"Pressure-sensitive silicone adhesive with reduced cold flow The
.invention relates to reagents for cross-linking pres- sure-sensitive
.adhesive formul ations on the basis of sili- cone polyners. Apart from
ot her technical applications, such pressure- sensitive adhesive
fornmulations are mainly enployed in the-manufacture of medicinal patches.
Anong the nedi cinal patches, these silicone pressure-sensitive adhesives
whi ch are cross-linked in a novel manner are especially suited for the
production of - active substance-containing nedicinal patches, i.e. of
ctransdermal therapeutic systens (TTS). The described cross-|inking
reagents are enployed according to the invention in the sol vent-containing
.coati ng Aresfurenpearsitiiars gidiqong gdhesiive suith xadunef gaddnfilew ¢ ons.
It is only under these conditions that the reagents develop their
cross-linking action, which results in the formation of a three-di nensional

pol ymer network. The resultant pressure-sensitive adghesi,ve | ayers thereby
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ot her by %'gres%re- ssensitive adhesive | ayer can be displaced relative to
each ot héF°RV AP Yhe influence of gravity, so that a posi-

ti on-constant bond between these surfaces cannot be en- sured.
Apart from other technical applications, such pressure-

sensitive adhesive formulations are mainly employed in the
manufacture of medicinal patches. Among the medicinal
patches, these silicone pressure-sensitive adhesives which
are cross-linked in a novel manner are especially suited
for the production of active substance-containing medicinal
patches, i.e. of transdermal therapeutic systems (TTS).

The described cross-linking reagents are employed according
to the invention in the solvent-containing coating and
drying of pressure-sensitive silicone adhesive formula-
tions. '

It is only under these conditions that the reagents develop
their cross-linking action, which results in the formation
of a three-dimensional polymer network. '

The resultant pressure-sensitive adhesive layers thereby
lose their flowability - their so-called "cold flow".

Cold flow is an undesirable phenomenon because when it

- occurs, two surfaces bonded to each other by a pressure-
sensitive adhesive layer can be displaced relative to each
other even under the influence of gravity, so that a posi-
tion-constant bond between these surfaces cannot be en-
sured.

In the case of TTS, this problem especially concerns the
adhesive bonding of the system to the application site on



“In the case of TTS, this probl emespecially concerns the adhesive bonding
of the systemto the application site on

. 2- hunmans or aninmals. Furthernore, when cold flow sets in within the
silicone adhesive |ayer conprised in the TTS, the influence of gravity and
of cohesion and adhesion forces can r2sult in undesirabl e deformation and
shifting within the systemeven during storage. It has now surprisingly
been found that the cross-linking reagents enployed in the cross-Iinking of
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Organometallic complexes of certain metal cations have
proved to be especially effective. Among these, complexes
of metals such as aluminum, titanium, zirconium or zinc are
particularly preferred according to the invention. As an
organic complex former, acetylacetone is particularly
suited for medical application.

The cross¥linking reagents are added to the solution of the
silicone pressure-sensitive adhesive and develop their
cross~linking action only after the solvents or stabilizing
additives have been removed by drying.

Pressure-sensitive adhesives based on silicone polymers are
of particular significance in medical application. This is
due to their excellent dermatological compatibility with
regard to the triggering of skin irritations and immuno-~
logical reactions (sensibilization, allergization). In
addition, silicone pressure-sensitive adhesives are prod-
ucts which adhere to human skin reliably and over a longer
period of time, up to several days. Their strongly water-
repellent nature also plays a role in this context.

In the TTS field, silicone pressure-sensitive adhesives
stand out for their good chemical compatibility with phar-



"ucts which adhere to human skin reliably and over a |onger period of tine,
up to several days. Their strongly water- repellent nature also plays a
fole in this context. In the TTS field, silicone pressure-sensitive
adhesives stand out for their good chemi cal conpatibility with phar-
3 maceuti cal active agents and auxi Biary substances, whi-ch pronotes the
‘chenmical stability and storability of products based on said adhesives. The
unusual |y high perneability (diffusibility) of the silicone polyners, which
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considerable deficits as regards their rheological proper-
ties. '

These products are polysiloxane~-based polymers exhibiting
no three-dimensional cross-linking or only one limited to
microscopic areas. They have a structure that is substan-
tially threadlike and branched to only a small extent or
not at all.

This is necessary so that the products can be dissolved at
all in organic solvents such as e.g. short-chain alkanes
(heptane, petrol) or ethyl acetate, and so that they can be
subjected to solvent~containing processing.

Furthermore, these prior art polymers are one-component
polymer solutions.

One-component means that the polymers contained in the
solution are not intended, in their further processing, for
a two-component reaction in the known sense of resin and
hardener.

One-~component does not, however, mean that the solution may
not contain more than one type of polyoxisiloxane polymer,
optionally also in admixture with chemically different
polymers (e.g. polyacrylates). -



“solution are not intended, in their further processing, for a two-conmponent
reaction in the known sense of resin and hardener. One-conponent does not,
_however, nean that the solution may not contain nore than one type of
pol yoxi si | oxane polyner, optionally also in adm xture with chemcally
different polyners (e.g. polyacryl ateg)-
4 The procedures enployed in the processing of one-conponent
polysiloxane pressure-sensitive solutions described in the follow ng nust
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polysiloxane to whose polymer chains chemically different
sections, for example on the basis of polyethylene oxide,
polypropylene oxide, polyvinyl pyrrolidone or

poly (meth)acrylate, are incorporated oxr added.

. In the field of TTS production, the processing of -polysi-
loxane pressure-sensitive adhesive solutions comprises

- ..spreading and drying to form thin, pressure-sensitive
polymer films.

In the processed state, the lack of three-dimensional
cross-linking proves a disadvantage, as the threadlike
polymer chains retain a certain flowability, even if an
extremely slow one. This is referred to as "cold flow" by
the experts since it occurs even at room temperature.

The following forces can all promote such a flow:

1. gravity

2. all mechanical forces that may have an effect on the
product during production or storage,

3. adhesion forces between the pressure-sensitive poly-
mers and the surfaces they cover (resulting in con-
traction or spreading)

4. cohesion forces in the polymer itself (contraction).



“"The follow ng forces can all pronote such a flow 1. gravity 2. al
mechani cal forces that may have an effect on the product during
_production or storage, 3. adhesi on forces between the
pressure-sensitive poly- mers and the surfaces they cover (resultlng
I n con- traction or spreading) 5 4. cohesion forces in the pol yner
itself (contraction). 5 Cold flow
practically always has di sadvant ageous effects during the storage of TTS,
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cross- Inklngowly flowing beyond the area originally provided with
adhesive. This frequently leads to residue remaining on the
skin along the marginal area of the system after removal of
the system. This residue is regarded as extremely annoying
by the user.

The problem of cold flow in silicone pressure-sensitive
adhesives is known. US 5,232,702 describes a large number
of poséible countermeasures. The document mentions various
types of fillers and additives; however, none of these is
described as a cross-linking reagent.

In connection with active-substance systems, cross-linking
reactions are even expressly described as being problematic
or impossible becagse the required temperatures are too
high or because of a lacking biocompatibility of the rea-
gents (column 5, lines 3-10).

A great number of other cohesion-enhancing measures are
described instead.

As these measures do not, in practice, always enable the
control of the problem, it was the object of the invention
to provide novel and more efficient methods for suppressing
cold flow in silicone pressure-sensitive adhesives.



‘reactions are even expressly described as being problematic or inpossible
because the required tenperatures are too high or because of a | acking
bioconpatibility of the rea- gents (colum 5, lines 3-10). A great nunber
of other cohesion-enhanci ng neasures are described instead. As these
measures do not, in practice, always d@énable the control of the problem it
was the object of the invention to provide novel and nore efficient nethods
for suppressing cold flowin silicone pressure-sensitive adhesives.
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of the Arccthemihxdyp, the stable oxida- tion state +4 is enpl oyed.

It is known to those skilled in the art that with polyac-
rylate pressure-sensitive adhesives containing free car-
boxyl or hydroxyl groups bound to the polymer, it is possi-
ble to attain three-dimensional cross-linking of polymer
chains by addition of multivalent ions, e.g. of calcium,

" magnesium.or zinc, but especially of aluminum and the
elements -.of the 4th subgroup, titanium, zirconium and
hafnium. Aluminum only occurs as a trivalent ion; as re-
gards the elements of the 4th subgroup, the stable oxida-~
tion state +4 is employed.

In this way it becomes possible to postpone the conversion
of the bed of threadlike polymer chains into a no longer

- £flowable three-~dimensional network until the drying from a
solution is carried out.

To be able to use the metal ions in mostly organic solvents
on the one hand, and on the other hand to prevent a prema-
ture cross-linking reaction in the polymer solution, or-
ganic, low-molecular complex formers are employed to which
the metal ions are initially bound. Among these complex
formers, acetylacetone assumes ﬁ special role in the field
of medicine, as it is of relatively uncritical toxicology
and, in addition, can be readily removed from the product
in drying processes.



“In this way it beconmes possible to postpone the conversion of the bed of
threadl i ke polymer chains into a no |onger flowable three-dinensional
network until the drying froma solution is carried out. To be able to use
the metal ions in nostly organic solvents on the one hand, and on the ot her
hand to prevent a prema- ture cross-limking reaction in the pol yner
'solution, or- ganic, |ow nolecular conplex fornmers are enpl oyed to.mhich
the netal ions are initially bound Anong t hese conplex formers,
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ions from the complex former to the functional groups of
the acrylate polymer takes place, whereby several func-
tional groups on different polymer chains are cross-linked.

With regard to the cross-linking reagents aluminum ace-
tylacetonate and titanyl-acetylééétonate, which are very
frequently used with polyacrylates, it has now surprisingly
been . found that they have a practically identical effect,
phenomenologically, when used with polysiloxanes, despite
the fact that these have an entirely different chemistry:
the flowability of silicone pressure-sensitive adhesives is
significantly reduced. |

The characteristics of this change in the case of polysi-
loxanes are so similar to those in the case of polyac-
rylates that one may assume that a three-dimensional cross-
linking takes place - via a mechanism the details of which
are not known.

The novel manner of cross-linking was tested on two groups
of silicone pressure-sensitive adhesives that are of par-

ticular significance for medical application: on pressure-
sensitive adhesives on the basis of polydimethyl siloxane,
in a non-amine-compatible form on the one hand and on the

other hand in an amine-compatible form.



“phenonenol ogi cal ly,- when used with pol ysil oxanes, despite the fact that
these have an entirely different chemstry: the flowability of silicone
.pressure-sensitive adhesives is significantly reduced. The characteristics
of this change in the case of polysi- |oxanes are so simlar to those in
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acrylate hrou gen@ C%R%ﬁ %ﬁition of a trlmethylsilyl group.
A pressure-sensitive adhesive on the basis of a polyac-
rylate with a low proportion of free carboxyl groups was
used for comparison. The three-dimensional cross-
..linkability of such acrylates through the cross-linkers
discussed here is commonly known to those skilled in the
art.

The following formulations were examined:

cross-linker:
Al-acetylacetonate —-—— 0.01 0.025 0.05
1% a1’ (w/w)l

polyacrylate pressure-
sensitive adhesive al1l Al2 Al3 ala
Durotak 387-2051

silicone pressure-

sensitive adhesive 831 —-—— - 832
Bio-PSA Q7-4602




“di scussed here is comonly known to those skilled in the art. The
follow ng formul ati ons were exam ned: cross-linker: Al-acetylacetonate
<= - 0.01 0. 025 0.05 [%Al[err] (Ww] polyacrylate pressure-

sensitive adhesive All Al2 . Al3 Al4 Durotak 387-2051
silicone pressure- sensitive adhesive9 - S31 --- --- S32
Bi 0- PSA Q7- 4602 cross-linker: Ti-acetylacetonate ---
0. 05 0.1 0.2 [%Ti[err](ww] silicone pressure- sensitive

adhesi ve S11 S12 S13 S14 Bi 0- PSA Qr-4602 silicone
:pressur ¢z SHLL¥ELUTEST VE —S21 S22 S23 S2741Bi 0- PSA
Cﬁ-4301F3fB§HZFun1nﬁﬁ1 Ti =titaniu The i|ndi cat ed cross-I|i nker

concent | Birafstyipgetonatene dried pdiestve nBs85 |Bi §-AsSA|Qr04802,
=produced[%y Dewy Cg&g%ng, is the Solution off a non-gm ne-conpati bl e
pressur ¢- ef%i ti Vi) i cone adhesive in et yl acetdte. Product 4301 differs
fromth¢gilicone pressure- '

sensitive adhesive sii S12 Si3 S14
Bio-PSA Q7-4602 '
silicone pressure-~
sensitive adhesive s21 822 823 S24
Bio-PSA Q7-4301

Al = aluminum; Ti = titanium

The indicated cross-~linker concentrations relate to the
dried adhesive mass.

Bio-PSA Q7-4602, produced by Dow Corning, is the solution
. of. a non-amine-compatible. pressure-sensitive silicone
adhesive in ethyl acetate. Product 4301 differs from the
above in that it is amine-compatible. The solvent used here
is heptane. Durotak 387-2051, produced by National Starch,
is the solution of a polyacrylate pressure-sensitive adhe-
sive in a mixture of ethyl acetate and heptane without the
addition of a cross-linker.

The adhesive masses were produced by adding the correspond-
ing amount of a 2% solution of titanyl acetylacetonate in
ethanol or a 4% solution of aluminum acetylacetonate in
ethyl acetate to the adhesive solution and subsequent
mixing.

The viscous adhesive solutions were spread in a thin layer
onto a polyethylene terephthalate f£ilm (Hostaphan.RN 100,
produced by Hoechst) with the help of a suitable film-
stripping frame and dried for 10 minutes at 80°C in an
exhaust-air oven. For all formulations, the layer thickness
was adjusted so that the resultant weight per unit area of
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and heptane without the addition of a cross-linker. The adhesive masses
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easily be mechanically removed form the carrier £ilm and
subjected to further processing.

The effects of the cross-linking additive were examined in
the thus produced pressure-sensitive adhesive layers with
two measuring methods, pertaini:;g' to apparatus:

- The tack or tackiness of a pressure-sensitive adhesive
describes its ability to spontaneously adhere to a surface.

This spontaneous tackiness, resulting after only an ex-
tremely short period of contact without any notable exer-
tion of pressure, depends considerably on the flowability
of the pressure-sensitive adhesive. A high flowability
enables a rapid establishment of contact, covering the
microstructure of a substrate surface in its entirety, and
thus results in a high tack. Flowability is not the only
characteristic determining the tack, but it is the most
important.

The "rolling ball"” method is a suitable measuring method
for registering the tack. In this method, a ball made of a
suitable material is provided with a starting speed and
then let roll over the pressure-sensitive adhesive affixed
to a planar carrier in a thin layer.
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angle of inclination over a distance of 59 cm. With a

defined preliminary distance of 17.5 cm, the ball was let

roll onto the pressure-sensitive adhesive £ilm, which was

affixed to a polyethylene terephthalate £ilm.

The run time was measured between two modulated infrared
light barriers by means of a connected electronic timer
with a display of 1/1000 seconds.

At an inclination angle of 35°, using a high-quality steel
rolling-element bearing ball with a diameter of 18 mm, the
run times shown in Fig. 1 were determined as the median
values of 6 measurements each.

For all three types of adhesive, the measurements show a
decrease in the run time correlated to the increase of the
cross-linker concentration. Thus, the tack of pressure-
sensitive silicone adhesives decreases through the addition
of cross-~linkers in a way as would have been expected, in
theory, for a cross-linking and thus reduction of the
flowablilty of the polymer, and as also becomes evident in
the known example of the cross-linking of the polyacrylate
(a11-a14).
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sensitive adhesive Tilns was tested.
sensitive adhesives turns out to equally effective (Fig.2).
In addition, the shear strength of the produced pressure-

sensitive adhesive films was tested.

If a shear force is applied to uncross-linked, threadlike,
flowable polymers, a slow flowing of the film occurs. As
long as the shearing is not too fast and the film does not
tear, the application of a constant shear force results in
an almost constant flow speed.

In the case of a three-dimensional cross-linking of the
poiymer chain, on the other hand, the viscous proportion is
almost entirely lost, and only an elastic deformation can
occur. An increase of the shear force finally leads to a
mechanical tearing apart of the polymer structure up to a
tearing apart of the entire film.

Thus, cross-linked and uncross-linked pressure-gensitive
adhesive films show very different characteristics regard-
ing their behavior upon shearing.

To examine this behavior, round cut-outs with a diameter of
12 mm were removed from the prbduced pressure-gensitive
adhesive films. These rdund pieces of £film were fixed
between two strips of a polyethylene terephthalate film
(Hostaphan RN 100, produced by Hoechst) as shown in Fig. 3.
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pol yacryl ate serving_as_reference, in the uncross-Linked sta a const ant
shear fokhke pgcggpgbllnked state a congtant shear force is estab

lished after a short time which must be applied to maintain

the predetermined constant shear speed: the polymer flows

(Fig. 4).

In the cross-linked state, on the other hand, the shear
force rapidly. increases under elastic deformation until
.finally, the elastic expandability of the film is exceeded
and the film tears, whereby the shear force rapidly drops
off towards zero (Fig. 5). |

The silicon film without a cross-linking additive shows a
behavior very similar to that of the uncross-linked polyac-
rylate £ilm: here, too, under a certain shear force the
predetermined shear speed is maintained under flowing. The
necessary forces are simply situated at a higher level, and
the "energy barrier" for transition from the state of rest
to a flowing movement is more distinct than with the un- '
cross-linked polyacrylate (Fig. 6). This could be relaﬁea
to the different chain lengths and different intermolecular
interaction forces of both polymer types.

What is decisive, however, is the characteristic change of
the course in a cross-linker-containing silicone film. Very
similarly to the cross-linked polyacrylate, a shear force
is established under elastic deformation which finally
drops off towards zero upon tearing of the film (Fig. 7).
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This is evident proof that the silicone pressure-sensitive adhesive filmis
no | onger flowable after addition of the cross-linker titanyl
acetyl acet onat e.



-CLAIMS 1. Process for the production of polysiloxane pressure-
sensitive adhesive layers with reduced cold flow b

_and drying a one-conponent polysil ox- ane pressur |ve
solution onto a suit- ~able flat-shaped carrier, Bmﬁgm&“l’ hat a

com plex of a nmetal ion of the gt®up consisting

magnesi um zinc, alumnum titanium zirconiun1or haf - n|un1mﬁth a

| ow nol ecul ar organi ¢ conpl ex forner added to the organi c adhesive
solution to be coated, wher eby ¢E§H%§tal ion is only released fromthe
-bond to t he conplex f or mer unde conditions of heating and/ or
drying of the adhesive sol ution. . Process according to claim1,
characterized in that the met al addltlve amounts to at .least 0.005 wm-%
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added to the organic adhesive solution to be coated,
whereby the metal ion is only released from the bond to
the complex former under the conditions of heating
and/or drying of the adhesive solution.

2. Process according to claim 1, characterized in that the
metal additive amounts to at least 0.005 wt-%, relative
to the dried adhesive mass.

3. Process according to claim 1, characterized in that the
metal is provided in an amount of 0.005 to 0.5 wt-%,
relative to the dried adhesive mass.

4. Process according to one or more of the preceding
clalms, characterized in that the organic camplex for-
mexr is substantially removed during drying.

5. Process according to one or more of the preceding
claims, characterized in that the drying is carried out
at a temperature of between 20 and 120°C.

6. Process according to one or more of the preceding
claims, characterized in that the weight per unit area
of the dried £ilm is between 10 and 300 g/m32.

7. Process according to one or more of the preceding
claims, characterized in that the organic camplex'for-




16 - mer is acetylacetone or that acetyl acetone oartiri pat es in

the conplex form ng. 8. Process according to one or of the prece g
clains, characterized in that the metal participati n |“l“u“mllm ﬁﬂ:’ﬂlex i's
alum numor titanium 9. Process according to one o edi ng
clainms, characterized in that the pol §6i-l oxane i s sub- stantially _
pol ydi methyl siloxane. 10. Process according to claim9, characterized in
that the free silanol groups present in the polydi nethyl silox- ane

are chem cal | t é@g:?g :PHQ ' d are thus
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pressure-sensitive adhesive produced by neans of a pro- cess according

to one ofg.t henycnndiatdcddint to one or more of the preceding
claims, characterized in that the metal participating
in the complex is aluminum or titanium.

9. Process according to one or more of the preceding
claims, characterized in that the polysiloxane is sub-
stantially polydimethyl siloxane.

10. Process according to claim 9, characterized in that the
free silanol groups present in the polydimethyl silox-
ane are chemically deactivated through a suitable end-
capping and are thus amine-resistant.

11. Medicinal patch, characterized in that in its layered
structure it has at least one layer of a polysiloxane
pressure-sensitive adhesive produced by means of a pro-
cess according to one of the preceding claims.




