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rel eas‘e sheet. It nore specifically.relates to conposite.filnms which are
suitable f or high speed. | abél, dit'spénsiing -nmachines. Peelable | abel s are

wel | known Hgg g‘re construc_ ed from-a release linen.upon which there |s a

rel éase COBTj n adhesi veidnd: a-face: stocke..The: face. st odkhi
adhered to the rel ease |iner:by:contact: w:th an: adhesl ve Ioéat
the face stock and the rel ea$¢ li ner.. 'I;yq cald. y the rel—ease i

constructed by applying a.re|gase coating. 1,0 _one si'de of a-pl astlc or paper
li ner sheet. Rel ease coat| ngs—are Wgargmi"by"'a”h"'é'bi"r| ty to adhere

ocat o’ bet veonTHALIYBEELPBCRRLATRR 15 |4 simbonire sili ARiEanie #or"tse’
converted ast a relkasabsheetockIbymore spec:.fi.cally relates to composite
films which are suitable for high speed label dispensing

5 machines. |

Peelable labels are well known. They are constructed from
a release liner upon which there is a release coating, an-
adhesive and a face stock. The face stack is releasably adhered
to the release liner by contact wit-.h an adhesive located between

10 the face stotk and the release liner.

Typically the release liner is constructed by applying a
release coating to one side of a plastic or paper liner sheet,
Release coatings are characterized by an ability to adhere
strongly to the liner sheet but to adhere weakly to the adhesive

15 which is located between the face stock and the liner.

The peelable label is converted into roll label stock by
cutting the composite film with a die which only cuts through
the face stock, not through the release liner, to form labels
of specified shape. The surrounding face stock, known as the

20 matrix, is stripped. away from the release liner, leaving the
labels adhered to the release liner which is then formed into
a roll, The labels are usually dispensed by bending the roll
stock to an angle which causes the label to lift away from the
raelease liner. The label, released from the liner, is then
25 applied to a gurface. '

In composite films of this type, the release coating is
usually made out of an electron beam curable composition which,
typically includes a siliceone resin having crosslinkable groups,
such as acrylic residues. The silicone portion of the

30 composition is the relaase agent which permits the adhesive to
bond lightly to the release liner., The acrylic groups crossalink
the release coating composition together and permit the release
coating to form a strong bond to the surface of the liner sheet.

There are typically four levels of release force: premium

35 release (10 to 15 g), easy release (20 to 40 g), high release
(50 to 100g) and tighﬁ release (>100 g). For high speed label
dispensing, the release liner should have a high release force.
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SENF &k, not through the r Iease’ I ner

to formlabels of speC|f|ede’r1a_ge/
The surroundi ng face stock, known as the matrix, is er_l—ppedﬂaWi‘ romthe

rel ease liner, leaving the | abels adhered to the relea
t hen fornpd7bnha1a roll. The |l abels are usually dlspa the
roll stock to an angle which causes the label to |ift! a elease

liner. The label, released fromthe liner, is then app ace.
In conposite filnms of this type, the rel2ase coating is usually made out of
an el ectron beam curabl e conposition which, typically includes a silicone
resi n havitdgtBeoESiLeaRLL argeolmstoa Jow, Fresdignensing pgours inwhich

silicone the Wabal=sPldd QRidir die l[AetEEhGBELRGE Nt SEMALHTohS
| the adhesiye t]Q bong:eli I;t *&to H}g rg:oe se liner. The acrylic groups
crosslink e a ™ R Sfos together and permt the rel ease

Attempts to increase the release force by the addition of

5 agents designed to strengthen the degree of release of the
release coating cause unacceptable zippy noise, or zippiness,
during matrix stripping and label dispensing. Zippy noise is
an art-recognized term used to describe a jerking noise
generated during the high speed matrix stripping process.

10 This invention seeks to provide a release coating for use
in high speed label dispensing machinery which does not cause
pre-dispensing problens; for example, an unacceptable degree of
Zippy noise.

A feature of the invention is a release coating formulation

15 which includes a mixture of (a) a silicone release component,
{b) a crasslfnking agent and {(c¢) an acrylic ester,

According to one aspect of this invention, there is
provided a flexible sheet, suitably but not exclusively for use
as a release coated rafuse liner, which has one one side thereof

20 a crosslinkable release coating comprising a mixture.of

(a) a material comprising a silicone moiety and plurality
of unsaturated carboxylate groups;

(b} a crosslinking agent, differing from (a), comprising

-a plurality of unsaturated carboxylate groups; and

25 (¢) a monomeric or oligomeric unsaturated carboxylic ester
differing from (a) or (b).

This invention also provides a crosslinkable release
coating composition which comprises :

{a) a material comprising a silicone moiety and plurality

30 of unsaturated carboxylate groups;

(k) a crosslinking agent, differing from (a), compr:.sing
a plurality of unsaturated carboxylate groups; and

(c) a monomeric or oligomeric unsaturated carboxylic ester
differing from (a) or (b). .

35 This invention further provides a peelable adhesive film,
for example a peelable label, which comprises a flexible sheet
according to the invention and a face film stock releasably
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ht cally four levels of release force: premumrelease (10 to 15 g), easy
rel ease (20 to 40 g), high release (50 to 100g) and tight telease (>100 g).
For high speed | abel dispensing, the release |iner shoplsHaaygs BeebR

rel ease fBrTIR8=L -2- |f the release force is too |ow, | B
occurs in which. the | abels disengage during die cutti ngjmuml mai n
on - the liner to formthe roll stock. Attenpts to incr ease
force by the addition of agents desi gﬁ‘ea o strengthen the degree of
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Additionally, the present invention provides the use in a
crosslinkable release coating composition which comprises :

(a) a material comprising a silicone moiety and plurality

5 of unsaturated carboxylate groups;

(b) a crosslinking agent, differing from (a), comprising
a plurality of unsaturated carboxylate groups; and
of (¢) a monomeric or oligomeric unsaturated carboxylic ester
differing from (a) or (b) to reduce pre-dispensing problems in

10 high speed labelling.

An important feature of the invention is the use of a
monomeric of oligomeric unsaturated carboxylic ester,
preferably an acrylic ester in the release coating formulation.
Suitable =much acrylic esters are monomers or oligomers having

15 long chain hydrocarbon groups. The hydrocarbon groups usually

| comprise 2 to 24 carbon atoms, specifically from 4 to 12 carbon
atoms. Specific examples of contamplated acrylic esters include
octyl acrylate, isodecyl acrylate, stearyl acrylate and lauryl
acrylate. These materials have viscosity ranges from 2 to 58

20 cP (2 mPas to 55 mPas) at 25°C.

The film form liner is a conventmnal flexibla film
material knowh in this art. Examples of useful film form liner
materials include paper, oriented polypropylene, polyethylene
terephthalate, polyethylene, polyamides and polystyrene.

25 The release coating is a composition which when applied to
the base liner, has a low surface tack permitting ready ralease
of other materials such as polymeric films which have been
appliad thereto.

The release coating formulation of this invention is,

30 typically, crosslinkable and comprises a mixture of (a) a
silicone release component; (b) a crosslinking agent; and (c)
an acrylic esater. _

In general, the (a) silicone release component is a
polydimethyl siloxane silicone polymer which is known to have

35 release characteristics. In general, the silicone polymers are
themselves crosslinkable and have crosslinkable groups.
Crosslinkable silicone polymers of this kind usually have
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rel ease coating for use in high speed | abel g machi nery

not cause pre-dispensing problems; for exanple, an un@g@g&;ﬁglgg [a@eg of
zi ppy naFse3zdeLeature of the invention is a release: c I on
whi ch includes a mxture of (a) a silicone rel ease co ‘l!"m! 'r
crosslinking agent and (c) an acrylic ester. According of
this invention, there is provided a f éxibl e sheet, suitably but not

excl usivel y for use as_ a rel ease coated refuse Ilner whi. ch has one one

si de theﬁEB%ﬂﬁe@rBmlﬁRaEFSIﬂEPEa?IQISBaPFﬁg therrossidnkahle @EOWRs( o) a
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about 20% acrylate. An example of a typical release coating is
5 a silicone-acrylate copolymer described in EPA 0281681. An
example of a useful silicone-acrylate release polymer is
available commercially under the name RC-726 by Goldschmidt
Chemical Co. |
In general the (b) crosslinking agent is present to permit
10 bonding of the (a) silicone release component to the base liner,
The crosslinking agent interacts with the acrylate by free
radical reactions, typically, induced by high energy radiation,
e.g. electron beam or ultra violet 1light. Conventional
crosslinking @gents can be employed in the release coating
15 formulation. An example of a contemplated crosslinking agent
is a higher acrylate content silicone-acrylate. The high
acrylate content silicone~acrylate contemplated as the
crosslinking agent is distinguished from the (a) silicone-
acrylate by the presence of a higher concentration of the
20 acrylate component. Typically, the (b) silicone-acrylate
contains from 5 to 15% more acrylate than the (a) silicone~
acrylate. Typically the high acrylate silicone-acrylate
contains from 10% to 45%, more specifically from 15% to 30%
acrylate based on the entire weight of this crosslinking agent.
25 A high acrylate silicone~acrylate material, which contains about
25 % acrylate is sold commercially under the name RC-705 by
Goldschmidt Chemical Co. o '
other contemplated (b) crosslinking agents are multi-
functionalized, acrylate monomer/oligomer materials. Multi-
30 functionalized acrylates are usually characterized by the
presence of 2 or more acrylate groups per molecule. Examples
inciude trimethylolpropane triacrylate (TMPTA) and ethoxylated
trimethylolpropane triacrylate (EO-TMPTA). The TMPTA is sold
under the name "SR-351" and the EO-TMPTA is gold under the name
35 Y“SR~454", hoth sold by Sartomer Chemical Co. of Exton, PA.
The TMPTA and/or EO-TMPTA can be used together with the
high acrylate silicone-acrylate crosslinking agent to make-up
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SEX %bmeri C unsaturated ?a%%?y'l [ cdl?ggter differing from(a) or (b). This

i nvention al so provides a crosslinkable rel ease coatimg conposition which
conprises (a) a material conprising a silicone noi et yygicheitlHdé Bdeh Replaoéd

unsat ur aped3aea~-ppxyl ate groups; (b) a crosslinking age - ' rom
(a), conprising a plurality of unsaturated carboxyl at,er‘mgﬂ_m ' ) a
nmononeric or oligoneric unsaturated carboxylic ester di rom(a) or
(b). This invention further provides -a %eel abl e adhesive film f.or exanple

a peel abl e | abel s which conprises a flexib]e sheet according to the
i nvent i o¥héh ARPFeRRIAtS nhmewntk Of cregAlinker needed in the release

coating. Alternatively, the TMPTA and/or EO-TMPTA or the high
acrylate silicone-acrylate can be used alone.

An important feature of this invention i= the pressnce of

5 a (¢) acrylig ester in the release coating. The (¢) acrylic
ester when used with (a) and (b) to form a release coating has
been found to produce a high release force ralease coating:
material. The (c) acrylic ester permits the abaove described (a)
silicone release component to be used in high speed, high

10 release force label applications. Prior to this invention, easy
release farce release coatings made from (a) silicone release
components were unusable in high release force applications,
It is believed that the addition of the (c) acrylic ester
modifies the elastic property of the crosslinked =silicone

15 release coating.

Contemplated acrylic esters include monomeric and/or
oligomeric acrylates. The acrylic esters contemplated are
distinguished from the (a) and (b) silicone-acrylates described
above by the absence of the silicone component. They are also

20 distinguished from the (b) non-silicone crosslinking agent
because they dre usually free of more than two acrylate groups.
Thus, more specifically, the acrylic ester can be defined as
being free of silicaone and free of more than 2 acrylate groups
per molecule.

25 Acrylic esters are derivatives of both acrylic acid and
methacrylic acid. The contemplated acrylates are specifically
long chain alkyl esters containing 2 to 24 carbon atoms, the
alkyl groups can be n~-alkyl and secondary and branched chain
alkyl groups. Typical examples of acrylic esters include octyl

30 acrylate, isodecyl acrylate, stearyl acrylate and lauryl
acrylate. Typically the acrylic esters have viscosity ranges
from 2 to 55 cP at 25°C (2 wPas to 55 mPas). These acrylic
esters are commercially available from several chemical
companies, such as Sartomer, UCB Radcure and CPS Chemicals.

35 The release coating formulation is usually disposed on the
base liner in an uncured from and is then cured to fix it in
place. One of the techniques used to apply the release coating
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SE @Ypresent I nventi on provides the use in a crosslinkable rel ease coating
conposition which comprises : (a) a material conprising a silicone noiety
and plurality of unsaturated carboxylate groups; (b) a crosslinking agent,
di fferi ng-fyaee-ga), conprising a plurality of unsaturated carboxyl ate
groups;. and of (c) a nononeric or oligoneric unsaturated carboxylic
ester differing from(a) or (b) to reduce pre-dispensing problens in high
speed | abelling. An inportant feature-df the invention is the use of a
nononeri ¢ of oligameric unsaturated carboxylic ester, preferably an

acrylic &8t5P ¢eatan unaupsd compositiononaeisitLane ahties baseatinerc
esters apAdTRAERSD YnpIny@OBR 8188¥%rBH beam onto this composition for

a time and under conditions suitable for converting this coating
into a crosslinked film which is adhered to the surface of the
% base liner. Thus, the crosslinked release coating contains
mostly crosslinked silicone acrylate moieties which are bound
togaether and to the surface of the base liner. The coating can
also be crosslinked by adding a UV initiator and then exposing
the coating to UV light. Typical UV initiators are hydroquinone

10 and hydroquinone derivatives.

' The faceo stock is a conventional film form material.
Examples of suitable materials are films of paper, oriented
polypropylene, polyethylene terephthalate, polyethylene,
polystyrene and metal foils,

15 The adhesive is any material which will bond weakly to the
release liner and strongly to the face stock. Examples of knowm
adhesives include acrylic emmlsions, such as <those sold
commercially under the name XPLA-12, by the Dyna-tech Company,
styrene-butadiene rubber emulsions, such as those sold under the

20 name Bond-master 72-9718 by National Starch Company, and hot-
melt adhesives, such as those sold under the trade name HL-2021,
or HL-2203X by the H.B. Fuller Company.

Included within the scdpe of this invention is a base liner
provided with a skin of a material having tougher physical

25 properties, adjacent to the release coating. This base liner
is designed to facilitate label cutting. When the face stock,
which is releakably secured to the release coating, is die cut
intc suitable shapes, the cutting die is prevented from
penetrating and cutting through the base liner by the presence

30 of the tougher skin layer.

' The proportion of each component described above in the
release coating formulation, based on the entire coating
formulation, ranges from 15 to 70%, specifically from 20 to 50%,
of the (a) =ilicone release component; from 10% to 50%,

35 specifically from 15% to 30% of the (b) crosslinking agent; and
from 10% to 50%, specifically from 20% to 40% of the (c) acrylic
aester.

.This Sheet Has Been Refilac
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carbon atons, speci y from4 to 12 carbon atons. Specific
exanpl es of contenplated acrylic esters include octyl acrylate, isodecyl
acrylate, stearyl acrylate and |lauryl acrylate. These nmaterials have
viscosityw+mupg,from2 to 55 cP (2 nPas to 55 nPas) at 25[err]C. The film
formliner is a conventional flexible filmmterial known in this art.
Exanpl es of useful filmformliner materials include paper, oriented
pol ypropyl ene, polyethyl ene terephthatales polyethylene, polyam des and
pol ystyrene. The rel ease coating_is a_ conposition which when applied to the
base |iner, hithey ﬂmm&amé@pelwggﬁser% nesnkien Hipastse and

mat eri al %@E&hﬁgd@'dﬁ@%ﬁ wéigi Wit Xded aspresinpgttdas f hereto. The
rel ease ﬁ@g&bﬂgigfrnufatlon of this invention is, typically, crosslinkable
and. conp xture of (a) a

A release coating was formulated from a curable silicone-~

5 acrylate release component (RC-726 manufactured by Goldschmidt
Chemical Co.), various proportions of the croesslinking agents,
ethoxylated trimethylolpropane triacrylate (EO-TMPTA) and high
acrylate silicone acrylate (HASA), and isodecyl acrylate. The
formulated release coating was coated onto a 2.0 mil oriented

10 polypropylene film. After application of the release coating,
the film was radiation cured by exposure to 2.5 Mrad electron
beam radiation on an ESI Electrocurtain €B 150 laboratory EB
unit. The release force of each coated release liner was tested
by a TIMI tester. The TIMI tester is manufactured by TMI Co.,

15 of Amityville, NY. In the test the sandwich laminate is cut
into a 1 inch (25.4 mm) width. The face stock is peeled away
at a 180° angle at a speed of 300 in/minute (1,270 mm/s). The
peel force is’reported as the release force. The results are
repoxrted below in Table 1.

20 The release liners were laminated to a high release force
adhesive tape. The peel force at a speed of 3 and 5 meters per
second was measured with IMASS tester. The IMASS tester is
used to measura the release force for high speed operation. The
tester used was model ZPE~1000, manufactured by Instrumentors,

25 Inc., Strongsville OH which can be operated at speeds of 0.5 to
5.0 meters per second. The results are reported in Table 1.

is Sheet Has Been R laced
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si | oxane silicone pol yner mhlch is known to have rel ease characteristics.

In general, the silicone polyners are thensel ves crosslinkable and have

crosslinkabl e groups. Crosslinkable silicone polynmers of this kind usually

have -4- appénded acrylic residues which are the crosslinkabl e groups.

These crosslinkable silicone rel ease polyners typically contain from 2%

such as 5% to 30%wmcryl ate, specificaldsysdromu0% to aboutyp20%.acryl ate.

An exanpl e of aB} ¢l release coati ng§,| %.a sﬁ.l cone- acryl's\te copol ymer

described in EPAY 8l. Ang ¢ o aoH a .
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comercially under the nane RC-726 by Gol dschm dt Chem cal Co. |In general
the (b) crosslinking agent is present to permt bonding of the (a) silicone
rel ease conponent to the base liner. The crosslinking agent interacts with
the acrylBETe33%~Free radical reactions, typically, induced by high energy
radiation, e.g. electron .beamor ultra violet I|ight. Convent i onal
crosslinking agents can be enployed in Bhg rel ease coating formul ation. An
exanple of a contenpl#&ted crosslinking agent is a higher acrylate content

sili cone-%@% The high acrylate content silicone-acrylate
contenpl a -crosslinking agent is disti ngw shed fromthe (a)

silicone- acryfamples iHeo } sane daginatedyke, 688 hidgh 31088 RAPeFLface
acryl at e spBERNEIER a hbtPhedt!| ¥dhedive drbp labbraebeyamérter clapiviatas, f rom

5 1o 15% 'BB&EIQSEXLQES vtreh e tthheei\ g@aﬁxialtiecdo ¢5r their die cut performance
5 on the Allied Gear FlexmasterlB die cut machine with a 3/4"
' eircular die and the results are reported in Table 2. The
percent predispense was determined by counting the number of
labels predispensed during matrix stripping at 200 fpm (60.96

m/min) and 500 fpm (152.40 m/win). '

10 TABLE 2
' _ % Predispense at Zippiniess
Sample # During Matrix
{(Table 1) 200 fpm 500 fpm Stripping
15
1l 95 100 None
2 28 99 None
3 o 0 2 Slight
4 2 5 None
20 8 0 1 Moderate
6 o 1 Slight
7 ] 10 Naone
8 0 3 Sliqht
25 The data of Tables 1 and 2 show that release coating

formulations made in accordance with this invention increase the
release force of a silicone-acrylate release component and
reduce the percentage of predispensed labels under high speed
applications. The data reported in Table 1 show that silicone

30 acrylate based release coatings formulated with a crosslinking
agent, such as high acrylate silicone acrylate and/or
ethoxylated trimethylolpropane triacrylate and an acrylate
monomer achieve a high release force (>50 g) with only slight
or no zippy noise. Varying the proportion of each component can

35 optimize release coating performance. Additionally, as shown
in Table 2, the amount of predispensed labels at high speeds is
minimized by the use of the coating formulation of this
invention.
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entire weight of this crosslin acrylate silicone-acrylate

mat eri al, which contains about sol d CO-ﬁFF%F—G—i—&FFT‘U‘ITd’ET’Tﬁé
nanme RC 7@57313@@] dschm dt Che "i% Umont enpl at 2 Re 1aoed
crosslinking agents are nulti- acryl ate T

materials.  Milti- functlonallzed acrylates are usually d by
the presence of 2 or nore acrylate greup@ per nol ecul e.

trimethyl ol propane triacrylate (TMPTA) and et hoxyl ated tri nmet hyl ol propane
triacryl agglﬁo TMPTA). The TMPTA is sold under the nanme "SR-351" and the
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(a) a material compn-ing a silicone moiety and plurality
5 of unsaturated carboxylate groups:
(b} a erosslinking agent, differing from (a), comprising
a plurality of unsaturated carboxylate groups; and
(c) a monomeric or oligomeric unsaturated carboxylic ester
differing from (a) or (b).
10
2. A flexible sheet according to claim 1 wherein, in (a), the
unsaturated carboxylate groups comprise from 2 to 30 wt.$ of (a)
of acrylate groups.

15 3. A flexible sheet according to claim 1 or 2 wvherein (b)
comprises (i) a silicone-acrylate material of higher acrylate
content than (a) or (ii) a monomeric or oligomeric multi-
functional acrylate.

20 4. A flexible sheet according to any preceding claim wherein
(c) comprises a C; to C, alkyl acrylate monomer or oligomer.

5. A flexible sheet according to any preceding claim wherein
(a) comprises from 15 to 70 wt.%; (b) comprises from 10 to 50

25 wt.%; and (c¢) comprises from 10 to 50 wt.$ of the weight of the
mixtura.

6. A flexible sheet accordirfg to any preceding clain wherein
- the sheet comprises paper, polypropylene, polyethylene,
30 polyethylene terephthalate, polyamide or polystyrene.

7. A flexible sheet accarding to any preceding claim for use
as a release coated release liner.

35 8. A peelable adhesive film which comprises a flexible sheet
according to any of claims 1 te 7 and a face film stock
releasably adhdred by a tacky adhesive to the cured release
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SENRIBY&r nati vely, the TMWP / or TMPTA or the hi gh acryl ate
silicon-acrylate can be used alone. An inportant feature of this |nvent|on
is the presence of a (C acrylic ester in the rel eas

acrylic egt-gn3zgagn used with (a) and (b) to forma relﬁﬂ@i coati ng has been

found to produce a high rel ease force rel ease coating

acrylic ester permts the above described (a) silicon j'wumLt to
be used in high speed, high release ferad kabel appli catlons Pliot to this

invention, easy release force release coatings made from (a) silicone
rel ease cm-s were unusable in high rel ease force appli cat | ons. It is
believed that the addition of the (c) acrylic ester

8. A crosslinkable release coating composition which
comprises:
5 (a) amaterial comprising a silicone moiety and plurality
of unsaturated carboxylate groups;
(b) a crosslinking agent, differing from (a), comprising
a plurality of unsaturated carboxylate groups; and
(¢) anonomeric or oligomeric unsaturated carboxylic ester
10 differing frem (a) or (b).

10. Use in a crosslinkable release coating composit:.on which
comprises : ¢
{(a) a material comprising a silicone moiety and plurality
15 of unsaturated carboxylate groups;
(b} a crosslinking agent, differing from (a), comprising
2 plurality of unsaturated carboxylate groups; and
of (c) a monomeric or oligomeric unsaturated carboxylic ester
- differing from (a) or (b) to reduce pre-dispensing problems in
20 high speed laballing.

/,_
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~Contenpl ated acrylic esters include nonomeric and/or oligoneric acryl ates.
The acrylic esters contenpl ated are distinguished fromthe (a) and (b)
sil.icone-acryl ates descri bed above by the absence of the silicone
conponent ¥~ Tare al so distinguished fromthe (b) non-silicone
crosslinki ng agent because they are usually free of nore than two acrylate
groups. Thus, nore specifically, the acry ic ester can be defined as being

free of silicone and free of nore than acryl ate groups per nol ecul e.

Acrylic esters are derivatives of bow c acid and nethacrylic acid.
The contenpl ated acrylates are speciftically long chain al kyl esters
containing 2 to 24 carbon atons, the al kyl groups can be n-al kyl and

secondary and b as&msesit@i Bnakky bfyoUkexibyls codleasaplitnen stviyh ds
esters | nctlzsugfuf Cifr}/ lh:zgh speed operations, the rslease liner is coated on
5 one side with a crosslinkable high release coating formulation
comprising (a) a silicone-acrylate release component; (b) an
acrylate-containing crosslinking agent, such as a silicon-
acrylate crosslinking agent having a higher acrylate content
than the (a) silicone-acrylate, trimethylolpropane triacrylate
10 or epoxylated trimethylolpropane triacrylate; and (c) an acrylic
ester monomer or oligomer selected from the group consisting of
octyl acrylate, isodecyl acrylate, stearyl acrylate and lauryl
acrylate, specifically the (c) acrylate is free of silicone and

more than two acrylate groups per nolecule.

© TR
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acjyl&ate, isodecyl acrylate,. .stearyl acrylate and-lauryl acrylate. )

Typically the acrylic esters have vi'scosity ranges*from2 to 55 cP at
25[err] C (2 nPas to 55 nPas)¥, These-acryliclestersiafe comrercially

avail able from several chem v;’al“‘compani;_.es,-.; guch yag:'Sart omer, UCB Radcure
and CPS Chenicals. The rel ease*coati:ng :fornul.atipopg:is..usually di sposed on
the base liner in an uncuredyfromand .is_ then:curedi ko fix it in place. One
of the techniques used to apply the rgl'gase coating 'S to coat an
uncured conposition on a surface of- t.he.base lier and then to inpinge an

el ectron beamonto this conpesiti g BEogireRe -ant -tndef condi ti ons

suitable for converting this copati ngq into a crosslinked filmwhich is
adhered to t he Tér Aavension Es LAReR (568 Sompseite £liN multahia, tom uaes

coati ng c¥ 3 Falease sheet. It more specifically relates to composite
£ilms which are suitable for high speed label dispensing
machines.

Peelable labels are well known. They are constructed from
a release liner upon which there is a release coating, an-
adhesive and a face stock. The face stack is releasably adhered
to the release liner by contact with an adhesive located between
the face stock and the release liner.

Typically the releass liner is canstructed by applying a
release coating to one side of a plastic or paper liner sheet.
Release coatings are characterized by an ability to adhere
strongly to the liner sheet but to adherae weakly to the adhesive
which is located betwean the face stock and the liner.

The peelable label is converted into roll label stock by
cutting the compasite film with a die which only cuts through
the face stock, nat through the release liner, to form labels
of specified shape. The surrounding face stock, known as the
matrix, is stripped away from the release liner, leaving the
labels adhered to the release liner which is then formed intao
a roll. The labels are usually dispensed by bending the roll
stock to an angle which causes the label to lift away from the
release liner. The label, released from the liner, is then
applied to a gurface.

In composite films of this type, the release coating is
usually made out of an electron beam curable compesition which,
typically includes a silicone resin having crosslinkable groups,
such as acrylic residues. The silicone portien of the
composition is the release agent which permits the adhesive to
bond lightly to the release liner. The acrylic groups crosslink
the release coating composition together and permit the release
coating to form a strong bond.to the surface of the liner sheet.

There are typically four levels of release force: premium
relaase (10 to 15 g), easy release (20 to 40 g), high release
(50 to 100g) and tight release (>100 g). For high speed label
dispensing, the release liner should have a high reléase force.

This is the replacement sheet

6 FEB 1991

- Dates



nost'ly crosslinked silicone acrylate noieties which are bound together and
to the surface of the base liner. The coating can al so be crosslinked by
adding a W initiator and then exposing the coating to UV light. Typical W/
initiators are hydroqui none and hydroqui none derivatives. The face stock is
a conventional filmformmaterial. Exanples of suitable materials are filns

of paper, oriented polypropyl ene, pol yet hyl ene = terephthal ate,

pol yet hyl ene, pol ystyrene and netal foil % _The adhesive is any materi al
which will bond weakly to the release lifler and strongly to the face stock.
Exanpl es ofT& gy bV ' | i I Lons, such as those sold
comer ci al |y (ﬁj gfgr%fti Eg%ﬁagr§€ﬁ$ %%Qa %$¥f h%r%ynanég?ﬁﬁﬂ%rﬁ%ﬁs in which
styrene-buta Hibeisanaags SHEing gieasutfdng saltherngbant bens Bt -
Bond- mast ertle -1t vy Mahimomak Sbalcétésepany, and hot- nelt adhesives,

such as those sqlttide’ "§nkb8Se "HE tdidada sorce by the addition of

Agents designed to strengthen the degree of release of the
release coating cause unacceptable 2ippy noise, or zZippiness
during matrix stripping and label dispensing. 2ippy noise 1;
an  art-recognized term used to describe a Jerking noise
generated during tha high speed matrix stripping process.

. This invention seeks to provide a ralease coating for usa
in high speed label dispensing machinery which does not cause
pr:.'e-dispensinq problems; for example, an Unacceptable degree of
Z21PpY noise.

A feature of the invention is a releasae coating formulation
which includes a mixture of (a) a silicone release component
(b) a crosslinking agent and (c) an acrylic ester. '

According to one aspect of this invention, there is
Provided a flexible shaet, suitably but not exclusively for use
28 a relaase coated refuse l.f.nex_:-, which has one one side thereof
2 crosslinkable release coating comprising a mixture of

(2) a material comprising a silicone moiety and plurality
of unsaturated carboxylate groups;

(b) a crosslinking agent, dirfe:ing from (a), comprising
a2 plurality of unsaturated carboxylate. groups; and

(c) a monomeric or oligomeric unsaturatad carboxylic esteyr
differing from (a) or (b).

This invention also provides a Crosslinkable release
Coating composition which comprises :

{a) a material comprising a silicene moiety and pluz.;ality
of unsaturated carboxylate groups;

(b) a cyosslinking agent, differing fronm (a), comprising
a plurality of unsaturated carboxylate groups; and

{c) a monomeric or oliqome:ic unsaturatad carboxylic ester
differing from (a) or (b).

This invention further provides a peelable adhesive film,
for example a peelable label, which comprises a flexible sheet
accarding to the invention and a face film gtgex releasably

This is the replacement sheet
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or +HL-2203X by the H.B. Fuller Conpany. Included within the scope of this
invention is a base liner provided with a skin of a material having tougher
physi cal properties, adjacent to the release coating. This base liner is
designed to facilitate | abel cutting. Wien the face stock, which is

rel easably secured to the release coating, is die cut into suitable shapes,
the cutting die is prevented frompenetrating and cutting through the base
liner by the presence of the tougher skin |ayer. The proportion of each
conmponent described above in the rel ease® cvating formul ation, based on the

. . . 0 e
S OPAATLEAY ly  8 B et 1201
from1.5%to 308dditidra)ly, cius piriementyinyenticangrévoned 0fid WP %, a
speci fi cal kifods 2itualed T4 dddting cRapYkit 188! Ghich comprises :

(a) a material comprising a silicone moiety and plurality
of unsaturated carboxylate groups;

(b) a ?rosslinkinq agent, differing from (a), comprising
a2 plurality of unsaturated carboxylata groups; and
of (¢} a monomeric or oligomeric unsaturated carboxylic ester
differing from (a) or (b) to reduce pPre-dispensing problems in
high speed lapelling. _

An important feature of the invention is the use of a
monomeric of oligomeric unsaturated carboxylic ester,
Preferably an acrylic ester in the release coating formulationm.
Suitable such acrylic esters are monomers or oligomers having
long chain hydrocarbon groups. The hydrocarbon groups usually
comprisae 2 to 24 carbon atoms, specifically from 4 to 12 carbon
atoms. Specific examples of contemplated acrylic esters include
octyl acrylate, isodecyl acrylaté, stearyl acrylate and lauryl
acrylate. These materials have viscosity ranges from 2 to 5%
CP (2 mPas to S5 mPas) at 25°C.

The film form liner is a conventional flexible film
material knowa in this art. Examples of useful film form liner
wmaterials include paper, oriented Polypropylene, poiyethylene
terephthalate, polyethylene, polyamides and polystyrene.

The release coating is a composition which when applied to
the base liner, has a low surface tack Permitting ready release
of other materials such as polymeric films which have been
applied thereto.

The release coating formulation of this invention is,
typically, crosslinkable and comprises a mixture of (a) a
silicone release component; (b) a crosslinking agent; and (c)
an acrylic estar.

In general, the (a) silicone release component is a
polydimethyl siloxane silicone polymer which is known to have
release chgracteristics. In general, the silicone polymers are
themselves crosslinkable and have crosslinkable groups.
Crosslinkable  ,silicone pelymers of this kina usually have

" This is the replacement sheet



-7- The follow ng Exanples illustrate the invention; parts and percentages
are by weight unless expressly stated. A release coating was fornul ated

froma curable silicone- acrylate rel ease conponent (RC 726 manufactured by
Gol dschm dt Chemical Co.), various proportions of the crosslinking agents,

et hoxyl ated trinethyl ol propane triacrylate (EO TMPTA) and hi gh acryl ate
silicone acrylate (HASA), and isodecyl acrylate. The fornul ated rel ease
coating was coated onto a 2.0 m| oriented pol ypropylene film After
application of the rel ease coating, T Tilmwas . radiation cured by

n CB

750 | AboRRPOREERGRYLLC THRsTUIE S o €t deirRaiitd e ] L
tested fThese crosslinkable silicone release polymers typically contain
from 2%, such as 53, to 30% acrylate, specifically from 10% to
about 20% acrylate. An example of a typical releass coating is
a silicone-acrylate caopolymer described in EPA 0281681. An
example of a useful silicone-acrylate release polymer is
available commercially under the name RC-726 by Goldschmiqt

Chemical Co.

In general the (b) crosslinking agent is present to permit
bonding of the (a) silicone release component to the base liner.
The crosslinking agent interacts with the acrylate by frea
radical reactions, typically, induced by high energy radiation,
e.qg. electron beam oOr ultra violet 1light. Conventional
crosslinking agents can be employed in the release coating
formulation. An example of a contemplated crosslinking agent
is a higher acrylate content silicone-acrylate. The high
acrylate content silicone-acrylate contemplated as the
crosslinking agent is distinguished from the (a) silicone-
acrylate by the presence of a higher concentration of the
acrylate component. -Typically, the (b) silicone-acrylate
contains from 5 to 15% more acrylate than the (a) silicone~
acrylate. Typically the high acrylate silicone-acrylate
contains from 103 to 45%, more specifically from 15% to 30%
acrylate based on the entire weight of this crosslinking agent.
A high acrylate silicone-acrylate material, which contains about -
25 % acrylate is sold commercially under the name RC-705 by
Goldschmidt Chemical Co. .

Other contemplated (b) crosslinking agents are multi-
functionalized, acrylate monomer/oligomer materials. Multi-
functionalized acrylates are usually characterized by the
presence of 2 or more acrylate groups per molecule. Examples
include trimethylolpropane triacrylate (TMPTA) and ethoxylated
trimethyiolpropane eriacrylate (EO-TMPTA). The TMPTA is sold
under the name "SR-351" and the EO~TMPTA is sold under the name
“SR~454", poth sold by Sartomer Chemical Co. of Exton, PA.

The TMPTA and/or EO-TMPTA can be used toqef:her with the

 high acrylate silicone-acrylate crosslinking agent to make-up
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by a TLM tester. The TLM tester is manufactured by TM Co., of .
Amtyville, NY. In the test the sandwich lamnate is cut into a 1 inch
(25.4 mMm) width. The face stock is peeled away at a 180[err] angle at a
speed of 300 in/mnute (1,270 mis). The peel force is[err] reported as the
rel ease force. The results are reported below in Table 1. The rel ease
liners were lam nated to a high rel ease force adhesive tape. The peel force
at a speed of 3 and 5 neters per second was neasured with | MASS tester.

The | MASS tester is used to neasure thegrel ease force for high speed
operation. The tester used was nodel ZPE-1000, nmanufactured by

{gsgrg”eng?:‘ei‘{és ?)é;g%speri%f“ﬁed% go&bﬂbsﬁmme%r;exg:?aatﬁd e Spekdasal 0.5
coating. Alternatively, dn Lol ol the hign
. acrylate silicone-acrylate can be used alone.

An important featurs of this invention is the presence of
a (¢) acrylic ester. in the release coating. The (¢) acrylic
ester when used with (a) and (b) to form a release coating has
been found to produce a high release force release coating:
material. The (c¢) acrylic ester permits the above described (a)
silicone release component to be used in high speed, high
relaeage force labal applications. Prior to this inventiocn, easy
release force release coatings made from (a) silicone releasa
components were unusable in high release force applicationsa.
It is believed that the addition of the (c¢) acrylic ester
modifies the elastic property of the crosslinked silicone
release coating.

Contemplated acrylic esters include monomeric and/or
oligomeric acrylataes. The acrylic esters contemplated are
distinguished from the (3) and (b) silicone-acrylates described
abova by the absence of the silicone componerit. They are also
distinguished from the (b) non-silicone crosslinking agent
because they dre usually free of more than two acrylate groups.
Thus, more specifically, the acrylic ester can be defined as
being free of silicone and free of more than 2 acrylate groups
per molecule.

Acxylic esters are derivatives of both acrylic acid and
maethacrylic acid. The contemplated acrylates are specifically
long chain alkyl esters conta.i.ning 2 to 24 carbon atoms, the
alkyl groups can be n-alkyl and secondary and branched chain
alkyl groups. Typical examples of acrylic esters include octyl
acrylate, isodecyl acrylate, stearyl acrylate and lauryl
acrylate. Typically tbe acrylic esters have viscosity ranges
from 2 to 55 cP at 25°C (2 mPas to S5 mPas). -These acrylic
esters are commercially available from several chemical
companies, such as Sartomer, UCB Radcure and CPS Chemicals.

Tha release coating formulation is usually disposed on the
base liner in an uncured from and is then cured to fix it in
place. One of the rechniques used tc apply the release coating

_ nt sheet
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[err] . -9- EXAMPLE 2 Sanples 1 to 8 were lamnated to 60 high gl oss paper
f‘ace stock with a hot nelt adhesive on a | aboratory Mercer |am nator. The
| am nates were then evaluated for their die cut performance on the Allied
Gear Flexmaster1B die cut machine with a 3/4" circular die and the results

are report'ed in Table 2. The percent predi spense was determ ned by counting
the nunber of | abels predispensed during matrix stripping at 200 fpm (60. 96
mmn) and 500 fpm (152.40 mMmn). TABLE 2 % Predi spense at

Zi ppi ni ess -

is to coat an uncured composition on a surface of the base linerx
and then to impinge an electron beam onto this compasition for

a time and under conditions suitable for converting this coating

into a crosslinked film which is adhered ta the surface of the

base 1liner. Thus, tne' crosslinked release coating contaj_ns.
mastly crosslinked silicone acrylate moieties which are bound

tagather and to the gurface of tha base liner. The coating can

also be crosslinked by adding a UV initiator and then exposing

the coating to UV light. Typical UV initiators are hydroquinane

and hydroquinone derivatives.

The face stock 1s a conventional film form material.
Examples of s‘uitable materials are films of paper, oriented
polypropylene, polyethylene terephthalate, pclyethylene,
polystyrene and metal foils.

The adhesive is any material which will bond weakly to the
release liner and strongly to the face stock. Examples of known
adhesives include acrylic emulsions, such as those sold
commercially under the name XPLA-12, by the Dyna-tach Company,
styrene-butadiene rubber emulsions, such as those sold under the
name Bond-master 72-9718 by National Starch Company, and hot-
melt adhesives, such as those sold undexr the trade name HL-2021,
or HL-2203X by the H.B. Fuller Company.

Included within the scope of this invention is a base liner
provided with a skin of a material having tougher physical
properties, adjacent to the release coating. This base liner
is designed to facilitate label cutting. When the face stock,
which is relealably secured to the release coating, is die cut
inte suitable shapes, the cutting die is prevented from
penetrating and cutting through the base liner by the presence
of the tougher skin layer.

The proportion of each component described above in the
release coating formulation, based on the entire coating
formulation, ranges from 15 to 70%, specifically from 20 to 50%,
of the (a) silicone release component; from 103 to 50%,
specificaliy from 15% to 30% of the (b) crosslinking agent; and
from 10% to 503, specifically from 20% to 40% of the (c) acrylic
aster.
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Sanpl e # During Matrix (Table 1)
95

200 fpm 500 fpm Stripping 1

100 None 2 98 99 None
3 : 0 . 2 Slight 4 .2

5 None 5 0 1 '

Moderate 6 0 1 Slight 7

5 10 None 8 0 3

Slight The data of Tables 1 and 2 show, that rel ease coating fornulations
made in accordance with this invention'increase the rel ease force of a

silicone-acry €al as ﬁﬁ?ﬂﬁ%ﬁ ei gepQ

pr edi spensed #géef%fﬁﬁ gﬁ@ﬁ%ﬂ@? JﬁT% |cat|g%§ % g%% rB Fe%P?n
Tabl e 1 BfSRentagesi areoh¥ 39#9 gtEnB&§§d3¥E¥ﬁﬁ§éYc§5FFﬁ§e fornulated wi'th
a cross| gpkmper 1

A releass coating was formulated from a curable silicone-
acrylate release component (RC-726 manufactured by Goldschmidt
Chemical Co.), various proportions of the crosslinking agents,
ethoxylated trimethylolpropane triacrylate (EO-TMPTA) and high
acrylate silicone acrylate (HASA), and isodecyl acrylate. The
formulated release coating was coated onto a 2.0 mil criented
polypropylene film. After application of the release coating,
the film was radiation cured by exposure to 2.5 Mrad electron
beam radiation on an ESI Electrocurtain CB 150 laboratory EB
unit. The release force of each coated release liner was tested
by a TLMI tester. The TLMI tester is manufactured by TMI Co.,
of Amityville, NY. In the test the sandwich laminate is cut
into a 1 inch (25.4 mm) width. The face stock is peelad away
at a 180° angle at a speed of 300 in/minute (1,270 mm/s). The
peel force is®’reported as the release force. The rasults are
reported below in Table 1.

The release liners were laminated to a high release force
adhesive tape. The peel force at a speed of 3 and 5 meters per
second was measured with IMASS tester. The IMASS tester is
used to measura the release force for high speed operation. The
tester used was model ZPE-1000, manufactured by Instrumentors,
Inc,, Strongsville OH which can be operated at speeds of ¢.5 to
5.0 meters per second. The results are reported in Table 1i.
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agent,’ such as high acrylate silicone acrylate and/or ethoxyl ated
trimethyl ol propane triacrylate and an acryl ate nononer achi eve a high
rel ease force (>50 g) with only slight or no zippy noise. Varying the
proportion of each conponent can optim ze rel ease coating perfornmance.
Addi tionally, as shown in Table 2, the amount of predispensed |abels at
hi gh speeds in mnimzed by the use of gthe coating fornulation of this
i nventi on. CLAIMS 1. A flexible=Snest which has on one side
thereof a crosshigifaghl e rel ease coati nﬂ &npr iBing a mxt utk of: (a) a

mat eri al conpri s&[&gaﬁm | iicone noi ety a.EbI&I urﬂ‘l ty of unsa_tglrat ed
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(b) a'crosslinking agent, differing from(a), conprising a plurality of
unsat urated carboxyl ate groups; and (c) a nonomeric or oligoneric

unsat urated carboxylic ester differing from(a) or (b). 2. A flexible
sheet according to claim1l wherein, in (a), the unsaturated carboxyl ate
groups conprise from2 to 30 wt.% of (a) of acrylate groups. 3. A flexible
sheet according to claim1l or 2 wherein (b) conprises (i) a
silicone-acrylate material of higher acrylate content than (a) or (ii) a
nmononeric or oligonmeric multi- functiopal acrylate. 4. A flexible sheet
according to any preceding claimwherein (c) conprises a C[err] to (Jerr]
al kyl acMnomer or oligoner. 5. A flexible sheet according to any
precedi ng clarmwherein (a) conpri ) 70 wt % (b) conprises
from10 to SOSMP%‘a%cF?(g "ﬁ%iﬁé’%:ﬁ%%#‘;h%@”\/\ﬁ?‘%ﬁf"%ﬂ%’%"@t of

t he stock with a hot melt adhesive on a laboratory Mercer laminator.
The laminates wvere then aevaluated for their die cut performance
on the Allied Gear FlexmasterlB die cut machine with a 374"
circular die and the results are reported in Table 2. The
percent predispense was determined by counting the number of
labels predispensed during matrix stripping at 200 fpm (60.96
m/min) and 500 fpm (152.40 m/min) .

TABLE 2
% Predispense at Zippiniaess
(Table 1) 200 fpm 500 fpm Stripping
1 95 1Q40 None
2 98 99 None
3 0 2 Slight
4 2 5 Nane
5 (4] 1 Moderate
p 0 1 Slight
7 ] 10 - None

The data of Tables 1 and 2 show that release coating
formulations made in accordance with this invention increase the
release force of a sSilicone-acrylate raelease component and
reduce the percentage of predispensed labels under high speed
applications. The data reported in Table 1 show that silicone
acrylata basad release coatings formulated with a crosslinking
agent, such as high acrylate . silicone acrylate and/or
ethoxylated trimethylolpropane triacrylate and an acrylate
monomer achieve a high release force (>50 g) with only slight
or no zippy noise. Varying the proportion of each component can
optimize release coating performance. Additionally, as shown
in Table 2, the amount of predispensed lakels at high speeds is

minimized by the use of the coating formulation of this
invention.
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m xture. 6. A flexible sheet according to any precedi ng claimwherein the

sheet -conprises paper, polypropyl ene, polyethyl ene, %
terepht hal ate, pol yam de or polystyrene. 7. A flexible sheet act

any preceding claimfor use as a rel ease coated rel ea
peel abl e adhesive filmwhich conprises a flexible shee MG!W y of
clainme 1 to 7 and a face film stock.rel easably adher ed bS/ & tac
adhesive to the cured rel ease - 1]1 -_coating. 9. A crosslinkable
rel ease coating conposition which conprlses

SLAIME '

1. A flexible sheet which has on one sida thereof a
crosslinkable releasae coating comprising a mixture of :

(a) a material comprising a silicone moiaety and plurality
of unsaturated carboxylate groups;

(b) a crosslinking agent, differing from (a), comprising
a2 plurality of unsaturated carboxylate groups; and

(c) a monomaric or oligomeric unsaturated carboxylic ester

differing from (a) or (b).

2. A flexible sheet according to claim 1 wherein, in (a), the
unsaturated carboxylate groups comprise from 2 to 30 wt.% of (a)
of acrylate groups.

3. A flexible sheet according to claim 1 or 2 wherein (b)
comprises (i) a silicone-acrylate material of higher acrylate
cantent than (a) or (ii) a monomeric or oligomeric multi-
functional acrylate.

4. A flexible sheet according to any preceding claim wherein
(<) comprisea‘a C; to Cy alkyl acrylate wmonomer or oligomer.

5. A flexible sheet according to any preceding claim wherein
(a) comprises from 15 to 70 wt.%; (b) comprises from 10 to 50
wt.%¥; and (c) comprises from 10 to SO0 wt.% of the weight of the
mixturs.

6. A flexible sheet according to any preceding claim wherein
the sheat comprises paper, polypropylene, polyethylene,
pPolyethylene terephthalate, polyamide or polystyrene.

7. A flexible sheet according to any preceding claim for use
as a release coated release liner.

8. A peelable adhesive film which comprises a flexible sheet
according to any of claims 1 to 7 and a face film stock
Teleasably adhdred by a tacky adhesive to the cursd release
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(a) a material conprising a silicone noiety and plurality of "unsat ur at ed
carboxyl ate groups; (b) a crosslinking agent, differing from(a),
conprising a plurality of unsaturated carboxylate groups; and (C) a

nononeric or oligoneric unsaturated carboxylic esterdifferng—from(a) or -
(b). 10. Use in a crosslinkable release coating co 05|t| m‘lﬂ wH npri ses

(a) a material conprising a silicone noiety and turated
carboxyl ate groups; (b) a crosslinking agent, di ff
conprising a plurality of unsaturated carboxylate groups and of (c) a
nmononeri c or oligoneric unsaturat ed"c’a#bbxyl ic ester differing from(a) or

(b) to reduce pre-dispensing problens in high speed | abelling.
coating.

S. A crosslinkable release coating composition which
comprisas:

(a) a material comprisinga silicone noiaty and plurality
of unsaturated carboxylate groups;

(b) a crosslinking agent, dittering trom (a), comprising
a plurality of unsaturated carboxylate groups; and

(¢) a monomeric or al:.qomeric unsaturated carbaoxylic ester
differing from (a) or (b).

10. Use in a crosglj_nkablﬂ release coating composition which
comprises :

(a) a material comprising a silicone moiety and plurality
of unsaturated carboxylate groups;

(b) a crosslinking agent, differing from (a), comprising
a plurality of unsaturated carboxylate groups; and
of (c) a monomeric or oligomeric unsaturated carboxylic ester
differing from (a) or (b) to reduce pre~dispensing problems in
high speed labelling.
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ABSTRACT

RELEASE SHEET

A composzta sheet of a rlex:.hle release liner, which is
usegul in high speed operations, the release liner is coated on
One side with a_crosslinkable high release coating formulation
comprising- (a) a silicone-acrylate release compcnent; (b) an
acrylate-containing crosslinking agent, such as a silicon-
acrylate crosslinking agent having a higher acrylate content
than the (a) silicone-acrylate, trimethylolpropane triacrylate
or epoxylated trimethylolpropane triacrylate; and (c) an acrylic
estar monomer or oligomer selected from the group consisting of
octyl acrylate, isodecyl acrylate, stearyl acrylate and lauryl
acrylate, specifically tha (c) acrylate is free of silicone and
More than two acrylate groups per molecula.
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