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SOFT NITRILE RUBBER FORMULATION 

Background of the Invention 

The development of modem rubber materials has made possible the manufacture 

of a wide range of elastomeric articles having varying properties of strength and 
. ~ . 5 

chemical resistance .. One useful class of rubber compounds is the nitrile rubber class, 

. . ... wh~cb-·i~ w.i~ely us'ed· t
0

0 in~.e;.a. variety ;of -artfofos of manufacture· .... ~ 
.. •• ... .>. ~ . • . • • • . 

. · · ~'.:· · .. · . ··· .... Carboxylated ~itrile; which i"~.a teD>olymer ofb~tadiene. acrylonitrile~ and . 

·. :·' ·organic ~~id.monomers, has at le~t ~wo proptrtie~ th~t rriake·it u~~f~J for m~nufact~ring . . .. . . . 

. -

.. ... · .· . '\ . . .. ·. . . ,. - . . . . 
ro ... 'elastomeric articl_es. l)lese two f~atur~s 8Je:high' ~trength apd impermeability· to certain: 

~ ···.hydroe~bon s~lvents:andoils." ·Cbmpijundihg arici ~;i-ng-th~·rubbet (which is used·in: 
. . . . 

. ~latex forµi f~r, e;g., dipping.-to provide article~·ofmanu~acture such as glDVeS Or 

-- condoms) with olbet ingredients such" as- curin~-~ge!1ts, accelerators, and _activators is 

generally performed to optimize these properties. The level ofeach 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. . . 

Crdsslinking also increases the str.ength and elasticity of the robber. · 
, • • .. - • t-" • • - ~ 

. Carboxytated nitrile latexes cari be chemically' cfosslinked in at least two ways: the 

butadic:ne subunits can- be covalently crosslinked with sulfur/accelerator systems; and ... 

25 the carboxylated (organic acid)" sites can be fonicaily 'crosslinked with metal oxides or . 

salts. Sul~r crosslinks often result iri large improvements in oil and chemical 

resistance. Ionic crosslink~ resulting fi:om, for example, the addition of zinc oxide to 

the latex, result in a rub~er ha~in~ high tensile' strength, puncture resistance, and 

abrasion resistance, as well as high ela5tic modulus (a measure of the force required to 

30 stretch a film of the rubber), but poor oil and chemical resistan~e. Many currently 

available rubber formulations generally employ a combination of the two curing 

mechanisms. For example, in combination with sulfur and acce]erators, carboxylated 

nitrile latex manufacturers frequently recommend addition of 1-10 parts of zinc oxide 

l!er 100 p8rts ofrubber. _ 

. When zinc oxide is not employed-, ·th~ ~u~i~g time required to reac~· an optimum 35 

state of cure can be much longer and the curing may be less efficient. l"his means that 
. . . . . . . - . ... . . . . . . . 
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the crosslinks are longer (~ore sulfur atoms per crosslirik) and there may be a higher 

amount of sulfur that does not crosslink polymer chains. The result can be a less­

effectively cured rubber that has lowered heat resistance and less chemical resistance. 

However, ionic cros~linking often increases the stiffness of an article made from 

5 the rubber. This is a disadvantage for applications in which a softer rubber is.needed. 

For example. surgical gloves made of soft rubber~ can provide greater tactile sensitiv·ity 

for th~ ·wear~i. which. is'd~irable.tcl"imptove·tb.esti~g.eon's "feel" during o~erati~ns and· · · 
· ·. to prevent fatigue ofthe~h~ds~ · .. : .:.. ·,"· · · ·_,_:.t ... ·; :- • .• • · . · 

. A mor~ comf~~bl~ ~itrlle ~Iov~ th~~ is easier to stretch, i.e. has lower ~lastic 
10 : ... inodulus, can be mad~ using a pQl;Y~er "which "co~tains_.Je~s acrylonitrile• or by 

. ,._ ~ros5linki~g.the polyrtiet.to a fo~ser degree .. These chahges, however, oft~n.co~promise 
. strength~ cliemical resis~ance, or both,·re~ultil~g in articles that are unsuitable for mariy 

. . 
applications. 

Accordingly, a soft rubber having strength and chemical resistance 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 artic1es, e.g., 

gloves, which are strong and provide good chemi~al r~sista~ce, ~hil~ being softe~ and 

more comfortable than crinventional articles.··· 

Thus, in one aspect, the invenii~~ provide:s ~ method _of making a nitrite rubber 

25 composition. The method includes the steps ofC9mbining 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 co~tacted with a substantially zinc-oxide-

. free crosslinking agerit and with at least on~ accelerator, to form a nitrite rubber. 

composition. That composition is substantially free of zinc oxide. 

30 In preferred embodiments, the stabillzing agent is ammonium caseinate. In 

preferred embodiments, the step of adjusting pH includes adding an alkali hydroxide to 

the nitrite latex. In preferred embodiments, the crosslinking agent is sulfur or a sulfur 

donor compound. In preferred embodiments, the accelerator is tetramethylthiuram 

disulfide i~ combination wi~ mercaptob~nzothiazole (MB'i)". In preferrec\ 

35 embodiments, the method includes the further step of aging the nitrile"rubber 

composiiion for a period. of one to thre~ days, befo~ the co~position is. forined inio. • 
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· ·. finished rubber. articles, or other use. In a preferred embodiment, the method includes 

the further step of curing the nitrite rubber composition to form a cured nitrile rubber 

composition. The invention further provides a cured nitrite I'l!bber composition formed 

by the above-described method. In a preferred embodiment, the cured nitrile rubber 

5 composition is substml:tially free of divalent. metal oxides. The invention also provides 

:.an 3:flicle of manufacture compri~ing a layer of the cure~ nitrile.rubber-composition .· 

·· .··. · .. ::·:lf~rmed:i,:y ~e .~bo~e-describ~d me!hod ... ' ... : · . ,. ,. 

. : . · '. ·. · , !Ii ah.o~e.r:a5pect,."the in:~~ntio~ prpvides :a cured ·nitrite rubbe~ c.o~position. The· 

· : . ·. ~~~d ~itril~ .~bber ~mpositi~n -inchides a nitrlle iatex' base, a: s~bi,izing. agent, a . 

. ·. · 1 O: . . substantially zinc-oxide-free ·cr~ss,inking agent, ~an<:t an ·accelerator, and js substantiall~. 

· ·:· . ·f..-eeofzino oxide: Fllrthe~. the cUred ~itrile·rubber"composition hasa jOQ% modulus of.· 

·. 

15 

. . 

elasticity le~s th~ about 1 100 ps~. preferably in the range of about 400 psi to about 1100 . 

psi. In pref~ed embodim~ts, the cured !Jitrile rubber composition is further 

characterized in that the 300% modulus is in the range of about 500 psi to about 700 psi. 

in preferred e~bod~ments, the cured.nitrile rubber is further charactetized in_thatthe 

tensile strength is greater than about 5000 psi. In preferred embodiments, the rubber is 

substantially free of zinc. In preferred embodiments, the nitrile rubber is resistant to 

organic solvents. 

Iri yet another aspect, the invention provides a cured nitrile rubber prepared from 

20 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 

ch~racieri~d. by h~ving ~ 30Q'yo ·m~d~lus of ~lasticity in the range of about 400 psi to 

· about 1100" p;i~· and by having a tensil~ strength greater than about 5000 psi . 

. ln still another aspect, ·the invention provides a method of making a sulfur-cured 
. . . . 

25 nitrite 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 ~hat the rubber has a ~00% modulus of elasticity in the range of_~~.~)!t 400 psi to about 

J 100 psi, and in that the cured !llbber. has a ten~ile str~ngth greater .than about 5000 psi.. 

35 In another aspect, the invention proVides nitrile rubber compositions made 

. according to ~my of the above methods. 
----------

THIS SHEET HAS BEEN 
REPLACED 
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In another aspect, the invention provides articles of manufacture made from any 

of the nitrite rubber compositions of the invention. A preferred article of manufacture is 

a glove. In preferred embodiments, a glove according to the present invention includes a 

layer of a cured nitrile rubber composition of the invention. the layer having a thickness 

·of between ~bout 3 mil and about 30 mil. 

Other features, obj~~ts, anq ad;van~ages of the present invention will become 

appar~nt f~m the followi~~-deta:Hed.de~c~iption; drawings; and .claims . 
. . . . ; .. .· . . .. • .... : . . . . . . ' 
. . .. .. · . .. . .. ~ .. ~-· . .· 

Brief Description of the ·nrawin1s 

·· . . . Figure 1 is a bar graph .corltparing .the physical properties of the rµbber material 

of~he invention to a CODl:merciaIJy av~ilable rubber·materlal. . . . .. · 

Figure 2 i·s a bar graph comparing the chemical resistance 6f the rubber material 

of the invention to a'cclmmerciaUy availab1e rubber.material. 

15 · Detailed Description of tlie Invention 

The invention provides nitrite rubber formulations useful for manufacturing 

anic1es 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 tenn "nitrile latex" is ~-recognized and refers to a synthetic rubber lat~x 

used in the manufacture of elastome~. Nitiil~ l~texes can be carboxylated or 

noncarboxylated; carboxylated nitrile latexes are preferred. 

As described furthei: belo~, the nitrile compositions of the invention are 

25 preferably substantially free of zinc oxide'. The term "substantially free of zinc oxide,'' 

as used he~in , refers to a nitrile rubber composition in which zinc oxide i_s ~ot present 

in an amount effective to significantly cr~sslink components of the nitrile rubber, _e.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, whfoh 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 cenain preferred 

embodiments, the composi~ions are also substantially free of other metallic compounds. 

particularly divalent metai oxides such as lead oxide, magnesium oxide .. and the like, 

· 35 ·which can ionically crosslink carbOxyiate itioieties ·of rubber mat.erials. t.he term. 

"divalent metal oxide;" as used herein, refers to ah oxide ofa divalent metal, i.e., a metal 

11111i11nr THIS SHEET HAS BEEN 
REPLACED 
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in the +2 oxidation state. Exemplary divalent metal oxides include ZnO, PbO, BaO, 

. MgO, CaO, and the like. In preferred embodiments, the compositions of the invention 

include less than about 0.3 parts per hundred dry rubber (phr) of divalent metal oxides, 

more preferably less than about 0.2 phr of divalent metal oxides, more preferably less 

5 than about 0.1 phr of d~valent metal oxides, and most preferably less than about 0.05 phr 

of divalent metal oxides. 

10 
< . 

. ... 
.. . . 

• J, Comoositions · · . . . . . :·: .. 

Caroo)Cyiated nitrite _latexes sultabie for use in th~ methods and compositions or" 

:the invention. are known in the art, and are conimercialtY avai}abl~.· . While any . . . . 
.carboxylated nitrile latex can be· employed, latexes having. high levels of acrylonitrile are . 

. . 
preferred due to the increased chemical res~stance of sucll composition~. For example, 

carboxylated:nitrile latexes s~ch as Perbunan N Ia:tex KA8250 and KA8425 (_Bayer 

Corp.), are suitable for use in the subject invention. Other latexes, such as Tylac 68-074 

· 15 and 68-065 (Reichhold Chenlical) are also suita~le. Pe~bunan 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 late~· particles,. reducing the formation of defects in articles, such as 

. . . 
gloves, made from the rubber· formulation. Thus, in certain 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 nitrite latex employed, the 

pH of the formulation, and other factors. The skilJed artisan will be able to determine 

appropriate amounts of a stabilizer. In preferreslembodiments, 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 amolints 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. 

. In pr~ferred embodiments, .a protective colloid is pres~~t as stabilizer. A 

35 .protective colloid can prevent the latex from becomit1g e>_ecessiv~ly viscpus. Viscosity is 

a problem ·in nitrite latexes, particularly at higher pH level~. e.g., ~t pH ~hove about 8.0 . 
.. 
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Extreme viscosity can lead to gelation of the latex, which is ·highly undesirable. 

Accordingly, at high pH, a protective colloid is preferably added to the latex. However, 

the level of protective colloid should be carefully controlled to avoid problems such as 
slow curing of the nitrile rubber composition. The amount of protective· colloid 

5 required depends on characteristics of the latex. such as pl:I, solids level, and particle size 

di.stribution. A preferred protectjve colloid is ammoniu.m cas~inate. In preferred 

e~bodiments, ammoniµ~rcaseinate· is p~es~nt in the r~ge of about 0.1 to about ·l .O phr~. 
·more preferably about. o.i ·to ab_Out 0:4 pht~ Other ~emplary pr~tective ·colloids include 

plant hydroc~lloids s~ch as sodi~m ~lginate, proteins other ilia~ casein, and ot_her ~ater 
I 0 . soluble polyme~ such as polyvinyl alCohol. . in certain embodiments, the protective 

colloid· may be omitted. For elcatnple, addition of viater to a latex generally reduce~ the· 

need for a protective colloid, although a thinner latex frequently results. Such a thin 

latex may be preferred for manufacturiiig thin rubber articles. : 

As described above, when zinc oxide is omitted from previously known nitrile . . . 
15 rubber compositions (which typically .have a'pH of7.5-8.5), articles made from the 

. . 
nitrile rubber will frequently suffer from low tensile strength and decreased 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 ~suits. ~ile no~ wishing to be bound by any theory, it i~ 
"believed that the higher p;H levCl of the inyentive"compositions results-in effective 

activation of the sulf~r cure system (described below) and improves the cure rate .. The 

specific pH needed can vary depending on the particular 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 nitrite 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 provides superior results and is preferred. 

35 

The use of sulfur and sulfur donors (collectively, "sulfur compounds") for---·-·--···. 
vulcanizing· (covalently crosslinking) carboxylated nitrite latexes. is.known in the~- A 
sulfur CQlllpound, optionally in coml;>iriation with a11 accelerator (which reduces the time 

required for vul.canizati.on) and/or an actiyator _(i.e· .• a compound which i~creases".the • 
• 
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potency of an accelerator), is referred to herein as a "cure system." Preferred cure 

systems for the inventive compositions include sulfur (i.e., elemental sulfur) and sulfur 

donors, in combination with at least one accelerator. A variety of accelerators useful in 

the present invention are known in the art (see, e.g .• U.S. Patent No. 5,326,828). 

5 Preferred accelerators include zinc dibutyl dithiocarbamate (sometimes referred to as 

butyl-zimate), sodium dibutyl dithiocarbamate, MBT (mercaptobe~othiazole) and 

· ~ T¥TD (tt?.ttam~thyl thi~r~ disulfid~); M_:&T.and TMTD ~~ ~enerally.~mployed in · · ... 

· combinatjon. Bufyl zimate is effeetiye fpr curing of <.:ai:b~xylated.nitrile compo~irloµs· 
. . ·having ~&iieci, e.g., l~w..~r-htgh acrylonitrlle content, while th~· combination ofMBT ~~ 

to TMTD is ge~erally less effective for low:..acrylonitrile fo~itlations:· Butyi zimat~ is'·: 
also more active than MBT and TMTD at lower temperatures. Accordingly, ·in certain 

embodiments; butyl zimate is~ preferred accelerator. However, in other preferred 

embodiments, e.g., if a substantially zi~c-free nitri1e rubber c~mposition is desired, 

either sodium di butyl dithiocarbamate or the combination of MBT and TMTD is 

15 preferred as the accelerator. A nitrile rubber thafis substantiaUy free of zinc preferably 

does not include zinc, from any source, in an amount effective to significantly crosslink 

components of the nitrile rubber, e.g., the carboxylate moieties 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, includin~ pigments, plasticizers, processing agents, 

coagul~ts, ~d the like. A p~ferred pigment is titanium dioxide, which is useful when 

a non-transparent articl~ is desired~ It is believed that titari.ium dioxide does not· 

id~icaliy crosslink carboxylate moieties of rubber materials, and therefore d~es not 

undesirably stiffen the·rubber materials of the inventfon. Plasticizers can be added to 

25 improv~ the "wet gel strength" of the nitrile rubber. 

In preferred embodiments, nitrile rubber compositions of the ·invention are 

substantially 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 nitrite 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 

.. require the use of additional expensive reagents~ Thus, the nitrila rubber compositions . .. . .. 

35 of the invention can be made at a cost"comparable to that of.conventional nitrile rubber 

formulations. 
.. 
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fl Methods 

Methods of compounding nitrile rubber formulations arc known in the art. Thus, 

the compositions described 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.~d articles of 

manufacture. f.s described below, certain· components of the nitr~le rubber can· be added 

· at ·any time. during the· compoun~ng process, whiie other components are preferably. 

added in ~ specific order. ,. · 
. .. . . . . . . . 

· In general, the compounding process begins :with a ~te~-based carboxylat~d 

10 nitrile latex, which is usually sti~ed. or agitat~d-throughout the compoundin'g. process to 

ensure efficient mixing. ·stabilizers, including protective colloids, are generally added 

before the pH of the latex is raised. The pH of the latex is raise~. and the cure system is 

then added. Dispersions.ofpigments;if desired,.can be added at any stage. 

Once all compon~ts have been added, t~e 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, moJding, and the like. Articles such as gloves, condoms, and the like are often 

made by dipping a form into the late~ compositions, thereby preparing a latex fih~ on . 

the surface of the form. ·Th~ re~id,ence time Qf~he fonn in the latex composition can be 

selected to obtain a film of a desired thickness on the form. 

The form is preferably dipped in a coagulant solution prior to dipping in the latex 

25 composition. A preferred coagulant solution includes calcium ions; a preferred calcium 

30 

. . . 

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. . 

After the form has been dipped in the coagulant s9lution and into the nitrite 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 thel} removed ·. 

from the wash bath and dried and cured to produce a rubber article. The latex is 
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generally dried at ~levated temperature, e.g., a temperature above 100°F, more 

preferably in the range from about ' 50°F to about 210°F. The time required for drying 

can be selected to ensure any desired level of moisture in the film prior to curing. The 

curing process usually requir~s somewhat higher heat than drying; preferred 

. 5 temperatures for curing range from about 200°F to about 300°F. The article is ~ured . 

until a desired cure state is achieved. 
• •• • I 

. After ·curing~th.e ruqber articles can optionally be (urt~er treated according to 
. . . . . ~ 

known methods~ e.g:, by·ch1orination;fo11(!wed·by neut~ization'and drying. When all . . . 

treatments, if any' are cpmpleted, the ~ides can be strippec:f :troin the forms and . 

10 packaged~ .. 
The cured nitrile rubber' formulations of the invention.are softer; i.e., have lower . 

elastic modulus, than many conventional industrial nitriJe rubbers, but the inventive 

nitrile rubbers have good strength and chemical ·resistance. Thus, in one.aspect, the 

invention provides a niirlle rubber materiai which, when cured, has a 300% modulus less 

15 than about 1100 psi (pounds per square inch); In preferred embodiments, the cured 

nitrile rubber has a 300% modulus in the range of about 400 psi to about l J 00 psi, more 

preferably about 500 psi to about 700 psi. 'In preferred embodiments. the cured nitrile 

rubber material has a tensile strength greater than about 5000 psi, more preferably 

greater than about 5500 psi. In preferred embodiments, the cured nitrile rubber material 

20 · 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 less than about 5% 

increase in arefl, 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 thari about 7% increase in area after 

25 24 hour exposur~ to hexane is referred to herein as "chemically resistant." In c~ain 

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 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 inv~tion having a thickness of between about 3 

mil and about 30 mil. Thin gloves provide better feel for the wearer, which is ~~~!i:a~Ie, 

e.g., f~r surgical gloves. Accordi~gly, surgical gloves preferably include a layer of a . 

35 cured nitrile rubber of the fovention having a thickne~ between ib~ut 3. mil and J J mil. 

more p~ferably between a}?out $mil and 10 m~t: Thicker ~loves provide better strength 

030Vld38 
Nj39 S\fH l33HS SIHl 
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and chemical resistance, which is desirable, e.g., for laboratory or industrial gloves. 
Thus, laboratory or inductrial gloves preferably include a layer of a cured nitrile rubber 
of the invention having a thickness between about 10 mil and 30 mil, more preferably 
between about 15 mil and 28 mil Of course, the skilled artisan will appreciat<? that the 

5 cured nitrile rubber layer of such gloves (or other articles) can be thick~r than 30 µiils, if 
greater protectiop is desired. The improv~d soft qualities of the inventive nitrile 
compositions make possib~e gloves that are thicker than conventionai g}oyes but Which 
are not unduly rigid or un~o?1fortable: · . . 

The invention also contemplates composit~ articles comprising a layer of a cured 
i 0 nitrile ·:rubber .of the inventio~ .. 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 rubber or. plastic, 
to form a composite article. Such composite articles can, in some embodiments, provide 
qualities such as increased chemical resistance, puncture resistance, or tensile strength . 
compared to conventional articles. 

. 15 

20 

25 

3.0 

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 1 

A carboxylated nitrile rubber formulation was prepared as follows, using the 
amounts of the components shown. in Table L 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 Zimat~ =Zinc Dibutyl Dithiocarbamate. 

Table l 

iil1i1illflilf 03:)\fld:Jij 
N338 S'VH l33HS S/H. 
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First, the proper amount of latex (Perbunan N latex K.A8250. Bayer Corp.) was weighed 

into a mixing vessel. The latex was strained to remove contamination, including 

coa~ulated pieces of rubber~ and a stirrer was placed in the vessel; the latex was stirred 

throughout the compounding procedure. The level of agitation was sufficient to disperse 

5 the other ingredients quickly as they were added; optionally, a small ainount of 

defoamer can be added if nec~s~ary . 

.. . . ~- .. · N~xt, stab~li~rs were added to tlie _latex· .. In this ex~ple, sodium 2-e~yl hexyl 

sulfate ':"as ~ed :to imprQv~ th~ appearm;t~e and quality of az:ti~les made from the nitrile· 

rubber by preventing run back of the latex after .dipping. Ammonium caseinate. a· · · 
. . . 

· 10 . 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 the latex. 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 

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 ziniate (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 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 nitrite latex prepared in Example l, supra, by the 

25 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 l 70°F to 

220°F. The forms were then dipped into a coagulant solution ofcalcium 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 generally was performed at abo~t 160-21"0°F, ~d ~e-curing was 
. . . .. 

35 performed at.about 240-3~0°F. 

. .. 
. ... 
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Finally, ihe finished gloves were stripped off the forms. A sample was cut from 

a glove produced by the above method, and several tests were performed. The results of 

the tests are graphica11y depicted in Figure 1 (the scale is thousands of pounds per sq~are 

inch). As shown in Figure 1, the glove of the invention ("Soft Nitrile") is softer (i.e., has 

a lower elastic modulus) than a commercially-avail~ble nitrile glove ("Pdn Nitrile," a 14-: 

mil-thick glove available from North Safety Products, product code LA142G). The 

·.glove.of th~· invention is'sli~tly.strong~r than th~ commercially availabl~· glo~e. ~s .. 
shown; by .the greater t~nsile strength of the subJect glove. 

The chemical resi_stan~e. ~f the glove .produced as desc~bed above, as measured 

according to ASTM ~ethod F739, is graphically depicted in Figure 2. The subject 

material ("Soft Nitrile") provides greater resistance.to chemicals than the control 

material, a commercially available nitrile latex rubber (a 1 S~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 I% after 24 hour exposure to 

hexane at room temperature. 

20 Thus, the cured nitrile rubber of the invention provides improved softness, while 

maintaining strength and chemical resistance comparable to, or superior to, a 

conventional nitrile rubber. The subject nitrile 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 composi~ons are substantially free of divalent 

25 metal ions. 

The contents of all publications cited throughout this specification are hereby 

incorporated by reference iri their entirety. · 

30 Eguivalents 

35 

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

routine experimentation, nwn~rous equivalents to the specific procedures described 

herein. Such equivalents are considered to be within the scope of thi§.jn.vention and are 

covered by the following claims. 

What is claimed is: 
.•, 
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Finally, ihe finished gloves were stripped off the forms. A sample was cut from 

a glove produced by the above method, and several tests were performed. The results of 

the tests are graphica11y depicted in Figure 1 (the scal_e is thousands of pounds per sq~are 

inch). As shown in Figure 1, the glove of the invention ("Soft Nitrile") is softer (i.e .• has 

S a lower elastic modulus) than a commercially-avail~ble nitrile glove ("Pdn Nitrite," a 14-: 

mil-thick glove available from North Safety Products, product code LA142G) .. T~e ·. . . . 
·.glove of the invention is· slightly.stronger than the commercially available· glove, as .. 

shown' by .the greater tensile strength of the subject glove. 

The chemical resistance ~f the glove produced as desc!ibed above. as measured 

10 according to ASTM method F739, is graphically depicted in Figure 2. The subject 

material ("Soft Nitrile") provic,les greater resistaric~ to chemicals than the control 

material, a commercially avaiiabJe nitrile. latex rubber (a 15-mil-thick glove availabl~ 
from North Safety Products, product code LA 1530). 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 nitrite 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 nitrite rubber material 

also exhibited an increase in area (swelling) of less than l % after 24 hour exposure to 

hexane at room temperature. 

20 Thus, the cured nitrile rubber of the invention provides improved softness. while 

maintaining strength and chemical resistance comparable to, or superior to, a 

conventional nitrile ru~ber. The subject ~itrile rubber is aJso free of zinc oxide, and, if a 

zinc-free accelerator is employed, can be made substantially zinc-free. In certain 

embodiments, the subject nitrite rubber composi~ons are substantially free of divalent 

25 metal ions. 

The contents of all publications cited throughout this specification are hereby 

incorporated by reference iri their entirety. · 

30 Equivalents 

35 

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

routine experimentation, num~rous equivalents to the specific procedures described 

herein. Such equivalents are considered to be within the scope of thi!?...i1wention and are 

covered by th~ following claims. 

What is claimed is: 
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1 : A method of making a nitrile rubber composition, comprising the steps of 

combining a nitrile latex with a stabilizing agent, 

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

5 -latex, ~d 

contacting the basic nitrite latex with a substantially zinc-oxide-free crosslinking 

agent and with_at least:one acceJeratoi" to fo~ a nitrile·rubber ~mp6sition, 
" . . . 

·wherein the nitrile rubb~r compositie~· i~· substantially free of zinc oxide. ·. 

10 2 A method according to claim 1, w~erein the stabilizing agent is selected from the 

group consisting of ammonium caseinate, sodium alginate, and J)olyvinyl alcohol.. . 

3. A method according to claim 1, wherein the step of adjusting pH includes adding 

an alkali hydroxide to the nitrile latex. 

15 

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

compound. 

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

20 tetramethylthiuram disulfide and mercaptobenzothiazole. 

6. A method accor4ing to claim I. comJ?~ising 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 cu~ing 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. 

l 0. · An article of manufacture comprising a layer of the cured nitrile rubber 

composition of claim 8. 

35 

-·. 
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J 1. A cured nitrite rubber composition comprising 

a nitrile rubber base, 

a stabilizing agent. 

a substantially zinc-oxide-free crosslinking agent, and 

an accelerator, 

whe~in the nitrile rubber compositi~n_"is s~bstantially free of divalent met~l 

oxides~ and has a 300% modulus ofelastic~~Y less than-about 1100 psi. 
... · ... 

12. A _cured nitrile ~bber_ composition of clai~ 11, further characterized in that the 

10 3000/o modulus is in the range of about 50Q psi to a.bout 700 psi. 

13. A cured nitrile rubber composition according to claim 11. further characterized · 

by being substantially free of ~nc. 

15 14. A cured nitrile rubber composition according to claim 11, further characterized 

20 

25 

in that the nitrite rubber composition is resistant to organic solvents. 

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

composition of claim 11. 

16. An articJe according to claim 15~ wherein the article is a glove. 

17. An article acc~rding to claim 15, wherein the layer of the cured nitrite rubber 

composition has a thickness of about 3 mil to about 30 mil. 

I 8. A cured nitrile rubber prepared from a nitrite 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 th~ nitrile latex to about 8.5 - l 0.0 to yield a basic nitri1e .. 
35 latex, and 

I . 
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contacting the basic nitrite latex with a crosslinking agent selected from the 

group consisting of sulfur and sulfur donors, and with an accelerator, to form a nitrile 

rubber, 

wherein the sulfur-cured nitrite rubber is substantially free of divalent metal 

oxides. 

20. A sulftu:-:-cured carboxylated nitrile.rubber; wherein the rubber is substantially .. . . . . . . 

free of divalent metal qxides, and further characteriz~d in that the rubber has a JOO% 

m~dulus of elasticity iii the range of about 400 psi to about_ I 100 psi, and in-that the 
. 10 · · cured rubber has a tensile strength greater than about 5000 psi. 

· 21. A cured nitrile rubber characterized in that the rubber has a 300% modulus of 

elasticity in th~ range of about 400 psi to about 1100 psi, and a tensile strength greater 

than about 5000 psi, and further characterized in that the rubber is resistant to organic 

15 solvents. 
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