0-7/001869 A2 | V0 00O N OO

—
o

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization Vd”Ij

) IO O T 0P 0

International Bureau

(43) International Publication Date
4 January 2007 (04.01.2007)

(10) International Publication Number

WO 2007/001869 A2

(51) International Patent Classification: Not classified

(21) International Application Number:
PCT/US2006/023236

(22) International Filing Date: 14 June 2006 (14.06.2006)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

05013474.1 22 June 2005 (22.06.2005) EP

(71) Applicant (for all designated States except US): 3M
INNOVATIVE PROPERTIES COMPANY [US/US]J;
3M Center, Post Office Box 33427, Saint Paul, Minnesota
55133-3427 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): ZECH, Joachim,
[DE/DE]; Espe Platz, 82229 Seefeld (DE). GUGGEN-
BERGER, Rainer [DE/DE]; Espe Platz, 82229 Seefeld
(DE). HOFFMANN, Henning [DE/DE]; Espe Platz,
82229 Seefeld (DE).

(74) Agents: EDMAN, Sean, J. et al.; 3M Center, Office Of
Intellectual Property Counsel, P.O. Box 33427, Saint Paul,
MN 55133-3427 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS, LT, LU,
LV, LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG,
NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA,
UG, US, UZ, VC, VN, ZA, 7ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, S, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

Fortwo-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: HYDROPHILIZED CURABLE SILICONE IMPRESSION MATERIALS WITH IMPROVED STORAGE BEHAV-

IOR

(57) Abstract:

The invention relates to hydrophilized curable silicone compositions which contain organopolysiloxanes,

hydrophilizers and at least one stabilizing phosphorous compound. The compositions are particularly suitable as curable impression
materials in dental applications, especially as wash impression materials.



10

15

20

25

30

WO 2007/001869 PCT/US2006/023236

HYDROPHILIZED CURABLE SILICONE IMPRESSION MATERIALS WITH
IMPROVED STORAGE BEHAVIOR

Field of the Invention

The invention relates to hydrophilized curable silicone compositions which contain, or-
ganopolysiloxanes, hydrophilizers and at least one stabilizing phosphorous compound.
The compositions are particularly suitable as curable impression materials in dental
applications, especially as wash impression materials.

Background of the Invention

Dental impression materials, e.g., VPS impression materials, are common products’
which dentists use to make highly precise impressions of patients’ teeth. One disadvan-
tage of some impression materials is their hydrophobic nature which may negatively
impact the achievable accuracy of the detail of an impression under the moist condi-
tions in a patients mouth. To overcome this problem, surfactants have been added to
VPS impression materials to make those more hydrophilic. Many so called *hydrophilic”
VPS impression materials are available in the market based on this technology.

Hydrophilicity of an impression material can be determined by a measurement of con-
tact angles of drops of water on the surface of a sample of the impression material ei-
ther in the unset or in the set phase using a standard goniometer. Generally, the higher
the hydrophilicity of a VPS impression material, the lower the contact angle is. As the
addition of surfactant can affect hydrophilicity, the amount of surfactant can influence
the degree of hydrophilicity and the contact angle of dental materials such as VPS im-

pression materials.

Generally, it is believed that the hydrophilicity of an impression material should be as
high as possible, so there has been a tendency to develop VPS dental impression ma-
terials with increased amounts of surfactant to achieve as low contact angles as possi-
ble. However, simply increasing the amount of surfactant in a VPS impression material
can cause other problems, for example, with respect to aging properties of the resulting
dental materials.

Typically, VPS impression materials consist of two components - a base paste and a
catalyst paste - the latter including a highly reactive platinum catalyst. These pastes are
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often filled into and stored in cartridges or foil bags. When a surfactant is present in the
catalyst paste, interactions between the surfactant and the platinum catalyst may be
observed, which are believed to retard the curing reaction and decrease the shelf life of
the catalyst paste. Additionally, the properties of the cured material may be negatively
influenced by such an interaction. Accordingly, it is usually necessary, to include only
low amounts of surfactant, if any at all, in the catalyst paste, and to include most or all
of the surfactant in the base paste.

The base paste of a VPS impression materials can also contain vinyl polysiloxanes,
polysiloxanes or oligosiloxanes with Si-H-groups and additives like pigments, surfac-
tants, plasticizers, retarders, etc. Without the presence of a platinum catalyst, the base
paste should not cure because the platinum catalyst induces the hydrosilylation curing
reaction of the curable components.

The retardation of curing in crosslinkable mixtures is described in US 6,346,562 B1 and
US 6,300,455 B1. Both patents describe certain addition-crosslinkable silicone rubber
systems. A generally encountered problem with such systems is, according to US
6,346,562 B1 and US 6,300,455 B1, that once the reactive mixture has been prepared it
will cure, even at room temperature. This is particularly problematic when the produc-
tion machines to make the base and catalyst pastes are not running for a relatively long
time as a result of technical malfunctions or other causes. In such cases, the reactive
silicone rubber mixture present in the machines can crosslink at room temperature,
clogging the machines and necessitating very costly cleaning work before the machines
can be rest‘arted. For this reason, US 6,346,562 B1 suggests the addition of at least one
phosphorus compound to the reaction mixture in order to suppress curing of the mixture
at room temperature. The document neither relates to hydrophilized dental materials,
nor to materials designed to crosslink at room temperature.
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Summary of the Invention

Generally, hydrophilized dental materials should have shelf life as long as possible in

order to be able to store the dental material in higher quantities, without the material

losing its characteristical features with regard to material properties before and after

curing.

Thus, there is a need for curable dental compositions that can be highly hydrophilized

but at the same time possess good shelf life. There is also a need for a curable compo-

sition that can be highly hydrophilized, possesses good shelf life and has a curing be-

haviour comparable to prior art, unstabilised materials with a lower hydrophilicity.

In one aspect, the invention relates to a material which is curable at a temperature below

50 °C, comprising

(A)

(B)

(€)

(D)
(E)

(F)

(G)
(H)

an organopolysiloxane composition comprising at least one organopolysi-
loxane (A1) with at least two ethylenically unsaturated groups per molecule
as component A,

at least one organohydrogenpolysiloxane with at least 3 SiH groups per
molecule as component B,

optionally organopolysiloxanes without reactive substituents as component
C,

at least one hydrophilizing agent as component D,

at least one stabilizer containing at least one phosphorous atom as com-
ponent E,

a catalyst for promoting the reaction between components A and B as
component F,

optionally, dental additives, adjuvants and colorants as component G, and

optionally, silane compounds with at least 2 ethylenically unsaturated
groups as component H.
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One advantage of the invention is that the compositions of the invention have both a rela-
tively high hydrophilicity and show no, or a relatively low level, of viscosity increase during
extended storage of the compositions. Thus, if provided in the form of a multi component
dental material, like an impression material, with a base paste and a catalyst paste
wherein at least one of of the pastes contains a relatively high amount of surfactant, the
component with the high level of surfactant will not prematurely cure during extended
storage. In addition to improved storage stability, some embodiments of the invention also
exhibit good tear strength after curing. For example, some of the curable compositions
containing organopolysiloxane provide elastomers with good tee}r strength upon curing
and good storage stability as well as sufficient hydrophilicity that they can be used as light
body or ultra light body wash materials for taking impressions, especially taking impres-
sions within the oral cavity.

In a preferred embodiment the material according to the invention comprises:
- about 5- about 70 wt.-% components A+B+H,

- about 0- about 40 wt.-% component C,

- about 0.5- about 10 wt.-% component D,

- about 0.0001- about 0.1 wt.-% component E,

- about 0.00005- about 0.05 wt.-% component F, calculated as elemental platinum
and related to the overall weight of the material present with the compounds A to
H,

- about 0- about 70 wt.-% component G, and

- about 0.1- about 50 wt.-% component H.

Surprisingly, it has been found that adding a stabilizer which contains a phosphorous
atom to the curable material results in an improved storage behaviour of the material
while the curing behaviour and the material properties remain basically unchanged.

The invention further relates to a method of making a dental impression, wherein a ma-
terial according to the invention is used.
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A component A, according to the invention, contains one organopolysiloxane or a mixture
of two or more polysiloxanes. In the latter case, the n polysiloxanes present in component
A are named A1, A2, ... An, respectively.

A component B, according to the invention, contains one organohydrogenpolysiloxane
with at least 3 SiH groups per molecule or a mixture of two or more of such organohydro-
genpolysiloxanes. In the latter case, the n organohydrogenpolysiloxanes present in com-
ponent B can be named B1, B2, ... Bn, respectively.

A component C, according to the invention, can contain one organopolysiloxanes without
reactive substituents or a mixture of two or more of such organopolysiloxanes. In the lat-
ter case, the n organopolysiloxanes present in component C can be named C1, C2, ...
Cn, respectively.

A component D, according to the invention, contains one hydrophilizing agent without
reactive substituents or a mixture of two or more of such hydrophilizing agents. In the
latter case, the n hydrophilizing agents present in component D can be named D1, D2, ...
Dn, respectively.

A component E, according to the invention, contains one stabilizer containing at least one
phosphorous atom or a mixture of two or more of such stabilizers. In the latter case, the n
stabilizers present in component E can be named E1, E2, ...En, respectively.

A component F, according to the invention, contains a catalyst for promoting the reaction
between components A and B or a mixture of two or more of such catalysts. In the latter
case, the n catalysts present in component F can be named F1, F2, ...Fn, respectively.

A component G, according to the invention, contains one or more dental additives, adju-
vants or colorants or a mixture of two or more of such compounds. In the latter case, the
n catalysts present in component G can be named G1, G2, ...Gn, respectively.

A component H, according to the invention, contains one silane compound with at least 2
ethylenically unsaturated groups or a mixture of two or more of such compounds. In the
latter case, the n silane compounds with at least 2 ethylenically unsaturated groups pre-
sent in component H can be named H1, H2, ...Hn, respectively.

The invention also relates to a method for the preparation of a material according to the
present invention, wherein components A, B, D, E, and F and optionally one ore more
of components C, E and G and H are mixed.
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The invention also relates to a method for the preparation of a material in a two compo-
nent dosage, wherein component B and components A, D and E and one or more of
components G and H are mixed to form a base paste and component F and one or
more of components A, C and G and H are mixed to form a catalyst paste.

The preparation according to the invention can be performed manually or automated,
especially supported by an appropriate dispensing cartridge. The present invention thus
further relates to a method for the preparation of a material according to the invention
using a multiple component dispensing cartridge, wherein the cartridge comprises mul-
tiple compartments and at least one compartment contains component B and compo-
nents A, D and E and one or more of components G and H as a base paste and at least
one other compartment contains component F and one or more of components A, C
and G and H as a catalyst paste and wherein the material in the compartments is mixed
upon manual or automated action upon the compartments to form a material according
to the invention.

The invention further relates to é kit of parts comprising at least two containers, wherein
one container comprises component B and components A, D and E and optionally one
or more of components C, G and H as a base paste and at least one other container
comprises component F and one or more of components A, C and G and H as a cata-
lyst paste.

The invention further relates to the use of a curable dental impression material compris-
ing:
(A) at least one organopolysiloxane A1 with at least two ethylenically unsatu-

rated groups per molecule as component A,

(B) at least one organohydrogenpolysiloxane with at least 3 SiH groups per
molecule as component B,

(C)  optionally organopolysiloxanes without reactive substituents as component
C

(D) at least one hydrophilizing agent as component D,

(E)  at least one stabilizer containing at least one phosphorous atom as com-
ponent E,
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(F)

(G)
(H)

a catalyst for promoting the reaction between A and B as component F
and

optionally dental additives, adjuvants and colorants as component G and

optionally silane compounds with at least 2 ethylenically unsaturated
groups as a component H

for the preparation of impression materials in dental applications. The curable material

can, e.g., comprise a mixture of component C and G or mixture of component G an H or

a mixture of components C, G and H.

The invention further relates to a method for obtaining dental impressions, wherein a

curable dental impression material comprising:

(A)

(B)

(©)

(D)
(E)

(F)

(©G)
(H)

at least one organopolysiloxane A1 with at least two ethylenically unsatu-
rated groups per molecule as component A,

at least one organohydrogenpolysiloxane with at least 3 SiH groups per
molecule as component B,

optionally organopolysiloxanes without reactive substituents as component
C,

at least one hydrophilizing agent as component D,

at least one stabilizer containing at least one phosphorous atom as com-
ponent E,

a catalyst for promoting the reaction between A and B as component F
and

optionally dental additives, adjuvants and colorants as component G and

optionally silane compounds with at least 2 ethylenically unsaturated
groups as a component H

is contacted with a region in an oral cavity of a mammal such as hard or soft dental tis-

sue which is to be to be reproduced by an impression. The curable material can, e.g.,

comprise a mixture of component C and G or mixture of component G an H or a mixture

of components C, G and H.
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More detailed description of the invention

Component A according to the invention comprises at least one organopolysiloxane A1
with at least two pendant or terminal triorganosiloxy groups in which at least one of the
three organic groups is a group with an ethylenically unsaturated double bond. Generally,
the groups with an ethylenically unsaturated double bond can be located on any mono-
meric unit of the organopolysiloxane. It is, however, preferred, that the groups with an
ethylenically unsaturated double bond are located on or at least near the terminal,
monomeric units of the polymer chain of the organopolysiloxane. In another preferred
embodiment, at least two of the groups with an ethylenically unsaturated double bond are
located on the terminal monomeric units of the polymer chain.

The term “monomeric units” as used throughout the present text relates to repeating
structural elements in the polymer that form the polymer backbone, unless expressly
stated otherwise.

Preferred organopolysiloxanes of this general structure are represented by the following

formula

R

R

l |
H2C2ﬁ+?1—0—}—n ?1—1(_3I:CH2

R R

in which the radicals R, independently from each other, represent a non-substituted or
substituted, monovalent hydrocarbon group with 1 to 6 C atoms, which is preferably free
from aliphatic multiple bonds and where n generally can be chosen such that the vis-
cosity of the organopolysiloxanes lies between about 4 and about 500,000 mPas or
between about 6 and about 100,000 mPas. The parameter n can, e.g., be in the range
of about 10 to about 3000.

Generally, the radicals R in the above formula can represent any non-substituted or
substituted, monovalent hydrocarbon group with 1 to 6 C atoms. Non-substituted or
substituted, monovalent hydrocarbon groups with 1 to 6 C atoms can be linear or, if the
number of carbon atoms exceeds 2, branched or cyclic. Generally, the radicals R can
be equipped with any type of substituent or substituents provided they do not interfere
with any other constituents or substituents of the composition and do not interfere with
the curing reaction. The term “interfere” as used in the context of the present text re-
lates to any influence of such a substituent on at least one of the other substituents or

8
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constituents of the composition or the curing reaction, or both, which is detrimental to
the properties of the hardened product. The term “detrimental” as used in the context of
the present text relates to a change of properties of the precursors or the cured product
that negatively affect the usefulness of the precursors or the cured product in their in-
tended use.

In another preferred embodiment of the invention, at least about 50% of the radicals R
are methyl groups. Examples of other radicals R that can be present in the organop-
olysiloxanes according to the above formula are ethyl, propyl, isopropyl, n-butyl,
tert.butyl, the pentyl isomers, the hexyl isomers, vinyl, propenyl, isopropenyl, 2- and 3-
n-butenyl, the pentenyl isomers, the hexenyl isomers, fluorine substituted aliphatic radi-
cals like 3,3,3-trifluoropropyl groups, cyclopentyl or cyclohexyl groups, cyclopentenyl or
cyclohexenyl groups or aromatic or hereroaromatic groups like phenyl or substituted
phenyl groups. Examples for such molecules are described in U.S. Pat. No. 4,035,453,
the disclosure of which, especially the disclosure of the latter document regarding the
above mentioned molecules, their chemical constitution and their preparation, is ex-
pressly regarded as being part of the disclosure of the present document and is in-
cluded herein by reference.

The preparation of molecules according to the above-mentioned formula would gener-
ally be understood by the skilled person based upon the teachings of the prior art re-
garding similar molecules.

Particularly preferred are linear polydimethylsiloxanes according to the above formula,
that have viscosities with the specified viscosity ranges and end groups comprising di-
methylvinylsiloxy units and methyl groups as the radicals R.

A component A which can be employed according to the invention can consist of one
type A1 of organopolysiloxane. The organopolysiloxane can have a viscosity starting in
the range of about 5 to about 500,000 mPas, or about 10 to about 50,000 mPas or
about 30 to about 40,000 mPas, e.g., a viscosity of about 50 to about 20,000 mPas, or
from about 100 to about 15,000 mPas or about 200 to about 10,000 mPas.

It is, however, also possible that component A comprises two or more constituents, A1,
A2 and so on, which can differ, e.g., in the chemical composition of their backbone, or
their molecular weight, or their substituents or their viscosity, or any other differentiating
feature or two or more of the above mentioned features.
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In one embodiment of the invention the difference in viscosities of different constituents
of component A can be higher than a factor of 2, e.g., higher than a factor of about 5,
higher than a factor of about 10, higher than a factor of about 20, higher than a factor of
about 30, higher than a factor of about 40, higher than a factor of about 50, higher than
a factor of about 60, higher than a factor of about 70, higher than a factor of about 80,
higher than a factor of about 90 or higher than a factor of about 100. The difference in
viscosities can be even higher, e.g., higher than a factor of about 200, higher than a
factor of about 300, higher than a factor of about 500, higher than a factor of about 800,
higher than a factor of about 1,000 or higher than a factor of about 5,000, it should,
however, preferably not exceed a value higher than a factor of about 10,000. It should
be kept in mind that the values mentioned above relate to a factor for the difference in
viscosities, not the viscosity values themselves.

The constituent of A with the lowest viscosity of all constituents of A can have a viscos-
ity in the range of about 10 to about 1000 mPas, or about 50 to about 500 mPas or
about 100 to about 300 mPas. The constituent of A with the highest viscosity of all con-
stituents of A can have a viscosity of about 500 to about 500,000 mPas, e.g. from about
1,000 to about 50,000 mPas or about 3,000 to about 20,000 mPas. Good results can
e.g. be achieved when the constituent of A with the highest viscosity of all constituents
of A has a viscosity of about 4,000 to about 15,000 mPas, e.g. from about 5,000 to
about 13,000 mPas or about 6,000 to about 12,000 mPas.

In another embodiment of the invention, the component A can comprise three constitu-
ents A1, A2 and A3. In this case, if the constituents differ, e.g., in viscosity, the above
mentioned definition for the relation of the viscosities of the constituent with the highest
viscosity and the constituent with the lowest viscosity, A3 and A1, is also applicable.
The remaining constituent A2 can generally have any viscosity with a value between the
values for viscosity of A1 and A3.

A preferred method of measurement of the viscosity is performed with Haake Rotovisco
RV20 (spindle MV, measuring cup NV). The viscosity is measured at 23 °C. After acti-
vation and rectification of the system, spindle MV is installed. Then the material to be
measured is filled into the measuring cup NV. Without undue delay, the spindle is low-
ered into the measuring cup NV. The spindle should be covered by a layer of the mate-
rial of a maximum thickness of 1 mm. The material to be measured is tempered for 20
min at 23 °C. The measurement is started by starting the spindle to turn and the viscos-
ity values (mPas) are recorded starting 20 s after the start of measurement. Care must

10



10

15

20

25

30

WO 2007/001869 PCT/US2006/023236

be exercised to ensure that the measuring cup NV does not rotate or move at any time.
A value for the viscosity is obtained in mPas. The above mentioned method of meas-
urement corresponds to DIN 53018-1.

If component A contains constituents of different viscosities, the ratio of the amount of
constituent with the lowest viscosity to the amount of constituent with the highest vis-
cosity can be chosen relatively freely, depending on the desired properties of the pre-
cursors and the cured resin. It has, however, proven to be advantageous when the ratio
of the amount of constituent with the lowest viscosity to the amount of constituent with
the highest viscosity is within a range of from about 1:20 to about 20:1, especially about
1:10 to about 10:1 or about 1:5 to about 5:1. Good results can e.g. be obtained with
ratios of from about 1:3 to about 3:1 or about 1:2 to about 2:1. It has furthermore proven
adequate in some cases, when the amount of constituent with the highest viscosity is
about equal to or higher than the amount of constituent with the lowest viscosity, result-
ing in a value of from about 0.9:1 to about 3:1 for the ratio of the amount of constituent
with the highest viscosity to the amount of constituent with the lowest viscosity. All of
the ratios are based on the weight of the constituents.

Component B comprises preferably an organohydrogenpolysiloxane with at least 3 Si-
bonded hydrogen atoms per molecule. By definition, an organohydrogenpolysiloxane
according to the present text does not belong to the group of organopolysiloxanes as
described in the context of the invention.

An organohydrogenpolysiloxane according to the invention preferably contains about
0.01 to about 1.7 wt.-% silicon-bonded hydrogens. The silicon valencies which are not
saturated with hydrogen or oxygen atoms are saturated with monovalent hydrocarbon
radicals R which are free from ethylenically unsaturated bonds.

The hydrocarbon radicals R, may be selected independently from each other, represent
a linear or branched or cyclic, non-substituted or substituted, aliphatic or aromatic
monovalent hydrocarbon groups with 1 to 12 C atoms without ethylenically unsaturated
bonds. In a preferred embodiment of the invention, at least about 50%, preferably about
100%, of the hydrocarbon radicals R that are bonded to silicon atoms are methyl radi-

cals.

Organohydrogenpolysiloxanes which can be suitable as component B or as a constitu-
ents of component B can have a viscosity of about 10 to about 1000 mPas or from
about 15 to about 550 mPas or from about 20 to about 150 mPas.

11
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Suitable compounds for use in component C are organopolysiloxanes without reactive
substituents. These are preferably linear, branched or cyclic organopolysiloxanes where
all silicon atoms are surrounded by oxygen atoms or monovalent hydrocarbon radicals
with 1 to18 carbon atoms which can be substituted or non-substituted. The hydrocarbon
radicals can be methyl, ethyl, C,-C, aliphatics, trifluoropropyl groups as well as aro-
matic C¢-Cqo radicals.

Polydimethylsiloxanes with trimethylsiloxy end groups are particularly preferred as a
constituent of component C. Component C is used in the material according to the in-
vention preferably in an amount of about 0 to about 40 wt.-%, preferably about 0 to
about 20 wt.-% or about 0 to about 10 wt.-%.

Hydrophilizing agents which can be employed as constituents of component D, can
generally be chosen freely from all types of surfactants which improve the hydrophilicity
of a silicone material which is curable via hydrosilylation reaction while at the same time
do not negatively impact the material properties or curing behaviour of the material or at
least not more than avoidable or tolerable. Useful surfactants which improve the hydro-
philicity of a silicone material according to the invention can generally be chosen from
anionic, cationic or non-ionic surfactants or mixtures of two or more of such types of
surfactants.

It is preferred that the material according to the invention comprises a nonionic surfac-
tant as a hydrophilizing agent or a mixture of two or more non-ionic surfactants.

Component D comprises an agent or a plurality of agents which are generally capable of
increasing the hydrophilic character to a composition, for example as demonstrated by an
increase in the wetting angle of a drop of water or an aqueous solution or dispersion (e.g.
a plaster suspension or the like) on the material (in its cured or uncured state) over that
wetting angle achieved on the same silicon composition without component D.

The measurement of the wetting angle to determine the hydrophilicity of impression mate-
rials is described in DE 43 06 997 A, page 5, the contents of this document with regard to
this method of measurement being expressly mentioned by reference and being regarded
as part of the disclosure of the present text.

Preferably, the hydrophilizing agents of component D do not contain reactive groups so
that they are not incorporated into the polysiloxane network.

Ethoxylized fatty alcohols which are e.g. described in EP 0 480 238 B1 can be used as
component D. Furthermore, the non-ionic perfluoralkylated surface-active substances

12
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described in WO 87/03001 can be used. Also preferred are the non-ionic surface-active
substances which are described in EP 0 268 347 B1, i.e. the nonylphenolethoxylates,
polyethylene glycol-mono- and diesters, sorbitan esters as well as polyethylene glycol-
mono- and diethers listed therein. The contents of the latter documents with regard to
hydrophilizing agents and their preparation is expressly mentioned by reference and is
regarded as part of the disclosure of the invention.

In a further embodiment of the invention, the hydrophilizing agent or at least one of the
hydrophilizing agents, if component D comprises two or more hydrophilizing agents,
contains silicone moieties.

Suitable hydrophilizing agents can be wetting agents from the group of hydrophilic sili-
cone oils which are not capable of being covalently incorporated into the hardened poly-
mer network. Suitable hydrophilizing agents are described in WO 87/03001 and in EP 0
231 420 B1, the contents of which with regard to the hydrophilizing agents are expressly
mentioned by reference and are regarded as part of the disclosure of the invention.

Useful as hydrophilizing agents in component D are polyether carbosilanes of the gen-
eral formula Q-P-(OC,H,,)x-OT, in which Q stands for R5-Si- or

Rs-Si-(R"-SiR2)a-R"- SiR"";,

where every R in the molecule can be the same or different and stands for an aliphatic
C4-C4s, a cycloaliphatic Ce-C1, or an aromatic Ce-C+, hydrocarbon radical, which can op-
tionally be substituted by halogen atoms, R' is a C4-Cy4 alkylene group, R" is R in the
case of a#0 or is R or RsSiR' in the case of a=0, and a=0-2; P stands for a C,-Cys al-
kylene group, preferably a C»-C4 alkylene group or A-R""", where A represents a C,-Cyg
alkylene group and R"*" a functional group from the following list: -NHC(O)-, -NHC(O) -
(CH2)54-, -NHC(O)C(O)-, -NHC(0)(CH2),C(0O)-, -OC(O)~, -OC(O)-(CH2),..-, -OC(O)C(O)-
) -OC(O)(CH,),C(0)-, ~-OCH,CH(OH)CH,OC(O)(CH2).1-, -
OCH,CH(OH)CH,OC(0)(CH2),C(0)- with v=1-12; T is H or stands for a C;-C, alkyl radi-
cal or a C4-C, acyl radical; x stands for a number from 1 to 200 and n stands for an aver-
age number from 1 to 6, preferably 1 to 4.

The polyether part can be a homopolymer, but can also be a statistical, alternating or
block copolymer.

Hydrophilizers which can be advantageously used as a part of component D or as com-
ponent D, either alone or as a mixture of two or more thereof, can be found in US
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5,750,589 to Zech et al., col 2, I. 47 to col. 3 1. 27 and col. 3, I. 49 to col. 4, |. 4 and col.
5,1. 7 to col. 14, |. 20.

Other hydrophilizers which can be advantageously used as a part of component D or as
component D, either alone or as a mixture of two or more thereof, can be found in US
4,657,959 to Bryan et al., col. 4, |. 46 to col. 6. I. 52 as well as in EP 0 231 420 B1 to
Gribi et al. p4, 1. 1to p. 5, I. 16 and in the examples.

US 5,750,589, US 4,657,959 and EP 0 231 420 B1 are expressly described and cited
herein as a source of disclosure for compounds which can be used as component D
according to the invention. The documents and especially their disclosure with regard to
hydrophilizers at the citations given above are incorporated by reference and are con-
sidered as being a part of the disclosure of the present text.

Further preferred surfactants are exthoxylated surfactants containing a siloxane solubiliz-
ing group as described in US 4,657,959, the disclosure of which is incorporated herein by

reference.

Suitable surfactants can have the following Formula

R R R R
N N N
R_|SIO |_ ?10 Jn[ SiO Jm |SI_R
R R R
1 2 3
R (OC ,H3R™),(0C; H¢ ), OR

where each R is independently a monovalent hydrocarbyl radical with 1 to 22 C-atoms, R’
is a divalent hydrocarbylene radical 1 to 26 C-atoms, each R? is independently hydrogen
or a lower hydroxyalkyl radical, R® is hydrogen or a monovalent hydrocarbyl radical with 1
to 22 C-atoms, n and b are independently greater than or equal to zero, and m and a are
independently greater than or equal to one, with the proviso that a has a sufficient value
and b is small enough so that a cured composition o£ the invention has the desired water
contact angle.

Preferably R and R® are —=CHs, R is =C;3Hs-, R? is hydrogen, n is about zero or about one,
m is about one to about five, a is about five to about 20 and b is about 0.

Several of such ethoxylated surfactants are available from Union Carbide Corp. as
‘SILWET" surface active copolymers. Preferred surface active copolymers include
SILWET 35, SILWET L-77, L-7600 and L-7602. SILWET L-77 is an especially preferred
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ethoxylated surfactant which is believed to correspond to the above formula where R and
R® are —CHs, R' is ~C3He-, R? is hydrogen, n is about zero or about one, m is about one
or about two, a is about seven, and b is about 0. Also possible is the use of MASIL®
SF19, as obtainable from Lubrizol performance products, Spartanburg, US.

Also possible is the use of polyether carbosilanes selected from the group consisting of:
EtsSi-(CH,)s-O-(CoH4 O)y —CHj3, Et=Ethyl

Et3Si-CH; ~CH,~0-(C, H,0)y—CHs;, Et=Ethyl
(Me;3Si-CH,)sSi-(CH,)3—0-(C,H,0)y—CH;, Me=Methyl
Me;sSi-CH,-SiMe,~(CH,)s—0-(C2H40)y—CHs, Me=MethyI
(MesSi-CH,),SiMe-(CH,)s—0-(C,H40)y—CH,;, Me=Methy!
MesSi-(CH,)s—0-(C,H,0)y—CHs, Me=Methyl
Me;Si-CH,~CH,—-0-(C,H,0)y—CHs, Me=Methyl
PhSi-(CH,)s~0-(C,H40)y—CHs, Ph=phenyl
Ph3Si-CH,—CHx—-0O-(C2,H40)y—CHjs, Ph=phenyl
CysSi~(CH,)s—0-(C,H40)y —CH3;, Cy=cyclohexyl
CysSi-CH,~CH>-0-(C;H,0)y—CHjs, Cy=cyclohexyl
(CsH13)sSi-(CH,);—0-(C,H,0)y—CH;

(CeH13)3Si-CH—~CHy—0O-(C4H40)y—CHs in which y conforms to the relation: 5 <y < 20.

Hydrophilizers are preferably present in the materials according to the invention in an
amount of more than about 0.1 % by weight, relating to the weight of the whole material.
It can be preferred if the amount of component D is in a range of from about 0.1 to
about 15 % by weight or from about 0.3 to about 12 % by weight or from about 0.5 to
about 8 % by weight or from about 0.8 to about 7 % by weight or from about 1 to about
6 % by weight or from about 1.2 to about 5 % by weight or from about 1.5 to about 4 %
by weight.

The wetting angle of a drop of water on the surface of a cured material according to the
invention measured after 10 seconds, is preferably less than about 40°, particularly
preferably < about 20°, in particular < about 10°.
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Wetting contact angles can be measured as follows: About 2.5 g of base and 2.5 g of
catalyst paste are mixed together until uniform (about 30 s). 5 g of mixed paste is placed
in a metal mould (40 mm x 30 mm x 2 mm) between two sheets of polyethylene and
pressed flat using a glass plate. The specimen is allowed to stand undisturbed until set
(about 15 minutes). The polyethylene sheets are removed, being careful not to touch the
surface of the specimen, and the specimen placed on the table of a gynometer DSA 10
(Kruss), a well known device for measuring contact angles. 5 pl of water are placed onto
the surface of the specimen and an automatic contact angle measurement is started us-
ing standard software of the gynometer. Measuring time is at least 10 s up to 200 s.

Component E can generally comprise any type of stabilizer containing at least one
phosphorous atom, provided it does not significantly detrimentally impact the properties
of the cured composition or its cure rate or any other important properties of the mate-
rial according to the invention. Component E can contain one substance containing at
least one phosphorous atom or a mixture of two or more substances containing at least
one phosphorous atom. The stabilizer can be organic or inorganic or a mixture of or-
ganic and inorganic stabilizers can be used as component E. The stabilizer can also
contain two or more phosphorous atoms.

It is particularly preferred that Component E comprises an organic stabilizer containing
at least one phosphorous atom, and more particularly, an organic stabilizer selected
from the group consisting of organo phosphines, organo-phosphites, organo-
phosphonites, di(organo-phosphites), di(organo-phosphonites) and combinations
thereof.

Also useful as compound E can be organophosphorous compounds of the formula
R'P(OR)s., in which n = 0, 1, 2 or 3, R = C4-Cyg-alkyl, Ce-Cgo-aryl or C;-Cs-alkylary!
and R" = R or (CR",)m, or (CsR"4)mwith H = R or OR and m = 10.

Especially useful can be, e.g., compounds according to the general formula P(R)s,
wherein R can be the same or different and R = C;-Cyg-alkyl, Cs-Cs-aryl, C7-Czq-
alkylaryl, or OR' with R' = C4-Cyg-alkyl, C¢-Cso-aryl, C,-Csq-alkylaryl. The radicals R or
R' can be the same or different.

Moreover, representative stabilizers can have the following general formula
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RS R

in which R", R?, R®, R* and R°® can be the same or different and can be H, saturated or
unsaturated, linear or branched C1-C18-alkyl, C6-C30-aryl or C7-C31-alkylaryl and R,
R?, R? R*and R°® can optionally be substituted by groups such as amino, mono- or dial-
kylamino, carboxyl, fluorine, chlorine, bromine, cyano, benzyl, phenyl or toluyl. Com-
pounds which can be used as component E in the context of the invention are disclosed
in US 6,300,455 B1 to Haselhorst et al.. The disclosure of this document with regard to
phosphorous containing compounds and their preparation is incorporated herein by
reference and its disclosure is regarded as being part of the disclosure of the present
text.

If component E is chosen from the compounds according to the formula R',P(OR)s., n
can be 0, 1, 2 or 3, R and R’ can independently from each other be

R
R R
R
~I
R
\_d
R R
R
R R R
- RI’
N
i\ /2 ~
A \ |
R
with R"" independently from each other being H, C;-Cig-alkyl, Cs-Csp-aryl or C7-Cgzq-

alkylaryl, halogen (Hal), SiR;, OR and the like, especially as described in US 6,346,562,
the disclosure of this document with regard to phosphorous containing compounds and
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their preparation is incorporated herein by reference and the disclosure is regarded as
being part of the disclosure of the present text.

Also useful as constituents of component E are diisodecylphenylphosphite (commer-
cially available as Lankromark ® LE76 by Akzo Nobel), diphenyl-2-ethylhexylphosphite
(commercially available as Lankromark ® LE98 by Akzo Nobel), diphenylisodecyl-
phosphite (commercially available as Lankromark ® LE131 by Akzo Nobel), trisnonyl-
phenylphosphite (commercially available as Lankromark ® LE109 by Akzo Nobel),
tris(isodecyl)phosphate (commercially available as Lankromark ® LE164 by Akzo No-
bel) or tris(tridecyl)phosphate (commercially available as Lankromark ® LE406 by Akzo
Nobel) or mixtures of two or more of these compounds.

Particularly preferred as a constituent of component E is a compound according to the
formula

with z = 2, Triphenylphosphite or Diisodecylphenylphosphite (commercially available as
Lankromark LE 76 ® by Akzo Nobel).

The amount of Component E to be used in the material according to the invention can
be within a broad range as long as the desired effect on the storage stability is achieved
and side effects with regard to the material properties of the cured material or other
properties of the material according to the invention are minor. It can be advantageous,
if component E is present in the material according to the invention in an amount of
from about 0.0001 to about 0.1 % by weight, in relation to the weight of the material
itself. It can, however, be preferred, if component E is present in the material according
to the invention in an amount of from about 0.0005 to about 0.05 % by weight, or from
about 0,001 to about 0.03 % by weight, in relation to the weight of the material itself.
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If the material according to the invention is a multi component material, especially a
material consisting of a base paste and a catalyst paste, component E is present in the
base paste. It has then proven to be successful if component E is present in the base
paste in an amount of from about 0.0001 to about 0.1 % by weight, in relation to the
weight of the material itself. It can, however, be preferred, if component E is present in
the base paste in an amount of from about 0.0005 to about 0.05 % by weight, or from
about 0.001 to about 0.02 % by weight, in relation to the weight of the material itself.

The ratio of component D to component E can be within a range of from about 10 : 1 to
about 5000 : 1, especially about 30 : 1 to about 1000 : 1 or about 50 to 1 to about 600 :
1.

Component F preferably comprises a platinum complex which can be prepared from
hexachloroplatinum acid by reduction with tetramethyldivinyldisiloxane. Such com-
pounds are known to the skilled person. Any other platinum compounds which catalyze
or accelerate addition cross-linking of silanes with ethylenically unsaturated double
bonds are also suitable. Platinum-siloxane complexes as described, e.g. in US
3,715,334, US 3,775,352 and US 3,814,730 are suitable, for example. The disclosure of
these patents with regard to platinum complexes and their preparation is explicitly men-
tioned and expressly regarded as part of the disclosure of the present text.

The platinum catalyst is preferably used in quantities of about 0.00005 to about 0.05
wt.-%, particularly about 0.0002 to about 0.04 wt.-%, each calculated as elemental
platinum and related to the overall weight of the material present with the components A
to G.

To control the reactivity of the addition reaction and to prevent premature curing, it may
be advantageous to add an inhibitor which prevents the addition reaction for a specific
period of time or slows the addition reaction down. Such inhibitors are known and de-
scribed, e.g. in U.S. Pat No. 3,933,880, the disclosure of which regarding such inhibi-
tors and their preparation is expressly regarded as being part of the disclosure of the
invention. Examples of such inhibitors are acetylenic unsaturated alcohols such as 3-
methyl-I-butyne-3-ol, 1-ethynylcyclohexane-l-ol, 3,5-dimethyl-I-hexyne-3-ol and 3-
methyl-l-pentyne-3-ol. Examples of inhibitors based an vinyl siloxane are 1,1,3,3-
tetramethyl-1,3-divinyl siloxane, 1 ,3,5,7-tetrévinyl-1 ,3,5,7-tetramethylcyclotetrasiloxane
and poly-, oligo- and disiloxanes containing vinyl groups. The inhibitor is regarded as
being a part of component F.
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Furthermore, the dental materials according to the invention can optionally comprise a
component G, containing additives such as fillers, plasticizers, pigments, anti-oxidizing
agents, release agents and the like.

For example, a chemical system may be employed to diminish the presence or degree
of hydrogen outgassing which may be typically generated as a result of the vinyl polym-
erization. The composition thus may comprise a finely divided platinum metal that scav-
enges for and takes up such hydrogen. The Pt metal may be deposited upon a substan-
tially insoluble salt having a surface area of between about 0.1 and about 40m?%g. Suit-
able salts are Barium sulphate, barium carbonate and calcium carbonate of suitable
particle sizes. Other substrates include diatomaceous earth, activated alumina, acti-
vated carbon and others. The inorganic salts are especially preferred to imply improved
stability to the resulting materials incorporating them. Dispersed upon the salts is about
0.2 to about 2 parts per million of platinum metal, based upon the weight of the catalyst
component. It has been found that employment of the platinum metal dispersed upon
inorganic salt particles substantially eliminates or diminishes hydrogen outgassing dur-
ing curing of dental silicones. Also Pd metal as described e.g. in DE 29 26 405 C3 or Pd
compounds as disclosed in to WO 97/37632 can be employed.

The compositions of the invention can also include a filler as component G or part of
component G, e.g., a mixture of fillers. A wide variety of inorganic, hydrophilic or hydro-
phobic fillers may be employed such as silicas, aluminas, magnesias, titanias, inorganic
salts, metallic oxides and glasses. It has been found to be possible to employ mixtures
of silicone dioxides, including those derived from crystalline silicone dioxide, such as
pulverized quartz (4-6 um); amorphous silicone dioxides, such as a diatomaceous earth
(4-7 ym); and silanated fumed silica, such as Cab-0-Sil TS-530 (160-240 m?g), manu-
factured by Cabot Corporation.

The sizes and surface areas of the foregoing materials are controlled to control the vis-
cosity and thixotropicity of the resulting compositions. Some or all of the foregoing hy-
drophobic fillers may be superficially treated with one or more silanating agents, as
known to those of ordinary skill in the art. Such silanating may be accomplished through
use of known halogenated silanes or alkoxysilanes or silazanes. Such fillers can be
present in amounts of from about 0 to about 65 % by weight, especially about 5 to about
55 or about 20 to about 50 wt.-% of the material.

Among the fillers which can be used according to component G are fillers such as
quarz, cristobalite, calcium silicate, diatomaceous earth, zirconium silicate, montmoril-

20



10

15

20

25

30

WO 2007/001869 PCT/US2006/023236

lonite such as bentonite, zeolite, including molecular sieves such as sodium aluminium
silicate, metal oxide powder such as aluminium or zinc oxide or their mixed oxides, bar-
ium sulphate, calcium carbonate, plaster, glass and plastic powder.

Suitable fillers are also pyrogenic or precipitated silicic acid and silica aluminium mixed
oxides. The above mentioned fillers can be hydrophobized, for example by treatment
with organosilanes or siloxanes or by the etherification of hydroxyl groups to alkoxy
groups. One type of filler or also a mixture of at Ieast two fillers can be used. The parti-
cle distribution is preferably chosen such that there are no fillers with particle sizes of
more than about 50 um.

The overall content of fillers is in the range from about 0 to about 90%, preferably about
30 to about 80%, with regard to components A to H.

A combination of reinforcing and non-reinforcing fillers is particularly preferred. In this
respect, the quantity of reinforcing fillers ranges from about 1 to about 10 wt.-%, in par-
ticular from about 2 to about 5 wt.-%.

The difference in the named overall ranges, i.e. about 9 to about 70 wt.-%, in particular
about 28 to about 55 wt.-%, is accounted for by non-reinforcing fillers.

Pyrogenically-prepared highly-disperse silicic acids which have preferably been hydro-
phobized by surface treatment are preferred as reinforcing fillers. The surface treatment
can be carried out, for example with dimethyldichlorosilane, hexamethyldisilazane,
tetramethylcyclotetrasiloxane or polymethylsiloxane.

Particularly preferred non-reinforcing fillers are quartzes, cristobalites and sodium alu-
minium silicates which can be surface-treated. The surface treatment can generally be
carried out with the same methods as described in the case of the strengthening fillers.

The material according to the invention can also optionally contain silane compounds
with at least 2 ethylenically unsaturated groups as a component H. Preferred silane
compounds follow the general formula

Si(R")a(R*)4.n

wherein R' is a linear, branched or cyclic monovalent ethylenically unsaturated sub-
stituent which can undergo an addition reaction with SiH-groups, having from 2 to 12
carbon atoms, R? is a monovalent radical without groups that can undergo an addition
reaction with SiH-groups or have a detrimental influence on such a reaction with 1 to 12
carbon atoms and n is 2, 3 or 4. Especially preferred radicals R’ are vinyl, allyl and
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propargyl, especially preferred radicals R? are linear or branched C4-Cy; alkyl groups.
An example for a silane compound which can be used according to the present inven-
tion is tetraallylsilane, which corresponds to the above formula when R is equal to an
allyl radical and n is equal to 4.

Further preferred silane compounds follow the general formula:
(R"Ym(R?)3mSi-A-Si-(R")n(R?*)3un

wherein R' is a linear, branched or cyclic monovalent ethylenically unsaturated sub-
stituent which can undergo an addition reaction with SiH-groups, having from 2 to 12
carbon atoms, R? is a monovalent radical without groups that can undergo an addition
reaction with SiH-groups or have a detrimental influence on such a reaction with 1 to 12
carbon atoms, a is a bivalent linear or branched or alicyclic, heterocyclic, aromatic or
heteroaromatic group with 1 to about 10000 carbon atoms which can contain nitrogen
or oxygen atoms and m is 2 or 3, preferably 3. Examples for bivalent radicals A are eth-
ylene, propylene, butylene, penylene, hexylene, heptylene, octylene, nonylene, de-
cylene, -H,C-Ar-CH,-, -CoH4-Ar-CoHy- with Ar being an aromatic bivalent radical, pref-
erably phenyl, or bivalent polyether radicals of the general type —CH,CH,CH,-O-
[CaH240]p-CH,CH,CH,- with 1sa<5 and 0<sb<2000.

Also suitable as component H are silane dendrimers. Generally, three-dimensional,
highly-ordered oligomer and polymer compounds are described as dendrimers, which
are synthesized starting from small core molecules by a constantly repeating sequence
of reactions. Monomer or polymer molecules with at least one reactive site are suitable
as a core molecule. This is converted in a uni- or multi-level reaction with a reactant
which accumulates at the reactive site of the core molecule and for its part has two new
reactive sites. The conversion of core molecule and reactant yields the core cell (gen-
eration zero). By repeating the reaction, the reactive sites in the first reactant layer are
converted with further reactants, again at least two new branching sites being intro-

'Si

duced into the molecule each time (I*' generation).

The progressive branching leads to a geometrical growth of the number of atoms for
each generation. As the overall size can only grow linearly because of the number of
possible covalent bonds specified by the reactants, the molecules become more tightly
packed from generation to generation and they change their shape from starfish-shaped
to spherical. Dendrimers of the zero and each further generation can be dendrimers
used as component H according to the invention. Preferred are those of the first gen-
eration although those of much higher generations can be used.
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Dendrimers of the first or higher generations are obtained as a core molecule by con-
version of tri- or tetraalkenyl silanes (preferably allyl and vinyl) in a first step with hydro-
genchloro-silanes. These products are converted in a further step with alkenyl-Grignard
compounds.

Particularly preferred in this case are dendrimers of the first generation of the following
formula:

SiR?%((CH2)n-Si-((CH2)m-CH=CHa)s)4.x

in which R? is defined as above, n=2, 3, 4 or 5, m=0, 1, 2 or 3, and x=0 or 1.

Particularly preferred dendrimers according to this general formula are:
Me-Si((CH2-CHz-Si(vinyl)s)s

Si((CH2-CHZz-Si(vinyl)s)4

Me-Si((CH,-CH2-CH,-Si(allyl)s)s

Si((CH2-CH,-CH2-Si(allyl)s)4

Me-Si((CH,-CH2-Si(allyl)s)s

Si((CH,-CH,-Si(allyl)s)4

Me-Si((CH2-CH,-CH,-Si(vinyl)s)s

Si((CH2-CH2-CH2-Si(vinyl)s)s

A. W. van der Made and P. W. N. M. van Leeuwen describe the main synthesis of those
silane dendrimers in J. Chem. Soc. Commen. (1992), page 1400 and in Adv. Mater.
(1993), 5, no. 6, pages 366 ff. The Synthesis begins for example with complete allyla-
tion of tetrachlorosilane to tetraallylsilane using 10% excess of allyl magnesium bromide
in diethyl ether. In addition, the allyl groups are hydrosilylized with trichlorosilane in the
presence of a platinum catalyst.

Finally, the conversion takes place with allyl magnesium bromide in diethyl ether. As a
result, a dendrimer is obtained with 12 allyl end groups. This first generation can also
be converted to a second generation, 36 allyl groups being obtained. The Same topic is
also dealt with by D. Seyferth and D. Y Son in Organometallics (1994), 13, 2682-2690.
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Conversion products of tri- or tetra- or penta- or hexa- or hepta- or octaal-
kenyl(cyclo)siloxanes with hydrogenchloro-silanes are furthermore possible as a core
molecule. These are converted in a further step with alkenyl-Grignard compounds and
lead to dendrimers with cyclical or linear siloxane cores.

Both purified tri-, tetra-, penta-, hexa-, hepta- or octasiloxane dendrimers as well as any
mixtures of those dendrimers can be used according to the Invention.

Silane dendrimers, the preparation and use as varnishes of which are known from DE
196 03 242 A1 and DE 195 17 838 A1 as well as from EP 0 743 313 A1. Dendrimers
listed there are also suitable for the purpose according to the invention. Polyfunctional
alkenyl compounds are furthermore suitable as cores. ‘

Particularly suitable are trimethylolpropanetriallylether, tetrallylpentaerythrite, Santolink
Xi-100 (Monsanto), tetraallyloxyethane, 1,3,5-benzoltricarbonic acid triallyl ester, 1,2,4-
benzoltricarbonic acid triallylester, 1,2,4,5-benzoltetracarbonic acid tetrallylester, triallyl
phosphate, triallyl citrate, triallyl isocyanurate, triallyloxytriazine, hexaallylinosite, as well
as general compounds which possess at least two ethylenically unsaturated groups
which can be optionally substituted, for example O-allyl, N-allyl, O-vinyl, N-vinyl or p-
vinylphenolether groups.

Possible polyenes are also described in US 3,661,744 and EP 0 188 880 A1. The
polyene can have e.g. the following structure: (Y)-(X)m, m being an integer greater than
or equal to 2, preferably 2, 3 or 4, and X being chosen from the -[RCR];, -CR=CRR, -O-
CR=CR-R, -S-CR=CR-R, -NR-CR=CR-R group, f being an integer from 1 to 9 and the R
radicals having the meanings H, F, Cl, furyl, thienyl, pyridyl, phenyl and substituted
phenyl, benzyl and substituted benzyl, alkyl and substituted alkyl, alkoxy and substi-
tuted alkoxy as well as cycloalkyl and substituted cycloalkyl and each being able to be
the same or different. (Y) is an at least difunctional organic radical which is constructed
from atoms which are chosen from the C, O, N, Cl, Br, F, P, Si and H group.

The allyl- and/or vinyl esters of the at least difunctional carbonic acids are for example
very suitable polyene compounds. Suitable carbonic acids for this are those with carbon
chains of 2 to 20 C atoms, preferably 5 to 15 C atoms. Allyl or vinyl esters of aromatic
dicarbonic acids such as phthalic acid or trimellithic acid are also very suitable. Allyl
ethers of polyfunctional alcohols, preferably at least trifunctional alcohols are also suit-
able. Allyl ethers of trimethyl propane, pentaerythrite triallyl ether or 2,2-bis-
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oxyphenylpropane-bis-(diallyl phosphate) can be named as examples. Compounds of
the cyanuric acid triallylester, triallyl triazintrione type and similar are also suitable.

Dendrimers of the above mentioned type and their preparation are described in US
6,335,413 B1. The disclosure of this document with regard to such dendrimers and their
preparation is expressly regarded as part of the disclosure of the present invention.

According to the desired properties of the dental materials, the component (H) is pre-
sent in quantities of from about 0.01 to about 10 wt.-%, preferably about 0.05 to about 5
wt.-% or about 0.1 to about 1 wt.-%. Even the addition of very small amounts effects a
considerable increase in the tear strength of impression materials. In a preferred em-
bodiment, component H ist present in the dental materials in an amount of about 0.1 to
about 2 wt.-%, e.g. about 0.15 to less than about 1wt.-%.

The quantity ratios of components A, B and H are preferably chosen such that about 0.5
to about 10 mol SiH units of component B are present per mol of unsaturated double
bond of components A and H. The amount of components A, H, and the B in the dental
material is in the range of from about 5 to about 70 wt.-% relative to the total weight of
all components. Preferably, the amount is in the range of from about 10 to about 60 wt.-
% and particularly in a range of from about 15 to about 55 wt.-%.

The materials according to the invention are prepared by mixing the components A to H
and subsequently curing them in an addition reaction designated as hydrosilylizing in
which, under the influence of the platinum catalyst D, the SiH groups of the component B
are added to the unsaturated groups of the components A and H respectively.

In a preferred embodiment the material according to the invention comprises:
- about 5- about 70 wt.-% components A+B+H,
- about 0- about 40 wt.-% component C,
- about 0.5- about 10 wt.-% component D,
- about 0.0001- about 0,1 wt.-% component E,

- about 0.00005- about 0.05 wt.-% component F, calculated as ele-
mental platinum and related to the overall weight of the material
present with the compounds A to H,

- about 0- about 70 wt.-% component G, and

- about 0.1- about 50 wt.-% component H.
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For reasons of storage stability, it can be preferable to formulate the materials in a two-
component dosage form in which the overall component B is present in a so-called base
paste. The overall component F is present physically separated from the base paste in a
so-called catalyst paste. The components A or H or both can be either present in the
catalyst or base paste, respectively, preferably a part of each of components A and H
respectively being present in the base paste and a part of components A or H in the cata-
lyst paste. Components C and D are present in the base paste, however, minor amounts
of component D can also be present in the catalyst paste as long as the amount is suffi-
ciently small not to interfere with the curing ability of the catalyst.

The invention thus also relates to a material, wherein said material is present in the form
of a base paste and a catalyst paste physically separated from it. The whole component
B should be present in the base paste and the whole component F should be present in
the catalyst paste. Preferably at least a majority of component D and at least a majority of
component E should be present in the base paste, preferably more than about 90 % by,
weight or more, e.g., more than about 95, about 98, about 99 or even about 100 % by
weight of components D and E should be present in the base paste. The remaining com-
ponents can be optionally distributed in the two pastes.

The volume ratios of catalyst and base pastes can be about 10:1 to about 1:10. A particu-
larly preferred volume ratio of base paste:catalyst paste is about 1:1. In the case of a vol-
ume ratio of about 1:1, the components A to H can be distributed as follows as base and
catalyst paste.

TABLE 1

Component Base paste (wt.-|Catalyst paste | Total in base and
%) (wt.-%) catalyst paste (wt.-

%)

(A) 10-60 10-60 10-60

(B) 2-60 - 1-30

(©) 0-20 0-20 0-20

(D) 0.1-10 0-10 0.05-10
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(E) 0.001-0.05 - 0.0005-0.025
(F) - 0.00025-0.25 0.00005-0.05
(G) 0-70 0-70 0-70
(H) 0-20 0-20 0-20

Preferred quantity ratios can be used as follows:

TABLE 2

Component Base paste (wt-%) | Catalyst paste | Total in base and
(wt.-%) catalyst paste

(wt.-%)

(A) 20-55 20-55 20-55

=) 5-20 - 2.5-10

(C) 0-10 0-10 0-10

(D) 0.5-5 0-5 0.25-5

(E) 0.005-0.03 - 0.0025-0.015

F) - 0.005-0.1 0.0025-0.05

(G) 20-60 30-65 25-62.5

(H) 0-5 0-5 0-5

The base paste and catalyst paste can also be used in a ration of 5:1. With a volume ratio
5:1, both pastes can be filled into tubular film bags and later, shortly before use, can be
mixed using a mixing and dosing device such as PENTAMIX™ (3M ESPE). A dosage in
the form of double-chambered cartridges or capsules is also possible. Suitable devices
are, e.g., described in EP 0 232 733 A1, US 5,924,600, US 6,135,631 and EP 0 863
088 A1, The cited documents are expressly mentioned as sources of disclosure for de-
livery and handling devices such as film bags, mixing and dosing devices. The cited
documents are incorporated into the present text by reference and are the disclosure of
the documents with regard to delivery and handling devices usable for curable materials

27




10

15

20

25

30

WO 2007/001869 PCT/US2006/023236

according to the present invention is regarded as being a part of the disclosure of the

present text.

The compounds according to the present invention are generally obtainable by mixing
the respective components in the amounts given above. Generally, the mixing of the
components can be performed manually, e.g., by spatula or a manually operated multi
compartment dispenser, or automated, using one of the various available devices avail-
able for such an automated task, preferably one of the devices mentioned in EP 0 232
733 A1, US 5,924,600, US 6,135,631 or EP 0 863 088 A1.

The materials according to the invention are particularly suitable as dental materials,
especially as dental impression materials such as precision impression materials, situa-
tion impression materials, bite impression materials.

The materials of the invention preferably have tear strengths between about 2.1 and
about 8 MPa, and more preferably between about 2.4 and about 5 MPa. It has, how-
ever, been found to be advantageous in some situations, if the tear strength does not
exceed a value greater than about 15 MPa. Generally, compositions with tear strength
values between about 2.1 and about 6 MPa, and especially between about 2.4 and
about 5 MPa, allow easy removability of the cured and imprinted material from the
mouth without compromising details of the impression preparation.

The Materials according to the invention preferably have shore hardness A values
greater than or equal to about 40, preferably greater than or equal to about 45, and par-
ticularly preferably greater than or equal to = about 50 with low processing viscosity and
non-dripping consistency according to ISO 4823 . The upper limit for the shore A hard-
ness of the cured materials according to the invention can be at a value of about 70, or
about 65.

The materials according to the invention exhibit an improved elasticity, measurable by
an elongation of at least about 50 %, preferably of at least about 70 %. Preferably the
elongation of the materials according to the invention is larger than about 100 %, pref-
erably larger than about 200 %

It is also a preferred feature of the materials according to the invention that their consis-
tency according to ISO 4823 is either in the range as described for heavy body materi-
als, which is from about 25 to about 35 or is in the range as described for light body
materials, which is greater than about 36 mm, preferably greater than about 37 mm or
greater than about 38 mm or greater than about 40 mm. Most preferred materials ac-
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cording to the invention exhibit a consistency of more than about 41 mm, e.g., between
about 42 and about 48 mm. The upper limit for the consistency according to 1SO 4823
can be about 55 mm.

The invention is explained in further detail by the following examples.

EXAMPLES

1. Materials

1.1 Example A (Base paste according to the invention)

Compound Amount [%-weight]
Vinyl-terminated Polydimethylsiloxanes, 4000 ¢St 46.000
Polymethylhydrogensiloxanes 12.000
Polydimethylsiloxane 5.995
Hydrophobized fumed silica (100 m?/g) 4.000
Hydrophobized SiO,filler 30.500
Triphenylphosphite 0.005

Carbosilane Surfactant 1.500

1.2 Example B (Catalyst pate)

Compound Amount [%-weight]
Vinyl-terminated Polydimethylsiloxane, 2000 cSt 39.200
Polydimethylsiloxane 5.500

SiO;, filler 50.000
Hydrophobized fumed silica (100 m%g) 3.100
Tetraallylsilane 0.500
Palladiumchloride Dispersion in silicone oil 0.100

Platinum catalyst solution 1.600
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1.3 Example C (Comparative base paste not according to the invention)

Compound Amount [%-weight]
Vinyl-terminated Polydimethylsiloxane, 4000 ¢St 46.000
Polymethylhydrogensiloxane 12.000
Polydimethylsiloxane 6.000
Hydrophobized fumed silica (100 m%g) 4.000
Hydrophobized SiO; filler 30.500

Carbosilane Surfactant 1.500

2. Measurements

Tear strength:

Tear strength data were evaluated by tearing six I-shaped specimens with a central unit
of 20 mm x 4 mm x 2 mm in a Zwick 1435 Universal testing machine according to DIN
53504. The diameter of the samples was 6 mm and their length 50 mm. Base and cata-
lyst pastes were mixed through a static mixer and filled into a brass mold. After 24 hours
at 23 ° C the specimen were removed, six measurements were made and the mean value
determined (speed 200 mm/min). '

Setting times:

Setting time data are given for room temperature and evaluated using a Shawburry
Curometer. The end of the setting time was defined as the time after with the curing curve
fell below the 10 mm line.

Shore hardness according to DIN 53505.

3. Properties:
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The following examples show that the effect of the stabilizer Triphenylphosphite in Exam-
ple A on the curing reaction of the mixture of base and catalyst paste and on the proper-

PCT/US2006/023236

ties of the set rubber compared to the comparative example (Base Paste Example C).

Combination Tear Shore Hard- | Setting time | Consis-
Base pate Catalyst Strength ness A 10min / at 23.000 tency )
pate (24h) [MPa] | 24h [min] [mm]
Example A | Example B | 2.75 52 /58 5.17 45
Example C Example B | 2.67 53 /58 5.92 45

4. Aging Studies

4.1 Viscosities of Examples

In the following examples base and catalyst pastes were filled into typical two-chambered
cartridges. Those were stored at elevated temperatures. After certain periods of storage
at 70°C and 50°C the cartridges were re-examined. The data show the viscosities of the

base paste side of the cartridges.

Storage at 70°C
- Inventive Combination Comparison Combination
LBase' Paste Catalyst Paste Baée Paste - Catalyst Paste
Example A | Example BV Example C Exampile B |

Start 9 Pas 9 Pas

1 Week 8 Pas polymerised

1 Month - 8 Pas

3 Months polymerised

Storage at 50°C
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Inventive Combination Comparison Combination
Base‘ Catalyst Paste = | Base Catalyst Paste
Paste Paste
Example A | Example B Example C | Example B
Start 9 Pas 9 Pas
1 Week 9 Pas 13 Pas
1 Month 9 Pas 48 Pas
3-Months 8 Pas Polymerised
S Wonths | 11 Pas
‘9 Months " | 15 Pas
12 Months 12 Pas
18 Months - | 14 Pas
24 Months 17 Pas

These results show the effect of the organophosphorous compound on the viscosity of
the base paste. At 50°C even after 2 years there was no preliminary polymerization of the
base paste whereas the comparative example showed a polymerization of the base paste
in the cartridge after only 3 months.

4.2 Stabiliser Tests

A solution consisting of the following components was produced to perform stabilization
tests:

Component Amount [%]

Vinyl-terminated Polydimethylsiloxane, 200 82.1%

cSt
Polymethylhydrogensiloxane 16.4%
Carbosilane Surfactant 1.47%
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To this basic solution, stabilisers were added and the solution was stirred for 30min. Then
the test was stored in open glass beakers for 16h at 80°C.

Resuilts:

Stabiliser ‘ | Result

None ‘ Polymerised

100 ppm Divinyltetramethyldisiloxane Polymerised

50 ppm lonol Polymerised

100 ppm lonol Polymerised

250 ppm lonol Polymerised

0.8 % Vitamin E Polymerised

100 ppm Lankromark LE 76 No Viscosity Change
100 ppm Triphenylphosphite No Viscosity Change

These model experiments show the effect of organophosphorous compounds on the sta-
bility of reactive systems including a surfactant compared to other curing retarders or an-
tioxidants.
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Claims

1. A dental impression material which is curable at a temperature below 50 °C, com-
prising
(A) at least one organopolysiloxane with at least two ethylenically unsatu-

rated groups per molecule as component A,

(B) at least one organohydrogenpolysiloxane with at least 3 SiH groups per
molecule as component B,

(D) at least one hydrophilizing agent as component D,

(E) at least one stabilizer selected from the group consisting of organo
phosphines, organo-phosphites, organo-phosphonites, di(organo-
phosphites), di(organo-phosphonites) as component E,

(F) a catalyst for promoting the reaction between A and B as component F.

2.  The material according to claim 1, wherein the hydrophilizing agent is a surfac-

tant.

3.  The material according to claim 1 or 2, wherein the hydrophilizing agent is a non-
ionic surfactant.

4,  The material according to one of the claims 1 to 3, wherein the hydrophilizing
agent contains silicone moieties.

5. The material according to one of the claims 1 to 4, wherein the stabilizer is a
compound of the formula R',P(OR)s.,, nis 0, 1, 2 or 3, R and R’ can independ-
ently from each other be
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with R"" independently from each other being H, C4-C,s-alkyl, C¢-Cyp-aryl or Cs-
Csq-alkylaryl, halogen (Hal), SiRs, OR or

wherein the stabilizer is a compound according to the formula

0]
( ,P{ >
O

5
with z=2 or Triphenylphosphite or Diisodecylphenylphosphite or
wherein the stabilizer is a triarylphosphite.
6. The material according to one of the claims 1 to 7, wherein said material com-
10 prises
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(C) organopolysiloxanes without reactive substituents as component
Cor

(G) dental additives, adjuvants and/or colorants as component G or

(H) silane compounds with at least 2 ethylenically unsaturated groups

as component H or

a mixture of component C and G or mixture of component G and H or C and H or
a mixture of components C, G and H.

The material according to one of the claims 1 to 8, wherein said material com-
prises a silane of the following formula :

Si(R)n(R?)4n

wherein R' is a linear, branched or cyclic monovalent ethylenically unsaturated
substituent which can undergo an addition reaction with SiH-groups, having from
2 to 12 carbon atoms, R? is a monovalent radical without groups that can undergo
an addition reaction with SiH-groups or have a detrimental influence on such a re-
action with 1 to 12 carbon atoms and n is 2, 3 or 4, or

a silane compound of the general formula:
(RYm(R?)3.mSi-A-Si-(RMm(R%)s.m

wherein R' and R? are independently from each other defined as above, A is a
bivalent linear or branched or alicyclic, heterocyclic, aromatic or heteroaromatic
group with 1 to 10000 carbon atoms which can contain nitrogen or oxygen atoms
and mis 2 or 3, preferably 3 or

a dendrimer of the following formula
Sisz((CH2)n'Si'((CH2)m'CH=CH2)3)4-X

in which R? is defined as above, n=2, 3, 4 or 5, m=0, 1, 2 or 3, and x=0 or 1.

The material according to one of the claims 1 to 9, wherein said material is pre-
sent in the form of a base paste and a catalyst paste physically separated from it,
component E and component D being present in the base paste and component F
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10.

11

12

13

being present in the catalyst paste and the remaining components A, B and, if
present, C, G and H, being optionally distributed in the two pastes.

The material according to claim 10, wherein the volume ratio of base paste to
catalyst paste is 10:1 to 1:10.

Method for the preparation of a material according to one of the claims 1 to 11,
wherein components A, B, D, E and F and, if present, C or G or H or a mixture of
two or more of C and G and H are mixed.

Method for the preparation of a material according to claim 11 or 12, wherein
component B and one or more of components A, B, C, D and optionally compo-
nent F are mixed to form a base paste and component E and one or more of
components A, C, D and F and are mixed to form a catalyst paste.

The use of a material which is curable at a temperature below 50 °C, comprising

(A) at least one organopolysiloxane A1 with at least two ethylenically unsatu-
rated groups per molecule as component A,

(B) at least one organohydrogenpolysiloxane with at least 3 SiH groups per
molecule as component B,

(D) at least one hydrophilizing agent as component D,

(E) at least one stabilizer containing at least one phosphorous atom as com-
ponent E and

(F) a catalyst for promoting the reaction between A and B as component F

for the preparation of impression materials in dental applications.

The use according to claim 14, characterised in that the material comprises
(C) organopolysiloxanes without reactive substituents as component C or

(G) dental additives, adjuvants and/or colorants as component G or
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(H) optionally silane compounds with at least 2 ethylenically unsaturated
groups as a component H or

a mixture of C and G or a mixture of G and G and H or a mixture of C, G and H.

5 14 Kit of parts comprising at least two containers, wherein one container comprises

(A) at least one organopolysiloxane A1 with at least two ethylenically unsatu-
rated groups per molecule as component A,

(B) at least one organohydrogenpolysiloxane with at least 3 SiH groups per
molecule as component B,

10 (D) at least one hydrophilizing agent as component D,

(E) at least one stabilizer containing at least one phosphorous atom as com-
ponent E,

and at least one other container comprises

(A) at least one organopolysiloxane A1 with at least two ethylenically unsatu-
15 rated groups per molecule as component A, and

(F) a catalyst for promoting the reaction between A and B as component F.
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