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Description                                       mercially available under
the trademark Adogen[err] 464 from Sherex Chemical Company of Dublin, The
present invention relates to the vulcaniza-  Ohio and from Henkel
Corporation, Minneapolis, on of a sulfur. curable rubber composition. More
Minnesota, under the trademark Aliquot[err] 336. particularly, the  present
invention relates to a meth-   5   Methyl trialkyl ammonium  salts are
generally od for increasing the rate of cure of a sulfur vul-  known as
phase-transfer catalysts and are de- canizable rubber by the addition of a
methyl trialkyl  scribed in U.S. Patent 3,992,432 which Is incor- ammonium
salt.      .                             porated by reference In its
entirety. The "rate of cure" is defined as the rate at       For ease in
handling, the methyl trialkyl ammo- which crosslinking and the development
of the stiff-  10  nium salt may be deposited on suitable carriers. ness
(modulus) of a rubber compound occurs. As    Examples of carriers which may
be used in the the rubber compound Is heated, the properties of  present
invention Include silica, carbon black, alu- the rubber compound change
from a soft plastic to  mina, kieselguhr, silica gel and calcium silicate.
a tough elastic material. During the curing step,     Use of a methyl
trialkyl ammonium salt does crosslinks are introduced, which connect the
long   15  not appear to affect crosslink distribution when polymer chains
of the rubber. As more crosslinks  used in combination with primary and
optionally are introduced, the polymer chains become more   secondary
accelerators. However, along with in- firmly connected and the stiffness or
modulus of  creased cure rate, there is usually seen an In- the compound
increases. The rate of cure is an   creased curative efficiency In the form
of increased important vulcanization parameter since it in part  20  state
or degree of cure. determines the time the compound must. be cured,     The
present invention may be used to cure i.e., the "cure time". In the
manufacture of vulcan-  sulfur vulcanizable rubbers or elastomers contain-
ized rubber articles, significant cost savings can be  ing olefinic
unsaturation. The phrase "rubber or realized through a reduction of cure
time. Through  elastomer containing olefinic unsaturation" is in- enhanced
rates of cure, the cure time required to  25  tended to include both
natural rubber and its var- meet minimum states of cure can be reduced.
ious raw and reclaim forms as well as various Given the above, extensive
research has been con-  synthetic rubbers. Representative synthetic poly-
ducted in  order to shorten the cure times of rub-  mers are the
homopolymerization products of bu- bers. Therefore, there exists a need for
improved  tadiene and its homologues and derivatives, for methods which
enhance the rate of cure in the   30  example, methylbutadiene,
dimethylbutadiene and absence of imparting undesirable properties to the
pentadiene as well as copolymers such as those vulcanizate.
formed from butadiene or its homologues or deriva- The present invention
relates to a method for  tives with other unsaturated monomers. Among the
enhancing the rate of vulcanization of a rubber   latter are acetylenes,
for example, vinyl acetylene; composition comprising adding to a sulfur
vul-  35  olefins,  for  example,  isobutylene,  which canizable rubber a
methyl trialkyl ammonium salt  copolymerizes with isoprene to form butyl
rubber; of the formula:                                   vinyl compounds,
for example, acrylic acid, ac- rylonitrile (which polymerize with butadiene
to form R2                                        NBR), methacrylic acid
and styrene, the latter com- 40  pound polymerizing with butadiene to form
SBR, as well as vinyl esters and various unsaturated al- [err]
dehydes, ketones and ethers, e.g., acrolein, methyl isopropenyl ketone and
vinylethyl ether. Specific examples of synthetic rubbers include neoprene
wherein [err] and [err] are independently alkyl  45  (polychloroprene),
polybutadiene (including cis-1,4- radicals having 8 to 10 carbon atoms and
M is     polybutadiene), polyisoprene (including cis-1,4- selected from the
group consisting of Cl, Br,     polyisoprene), butyl rubber, copolymers of
1,3-bu- [err] and [err] In addition, there is disclosed  tadiene or
isoprene with monomers such as sty- a sulfur vulcanizable rubber
composition compris-  rene, acrylonitrile and methyl methacrylate, as well
ing an elastomer containing olefinic unsaturation, a   50  as
ethylene/propylene terpolymers, also known as sulfur vulcanizing agent, an
accelerator and a    ethylene/propylene/diene monomer (EPDM), and in methyl
trialkyl ammonium salt selected from the  particular,
ethylene/propylene/dicyclopentadiene above formula.
terpolymers. The present invention relates to the use of a     The
activator used in the present invention methyl trialkyl ammonium salt as an
activator for  55   may be added to the rubber by any conventional sulfur
curable rubber compositions. A particularly  technique such as on a mill or
in a Banbury. The *    preferred methyl trialkyl ammonium salt is methyl
amount of methyl trialkyl ammonium salt may vary trialkyl[err] ammonium
chloride which is corn-  widely depending on the type of rubber and other 2



3                 EP 0 376 876 B1                    4 compounds present in
the vulcanizable composi- tion. Generally, the amount of methyl trialkyl
am- monium salt is used in a range of from about .05 to      [err] - about
5.0 phr with a range of .1 to about 1.5 phr being preferred. Vulcanization
of the rubber is generally carried out at temperatures of between about
[err] and [err]. Preferably, the vulcanization is conducted   wherein
[err], and R3 are independently alkyl at temperatures ranging from  about
[err] to          radicals having 8 to 10 carbon atoms and M is [err]. Any
of the usual vulcanization processes   10  selected from the group
consisting of C`, Br, may be used such as heating in a press or mold,
[err] and [err] heating with superheated steam or hot air or in a salt
bath.                                         2. The method of claim 1
wherein at least 0.05 In addition to the methyl trialkyl ammonium
parts by weight per 100 parts by weight of salt, other rubber additives may
also be incor-  15   rubber of said methyl trialkyl ammonium salt is
porated in the sulfur vulcanizable material. The      added. additives
commonly used in rubber vulcanizates are, for example, extenders, fillers,
pigments, plas-  3. The method of claim 2 wherein the methyl ticizers, zinc
oxide, stearic acid, antioxidants and  trialkyl ammonium salt is added In
an amount antiozonants.                                 20      ranging
from 0.05 to 5.0 parts by weight per The vulcanization is conducted in the
presence     100 parts by weight of rubber. of a sulfur vulcanizing agent.
Examples of suitable sulfur vulcanizing agents include elemental sulfur  4.
The method of claim 1 wherein M is Cl or (free sulfur) or sulfur donating
vulcanizing agents,  [err] for example, an amine disulfide, polymeric
polysul-  26 fide or sulfur olefin adducts. Preferably, the sulfur  5. The
method of claim 4 wherein M is Cl. vulcanizing agent is elemental sulfur.
Accelerators are used to control the time      6. The method of claim 4
wherein M is [err] and/or temperature required for vulcanization and to
improve the properties of the vulcanizate. In one   so  7. The method of
claim 2 wherein said sulfur embodiment, a single accelerator system may be
vulcanizable rubber contains an elastomer con- used, i.e., primary
accelerator. In another embodi-   taining olefinic unsaturation and is
selected ment,. comnbinations of two or more accelerators    from the group
consisting of natural rubber, may be  used which may consist of a primary
neoprene, polyisoprene, butyl rubber, poly- accelerator which is generally
used in the larger  35  butadiene, styrene-butadiene copolymer, meth-
amount, and a secondary accelerator which Is gen-     yl
methacrylate-butadiene  copolymer, iso- erally used in smaller amounts in
order to activate   prene-styrene     copolymer,      methyl and to improve
the properties of the vulcanizate.     methacrylate-isoprene copolymer,
acrylonitrile- Combinations of these accelerators have been
isoprene  copolymer,  acrylonitrile-butadiene known to produce a
synergistic effect of the final  40  copolymer, EPDM or mixtures thereof.
properties and are somewhat better than those produced by use of either
accelerator alone. In    8.  The method of claim 7 wherein said sulfur
addition, delayed action accelerators may be used     vulcanizable rubber
is selected from the group which are not effected by normal processing tem-
consisting   of   natural  rubber,  SBR, peratures but produce satisfactory
cures at ordi-  45  polyisoprene, or mixtures thereof. nary vulcanization
temperatures. Suitable types of accelerators that may be used in the
present inven-  9. A sulfur vulcanizable rubber composition com- tion are
amines, disulfides, guanidines, thioureas,   prising an elastomer
containing olefinic un- thiazoles, thiurams, sulfenamides, dithiocarbamates
saturation, a vulcanizing agent, an accelerator and xanthates.
50      and a methyl trialkyl ammonium salt of the formula: Claims 1. A
method for increasing the rate of vulcaniza- tion of a rubber composition
comprising adding   55 to a sulfur vulcanizable rubber a methyl trialkyl
[err] ammonium salt of the formula: 



3                 EP 0 376 876 B1                     4 compounds present
in the vulcanizable composi-                     2 tion. Generally, the
amount of methyl trialkyl am- monium salt is used in a range of from about
.05 to about 5.0 phr with a range of .1 to about 1.5 phr being preferred.
5                  [err] Vulcanization of the rubber is generally carried
out at temperatures of between about [err] and [err]. Preferably, the
vulcanization is conducted     wherein [err] and R3 are independently alkyl
at temperatures ranging from  about [err] to           radicals having 8 to
10 carbon atoms and M is [err] Any of the usual vulcanization processes
10   selected from the group consisting of Cl, Br, may be used such as
heating in a press or mold,         [err] and [err] heating with
superheated steam or hot air or in a salt bath.
2. The method of claim 1 wherein at least 0.05 In addition to the methyl
trialkyl ammonium         parts by weight per 100 parts by weight of salt,
other rubber additives may also be incor-  15     rubber of said methyl
trialkyl ammonium salt is porated in the sulfur vulcanizable material. The
added. additives commonly used in rubber vulcanizates are, for example,
extenders, fillers, pigments, plas-  3  The method of claim 2 wherein the
methyl ticizers, zinc oxide, stearic acid, antioxidants and   trialkyl
ammonium salt is added in an amount antiozonants.
20       ranging from 0.05 to 5.0 parts by weight per The vulcanization is
conducted in the presence      100 parts by weight of rubber. of a sulfur
vulcanizing agent. Examples of suitable sulfur vulcanizing agents include
elemental sulfur  4. The method of claim 1 wherein M is Cl or (free sulfur)
or sulfur donating vulcanizing agents,    [err] for example, an amine
disulfide, polymeric polysul-  25 fide or sulfur olefin adducts.
Preferably, the sulfur  5. The method of claim 4 wherein M is Cl.
vulcanizing agent is elemental sulfur. Accelerators are used to control the
time       6.  The method of claim 4 wherein M Is [err]. and/or temperature
required for vulcanization and to improve the properties of the
vulcanizate. In one   30  7. The method of claim 2 wherein said sulfur
embodiment, a single accelerator system may be          vulcanizable rubber
contains an elastomer con- used, i.e., primary accelerator. In another
embodi-    taining olefinic unsaturation and is selected ment, combinations
of two or more accelerators         from the group consisting of natural
rubber, may be used which may consist of a primary              neoprene,
polyisoprene, butyl rubber, poly- accelerator which is generally used in
the larger  35  butadiene, styrene-butadiene copolymer, meth- amount, and a
secondary accelerator which is gen-       yl methacrylate-butadiene
copolymer, iso- erally used in smaller amounts in order to activate
prene-styrene     copolymer,      methyl and to improve the properties of
the vulcanizate.       methacrylate-isoprene copolymer, acrylonitrile-
Combinations of these accelerators have been           isoprene  copolymer,
acrylonitrile-butadiene known to produce a synergistic effect of the final
40  copolymer, EPDM or mixtures thereof. properties and are somewhat better
than those produced by use of either accelerator alone. In     8. The
method of claim 7 wherein said sulfur addition, delayed action accelerators
may be used      vulcanizable rubber is selected from the group which are
not effected by normal processing tem-        consisting   of   natural
rubber,  SBR, peratures but produce satisfactory cures at ordi-  45
polyisoprene, or mixtures thereof. nary vulcanization temperatures.
Suitable types of accelerators that may be used in the present inven-  9. A
sulfur vulcanizable rubber composition com- tion are amines, disulfides,
guanidines, thioureas,     prising an elastomer containing olefinic un-
thiazoles, thiurams, sulfenamides, dithiocarbamates    saturation, a
vulcanizing agent, an accelerator and xanthates.
so      and a methyl trialkyl ammonium salt of the formula: Claims 1. A
method for increasing the rate of vulcaniza- ton of a rubber composition
comprising adding   55 to a sulfur vulcanizable rubber a methyl trialkyl
[err] ammonium salt of the formula: 



3    5                EP0376876B1                        6 wherein [err]
and R3 are independently alkyl radicals having 8 to 10 carbon atoms and M
is selected from the group consisting of Cl, Br, [err] and [err]
[err] 10. The sulfur vulcanizable rubber composition of claim 9 wherein
said methyl trialkyl ammonium                   [err] salt is present in an
amount of at least 0.05 parts by weight per 100 parts by weight of rubber.
10       worin [err] und [err] unabhlngig Alkylrestb mit. 8 bis 10
Kohlenstoffatomen sind und M aus 11. The  sulfur  vulcanizable rubber
composition of   der Gruppe, die aus Cl, Br, CH3$04 und HS04 claim 10
wherein said methyl trialkyl ammo-       besteht, ausgewdhlt ist, zu einem
mit Schwefel nium salt is present in an amount ranging from
vulkanisierbaren Kautschuk. 0.05 to 5.0 parts by weight per 100 parts by
15 weight of rubber.                                         2. Veriahren
nach Anspruch 1, worln mindestens 0,05 Gewichtsteile pro 100 Gewichtsteile
Kaut- 12. The sulfur vulcanizable rubber composition of      schuk des
Methyltrialkylammoniumsalzes zu- claim 9 wherein M is Cl or [err]
gegeben werden. 20 3. The sulfur curable rubber composition of claim  3.
Verfahren nach Anspruch 2, worin das Methyl- 9 wherein said elastomer is
selected from the      trialkylammoniumsalz In einer Menge, die von group
consisting of natural rubber, neoprene,      0,05 bis 5,0 Gewichtsteilen
pro 100 Gewicht- polyisoprene, butyl rubber, polybutadlene, sty-    steile
Kautschuk reicht, zugegeben wird. rene-butadiene    copolymer,     methyl
25 methacrylate- butadiene copolymer, isoprene-   4. Verfahren nach
Anspruch 1, worin M Cl oder styrene copolymer, methyl methacrylate-iso-
CH6SQ0 ist. prene    copolymer;  acrylonitrile-isoprene copolymer,
acrylonitrile-butadiene copolymer,  6. Verfahren nach Anspruch 4, worin M
Cl ist. EPDM or mixtures thereof.                 30 6. Verfahren nach
Anspruch 4, worin M CHsSO4 .14. The sulfur curable rubber composition of
claim    !st. 9 wherein the sulfur vulcanizing agent is se- lected from the
group consisting of elemental  7. Verfahren nach Anspruch 2, worin der
schwe- sulfur, amine disuifide, polymeric polysulfide or  36
felvulkanisierbare Kautschuk eln olefinische sulfur olefin adducts.
UngesIttigtheit enhaltendes Elastomer enthilt und aus der Gruppe, die aus
Naturkautschuk, 15. The sulfur vulcanizable composition of claim 9
Neopren, Polyisopren, Butylkautschuk, Polybu- wherein the accelerator is
selected from the       tadien, Styrol-Butadien-Copolymer, Methylme- group
consisting  of  amines,  disulfides,  40   thacrylat-Butadien-Copolymer,
Isopren-Styrol- guanidines, thioureas, thiazoles, thiurams, sul-
Copolymer, Methylmethacrylat-lsopren-Copoly- fenamides, dithiocarbamates,
xanthates or mix-     mer, Acryinitril-lsopren-Copolymer, Acryinitril-
tures thereof.                                     Butadien-Copolymer, EPDM
oder Mischungen davon besteht, ausgewAhit ist. Patentansprfche
46 8. Verfahren nach Anspruch 7, worln der schwe- 1. Verfahren zur Erhohung
der Vulkanisationsge-       felvulkanislerbare Kautschuk aus der Gruppe,
schwindigkeit elner Kautschukzusammenset-          die aus Naturkautschuk,
SBR, Polylsopren zung, umfassend das Zugeben eines Methyltri-       oder
N1ischungen davon besteht, ausgewahIt alkylammoniumsalzes der Formel:
50      ist. 9. Schwefelvulkanisierbare Kautschukzusammen- setzung,
umfassend ein olefinische Ungeslt- tigtheit enhaltendes Elastomer, ein
Vulkanisa- 55     tionsmittel, elnen Beschleuniger und ein Me-
thyltrlalkylammonliumsalz der Formel: 4 



7                 EP 0 376876 B1                    8 Revencdlcatlons 1
|  3  ---              1. Procede pour augmenter la vitesse de vulcani- R
- N- R            M                       s sation d'une composition de
caoutchouc, corn- 6      prenant l'addition & un caoutchouc vulcanisa- CH3
ble au soufre d'un sel de mdthyltrialkylammo- nium de formule: worin R1, R2
und Rs unabhangig Alkylreste mit            2 8 bis 10 Kohlenstoffatomen
sind und M aus   10         R -,   - -   der Gruppe, die aus Cl, Br, CHSO4
und HSO4     1-    3 bestoht, ausgewihlt ist.                           R
N-R                  M 10. Schwofelvulkanislerbare Kautschukzusammen-
CH3 setzung nach Anspruch 9, worin das Methyltd-  16 .alkylammoniumsalz in
elner Menge von minde- stens 0,05 Gewichtsteilen pro 100 Gewlchtstei-
dans laquelle R1, R2 et R3 repr6sentent, ind6- Ie Kautschuk vorhanden ist.
pendamment lNun de l'autre, des radicaux alky- Ie contenant de 8 & 10
atomes de carbone, et 11. Schwefelvulkanislerbare Kautschukzusammen-  20
M est choisl parml le groupe constitud par ClI setzung nach Anspruch 10,
worin das Methyl-       Br, CHsSO4 et HSO4. trialkylammoniumsalz in elner
Menge, die von 0,05. bis 5,0 Gewichtsteilen pro 100 Gewicht-  2. Procedc
selon la revendilcation 1, dans lequel steile Kautschuk reicht, vorhanden
ist.           on ajoute au moins 0,05 partle en poids par 25      100
parties en polds de caoutchouc dudit sel 12. Schwefelvulkanisierbare
Kautschukzusammen-        de methyltrialkylammonium. setzung nach Anspruch
9, worin M Cl odor CH3S04 iet.                                    3.
Procidd selon la revendlication 2, dans lequel on ajoute le sel de
methyltrialkylamrnmonium en 13. Schwefeivulkanislerbare Kautschukzusammen-
3o    une quantite se situant de 0,05 a 5,0 parties en setzung~nach
Anspruch 9, worfn das Elastomer      poids par 100 parties en poids do
caoutchouc. aus der Gruppe, die aus Naturkautschuk, Neo- pren, Polyisopren,
Butylkautschuk, Polybuta-   4. Proco6d  selon la revendication 1, dans
lequel dien, Styrol-Butadien-Copolymer, Methylme-        M representb Cl ou
CH9SO4. thacrylat-Butadien-Copolymer, Isopren-Styrol-  3e Copolymer,
Methylmethacrylat-lsopren-Copoly-   5. Proced6 selon la revendication 4,
dans loquel mer, Acryinitril-lsopren-Copolymer, Acrylnitril-  M repr~sente
Cl. Butadien-Copolymer, EPDM oder Mischungen davon besteht, ausgewihit let.
6. Procddd selon la revendication 4, dans lequel 40      M represente
CHMMO4. 14. Schwefelvulkatfisierbare Kautschukzusammen- setzung nach
Anspruch 9, worin das Schwefel-   7. Procede selon la revendication 2, dans
loquel Vulkanisationsmittel aus der Gruppe, die aus      ledit caoutchouc
vulcanisable  au  soufre elementarem Schwefel, Amindisulfid, polyme-
contient un 6lastombre contonant une Insatura- rem Polysulfid oder
Schwefel-Olefin-Addukbten   4  tion olefinique et est choisi parmi le
groups besstht, ausgewahit ist.                          constitue par le
caoutchouc naturel, le neopre- ne, Is polyisoprbne, le caoutchouc butyle,
le 15. Schweftlvulkanlsiorbare   Zusammensetzung         polybutadibne, un
copolymere de styrene-bu- nach Anspruch 9, worin der Beschleuniger aus
tadibne, un copolymbre de m6thacrylate de der Gruppe, die aus Aminen,
Disulfiden, Guani-  ao  mdthyle-butadibne, un copolymbre d'isoprene- dinen,
Thioharnstoffen, Thiazolen, Thiuramen,     styrbne, un copolymbre de
m6thacrylate de Sulfenamiden, Dithiocarbamaten, Xanthaten
mdthyle-isoprbne, un copolymere d'acrylonitii- odor Mischungen davon
besteht, ausgewihlt         le-isoprene, un copolymere
d'acrylonitrile-buta- ist.
dibne, le EPDM ou des mdlanges de ces der- 66      niers. a  Proc6dd selon
la revendication 7, dans lequel ledit caoutchouc vulcanisable au soufre est
5  



9                EP 0 376 876 B1                   10 choisi parmi le
groupe constitud par le caout-    mentaire, un disulfure d'amine, un
polysulfure chouc naturel, le SBRj le polyisoprbne ou des     polymere ou
des adduits de soufre-olfine. m4langes de ces derniers. 165. Composition
vulcanisable au soufre selon la '  Composition de caoutchouc vulcanisable
au   5       revendication 9, dans laquelle I'accdldrateur soufre,
comprenant un dlastombre contenant        est choisi parmi le groupe
constitu4 par des une insaturation olifinique, un agent de vulca-  amines,
des disulfures, des guanidines, des nisation, un accelirateur at un sol de
methyl-   thio-urees, des thiazoles, des thiurames, des trialkylammionium
de formule:                     sulffnamides, des dithiocarbamates, des
xan- 10     thates ou des m6langes de ces derniers. :   R R1-N-R3
M 1                         ~~~~~~~~~~~~15 CH3 dans laquelle RI, R2 et R3
representent, ind6- pendamment l'un de I'autre, des radicaux alky-  20 le
contenant de 8 I 10 atomes de carbone, et M est choisi parmi le groupe
constitue par Cl, Br, CH3SO4 et HS04. -10. Composition de caoutchouc
vulcanisable au   26 *soufre selon la revendicatlon 9, dans laquelle ledit
sel de m~thyltrialkylammonlium est prd- sent on une quantit6 d'au moins
0,05 partie en poids par 100 parties en poids de caoutchouc. 30 11.
Composition de caoutchouc vulcanisable au * soufre selon la revendication
9, dans laquelle ledit sel de mdthyltrialkylammonium est pre- sent en une
quantite se situant de 0,05 a 5,0 parties en poids de caoutchouc.
35 12. Composition de caoutchouc vulcanisable au soufre selon la
revendication 9, dans laquelle M repr~sente Cl ou CHMSO4. 40 13.
Composition de caoutchouc vulcanisable au soufre selon la revendlication 9,
dana laquelle ledit 6lastombre est choisi parmi le groupe constitu6 par le
caoutchouc naturel, le neopre- no, le polyisoprbne, le caoutchouc butyle,
le  45 polybutadiene, un copolymbre de styrene-bu- tadiene, un copolymere
de methacrylate de methyle-butadiene, un copolymere d'isoprbne- styrbne, un
copolymere de methacrylato de methyle-isoprene, un copolymero
d'acrylonitri-  50 le-isoprbne, un copolymere d'acrylonitrile-buta- diene,
le EPDM ou des m6langes de ces der- n iers. 14. Composition de caoutchouc
vulcanisable au  55 soufre selon la revendlicationl 9, dans laquelle
l'agent de vulcanisation au soufre est choisi parmi le groupe constitu6 par
le soufre e1- 6    


