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Description

Technical Field

[0001] This disclosure relates to polymer formulations for compounds having improved resistance to ozone and, more
particularly, to ozone-resistant compounds incorporating multiple polymers that can be formed into rubber films for use
in, for example, gloves and baby products

Background of the Invention

[0002] Latex is an aqueous suspension of hydrocarbon polymer. When the suspended hydrocarbon polymer is coag-
ulated using an acid or (as is more commonly used) calcium nitrate, the coagulated material drops out of the aqueous
phase as a solid. This solid can be of a single latex type, or it can be a combination of latex-type polymers. The hydrocarbon
polymer(s) suspended in the aqueous phase can be selected to provide a specific formulated blend. When the latex is
natural (derived from plant sources), a natural rubber product is produced. When the latex is synthetic (artificially produced
using emulsion polymerization techniques), a synthetic rubber product is produced. For example, when chloroprene
monomers (2-chloro-1,3-butadiene) are polymerized (reacted to link into a chain), the resulting product is known as
polychloroprene or chloroprene rubber, more commonly known by the trade name Neoprene, which is available from
DuPont Performance Elastomers L.L.C. of Wilmington, Delaware, USA.
[0003] Naturally-occurring ozone gas is corrosive to natural rubber and causes it to degrade, thereby compromising
the integrity of devices in which natural rubber is a component. Some synthetic rubbers, on the other hand, exhibit a
resistance to ozone that is superior in comparison to natural rubber. Unfortunately, many synthetic rubbers and most
notably the highly ozone resistant chloroprene-based rubbers are currently significantly higher in cost than natural rubber.
To increase ozone resistance of a rubber product, polychloroprene latex is blended with natural latex in the compound
formulation stage at a blend ratio level to impart the ozone resistance of the polychloroprene to the overall material. The
higher the polychloroprene ratio to natural latex, the higher the ozone resistance will be.
[0004] To facilitate effective ozone resistance at a cost that is more reasonable given the cost of chloroprene rubber,
rubber that is a mixture of chloroprene rubber and natural rubber has been derived. To produce a very minimal ozone-
resistant compound, the chloroprene content is typically 30% by weight (wt.%). This 30% chloroprene content is only
marginally better than natural rubber alone. 40% polychloroprene is needed to cause a substantial increase in ozone
resistance to be realized. At 40%, there is a sufficient saturation of polychloroprene to cover the natural rubber particles
and to provide suitable resistance to ozone degradation. The combination of natural rubber and chloroprene rubber at
the proper ratio thus allows the benefits of both materials to be realized. More specifically, by blending the natural and
chloroprene rubbers, ozone resistance from the polychloroprene is realized, and elasticity, strength, and tear resistance
from the natural rubber is realized. However, the high cost of polychloroprene makes it a less than optimum material for
use in rubber products, particularly at the levels currently used.
What is needed is a more cost-effective material that can be used in conjunction with polychloroprene to provide suitable
ozone resistance to rubber.
WO 01/90236 describes compositions useful in the manufacture of gloves that comprise 75 phr NBR, 5 phr Neoprene
and 20 phr of either natural rubber of polyisoprene. The amounts of NBR and Neoprene can be varied in broad ranges
of from 95/5 to 5/95. The amount of natural rubber or polyisoprene is limited to 5 to 30 phr.
US 2003/0005508 describes gloves of natural rubber and polychloroprene comprising diiodomethyl-p-tolyl sulfone.
WO 99/24507 describes rubber compositions for gloves with good resistance to ozone that comprise NBR, preferably
carboxylated, and polychloroprene.

Summary of the Invention

[0005] Described herein is the substitution of a portion of the costly polychloroprene with more cost-effective NBR
latex to achieve equal or better ozone resistance than a low-ratio of polychloroprene to natural latex blend, thereby
increasing the ozone resistance at a more favorable cost. In one aspect, the present invention relates to a polymer latex
composition comprising the components as defined in the claims. When these components are blended together and
formed into a film, the film exhibits a resistance to ozone that is improved over the resistance to ozone of materials in
which carboxylated NBR is not included. Furthermore, the combination of carboxylated NBR and chloroprene imparts
a synergistic effect to the composition with regard to ozone resistance. In particular, the ozone resistance realized by
the combination of the carboxylated NBR and chloroprene with the natural latex is greater than either of the acrylonitrile
and polychloroprene individually in natural rubber. In another aspect, the present invention relates to a glove as defined
in the claims, fabricated from a film of polymer latex composition as described herein (e.g., 20 wt.% carboxylated NBR,
20 wt.% polychloroprene, and 60 wt.% natural latex). The glove has a resistance to ozone that is improved over the
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resistance to ozone of gloves not including carboxylated NBR. Preferred aspects of the invention are apparent from the
dependent claims.

Brief Description of the Drawings

[0006] The Figure is a graphical comparison of the tensile strength for a selected modulus of various samples.

Detailed Description of the Preferred Embodiments

[0007] As used herein, the terms butadiene acrylonitrile copolymer or nitrile butadiene rubber (NB R) refer to carbox-
ylated nitrile butadiene rubber.
[0008] As referred to herein, NBR is a family of unsaturated copolymers of 2-propenenitrile and various butadiene
monomers (e.g., 1,2-butadiene and 1,3-butadiene) in which the acrylonitrile component is between 20% and 50% and
in which the butadiene component complements the acrylonitrile and is between 80% and 50%. Although the physical
and chemical properties of NBR vary depending on the polymer composition of the nitrile, it can be generally stated that
more nitrile within the polymer will produce a material of lower flexibility (as compared to less nitrile in the polymer
producing a material of greater flexibility). The carboxylation of the NBR provides carboxyl side groups that improve
abrasion and wear resistance, ozone resistance, and low temperature flexibility as compared to non-carboxylated NBR.
The present invention utilizes the claimed blend of NBR, polychloroprene, and natural latex to provide a rubber film
having durability against the effects of ozone while allowing the rubber film to maintain a suitable elasticity and a lower
modulus of elasticity. Durability against the effects of ozone while maintaining elasticity and modulus is not realized by
the foregoing components individually or the combination of any two of the components. Additionally, the cost of acry-
lonitrile is much less than polychloroprene and approximately equal to the cost of natural latex.
[0009] The formulations of the present invention include NBR, polychloroprene, and natural latex in ratios of 20/20/60,
which are formulations having 20% NBR, 20% polychloroprene, and 60% natural latex. The percentages of each com-
ponent of the formulation may be approximate. The formulations of the present invention, when blended, define polymers
that are aqueous latex compounds. A latex compound of such a polymer is cross-linked using a sulfur vulcanization
process to produce a rubber film. Using suitable manufacturing technology, the polymer is capable of being processed
into gloves, baby products such as pacifiers, baglets and bottle nipples, and a myriad of other devices.
Depending upon the particular device into which the aqueous latex compound is processed, the sulfur vulcanization
process may be performed before, during, or after the formation of device.
[0010] According to the present invention, a polymer composition comprising 10 wt.% to 30 wt.% NBR, 10 wt.% to 30
wt.% polychloroprene latex, and 56 wt.% to 64 wt.% natural latex is processed to provide one polymer formulation
(20/20/60) of the present invention. Preferably, the NBR is 18 wt.% to 22 wt.% and the polychloroprene is 18 wt.% to
22 wt.%. The polymer formulation is based on the dry weight of each component. The NBR component may also include
3 wt.% to 7 wt.% of a stabilizer (e.g., a soap) and is adjusted with a suitable amount of potassium hydroxide or the like
to cause the component (which is an aqueous solution) to be alkaline, preferably to a pH of 10 to 11. The natural latex
component includes 2% to 15% of at least one curing agent, accelerator, and an antioxidant in the form of an aqueous
dispersion. The curing agent dispersion may be a typical rubber cure system combination (e.g., zinc oxide, sulfur, a cure
accelerator, and an antioxidant). The present invention is not limited in this regard, however, as other similar cure systems
are within the scope of the present invention. Also, the final compound may include 2% to 5% of a coloring agent and
additionally (and optionally) up to 3% wax emulsion.
[0011] The NBR component in conjunction with the polychloroprene facilitates the blending of the NBR with the natural
latex. In particular, the combination of the NBR and the polychloroprene enhances the blending of the NBR/polychloro-
prene/natural latex compound due to the stability of the polychloroprene, thereby improving the stability of blending
process as well as the pot life of the compound. On the other hand, various materials may also be added to allow the
NBR, polychloroprene, and natural latex to blend together into a stable latex compound. For example, sodium alkyl
sulfate, which is an anionic stabilizer for natural, synthetic, and polychloroprene latexes may be added. Also, a mono-
sodium salt of sulfated methyl oleate may be added to, for example, improve the smoothness and gloss of the polychlo-
roprene latex film and/or as a modifier for latex dipping compounds.
[0012] In another embodiment of the present invention, a glove comprises a polymer having 10 wt. % to 30 wt. %
NBR, 10 wt.% to 30 wt.% polychloroprene latex, and 56 wt.% to 64 wt.% natural latex. Preferably, the NBR is 18 wt.%
to 22 wt.% and the polychloroprene is 18 wt.% to 22 wt.%. Again, the polymer formulation is based on the dry weight of
each component. The NBR can include 3 wt.% to 7 wt.% stabilizer (e.g., a soap) and can be adjusted with a suitable
base to bring the NBR into the alkaline range, preferably to a pH of 10 to 11. The natural latex component includes 2%
to 15% of at least one curing agent, accelerator, and an antioxidant in the form of an aqueous dispersion. Colorants
may be used to impart color to the finished glove product (typically 2% to 5%). Additionally, up to 3% wax emulsion can
also be added. The glove can be formed using any suitable technique (e.g., blow molding or casting).
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[0013] An antimicrobial agent may be incorporated into the glove. One particular antimicrobial agent that can be used
is Ultra Fresh 15, which is a 15% active, water-based dispersion of diiodomethyl-p-tolylsulfone available from Thomson
Research Associates of Toronto, Canada. The Ultra Fresh 15 (or any other antimicrobial agent) is added as a dispersion
to the glove material from which the glove is made. The present invention is not limited to the use of Ultra Fresh 15,
however, as other antimicrobial agents are within the scope of the present invention.
[0014] The dispersion is incorporated into the polymer material used to manufacture the glove by mixing of the dis-
persion into the liquid latex or latex/polychloroprene mixture. The latex or latex/polychloroprene mixture is itself an
aqueous dispersion so the antimicrobial agent is readily accepted and dispersed evenly throughout the compound.
[0015] In addition, the combination of the antimicrobial agent with other active materials can be suspended in a similar
way and added to the latex or latex/polychloroprene matrix. Other suitable materials that could be added include, for
example, triclosan, fluorescent material, silver salt, biguanide, chlorohexidene salt, dextran sulfate, quaternary ammo-
nium salt, benzalkonium, acriflavine, acridine dye, gentian violet, mercurochrome, extract of blue green algae, or any
mixtures thereof. Other materials may be added.

Example 1 - Formulation of tripolymer concept used for initial testing

[0016] The formulation indicated below was used for initial testing of the polymer incorporating NBR, polychloroprene,
and natural latex. The resulting compound was used as the 20/20/60 composition in subsequent Examples.

The nitrile rubber used was Reichhold 68073 Nitrile, available from Dow Reichhold Specialty Latex LLC of Research
Triangle Park, North Carolina, USA.

Material ppH % 
Active

Wet 
weight

% water 
cut

Dry wt. (lbs.) g Wet wt. (lbs.) 
g

3Nitrile 20.00 43.9 45.558 (0.53) 240.09 (1.2) 543.6

Sodium alkyl sulfate 0.25 33.0 0.758 33 (0.01) 4.53 (0.02) 9.06

(water) (0.04) 18.12

Monosodium sulfated methyl oleate 
salt

0.25 33.0 0.758 33 (0.01) 4.53 (0.02) 9.06

(water) (0.04) 18.12

Wax emulsion 1.000 54.0 1.852 (0.03) 13.59 (0.05) 22.65

KOH 0.500 10.0 5.000 (0.01) 4.53 (0.13) 58.89

Chloroprene 20.00 50.0 40.00 (0.53) 240.1 (1.05) 475.65

Natural latex 60.00 60.0 100.0 (1.58) 715.74 (2.63) 
1191.39

ZnO dispersion 3.00 50.0 6.000 (0.08) 36.24 (0.16) 72.48

Vulcanization and Antioxidant 
dispersions

4.30 54.0 7.963 (0.11) 49.83 (0.21) 95.13

Colorant 0.20 50.0 0.400 (0.01) 4.53 (0.01) 4.53

Sub-total 109.5 208.5 (2.88) 
1304.64

(5.57) 
2523.21

Ultrafresh 15 0.5 grams

Water adjustment (0.84) 380.52

TOTAL 109.5 208.5 (2.88) 
1304.64

(6.41) 
2903.73
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Example 2 - Tensile results of films based on polymer formulations

[0017] Various formulations of acrylonitrile/chloroprene/natural latex were tested to deteimine the tensile strength of
films thereof.

[0018] In the above Table 1, Sample 1 served as a control (no acrylonitrile). Gauge indicates the thickness of films.
[0019] Referring to the Figure, a comparison of the tensile strength for the 300% modulus of each sample is made.
The 300% modulus of Sample 1, as shown at 10, was substantially less than the 300% modulus of Sample 2, as shown
at 20. Both were less than the 300% modulus of Sample 3, shown at 30. A tensile strength value 50 of Sample 2,
however, is substantially in line with a tensile strength value 40 of Sample 1 but substantially greater than a tensile
strength value 60 of Sample 3. This indicates that an optimum amount of NBR occurs between 20 wt.% and 40 wt.%.

Example 3 - Effects of ozone on films based on polymer formulations

[0020] Sample discs of material were folded twice to generate a stress point. The sample discs were then placed into
an ozone chamber operating at 25-35 pphm ozone concentration. The samples were checked after every hour and
assigned a value (0-4 in 0.5 increments) based on the degree of wear of the sample. An assigned value of 0 indicated
that the sample experienced some whitening, but no cracks and no damage was visible; a value of 1 indicated that small
microscopic cracks were visible under magnification, but the material was still usable; a value of 2 indicated that cracks
were visible to the naked eye and about one half of the film depth; a value of 3 indicated that deep cracks were visible,
but the material was still usable although weakened; and a value of 4 indicated that the film was split or splitting was
imminent upon elongation. After 21 hours, a summation of all values was taken.

[0021] From the above data, it can be seen that Sample 2 outperformed Sample 1 and Sample 4.

Example 4 - Effects of ozone on stretched films based on polymer formulations

[0022] Rubber films (plates) were prepared from a variety of formulations differing in NBR, chloroprene, and natural
rubber latex ratios. Samples one inch (2.54 cm.) wide were cut from the plates, elongated 50%, and stapled to cardboard
mounts. The samples were placed in an ozone chamber and observed at 5, 10, 13, and 19 hours.

Table 1 - Summary of tensile testing results

Sample Composition Gauge 100 200 300 400 500 600 700 Tensile Elongation( )

1 0/30/70 0.0141 147 191 241 314 499 902 1574 3199 864

2 20/20/60 0.0132 198 287 430 752 1353 2179 2832 2876 678

3 40/20/40 0.0133 285 437 685 1266 1774 2523 511

*wt. NBR/wt. chloroprene/wt. natural latex

Table 2 - Samples

Sample Composition * Sum

1 0/30/70 68

2 20/20/60 23.5

3 40/20/40 30.5

4 0/0/100 34

* wt.% NBR/wt. % polychloroprene/wt.% natural la-
tex

Table 3 - Samples

Sample Composition

1 20/20/60
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[0023] The Samples were monitored and assessed for cracking, pitting, and other surface damage. Samples 2 and
4 were completely destroyed by 13 hours, whereas Samples 1 and 5 showed no damage at the end of the same 13
hour period. At 19 hours, Sample 1 showed some whitening but no damage, and Sample 5 showed minor surface
fissures, some curling, and whitening. It was concluded that Sample 1 definitively outperformed Samples 2 and 4.
[0024] Similar testing at longer periods of time indicated that Sample 1 may compete with samples having even higher
chloroprene levels (e.g., 60% chloroprene and 40% natural latex).

Claims

1. A polymer latex compound comprising:

- 10 wt.% to 30 wt.% of a carboxylated acrylonitrile butadiene rubber component;
- 10 wt.% to 30 wt.% of a polychloroprene latex component; and
- 56 wt.% to 64 wt.% of a natural latex component,

based on the dry weight of each component.

2. The compound of claim 1, wherein said natural latex component is cross-linked using sulfur vulcanization.

3. The compound of claim 1, comprising 18 wt.% to 22 wt.% of the carboxylated acrylonitrile butadiene component.

4. The compound of claim 1, comprising 18 wt.% to 22 wt.% of the polychloroprene latex component.

5. The compound of claim 1, wherein the carboxylated acrylonitrile butadiene rubber component comprises 3 wt.% to
7 wt.% of a stabilizing agent.

6. The compound of claim 5, wherein said stabilizing agent is a soap.

7. The compound of claim 6, wherein the carboxylated acrylonitrile butadiene rubber component has a pH of 10 to 11
a pH of 10 to 11.

8. The compound of claim 1, wherein said natural latex component comprises 2 wt.% to 15 wt.% of a curing agent.

9. The compound of claim 8, wherein said curing agent comprises at least one of zinc oxide, sulfur, a cure accelerator,
and an antioxidant.

10. The compound of claim 1, further comprising a coloring agent.

11. The compound of claim 1, wherein the ratio of carboxylated acrylonitrile butadiene rubber component to polychlo-
roprene latex component to natural latex component is 20:20:60.

12. A glove fabricated from a film formed of the polymer latex compound according to any one of claims 1 to 11.

13. The glove of claim 12, wherein said film is formed into the shape of the glove by a casting process.

14. The glove of claim 12, further comprising an antimicrobial agent.

(continued)

Sample Composition

2 0/30/70

4 0/0/100

5 40/0/60

* wt.% NBR/wt.% chloroprene/wt.% natural latex
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15. The glove of claim 14, wherein said antimicrobial agent is diiodomethyl-p-tolylsulfone.

16. The glove of claim 14, wherein said antimicrobial agent is selected from the group consisting of triclosan, fluorescent
material, silver salt, biguanide, chlorohexidene salt, dextran sulfate, quaternary ammonium salt, benzalkonium,
acriflavine, acridine dye, gentian violet, mercurochrome, extract of blue green algae, and mixtures thereof.

Patentansprüche

1. Polymerlatexcompound, umfassend:

- 10 Gew.-% bis 30 Gew.-% einer carboxyliertes-Acrylnitril-Butadien-Kautschukkomponente;
- 10 Gew.-% bis 30 Gew.-% einer Polychloroprenlatexkomponente; und
- 56 Gew.-% bis 64 Gew.-% einer Naturlatexkomponente;

bezogen auf das Trockengewicht jeder Komponente.

2. Compound gemäß Anspruch 1, wobei die Naturlatexkomponente durch Schwefelvulkanisation vernetzt ist.

3. Compound gemäß Anspruch 1, das 18 Gew.-% bis 22 Gew.-% der carboxyliertes-Acrylnitril-Butadien-Komponente
umfasst.

4. Compound gemäß Anspruch 1, das 18 Gew.-% bis 22 Gew.-% der Polychloroprenlatexkomponente umfasst.

5. Compound gemäß Anspruch 1, wobei die carboxyliertes-Acrylnitril-Butadien-Kautschukkomponente 3 Gew.-% bis
7 Gew.-% eines Stabilisators umfasst.

6. Compound gemäß Anspruch 5, wobei der Stabilisator eine Seife ist.

7. Compound gemäß Anspruch 6, wobei die carboxyliertes-Acrylnitril-Butadien-Kautschukkomponente einen pH-Wert
von 10 bis 11 aufweist.

8. Compound gemäß Anspruch 1, wobei die Naturlatexkomponente 2 Gew.-% bis 15 Gew.-% eines Vulkanisations-
mittels umfasst.

9. Compound gemäß Anspruch 8, wobei das Vulkanisationsmittel wenigstens eines aus Zinkoxid, Schwefel, einem
Vulkanisationsbeschleuniger und einem Antioxidans umfasst.

10. Compound gemäß Anspruch 1, das weiterhin ein Färbemittel umfasst.

11. Compound gemäß Anspruch 1, wobei das Verhältnis von carboxyliertes-Acrylnitril-Butadien-Kautschukkomponente
zu Polychloroprenlatexkomponente zu Naturlatexkomponente 20:20:60 beträgt.

12. Handschuh, hergestellt aus einer Folie, die aus dem Polymerlatexcompound gemäß einem der Ansprüche 1 bis 11
gebildet ist.

13. Handschuh gemäß Anspruch 12, wobei die Folie durch ein Gießverfahren in die Handschuhform gebracht ist.

14. Handschuh gemäß Anspruch 12, der weiterhin ein antimikrobielles Mittel umfasst.

15. Handschuh gemäß Anspruch 14, wobei es sich bei dem antimikrobiellen Mittel um Diiodmethyl-p-tolylsulfon handelt.

16. Handschuh gemäß Anspruch 14, wobei das antimikrobielle Mittel aus der Gruppe ausgewählt ist, die aus Triclosan,
fluoreszierendem Material, Silbersalz, Biguanid, Chlorhexidinsalz, Dextransulfat, quartärem Ammoniumsalz, Benz-
alkonium, Acriflavin, Acridinfarbstoff, Kristallviolett, Merbromin, Blaualgenextrakt und Gemischen davon besteht.
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Revendications

1. Composé polymère de latex, comprenant :

- 10 % en poids à 30 % en poids d’un composant caoutchouc d’acrylonitrile butadiène carboxylé ;
- 10 % en poids à 30 % en poids d’un composant latex de polychloroprène ; et
- 56 % en poids à 64 % en poids d’un composant latex naturel,

sur la base du poids sec de chaque composant.

2. Composé selon la revendication 1, dans lequel ledit composant latex naturel est réticulé en utilisant une vulcanisation
au soufre.

3. Composé selon la revendication 1, comprenant 18 % en poids à 22 % en poids du composant acrylonitrile butadiène
carboxylé.

4. Composé selon la revendication 1, comprenant 18 % en poids à 22 % en poids du composant latex de
polychloroprène ;

5. Composé selon la revendication 1, dans lequel le composant caoutchouc d’acrylonitrile butadiène carboxylé com-
prend 3 % en poids à 7 % en poids d’un agent stabilisant.

6. Composé selon la revendication 5, dans lequel ledit agent stabilisant est un savon.

7. Composé selon la revendication 6, dans lequel le composant caoutchouc d’acrylonitrile butadiène carboxylé présente
un pH compris entre 10 et 11.

8. Composé selon la revendication 1, dans lequel ledit composant latex naturel comprend 2 % en poids à 15 % en
poids d’un agent de durcissement.

9. Composé selon la revendication 8, dans lequel ledit agent de durcissement comprend au moins un composant
parmi l’oxyde de zinc, le soufre, un accélérateur de durcissement et un antioxydant.

10. Composé selon la revendication 1, comprenant en outre un agent colorant.

11. Composé selon la revendication 1, dans lequel le rapport entre le composant caoutchouc d’acrylonitrile butadiène
carboxylé, le composant latex de polychloroprène et le composant latex naturel est de 20:20:60.

12. Gant fabriqué à partir d’un film formé du composé polymère de latex selon l’une quelconque des revendications 1 à 11.

13. Gant selon la revendication 12, dans lequel ledit film est formé en une forme de gant par un procédé de moulage.

14. Gant selon la revendication 12, comprenant en outre un agent antimicrobien.

15. Gant selon la revendication 14, dans lequel ledit agent antimicrobien est la diiodométhyl-p-tolylsulfone.

16. Gant selon la revendication 14, dans lequel ledit agent antimicrobien est sélectionné dans le groupe composé du
trichlosane, d’un matériau fluorescent, d’un sel d’argent, du biguanide, du sel de chlorhexidine, du sulfate de dextrane,
d’un sel d’ammonium quaternaire, du benzalconium, d’acriflavine, de colorant d’acridine, de violet de gentiane, de
mercurochrome, d’extrait d’algues bleues vertes, et de mélanges de ceux-ci.
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