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organosilicon compound of the general formula |, one rubber accelerator and one co-accelerator. The rubber mixtures can be
used for production of mouldings . The invention further relates to a process for preparation of the organosilicon compound of the
formula | via transesterification.
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& (57) Abstract: The invention relates to rubber mixtures, comprising at least one rubber, a filler, an organosilicon compound of the
N formula I one rubber accelerator and one co-accelerator. The rubber mixtures are prepared by mixing at least one rubber, a filler,
an organosilicon compound of the general formula I, one rubber accelerator and one co-accelerator. The rubber mixtures can be
used for production of mouldings . The invention further relates to a process for preparation of the organosilicon compound of the

formula I via transesterification.
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Rubber mixtures

The 1nvention relates to rubber mixtures,

to their

preparation and to theilr use.

organosilicon compounds are capable of

synthetic silicates,

ox1ldes.

to promote adhesion.

uses them as coup.

DE19544469A1,

fillers containing hydroxy groups,
carbonates,

They are used here

filler and the polymer used
Uus3978103,

It 1s moreover known that the use of

It 1s known that hydrolysable sulphur-containing

P —
—

reacting with
e.g. natural and

glasses and metal

fication and

for surface mod:

The rubber-processing i1ndustry

1ng agents between the reinforcing

(DE2141159, DE2212239,
us40482060, EP/84072A1).

P —

commercially

avallable silane coupling agents having three alkyloxy

substituents on the silicon atom (DE 22 55 577),
bis[3-triethoxysilylpropyl]

triethoxysilylpropyl]

considerable amounts of

coupling to the

triethoxy-substituted silanes are generally used,

e.qg.

filler.

tetrasulphide or bis[3-

"

disulphide leads to liberation of

P —

alcohol during and after
Since trimethoxy- and
the

corresponding alcohols methanol and ethanol are

liberated 1n the course of

18 1n

P —

Mixing of silica compounds

P —

manufacturer of

e
=

e

Kunststo:

Berkemeier, D.;

internal mixers,
(2001),54 (1),

P —

the application
Hader, W.;

(e.g. page

Rinker, M.; Heiss, G.,

P —
=

from the viewpoint of a

Gumm1i, Fasern,

17-22) .

It 1s moreover known that methoxy-substituted silanes

have higher hydrolysis-activity than ethoxy-substituted

sllanes.

Ethoxy-substituted silanes have higher

hydrolysis—-activity than longer-chailin or branched

alkoxy-substituted silanes having more
R. Pohl, F.

atoms (E.

—han 2 carbon

D. Osterholtz J. Adhesion Sci.
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Technology o6 (1) 1992, 127-149). They are therefore

P —

capable of faster coupling to the filler, and use of

i

methoxy—- and ethoxy-substituted silanes has therefore

hitherto been essential for economlc reasons.

P —
p—

5 A considerable disadvantage i1n the use of known alkoxy

o —
—

silane coupling agents, specifically of
bis(trialkoxysilylalkyl) polysulphide coupling agents,

P o
—

1s the liberation of stoichiometric amounts of volatile

alcohols, such as methanol and ethanol, into the

10 environment during and after coupling of the

alkoxysilane to the filler.

P —
b

Another disadvantage 1n the use of
bis(triethoxysilylpropyl) polysulphide coupling agents

1s the limitation on mixing temperature for rubber

15 mixtures to the temperature range from 140 to 165°C

(H.D Luginsland, "A Review on the chemistry and the

P — P —

reinforcement of the silica-silane filler system for

rubber applications, Shaker Verlag, Aachen 2002,

page 34).

<
<

20 US 6,433,200, DE 25 42 534 C3, DE 24 05 758 C3 and
DE 27 12 866 Al disclose polysulphide-containing

silatranes. They can be used as reinforcing additives

1n rubber mixtures comprising silicatic fillers.

o —

It 1s an object of the present inventlions to provide

P —
p—

25 rubber mixtures which, with small amounts of co-

accelerator, exhibit very good vulcanization behaviour.

The 1nvention provides rubber mixtures, comprising

(a) at least one rubber,

(b) a filler,

P —

30 (c) an organosilicon compound of general formula I,
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where R 1s i1dentical or different and is H, a cyclic,

straight-chalin or branched C;-Ci,-alkyl, preferably C;-

Cg—alkyl, particularly preferably Ci;-alkyl, a carboxy
group (-COOH), a substituted or unsubstituted aryvl

group, preferably a phenyl group or a substituted or

unsubstituted aralkyl group,

R'" 1s 1dentical or different and 1s a branched or

unbranched, saturated or unsaturated, aliphatic,

aromatic or mixed aliphatic/aromatic divalent C;-Cag,

preferably Ci-Csyy, particularly preferably C,-Csy, very

particularly preferably C3-Ci5, extremely preferably Cji-

C15, hydrocarbon group,

X 1s an average chain length of from 1 to 10,

(d) from 0.3 to 5% by weight, preferably from 0.3 to 4%

by weight, particularly preferably from 0.3 to 3% by

welght, very particularly preferably from 0.5 to 2.5%

P —

by weight, of rubber accelerator, based on the rubber

P —

used, selected from the group of the thiazoles,

sulphenamides, thiurams, thioureas, thiocarbonates and
dithiocarbamates and

(e) an amount eqgual to or less than 1.5% by weight,

preferably less than 1% by weight, particularly

preferably less than 0.5% by weight, based on the

P —
b

rubber used, of co-accelerator, selected from the group

P —

of the guanidines and aldehydamines.




10

15

20

22

30

CA 02640155 2008-07-24
WO 2007/085521 PCT/EP2007/050174

In one embodiment, the rubber mixture can comprise no

co—accelerator.

In another embodiment, the rubber mixture can comprise

P —

from 0.1 to 1% by weight of co-accelerator.

P —

The amounts that can be used of the organosilicon

P —

compounds of the formula I can be from 0.1 to 50% by

welght, preferably from 0.1 to 25% by weight,

particularly preferably from 1 to 15% by weilght, very

particularly preferably from 3 to 10% by weight, based

o —

on the amount of the rubber used (phr).

RY can be CHz, CHgCHQ, CHzCHgCHQ, CH2CH2CH2CH2, CH (CH3) ’
CH,CH (CHs), CH(CHs)CH,, C(CHs),, CH(C»Hs), CH,CH,CH (CHs),
CH (CHs) CH,CH,, CH,CH (CHs) CH>

Ot —CH> _@_CH20H2 —

P —

Organosilicon compounds of the general formula I can be

P —

mixtures composed of organosilicon compounds of the

i

general formula

P —

Organosilicon compounds of the general formula I can be

P — P —
b

mixtures composed of organosilicon compounds of the

P — P —
= =

ferent values of x.

general formula I which have di:

The 1ndex x here 1s the average sulphur chain length 1n

o —

the mixture of substances and can be from 1.1 to 5,

preferably from 1.5 to 4.5, particularly preferably

from 3 to 4 and, respectively, from 1.8 to 3, very

particularly preferably from 3.5 to 3.8 and,

o —

respectively, from 1.9 to 2.6. The proportion of S2Z

compounds 1n mixtures of the organosilicon compounds of
the general formula I can be more than 50% by weight,

preferably more than 60% by weight, particularly

preferably more than 70% by weight, very particularly
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preferably more than 80% by weight, based on the amount

P — P —
=

of organosilicon compound used of the general formula

P — P —

The proportion of S3 compounds 1n mixtures of the

P —

organosilicon compounds of the general formula I can be

from 0.5 to 60% by weight, preferably from 1 to 503% by

welght, particularly preferably from 1 to 45% by

welght, very particularly preferably from 1 to 40% by

P —

welght, based on the amount of organosilicon compound

P — P —

used of the general formula I. The proportion of S4

P —

compounds 1n mixtures of the organosilicon compounds of

i

the general formula I can be more than 0.5% by weight,

preferably more than 5% by weilight, particularly

preferably more than 9% by weight, very particularly

preferably more than 15% by weight, extremely

preferably more than 25% by welght, based on the amount

P — P —
=

of organosilicon compound used of the general formula

Organosilicon compounds of the formula I can be

[N (C2H40) 351 (CHz) 3] S2 [ (CHz) 351 (OC2Hy) 3N,

[N (C2H40) 351 (CHz) 3] S3[ (CH2) 351 (OC2Hy) 3N,

[N (C2H40) 351 (CHz) 3] S4[ (CHz) 351 (OC2Hy) 3N,

[N (C2H40) 351 (CHz) 3] Ss[ (CH2) 351 (OC2Hy) 3N,

[N (C2H40) 351 (CHz) 2] S2 [ (CHz) 251 (OC2Hy) 3N,

[N (C2H40) 351 (CHz) 2] S3[ (CH2) 251 (OC2Hy) 3N,

[N (C2H40) 351 (CHz) 2] S4[ (CH2) 251 (OC2Hy) 3N,

[N (C2H40) 351 (CHz) 2] Ss[ (CHz) 251 (OC2Hy) 3N,

[N (C2H40) 351 (CHz) 152 [ (CHz) S1 (OC2Hy) 3N,

[N (C2H40) 351 (CHz) 1S3 (CHz) S1 (OC2Hy) 3N,

[N (C2H40) 351 (CHz) 1S4 (CHz) S1 (OC2Hy) 3N,

[N (C2H40) 351 (CHz) 1Ss[ (CHz) S1 (OC2Hy) 3N,

[N (C,H40)3S1-CH,CH,CH (CHs)-]1S,[-CH(CHs) CH,CH»,-5S1 (OC,H,4) 3N],
[N (C2H40) 351-CH,CH,CH (CH3) -] S3[-CH (CHs) CH,CH,—-51 (OC2Hy ) 3N,
[N (C2H40) 351-CH,CH,CH (CH3) - ]S4 [-CH (CHs) CH,CH,—-51 (OCoHy ) 3N,
[N (C,H40)351-CH,CH,CH (CHs) -] Ss[-CH (CHs) CH,CH»,-5S1 (OC,Hy4) 3N,
[N (CH2-CH (Me) -0-) 351 (CHz) 3] S2[ (CH2) 351 (-O-CH (Me) -CH;) 3N],
[N (CH2,-CH (Me) -0-) 351 (CHz) 3] S3[ (CH2) 351 (-O-CH (Me) -CH;) 3N],
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0
[N (CH>-CH (Me) -0-) 351 (CH2) 3] S4[ (CH2) 351 (-O-CH (Me) -CH») 3N],
[N (CH,-CH (Me) -0-) 351 (CH2) 3] Ss[ (CH2) 351 (-O-CH (Me) -CH») 3N],
[N (CH>-CH (Me) -0-) 351 (CH2) 2] S2[ (CHz) 251 (-O-CH (Me) —-CH») 3N],
[N (CH,-CH (Me) -0-) 351 (CHz) 2] S3[ (CHz) 251 (-O-CH (Me) -CH») 3N],
[N (CH>-CH (Me) -0-) 351 (CH2)2]1S5S4[ (CHz) 251 (-O-CH (Me) -CH») 3N],
[N (CH>-CH (Me) -0-) 351 (CH2) 2] Ss[ (CHz) 251 (-O-CH (Me) -CH») 3N],
[N (CH,-CH (Me) -0-)3S1 (CHy) ] S»[ (CHy) S1 (-O-CH (Me) -CH») 3N ],
[N (CH,-CH (Me) -0-)351 (CHy) ] S3[ (CHy) S1 (-O-CH (Me) -CH») 3N],
[N (CH,-CH (Me) -0-)3S1 (CHy) 1 S4[ (CHy) S1 (-O-CH (Me) -CH») 3N ],
[N (CH,-CH (Me) -0-)351 (CHy) ] Ss[ (CHy) S1 (-O-CH (Me) -CH») sN],
[N (CH,-CH (Me) -0-)3S1-CH,CH,CH (CH3) -] S», [-CH (CH3) CH,CH»,—-S5S1 (-
O-CH (Me) —CH»,) 3N |,
[N (CH,-CH (Me) -0-)3S1-CH,CH,CH (CH3) -] S3[-CH (CH3) CH,CH»,—-S5S1 (-
O-CH (Me) —CH»,) 3N |,
[N (CH,-CH (Me) -0-)3S1-CH,CH,CH (CH3) -] S4[-CH (CH3) CH,CH»,—-S5S1 (-
O-CH (Me) —CH»,) 3N |,
[N (CH,-CH (Me) -0-)3S1-CH,CH,CH (CH3) -] Ss[-CH (CH3) CH,CH»,—-S5S1 (-
)

O-CH (Me) -CH») 3N ],

[N (CH,—CH (phenyl) —0-) sSi (CHs) 31 S» [ (CH,) 3S1 (-O-CH (phenyl) -
CHz2) sN7J,

[N (CH,—CH (phenyl) —0-) sSi (CH,) 3] S3[ (CH,) 3S1 (-O-CH (phenyl) -
CHz2) sN7J,

[N (CH,—CH (phenyl) —0-) sSi (CHs) 31 S4[ (CH,) 3S1 (-O-CH (phenyl) -
CHz2) sN7J,

[N (CH,—CH (phenyl) —0-) sSi (CH») 3] S5 [ (CH,) 3S1 (-O-CH (phenyl) -
CHz2) sN7J,

[N (CH,—CH (phenyl) —0-) sSi (CHs) 2]1S2 [ (CH,) »S1 (-0-CH (phenyl) -
CHz2) sN7J,

[N (CH,—CH (phenyl) —0-) sSi (CHs) 21 Ss[ (CH,) »S1 (-O-CH (phenyl) -
CHz2) sN7J,

[N (CH,—CH (phenyl) —0-) sSi (CHs) 21 S4[ (CH,) »S1 (-O-CH (phenyl) -
CHz2) sN7J,

[N (CH,—CH (phenyl) —0-) sSi (CHs) 2]1Ss [ (CH,) »S1 (-O-CH (phenyl) -
CHz2) sN7J,

[N (CH,—CH (phenyl) —0-) sSi (CH,) 1S, [ (CH,) Si (~O—CH (phenyl) -
CHz2) sN7J,

[N (CH,—CH (phenyl) —0-) sSi (CH,) 1S3 [ (CH,) Si (~O—CH (phenyl) -



10

15

20

22

30

CA 02640155 2008-07-24

WO 2007/085521

CH»)s3N],

PCT/EP2007/050174

[N (CH,-CH (phenyl) -0-)3S1 (CHs) 1S4[ (CH,) Si (-O-CH (phenyl) -

CH»)s3N],

[N (CH,-CH (phenyl) -0-)3S1 (CHs) 1S5 [ (CH,) Si (-O-CH (phenyl) -

CHz) 3N,

[N (CH,-CH (phenyl)

-0-CH (phenvyl) -CH;
H,-CH (phenyl) -

- )

) 3N],

- )
-O-CH (phenyl) -CH») 3

- )

) 3

- )

) 3

(
(
[N (
Si( NJ,
[N (
. (-O-CH (phenyl) -CH,
(CH,-CH (phenyl) -
(

-0-CH (phenyl) -CH»

C
CH,—-CH (phenyl )
C

[N
| NJ.

381 CHZCH2CH (CH3) ] 82 [
Sl CHZCH2CH (CH3) ] 83 [
N] or

3
381 CHZCH2CH (CH3) ] 84 [
3

Sl CHQCH2CH(CH3) ]85[

—-CH (CH3z) CH;CH5 -

—-CH (CH3z) CH;CH5 -

—-CH (CH3z) CH;CH5 -

—-CH (CH3z) CH;CH5 -

Condensates, 1.e. o0oligo- and polysiloxanes, can be

formed from the organosilicon compounds of

o —

I via addition of water.

can be obtained via olilgomeriza

o —

P —

—10Nn Or CO-

the formula

The oligo- and polysiloxanes

oligomerization of the corresponding organosilicon

P —

compounds of the general

formula

I via addition of

P —
p—

water using the procedure and additive addition known

P —

The organosilicon compounds of the

P —

be mixtures of organosilicon compounds of

formula I with mixtures o

P —

P —

formula

P —

siloxanes of the organosilicon compounds O

formula

P —

The constitution of the mixtures o©

P —

compounds of the general

formula

P —

f the or

can be

to the person skilled 1n the art in this field.

can also

the general

f oligomeric or polymeric

P —

f the general

ganosilicon

determined

via nuclear magnetic resonance spectroscopy, preferably

c 1 13 29 v -
via “H-, C- and “"Si1-nuclear magnetic resonance

spectroscopy. The average —-Sy—- chaln length i1n the

P —

mixtures of the 1nventive organosilicon compounds can

preferably be determined via 'H nuclear magnetic

resonance spectroscopy.



10

15

20

22

30

CA 02640155
WO 2007/085521

The organosilicon compounds

2008-07-24
PCT/EP2007/050174

P —

of the formula I can have a

molar ratio (N/S) between the analytically determinable

P —

content of nitrogen (N) and

sulphur (S) of from 2 (2/1)

to 0.2 (2/10), preferably from 1.33 (2/1.5) to 0.5
(2/4), particularly preferably from 1.11 (2/1.8) to

0.66 (2/3), very particularly preferably from 1.05

(2/1.9) to 0.8 (2/2.5).

The average sulphur content

can be determined

analyvtically using equipment from LECO (LECO SC-

144 DR), using ASTM 6741-01

method B.

The average nitrogen content can be determined by the

Kijeldahl method, or by using an elemental analyser,

such as Carlo Erba EA 1108

determination of N»).

P —

P —

(combustion of substance and

The melting point of the 1nventive organic silicon

compounds, determinable via

differential scanning

calorimetry (DSC), can be from 50°C to 200°C,

preferably from 70°C to 180°C, particularly preferably

110°C to 160°C.

from 90° to 170°C, very particularly preferably from

"

The melting point can be de:

melting curve.

P —

"1ned as the peak of the

P —
—

The melting range of the mixtures of organosilicon

compounds, determinable via

differential scanning

calorimetry, can be from 30°C to 220°C, preferably from

50°C to 200°C, particularly

preferably from 70° to

180°C, very particularly preferably from 90°C to 180°C.

The melting range can be de:

"1ned as the temperature

range between peak-start temperature and peak-end

temperature during a DSC measurement.

The organosilicon compounds

P —

of the general formula

o —

can comprise, as ancillary components, amounts of less
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than 10% by weight, preferably less than 8% by weight,

particularly preferably less than 5% by weight, very
particularly preferably less than 3% by weight, of
compounds which have silicon atoms substituted by
alkyloxy groups (alkyl-0-).

The organosilicon compounds of the general formula

can comprise less than 15% by weight, preferably less

than 12% by weight,
8% by weight, very par

by weight,

CHR

CHR
4 o/
CHR SH

CHR
T~

<\

P —
.

CHR

O

O
/

CHR

where R and R'

The organosilicon compounds used of the general

are

than 8% by welght,

by weight,

P —

welght, of

The form 1n which the organosilicon compounds oO:

formula

very particularly pre:

chloride 1ons (C1l ).

P —

particularly pre:
clcularly pre:

of compounds of the general

as defined above.

particularly pre:

P —

"erably less

formula

can comprise less than 10% by weight, pre:

"erably less than

“han 5%

formula
"erably less
"erably less than 5%
"erably less than 3% by

- tLhe

are added to the mixing process can eilther be

pure form or else absorbed onto an i1nert organic oOr

lnorganlic carriler,

or else pre-reacted with an organic

Or 1norganlc carrier. Preferred carrier materials can

be precipitated or

chermoplas

~1CSs,

Ia

cural or syn

fumed silicas,

_he

waXxXes,

~1¢c silica

res,

Ia

cural
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or synthetic oxides, such as aluminium oxide, or carbon

blacks. Another form in which the organosilicon
compounds of the formula I can be added to the mixing
process 1s pre-reacted with the filler to be used.

Preferred waxes can be waxes with melting points,

o —
—

melting ranges or softening ranges of from 50° to

200°C, preferably from 70° to 180°C, particularly

preferably from 90° to 150°C, wvery particularly

preferably from 100° to 120°C.

The waxes used can be olefinic waxes.
The waxes used can contalin saturated and unsaturated
hydrocarbon chains.

The waxes used can comprilise polymers or oligomers,

preferably emulsion SBR or/and solution SBR.
The waxes used can comprise long-chain alkanes or/and

long-chain carboxylic acids.

The waxes used can comprilise ethvlene-vinyl acetate

and/or polyvinyl alcohols.

P —
—

A form in which the organosilicon compounds of the

formula I can be added to the mixing process 1s a
physical mixture with an organic substance or with an

organic substance mixture.

The organic substance or the organic substance mixture
can comprilse polymers or oligomers.

Polymers or oligomers can be heterocatom-containing
polymers or oligomers, e.g. ethylene-vinyl alcohol
or/and polyvinyl alcohols.

Polymers or oligomers can be saturated or unsaturated

elastomers, preferably emulsion SBR or/and solution
SBR.

"

The melting polnt, melting range or softening range of

P — P —

the mixture composed of organosilicon compounds of the

P — P —
b

formula I and of organic substance or of an organic

substance mixture can be from 50 to 200°C, preferably

from 70 to 180°C, particularly preferably from 70 to
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150°C, very particularly preferably

extremely preferably

FF1llers that can be used

mixtures are:

= Carbon blacks, such as flame blacks,
blacks, gas blacks or thermal blacks. The BET

surface areas of the carbon blacks can be

P —

PCT/EP2007/050174

from 70 to 130°C,
from 90 to 110°C.

for the 1nventive rubber

furnace

P —
b

from 20

to 200 Hﬁ/g. The carbon blacks can, 1f appropriate,

also contalin heteroatoms,

= Amorphous silicas,

P — P —

such as S1i.

P —
—

preclpitation of solutions of silicates

(precipitated silicas) or flame hydrolysis of

silicon halides (fumed silicas).

P —

of the gi1licas can be

preferably

and thelr primary particle sizes can be

400 nm. The silicas can, 1f appropriate, a.

from 20 to 400 HF/g (

P —

P —

the form o:

such as Al

oxides, Mg oxides, Ca oxides,

7N oxides and titanium oxides.

- Synthetic silicates,

alkaline earth metal silicates,

silicate or calcium silicate,

P —
h—

areds Ol

P —
—

The

T sUur:

prepared by way of example via

P —
—

surface areas

from 5 to 1000 m*/g,
N

"ace area)

from 10 to

sO Take

- mixed oxides with other metal oxides,

Ba oxides,

such as aluminium silicate,

such as magnesium

wilith B!

' SUr:

particle diameters of from 10 to 400 nm.

= Synthetic or natural

Or natural

= Synthetic or natural

aluminium hydroxides.

precipitated calcium carbonat.

— Natural silicates,

calcium carbonates,

Cace

from 20 to 400 m“/g and with primary

aluminium oxides and synthetic

e.qg.

such as kaolln and other
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naturally occurring silicas.

— Glass fibre and glass fibre products (mats,

strands) or glass microbeads.

It may be preferable to use amorphous silicas prepared

P o

via precipitation of solutions of silicates

P —
p—

(precipitated silicas) with BET surface areas of from

o

20 to 400 m“/g. The amounts that can be used of the

amorphous silicas are from 5 to 150 parts by weight,

o —

based 1n each case on 100 parts of rubber (phr).
The fillers mentioned can be used alone or 1n a
mixture. In one particularly preferred embodiment, the

rubber mixtures can comprise from 10 to 150 parts by

P — P —
b

welight of pale-coloured fillers, 1f approprilate

P —

together with from 0 to 100 parts by weight of carbon

black, and also from 1 to 20 parts by weight or

P —

organosililicon compounds of the formula I, based 1in each

P —

case on 100 parts by weight of rubber.

P —

Sultable materials for preparation of the i1nventive

rubber mixtures are not only natural rubber but also

synthetic rubbers. Preferred synthetic rubbers are

P —

described by way of example 1n W. Hofmann,

Kautschuktechnologie [Rubber technology], Genter
Verlag, Stuttgart 1980. Synthetic rubbers that can be

used are, 1nter alia

= polybutadiene (BR);

= polyisoprene (IR);

— styrene-butadiene copolymers (SBR), such as
emulsion SBR (E-SBR) or solution SRR (S-SRR). The

styrene-butadiene copolymers can have styrene

P —
—

content of from 1 to 60% by weight, preferably from

2 to 50% by weilght, particularly preferably from 10

to 40% by weight, very particularly preferably from
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15 to 35% by weight;
— chloroprene (CR);
— 1sobutylene-i1isoprene copolymers (IIR);

— butadiene-acrylonitrile copolymers whose acrylo-

nitrile contents are from 5 to 60% by weight,

preferably from 10 to 50% by weight (NBR),

particularly preferably from 10 to 45% by weilght

(NBR), very particularly preferably from 19 to 45%
by weight (NBR) ;

— partially hydrogenated or fully hydrogenated NBR
rubber (HNBER) ;

[T
O

DM) ;

= ethylene-propylene-diene copolymers (.

— abovementioned rubbers which also have functional
groups, e.g. carboxy groups, silanol groups or

epoxy groups, €.g. epoxidized NR, carboxy-

functionalized NBR or silanol- (-S1i0H) or silyl-

alkoxy-functionalized (-S1-OR) SBR;

o —

or a mixture of these rubbers. Anionically polymerized

SSBR rubbers (solution SBR) whose glass transition

temperature 1is above -50°C and their mixtures with

P —
p—

diene rubbers are of particular 1nterest for production

o —

of car tyre treads.

The 1nventive rubber mixtures can comprise other rubber

auxlliariles, such as reaction accelerators,

antioxidants, heat stabilizers, light stabilizers,

anti-ozonants, processing alds, plasticizers,

tacklifiers, blowlng agents, dyes, pigments, waxes,

extenders, organic acids, retarders, metal oxides, and

also actilvators, such as triethanolamine or

hexanetriol.

Other rubber auxililiaries can be:
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polyethylene glycol or/and polypropylene glycol or/and

polybutylene glycol with molar masses
50 000 g/mol, preferably
particularly pre:
particularly pre:

extremely pre:

from 50

"erably from 200
"erably from 400
"erably from 500 to

from 50 to

to 20 000 g/mol,

to 10 000 g/mol, very
to 6000 g/mol,

3000 g/mol,

hydrocarbon-terminated polyethylene glycol
Alk-0-(CH,-CH,-0) y1-H or Alk-(CH;-CH,-0),1-Alk,

hydrocarbon-terminated polypropylene glycol

Alk-0- (CHZ_CH (CH3) —O) yI—H Oor A.

k-O- (CH,-CH (CHs3) -0) ,1-Alk,

hydrocarbon-terminated polybutylene glycol
Alk-0-(CH;-CH,-CH,-CH»,-0) y1—H,
Alk-0- (CH,-CH(CH3) -CH2-0) y1—H,
(CH,-CH;-CH,-CH>-0) y1—Alk or
Alk-0-(CH,-CH(CHs) -CH,-0) y1—-Alk,

Alk-0-

where the average o:
from 2 to 15,
from 10 to 14,

and

unsubstituted or substituted,

hydrocarbon having

25,
par

pre

= 1

particularly pre:

"erably
very particularly pre:
from 10 to 13,

pre:

-y 1s from 2 to 25, preferably

from 3 to 8 and

‘erably from 3 to ©
and Alk 1s a branched or unbranched,
saturated or unsaturated
from 1 to 35,

"erably from 4 to

particularly preferably from 6 to 20, very

clcularly pre:

ferably from 11 to 14,

"erably from 10

co 20,

carbon atoms,

extremely

neopentyl glycol HO-CH,-C (Me),-CH,-OH, pentaervythritol
C(CH,-OH)4 or trimethvlolpropane CHz;-CH,-C (CH,-0OH) 3

ether:

fied with polyethylene glycol,

etherified with

polypropylene glycol, etherified with polvyvbutvylene

glycol,

P —

Or ether]

P —

P —

fied with a mixture thereof, where the

number of repeat units of ethylene glycol, propylene

glycol or/and butylene glycol
va:

jole
o4,

coho.

S can be

from 2 to

P —

1n the etherified
100,

pre:

"erably from 2 to

particularly preferably from 3 to 30, very
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particularly preferably from 3 to 15.

o —

To calculate the average of y, the analytically

P —

determinable amount of polvalkylene glycol units can be

o —

divided by the analytically determinable amount of -Alk

P — P —
p—

[ (amount of polyalkylene glycol units)/ (amount of

o —

-Alk)]. By way of example, 'H and '°C nuclear magnetic

resonance spectroscopy can be used to determine the

amounts.

P —

The amounts used of the rubber auxiliaries can be known

amounts, oriented inter alia to the intended purpose.

P —

As a function of the processing aid used, amounts can

be from 0.001 to 50% by weight, preferably from 0.001

to 30% by weight, particularly preferably from 0.01 to

30% by weight, very particularly preferably from 0.1 to
30% by weight, based on rubber (phr).

The 1nventive rubber mixtures can be sulphur-

vulcanizable rubber mixtures.

The i1nventive rubber mixtures can be peroxidically

crosslinkable rubber mixtures.

Crosslinking agents used can be sulphur or sulphur-

P —

donor substances. The amounts of sulphur used can be

from 0.1 to 10% by weight, preferably from 0.1 to 5%
by weight, based on rubber.

The following substances can be used as rubber
accelerator: Z2-mercaptobenzothiazole, dibenzothiazyl
disulphide, zinc mercaptobenzothiazole, 2Z2- (morpholino-
thio)benzothiazole, diilsopropylbenzothiazyl-
sulphenamide, N-cyclohexyl-2-benzothiazylsulphenamide,
N, N-dicyclohexyl-2-benzothiazylsulphenamide, N-tert-
butyvl-2-benzothiazylsulphenamide, benzothiazyl-
2-sulphenomorpholide, N-dicyclohexvyl-Z2-benzothiazyl-
sulphenamide, tetramethylthiuram monosulphide,

tetramethylthiuram disulphide, tetraethylthiliuram
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disulphide, tetrabutylthiuram disulphide, tetra-
benzylthiuram disulphide, tetraisobutylthiluram
disulphide, N,N'-dimethyl-N,N'-diphenylthiuram
disulphide, dipentamethylenethiuram disulphide,
dipentamethylenethiuram tetra/hexasulphide, N,N'-ethyl-
thiourea, N,N'-diethylthiourea, N,N'-diphenvylthiourea,
N'-(3,4-dichlorophenyl)-N,N'-dimethylthiliourea,
N,N'-dibutylthiourea, N,N,N'-tributylthiourea, zinc
dimethyldithiocarbamate, zinc diethyldithiocarbamate,
zlnc dibutyldithilocarbamate, zinc diisobutyldithio-
carbamate, =zinc dibenzyldithiocarbamate, zinc ethyl-
phenvldithiocarbamate, zinc pentamethylenedithio-
carbamate, zinc diisononyldithiocarbamate, zinc
diamyldithiocarbamate, tellurium diethyldithio-
carbamate, copper dimethyldithiocarbamate, copper
dibutvldithiocarbamate, bismuth dimethyldithio-
carbamate, cadmium diethyldithiocarbamate, selenium
diethvldithiocarbamate, piperidine pentamethylene-
dithiocarbamate, nickel dimethvyldithiocarbamate, nickel
diethvyldithiocarbamate, nickel dibutyldithiocarbamate,
nickel diisobutyldithiliocarbamate, nickel dibenzyl-
dithiocarbamate, lead diamyldithiocarbamate, sodium
dimethyldithiocarbamate, sodium diethyldithiocarbamate,
sodium dibutvldithiocarbamate, sodium diisobutyldithio-

carbamate or sodium dibenzyldithiocarbamate.

The co-accelerator used can comprise diphenylguanidine,

di-o-tolylguanidine, o-tolylbiguanidine, N,N'-diphenyl-

o —

guanlidine, hexamethylenetetramine, condensates of

homologous acroleins with aromatic bases or condensates

o —

of aldehydes with amines.

The i1nvention also provides a process for preparation

P — P —

of the organosilicon compounds of the formula I,

P —

characterized 1n that organosilicon compounds of the

general formula

PCT/EP2007/050174
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Oalkyl
alkylO Oalkyl

1n which R' 1s as defined above and alkyl 1s 1dentica.

P —
—

or different and 1s a monovalent Cl-C8 hydrocarbon

radical, preferably methyl, ethyl and propyvl,

P —

are reacted with compounds of the general formula IV

N (CHR-CHR-0O-H) 3 1V

"

in which R 1s as defined above, with elimination o:

alkyl-0OH, and alkyl-OH 1s removed from the reaction

mixture.

P —

The 1nventive process for preparation of the

organosililicon compounds can take place with or without

catalysis. The alkyl-OH can be removed contilinuously or

batchwise from the reaction mixture.

A high monomer content (e.g. detectable via “°Si NMR or

P —

HPLC) of the compounds of the formula used as

P —
=

starting material can have a favourable effect on the

P —

product constitution and the product properties of the

organosililicon compounds. A high monomer content

P —

corresponds to a low content of siloxanes which have

S1-0-S1 bonds and which have been formed via hydrolysis

P —

from the alkoxysilanes of the formula with alkyl-0OH

P —

alcohol elimination. The monomer content of the

P —

compounds of the formula 1n the starting material

can preferably be greater than 50% by weight,

particularly preferably greater than 75% by weight,

very particularly preferably greater than 85% by

welght, extremely preferably greater than 92.5% by
welght.

"

The organosilicon compounds of the general formula
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can be pure compounds or mixtures of compounds.

o —
—

o —
—

Examples of compounds of the general

triethanolamine N (CH,-CH,-0O-H) 3,

formula IV can be

triisopropanolamine N (CH,-CH (CHs)-0O-H)s or

[HO-CH (phenyl

A low water content of

used can have

and the product properties of

compounds. The water content can pre:

than 5% by we

) CH> ] 3N.

P —

a favour

1ght, particularly pre:
1.5% by weilght,

than 0.75% by weight,
0.3% by weight.

the compounds of

P —
—

able e:

P —

extremely pre:

P —

the formula IV

fect on the constitution

the organosilicon

very particularly pre:

"erably be smaller
"erably smaller than
"erably smaller

"erably smaller than

Metal-free or metal-containing catalysts can be used as

catalyst 1n the 1nventive process.

Alkalil metal hydroxides can be used as catalyst in the

inventive pro

cess. Pre

ferred alkall metal hydroxides
can be L10OH, NaOH, KOH and CsOH.

Alkoxides can be used as catalyst 1n the i1nventive

process. Preferred alkoxides can be alkali metal

alkoxides and aluminium alkoxides. Preferred alkali

metal alkoxides can be Li0OMe and Li1OETt,

NaOCsHy, KOMe,

P —

Compounds of

KOEt and KROCaH7.

the 3rd-/th group, ©

P —

NaOMe, NaOEt,

f the 13th-14th group

and/or the lanthanoids group can be used as metal-

contalining ca

Transition me

contalning ca

talysts.

talysts.

cal compounds can be used as metal-

The metal-contailning catalysts can be metal compounds,
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such as metal chlorides, metal oxides, metal
oxychlorides, metal sulphides, metal sulphochlorides,
metal alcoholates, metal thiolates, metal
oxyalcoholates, metal amides, metal i1mides or

0 transition metal compounds having multiple bonded

ligands.

P —

By way of example, metal compounds that can be used are

o —

halides, amides, or alcoholates of the 3rd maln group
(M>* = B, Al, Ga, In, Tl: M’ (OMe)s, M’ (O
10 M’ (OCsH7) s, M’ (OC4Hg) ),

L]

-—) 37

halides, oxides, sulphides, 1mides, alcoholates,

o —

amides, thiolates and combinations of the substituent

classes mentioned having multiple bonded ligands on

o —

compounds of the lanthanoids group (rare earths, atomic

P —

15 number from 58 to 71 1n the Periodic Table of the

Flements), halides, oxides, sulphides, 1mides,

P —
p—

alcoholates, amides, thiolates and combilinations of the

substituent classes mentioned having multiple bonded
ligands on compounds of the 3rd transition group (Mt =

20  Sc, Y, La: M7 (OMe)s;, M’'(OEt)s, M’ (OCsH;)3, M’ (OC4Hs) 3,
coM™t (C1),, cp cpM’ (OMe),, cpM’'(OEt)., cpM’'(NMe,), where

cp = cyclopentadienvyl),

"

halides, sulphides, amides, thiolates or alcoholates of
the 4th main group (M'" = Si, Ge, Sn, Pb: M' (OMe),,

25 MY (0Et)4, M'(OC3H7)a, M' (OC4Hg)4; M°' = Sn, Pb: M*' (OMe) s,
M“" (OEt) s, M (OCsH7),, M°'(OC4Hs)2), tin dilaurate, tin

diacetate, Sn (ORu) s,

L]

halides, oxides, sulphides, i1mides, alcoholates,

P —

amides, thiolates and combinations of the substituent

30 classes mentioned having multiple bonded ligands on
compounds of the 4th transition group (M'' = Ti, Zr, Hf:
MY (F) 4, M (Cl)s, M (Br)s, M (I)s4, M (OMe)s, M' (OEt) 4,
M™" (OC3H7) 2, M' (OC4Hg)a, cp2Ti(Cl)a, cp2Zr(Cl)a,
cp,HE (Cl),, cp>T1i(OMe),, cp2Z2r (OMe),, cpHf (OMe),,

39 cpT1(Cl)s, cpzr (Cl)s, cpHIf(Cl)s, cpTi(OMe)s, cpZr (OMe)s,

cpHE (OMe) 3, M"' (NMey)s, M" (NEt,),, M"' (NHC4Ho)4),

"
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halides, oxides, sulphides, i1mides, alcoholates,

P —

amides, thiolates and combinations of the substituent

classes mentioned having multiple bonded ligands on
compounds of the 5th transition group (M"Y, M** or M’* =
V, Nb, Ta: M’ (OMe)s, M’ (OEt)s, M’' (OC3H7)s, M’ (OC4Hg) s,
M>'0 (OMe) s, M’'O(OEt)s, M’'O(OCzH7)s3, MO (0OC4Hs) s,

cpV (OMe) 4, cpNb (OMe)s;, cpTa(OMe)s, cpV (OMe) o,

cpNb (OMe) 3, cpTa (OMe) 3),

halides, oxides, sulphides, i1mides, alcoholates,

P —

amides, thiolates and combinations of the substituent

classes mentioned having multiple bonded ligands on
compounds of the 6th transition group (M°", M’" or M =
Cr, Mo, W: M°"(OMe)s, M° (OEt)s, M°' (OC3H7)s, M°' (OC4Hg) s,
M°'O (OMe) 4, M®'O(OEt)4, M°'O (OCsH7)4, M®'O(OC4Hs) 4,

M°' 0, (OMe) 5, M°'0; (OEt),, M°'0,(0OCsH7)2, M0, (OC4Hs) 5,
M°*0, (0SiMes) ) or

halides, oxides, sulphides, i1mides, alcoholates,

P —

amides, thiolates and combinations of the substituent

classes mentioned having multiple bonded ligands on
compounds of the 7th transition group (M'", M°Y, M’" or
M*" = Mn, Re: MO (OMe)s, M''O(OEt)s, M''O (OCsH7)s,

MO (0OC4Hs) s, M'70, (OMe)s, M0, (0Et)s3, M0, (0CsH7) 3,

M’ "0, (OC4Hg) 2, M0, (0SiMes) s, M'T03(0SiMes), M'T0O;(CH3)).

The metal compounds and transition metal compounds can

have a free coordination site on the metal.

Other catalysts that can be used are metal compounds

and, respectively, transition metal compounds which are

P —

formed via addition of water to hvydrolysable metal

compounds or to hydrolysable transition metal

compounds.

P —
b

By way of example, titanium alkoxides can be used as

metal-containing catalysts.

In one particular embodiment, titanium alkoxides such

as tetra-n-butyl orthotitanate, tetraethyl

PCT/EP2007/050174
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orthotitanate, tetra-n-propyl orthotitanate or

tetraisopropyl orthotitanate can be used as catalysts.

Organic acilids can be used as metal-free catalysts.

P —

Examples of organic acids that can be used are

trifluorocacetic acid, trifluoromethanesulphonic acid or

p—-toluenesulphonic acid, tetraalkylphosphonium halides

or trialkylammonium compounds RsNH'X".

Organic bases can be used as metal-free catalysts.

Organic bases that can be used are amines, e.d.
alkylamines, dialkylamines or trialkylamines,

arylamines, substituted or unsubstituted heterocycles,

e.g. DABCO, diisopropyvlaniline, pyridine or DMAP

(d-dimethylaminopyridine) .

The 1nventive process can be carried out at atmospheric

pressure or at reduced pressure.

The 1nventive process can preferably be carried out at

from 1 to 600 mbar, particularly preferably at from 5

to 400 mbar, very particularly preferably at from 5 to
200 mbar.

The i1nventive process can be carried out at

~emperatures > 25°C.

The 1nventive process can be carried out 1n the

temperature range from 80°C to 200°C, preferably from
100°C to 180°C, particularly preferably from 110°C to
160°C.

Prior to or during the reaction, the reaction mixture

P —

can receilve additions of substances which promote

P — P —
=

transport of water from the product via formation of

azeotroplic mixtures. The corresponding substances can
be cyclic or straight-chailn aliphatics, aromatics,

mixed aromatic-aliphatic compounds, ethers, alcohols or



15

20

2

30

CA 02640155 2008-07-24

WO 2007/085521

P —

aclds. By way of example,

PCT/EP2007/050174

22

1t 1s possible to use hexane,

cyclohexane, benzene, toluene, ethanol, propanol,

1sopropanol, butanol, ethvylene glycol, tetrahydrofuran,

dioxane, formic acid, acetic acid, ethyl acetate or

dimethylformamide.

The reaction can be carried out continuously or

batchwise.

P —

organosilicon compounds of

P —

In the i1nventive process for preparation of the

the formula I,

the alcohol alkyl-OH corresponding to the substituent

(alkyl-0)- 1n formula

can be used as solvent,

the temperature can be from 0 to 100°C, preferably from

10 to 80°C, particularly preferably from 20 to 80°C,

and alkall metal hydroxides can be used as catalyst.

P —

An amount of alkali metal hydroxides which 1s less than

10% by weight, preferably less than 5% by weight,

particularly preferably less than 2% by weight,

extremely preferably less than 1% by weight, based on

P —

P —

the weight of the compound used of the general formula

P —

The conduct of the 1nventive process for preparation of

, can be used as catalyst.

"

the organosilicon compounds of the formula I can be
such that the product obtained comprises a solid that
can be filtered from the solvent used, and that the

mother liguor produced during the precipilitation process

1s recycled 1n order to permit use 1n a fresh reaction

P —

P —
p—
—

to give compounds of the

formula I. This can 1ncrease

o —

the overall vyield and reduce the amount of waste.

In the inventive process

organosilicon compounds O:

P —
—
—

for preparation of the

- the formula I, removal of

P —

i

the alcohol alkyl-OH liberated during the

transesterification process can take place, via

filtration and/or distillation from the resultant
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product, only after the reaction has ended. The

distillation process can preferably be carried out 1n

vacuo and at an elevated temperature, preferably >80°C,

particularly preferably >100°C, very particularly
preferably >120°C.

In the 1nventive process, for organosilicon compounds

P —

of the general formula I where R 1s H, R' 1s
(-CH,-CH,-CH,-), x 1s from 1.5 to 2.8, an alkyl-OH can

be used as solvent.

In the 1nventive process 1t 1s possible to add

P —

additives prior to, during or after the reaction of the

reaction mixture. The additives can preferably be added

prior to the reaction. The additives can reduce the

alteration i1nduced thermally or by a free-radical route

1n the average chain length -Sx-.

The additives can be free-radical scavengers and

stabilizers known to the person skilled in the art.

The additives can be monofunctional or oligofunctional

secondary aromatlic amines, monofunctional or

oligofunctional substituted phenols or heterocyclic

mercaptofunctional compounds.

The additives can be IPPD (N-isopropyl-N'-phenyl-
p-phenylenediamine), 6PPD (N-(1,3-dimethylbutyl) -

N'-phenvl-p-phenvylenediamine), 77PD (N,N'-di(1l,4-

i

dimethylpentyl) -p-phenylenediamine), DTPD (a mixture of
diaryl-p-phenylenediamines), N,N-diphenyl-p-phenylene-
diamine, TMQ (2,2Z2,4-trimethyl-1,2-dihydroguinoline),

mixtures of alkylated and aralkylated phenols, SPH
(styrenated phenol), BPH (2,2'-methylenebis(4-methyl-

o—-tert-butylphenol)), sterically hindered phenols, BHT
(2, 6-di-tert-butvl-4-methylphenol, MBI (Z2-mercapto-

benzimidazole), MMBI (4- and S-—-methylmercaptobenz-

P —

imidazole) or ZMMB (the zinc salt of 4- or S-methyl-

PCT/EP2007/050174
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mercaptobenzimidazole) .

In the inventive process, after the reaction or else as

P —

a final step of the process 1t 1s possible to add

o —

compounds which 1mprove the odour of the product. The

P —

substances added can be capable of entering 1nto

chemical or physical interactions with sulphur-

containing compounds. The compounds added can be epoxy

o —

compounds or other substances capable of reactions with

lnorganlc Or organic sulphur compounds.

P —

The product of the process can be used as 1t stands or

else after separation to give 1ndividual compounds or

1solated fractions.

P —

The organosilicon compounds of the formula I can be

used as coupling agents between 1norganic materials

(e.g. glass beads, crushed glass, glass surfaces, glass

fibres, metals, oxidic fillers, silicas) and organic

polymers (e.g. thermosets, thermoplastics, elastomers)

or as crosslinking agents and surface modifiers for

ox1dilc surfaces. The organosilicon compounds of the

formula I can be used as coupling reagents 1in filled

rubber mixtures, such as tyre treads.

o —

The organosilicon compounds of the formula I can be

prepared and used as solids, powder or pellets, with
various particle sizes. Prior to their use they can be

milled, sieved, pressed or pelletized, or only certain

sieve fractions can be used after sileve separation. The

P —

use of certain sieve fractions can be advantageous for

processing or rubber properties.

i

The i1nvention provides a process for preparation of
rubber mixtures, characterized 1n that

(a) at least one rubber,

(b) a filler,

P —

(c) an organosilicon compound of general formula I,
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(d) from 0 to 5% by weight, preferably from 0 to 4% by

welght, particularly preferably from 0 to 3% by weight,

very part
welght, o

used, sel

1cularly preferably

P —

f rubber accele

from 0.5 to 2.5% by

rator, based on the rubber

P —

ected from the group of the thiazoles,

sulphenamides, thiurams,

dithiocarbamates

and

thioureas, thiocarbonates and

(e) an amount equal to or less than 1.5% by weight,

preferabl

preferabl

rubber us

P —

v less than 1% by weight,

vy less than 0.5

P —
=

particularly

% by weight, based on the

ed, of co-accelerator, selected

are mixed.

Addition

I, and al

"he mixin

o —

of the co

P —

of the guanidines and aldehydamines

of the organosilicon compounds o:

o —
—

so addition of

g process can t

P —

the

from the group

formula

the fillers and additives 1n

ake place when the

mposition are from 90 to 230°C, prefer

from 110 to 210°C, particularly pre:

o —

190°C. The organosilicon compounds of the

"erably

formu

—emperatures

ably

from 120 to

la I can

be added together with other rubber auxililiaries.

The mixin

P —

g of the rubber

s with the filler

4

P —
b

11

approprilate with rubber auxiliaries and with the

inventive organosilicon compound can take place 1in

known mix

lnterna.

1ng assemblies,

mixXers or 1n mixing extruders.

for example on rolls,

1in

The 1nventive rubber mixtures can be vulcanized at

temperatu

to 210°C, particularly preferably from 120 to 190°C, if

P —
=

res of from 90

to 230°C, preferably fr

P —
=

om 110

appropriate under a pressure of from 10 to 200 bar.

The 1nven

productio

-1ve rubber mix

o —

n of mouldings,

“ures can be used

e.g. for production of

P —

1oxr

0

including pneumatic tyres, tyre treads, cable

sheathing, hoses, drive belts,

conveyor belts,

tyres,

roll



15

20

2

30

CA 02640155 2008-07-24
WO 2007/085521 PCT/EP2007/050174

20

coverings, shoe soles, sealing rings and damping

elements.

The 1nventive rubber mixtures can be prepared at

temperatures markedly higher than those for mixtures

wlth the familiar bis(trialkoxysilylalkyl) polysulphide

coupling agents, with simultaneous i1mprovement 1n

processing properties and 1n physical data.

The 1nventive rubber mixtures have the particular

advantage that, despite a marked reduction 1n the

P —

amount of co-accelerator 1n the mixture, very good

vulcanization behaviour 1s achieved, specifically high

P —

"1ciently low level of

P —

vulcanizatlion rate with su

processing risk.

P —

Another advantage of the 1nventive rubber mixtures 1s

that no high-volatility alcohol, normally methanol or
ethanol, 1s liberated from the resultant organosilicon
compounds of the general formula I. Coupling between

P —
=

filler and polymer 1s not adversely affected thereby.

P —

Coupling of the incorporated organosilicon compounds to

the oxidic filler takes place within an economically

P —

acceptable period of time.

The 1nvolatile silicon substituents that can be cleaved

via hydrolysis, e.g. triethanolamine or

"1clent

triisopropanolamine, are hydrolysed at a su

rate and at least to some extent eliminated from the

fundamental silane structure, the result being

P —

ficient coupling of the organosilicon compounds to

P —
p—

S U

the filler during the mixing process. The conseqguence

P —

1s a high level of reinforcement 1n the 1nventive

rubber vulcanizates.

Triethanolamine and triisopropanolamine have boilling

points >240°C at atmospheric pressure and are therefore

not volatile organic compounds (VOC).
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Examples:

The followling raw materials are used for the examples:

Triethanolamine:

The triethanolamine used 1s from BASF AG and 1ts water

content is 0.28 mg/kg.

Bis(triethoxysilylpropyl) polysulphides:

S1 2061 from Degussa AG
The bis(triethoxysilylpropyl) polysulphide Si1 261 used

for the experiments contains, according to NMR

P —

analysis, 8.1% by weight of bis(triethoxysilylpropyl)

P —

monosulphide, 73.9% by weight of bis(triethoxysilyl-

P —

propyl) disulphide, 14.7% by weight of bis(triethoxy-

P —
.

silylpropyl) trisulphide and 1.8% by weilight of

bis(triethoxysilylpropyl) tetrasulphide. The average

chain length determined for the polysulphide mixture 1s
2.09 (the S1-S5 average value beiling taken). The
bis(triethoxysilylpropyl) polysulphide used comprises

P —

0.9% by weight of 3-chloropropyl (triethoxysilane). The

monomer content 1s 88% by weight.

S1 262 from Degussa AG
The bis(triethoxysilylpropyl) polysulphide Si1 262 used

for the experiments contains, according to NMR

P —

analysis, 0.3% by weight of bis(triethoxysilylpropyl)

P —

monosulphide, 56.8% by weight of bis(triethoxysilyl-

P —

propyl) disulphide, 27.7% by weight of bis(triethoxy-

P —
—

silylpropyl) trisulphide and 9.9% by weight of

bis(triethoxysilylpropyl) tetrasulphide. The average

chain length determined for the polysulphide mixture 1s
2.02 (the S1-510 average value being taken). The
bis(triethoxysilvylpropyl) polysulphide used comprises

P —

0.2% by weight of 3-chloropropyl (triethoxysilane). The

monomer content 1s 95% by weight.
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Si 266/2 from Degussa AG
The bis(triethoxysilylpropyl) polysulphide Si 266/2

used for the experiments contains, according to NMR

P —

analysis, 6.8% by weight of bis(triethoxysilylpropyl)

P —

monosulphide, 91.3% by weight of bis(triethoxysilyl-

P —

propyl) disulphide and 0.6% by weight of bis(triethoxy-

silylpropyl) trisulphide. The average chain length

determined for the polysulphide mixture 1s 1.93 (the
S1-S10 average value beiling taken). The bis(triethoxy-
silylpropyl) polysulphide used comprises 0.9% by weight

P —

of 3-chloropropyl (triethoxysilane). The monomer content

1s 9603 by weight.

S1 266 from Degussa AG
The bils(triethoxysilylpropyl) polysulphide Si 266 used

for the experiments contailins, according to NMR

o —

analysis, 2.2% by weight of bis(triethoxysilylpropyl)

monosulphide, 80.9% by weight of bis(triethoxysilyl-

o —

propyl) disulphide, 13.1% by weight of bis(triethoxy-

silylpropyl) trisulphide, 2.0% by weight o:
bis(triethoxysilylpropyl) tetrasulphide and 1.2% by

P —

welght of bis(triethoxysilylpropyl) pentasulphide. The

average chain length determined for the polysulphide
mixture 1s 2.2 (the S1-S10 average value being taken).
The bis(triethoxysilylpropyl) polysulphide used

P —

comprises 0.5% by weight of 3-chloropropyl (triethoxy-

silane). The monomer content 1s 87.6% by weight,

determined via “°Si NMR.

S1 69 from Degussa AG

The bis(triethoxysilylpropyl) polysulphide Si1i 69 used

for the experiments contains, according to 1H NMR

P —

analysis, 18.2% by weight of bis(triethoxysilylpropvyl)

P —

disulphide, 26.9% by weight of bis(triethoxy-

P —
—

silylpropyl) trisulphide and 24.2% by weight of

bis(triethoxysilylpropyl) tetrasulphide. The average

chain length determined for the polysulphide mixture 1s

PCT/EP2007/050174
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3.72 (the S1-510 average value being taken). The
bis(triethoxysilylpropyl) polysulphide used comprises

P —

1.9% by weight of 3-chloropropyvl (triethoxysilane). The

monomer content 1s 93% by welght.

P —

S1 69 from Rizhao Lanxing

The bilis(triethoxysilylpropyl) polysulphide Si1i 69 from

Rizhao Lanxing used for the experiments contains,

o —
—

according to 1H NMR analysis, 16.9% by weight of

bis(triethoxysilylpropyl) disulphide, 23.8% by weight

o —

of bis(triethoxysilylpropyl) trisulphide, 24.5% by

P —

welght of bis(triethoxysilylpropyl) tetrasulphide and

o —

34.7% by welght of bis(triethoxysilyvlpropyl) penta-

sulphide or longer-chain polysulphide silanes. The

average chain length determined for the polysulphide
mixture 1s 3.7 (the S1-S10 average value being taken).
The bis(triethoxysilylpropyl) polysulphide used

P —

comprises 0.5% by weight of 3-chloropropyl (triethoxy-

silane). The monomer content 1s 87.1% by weight.

Example 1:

P —

400 g of bis(triethoxysilylpropyl) polysulphide Si 68

from Degussa AG are mixed 1n a distillation apparatus

P —

with 224,272 g of triethanolamine, 2 g of 2,6-di-tert-

P —

butyl-4-methylphenol (Ionol CP) and 0.6 g of titanium

tetrabutoxide at room temperature. The 01l bath used

for heating is heated to 100°C and ethanol produced 1is

removed by distillation at 200 mbar. After about 150 ml

P —

of ethanol have been removed by distillation, the

P —

temperature of the o0il bath is increased to 160°C and

the pressure 1s lowered to 100 mbar. When distillation

gives no further ethanol, the mixture 1s heated for a
further 120 min at 160°C and 50 mbar. 2 g of 3-

glycidyloxypropyl (triethoxysilane) (Dynasylan GLYEO

from Degussa AG) are then added and the mixture 1s

stirred for a further 30 min at 160°C in wvacuo. The

black product 1s poured under argon into a coated mould
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e product obtained 1s 403.5 g of a

According to 'H NMR analysis, the product comprises

o —

29.8% by weight of
34.1% by weight of
and 35.2% by weigh

tetrasulphide. The

bis(silatranylpropyl) disulphide,
bis(silatranvlpropyl) trisulphide

o —

t of bis(silatranylpropyl)

average chain length determined for

the polysulphide mixture 1s 3.0 (the S1-S10 average

value being taken).

The total chloride

Example 1 1s <0.2%

Example 2:

P —

P —

content of the material from

by weight.

400 g of bis(triethoxysilylpropyl) polysulphide Si1i 261

are mixed 1n a distillation apparatus with 247.7 g of

P —
—

P —

triethanolamine and 1 g of titanium tetrabutoxide at

room temperature.

The 01l bath used for heating 1is

heated to 150°C and ethanol produced is removed by

distillation at from 200 to 600 mbar. The 1nternal

temperature rises

within a period of 180 min from 135°C

to 148°C. After the distillation process has ended, the

brownish product 1s poured under argon i1into a coated

mould and solidiif:

es. The product obtained 1s 420.1 g

P —

of a dark brown solid.

According to 29 S1

P —

3.7% by weight of

NMR analysis, the product comprises

bis(silatranvlpropyl) monosulphide,

P —

17.2% by welght of bis(silatranvylpropyl) disulphide,

P —

12.6% by weight of bis(silatranvlpropyl) trisulphide

P —

and 1.5% by weight of bis(silatranvlpropyl)

tetrasulphide. The average chain length determined for

the polysulphide mixture 1s 2.1 (the S1-S10 average

value being taken).
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Example 3:

400 g of bis(triethoxysilylpropyl) polysulphide Si1 262

P —
b

are mixed 1n a distillation apparatus with 247.7 g of

P —

triethanolamine and 0.7 g of titanlium tetrabutoxide at

room temperature. The 01l bath used for heating 1s

heated to 160°C and ethanol produced is removed by

distillation at from 50 to 400 mbar. The internal

temperature rises within a period of 90 min to 159°C.

After the distillation process has ended, the black

product 1s poured under argon into a coated mould and

P —
b

solidifies. The product obtained 1s 413.7 g of a
brittle black solid.

According to “°Si NMR analysils, the product comprises

P —

710.2% by weight of bis(silatranylpropyl) disulphide,

P —

22.0% by weight of bis(silatranylpropyl) trisulphide

P —

and 3.1% by weight of bis(silatranvlpropyl)

tetrasulphide. The average chain length determined for
the polysulphide mixture 1s 2.3 (the S1-S10 average

value being taken).

Example 4:

P —

400.2 g of bis(triethoxysilylpropyl) polysulphide Si

o —

266 having an average -Sx—- chain length of 2.2 are

P —
b

mixed 1n a distillation apparatus with 250.7 g o:

P —

triethanolamine and 1.3 g of titanium tetrabutoxide at

room temperature. The 01l bath used for heating 1s

heated to 130°C and ethanol produced is removed by

distillation at from 20 to 400 mbar. When no further

ethanol 1s distilled, the product 1s poured under argon

1into a coated mould and solidifies. The product

P —

obtalned 1s 423 g of a brittle, dark vellow solid.

According to 'H NMR analysis, the product comprises

P —

2.95% by weight of bis(silatranylpropyl) monosulphide,
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17% by welght of bis(silatranvylpropyl) disulphide,
17.5% by weight of bis(silatranvlpropyl) trisulphide

P —

and 2% by welght of

bis(silatranylpropyl)

The average chain length determined for

(the S1-S10 average

tetrasulphide.
the polysulphide mixture 1s 2.7

value being taken).

Example 5:

polysulphide S1 69

500 g of

from Rizhao Lanxing having an average -Sx—- chain length

bis(triethoxysilylpropyl)

P —

of 3.7 are mixed 1n a disti.

lation apparatus with 280.3

P —

triethanolamine and 1 g of
The o011l bath used
heated to 130°C and ethanol produced is removed by
from 20 to 400 mbar. When the

P —
—

g OI
at room temperature.

titanium tetrabutoxide

for heating 1is

distillation at

distillation process gives no further ethanol, the

further 60 min at 130°C and

mixXxture 1s heated for a
20 mbar.
coated mould and solidifies.

521 g of a black solid.

The black product 1s poured under argon 1nto a

The product obtained 1s

According to 'H NMR analysis, the product comprises

15.7% by weight of bis(sililatranvlpropyl) disulphide,
29.7% by weight of bis(silatranylpropyl) trisulphide,
32.7% by weight of bis(silatranvylpropyl) tetrasulphide

P —

and 21.9% by weight of
polysulphide having a >-S4- sulphur chain.

bis(silatranvylpropyl)

The average

chain length determined for the polysulphide mixture 1s

3.6 (the S1-S10 average value being taken).

Example 6:

400 g of bis(triethoxysilylpropyl) polysulphide Si

206/2 are mixed in a distillation apparatus with

251.2 g of

P —

triethanolamine and 1.6 g of titanium
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tetrabutoxide at room temperature. The 01l bath used

for heating is heated to 160°C and ethanol produced 1is

removed by distillation at from 40 to 600 mbar. The

P —

internal temperature rises as a function of the

"

5 pressure applied from 118°C to 154°C. After 210 min o:

reaction time at a temperature >120°C and when the

distillation process has ended, the brownish product 1is

poured under argon 1nto a coated mould and solidifies.

P —

The product obtained 1s 422.2 g of a brittle brownish
10 solid.

According to 'H NMR analysis, the product comprises

o —

4.6% by weight of bis(silatranylpropyl) monosulphide,

P —

93.8% by weight of bis(silatranylpropyl) disulphide and

o —

1.5% by weight of bis(silatranvylpropyl) trisulphide.

15 The average chailn length determined for the

polysulphide mixture 1s 1.97 (the S1-S10 average value

being taken).

DSC (differential scanning calorimetry) on the materia.

P —
—

from Example 6 shows a melting point of from 151 to

P —

20 154°C (peak of melting curve).

P —

The total chloride content of the material from

Fxample 6 1s <0.1% by weilght

Example 7: Rubber mixtures

25 The mixing specification used for the rubber mixtures

1s stated in Table 1 below. The unit phr here 1s parts

P —

by weight, based on 100 parts of the crude rubber used.

The silanes are added 1n egquimolar amounts, 1.e. an

P —

equal molar amount 1s used. The general process for

P —

30 preparation of rubber mixtures and theilr vulcanizates

1s described in the book: "Rubber Technology Handbook™

W. Hofmann, Hanser Verlag 1994.
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The polymer VSL 5025-1 1s a solution-polymerized SBR

copolymer from Bayer AG whose styrene content 1s 253 by

welght and whose butadiene content 1s 75% by weight.

P —

The copolymer comprises 37.5 phr of 01l and 1ts Mooney
viscosity (ML 1+4/100°C) is 50.

The polymer Buna C]

(neodymium type)

P —

from

B 24 1s a cis-1,4-polybutadiene

Bayer AG, having cis-1,4 content

P —

of at least 96% and Mooney viscosity of 44%5H,

Ultrasil 7000 GR 1s a readily dispersible silica from

Degussa AG, 1ts

-

T surface area being 170 nﬁ/g.

The aromatic o1l used comprises Naftolen zZD from

Chemetall, and Vulkanox 4020 1s PPD from Bayer AG and

Protektor G3108 1s an antiozonant wax from Paramelt

BR.V. Vulkacit D

(

DPG)

and Vulkacit CZ (CRS) are

commerclally available products from Bayer AG. Perkacit

from Flexsys N.V..

TBzTD (tetrabenzylthiuram tetrasulphide) 1s a product

The rubber mixtures are prepared 1n an internal mixer

1n accordance with the mixing specification 1n Table 2.
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Stage 1
Settings |

Mix1ing assembly

Rotation rate
Ram pressure
Capacity

Fi1ll level

Chamber temp.

Werner & Pfleiderer .

70 min }

0.0 bar
1.98 L
J.06
30°C

Mixing procedwre |

Batch temp.

storage

Buna VSL 5025-1 BRuna CB 24

1/2 silica, 72n0O, stearic acid,

Naftolen ZD, coupling agent

1/2 silica, Vulkanox, Protektor
Purge

M1x

Aerate

Mix and discharge

150-160°C

24 h at room temperature

settings |

Mix1ng assembly

Rotation rate
Chamber temp.
Fi1ll level

As 1n stage 1 except:
80 min™’
30°C

J.o4

Mixing procedwre |

- 72 min

2 — 5 min

5 min

Batch temp.

storage

Break up stage 1 batch

Maintain 155°C batch temperature via

rotation rate variation

Discharge

150-160°C

4 h at room temperature
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settings |

Mi1x1ng assembly As 1n stage 1 except
1

Rotation rate 40 min

Fill level 0.25”7
Chamber temp. 50°C

Mixing procedure |

Stage 2 batch, accelerator, discharge

and form sheet on laboratory mixing

rolls

(diameter 200 mm, length 450 mm,

chamber temperature 50°C)

Homogenilization:

Cut the material 5 times towards the

left and 5 times towards the right
and 6 times with wide nip (6 mm) and
3 times with narrow nip (3 mm)

Peel milled sheet away.

Batch temp. < 110°C

Table 3 collates the methods for rubber testing.
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Table 3

Standard/conditions

Physical testing

ML 1+4, 100°C, 2™ stage, 3" stage DIN 53523/3, ISO 6067
Prevulcanization behaviour, 130°C DIN 53523/4, ISO 667
0 Prevulcanization time ts
Prevulcanization time tss
Vulcameter testing, 165°C DIN 53529/3, IS06502
Dmax-Dmin (dNm)
£10% (min) and t90% (min)
10 t80% - t20% (min)
Ring tensile test, 23°C DIN 53504, ISO 37
Tenslile strength (MPa)
FElongation at break (%)
15 Shore A hardness, 23°C (SH) DIN 53 505
Compression set DIN 53 517, ISO 815
Table 4 shows the results of vulcanizate testing.
Table 4
Mixture 1 2 3 4 0 ]
oS I I S I I N B R
ML(1+4) | [ME] | 66 | 66 | 62 | 63 | 64 | 64 | 65 | b6
min] |40.3] >60 [16.2(23.7[30.4[35.6/39.5[40.3
minl [ 7.1 [21.2[5.1 (5.0 6 1[60][7.3]7.6
t 803 - min]| 2.2 | 8.3 1 2.0 1.611.912.1]12.31]|2.3
B S N A
Tensile MPa]|13.0114.4114.2113.8114.7| 14 |15.0]| 14
I
' K 300 1 410 | 360 | 360 | 390 | 380 | 410 | 390
Shore A | SH] 59 63 62 63 Y 62 62
I T e
Compres- K 7.0 |12.1 /.31 7.0 8.5 | 8.7
N T et e
20

P —

The use of accelerator comblnations,

primary

accelerator plus co-accelerator, as 1n the present
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P —
b

example of sulphenamide (CBS) and guanidine (DPG), 1s

wldespread 1n rubber technology. Reasons are firstly

P — P —
b

"ects 1n relation to degree of

the synergistic e

crosslinking and vulcanization rate (Bayer AG, Handbuch

fiur die Gummiindustrie [Handbook for the rubber

industry], 2" edition, 1991, page 384) and secondly

P —

the excellent mechanical properties of the rubber

mixXxtures using guanidines as co-accelerator (Werner

Hofmann, Vulcanization and Vulcanizing Agents, 1967,

page 131).

P —

The 1deal vulcanization characteristic of a rubber

P — o @

mixXxture 1s a rectangular curve (Bayer AG, Handbuch fur

die Gummiindustrie, 2" edition, 1991, page 360-361).

This means firstly that the 1ncubation time 1is

maximized 1n order that the rubber mixture can flow

properly into the mould provided. This 1ncubation time

can be characterized via the tl0% time. Secondly, the
intention 1s to minimize the reaction time, 1n order to

ensure that cycle times are short. Thils reaction time

can be characterized via the t80%-t20% time. In

summary, the intention 1s therefore to maximize tl0%

and minimize t80%-t20%.

Figure 1 shows the vulcameter curves for mixtures 1, 2,
3 and 7.

When mixtures 1 and 2 are compared 1t 1s clear that

P —

when a small amount of DPG (mixture 2Z2) 1s used with the

standard silane the vulcameter curve obtained 1s

unsatisfactory. After 30 min, maximum torgue has not

been achieved, and vulcanization has therefore not been

completed. In comparison with this, mixture 1 achieves

the necessary plateau after as little as 15 min. The

numerical Table 4 shows the unsatisfactory

P —

vulcanization characteristic of mixture 2 via high t90%

and t80%-t20% values. In comparison wilith this, with the

P —
b

silane 1n mixture 7 and a small amount of DPG the
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"

vulcanilzation behaviour seen 1s equlivalent to that o:

reference mixture 1. The associated data 1n the

numerical table for the tl0%, t80% and t80%-t20% values
are almost 1dentical and the two vulcameter curves
® moreover are close to one another. Mixture 8, without

any DPG at all, likewise shows almost i1dentical values.

It appears that when silanes of the general formula

are used 1n the i1inventive rubber mixtures, contrary to

P —

the prior art, the amount of co-accelerator can be

10 markedly reduced or 1ndeed omitted while nevertheless

ensuring that the vulcanization characteristic 1s very
good.

Example 8: Rubber mixtures

15 The rubber mixtures are prepared with the compounds

from Examples 2 and 5. As 1n the previous example,

addition 1s equimolar. Table 5 states the mixing

specification. The mixtures are prepared as stated 1in

Table 2 and tested as described 1n Table 3.
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Table 6 and Filigure 2 show the vulcanizate results.

Table 6

NO.

ML (1+4) | [MU]

5 (min]| 18.6 114.8(18.8 20.0
[min[24.6]44.3]10.3 26.¢

max-Dmin |[dNm]| 15.8|15.8|16.0 15.3 15.1

NO
[\) ®

£t 10%
t 90%
t 30% - min.
t 20%
Tensile
strength
FElongation
at break
Shore A
hardness

compres-
s1on set
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By analogy with the previous vulcanilizate example, eqgquilvalent
mixtures with compounds are studied here, but with markedly

higher average sulphur chain length.

Here again, the graph and the numerical table i1ndicate the

same findings. This means that the advantage available from

P —

the silatranes 1s 1ndependent of the sulphur chain length of

the polysulphide chain.

P —

Example 9: Variation 1n discharge temperature of mixtures from

kneader

The mixing specification used for the rubber mixtures 1s

stated 1n Table 7 below. The silanes used comprise Example 6

(mixtures 17 - 22) and Si 266/2 bis(triethoxysilylpropyl)
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polysulphide, which was used for 1ts preparation (mixtures

23 — 20).

Table 7

Substance Mixtures Mixtures
17 — 22 23 — 206

o —

ref.
[phr] [phr]

Buna VSL 5025-1 96 906
Buna CB 24 30 30
Ultrasil 7000 GR 30 30
Fxample 6 o —
Si 266/2 — 0.8
7 N0 3 3
Stearic acid 2 2
Naftolen ZD 10 10
Vulkanox 4020 1.5 1.5
Protektor G 3108 i i
2nd stage

Stage 1 batch
3rd stage

Stage 2 batch

Vulkacit D 2
lkacit CZ . O 1.5
kacit TBzTD .2 0.2
Sulphur 2.1 2.1

The mixtures are prepared 1n accordance with the mixing

speclification 1n Table 2. However, the different mixing

conditions listed below 1n Table 8 are used for mixtures 17-27

P —
b

1n order to bring about the differing mixing temperatures.

Vulcanilizate parameters are studied 1n accordance with the

tests listed 1in Table 3.
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Table 8

Stage 1 Unit M1x- M1x- M1x- M1x- M1x- M1x-
Lure Lure Lure Lure Lure Lure

17 18 19 20 21 22
Chamber [ °C] 70 70
temper-
ature
[

min ]

Rotation 70

rate

M1x1ng 139 150 1ol 170 180 189
Lempera-

TLure

Stage 2 Unit M1x-— M1x- M1x-— M1x- M1x-— M1x-—
ture ture ture ture ture ture

15 16 177 138 19 2.0

[°C]
[ " C]

Chamber 385 85

tempera-

Lure

Rotation 70 70 100

rate

M1x1ng [°C] 139 150 1ol 170 1380 189
tempera-
ture

Table 9 shows the results.
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Table 9

Unit Mixture Mixture Mixture Mixture Mixture Mixture

Crude mixture

data 17 18 19 20 21 27

712

1

B IIIIIIIIIIIIIIIIII

14

02 o1 61 02

th ‘min] 32.8 39.1 46,0 44,9 44,5 43,9

£35 [min ]

Vulcanizate

. © 51.8 00.7 50.0 49,3

Dmax—-Dmin [ dNm ] 18.4 16.3 14,0 12.60 11.7

£t10% ‘min] 1. 2.7 3.4 3.5 3.8 4,

l
l

Unit Mixture Mixture Mixture Mixture Mixture Mixture

data 15 16 17 18 19 20

Tensile strength | [MPa] 14,7 13.8 13.1 12.5

—

1.6

£
O
Q)

1.7

|_I

[ ]

300% stress wvalug [MPa] 8.7

300% / 100% ]

—
&N
)

Q0
o N

o
o

0.4

stress value

n O — —
a L 1 w
Q0 W N i
e
O
Ul N

o\
e
I_!.
O

410 400 380 320

W
~]
O

Elongation at i

Shore A hardness | | 64 59 57

¢p!
L
U

— 00, N O
NO ~] U ~]
O o

60°C ball rebound | .7 63.7 63.7

DIN abrasion 87 91 8/

o\
O @)
N

NO
NO
W

13.1

tan 0, 60°C (=] 0.126 0.120 0.118 0.118 0.114 0.118
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As 1s discernible from the results 1n Table 9, the processing

of the crude mixtures 1mproves wilith rising mixing temperature.

This 1s discernible from the improved Mooney scorch of the
mixture with high mixing temperature (160°C - 190°C) 1in

comparison with the mixtures with low mixing temperature

(140°C - 150°C). The prevulcanization behaviour (t10%) also

improves contlnuously wilith risling mixing temperature.

This is surprising, since Si 266/2 shows behaviour which is

P —

preclsely the opposite of this (Table 10). The mixtures with

the highest mixing temperature have the lowest Mooney scorch

and tl1l0% values.

Table 10

. . Mixture Mixture Mixture | Mixture
Crude mixture Unit 51 54 5c 56
data
Mixing [ °C] 125 144 163 183
temperature
stage 1
Mixing [ °C] 125 147 165 176
temperature
stage Z
th ‘min | 39.4 46.8 37.0 22.9
£35 ‘min | 44,3 54.9 43.8 25.5
Dmax—-Dmin dNm | 20.7 17.7 14 .8 13.8
t 10% min. 2 .2 3.0 2.3 2.1

t 1s also discernible from Table 9 that 1in the case of the

P —
—

mixtures with the organosilicon compounds of the general

P —

formula some of the vulcanilzate data improve wilith rising

mixling temperature. Among these are the static moduli, the

reinforcement factor and the dynamic modulus E* at 0°C.

Example 10:

P —

300 g of S1 266 bis(triethoxysilylpropyl) polysulphide are

mixed 1n a distillation apparatus at room temperature with
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280 g of trilsopropanolamine

40-600 mbar. After 350 min of

distillation 1s complete,

under 1nert gas 1nto a cooled PE

viscous product are 1sola

'H NMR analysis shows that the product comprises a mixture o:

P —

o

the

ced.

diastereomers of the general

4]

(Aldrich)
ethanol produced is removed by distillation at 95-105°C and

PCT/EP2007/050174

and 2 g of NaOH. The

reaction time and when

viscous o01ly product 1s poured

flask.

formula

405 g of a colourless

Ik

[N (CH,-CH (Me) -0-) 351 (CHz) 3] Sx[ (CH2) 351 (-O-CH (Me) —-CHy) 3N] .

31 NMR analysilis shows that the product comprises

92 mols of [N(CH,-CH(Me)-0-)351(CHy)3]S2[ (CHz)351 (-O-CH (Me) -

CHz)3N] .

S1 NMR shows that >98%

replaced.

The mixing specification used

O-

all otf

the S1

shown 1n Table 11. The mixing specifica

-OBEtT bonds have been

Example 11: Vulcanizate study on the compound from Example 10

for the vulcanizate study 1s

"

tion for preparation of

the rubber mixtures 1s stated 1n Table 2. Table 3 lists the

vulcanizate tests. The amounts added of

equimolar.

P —

the si1lanes used are
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Table 12 collates the results.

Table 12

Mixture
NO.

ML (1+4)
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L+
1nN B
~J| OO N
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> O
4 N
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When the results 1n Table 12 are considered, the advantages

for the 1nventive rubber mixtures here are again the same as

P —
—

those 1n Example 7. Here agailn, although the amount of co-

accelerator 1s small or indeed zero a very good wvulcanization
characteristic 1s achieved. As described previously, this 1s
discernible 1n the high t 10% values combined with low t80%-

t20% wvalues.
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Fxample 12: Rubber mixtures with additional processing aid

P —

In another example, 4 phr of an ethoxylated alcohol

(Lutensol TO 5 from BASFEF AG) are fed 1nto the 1nventive

5 rubber mixtures as processing aid. Table 13 states the

mixing specifications. The rubber mixtures are prepared 1in

P —

accordance with the mixing specification i1n Table 2.

Lutensol T 05 processing aid 1s added here simultaneously
wlth the silane. The mixtures are studied 1n accordance

10 with the tests stated 1n Table 3. Table 14 collates the

results.
Table 13
Substance Mixture Mixture Mixture Mixture
39 30 37 33
ref. ref. ref.
. phr ] .phr ] . phr | .phr |
1°* stage
Buna VSL 5025-1 96 96 96 906
Buna CB 24 30 30 30 30
Ultrasil 7000 GR 8C 3C 30 30
S1 2660 5.8 5.8 — —
Example 10 = — 6.0 0.0
Lutensol T 05 4 4 4 4
7 N0 3 3 3 3
Stearic acid 2 2 2 2
Naftolen 7D 10 10 10 10
Vulkanox 4020 1.5 1.5 1.5 1.5
Protektor G 3108 i i i

2™ stage
Stage 1 batch
3" stage
Stage 2 batch

Vulkacit D
Vulkacit C7Z

Perkacit TBzTD
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Table 14

e

N
L
~]

Mlixture
NoO.
ML (1+4)
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Dmax—-Dmin dNm . 15.3
© 108
t 90% min’ 15.4
t 80% - min. 2.3 0.7 1.2
Tensile 7|1 13.1
strength
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with 35, 28 with 36, 29 with 37 and 33 with 38,

5 discernible that the processing aid signi

Mooney viscoslity and thus 1mproves the processing o:

P —

f the followlng comparisons are made between mixtures: 27
1t 1S

ficantly lowers

P —

- LThe

crude mixture. The advantages of 1nventive mixture 38 are

retained.

Example 13:

10

P —

512 g of S1 266 bis(triethoxysilylpropyl)

mixed 1n an apparatus with

inert gas at room temperature with 319.2 g of

triethanolamine (BASEF AG),

flask and

/00 g otf

15 NaOH. The mixture is heated to 78°C

700 g of ethanol are then added at 50°C,

polysulphide are

reflux condenser under

P —
b

ethanol and 4 g of

for 360 min.

cooled to room temperature and stirred for 16 h.

The colourless product precipitated 1s removed by
filtration, washed with cold ethanol and dried at 60-100°C

A

P —
=

further

and the mixture 1s
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D2

P —

and 5-10 mbar. 502 g of product are 1isolated (M =

501.6 g/mol; 94%

P —

of theory).

P —

S1 NMR shows that >98% of all of the S1-0Et bonds have been

replaced. 'H NMR analysis shows that the product comprises

P —

>91 mols of compound [N(CHQ_CHQ_O_)3Si (CH2)3]82[ (CH2)3Si(—O—

P —

CH,-CH,)3N]. The melting range of the product 1solated 1is

142-148°C.

Example 14:

256 g of S1 266 bis(triethoxysilylpropyl) polysulphide are

mixed 1n an apparatus with flask and reflux condenser under

inert gas at room temperature with 159.5 g of
BASEF AG), 700 g of ethanol and 3 g of

triethanolamine

(

P —
=

"

NaOH. The mixture 1s stirred for 360 min.

The colourless product precipitated 1s removed by

o —

filtration, washed with 300 g of cold ethanol and dried at

60-100°C and 5-10 mbar. 215 g of product are isolated

P o

(80.2% of theory). Si1 NMR shows that >97% of all of the Si-

OEt bonds have been replaced.:wSi NMR analysis shows that

o —

the product comprises >90 mol% of compound
[N (CH;-CH>-0-)351 (CH2) 3] S2[ (CHy) 351 (-O-CH,-CH3) 3N] .

Further product

(

51 g) 1s obtained from the mother liguor

and the wash ethanol via drying.

Example 15:

P —

256 g of S1 266 bis(triethoxysilylpropyl) polysulphide are

mixed 1n an apparatus with flask and reflux condenser under

inert gas at room temperature with 159.5 g of

triethanolamine

(

P —
p—

P o
—

BASFE AG), /700 g of ethanol and 3 g of

P —

finely divided NaOH. The mixture is stirred at 35°C for

240 min. The mixture 1s then stirred for 60 min at 0-5°C.
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22

03

The precipitated, colourless product 1s removed by
filtration and dried at 70-105°C and 5-10 mbar. 229 g of
product are 1solated (86% of theory). Si NMR shows that

i

P —

>97% of all of the S1-OEt bonds have been replaced.:wSi

i

NMR analysis shows that the product comprises >89 mol% of

compound
[N (CH,-CH2-0-)351 (CH2) 3] S2[ (CHy) 351 (-O-CH,-CH3y) 3N] .

Further product (33 g) 1s obtained from the mother liquor

via drying.

Example 16:

256 g of S1 266 bis(triethoxysilylpropyl) polysulphide are

mixed 1n an apparatus with flask and reflux condenser under

P —
=

inert gas at room temperature with 159.5 g of

P — P —
b

triethanolamine (BASEF AG), 700 g of ethanol and 6 g of

powdered NaOH. The mixture 1is stirred at 35°C for 120 min.

The colourless product precipitated 1s removed by

filtration at room temperature, washed with ethanol and

P —

dried at 65-100°C and 5-10 mbar. 204 g of product are

o —

1solated (77% of theory). Si1 NMR shows that >98% of all of

0

"

the S1-0OEt bonds have been replaced. The melting range of
the product isolated is 142-147°C. 'H NMR analysis shows

P —

chat the product comprises >91 mol% of compound
[N (CH,-CH>-0-)35S1 (CH2) 3] Sz [ (CHy) 351 (-O-CH,-CHy) 3N] .

Further product (64 g) 1s obtained from the mother liqguor

and the wash ethanol via dryving.
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Patent claims

1. Rubber mixtures, comprising
(a) at least one rubber,

® (b) a filler,

i

(c) an organosilicon compound of general formula I,

CHR CHR
/
CHR \ 0/ TNCHR
/mﬁto | |
CHR ‘\\ S
/ .
N ol -R'~ X\R"—_——_——SI\ N\CHR
o /
CHR
CHR /o o\ CHR
/
TCER CHR

where R i1s identical or different and is H, a cyclic,

straight-chain or branched C,-Ciy,—-alkyl group, a carboxy
10 group (—-COOH), a substituted or unsubstituted aryvl

group or a substituted or unsubstituted aralkyl group,

o —
—

R'" 1s 1dentical or different and 1s a branched or

unbranched, saturated or unsaturated, aliphatic,
aromatic or mixed aliphatic/aromatic divalent C;-Csg
15 hydrocarbon group,

o —
——

X 1s an average chain length of from 1 to 10,

P —

(d) from 0 to 5% by weight of rubber accelerator, based

o —

on the rubber used, selected from the group of the

chiazoles, sulphenamides, thiurams, thioureas,
20 thiocarbonates and dithiliocarbamates
and
(e) an amount equal to or less than 1.5% by weight,

o —

based on the rubber used, of co-accelerator, selected

o —

from the group of the guanidines and aldehydamines.
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2. Rubber mixtures according to Claim 1, characterized 1in
chat they comprise a rubber auxiliary.
3. Rubber mixtures according to Claim 2, characterized 1in

that the rubber auxiliary 1s polyethylene glycol or/and

5 polypropylene glycol or/and polybutylene glycol with

molar masses from 50 to 50 000 g/mol and/or
hydrocarbon-terminated polyethylene glycol
Alk-0- (CH,-CH;-0)y1-H and/or Alk-0O- (CH,-CH,-0),-Alk
and/or

10 hydrocarbon-terminated polypropylene glycol Alk-
O- (CH,-CH (CH3) -0) y1—H and/or Alk-0- (CH,-CH(CH3)-0),1-Alk
and/or
hydrocarbon-terminated polybutylene glycol Alk-
O- (CH;-CH,-CH,-CH;-0)y1—H and/or

15 Alk-0O- (CH,-CH (CHs) -CH»-0) ,1—H and/or
Alk-0- (CH;-CH,-CH»-CH,-0) y1-Alk and/or
Alk-0-(CH,-CH(CHs) -CH,-0) y1—-Alk,

where the average of y 1is from 2 to 25 and Alk is a

branched or unbranched, unsubstituted or substituted,

20 saturated or unsaturated hydrocarbon having from 1 to
35 carbon atoms, or 1s neopentyl glycol

HO-CH,-C (Me)»,-CH,-OH, pentaervthritol C(CH,-OH), or

trimethylolpropane CH;-CH,-C (CH,-OH)s; etherified with

polyvethylene glycol, etherified with polypropylene

29 glycol, etherified with polvybutylene glycol, or

P —

etherified with a mixture thereof, where the number of

M

polyvalkylene oxide repeat units 1s from 2 to 100.

o —

4., Process for preparation of rubber mixtures according to

Claim 1, characterized 1n that
30 (a) at least one rubber,

(b) a filler,
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P —

(c) an organosilicon compound of general formula I,

P —
b

(d) from 0O to 5% by weight of rubber accelerator, based

on the rubber used, selected from the group of the
thiazoles, sulphenamides, thiurams, thioureas,
® thiocarbonates and dithiocarbamates

and

(e) an amount equal to or less than 1.5% by weight,

o —

based on the rubber used, of co-accelerator, selected

P —

from the group of the guanidines and aldehydamines

10 are mixed.

o —

5. Process for preparation of rubber mixtures according to

Claim 4, characterized 1n that mixing takes place at

temperatures of from 90 to 230°C.
6. Use of rubber mixtures according to Claim 1 for
15 production of mouldings.
/. Use of rubber mixtures according to Claim 1 for

o —
——

production of tyres, i1ncluding pneumatic tyres, tyre

treads, cable sheathing, hoses, drive belts, conveyor

belts, roll coverings, shoe soles, sealing rings and

20 damping elements.

o —

3. Process for preparation of the organosilicon compounds

of the formula I, characterized 1n that organosilicon

o —

compounds of the general formula

alkylO Oalkyl

a lkylO ‘ ' ' ‘
\ |

alkylO Oalkyl

Oalkyl

e
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o).

1n which R' 1s as defined above and alkyl 1s 1dentical

o —
pe—

or different and 1s a monovalent Cl-C8 hydrocarbon

radical

o —

are reacted with compounds of the general formula IV

e N (CHR-CHR-0O-H) 3 V

h

1in which R 1s as defined above, with elimination of

alkyl-0OH, and alkyl-OH 1s removed from the reaction

mixXture.
9. Process according to Claim 9, characterized 1n that
10 titanium alkoxlides or organilic acids are used as
catalyst.

10. Process according to Claim 8, characterized in that,

P —

for organosilicon compounds of the general formula I,

where R 18 H, R' 1s (-CH,-CH;-CH:;-), x 1s from 1.5 to
15 2.8, an Alkyl-OH 1s used as solvent.
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