ACCELERATOR COWPGCSI TI ON FOR ELASTOVERS BACKGROUND OF THE | NVENTI ON The
invention relates to an accel erator agent conprising a novel blend of
- al dehyde- am ne condensation product and aliphatic am nes, for use with
diaminic, nmetal oxide, sulfur, and triazine crosslinkable elastoners, in
particul ar, ethylene acrylate el astoners (AEM and pol yacryl ate el astoners
(ACM, polyisoprene (IR), styrene butadiene (SBR), acrylonitrile butadiene
(NBR), ethyl engo prippykhene diene terpolymers (EPDM),  ,oricooiiossos
i sobutyl ene-co-i soprene (BR), chlorinated isobutyl ene-co-1soprene (CHR),
and brom nated isobutyl ene-co-isoprene (BHR). Diam nically crosslinkable
et hyl ene acrylate el astoners (AEM and pol yacryl ate el astoners (ACM are
relatively |nexpensive,eeasiiiRi ColfPOSITIAN ol £ ARfG O Tnterest in the

seals, particularly ose used in various elenents of vehicle

engi nes. AEM el astoners are avail able, for exanple, from DuPont under the
trade nanme VapRe&pouMbiorameM/eNagheers are avail able from Zeon
Chem cal s, for exanple, under the trade nanes N pol (r) and HyTenp(r) Those
AEM and ACM el astoners which are accessible to diam nic crosslinking
conpri se So- ChieliR@ntio Fefites tol 48 aFRRIBRITR EgchtRoliSris3 @ 36 Ol 8 idehyae bl €1 ast omer
is normally acpg omeateI%/ |, to approximately 5 phr. Conventionally,
di ani ni cal | y CPEBLIIIREARE andumliphatit emipgspiopyss stth fupaicapel pxidss@ilfimked wi t h
crossl i nki ng aagentise Gkt eldomesapgpliclar, baxareiyt eRendisqAEMe car bamat e,

N, N- di ci nnany] | Lam car te, 4, 4- di am nodi cycl xyl met hane,
m xyl ene di gz%“ !ri1 (ﬁyagfyﬁwcﬁﬂgt%“hmo %eB?}Pﬁ‘@f%&ﬁé?stﬂf%%a%%?%ay phenyl et her
and 2, 2- bi s[ 4cylbaigite niedpheidNBRY, ethisemypripyteapdiore tepohyineh (ERDM)be used

i ndi vidual ly . L, 0, ¥ | e . di am ne ssl i nking agents
belong to thégglri%lt%r%?%g%%g%%@?rénﬁ%a]ii%’b% Jeﬁ%go. %%%nﬁggfg‘?@ﬁ 0549 teaches a
crossl i nki ng baggepatedfisgbutylengrepifopranel BURY ossl i nkabl e et hyl ene acryl ate (AEM
and pol yacrylate (ACM el astoners, conprising a diam ne crosslinker, an
accel erator selected from 1, 8-di azabi cycl o-5, 4, 0-undec- 7-ene (DBU),
derivatives afiymiaistlysropipkebls pthylensdorylesiaermarAEND andpalysppiiatol i done t ype.
The ref er encelaniohes(AdMtararbiithvely BBkhendveleRithieiomaB ISRk chESof AP WD

accel erator, IIII‘Eh was .no I%ossli lE to yse W tg’Fthesg AEg/I and ACM el ast oners
as it resul t S41F A HEEH BRCUEREPes Bep i vanqs demeielwicli ckeditper at ures. The
ref erence t eddidastdnats ateheaifpblglidremanipt, Hote DeREuntY t1e GadRinehéIgarkdBl) Wi th a
noderator. P ' tural .r er (NR) elastqners are
relatively i?gﬁ%g%@ire\%gt&g{}a%% %’E%arb%g% rr{lar%g? Fgﬁngca\%hbf?rc anéprleeznfflgret 44 many br oad
range rubber bapgINiped® prgdlyTergr®.e| ast oners are avail able, for exanple, from
DuPont under the nanme Neoprene, while NR elastoners are wi dely avail abl e
under many teghni cal specified descriptions of natural rubber. General
purpose CR i $7%7¢ &M frd AbMordgtonrrg waich 116 arsepsifls dlieminipgesslinkise Fampriseni r e and
cabl es, heel so-aulied Ged @8 mefomsN@RSWhaEOMRE if AP ElhsGEer ifmagSket s. Most
natural rubber is lﬁegt In fLres gn% ?tO@ti é,e pr.odyct s. _%her maj or

appl i cat i ons “BFORFGY &P HELPFIR? PN FORRTREET fiHymendly qessinkalt wear and
adhesi ves. CRExvad MRMig®todiefs beriosdjinic odb brogslining ggeay sick B fof @iampliei r
different po ! ! yr e oxi des, as a curative
whil e NR useg%gﬁt ﬁ?ﬂgggﬁqntg gglﬂ():a%rB gtelﬁl ’8ed.mg§g%{ﬂ%§ ?1 %gltg?%aﬁ af“%teg%s“yst ens are used
t oget her wi t Riegiodexslohaplmetane, mixylnsi digmineahd-pemipedipherylmotides, .41 i ety of

chem cal gr ouRSinokiHed @ R&iah P 2B AI(4-BnihS pRndEph a@p e el astomer
group, of which e %:hquor ohydrin [q(gl y_rrerp( C%?% Jcﬂg_lg)%(lgp%?reséérvmo eif)ei chl orohydrin
(ECO), and t&%&dgﬁ?ﬂmm - QFWWPHM(@@@)S*I% agsatfrbplpegso the

Pol yepi chl or ghygisfihnaxaekbgt@aammetiave a bal ance of properties that nmake it
useful in autonotive seals and hoses, and are avail able from Zeon

Chem cal s, for exanple, under the trade nane Hydrin(r). Triazine

cr ossl i nki ngU§ 819638054 Ateache agsedinking dgerd for dinmicyllyafosdicicable eth@ber S and
retarders to i j lLe.. The crosslinking
systens are ags%ég{%%@taﬁdejéo%’vﬁn&ﬁgeg%@%)(lz\%agﬁg%g’fc gélﬁl\tf\lﬁlgg'ﬁ"ﬁng cir?)Srs ‘3’?&% ably taken
from substances of the guanidine group, to which, in particular, the
accel erators OIBG DOTG DPG and/ or bi guani di ne bel ong. However, due to
possi bl e toxi col ogical problens, it id likely that these systens,
particularly DOTG w Il be phased out under regul atory requirenents.
SUMVARY OF THE | NVENTI ON The present invention relates to an accel erator
agent for crosslinkable elastoners. In particular, the invention rel ates
to a novel blend of an al dehyde-am ne condensati on product and an

al i phatic am ne. The al dehyde-am ne condensati on products nay be of the
type represented, for exanple, by
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Cure tinme, t'90 In order to denonstrate the synergistic effect, we

exam ned the use of each conponent separately and their resultant property
-trends. Testing was first done in AEMto devel op an acceptabl e accel erator
and then confirnmed its performance in ACM CR, NR, and ECO. This invention
relates to the use of this novel accelerator blend in diamnic, netal

oxi de, sulfur, and triazine crosslinkable elastoners. The master batch for

t he AEM el ast set forth in Table | below. WO

2012/ 048075PCHR LS8 055037 TABLE 1 Control AEM reci BSVEHS%her i ¢

chem cal and use descriptions, and control testing conditions: Ingredients
phr AEM G (et hyl ene acrylic el astoner) 100 0 N774 Carbon Black (filler)

65.0 St t) | t) 0.5
b suny| i phebstRsthEERRT T Rl S Gy A P EHER SR ef her

phosphat e (r ehisdlwecoh gaiudodera@r MMy(rclrcbwkpen R"hengfeag@ not}s tHat ErhIIBOTG

(accel erat or T 0.5 Arc

Sl abs Cured )f()étjmqrtlen%g, M@Sﬁ%{% l%%%%hé:gﬂg ﬁﬁr ) i%g gﬁlegé‘, sg%h%fm Met hod A,
Die D - StredEMpddii qiéssq@rsmslrw%#gunfem@.cwgpr@e@l fara clev@rd 7C

temperatures. The reference teaches that the problem is overcome by combining DBU

with a moderator.

Polychloroprene (CR) and natural rabber (NR) elastomers are relatively inexpensive
elastomeric materials which are used in many broad range rubber applications. CR
elastomers are available, for example, from DuPont under the name Neoprene, while NR
elastomers are widely available under many technical specified descriptions of natural

rubber.

General purpose CR is used in molded and extruded goods, hoses, belts, wire and cables,
heels and soles of shoes, coated fabrics, and gaskets. Most natural rubber is used in tires
and automotive products. Other major applications of NR are industrial and engineering

goods, footwear and adhesives.

CR and NR use differing crosslinking systems for their different polymeric chemical
makeup. CR uses metal oxides as a curative while NR uses sulfur as its curative. Both
crosslinking systems are used together with an accelerator, of which can be from a wide

variety of chemical groups.

Polyepichlorohydrin is a triazine crosslinkable elastomer group, of which epichlorohydrin
polymer (CO), copolymer of epichlorohydrin (ECO), and terpolymer of epichlorohydrin
(GECO) are exampies. Polyepichlorohydrin elastomers have a balance of properties that
make it useful in automotive seals and hoses, and are available from Zeon Chemicals, for

example, under the trade name Hydrin®.

Triazine crosslinking systems can be used with a variety of accelerators and retarders to

make the cure systems widely adjustable.



ASTM D395, Method B, Plied D sks - Conpression Set After 168 hrs. @177C
Applicants studied the effectiveness of substitutions for DOTG i n AEM

el astonmers, particularly

3,5-di ethyl -1, 2-di hyrdro- 1- phenyl- 2- propyl pyri di ne ( PDHP)

bi s(hydrogenated tall ow al kyl) am nes (BHTAA), and finally blend of the
two conponents. This invention uses the blend of aliphatic amnes and an
al dehyde- ani ngogaRgansati on product to replace DOTG pl8g,9fnsthe BHTAA and
PDHP al one is shown agai nst the conbi nation of the two conmponents in Table
2. The superior results fromthe conbination of the two products show the
synergi stic effect of the blend when conpared to each of the product's
physi cal property trends alone. The optinmal blend ratio of 6:1 BHTAA: PDHP
was then tested to show the working ranges of this conbination. The nobst
pref erred phihdseesslinkingaystesy aiewstddogethersaen bawelerdier, BORG erefedblphr . The

sunmary dat atakéhf%ﬁbéuﬁsta%ce%t]%@%}aﬁ%e ﬁ&ﬁlch%mﬁléuﬁyﬁa% bi&Srsan effective

wor ki ng range_of this conbina e preferred usage |eve “is 0.2-4 ph,

and 10 ph i sOTRE BotePGeader '41@9@111“3%8r%?W%efdi“etOWeSS@lﬁéﬁféPPthﬂh/as t est ed

to show the wWablkhd)g is1aBga0hest EysémQQEFQbME('U@iTG Wil @ sHABIRGNnglat & in Table 3
proves that even the far ranges of blend at a 1:10 and a 10:1 ratio

gi ves i npr ovEEVHEYFEFREIRE over the same usage | evel of the products
alone, with the nost preferred blend ratio being a 6:1 BHTAA: PDHP | evel .

TABLE 2 R -2 (4 phr) PDHP (4 ph) BHTAA / PDHP 6:1 (4
phr) BHTAA / 9%%{49@% ?é%%‘ﬁﬁ@gt , %35.4 38.1 41.1 35.6 37.4 Aged
El ongation, % 176 219 177 216

The present invention relates to an accelerator agent for crosslinkable elastomers. In

particular, the invention relates to a novel blend of an aldehyde-amine condensation

product and an aliphatic amine. The aldehyde-amine condensation products may be of

the type represented, for example, by 3,5-diethyl-1,2-dihyrdro-1-phenyl-2-propylpyridine

(“PDHP™), a condensation product of butyraldehyde and aniline (“B-A rxn™), and a

condensation product of butryaldehyde and butylamine.

The aliphatic amine is a mixture of high molecular weight fatty amines derived from
natura] sources (dialkyl secondary amines), such as dicocoalklyamine (“DCAA™),
bis(hydrogenated tallow alkyl) amine (“BHTAA”) and 1-Octadecanamine, N-octadecyl-

amine,

It has been surprisingly found that a blend of aldehyde-amine condensation product and
aliphatic amine can successfully be substituted for DOTG as an accelerator in the
manufacture of elastomeric compounds. This novel accelerator blend is able to achieve
outstanding results in diaminically crosslinkable AEM and ACM without the need of a
pyrrolidone moderator, and as a direct replacement in metal oxide, sulfur, and triazine

crosslinkable elastomers.

The accelerator blend may be present in the elastomer composition at up to 1-10 phr,
preferably 0.2-4 phr. The blend itself may consist of the aliphatic amine and aldehyde-

amine condensation product in a ratio by weight of about 1:10 to 10:1, preferably from



182 Aged Tensile Strength, MPa 12.29 13.60 13.67 14.55 12.49 MH, dN-m
14.88 12.39 12.70 13.56 12.29 t'90, min. 10.84 12.98 6.32 11.51 10.53
TABLE 3 R-2012 DOTG (4 phr) BHTAA / PDHP 1:10 (4 phr) BHTAA / PDHP 10:1
(4 phr)

WO 2012/048075 PCT/US2011/055037

2:11t0 6:1. The invention resides in both the accelerator blend per se, and an elastomer

composition comprising the blend.
DETAILED DESCRIPTION OF THE INVENTION

Applicants studied the effectiveness of substitutions for DOTG in AEM, ACM, CR, NR
and ECO elastomeric compounds. The purpose of this invention was to provide a
replacement for DOTG in cure systems for elastomers which retains similar physical
properties to the DOTG containing compound. This invention uses the blend of aliphatic
amines and an aldehyde-amine condensation product to replace DOTG in elastomers.
This combination gives similar physical properties (+/- 20%) to DOTG while maintaining
similar processing characteristics of the rubber compound and retained properties after

heat aging,

The physical properties of importance are:
» Compression Set
¢ Aged Elongation
¢ Aged Tensile Strength

To show accelerator effectiveness, the following rheclogy properties were monitored:
¢ (ure State by Maximum Torque, MH

» Cure time, t'90

In order to demonstrate the synergistic effect, we examined the use of each component
separately and their resultant property trends. Testing was first done in AEM to develop
an acceptable accelerator and then confirmed its performance in ACM, CR, NR, and
ECQ. This invention relates to the use of this novel accelerator blend in diaminic, metal

oxide, sulfur, and triazine crosslinkable elastomers.

The master batch for the AEM elastomer is set forth in Table 1 below.



" CSet, % 34.1 39.3 35.1 Aged Elongation, % 189 170 192 Aged Tensile
Strength, MPa 13.39 12.06 13.13 WMH, dNm 13.60 11.74 12.18 t'90, mn. 7.68
-6.24 8.29 Finally, other types of starting naterials were tested to show
t he novel blend of al dehyde-am ne condensati on product and aliphatic

am nes works in addition to the specific conponents studied. The aliphatic
am ne dic, ocoal kl yam ne ("DCAA") was tested alone and in conbination with
PDHP t o show Lnation of these two also can re (Table 4).
The opti nal bfwg’%&ﬁ@%o of 6:1 was tested at a high aﬁéci&fsg% eo\§/516| range of
2 and 10 phr. The optinmal ph level was tested with the far ratio range of
10: 1 DCAA: PDHP. WD 2012/ 048075PCT/ US2011/ 055037 TABLE 4 R-2024 DOTIG (4

phr)
TABLE 1

Control AEM recipe with generic chemical and use descriptions, and control testing

conditions:

Ingredients phr
AEM G (ethylene acrylic elastomer) 100.0
N774 Carbon Black (filler) 65.0
Stearic Acid (release agent) 15
Octadecylamine (release agent) 05
Dicumyl diphenylamine (antioxidant) 20
Polyoxyethylene octadecyl ether phosphate Lo
(release agent)
HDMC (crosslinking agent) 1.5
DOTG (accelerator) 4.0
ASTM D35289 — Moving Die Rheometer @ 177°C, 0.5° Arc
Slabs Cured 10 min. @ 177°C and Postcured 4 hrs. @ 175°C
ASTM D412, Method A, Die D — Stress Strain Tests
ASTM D573 - Aging 168 hrs. @ 177°C
ASTM D395, Method B, Plied Disks — Compression Set After 168 hrs. @ 177°C

Applicants studied the effectiveness of substitutions for DOTG in AEM elastomers,
particularly 3,5-diethyl-1,2-dihyrdro-1-phenyl-2-propylpyridine (PDHP),
bis(hydrogenated tallow alkyl) amines (BHTAA), and finally blend of the two
components. This invention uses the blend of aliphatic amines and an aldehyde-amine

condensation product to replace DOTG.



DCAA (4 phr) DCAA / PDHP 6:1 (2 phr) DCAA / PDHP 6:1 (10 phr) DCAA / PDHP
10:1 (4 phr) CSet, %35.6 35.4 34.9 38.8 33.8 Aged El ongation, % 190 254

+ 243 191 228 Aged Tensile Strength, MPa 13.23 15.43 14.97 12.09 14.27 M,

dN-m 15, 23 13. 20

WO 2012/048075 PCT/US2011/055037

Use of the BHTAA and PDHP alone is shown against the combination of the two
components in Table 2. The superior results from the combination of the two products
show the synergistic effect of the blend when compared to each of the product’s physical
property trends alone.

The optimal blend ratio of 6:1 BHTAA:PDHP was then tested to show the working
ranges of this combination. The most preferred phr level is an equivalent usage to the
DOTG at 4 phr. The summary data in Table 2 shows that up to a 10 phr level gives an
effective working range of this combination. The preferred usage level is 0.2-4 phr, and

10 phr is the oufer usage level.

The ratio of the blending was tested to show the working range of this combination. The
summary data in Table 3 proves that even the far ranges of ablend at a 1:10 and a 10:1
ratio gives improved performance over the same usage level of the products alone, with

the most preferred blend ratio being a 6:1 BHTAA:PDHP level.

TABLE 2
R-2022
DOTG | BHTAA | PDHP BHTAA/ | BHTAA/
(4phr) | (4phr) | (4phr) | PDHP PDHP
6:1 6:1
(@phr) | (10 phr)
CSet, % 354 38.1 41.1 356 374
Aged Elongation, % 176 219 177 216 182
Aged Tensile 12.29 13.60 13.67 14.55 12.49
Strength, MPa
MH, dN-m 14.88 12.39 12.70 13.56 12.29
t'90, min, 10.84 12.98 6.32 11.51 10.53




13.75 12.09 13.63 t90, mn. 8.69 12.57 11.96 11.11 11.66 Next, the
al dehyde- am ne condensati on product butyral dehyde and aniline ("B-A rxn")
-was tested alone and in conbination with BHTAA to show its conbi nation can
repl ace DOTG (Table 5). The optimal blend ratio of 6:1 was tested at a phr
| evel range of 2 and 8 phr. The optimal phi |level was tested at an
additional ratio range of 3:1 BHTAA: B-A WD 20121048075PCT/ 1152011/ 055037
TABLE 5 R-203§08800&-64 phr) B-A nal (4phr) BHTAA / BPS%,%%I sshak 2 phr)
BIITTAA/ B-Arxn 6:1 (8phr) BHTAA/ B-Arxn 3:1 (4 phr et 3/036.6

TABLE 3

R-2012

DOTG | BHTAA | BHTAA/
(4 phr) | /PDHP | PDHP
1:10 10:1
(4 phr) | (4 phr)
CSet, % 341 39.3 35.1
Aged Elongation, % 189 170 192
Aged Tensile 13.39 12.06 13.13
Strength, MPa
MH, dN-m 13.60 11.74 12.18
t'90, min. 7.68 6.24 8.29

Finally, other types of starting materials were tested to show the novel blend of aldehyde-
amine condensation product and aliphatic amines works in addition to the specific

components studied,

The aliphatic amine dicocoalklyamine (“DCAA’") was tested alone and in combination
with PDHP to show the combination of these two also can replace DOTG (Table 4). The
optimal blend ratio of 6:1 was tested at a high and low level range of 2 and 10 phr. The
optimal phr level was tested with the far ratio range of 10:1 DCAA:PDHP.



45.4 40.6 39.3 37.9 Aged El ongation, % 237 186 234 173 219 Aged Tensile
Strength, MPa 17.79 15.02 17.03 13.72 16.63 WMH, dN-m 14.54 13.17 12.38
©11.86 12.70 t'90, mn. 12.18 9.72 13.73 13.04 12.45 The various blend
rati os and phr |evel uses confirmthe working ranges of the al dehyde-am ne
condensati on product and aliphatic am nes conbi nati on whil e using other
starting materi al s.

WO 2012/048075 PCT/US2011/055037
TABLE 4
R-2024
DOTG | DCAA | DCAA DCAA DCAA
(4 phr) | (4 phr) | /PDHP /PDHP / PDHP
6:1 6:1 10:1
(2 phr) (10phr) | (4 phr)
CSet, % 356 354 349 38.8 338
Apged Elongation, % 190 254 243 91 228
Aged Tensile 1323 | 1543 14.97 12.09 14.27
Strength, MPa
MH, dN-m 15.23 13.20 13.75 12.09 13.63
t'90, min. 8.69 12.57 11.96 1111 11.66

Next, the aldehyde-amine condensation product butyraldehyde and aniline (“B-A rxn”)
was tested alone and in combination with BHTAA to show its combination can replace
DOTG (Table 5). The optimal blend ratio of 6:1 was tested at a phr level range of 2 and
8 phr. The optimal phr level was tested at an additional ratio range of 3:1 BHTAA: B-A

X1.



Addi tional testing was done in the ACM pol yacryl ate el astomer to show t hat
t hese conbi nations al so provide simlar physical properties to DOTG in
-that acrylic elastomer. The master batch for the ACM el astoner is set
forth in Table 6 below. WD 20121048075PCT/ US2011/ 055037 TABLE 6 Contro
ACM reci pe with generic chem cal and use descriptions, and control testing
conditions: Ingredients phr ACM 212HR (pol yacryl ate el astoner) 100.0 N550
Car bon Bl ack i 60.0 Stearic Acid (rel ease age i cunyl
di phenyl am ne(v?)azﬁ%f%%sdant) 2.0 Rel ease package 2.0 M%@V@s@#i nki ng
agent) 0.6 DOTIG (accelerator) 2.0 ASTM D5289 - Myving Di e Rheoneter @
190C, 0.5 Arc Slabs Cured 6 nin. @190C and Postcured 4 hrs. @177C ASTM
D412, Method A, Die D - Stress Strab‘gB'{Eg)s ASTM D573 - Aging 168 hrs. @
190C ASTM D395, Method B, Plied D's - npression Set After 24 hrs. @
175C The sunmary data in Table 7 proves that the far ranges of a blend at
a 1:10 and a 10:1 ratio gives inproved performance over the sane usage

h thn
T —C11C

| evel of theXffeduects—atone——wirt rast—preferred-plend— atio being a
6.1 BHTAA PDHP | evel . In trﬁ(iygaﬂepéféf"BWAf\ oh BT BHISA bl use | evel

and Tabl e 7|al so shows t hdg4phref éphed [rBxfirm bl Badxal §®-Avomki hg at a hi gher
| evel of 4 phi. This data proves the %olnbi nat pon of |gl,dehyde-am ne
condensati on product and fali phatic anines cap providé the physical results
to replace DOTG in ACM as wel |l |as in |[AEM) WXEplan 2/ Q48875PCTI US20 1/ 055037
TABLE 7 R- 2088 v, 366 | 454 40.6 393 379

Aged Elongation, % 237 186 234 173 219

Aged Tensile 17.79 15.02 17.03 13.72 16.63

Strength, MPa

MH, dN-m 14.54 13.17 12.38 11.86 12.70

t'90, min. 12,18 9.72 13.73 13.04 12.45

The various blend ratios and phr level uses confirm the working ranges of the aldehyde-
amine condensation product and aliphatic amines combination while using other starting

materials.

Additional testing was done in the ACM polyacrylate elastomer to show that these

combinations also provide similar physical properties to DOTG in that acrylic elastomer.

The master batch for the ACM elastomer is set forth in Table 6 below.



" DOTG (2 phr) BHTAA (2 phr) PDHP (2 phr) BHTAA / PDHP 10:1 (2 phr) BHTAA /
PDHP 1: 10 (2phr) BHTAA / PDHP 6:1 (2 phr) BHTAA / PDHP 6:1 (4 phr) CSet, %
-16.2 21.1 21.8 18.3 20.4 17.5 17.2 Aged El ongation, % 192 197 137 173 129
193 155 Aged Tensile Strength, MPa

WO 2012/048075 PCT/US2011/055037

TABLE 6

Control ACM recipe with generic chemical and use descriptions, and control testing

conditions:
Ingredients phr
ACM 212HR (polyacrylate clastomer) 100.0
1 N550 Carbon Black (filler) 60.0
Stearic Acid (release agent) 1.0
Dicumyl diphenylamine (antioxidant) 2.0
Release package 20
HDMC (crosslinking agent) 0.6
DOTG (accelerator) 2.0

ASTM D5289 — Moving Die Rheometer @ 190°C, 0.5° Arc

Slabs Cured 6 min. @ 190°C and Postcured 4 hrs. @ 177°C

ASTM D412, Method A, Die D — Stress Strain Tests

ASTM D573 — Aging 168 hrs. @ 190°C

ASTM D3935, Method B, Plied Disks — Compression Set After 24 hrs. @ 175°C

The summary data in Table 7 proves that the far ranges of ablend ata 1:10 and a 10:1
ratio gives improved performance over the same usage level of the products alone, with
the most preferred blend ratio being a 6:1 BHTAA PDHP level. In this elastomer, 2 phr
is the optimal use level and Table 7 also shows the preferred ratio blend also working at a
higher level of 4 phr. This data proves the combination of aldehyde-amine condensation
product and aliphatic amines can provide the physical results to replace DOTG in ACM
as well as in AEM.

10



8.20 7.54 8.67 7.42 8.61 8.10 8.49 MH, dNm 9.55 7.77 9.89 7.94 10.13 8.29
8.61 t'90, mn. 7.55 10.30 5.11 10.38 5.47 10.31 9.70 This invention was
- next tested in other crosslinkable elastonmers systenms to show that an
accel erator agent of a novel blend of al dehyde-am ne condensati on product
and aliphatic am nes al so replaces DOTG for netal oxide, sulfur, and
triazine crosslinkable elastonmers. The master batch for the CR NR ECU
el astoners isy fh in Tables 8-10 respectively,

2012/ 048075PCT§1J§2011/ 055037 TABLE 8 Control CR rec.”gg}”gmﬂ%lﬁssm
chem cal and use descriptions, and control testing conditions:

TABLE 7

R-2035

DOTG | BHTAA | PDHP | BHTAA | BHTAA/ | BUTAA | BHTAA
(2phr) | 2phr) | (2 phr) | /PDHP |PDHP /PDHP |/PDHP
10:1 1:10 6:1 6:1
(2 phr) | (2phr) (2phr) | (4 phr)
CSet, % 16.2 211 21.8 18.3 204 17.5 172
Aged Elongation, % 192 197 137 173 126 193 155
Aged Tensile 8.20 7.54 8.67 7.42 8.61 8.10 8.49
Strength, MPa
MH, dN-m 9.55 7.77 9.89 7.94 10.13 8.29 8.61
t'90, min. 7.55 10.30 5.11 10.38 5.47 10.31 9.70

This invention was next tested in other crosslinkable elastomers systems to show that an
accelerator agent of a novel blend of aldehyde-amine condensation product and aliphatic

amines also replaces DOTG for metal oxide, sulfur, and triazine crosslinkable elastomers.

The master batch for the CR, NR, ECO clastomers is set forth in Tables 8-10

respectively, below.
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| ngredi ents phr CR W (pol ychl o oprene el astoner) 100.0 N774 Carbon Bl ack
(filler) 60.0 Stearic Acid (release agent) 0.5 Naphthenie oil (process
-0il) 5.0 Plasticizer 5.0 Cctyl ated di phenyl am nes (antioxidant) 2.0
Magnesi um oxi de (curative) 4.0 Zinc Oxide (crosslinking agent) 5.0 Sul fur
(cure nodifier) 1.0 Tetranethyl thiuram nonosulfide (accelerator) 1.0 DOIG
(accelerator) 1.0 ASTM D5289 - Moving D e Rheoneter @160C, 0.5 Arc Sl abs
Cured f90+2m , Buttons Cured t'90+12.5 m n@ 12,
Met hod A, Di L Dg Bl Bl oM Teers Aot oa7s | Agi%%%ﬁ%y@ 100C
ASTM D395, Method B - Conpression Set After 70 hrs. @21C

TABLE &

Control CR recipe with generic chemical and use descriptions, and control testing

conditions:

Ingredients phr
CR W (polychloroprene elastomer) 100.0
N774 Carbon Black (filler) 60.0
Stearic Acid (release agent) 0.5
Naphthenic oil (process oil) 5.0
Plasticizer 5.0
Octylated diphenylamines (antioxidant) 2.0
Magnesium oxide {curative) 4.0
Zinc Oxide (crosslinking agent) 5.0
Sulfur (cure modifier) 1.0
Tetramethyl thiuram monosulfide 1.0
(accelerator)
DOTG (accelerator) 1.0
ASTM D5289 — Moving Die Rheometer @ 160°C, 0.5% Arc
Slabs Cured t'90-+2min. @ 160°C, Buttons Cured t'90+12.5 min@ 160°C
ASTM D412, Method A, Die D — Stress Strain Fests
ASTM D573 — Aging 336 hrs. @ 100°C
ASTM D395, Method B ~ Compression Set After 70 hrs. @ 121°C

12



WD 2012/ 048075PCUUS2011/ 055037 TABLE 9 Control NR recipe with generic

chem cal and use descriptions, and control testing conditions: Ingredients
-phi NR L (natural rubber elastonmer) 100.0 N990 Carbon Black (filler) 35.0
N330 Carbon Black (filler) 30.0 Stearic Acid (rel ease agent) 2.0 Zinc

Oxi de (cure activator) 5.0 Plasticizer 2.0 Process Aid 2.0 Cctyl ated

di phenyl am nes (antioxidant) 1.5 Sul fur (crosslinking agent) 2.5
Benzot hi azyl eildehsde (accelerator) 0.5 DOIG (accel eli,@,[.d@%%l /955 ; ASTM
D5289 - Moving Die Rheoneter @160C, 0.5 Arc Slabs Cure 0  n. @.60C,
Buttons Cured 00+12.5 m n@ 160C ASTM D412, Method A, Die D - Stress Strain

Test s
TABLE ¢

Control NR recipe with generic chemical and use descriptions, and contro! testing

conditions:

Ingredients phr
NR L (natural rubber elastomer) 100.0
N990 Carbon Black (filler) 35.0
N330 Carbon Black (filler) 30.0
Stearic Acid (release agent) 2.0
Zine Oxide (cure activator) 5.0
Plasticizer 2.0
Process Aid 2.0
Octylated diphenylamines (antioxidant) 1.5
Sulfur (crosslinking agent) 2.5
Benzothiazyl disulfide (accelerator) 0.5
DOTG (accelerator) 0.5
ASTM D5289 — Moving Die Rheometer @ 160°C, 0.5° Arc
Slabs Cured t'90+2min. @ 160°C, Buttons Cured t'90+12.5 min@) 160°C
ASTM D412, Method A, Die D — Siress Strain Tests
ASTM D573 — Aging 168 hrs. @ 100°C
ASTM D395, Method B — Compression Set After 22 hrs. @ 100°C
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ASTM D573 - Aging 168 hrs. @O00C ASTM D395, Method B - Conpression Set
After 22 hrs. @100C WD 2012/ 048075PCT/ TJS2011/ 055037 TABLE 10 Control
-ECO reci pe with generic chem cal and use descriptions, and control testing
conditions: Ingredients phr ECU C2000 (epichlorohydrin elastoner) 100.0
N330 Carbon Black (filler) 50.0 Stearic Acid (release agent) 1.0 Magnesi um
Oxide (cure activator) 3.0 Cal cium Carbonate (fi ll1er) 5.0 N ckel
di butyldithio (antioxidant) 1.0 2,4,6 Triner azi ne
(crosslinki ng%gfgig%{a?&% 0 DOTG (accel erat or) 0.2 ASTM 9@%8%5%%w ng Die
Rheonmeter @O00C, 0.5 Arc Slabs Cured t'90+2m n. @200C, Buttons Cured -
00+12.5 m n@ 200C ASTM D412, Method A, Die D - Stress Strain Tests ASTM
D573 - Aging 168 hrs. @ 125C ASTM D%g‘é gMpthod B - Conpression Set After
22 hrs. @125C The summary data in f‘e 1 shows that the blend gives
i nproved performance over the sanme usage |evel of the products alone in
the netal Och%ﬁtr&ﬁs@é%d WF&e@h@&uﬁ%{mse desmﬁonplaﬁ@gm{rﬂttéstﬂlgms tested at
a 1:1 and a 6:1 BHTAA: PDHP [evel and at a usage | evel.

This data pr (9%’§1°E“he conmbi nati on of al dehyde-am ne condensatl on

Ingredients phr
ECO C2000 (epichlorohydrin elastomner) 100.0
N330 Carbon Black (filler) 50.0
Stearic Acid (release agent) 1.0
Magnesium Oxide (cure activator) 3.0
Calcium Carbonate (filler) 5.0
Nickel dibutyldithiocarbamate 1.0
{antioxidant)
2,4,6 Trimercapto-s-triazing 1.0
(crosslinking agent)
DOTG (accelerator) 0.2

ASTM D5289 — Moving Die Rheometer @ 200°C, 0.5° Arc

Slabs Cured t'90+2min. @ 200°C, Buttons Cured t'90+12.5 min@ 200°C
ASTM D412, Method A, Die D — Stress Strain Tests

ASTM D573 — Aging 168 hrs. @ 125°C

ASTM D395, Method B - Compression Set After 22 hrs. @ 125°C

The summary data in Table 11 shows that the blend gives improved performance over the
same usage level of the products alone in the metal oxide crosslinkable CR elastomer.
The blend ratio was tested at a 1:1 and a 6:1 BHTAAPDHP level and at a 1 phr and 2

phr usage level. This data proves the combination of aldehyde-amine condensation

14



product and aliphatic am nes can provide the physical results to repl ace
DOTG in nmetal oxide crosslinkable elastoners. WO
- 2012/ 048075PCT/ US2011/ 055037 TABLE 11 It- 2 03 9 DOIG (1 phr) BHTAA (1
phr) PDHP (1 phr) BHTAA / PDHP 1:1 (1 phr) BHTAA / PDHP 1:1 (2phr) BHTAA /
PDHP 6:1 (1 phr) BHTAA / PDHP 6:1 (2 phr) CSet, %58.6 64.8 55.6 58.8 53.0
61.0 55.1 Aged El ongation, %

WO 2012/048075 PCT/US2011/055037

product and aliphatic amines can provide the physical results to replace DOTG in metal

oxide crosslinkable clastomers.
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179 196 185 180 183 194 188 Aged Tensile Strength, MPa 18.74 18.43 18.92
19.39 19.10 18.78 18.15 M4, dN-m 19.70 18.19 21.08 19.50 20.02 18.99 19.66
- t"90, mn. 30.28 39.79 16.65 27.28 14.01 32. 86

WO 2012/048075 PCT/US2011/055037

TABLE 11

R-2039

DOTG | BHTAA | PDHP | BHTAA | BHTAA/ | BHTAA | BHTAA
(L phr) | (1 phr) | (1 phr) { /PDHP | PDHP /PDHP | /PDHP
I:1 11 6:1 6:1
(1 phr) | (2phe) (1phr) | (2 phi)
CSet, % 58.6 64.8 55.6 58.8 53.0 61.0 55.1
Aged Elongation, % 179 196 185 130 183 194 188
Aged Tensile 18.74 18.43 18.92 19.39 19.10 18.78 18.15
Strength, MPa
MH, dN-m 19.70 1819 | 21.08 19.50 20.02 18.99 19.66
£'90, min. 30.28 39.79 16.65 | 27.28 14.01 32.86 25.36

The summary data in Table 12 shows that the blend gives improved performance over the
same usage level of the products alone in the sulfur crosslinkable NR clastomer. The
blend ratio was tested ata 1:1 and a 6:1 BHTAA:PDHP level and at a 1 phr and 2 phr
usage level. This data proves the combination of aldehyde-amine condensation product
and aliphatic amines can provide the physical results to replace DOTG in sulfur

crosslinkable elastomers.
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25.36 The summary data in Table 12 shows that the blend gives inproved
performance over the sanme usage |evel of the products alone in the sulfur

- crosslinkable NR el astonmer. The blend ratio was tested at a 1:1 and a 6:1
BHTAA: PDHP | evel and at a 1 phr and 2 phr usage |evel. This data proves

t he conbi nation of al dehyde-am ne condensation product and aliphatic

am nes can provide the physical results to replace DOTG in sul fur

crossl i nkabl WO 2012/ 048075PCT/ US2011/ ABLE 12 R-2040
DOTG (1 phr)%(ﬁ Ak&ﬁ phr) PDHP (1 phr) BHTAA / PDH%‘%?QS%ZI& phr) BHTAA /
PDHP 1:1 (2phr) BHTAA / PDHP 6:1 (1 ph) BHTAA / PDHP 6:1 (2 phr) CSet, %
58.4 54.5 63.5 58.5 62.8 54.7 60.2

TABLE 12

R-2040

DOTG | BHTAA | PDHP | BHTAA | BHTAA/ | BHTAA | BHTAA
(1 phr) | (1 phr} | (1 phr) |/PDHP |PDHP /PDHP |/PDHP
Il 1:1 6:1 6:1
(Iphd {@ph)  |(Ipho) | (2pho)
CSet, % 58.4 54.5 63.5 58.5 62.8 54.7 60.2
Aged Elongation, % 114 136 132 124 132 120 118
Aged Tensile 6.45 7.03 7.60 7.37 6.94 7.09 7.18
Strength, MPa
MH, dN-m 19.23 1442 | 2278 | 2057 21.82 15.91 18.15
t'90, min, 3.92 5.47 2.59 3.17 2.45 4.52 354

The summary data in Table 13 shows that the blend gives improved performance over the
same usage level of the products alone in the triazine crosslinkable ECO elastomer. The
optimal blend ratio of 6:1 BHTAA:PDHP level was tested against both DOTG and DPG
guanidines. This data proves the combination of aldehyde-amine condensation product
and aliphatic amines can provide the physical results to replace guanidines in triazine

crosslinkable elastomers.
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Aged El ongation, % 114 136 132 124 132 120 118 Aged Tensile Strength,

MPa

6.45 7.03 7.60 7.37 6.94 7.09 7.18 MH, dN-m 19.23 14.42 22.78 20.57 21.82
- 15.91 18.15 f90, mn 3.92 5.47 2.59 3.17 2.45

WO 2012/048075
TABLE 13

R-204¢

DOTG DPG BHTAA/

(0.2 phr) | (0.2 phr) | PDHP

6:1 (0.2 phr)

CSet, % 21.8 21.1 20.5
Aged Elongation, % 267 261 286
Aged Tensile 17.51 17.57 | 17.55
Strength, MPa
MH, dN-m 25.77 26.37 24.38
t'90, min, 3.69 3.50 4.90

PCT/US2011/055037

This invention of blend of aldehyde-amine condensation product and aliphatic amines

can successfully be substituted for DOTG as an accelerator in the manufacture of

diaminic, metal oxide, sulfur, and triazine crosstinkable elastomeric compounds

18



" 4.52 3.54 The summary data in Table 13 shows that the blend gives
i nproved performance over the sanme usage |evel of the products alone in
“the triazine crosslinkable ECO el astoner. The optimal blend ratio of 6:1
BHTAA: PDHP | evel was tested agai nst both DOTG and DPG guani di nes. This
data proves the conbi nati on of al dehyde-am ne condensati on product and

al i phatic am nes can provide the physical results to replace guanidines in

triazine crossigokaphs el astonmers. TABLE 13 R-2049 DEl6z:6:90s%3PNr) DPG
(0.2 ph) BHTAA / PDHP 6:1 (0.2 phr) CSet, %21.8 21.1 20.5 Aged

El ongati on, % 267 261 286 Aged Tensile Strength, MPa 17.51

What is claimed is:

1. A crosslinking accelerating agent for crosslinkable elastomers, the agent
comprising:
an aldehyde-amine condensation product and an aliphatic amine at a weight ratio

of about 1:10 to about 10:1,
2. The agent of claim 1, wherein the ratio is about 6:1.

3. The agent of claim 1, wherein the aliphatic amine is a mixture of high

molecular weight fatty amines.

4, The agent of claim 3, wherein the aliphatic amine is chosen from the group
consisting of bis(hydrogenated tallow alkyl) amine, dicocoalklyamine and 1-

Octadecanamine, N-octadecylamine.

5. The agent of claim 4, wherein the aliphatic amine is bis(hydrogenated tallow
alkyl) amine.

6. The agent of claim 1, wherein the aldehyde-amine condensation product is
chosen from the group consisting of 3,5-diethyl-1,2-dihyrdro-1-phenyl-2-propylpyridine
(“PDHP”), a condensation product of butyraldehyde and aniline, and a condensation

product of butryaldehyde and butylamine.

7. The agent of claim 6, wherein the aldehyde-amine condensation product is
PDHP.

8. The agent of claim 1, wherein the aliphatic amine is bis(hydrogenated tallow

alkyl) amine and the aldehyde-amine condensation product is PDHP.
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©17.57 17.55 MH, dN-m 25.77 26.37 24.38 t'90, nmin. 3.69 3.50 4.90 This

i nvention of blend of al dehyde-am ne condensati on product and aliphatic
~am nes can successfully be substituted for DOTG as an accel erator in the
manuf acture of diamnic, netal oxide, sulfur, and triazine crosslinkable
el astoneric conmpounds What is clainmed is: 1. A crosslinking

accel erating agent for crosslinkable elastomers, the agent conprising:

an al dehyde- agggmdensat i on product and an aI i phat iperalhRGss@t @ wei ght
rati o of about 1:10 to about 10:1. 2. The agent of claim 1, wherein
the ratio is about 6:1. 3. The agent of claim1l, wherein the
aliphatic amne is a mxture of high nolecul ar wei ght fatty am nes.

4. The agent of c sen fromthe
group consi sti ;4% bah%] g?h%@%ﬁ%n@’&%pﬁ ﬂféa%tﬁ%gﬂa’ﬁﬁéF%lﬂgt%aﬁdghygd| cocoal Kl yam ne
and 1- Cct adeeedsaninerodtsebadédy| ani ne. 5. The agent of claim 4,
wherein the aliphatic amne is bis(hydrogenated tallow alkyl) am ne.

6. The agent of claim 1, wherein the al dehyde-am ne condensati on product

i s chosen from t hH- gmGlHomRE REIdett cagPesimes, 5- di et hyl - 1, 2- di hyrdro- |

- phenyl - 2- pr opyl ps(uo@hhmab1églEﬂﬁEethosaf@mﬂee@a@tcbr@@u @pag% sxf?légy:ylral dehyde
utyl am ne.

and anili ne, at| on roduct utry a
7. The agent %Fto@?ragﬁl}qépo toprer %Fyﬁwlbyéh lorppres ( er@Ffé’éﬂPl?ebn product
i s PDHP. (NR), Bolyla'dpmna@emtyrafe bﬁz{aabrm(SBR)v\Atan@lnﬂe biltticad (NBIR&L i ¢ anmine i s

bi s( hydrogenated tal | a a deh ne condensation
product is PDHP CPrOPYEne @ene OIyaneéﬂ?Pﬁfq?cﬁo Hnﬁco' éeingﬁﬂi)t he ratio of

al i phatic amChlenrta@da‘ibhlaWdee—anprm (@I.I)R])dbmmm'atecblmbpnyl@mmtrsopnsnea(BﬁRlI, 6: 1.

10. An el ast B, gy& r %ﬁj i.n I st onmer
chosen from tﬁﬁ 3@p ctl eﬂ?mndé)ﬁ% et Cglﬁgﬁ%agﬁy t) 5%§g§m§r§f (AEM ,
pol yacryl ateeélpfd@t)b’ﬁ@r(qEﬂ@ﬁ\/ylaStWWhl oroprene (CR), natural rubber (NR),

pol yi soprene (I R)a aritkifD e ptadk 8160 Mcmﬁ g@%lehttcjbhlbr%nglelﬂ adi ene (NBR),
et hyl ene- pr opﬁ%tlfeine di ene terpol yners , 1so | ene-co-1 soprene

(11R), chi or PHAREREGRLEnAReeeriop g@ﬁ?f@ﬁ'@n ere‘iichfawm% Fitip at leld to

i sobutyl ene-qo4ij soprene (BIIR), epichlorohydrin polynmer (CO, copolyner of
epi chl orohydrin (ECO, and teipolyner of epichlorohydrin (GECO el astoner
and a crosslinking agent present at 1-10 phr, the crosslinking agent
conpri si ng an al ijgh&hd podastioh@aimri€l, selrred thiednyseldkiagrigne isponehestd stphon pr oduct
at a weight ratio of 1:10 to 10: 1. 11. The product of claim 10,
wherein the crosslinking agent is present at 1-6 phr. 12. The
product of cl ai m£1Thageinetohclaimd 1.orhsel thakispigkisgpsent isipsesqpt églemt4 at about 4

pim phr.

13. The product of claim 10, wherein the aliphatic amine is a mixture of high

molecular weight fatty amines.
14. The product of claim 13, wherein the aliphatic amine is chosen from the
group consisting of bis(hydrogenated tallow alkyl) amine, dicocoalklyamine and 1-

Octadecanamine, N-octadecylamine.

15. The product of claim 14, wherein the aliphatic amine is bis(hydrogenated

tallow alkyl) amine.
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13. The product of claim 10, wherein the aliphatic amne is a mxture of

hi gh nol ecul ar wei ght fatty am nes. 14. The product of claim13,

- wherein the aliphatic amne is chosen fromthe group consisting of

bi s(hydrogenated tall ow al kyl ) am ne, dicocoal kl yam ne and 1-

Oct adecanam ne, N-octadecyl am ne. 15. The product of claim 14,
wherein the aliphatic amne is bis(hydrogenated tallow al kyl) am ne.

16. The prod im10, wherein the al dehyde-am ation
product is cﬁ‘gééﬂzl?“?dggn the group 3, 5-diethyl-1,2-di hy‘{kg/rug@%%%%

- phenyl - 2- propyl pyridine ("PDHP"), a condensation product of butyral dehyde
and aniline, and a condensation product of butryal dehyde and butyl am ne.
17. The product | ai 6, ,wherein the ehyde- am ne .condensati on

ot oduct 1 porp, 16 Tt S0 Sk ¥ AR ENAS AMARUERERE ) hat i ¢
am ne i s bi s¢ioydfogdinaregd 3t5alidtiyivl 2ldiytdjo- bpheng-2gngylpirdina[“@#BHYUe- am ne
condensati on product i s FRHE Jinken r . i-m 18, wherein
the ratio of aP| %hgt ]ljr?:&gm ne??lgehé{iied%&glgér}eé%dHé&g%ﬁ% gﬁ r%%%% product is
about 6:1. baryvaldghedeppdbiiidamieg cl ai m 19, wherein the agent is present at 4
phr.

17. The product of claim 16, wherein the aldehyde-amine condensation product is
PDHP,

18. The product of claim 10, wherein the aliphatic amine is bis(hydrogenated

tallow alkyl) amine and the aldehyde-amine condensation product is PDHP.

19. The product of claim 18, wherein the ratio of aliphatic amine to aldehyde-

amine condensation product is about 6:1.

20. The product of claim 19, wherein the agent is present at 4 phr.
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