t he
300% modulus of elasticity less than about 7584 kPa, preferably in the range of about
2758 kPa to about 7584 kPa. In preferred embodiments, the cured nitrile rubber
composition is further characterized in that the 300% modulus is in the range of about
3447.kPa to about 4826 kPa. In preferred embodiments, the cured nitrile rubber is
further characterized in that the tensile strength is greater than about 34473 kPa In
- preferred embodiments, the rubber is substantlally free of zinc. In preferred
embodiments, the nitrile rubber is resistant to organic solvents.
In yet another aspect, the invention provides a cured nitrile rubber prepared
 from a nitrile latex base, a stabilizing agent, a crosslinking agent, and an accelerator,
and the nitrile rubber is substantially free of zinc oxide. The cured nitrile rubber is
‘also characterized by having a 300% modulus of elasticity in the range of about 2758
" kPa to about 7584 kPa, and by having a tensile strength greater than about 34473 kPa.
In still another aspect, the invention provides a method of making a sulfur-
cured nitrile rubber, comprising the steps of combining a carboxylated nitrile latex
with a stabilizing agent, adjusting the pH of the nitrile latex to about 8.5 - 10.0 to o
yield a basic nitrile latex, and contacting the basic nitrile latex with a substantiaily
zinc-oxide-ﬁ'ge crosslinking agent selected from the group consisting of sulfur and _
sulfur don_ors;;\ and with an accelerator, to form a nitrile rubber. The resultant nitrile
rubber is substantially free of zinc oxide. | o
In another aspect, the invention provides a sulfur-cured carboxylated hit;ile
rubber, wherein the rubber is substantially_ free of zinc oxide, and further characterized
in that the rubber has a 300% modulus of elasticity in the range of about 2758 kPa to
about 7584 kPa, and in that the cured rubber has a tensile strength greater than about
34473 kPa. '
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armunts of the conponents shown in Table'1.. All anounts ar-€°gi.vén in parts

per hundred dry rubber (phr). - Perbunan N Latéx. KA8250 .
- 100 phr : . .Ammoni um Casei nat e . ceaTas N7 2,07 25 phr ’,.'
Pot assi um Hydr oxi de : : - 1.0 phr Sul fur- )
1.0 phr -~ Butyl Zimte -3d- | 0.50 phr
. Titani um Di oxi de ' 1 0 phr '
Pht hal ocyani ne Bl ue 0 phr Sodi um
2- Et hyl hexyl Sul fygnother aspect, tht)mfmon prowdes nitrile rubber cginpesitipnsdeade
0 phr accordmgtoan of thd\Bo¥e mdthdds= parts per 100 parts of rubber
Butyl Zimate = Zinc D butyl bi t hi ocar bamat e.
Table 1 First, the proper anmount of |atex (Perbunan N_ I at ex

KA8250, Bayer Corp.) was

L
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aREPLACmENE§§§FT he | atex was straiined to remve: RTINS LN
‘i ncl udi ng coggul at ed pi eces of r ubber, and*a*sh Trer was o~

placed in th ve@:ﬁeUUNt‘WQal tgx was stirred: throughout the oom)oundl ng' ' 0
procedure. | evel of agitfatli on was sufficient to di sperse the ot her

I ngredi ents |jqui ckly as they-wgre addeg;- optionally, a small anount of :
def oaner ca ded if necegsary. Next, stabilizers were added to

the latex. In this exanple, sodium 2-ethyl hexyl sulfate was used to _
i nprove the appearamotter asprdciqtlﬁlmvepueﬁ podtides aiﬁel@dﬁnﬁﬁﬂ‘ﬂﬁtﬁﬁ&@né&etﬂ‘die r ubber

b re ent| af nlum I nate, a
p?/oltoeczll ve C q’fwdﬁ ng&% dhﬁz&'f% \?gglielg‘x%g% %C} the | atex
and to contmaiufadiererina glaye. %pncfemeti@mhsudansgts,t@iommrIMgstoahé pne&ertthe
rubber par thedeRniifclhds 4] Q}%e‘?)éf a-g{ﬁ%d%tgﬁé?ﬁfbb&eco%%dsﬁ*ﬂg (%ﬁl?e inve & m Hlsgl’ tcgﬁt :

| atex for 20 30 ni nutes ore proc

sol ution of ambag@emﬂmy@nswfw@ legrug B mmsandlaqutﬁoaumed to rai se the pH
- of the formulat '@tﬁeiﬁaﬁ?&uébj@c’t@ aﬂd%dv%ﬁ%ee.%%"fiﬂérﬁr\géé}m ﬁti@f@uﬂ&ércs ystem

used in this exa Iels ectlve at pH I'e an cure systenms with
ot her accePEPHFRLE0 fOﬁo wing.detail &nHB’é?ﬁ‘e@Famﬂﬁ?eM‘dﬁmsof the sul fur,
butyl zimate (corrponents of the sulfur cure), and titani um di oxi de and

pht hal ocyanj ne wwere added and mixed into the |atex. No

i de dBeHNn was allowed to mix for at |east 60 .

m nut es, “strai né‘agmgaus\abargtaplhmm;ﬁgm@ thephysical ﬁﬁzpertiéebﬁﬂﬁrdbwl ng to form
ot éihﬁfeﬁéﬁ L6 B (e THARROF 15 commercigl AR o 0 T
Cerani ¢ gl ove fEﬂgﬂt‘eﬂﬂﬁ@b@‘Ig@phs@nwarihgsht’admmlsmﬂmmmaufuhesmbbtn ons before
use. The clfaaal efﬂﬁlfmeomoeb@a%%@rqﬂwaﬁmerﬁ&eﬁ REEr ature in the

range of 76.6[err]C to 104.4[err orms wer e then di pped into a
coagul ant sol ution of cal cium
Detailed Description of the Invention

The invention provides nitrile rubber formulations useful for manufacturing
articles having good s&ength and chemical resistance while being softer (i.e., having a
lower elastic modulus) than many pieviously known rubber formulations. The
invention also provides methods of makmg such nitrile rubber compositions, and
articles of manufacture made thereof
' The term "nitrile latex" is art-i
used in the manufacture of elastomers. Nitrile latexes can be carboxylated or
' noncarboxylated carboxylated nitrile latexes are preferred
As described further below, the nitrile compositions of the invention are
preferably substantially free of zinc oxide. The term "substantially free of zinc
oxide," as used herein refers to a nitrile rubber composition in which zinc oxide is
* not present in an amount effective to significantly crosslink components of the nitrile
rubber, e.g., the carboxylate moieties ofa ca.rboxylated nitrile rubber. However, it
will be underitood by the skilled artisan that the inventive compositions are preferably
substantially free of other compounds, e.g., other metallic oxides, which could
crosslink, and thereby stiffen, carboxylate moieties of cured rubber materials. Thus,
although'refer_ence is made herein to compositions which are substantialiy free of zinc
oxide, in certain preferred embodiments, the compositions are also substantially free
of other metallic compounds, particularly divalent metal oxides such as lead oxide,
magnesium oxide, and the like, which can ionically crosslink carboxylate moieties of
mbber materials. The term "divalent metal oxide," as used herein, refers to an oxide

wei ghed into
cont am nati o,

HKD

e refers to a synthetic rubber latex
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nitrate, followed by dipping into the |atex, conpound descr.ibgd in Exanpl.e-.

1. The thickness of the glove is determ ned,: at least in part,.:"by the,: ,”".

l,ength of the |atex dipping period. The | atex-coated,foros wer,g*t’hen

di pped into water for 20 -40 mnutes to renove residual calciumnitrate and

ot her water-soluble materials. The forgm-were then heated in an oven for a
time sufficient to dry the gloves, and were further heated to cure the

" rubber; the drying generally was performed at about 71.1-98.9[err]C, and

. the -11aofadmatagltml,peerfa)mamﬂ at about 115.5-148. 9[err]C WO

. 97/ 48765
PCT/ US97/ 10556 ' - 12 -
Finally, the finished gIoves were stripped off the forms. A sanple was cut
from - a gl ove produced by the. above nethod, and several tests were

- perfornmed. The results of the tests are graphlcally depicted in Figure
1 (the scale i's thousands of pounds per square inch). As shown in

Figure 1, the glove of the invention ("Soft Nitrile") is softer (i.e., has
5 a lower elastic nodulus) than a commercially-available nitrile glove
("Pdn Nitrile," a 14- m |l -thick glove avail abl e fron1hbrth Saf ety

" Products, product code LA14ZG) The

»“

G

.
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gl ove of W?EPLREEWENDI&HEBT i ghtly stronger. than the commercially avail able
gl ove, as hel greater tenstle strength of the subject °gl Qve

The chem gal resi of fhe glove produced as deser] bed .above; as “"
S,

measured 10 TM net hod F739, is graphi caIIy depl cted in
Figure 2. |The_subject terial ('930ft Nitrile") provides greater
resi stanc¢ to chenicals-thap the control material, a comrercially
avai | abl e lpittdde—t-atex—rubtber (a 15-m | -thick gl ove. available - from

Nor t hdSaf et gedaraimmial,atpreoduedtempeiaut&é@@)temﬁaeuﬁaamxleem sgt hiwei i nventi gn
rovi des | (o) chem cal.s teste
(F:)orrpar ed thT%‘%ﬂKég%r{?‘}%ﬁ f” ?‘?teés {}Erb ?Bﬁ#&% OB*F‘F ”’FﬁéquHF@@rm trile
rubber of tdwmmrﬁelse}ecwdmenimse any des1reckte&lel afirhoistuse 81 the itmtppiopty Meat i (ﬁn
br eakt hr oug ng Jr.eakt hroug
was seen evéehr%’y‘}i ter Seﬁg#{%ﬂ%ﬁ%kﬂﬁu 515% n|k I@”P‘i%ﬁ?é‘?“ﬁ&fl%n al :
al so exhi bi prefereed temperatices fpncwmagmmla«bgm .31 wabont 1P CafTrer 24 hour
exposur e tOa.rtlclels ciled 2Rl ﬂes{r@@%r’e%fgl’@fsaaﬁﬁ"e@ed 20 - Thus, the cured

nitrile rubber the | nvention provides I nproved softness, mhlle
" .mai nt ai ni ng st reﬁ&%"% %M%W@l@ﬂ@ﬁ%@%’dtﬁ%ﬂ@bﬂéﬂa@d ageordingdei or to;

a C O RN @BAbAL) Ietgr lﬂfyeclﬂéi-ﬁi%ﬁbn, folewed by aettrdl zraﬁbﬁ gnd &b . 39‘3 Wherft| SO

free of zing, oxide r-ee acce tor nployed can
be nade su[*‘?glt E’i‘tf"y???)ﬁ@“??%pletﬁir tﬁ%?‘f"éﬁ?ﬁ can eStr%BPB é‘Pﬁ% the formsipgds ubj ect
nitrile rulpaekagednpositions are substantially free of di vgl eEt 25h et ﬁl

Shles i cati ns cit t.hr out this
_I'S;;E)igcszl fication ar%s utr%g@l%% ef ﬂofﬂn%élroggggh‘ww QR 8Hc ¥ h ltehg‘F‘% entirety.
3% Equi vdbwer elastic modulus, than maflyawavetidnakbindistrialtrile rubbiets, butehogni ze, or
be abl e t0;ARGRLL ﬁhﬂle‘{"ﬁb sﬂ?ve’%fo?lsc r?)é{gan chenr'xﬁ ﬂegﬁgta]néé)efﬂdgeﬂt% I on,

nuner ous equl valents to e ‘Spe€ ceadures descri erein.

‘Such equi vasesshd. %F%’e’éwf@@}déﬂa pitrilegubperimaterial avhjels pehenrcurad; bas a9% i on
and are modulus less than about 7584 kPa. In preferred embodiments, the cured nitrile rubber

has a 300% modulus in the range of about 2758 kPa to about 7584 kPa, more
preferably about 3447 kPa to about 4826 kPa. In preferred embodlments, the cured
nitrile rubber material has a tensile strength greater than about 34473 kPa, more
prefera_bly greater than about 37920 kPa. In preferred embodiments, the cured nitrile
rubber material has a chemical resistance characterized by an increase of less than '
about 7% in area after 24 hour exposure to hexane at room temperature, more
preferably les_s.than about 5% increase in area, and still more preferably less than
about 3% increase in area, and most preferably about less than about one percent

P increase in area after 24 hour exposure to hexane. A cured nitrile rubber material

- having less than about 7% increase in area after 24 hour exposure to hexane is referred
to herein as "chemically resistant." In certain preferred embodiments, the cured nitrile .
rubber material has a chemical resistance characterized in that there is no permeation
breakthrough of carbon tetrachlo_ride'after seven hours exposure, as measured
according to ASTM method F739. In preferred embodiments, the cured nitrile rubber
- material is substantially ixnpermeable to water, i.e., liquid water and water vapor.
Gloves manufactured according to the methods of this invention preferably

have a layer of a cured nitrile rubber of the invention having a thickness of between
about 3 mm and about 30 mm. Thin gloves provide better feel for the wearer, which
is desirable, e.g., for surgical gloves. Accordingly, surgical gloves preferably include
a layer of a cured nitrile rubber of the invention having a thickness between about 3
mm and 11 mm, more preferably between about S mm and 10 mm. Thicker gloves
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covered by the foI 1l ow ng clains. 35 Wit is clainmed_ ps; -~ _V\D oo

97/ 48765 "-PCT/ US97/ 10556 3 ;ﬂ~ s E:-:
-12- C Finally, the flnlshed gl oves were: strlppedwoff thq ..
forms. A sanple was cut from a gl ove produced by the above’ met ho d and
~several tests were perforned.. The resyglgs of the tests are graphi caIIy

depicted in Figure 1 (the scale is thousands of pounds per square
inch). As shown in Figure 1, the glove of the invention ("Soft Nitrile") is
softer (i. eprovm@soettérsueg {power el asti ¢ nodul us) than a _ _ '
comer ci al I'y-avai | abl e n|tr|Ie glove ("Pdn Nitrile," a 14- m | -thick
gl ove available from North Safety Products, product code LA142G . The
glove of the invention is slightly.stronger than the conmercially. avail able .
gl ove, " as shown by the greater tensile strength of the subject glove.
The chem cal resistance of the glove produced as described above, as:
measured 10 according to ASTM net hod F739, is graphically depicted in

Figure 2. The subject material ‘("Soft Nitril e") provides greater.
resistance to chemcals than the control material, a comrercially
available nitrile latex rubber (a 15-m|l-thick gl ove available from

Nort h Saf ety Products, product code LAl 53Q. The material of the invention '
provi des i nproved | evel s of pernmeation resistance to all chemcals tested,
conpar ed t@ : :

}V!""- e
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15 the control nitrile rubber formul ation. The cured nltrrbe Jrubber -of the
Lnvention provides - excel l ent reS|stahce to perneatlon heakthrnugh
with carbon tetrachloride, with which - no breakthrough mas seen gvern. »
after seven hours. The subject nitrile rubber nateri al al So exhi bi t ed
an increase in area (swelling) of |esd0t-han 1% after 24 hour exposure to
hexane at roomtenperature. 20 "Thus, the cured nitrile rubber of
~the invention provides inproved softness, whi | e mai nt ai ni ng strength
and chemni cahnd elmrmpdrres;stemeparhabll@dﬁsuabbr e.8u ferrlplgratory omindustrial glewesent i onal

nitrile rubbgps | retsx;gmr‘%ﬁaudm dv%s g&?&smy lﬁclaaéméyexe@f@é édbfi‘i@nl@X' de, and,

I f a zi né- ccel erato oye can made substantial ly
zi nc-free. Tubbeeekthe invention %‘f%élﬂhﬂ@@%s qt}’{ée%%hﬂ“éég mn apd p@ mm,JRese
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- cured nitrile rubber of the invention. Thus, for example, a layer of a cured nitrile
" rubber of the invention can be adhered to a layer of another material, e.g., a different
T ~ rubber or plastic, to form a composite article. Such composite articles can, in some
- embodiments, provide qualities such as increased chemical resist_ance, puncture
 resistance, or tensile strength compared to conventional articles.
- In another aspect, the invention provides a substantially zinc-free nitrile rubber
“composition which has low elastic modulus but high tensile strength and chemical

resistance. In this aspect, it is preferable to employ an accelerator which does not
contain zinc. Suitable zinc-free accelerators include sodium dibutyl dithiocarbamate
or MBT and TMTD, as described above. |

Example I
A carboxylated nitrile rubber formulation was prepared as follows, using the

~ amounts of the components shown in Table 1. All amounts are given in parts per

hundred dry rubber (phr).

Perbunan N Latex KA8250 100 phr

Ammonium Caseinate , 0.25 phr

Potassium Hydroxide _ - 1.0 phr

< | Sulfur - ' 1.0 phr

% | Butyl Zimate _ 0.50 phr

Titanium Dioxide . 1.0 phr

| Phthalocyanine Blue - 0.10 phr

Sodium 2-Ethylhexyl Sulfate 0.05 phr

Zinc Oxide , 0 phr

‘Notes: phr = parts per 100 parts of rubber.

Butyl Zimate = Zinc Dibutyl Dithiocarbamate. REFLACEMENT SHEET.
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13 Wh tﬂr@f@ﬁdﬂi’écﬁmﬂ 1. Anethod of meking a-nitrile, o,
rubber conp sitlon ng the steps- of - : ni:rmng a v e
hitrile |atexiwotgh i1l zi ng agent, .5 s -' adJust' n'g:the pH"f':t.é
nitrile latlex to afﬁ'%ﬂ@BS -'/10.0 to yield a basic nitrile ™ ™~ Iate’g, _.aEd

‘contacting fth eflatex wi_tjj a crosslinking agent and with at
| east one accel erator, jand selecting said crosslinking-agent to be
substantially free of a—retad | i c oxide to ionically crosslink

carboxylic ggkd tH%rSf)éx%d%t éﬂﬁteki‘?&’éuﬁﬁl NQ4t8k KABAS0] BEyer €he) wad O

conposi ti on. to claim1l, V\,herel n the

st abi | i zi ngW&ighed inte as@xéﬂﬁ‘(f’ﬂsep gh?fcorwlaggra@?%}ﬁ IRIPAYS SQUHBIMBHOL ypni um
casei ga;e t gﬁgi.lhdg ad)&hm@éd%leér?ﬁ f[dﬁ ﬁﬂib?ﬁ( iaAY b stitreowad placel:ﬁn the ves(sjelﬁthﬁgﬁtébod
cccor 0 {0 Shabl) deo LA cbISORIER el biESRR I 10
claim 1, wheufficient toedispeoseshe othieningeegiéants duickly ss tHeyrwere added; optionally, a
small amount of defoamer can be added if necessary.
" Next, stabilizers were added to the latex. In this example, sodium 2-ethyl -
hexyl sulfate was used to improve the appearance and quality of articles made from
the nitrile rubber by preventing runback of the latex after dipping. Ammonium
" caseinate, a protective colloid, was added to prevent excessive viscosity of the latex
. and to control the rate at which the cure system chemicals affect the rubber particles in
2 . thelatex. The protective colloid was mixed into the latex for 20-30 minutes before -

proceeding. .
Next, an eight percent solution of potassium hydroxide in water was slowly

added to raise the pH of the formulation to about 8.9-9.2. The sulfur/butyl zimate
cure system used in this exémple is effective at lower pH levels than cure systems
with other accelerators. '
Next, water-based dispersions of the sulfur, butyl zimate (components of the

sulfur cure), and titanium dioxide and phthalocyanine blue (pigments), were added

" and mixed into the latex. No zinc oxide was used. The formulation was allowed to
mix for at least 60 minutes, strained again, and then aged for 1-5 days before dipping
to form finished articles.

Example 2 _ _
Gloves were made from the nitrile latex prepared in Example 1, supra, by the

following procedure. |

Ceramic glove forms were cleaned with standard surfactant solutions before
'use. The clean forms were preheated in an oven to a temperature in the range of
76.6°C to 108.4°C. The forms were then dipped into a coagulant solution of calcium
nitrate, followed by dipping into the latex compound described in Example 1. The
thickness of the glove is determined, at least in part, by the length of the latex dipping
penod '

The latex-coated forms were then dipped into water for 20 -40 minutes to
remove residual calcium nitrate and other water-soluble materials. The forms were
then heated in an oven for a time sufficient to dry the gloves, and were further heated
to cure the rubber; the drying generally was performed at about 71.1-98.9°C, and the
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‘conpound. 20 5. A net hod accordlng to claim1, wherejn-the at-|east

2

ene accel erator. conpri ses tetranethylthluranldlsulflde amd °,,3.”,
nercaptobenzothlazole 6. - A et hod -according to cla1ﬁ11 20 »
conprising the further step of aging the nitrile 25 rubber’ conp05|t|on for
a period of one to three days before._yges. 7. The method of claim

1, conprising the further step of curing the nitrile rubber . :
conposition to forma cured nitrile rubber conposition. 30 8. A cured
nitrile rub@@ﬁn%ﬁmpgaﬁﬁh@aafgﬁﬁm¢1$y4ub©°cethod of claim?7. 9. An
article of manutacture conprising a |layer of the cured nitrile rubber

conposition of claim8.

14 10. A cured n|tr|Ie r ubber conposition conprising a
nitrile rubber base,
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"a stabili zi ng agent, ' crossl i nki ngeagent, sajd, cr.os,sJ-r,nkl "Gt

ent bei ng stllnsSlaﬂtHaaBt aed of a metallic 5¢ o%ide t@ T-@Tm-oalﬂy e ...: "
.crossl I nk carb eties of the | at ex, aer - oo
accel erator, rein the resultant nitri [ conpositi
has a. 300% rmdul us o asticity _hess than abouf IME@HLH Lu" Elul
A cured nitrile rubber corrp05|t|on of claim 10, furth I n
that the 300% nodulus is in the range of about 500 psi to about 700
psi . 12. Arﬁéthsaioﬂmtakmtg% nt&t@@ﬁibbemmwstmncaﬁ 154 8 steps 6F ai m 10,
further characterized bst tially free of zinc. 15 13.
A cured nitrile ru%@?mﬁ’@ﬁp‘b}\éﬂ?f ‘dggérsti’i ﬂt}%ﬂ%ﬁn&l m 10, further

characteriszed adjstingahe pH el iirl1e latesioetboapdP o010 101yidlé ambasit afdlkt to
or gani ¢ sol ven 14. An article of manufacture conprising a |ayer

of the cured fe”:«[u}de rubber 20 conposition of claim 10. 15. An
article according tomtackiagp thelbhsicwtigilelatex with arctasslisking ageny hwd/with at least one

accelerator, and selecting said crosslinking agent to contain between 0 phr zinc-oxide
and less than 0.1 phr zinc-oxide to form a nitrile rubber composition,
10 wherein the nitrile rubber composition contains between 0 phr zinc-oxide and 0.1

~ phr of zinc-oxide.

2. A method according to claim 1, wherein the crosslinking agent contains between
- 0 phr zinc-oxide and 0.05 phr zinc-oxide.
15

3. A method according to claim 1, wherein the stabilizing agent is selected from the
group consisting of ammonium caseinate, sodium alginate, and polyvinyl alcohol.
~ 4, A method according to claim 1, wherein the step of adjusting pH includes adding

20  an alkali hydroxide to the nitrile latex.

5. A method according to claim 1, wherein the crosslinking agent is a sul.ﬁlr.
- compound, ‘
25 6. A method according to claim 1, wherein the at least one accelerator comprises

tetramethylthiuram disulfide and mercaptobenzothiazole.

7. A method according to claim 1, comprising the further step of aging the nitrile
rubber composition for a period of one to three days before use.

30 -4 .
8. A'nethod according to claim 1, comprising the further step of curing the nitrile
'rubber composition to form a cured nitrile rubber composmon '

9. A cured nitrile rubber composition formed by the method of claim 8.

10. A method according to claim 1, wherein the nitrile latex is'carboxylated.

REPLACEMENT SHEET
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"16 An art |’ni1s95ha=ﬁﬁwnbbmme fagedCl ai m 14, wherein t‘qe- | ayer: qf’ st hge culed , *e
nitrile rubberl7 m has a th| ckness of sabbut 3 im f"t'o' BQUt -3D... .

mi. 1 tr| | e rubber prepar ed Unr%l’—ﬂ’rst—ﬁ—l—éJ,%tLex 00t %ea®

base, a stabili 2| crosslinking age ntially free
of a netallic OX|de to |on| cally crosslijgnk carboxyI| ’iuﬂ |et|es
of the latex, and an accelerator, and further charac

cured 30 nitrile rubber has a 300% nodul us of el ast|C|ty in the range of

about 400 psi l{o alomethod accordih@@o plim lamdierein theaiH ofube aitfiRdated Bafjudiabtod

tensile stren ter than about 5000 psi.
15 18. QB&&%rn%?ﬁod of making a sul fur-cured n|tr| | e rubber,

conpri si ng5 the steps of
12. A method according to claim 1, wherein the crosslinking agent is selected from

the group consisting of sulfur and sulfur donors.

13. An article according to claim 1, wherein the article is a glove.
0 | |
-~ 14. A cured nitrile rubber composition according to claim 8, wherein the cured nitrile
rubber composition has a thickness of about 76.2 um to about 762 pum.

15. A cured nitrile rubber composition according to claim 8, wherein the nitrile
15 rubber composition has a 300% modulus of elasticity less than about 7584 kPa.

16. A cured nitrile rubber composition according to claim 8, wherein the nitrile
rubber composition has a 300% modulus of elasticity in the range of about 2758 kPa to
about 7584 kPa.

20 _
17. A cured nitrile rubber composition according to claim 8, wherein the nitrile

rubber composition has a 300% modulus of elasticity in the range of about 3447 kPato
about 4826 kPa.

25 18. A cured nitrile rubber c_orﬁposition according to claim 8, wherein the nitrile
rubber composition has a tensile strength of greater than 34473 kPa.
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conbl ning a carboxylated nitrile latex with a stabilizi ng!®gertwp,

“gdj usting the pH of the nitrile latéx to about Sgiilgggr—é—n gfﬁ@*&ET

nitrile |l atex, and 5 cargt actin —atex
with a crosslinking agent selected fromthe roup consi stin

sulfur and s ry and with an accel erator, 1”“&”;“ “I ilm

rubber, Whit lsgﬁm%aierel n the resultant sul fur | l I bber is
substantlally free-of a netallic oxi de to ionical Iy crosslink

car boxylic aC| d noieties of the latex. 10 19. A sul fur-cured

car boxyl at ed Ini t r i4 &xcthognfimakinges ritrile rehber adrbposition, serbptising thelsteps of free
of a nmetallic oxide to.ionically crosslink carboxylic acid noieties of the
|l atex, and fCGF’f Pgéﬁﬁfllfd?‘é?‘“ﬂ@@ﬁt?blhﬁag aSWé’ rubber has a 300%

nmodul us of elasticity.in,th t 400 psi, to about 1100 .
psi, and i that tfl E}/E Pﬁ'hﬁﬁtggnﬁﬁg lé“"l‘%%‘?qué St r@r%@ﬁleliﬁ agﬁ@éﬂ@ﬁr t han
about 5000 p%tex and
contacting the basic nitrile latex with a crosslinking agent and with at least one
accelerator, and selecting said crosslinking agent to be substanfially free of a metallic -

oxide to ionically crosslink carboxylic acid moieties of the latex to form a nitrile rubber

10 compbsition.

2 A method according to claim 1, wherein the stabilizing agent is selected from the

group consisting of ammonium caseinate, sodium alginate, and polyvinyl alcohol.

15 3. A method according to claim 1, wherein the step of adjusting pH includes adding
an alkali hydroxide to the nitrile latex.

4. A method according to claim 1, wherein the crosslinking agent is a sulfur
compound.

20
5. A method according to claim 1, wherein the at least one accelerator comprises

tetramefhylthiuram disulfide and mercaptobenzothiazole.

6. A method according to claim 1, comprising the further step of aging the nitrile
25  rubber composition for a period of one to three days before use.

7. The method of claim 1, comprising the further stép of curing the nitrile rubber
composition to form a cured nitrile rubber composition.

30 8. A cured nitrile rubber composition formed by the method of claim 7.

9. An article of manufacture comprising a layer of the cured nitrile rubber
composition of claim 8.
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"20 A cured nitrile rubber characterized in that t he rubber has a 300%

waodul us of in the Fange of about 40 N E
“psi, and aNII“““IEl“ﬁ IMUI“ greater t han aboutq§ OLE% @?%“#;ﬁgﬁ T
characterl z&d fn thal the rubber is resistant to organic sol vents and

is substantially free of a netallic oxidd to ionically crossllnk car boxylic
~acid noieties of the | atex. 21. A method of meking a nitrile

rubber CO”DOSI'O“OVAC&Q&fotilﬁ'rﬂgoeerSmﬁ&s‘%@&n&fmpnsmg | ~ conbining a
nitrile latex with a stabilizing agent, adj usting the pH of

the nitrile |atex amirddAibbeSoase,-- 10.0 to y| eId a basic nitrile
| at ex, and 16

a stablhzmg agent,
a crossiinking agent, said crosslinking agent being substantially free of a metallic
5 oxideto ionicall); crosslink carboxylic acid moieties of the latex, and
| an aécelerator,

wherein the resultant nitrile rubber composition has a 300% modulus of elasticity

less than about 1100 psi.

10 11. A cured nitrile rubber composition of claim 10, further characterized in that the
300% modulus is in the range of about 500 psi to about 700 psi.

12. A cured nitrile rubber composition according to claim 10, further characterized
by being substantially free of zinc. '
15

13. A cured nitrile rubber composition according to claim 10, further characterized
in that the nitrile rubber composition is resistant to organic solvents.

14.  An article of manufacture compnsmg a layer of the cured nitrile rubber
20 composition of claim 10.

15.  Anarticle according to claim 14, wherein the article is a glove.

16.  An article according to claim 14, wherein the layer of the cured nitrile rubber
25 composition has a thickness of about 3 mil to about 30 mil.

17. A cured nitrile rubber prepared ffom a nitrile latex base, a stabilizing agent, a

crosslinking agent substantially free of a retallic oxide to ionically. crosslink carboxylic

acid moieties of the latex, and an accelerator, and further chafacterized in that the cﬁred
30 nitrile rubber has a 300% ﬁodulus of elasticity in the range of about 400 psi to about

1100 psi, and in that the cured rubber has a tensile strength greater than about 5000 psi.
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c'ont.acti ng th tex with a sul fur crosslinki ng ent and
wiica et ITIMAMIARIARoC o, and”select ng' b REPLAGHMENT SHEET

dgent to be free @ I+C OXIi crosslinki ng agent, thereby
formng a nitrile rubber composition, 1 wherein the nitrile
rubber conposition contains no netallic ®xi de crossl i nki ng 5 agent.
.22. A cured nitrile rubber conposition conprising a n|tr|Ie

r ubber base, sul f

crosslinki ng agentA metbed pf g'aﬁ’é’gél SI“lfﬁ“‘(‘)‘ﬂ?@ﬂ“ﬂ‘tﬂdggli’qrn?&%‘séf&[hf Steph

an accel erator, nitr bber co 05|t|on
contains no rret al F?rgblgﬁ caél?%w Z{t?dr&trﬂ Tatélt wit g&éarl? g PR a 300% nodul us

of elasticity | esg; &g@gggﬁﬁtoflfﬂé)&rﬂé'late)iﬁja%o;fn?@s 10 B51diee b8lic HRKINY 2

sul fur-cured n|tr| conprising
latex, and

5 contacting the basic nitr_ilé latex with a crosslinking agent selected from the
group consisting of sulfur and sulf—'ur donors, and with an accelerator, to form a nitrile
rubber,

wherein the resultant sulfur-cured nitrile rubber is substantially free-of a metallic
. oxide to ionically crosslink carboxylic acid moieties of the latex.

10 '

19. A sulfur-cured carboxylated nitrile rubber, wherein the rubbér is substantially

free of a metallic oxide to ionically crosslink carboxylic acid moieties of the latex, and

further characterized in that the rubber has a 300% modulus of elasticity in the range of

about 400 psi to about 1100 psi, and in that the cured rubber has a tensile strength

15  greater than about 5000 psi.

20. A cured nitrile rubber characterized in that the rubber has a 300% modulus of
elasticity in the range of about 400 psi fo about 1100 psi, and a tensile strength greater
than about 5000 psi, further characterized in that the rubber is resistant to organic

20 solvents and is substantially f'ree of a metallic oxide to ionically crosslink carboxylic

acid moieties of the latex.

21. A method of making a nitrile rubber composition, comprising the steps of
~ combining a nitrile latex with a stabilizing agent, - |

25 adjusting the pH of the nitrile latex to about 8.5 - 10.0 to yield a basic nitrile

latex, and
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Sonbi ni ng a car boxy REPLACEMENT; $REGTadex with a stabil o |
adjusting the pHdf fthe nitrile Tat¢x to about 8.5 REPBK@QWENT&)WE&T

nitrile | at gx, ' contacting the basic nitrile
latex with a sul fyr c?%gs?lE%Iglg%sg dgént d&l ected ﬂmm'(mlu’l "ﬂf“, he group
consi sting of sul flur-antd—stut++ur—don¢rs and with a INH” d

.forma nitrile rubber, wherein the sulfurt-ctretl nitrile rubber
ts free of a nmetalTTcC _Oxide as crosslinking, agent. 25 24. A

sul fur-cured car bSW?cé’tnédh%Ii’%SPq m&nls% lﬂ%‘e‘ﬂ’“h é ﬁahﬁercctr@sshzl@a ag:rxt mf‘ witheat fagboer
f : talljc,oxid agent, and further
l:rs1ar ggs eri ze§"§ ?‘chlﬁg ory #nd selRsHRg ¢ e}ﬁ Pfgr crOSSl g’@@%%@l be dese of a @esallic exide i n

h f 0] t 1100 and in, that t he cured
Fubber nas e RStk e R Inetehy 3p8sihe A I b FOmonope:

wherein the nitrile rubber composition contains no metallic oxide crosshnkmg

5 agent.

22. A cured nitrile rubber composition comprising
a nitrile rubber base, . -
a stabilizing agent,
10 a sulfur crosslinking agent absent a metallic oxide crosslinking agent, and
| an accelerator, |
wherein the nitrile rubber composition contains no nnletallic oxide crosslinking

agent, and has a 300% modulus of elasticity less than about 1100 psi.

15 23. A method of making a sulfur-cured nitrile rubber, comprising the steps of
combining a carboxylated nitrile latex with a stabilizing agent,
adjusting the pH of the nitrile latex to about 8.5 - 10.0 to yield a basic nitrile
latex, and |
contacting the basic nitrile latex with a sulfur crosslinking agent selected |
20 from the group consisting of sulfur and sulfur donors and with an accelerator, to

form a nitrile rubber,

wherein the sulfur-cured nitrile _rubbei‘ is free of a metallic oxide as a

crosslinking agent.

25 24. A sulfur-cured carboxylated nitrile rubber, characterized in that the rubber is free
of a metallic oxide crosslinking agent, and further characterized in that the rubber has a
300% modulus of elasticity in the range of about 400 psi to about 1100 psi, and in that

the cured rubber has a tensile strength greater than about 5000 psi.
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