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PRESSURE~SENSITIVE ADKESIV'@ BASED ON
PREFERENTTIALLY TACKIFIED IMMISCIBLE ELASTOMERS

Field of the Invention

The present invention is directed to elastomer o
rubber based pressure-sensitive adhesive compositions use
in lahel and tape manufacture.

Background of the Invention
During label manufacture, a laminate of a face stock

pressure-sensitive adhesive layer and a release liner i
passed through apparatus which_convert the laminate t
yield commercially useful labels and label stock. Th
processes involved in the converting operation includ

printing, die cutting and matrix stripping to leave label

on a release liner, butt gutting of labels to the releas
liner, marginal hole punching, perforating, fan folding
guillotining and the like.

Die and butt cutting involve cutting of the laminat
to the face of the release liner. Other procedure
involve cutting clean through the 1label laminate an
include hole punching, perforating and guillotining.

The cost of converting a laminate into a finishe
product is a function of the speed at which the variou

~ processing operations occur. While the nature of al

layers of the laminate can impact cost of convertibility
the adhesive layer has been the greatest limiting facto
in ease and cost of convertibility. This is i



PREFEREN{T ALLY- TACKI FI ED | MM SCI BLE ELASTOMERS Field of the Invention

The present | nt i is directe¥ to el astonmer or rubber baded
pressure-sen é‘%\’&:’ggfhesi ve conpositions used in | abel and tape PCT/US91/01703

manuf act ur e. Background of the Invention DurgAg | abel manufacture, a
| ami nate of a face stock, pressure-sensitive adhesive layer and a rel ease
| i ner I passed throughcappaqatense/mofh m]vmnsddeddstmmammn'eyl whdch hamper:

comrercially useful | ab uge < !aa,?ial cfégﬁ Qq.a@l%(hesggs l Qyﬂ% V§ﬂ 'd}_e hguttm

converting operation |n nd Tt fi xS
| eave | abels on a rel eaQEeFﬁﬁéPnSbtﬁnd CRRQRQng%fa hgx;.egcgotph@wtéqlmeblades anc

l'iner, marginal hole pugghi nﬂ:Lerrifrpréh't'EQn aé?éféﬁliaﬂs gui |§ﬁ¥1‘r@ﬂ&s§§"dof the
thelike. Die and byjt cuttl i nvol ve “cut of the l.am nate to t
face of the rel ease |inBPReSiFen %g?ro’é’&ﬂﬁ ts 1, ’GeSEHt‘-PPﬁ&ch"é’&Fatﬁn‘r%Whld

the | abel |aminate and Followedtel eugtiali eperatibosati ng and guillotining.
- Achieving good convertibility does not, by necessity,
coincide with achieving excellent adhesive performance.
' Adhesives must be formulated to fit needs and important
properties include peel adhesion, tack, shear, viscosity
at various temperatures and the like. Good general
purpose adhesives may exhibit poor convertibility simply
because the adhesive is difficult to cleanly cut. Suct
an adhesive 'may stick to a die or blade. In label
manufacture, die cutting and matrix stripping operations
by necessity occur at a variety of speeds in the range of
0 to 300 meters per minute. Within the range, an adhesive
may provide regions where a matrix will break despite the
fact that successful matrix stripping can occur at speeds
on either side of the region. One goal is to provide
adhesive systems wherein the adhesive can be cleanly cut
and the matrix stripped over the entire range of operating
speeds, as shown as a cutting frequency in attached
FIGS. 1 and 2.
Natural and synthetic elastomers containing
' poiybutadi‘ene segments and polyisoprene segments are not
miscible with each other. It is known in the art, howevef,
to mix . immiscible elastomeric polymers based on
polybutadiene and poiyisoprene. _Homopolymers are more
difficult to employ than block copolymers. With block
copolymers, while the midblocks are immiscible, the end
blocks of polystyrene form one common domain making the
mixture stable without niaj or problems of incompatibility
such as separation of phases with time.
Additives to mixtures based on polyisoprene and
polybutadiene vary in their compatibility with the

J polybutadiene or polyisoprene portions of the elastomer;
- s
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The cost of converting a lagnate into a finished produgt is a function- of

t he spedd at“ﬂﬁ e vari dus processi ng operations occur ce/U861 /01703
nat ure of al ayg%%gof the | am nat-e can i npact cost of convertlg |/ty, }1

adhesive [ ayer has been the grea_t est linmting facto®~in ease and cost

of coavertibility. Thi s I n
consequence of its vi scWéHigt Pé'eﬁ'mm% jntRle ppegitdemthe eaﬂlylsoprer

penetraation of a die inogi eh@ltﬁdm@wmm@psmndanummadherem tdegree c

cutting blades and the |ike {:n G erat ons Strin ngi nea t tives

adhesi ve al so inpacts nEPTPR %P#b%?ng'% l&n?"ﬂ? GETFH 1 ow %I 31’6’11@‘?‘3{;

operations. Achi evi tigogeodviticlyetendi |td yhdves mot impactecessiingrease glas
transition temperature are regarded in the art a
tackifiers and those which tend to lower glass transitio
temperature as plasticizers. . Additives may b
preferentially soluble in the polystyrene portion and ma:
act as a reinforcing agent. _

U.S. Patent No. 4,125,665 to Bemmels, et al. i:
directed to a pressure-sensitive adhesive for use as :
sealing tape in applications such as closure for juice
and beverage cans having a top with a preformed aperture
for liquia 'diSpensing. . The pressure-sensitive adhesive
layer contains a relatively high melting point tackifie:
resin and a relatively low molecular weight styrene bloc}
associating bonding resin. Example 2 in Table A of the
'665 patent discloses a mixture of Kraton 1107, a
styrene-isoprene-styrene (SIS) /étyrene—isoprene (SI) block
copolymer and Kraton 1102, a styrene butadiene (SB)/
styrene—butadiene-styrene- (SBS) block copolymer, botl
manufactured,by Shell, along with Wingtack 95, a Cg or C,
normally solid tackifier as taught in U.S. Patent No.
3,577,398 assigned to Goodyear Tire and Rubber Company anc
incorporated herein by reference, and a styrene block
associating bonding resin. In the absence of the styrene
block associating bonding resin, the mixture displayed,
according to the patentees, poor adhesion to steel and the
addition of the styrene associating material was necessary
to overcome the deficiency. , |

| U.S. Patent No. 4,080,348 to Korpman discloses ir
Example 2 of Table A an SI block copolymer, an SBS block
copolymer and, as a tackifier, Wingtack 76. The weight
ratio of the butadiene containing block copolymer to the
--isoprene containing block copolymer is 0.25:1. We have
found that such mixtures only show one glass transitior

4 temperature to be present, that being the one

e ————
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coi nci-deswi t h achi eving excel | egtt adhesi ve performance. Adhe€sives nust be

formulated to fit needs and inpRrtant properties include pdel adhesion
tack, shear WQP434y at various tenperatures and the Iike. BCTAUR2HOI 103

pur pose adhesives may exhibit poor convertibility-giknply because the

adhesive is difficult to cleanly cut. Such an adhesive may stick to a die

or” bl.age. | n | predominahfdyucentgibutedtbynehendsoprene sthtakhigg block

operations by necessi t&wgzy{ne?.t' a variety of speeds in the range of O to
300 neters per mnute. thin the range, an adhesive may provide regions
where a matrix will break dOtpere phAteh&st ofiatisterestf uarentVis. stPapphtg No.

can occur at speeds onsegghegssi EH O oah kgqt royide
adhesi ve systems wherej h t hé aahggil\s}gew% ! tgfeg%c'l %g‘rﬁeg&ggtg'anﬂs§%égﬁgt€¥xﬁndan'
stripped over the entiVeSraRRESHt oler atd MP LR stOaFerneih asta &kt t ang U.S.

frequency in attached §h§§nt1N%r.‘d_32,-932,BZM&*ﬁéﬁpmé&E‘%hfﬁﬂt Qﬁbiﬁgs as a hot-

el ast oners cont ai ni ng Eﬁl éaﬁt adi ene,se%ment s _and pol yi soprene segnments .
are not niscible with 8& gpiver mixt Eﬁmﬁlﬁnbﬁﬁéka!cp?qgrmreﬁa@@f#ﬁd( with
immi scible elastoneria bDéhdanSnobﬁ&ﬂ!? solpal yhat adraae 19ndiquid tackifiers
pol yi sopr ene. Hormpolgrrerstare nor e gl. S.iCUISE tolemél o)é t.han bl ock .
copol yners: Wth bl ocRonsisting essentially of polymeri ed structures derived
from aliphatic dienes and mono-olefins of 5 or 6 carbon
atoms (Wingtack 95 and Wingtack 10 manufactured by
Goodyear):; and U.S. Patent No. 4,411,954 to Butch III,

et al.

Summary of the Invention _

According to the present invention, there is provided
an elastomer or rubber-based preséure-sensitiire adhesive
composition which exhibits excellent convertibility, i.e.,
the ability . to achieve cutting of the adhesive in
processing operations involving cutting through a face
stock and adhesive to at least the release liner of the
laminate, while at the same time providing excellent
adhesive properties at both ambient and reduced.
temperatures. . '

These results can be obtained by combining in
admixture two or more immiscible elastomers which when
combined in proportion provide at least two glass
transition temperatures and by the addition of one or more
additives which serve to tackify the mixture and result
in an increase in the difference between the two glass
transitioxi temperatures as a consequence of 'preferential
miscibility of the tackifier in the additive elastomer
having the highest glass transition temperature and an
amplification of tangent delta of the elastomer having
the higher ‘glass transition temperatures. Although
explained in 'tézfms of diene elastomers, the invention is
contemplated to be applicable to immiscible tackifiable
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copolyners, while the m dbl ocks are imm sgible, the end bl ocks of _
pol ystyrene form one common domai n maki ng{t he m xture stable w thout \&mj or

probl ens of- i nconpati bi |l i Wwoo9£f3oss separati on of phases with tine. P(
Adgdi tives to m xtures based on pol yi soprene and pol ybut adi ene vagy in their
cofpatibility with the pol ybut adi ene or polyi soprene portions of “the

el dst oner. - While preferengiall ol ' it e t - '
pollyi soprene or the pol ybutadi ene, nBPS%an§§t h%&?%f?%ﬂgghe%&gg_rlg‘gto%lmlted_ o,
cofpatibility with both conponents. basetihpodgwerisy@nd tthesd M-ch tend to

haye no inpact or increase glass transitieg LR ApdRgarIRd ifvdi€ion

I S - ‘ adnixture of a first natural or 'synthe

. _ providing a first polymerized diene

- . - polybutadiene, and exhibiting a first gia

temperature and a second natural or synthe

providing a second polymerized diene compone

polyisoprene, and having a second gla:

temperature higher than the first. The ¢

mixed in proportion to exhibit a dynam

spectrum (DMS), i.e., a plot of.a tangent de

of G'' to G' as defined herein) against tem

at least two, as opposed to one, di

corresponding- te glass transition temper:

first .polyznerized diene ({polybutadiene)

- _ " polymerized diene (polyisoprene) compon

' immiscible blend.' A tackifying system compr

one solid tackifier is added to increa

transitiqn temperature of at least the s

order to increase the temperature differenti

peaks, while increasing the amplitude (tanc

the second (polyisoprene) peak. Shifting

second peak toward ambient temperature imp

temperature pressure-sensitive adhesive per

maintenance of the first peak assures lo
pressure-sensitive adhesive performance.

tangent delta give good processability and

The immiscible rubbers are provided in

the polybutadiene containing elastomer to th
containing elastomer from about 0.5:1 to
comprise from about 20% to about 50% by

- total weight of the mixture of elastomers :

additive. _
The tackifying system is preferentia:

e the polyisoprene component and comprises :
tackifying resin, preferably based o1
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tackifiers and those which tend yo | ower glass transition teperature as

pl astici zers. Additives na be preferentially sol ubl & in the

pol ystyrgne PpU¥O91HE393Md nay act as a reinforcing agent. U S REE/&i$91/00703
4,125,665 to Bemmels, et al. is directed to a pr es§1l;|Le-senS| tive adhesive

for use as a'sealing tape in applications such as closure for juice and

beverage cans having a ' e, E guj ' LN ine
The pr dssur o sensi {1 ve Soracracep BEF1GRATEro0 4L bt R oy BloR AN herin
poi nt tackifier resin afenkaiBingi PePy Bowawbosc atems)eippafenahlanaritiookt least

associ ating bonding resioy BrAMPhE dthructilled a&Fitds 'ROn A4 SEtyiene or frov

di scloses a m xture of Kraton 1107, a styrene-isoprene-styrene .
(SI'S)/ styrene-i soprene PXP§TBIBRR cBPGI yAEPPERBCK a@SPMREGE Fegifnevhich are
but adi ene (SB)/ styrenchypdtogenatedt YoctBe( 88§reb! ¢hlatC eRMISHMtidAANY all of the

hel | , i th Wngtack 95, a . C5 or C6 normally solid .
Tacki fier as taught | n Draedndl Gindd %88 somedan Lo vl hrxana, rings, anc
and Rubber Conpany and_hyﬁmg_enated hpokyayb}icef resins, audha %ts}/rmrogenated
bl ock associ ati ng bond'&%f‘?ﬁ%ﬁ%‘ﬁdwﬁaa‘pégﬁa Of%i%écﬁé%f\?% s?l gtcekm preferably

associ ati ng bondi ng resjn, ure disprayed, Ny | . . ] _
pat ent ees, poor adhesi ofteludegecla angrmpadly liquid tackifying resin which is

preferentially soluble in the polyisoprene component.
Other constituents of the tackifying system include rosin,
rosin ester and polyterpenes which are at least partially
compatible ‘with the polyisoprene component, and
plasticizing oils. The additives do not, however, limit

" the function of the'tackifiers, namely, increasing the
'glass. transition temperature differential between the
peaks.

Presently preferred compositions are those in which
the ratio of the polybutadiene-based elastomer to the
polyisoprene-~based elastomer is about 1.3:1 and present
in about 15% to about 30% by weight based on the total
coﬁposition,'the balance of the composition, except for
inhibitors, antioxidants and other modifiers, being of
the tackifying additive.

—_—
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addition of the styrene assogi ating material was necesse()y to overcone the
defi ci ency. U.S. Patent\No. 4,080,348 to Korpnan discl oses in Exanpl e

2 of Table AwWM9H13B3%ck copol ymer, an SBS bl ock copol yner and, #HUS21/01703
tacki fier, Wngtack 76. The weight ratio of the butadi ene containing bl ock

"~ copol yner to the isoprene containing block copolyner is 0.25:1. W have

found-that such m xtureg Qkynig@ﬁ‘i Qﬂogxl 3 tlP bidd L d enmperature to  be
present, that being _F%'E'—OTTE—_&_————& ) ) - ' - 4-

predomi nantly contributed byFEfe. ilsci? ca édradigedg Midcketopangapt. delta as
Qther patents of interephnatoh f PRbRpbriturd &8tk 923 el@echRNetor UaS tackifie

Pat ent ‘No. 3,509,239 to Tindall, . ) _

. pressure-sensitive adhesive system based on an elastome:
providing a single peak in the glass transitio
temperature region and also depicts regions of cutting anc
peel frequencies;

FIG. 2, as FIG. 1, is an idealized plot of tangent

. delta as a function of temperature and frequency but fo
a tackified pressure-sensitive adhesive based on a blenc
of immiscible elastomers displaying multiple (two) peaks
in the glass transition region: '

FIG. 3 is a plot of tangent delta as a function of
temperature for a blend of a styrene-butadiene block
copolymer and a styrene-isoprene~styrene/styrene-isoprene
block copolymer at a relative weight- ratio of about 0.4:1
wherein only one peak is shown and dominated by the
presence of the polyisoprene component; |

_FIG. 4 is a plot of tangent delta as a function of
te-niperature for a blend of the same styrene-butadiene
block copolymer and the styrene-isoprene-styrene/
styrene-isoprene block copolymer, but at a weight ratic
of 1.3:1. Two peaks are shown, the lower temperature peak
for polybutadiene and the higher temperature peak for
polyisoprene;

FIG. 5 is a plot of tangent delta as a function of
temperature for the same blend of elastomer rubbers as
FIG. 4, but tackified according to Example 14 to provide
a pressure-sensitive adhesive , and 1illustrates the

- increase in the differential between the two peaks and the
amplificat:‘_'.'on of the peak associated with the polyisoprene
component of the immiscible elastomer blend;

FIG. 6 is a plot of tangent delta as a function of
temperature for the pressure-sensitive . adhesive
composition ‘of Example 17 showing the differential in the
two peaks as a consequence of addition of a tackifier;

This Sheet Has Been Replaced
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U.S. Ratent No. 4,060,503 to Fegney, et al. and U.S. Patent~No. 3,932,328

t o Kor pman whi ch enploys as a t- nelt adhesive m xture SAS bl ock

copol yner, t sasiotiigezsvi th a blend of nornmally solid and nornal | yPCrgusel/01703
tackifi‘ers consisting essentially of polynerized structures derived from

al i phatic di enes and nono-olefins of 5 or 6 carboﬁsétons (Wngtack 95 and

W hgt ack 10 nanufactured by odyear); and U.S. Patent 1,954 to
Butch I'll, et al. SummaryFéf-tHe I SRAGAST, 1%@%g?3€ﬁg°go Sedeita as
i nvention, there is pravfdadtabneh&smmmpenature (DMS) for a pressure-sensitive

r ubber - based- pressur e- §8H§§&b£¢ gﬂge§g¥$r§ qﬁg N hQR L WHGL © QEQFBE  shown in

exceél l ent convertibili eve cutti
adhesive in proce55|ngC9p§raﬂuiw;¢n¢opvﬂﬁgsovﬁﬁmngbﬂﬁﬁﬁnﬁﬂéiVhééhsﬁmﬂws only
and adhesive to at |eaghaetBBake! €ase liner of the lami nate, while at the

sanme time providing excellent adhe5|ve pr.o ertles at both anbient and
reduced t enperat ures. PRBsec §edf 12 bBlekt Fed thE cBRBEniSRPERPsition,

adnmi xture two or nore ppBpéethbe VANEABH ardishowhein Control 2, but wherein
the elastomeric constituent is solely polyisoprene~-based,
namely Kraton 1107; |
FIGS. 9, 10 and 11 are ternary diagrams based on data
collected which predict, based upon regression analysis
of data reported in Table 2, looptack to polyethylene at
temperatures of 23°C (FIG. 9), 5°C (FIG. 10) and =~5°C

(FIG. 11);
FIG. 12 is a plot of predicted constant values of

looptack to cardbocard at 23°C as a function of
composition; ' .
FIG. 13" is a plot of predicted constant values of
looptack to cardboard at 5°C as a function of composition; .
and '
FIG. 14 is a plot of predicted constant values of
90° peel to cardboard, also as a function of composition.

The plots of FIGS. 9-14 are based on a mixture of
elastomers (E) in a proportion of 1.3 parts styrene-
butadiene block copolymer to 1 part styfene~isoprene-
styrene/styrene-isoprene block copolymer, a liquid
tackifying additive (LT) known as Wingtack 10, and a
normally solid tackifying additive (ST) known as Escorez'
1310 ILcC.

—_—
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conbi h.,ed,i n proportion provide at |least two glass transition tenperatures

and by the addition of one or\nore additives which serveto tackify the 203
mxture and rWORW1IMSan increase in the difference between the tRETGISYL01
transition tenperatures as a consequence of preferefjal miscibility of the
tackifier in the additive el astonmer having the highest .glass transition

tenperature and an anpl igdtaatlid ﬁgséﬁﬁmndﬁl tahof tlhe. el gsft orr}[er havi Pg

t he higher glass transition t erat ures., t hqugh ,expl.ained in terns o

di ene el astoners, the inventi Eeﬁﬂ%ﬁﬁvét”ézd-#blﬁedéﬁﬁFFGQbF@ gdnixture of tw
i mmi sci bl e tackifiable immiscible natural or synthetic ebastBRbYBE' ne based o

Aneluding, but not 1M 4ed {0 4CLYLaTeR! C o RAEINAY B Fodllalfse!  Koninstin
a first glass transition temperature and a value o
tangent delta and the other based on a second polydiene
preferably polyisoprene, exhibiting a second glas
transition temperature higher than the first and a secon
value of tangent delta associated therewith. The tw
élasto;ners are combined in proportion’ whereby there i
exhibited two distinct glass transition temperature peak:
in a DMS curve, a plot of tangent delta as a function o:
temperature in °C (FIG. 4). There is provided .t:o the
composition a tackifying system which comprises tackifiers:
pre:_ferentially soluble in the second polydiene component
which cause the temperature differential between the glass
transition temperature peaks in the DMS curve to increase
and the amplitude of the tangent delta for the second

- glass transition temperature to also increase (FIGS. 5 and
6).. The net result is to provide a pressure~sensitive
adhesive composition "exhibiting improved conversion as
seen in ability. to cut the adhesive and, because of
tangent delta peaks at low temperature approaching
ambient, respective excellent low and ambient temperature
ptessure-sensitive_ adhesive performance.

With reference to FIG. 1, in a system based on a
single uncross-1inked elastomer or rubber, one finds a
peak in a plot of tangent delta, the ratio of loss modulus
(G'') to the storage modulus (G'), as a function of
temperature in °C measured at the frequency of 10
radians/second. This peak is attributed to the transition
from the glassy state to the rubbery state (glass
transition). _

FIGS. 1 and 2 could be plotted as a function of
temperature” or frequency (1l/time). By the time
temperature - superposition principle, increasing
temperature is equivalent to decreasing frequency.
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In a preferred aspect, the invegtion is based on an adm xtyfe of a first
‘natural or synthetic el astomner gr oviding a first polynerized di e
preferably pwOu13835ene, and exhibiting a first glass transiti o‘FCr/U59V017°3
tenperature and a second natural or synthetic¢ el asjgner pr ovi ding a second
pol yneri zed diene conponent, preferably polyisoprenée, and having a second

gl-ass-transition terrper.laé,ﬁ%n?l &Qg{:at tﬂgnpgrg% E‘hiﬁg ﬁeovﬁli?ét%vséfbféefor gooc

nixed in proportion to ‘ex Rami c Crechani ¢l spectr um (
pl ot of a tangent del ta”*(Q¢\%S$%kl-3b1"éY: G' int opartisudar né%}lmfé?n) thai neutting

tenperature, with at | efdqiefey A <PRisednid catea diat | peEspeaks and 2, whict
correspondi ng to gl ass tranS|t|on terrperatures of he first poly

di ene (pol ybut adi ene) HRPERRMN & yALCVE PR LN XFBISRSH pridh ¢ “Eansitior
conmponent s of the inm LEdveed| s g]éhgsqclﬁégwdig s e Q@Wél@l rigagﬁ.tod.eash the

one solid tackifier is dedt crease_t he ss_transition_tenneratur .
of at |east the second %&’@e gorncr tﬁgefgﬁﬁgrﬁelﬂsé‘%ve adhesive

differential between trpzer,tmkmanaw I epeel:reaéhaglbhe arm:lalrtgsdﬂ: (tdeltemt in the
delta) of the second (Rgl &&‘e}e g8k s % Et'%@ he%%trrtéé‘i:o?ﬂi%d to peel
e

peak toward ambient te era ure i npr ves a Pat ire
_pressure-sensitive adhdequengy ot¥dadiang/second as shown in FIG. 1.

As shown in FIG. 2, this invention is directed to
modification of the transition region to obtain, as
explained, the best compromise of good adhesion and good
processability (cutting) by having two or more glass
‘transition peaks in a broadened transition region.

As illustrated in FIGS. 3 to 8, by "dynamic
mechanical spectrum" (DMS) there is meant a plot of
tangent delta, the ratio of loss modulus (G'') to storage
modulus (G'); as a function of temperature as measured by
placing an approximation 1~2 mm thick sample between two
parallel plates of a Rheometrics instrument (Model RMS-800
manufactured and sold by Rheometfics, Inc., Piscataway,
New Jersey), and oscillating the plates relative to each
other at 10 radians per second. Measurements are made on
a continuous basis and tangent delta is computed as a
function of temperature in degrees centigrade. Storage
modulus (G') is a measure of elasticity and loss modulus
(G'') is a measure of the amount of energy lost as heat
or sound and, in the case of peeling the pressure-
sensitive adhesives, can be correlated to the amount of
energy dissipated in peeling the viscoelastic polymeric
material from a substrate.

~ As used herein, "glass transition temperature" is the

temperature at which a polymerized segment changes from

a glassy to a rubbery state. Sequencés of concern have

a glass transition temperature below about 50°C. With

. .- reference to FIG. 4, the glass transition temperature of

,_,—————/”’ polybutadiene is about -80°C and of polyiscoprene is about
heet Has Been Replaced '
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mai nt enance of the first peak afur'e-s | ow t enperature pressfire-sensitive
adhesi've' perfor mance.

Low val ue
and cuttabi IW0D/91/13935 The i nmi sci bl e rubbers are provided in pro%?’tq

of- tangent delta give good“processabili¢t 03

t he pot ybut adi ene containing el astoner to the pol yi soprene contai ni ng
el astomer from about 0.5:1 to about 5:1 and conprisé from about 20%to

about -50% by wei ght of

tacki fying additive.
in the polyisoprene corffiHEkkiveRMLHIVE RXIRRFRIES- solid tackifying
preferably based on pp}swed Z&fthere the elastomeric constituents are

resin,

-6-

frtlﬁ';}]ﬁ Hve d ggbvgﬁlh?elﬂ:i‘éﬁéé XHw Q:'eﬁﬁ:téi‘ﬂi'ftﬁ:é’l essure-

Ing systemis preferentially solu

immiscible but form a single peak (FIG. 3) are not
functional for the purposes of the instant invention,
except when combined with another immiscible constituent
which forms a second DMS peak. Immiscible systems which
form two peaks are systems where the peaks are separately
represented by contributions of the polyiscprene and
polybutadiene components (FIG. 4) and where, in accordance
with the_.instant invention, the temperature differential
between the peaks is increased by the addition of a

tackifier (FIGS. 5 and 6).
Also not withix; the scope of the instant invention

.a.re systems based on a single polydiene (polyisoprene

block copolymers) which alsc form a single peak (FIGS. 7
and 8).

As used herein, - "tackifier system" consists of
tackifiers which are preferentially miscible with the

" polydiene having the highest glass transition temperature

»
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(polyisoprene) and serves by preferential tackification
to increase differential between the peaks and amplify the
peak of the highest glass transition temperature. The
tackifier system may also include normally 1liquid and

-solid tackifiers which leave unchanged or increase the

glass transition temperature of the polyisoprene block and
plasticizer o0ils which 1lower the glass transition
temperature of the polyisoprene segment. Tackifier
systems used in the practice of the instant invent';ion,
while including conventional tackifiers and plasticizer
oils, must have the net effect of being preferentially
soluble in the polyisoprene block so as to preferentially
increase the difference between the glass transition
temperature of the polyisoprene block c'oniponent relative
to the _polyﬁutadiene block_ component, with an increase
(amplification) of the tangent delta of the polyisoprene
peaks of the pressure~sensitive adhesive composition.



struct,urgs derived fromali ;xhat i c dienes and nono-ol efiRs containing 5 or 6
-carbon ato bly with at |east 40% of the structures derpeeaid91969703
pi peryl ene%ﬁl(z{ﬁq’ésperyl ene and isoprene, aronatic resins whi CPF‘I are

hydr ogenat ed to the degree that substantially all=X3~the benzene rings are

- converted to cycl ohexane rings, and.hydrogenated polycyclic resins-such as
hydrogenat ed di cycl opent adi dhe rmmerﬁwem t ine fprmudapinger ey pressure:

includes a normal |y | i gugirf 433Gk f RS BEVRhLES iﬁv@ﬁe{&f,eﬂ.é Added UtHatura;

in the polyisoprene conponent. ot constituents of tackifying system
i ncl ude rosin, rosin: eW%dsmﬂ}Fﬁ%ﬁeﬁé§sﬁﬁF‘@I¥1§r PHYMeESt pIgsit]l yare AB,

conpati bl e W th the Am0|a\/ﬁ§0fxﬁﬁe blé@ﬂpéaﬁﬂlmeréndm@r%i&i Qt mag ai value ot
The additives do not, however he functjon qI}(fe t acki,fi.ers,

narel y, increasing the gpgs§°FPaﬁ§fitVBﬁr?éﬂp%r%ﬁ l?r SeRpLifing Ak dipast one
t he peaks. Pr esenmofcalfenyied D0em®Si tpmsnsemmy hoseyrenghi calpha methyl

Clastoner i mbout 1 SFEVERRGN MY o e sorl) KRl 133Roy W8 R is ar
"based on the total corrpd.susttamgrjtme Icalnarugateﬁ t hd@ienepodhlaai, exquﬂen‘ahly a
I nhibitors, antioxi danb%l%%t%t&leénémgg iaerﬁolpfégﬁrgﬁet Iiﬁock. Preferably at
least one is based on polybutadiene blocks and one other
is based on polyisoprene blocks. These include, but are
not limited to, homopolymers, block, random or multiarmed
copolymers, and mixtures thereof. Among the useful
elastomeric polymers there may be mentioned natural rubber
(polyisoprene)', polybutadiene, synthetic polyisoprene,
random styréne-butadier_ze polymers, styrene-butadiéene (SB)
block copblymers, multiarmed and repeating (SB)
copolymers, ' styrene-butadiene-styrene (SBS) block
copolymers, styrene-isoprene (SI) block copolymers,
styrene-isoprene-styrene (S1IS) block ‘copolymers,
multiarmed styrene-isoprene (SI),, block copolymers, and
the like. It will be understood that random copolymers
- may also be used and can reverse the diene preferentially
tackified so long as the glass transition temperature of
the polymer exhibiting the highest glass transition
temperature is increased rela'tiv-e to the polymer of lower

glass transition temperature.
Commercial elastomeric polymers used include linear
SIS/SI bleock copolymers known as Kraton D-1107 and D-1112,
SBS/SB block copolymers known as Kraton D-1101, D-1102 and
DX-1300, and an (SI), block copolymer known as Kraton D-
1320X, all manufactured and sold by Shell Chemical
Company, and an SB block copolymer known as Solprene 1205
manufactured and sold by Housemex, Inc. As indicated, in
many of the SIS or SBS block copolymers, there are

I respectively present SI or SB components.
eet Has Been Replaced
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tackifying additive. *Bri ef Description of t he Dr awi ngs FI G
1 is an idealized plot of tange delta as a function of telperature and
f requency, f oWO9W/E3935f i ed pressure-sensitive adhesive system basBQTaiSHA01703

el astorfer providing a single peak in the glass tr_a?gition tenperature
regi on and al so depicts regions of cutting and peel frequencies; FI G

2,"as £IG 1, is an idealizegpi,ot eigs&eﬂ%ﬂt dgh g 3a°sat%‘éncé{:fwlg{%e—*:rop'ylehe
tenmperature and frequengy but for a tackified pressure-sensitive adhesfve

based on a biend of infite8ep|ARheEs onEF¥ransprEpyAgnedbutylene weytyrene block
copolymers,  styrene-ethylene/propylene-styrene: block

copolymers and the like, may also be used.

The weight ratio of the polybutadiene containing
constituents of the ™mixture to the polyisoprene
constituents of the mixture are such that there are
provided two peaks on the DMS curve for the mixture as
illustrated in FIG. 4. Generally, weight ratios range
from about 0.5:1 upward. Compositions contemplated to be
used in accordance with the instant invention are combined
in ratio of about 0.5:1 to about S5:1, preferably from
about 1:1 to about 1.5:1, and most preferably from about
1.3:1. _

Tackifier additives for the polyisoprene component
are preferably obtained by the polymerization of a stream
of aliphatic petroleum derivatives in the form of dienes
and mono-olefins containing 5 'or 6 carbon atoms generally
in accordance with the teachings of U.S. Patent Nos.
3,577,398 to Pace and 3,692,756 to St. Cyr, both
incorporated herein by reference. The resultant
.hydrocarbons range from materials which are normally
liquid at room temperature to those which are normally
solid at room temperature and typically contain 40% or
more by weight polymerized dienes. The dienes are
typically piperylene and/or isoprene. They are sold by
the Chemical Division of Goodyear Tire and Rubber Company
as the Wingtack family of resins with the numerical
designation being the softening point, e.g., Wingtack 95
which is normally a solid resin having a softening point
of about 95°C and Wingtack 10 which is normally a liquid
res:_i.n having a softening point of about 10°C.

Other normally solid tackifiers are Escorez 1310 LC

- manufactured by Exxon and Piccotac 95 manufactured by

Hercules. ' ' ,
) , Other additives which serve a tackifier function
\" include hydrogenated aromatic resins wherein a very

This Sheet Has Been
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in the.glass transition regign; FIG 3 is a plot off tangent delta as a

function of @ar%%%gre for bl end of a styrene- but adi ene bl OCkg&R?%&’IW{'IOB
a .

and a styren e-styrene/ styrene-isoprene bl ock copol yner

rel ative weight ratio of about 0.4:1 wherein only-pse peak is shown and

dom nated by -the presence of the polyisoprene conponent; FIG 4is a

pl-ot of tangent delta substantialoporfticenpdfanote alldr, abhkhedbehzehe deys are

st yr ene- but adi ene bl oc a re 0 ne- st ne/
I&o%%%@t#e@rartobgg ;L?ﬁe%}ﬁ %@.nrg}t Qd‘.%gf exa éxp \%8 Regalre:

styrene-i soprene bl ock Copo
peaks are shown, the Imilwenﬁerasuns mkfaetupedyhmtmcanbeamhdrhas Regalre:z

hi gher tenperature pealjgh@r, AYaA, SAe)° 1078 arlzifnés'sa PRO a?ité R4%Bb, ang

delta as a function of _temperature for the sa d of e astoner

as FIG 4, but tackifi&teadddil i Ex%?rp?%siﬂst SXPmo Pirdcw Chem1ca1 “such as

pressure-sensitive adhagken ands) | ustIeees bhe1BNCHeESe PN I, hydrogenated

differential between the.two eaks and t ca.tl of the, peak
associated with the poPPLy&y) E8fpBAe YQ?J‘fIED"’EﬁeY %eé‘@ddﬁ‘!ﬁrﬁes’ms such

bl end; FIG 6 is asplBsécotfezasgon, ds320, as34d uanal @udd marREatdred by
for t he pressure- SEQ?: 'V%.nd %hei'ﬁce.
There can be also added rosins, rosin esters,
~ polyterpenes and other tackifiers which are compatible to
some degree with the polyisoprene and polybutadiene
phases. Other additives include plasticizer oils such as
Shellflex 371 manufactured by Shell and Kaydol mineral oil
manufactured by Witco which are soluble in both the
polyisoprene and polybutadiene phases.

- The tackifier system may be present in an amount,
based on the total weight of tackifier system and
elastomers, of from about 50% to about 80% by weight,
preferably from about 50% to about 70% by weight, more
preferably from about 60% to about 70% by weight. The
presently preferred ratio is about-38% by weight elastomer
and about 62% by weight tackifying resin additive, the
resin additive preferably being a mixture of a normally
so0lid tackifier such as Wingtack 95 or Escorez 1310 LC
and a normally liquid tackifier such as Wingtack 10 or a
plasticizer o0il such as Shellflex 371. Polystyrene
reinforcing additives may be present but are not required.

While, as will be seen, the pressure-sensitive
adhesive formulations of the instant invention exhibit
excellent low temperature and ambient temperature
performance as well as convertibility, it may be desirable
to enhance elevated température performance. This may be
accomplished by cross—iinking techniques such as the use
of electron "beam (EB) radiation and ultraviolet (UV)
radiation and chemical cross-linking. If employed, it is

' desirable that tackifying additives be substantially

This Sheet Has Been Rep.
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conposiktjon of Exanple 17 show the differential in the Lﬂb peaks as a

consequence of addition of a tadkifier; FIGY 7, i
is a plot of WAAKdABXelta as a function of tenperature (DVB) f EF%ZB%‘%}N?’

pressure-sensitive adhesive but where the el astongjg.present, shown in
Control 1, are polyisoprene-based and which shows only one peak; FI G

8is a DVB pl ot for th%aﬁuﬁaﬁaaﬁgﬁaﬁléﬁhtpappebtl%anBﬁurq¥1dm6bﬁhemgoea intc
Control 2, but wherein the elastonerlc

pol yi'sopr ene- based, nafSIGFSTLAEHNG éxn%ﬁé:*%ié éﬁ %%iﬁndciTpgpsnFﬁrngﬁy the
di agranms based on dataaauésammad mhlch predi ct, based upon regression

anal ysi s of : In  considering the relative proportions of

.polybuﬁadiene_ containing constituents to polyisoprene

containing constituents, there is shown in Table 1 the

relative tangent delta contributions of the polybutadiene

(PB) and polyisoprene (PI) constituents. With reference

thereto, at a ratio of 0.4:1 only one glass transition

temperature peak is exhibited and the tangent delta is

high, indicating a high amount of energy loss in cutting

any pressure-sensitive adhesive formulated from the

mixture. At higher proportions of polybutadiene to

polyisoprene, there are exhibited two glass transition

temperature peaks and the tangent delta values are lower

showing lower overall energy being required for cutting

of a formulated pressure-sensitive adhesive. Data in

Table 1 are based on mixtures of Solprene 1205, a block

copolymer of styrene and butadiene, and Kraton 1107, a

mixture, as manufactured, of SIS triblocks and SI

diblocks. -
TABIE 1
Tan Tan
. PB Tg Delta PI Tg ‘Delta
PB PI L) Max (*C) Max
0.4 / 1.0 - - -57 1.64
1.0 / 1.0 -80 0.45 ~54 0.71
1.3/ 1.0 -77 0.64 -54 0.56
1.5/ 1.0 -81 0.70 =55 0.50
2.5/ 1.0 =77 0.76 ~54 0.41
5.0 / 1.0 =82 0.84 = =-54 0.33
Sheet Has Been Replaced
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data reported in Table 2, | pt ack to pol yethyl ene at t{rrperatures of

23[err]C (F err]C (WG 10) and -5C (FIG 11);
a‘%tggélsggéstant values of |ooptack to cardboard at 2 Af%ﬁ/ﬁm3

pl ot of predi
functi-on of conposition; FIG 13 is a plot oflpredicted constant
val ues.of |ooptack to cardboard at 5[err]C as a function.of conpositian,;

~and - FIG 14 is a plot of predicted conBXamples| ke¥0of090[err] peel to
cardboard, also as a functiqR&ig %' {hogial flndi_ sP'ﬁ%)?eﬁn@\t@I kbsig:
are based on a m xture of elastoners In a Qrtion arts

styrene- butadi ene bl 0&4@50095%1%11?@ ﬁﬁ’rtdggﬁ‘r@ﬁﬁgl sEB?er%ffe of adhesiw

styrene/ styrene- Isopre@%rﬂaz%éﬁcécm@wi@ieus dontéfAtrdtionki by 8l agddnldry&1sing

(L5 rown o Vel ecl 36, ST Pouley ERLMAR HOBBeESS L1555 ams

-normally liquid tackifier (Wingtack 10). The results are

tabulated in Table 2 wherein RT means room temperature,
PE means polyethylene, CB means cardboard, LT means
looptack which is determined 'by an Instron machine ir
which a lcop is placed in jaws of the Instron machine with
adhesive exposed and allowed to descend at a predetermined
rate to the surface of the substrate to cover an area
approximately 1" by 1" and immediately thereafter removed,
with a peak of force determined being reported as
looptack. Ninety degree peel is measured by pressure
sensitive Tape Council Test Method No. 2. Viscosity is
measured by Brookfield viscometer with a thermo-cell
attachment and measured with a No. 2 spindle at 10 rpm
after the adhesive sample has been at 175°C for one hour.
Each of the compositions or hot-melt components were
compounded using a one liter sigma blade mixer, coated
using a hot-melt coater onto a release liner and laminated
to a 50 pounds per ream paper face stock.

This Sheet Has Been Replaced '
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-9-  Det,ailed Description he pr
m xt ure of L b eCi bl e natural or

first polydie 3?%§erabl y pol ybut ad
transition tenperature and a val ueuof

esent invention is difgected to a .
synthetic el astoners, one F;wgsgmﬂ,

i ene, exhibiting a first glass 03
t angent delT 48atid the other based on

a second pol ydi ene, preferably ol yi appr ese, rexhirbi ti ngna eecend @l ass «
transttion tenperature higher tfanrd Bp fi &St sindoa secadid ¥al ue of tgngeht
del t a "associ ated therewi th. The t\®| el ast omers™ar & cofrbi fled n r oplor 9% on
whereby there is exhibited two distingt glass transition tenperature peaks
in a DM5 curve, a plot of tangentgdelfa as a function of tenperature in OC
(FIG 4). There is provided ta thE gpnpofit#bn '8 takkiTyifg ystem hi &
conprises tackifiers preferenti@idy, Spl ubffe i tife Jecqd fol Piche @ 2
conponent whi ch cause the terrper%!ure di fdRerentical between thei gllassey  ~
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transiti-on tenperature peakii n the DVMs curve to increage and the anplitude
of the tangewb gigi3dsasfor the*second glass transition tenperaturePCp/E8H01703
increase (FIGS. 5 and 6). The net result is to provide a
pressure-sensitive adhesive conposition exhibiting4%roved conversion as

seen in ability to cut the adhesive and, beca of tangent .delta peaks at
| ow t enper at ure approachi ng i ; ; &n =
: ER8 dhEa TR JRRNR A FERAALIRAG SREVBNEn FIGS
'Itzlegperlat_ure pres;sure;)sem‘s'loithea@imiii\&amrdmp&&lzeiaonf of\i’banCEeﬂteer]?bﬂﬁack t
, 1n a system bas n LN upgr - st QmeL . Qr L ubber .
one finds a peak in a p&g%l?%‘fﬁygﬁﬂgngtdgﬁgéé?#{égﬁgt?g g? ?bsé ?m%#usg ¢, whil
(G') to the storage nofllG8s X15and 42 shownpredicted: vapuest af ecomsfant | doptac
T e A Lne I T eauengdr dlasdhoaty U/ 2p0lha BACS BRAKFIE, 243 LRI biduicte

the transition fromthe glassy s to r ery state
transition). Fl GS.values of ceemgitant plepptacksoa” fpeel i v @irdboard. FIGS

tenper at !J[ e or f r?qu,eﬁ‘fé(nd( ioti A% -co_mparii@h, tét}?owténPeGSEESF.abtfr ?.oo,ptack a
super posi tion rinciple, increasing tenperature is equivalent to,
degregsi ng frequeﬁcy. ‘I?he temperature dgcregges from 23°C to ~5°C, while at 5°

show a fairly symmetrical pattern.

Examples 11 to 16°
Based on the experimental design, using ar
elastomeric mixture at a weight ratio of approximately
1.3:1 SB to SIS, there were formed several adhesive
formulations, the Eomposition and viscosity of wh'ich are
shown in Table 3.

TABLE 3
Ex1l Ex12 Ex13 Ex14 Ex15 Ex16
Solprene 1205 23.4 18.9 20.0 21.2 22.3 22.3
. Kraton 1107 18.6 15.1 16.0 16.8 27.7 17.7
Escorez 1310 LC  14.6 32.0 24.0 24.0 24.0 20.0
Wingtack 10 42.0 34.0 40.0 38.0 36.0 40.0
Ethyl 330 0.7 0.7 0.7 0.7 0.7 0.7
Cyanox LTDP 0.7 0.7 0.7 0.7 0.7 0.7
Visc.
@175.c' Pa.S 28.3 6.5 9-6 15.4 22.0 19o6
Visc. | _ o '
@175°Cc, Pa.s 24,2 10.1 10.8 14.6 20.8 .17.9

Control 1 and Example 17

Table 4 shows two formulations and compares the

performance of an adhesive formulation based solely on SIS

(Control 1) and a blend of SB and SIS (Example 17). As

can be seen, looptack performance is substantially

"improved for the mixture of elastomers as compared to

_ ., compositions based on SIS alone and the same tackifying

- :
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-10- ‘'Tangent delta is preferam‘/ew | ow as possible for go‘d
processabi | iwp9t/m3938rti cul ar cutting, the cutting frequency regPGRUS91/01703
indicated in FIGS. 1 and 2, which frequency is abo¥§_peel frequency in the

transition between the glassy region and the r ubbe

o By 270 PRSI e HAETOLE B ARATE A7oEh, RS .

frequency (10 radi ans/ siiwoadmpardisonn ta £he shme formulstden jexdaept: zhat th

this invention is dire

region. On the other

t ﬁf’sb L SndP A LLE LN gieigez& 28Bal 5198 éwnﬂo

obtain, as expl ai ned, est conprom se O he5|on and good

processability (cutting) by having two or nore glass transition peaks in a

broadened transition region. As illustratedpgrg!4S. 3 to 8, by

Mdynam ¢ )

y Formulation Control 1 Example 17

.Solprene 1205 0.0 21.2
Kraton 1112 : 38.0 16.8
Escorez 1310 1IC 38.0 38.0
Shellflex 371 24.0 24.0
Ethyl 330 _ 0.7 0.7
Cyanox LTDP . 0.7 0.7
RT LT Glass, N/m 437 688
RT LT PE, N/m 369 438
RT LT CB, N/m - 293 - 325
(+5°C) LT PE, N/m 500 756
(+5°C) LT CB, N/m 388 . 569
(-5°C) LT PE, N/m 508 534

Control 2 and Example 18
Table 5, by comparison, shows the looptack properties
of the optimum composition of this. invention (Example 18,

‘FIG. 5) to the same composition where the elastomer is
. solely Kraton 1107 (Control 2 and FIG. 8). The

composition of Example 18 had, as compared to Control 2,
better overall properties. _

The composition of Example 18 was coated on a release
line and then laminated to a paper face stock and the
laminate converted. It was observed that cutting was
iﬁp;ovea considerably without evidence of stringiness of
adhesive during matrix stripping operations.

This Sheet Has Been Replaced




mechani cal spectrunt (EME» tere is neant a plot of tan&ént delta, the
ratio of | ossydedpizgss (G ') To storage nodulus (G ), as a functi grPUse1/01703
tenperature as measured by pl-acing an approximation 1-2 mmthick sanple
between two parallel plates of a Rheometrics instroé®dnt (Mdel RVS-800
manuf actured and sold by Rheonetrics, Inc. Plscatamag New Jersey), and
osciltating the plates relative to each other at I ans per second.
Measurenents are nade OFcEImifAHtivous basis anconergent del t Bxamptemegt ed
as a function of tenper G) is
a neasure of elast|0|tys@1§ﬁéﬁ§;Igmbnus (G'') is @,@easure of ghpezanount

of energy lost as heat ®ratuidixgdd, in the case 3g.peeling thels.s
pressure-sensitive adheEsetxrexaBI® DOrrel ated td4ide anount of4deoergy

di ssipated in peeling thngtexdellsstic polyneric 3mt@rial fromagsabstrate.
As used herein, "glass transition tenperature” is the tenperature at which
a polynerized segrment cBiigyds ¥3Mm a gl assy to a rbbery state. Seguences
of concern have a gl assCyeaex thTHP t enper at ure bel @7 about 50[ er@}T. Wth
- reference to FIG 4, the glass transition tenperature of polybutadiene is -
about -80[err]C and of ‘pol yr soprene 1S about.

RT LT Glass, N/n 427 ' 958
RT LT PE, N/m _ 335 495
RT LT CB, N/m 156 384
(+5°C) LT PE, N/m 599 ' 876
(+5°C) LT cz; N/m 430 531
(~5°C) LT PE, N/m 781 - 301
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- 54] e'rr] &‘t%p ystyrene bl ock al so has a gl ass "t1ansi t‘to.n tenrperature at
about 80[;f]G any with reference to FIGS. 1 and 2:i% in: the—iloyv.r'egl on.

FI G . @Vl ot tangent delta as a function of tenperouuu e fort

styrep .{Qirt a;jl € €. bl ock copol yner ( Sol pren561205) and a 1sS ]‘ﬁiBEi%chla“d

-st 4 sopT e- styrene/styrene- | soprene“Bl ock copol yner
e “SS

t There i s shown thereon t
dom‘n‘ %?y?gﬁgPéReggégment. H gh peak. tangent
L{ processabl lity. FIG 4 illustrates the dual peaks provided

|s p e

TR A oS oK HEGSnall! e YRS ety ehpbet it 2
axhibiting excellent convertibility and low temperature

5 looptack adhesion which compris;s:

a) a mixture of elastomers comprised of:
(1) a first elastomer providing a first
polymerized diene. component, said first elastomer

e _ exhibitiﬁg a first glass transition temperature,

10 ' (11) a second elastomer providing a
second polymerized <diene component, said second
elastomer exhibiting a second glass transition
temperature greater than the first glass transition
temperature, sajd second polymerized diene component

15 being immiscible in the <first polymerized diene
component, said first and second elastomers combined in
a weight ratio of first elastomer to second slastomer
of about 0.5 to about 5.0, wherein the dynamic
mechanical spectrum of the mixture exhibits a first

20 glass transition temperature and a fLirst value of
tangent delta attributed to the first polymerized diene
component and a second glass transition temparature and
second value of tangent delta attributed to the sacond
polymerized diene, said second glass transition

25 temperature being higher than the (first glass
transition temperatﬁre; said mnmixture of elastomers
being combined with,

b) a tackifying system comprising at least
one tackifier preferentially soluble in the second

30 polymerized diene component and present in quantity
sufficient to cause the dynamic mechanical spectrum of
the resultant mixture of elastomers and the tackifying
‘system to exhibit an increase in the second glass
transition temperature and an increase in the

35 difference between the first and second glass
trapsition temperatures and an increase in the value of

(T



reduction in peak tangent delta inproves processgbilitys Ast f Ok riul at ed,

-this mxture is not a pressure sensitive adhesiyve:.." ZR.6 "5-i14ustrat’es

the DVMB curve for a tackified conposition based on about 38% by wei ght of

the mxture of elastoners, the DV5S of which is plotted in FIG 4, and about

62% by .wei ght of a tackifier system based OE Escorez 1310 LC (a normally
sol i d-tackifier manufactured and sold by EX 3ﬁ) and Wngtack 10 (a nornal

liquid tackifier manufactured_and sold b odyear).. ile_there,i s an
i ncrease | ﬁ t he tangen?' del RaPFEESULE s’%ﬁfgt'g% rﬁ%fh%?%\'%rfﬁﬁrﬁllﬂé@aﬂga%-
exhi biting sonme | o¥aimnlpinceliehi thayfiraggpolyriektiaed dienst componerit

bet er  procossant (i pOLtRuCEsiSne; S TpckBigh’ Sith “Bedold BoatEntiud

a hi gher tenperatéieng stonpoBéntr 16) polyiisopmiene.is due to the preferenti

ly

al

sol ubilitygof the tackifier in the polyisoprene resulting in an increase in
glass transition tenperature greater. than the increase in glass transition

tenperature of the polJbut i PResguze. sengitisve adhgsive p8l gladpedndmpeak

towards ambi ent tenpgfatilr eopst bl ijphegnidiPrigyed %{Péessaisaggga&tivi%
adhesi ve properties_at anbjent tenperature (about 20[err] to 2 ,

polybutadiene, styrene-butadiene block copolymers,

styrene-~butadiene~-styrene block copolymers, styrene-

10 butadiene multiarmed block copolymers or a mixture

thereof and in which the second elastomer is natural

rubber, synthetic polyisoprens, styrene-~isoprene-

styrene block copolymers, styrene-isoprene block

copolymers, styrene-isoprens nultiarmed block

.15 copolymers or a mixture thereof.

4. A pressure sensitive adhesive as claimed in
claim 2 or 3 in which the tackifying aystem is
preferentially soluble in the polyisoprene component

20 and selected normally solid polymerized C, or C, dlene

' tackifying resins, normally solid hydrogenated aromatic

hydrocarbons, normally solid saturated cycloaliphatic
hydrocarbons or mixtures thereof.

25 S. A pressure sensitive adhesive as claimed in

' claim 4 in which the tackifying system further
comprises a compound which is a normally 1ligquid
.polymerized C; or g ‘diena tackifing vresin, a
plasticizing oil or a mixture thereof.

30
6. A presgure-sensitive adhesive as claimed in
and of claims 1 to 5 in which the weight ratio of the
first elastomer to the second elastomer is about 1:1 to
about 1.5:1. |
15 e y
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while the distinct existence of the pol ybutadi: eng peak s :
REPLACEMVENT SHEET ‘=12~ indicati i ve _oi_,_

proovi ding i nproved | ow terrperat ure pressure- sensitive adhesive properties. laced
Systens Where the el astoneric constituents are inmsci'ble butThis(Shm as

peak (EIG 3) are not functional for the purposes of the |nsta m‘
except when conbi ned wth another i nmm sci bl const I tuent whi ch

second DVB peak. |Inmiscible systenms whi ch®™F8m t wo peaks are systems wher e

the peaks are separately resented by contributi the p SO

and pol ybu?adi ene corrpjz)hentg PEQgsuye 'éﬂi‘%ﬁe{r ‘gh g‘é?d&ﬁcé’wiﬂf"fhg

i nstant i nventi onany heftehémat ura:odls fim cwhich thewwedghke rpedless 08 the

_' ncreased by the pafditi @q a8 cher to the second elastomer is at about
1.3:1. .

8. A pressure-sensitive adhesive as claimed in
any of claims 1 to 7?7 in which a mixture of elastomars
are present in an amount of from about 30% to about 50%°
by weight based on the total w.ight of the mixture of

0 elastomere and tackifying system.

9. A pressure sensitive adhesive as claimed in

claim 1 in which: |
a) the first elastomer is a styrene-
s butadiens block copolymer, the second elastomer is a
styrene-isoprens~styrene block copolymer or a mixture
of a styrene-isoprene-styrena block copolymer and a
styrene-imoprene block copolymer, said firet and second
elastomers provided in a weight ratio of 1:1 to 1.5:1;
20 and . '
' b) a tackifying system is present in an
amount of from about 60% to about 70% by weight based
on the weight of the first and second elastonrers, saiad
. tackifying system and being preferentially soluble in
25 the second elastomer and comprising normally solid
polymerized C; or C, diene resin. '

10. A pressure sensitive adhesive as claimed in

claim 9 in which the tackifying system further

30 comprises a compound which iz a normally 1liquid

' polymarized C; or C, tackifing rasin, a plasticizer oijl
or a mixture thereof.

11. A pressure-sensitive adhesive as 'claimed in
3s claim 9 or 10 in which the weight ratio of the first
elastomer to the second elastomer is 1.3 to 1.
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tackifier (FIGS. ‘5 and 6) . Al so not within the sco of the | NSjzaReN
i nvention are systens ‘based on a single polydi ene (pol W soprene bl qeirs.)
copol yners) whi ch orma sivoglBinpRaler(AlrSier croshiBimon  As UGERLY

herein,~ "tackifier enl' consists of tdeiiembiusaswhi ch are preferentrally
E“pz ICIy|b|sngI t PN‘I‘Q?N PROKALAPLICA B FULISHEH SNDER I8 PATERS COOPBRATIIETREAT(PCT)
ene = € c acld-i-catton—to—t+nerease

di f f er entli @b memmwmmnénd ampl i{fy {8 Inserearonak Publication Namerst (| a5 VO 91/138
trangirtiogn t g The tackifier sysme >

liquid and S@Bﬁ tab’ﬁfipl er’s -whi ch | eave|unch? e&"’%"r"alplf'\‘g‘%ggtng%mt hema#e%\%"éb" 1991 (19.09
transiti gmtemnperatrare or the polyrsoprene bl'pck and plasticizer oils which

I ova1r f t hel @) BtctnationAApplichtdENEkbEPEr at ROTZUSDfO1T08 £ (mweﬁgm@sem ATs(é art patent), AU, )B% g.(m
Tackifier| systems used in the practic i nst 2 an patent),

i ncl udi ng Qél‘ﬂ?"&ﬂ‘?"b'ﬂr&“g Pt £ | eP? S%I(L?SQ%' Plﬁ zer geﬁ'ﬁézk‘:é%hmp ﬁéﬁ;em ,fj;?g;‘:
ef fett off being preferentially soluble in the|pol yGnqarrqmm emr), TS(Gulaﬁ:aﬁ Patent), JP,
pr ef er ent |(an)P;ioﬂmmease the difference betweeh the(Egiopess W‘P'ahéil{ﬁﬁewpean patent), SE (Ev
t enper at qre 09332 pol yi soffMaeh B?%B‘@ﬁ@rrpoHé 1t rePAE P o t he

pol ybut adi ene bl ock conmponent, with an increage :
.| (71) Applicant: AVERY DENNISON CORPORATION [US/ | Published

US]); 150 N. Orange Grove Boulevard, P.O. Box 7090, - With international search report.
Pasadena, CA 91109 (US).

(72) Inventors: SASAKI, Yukihiko ; 170 Armstrong Drive,
Claremont, CA 91711 (US). ERCILLO, Jesse ; 16249
Benbow Street, Covina, CA 91722 (US).

(74) Agent: GRINNELL, John, P.; Christie, Parker & Hale,
P.O. Box 7068, Pasadena, CA 91109-7068 (US).

(54) Title: PRESSURE-SENSITIVE ADHESIVES BASED ON PREFERENTIALLY TACKIFIED IMMISCIBLE ELA
TOMERS

(57) Abstract

A pressure sensitive adhesive of a mutually immiscible first elastomer (styrene-butadiene block copolymer) exhibitin
first glass transition temperature and a second elastomer (e.g., a styrene-isoprene-styrene block copolymer) exhibiting a seco
glass transition temperature greater than the first is tackified by a tackifying system comprising tackifier preferenually miscil
with the second elastomer to provide a dynamic mechanical spectrum plot of tangent delta versus temperature in °C showing t
separate and distinct glass transition temperature peaks. The mixture exhibits excellent processability and ambient and low te
perature adhesive properties.




(amplifigation) of the tangegg delta of ‘the polyi sopr eng{ peaks of the
pressure-sensitive adhesive nposi ti on. -

-13- . ThVOO{R% used in forrmulating the pressure- sensi tRGRKUS91/01703
-adhesi ves of this invention are based on natural and/or synthetic -

el astoneric polyners. Useful are AB, ABA and,{AB)[err] block copolyners

wherein x has a val nore and wherein Ais a block conprising at
| east one nonoal ken ~ prefer $Eyrene, al pha net hyl styrene,
vinyl toluene and the |™e, and B i ) nmeric conjugated diene
bl ock, preferably aj pol ybut adi emgfgydﬁzgﬂ yi soprene bl ock. Preferably
at least one is based pn @ HB8% aditene bl o¢ks and ELHEL | AW
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i s based.on polyisoprene blogks. These include, but are fhot linted to,
honmopol yners, bl ock, random & nultiarmed copol yners, and m xtures

thereof. . AWSIMBSS seful el astoneric pol yners there may be neRCTAIE21/01703
nat ur al- rubber (polyi soprene), pol ybutadi ene, synthetic polyisoprene,
random-st yr ene- but adi ene pol yners, styrene-hygadi ene (SB) bl ock

copol yhers, multiarmed and repeating (SB) copol yners,

st yrene- but adi ene-styrene - ( SBS) bl ock- copol yners, styrene-isoprene (Sl)
bl ock copol yners, styrene-isoprene-styrene (SI'S) bl ock copol yners,

mul tiarmed styrene-isoprene (Sl)[err] block copolymers, and the like. It

w Il be understood that random copol yners nay al so be used and can reverse
the diene preferentially tackified so long as the glass transition
tenperature of the polyner exhibiting the highest glass transition
tenperature is increased relative to the polyner of |ower glass transition

t enperat ure. Comrerci al elastoneric polynmers used include |inear

SIS/ SI bl ock copol ynmers known as Kraton D 1107 and D 1112, SBS/ SB bl ock
copol ymers known as Kraton D- 1101, D-1102 and DX- 1300, and an (Sl)[err]

bl ock copol ymer known as Kraton D 1320X,. all manufactured and sol d by

Shel | Chenical Conpany, and an SB bl ock copol ymer known as Sol prene 1205
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manuf act yred and sol d by Hougermex, Inc. As indicated, in many of the SIS or
SBS bl ock co 5.- there are respectively present SI or SB conponents.
REPLACENMENT H{13955 - 14- G her o BGTHH 1401703
such as the et hyl ene-propyl ene di ene rubbers, styrene-ethyl ene/butyl ene,
styrene-bl ock copol yners, styrene-ethyl'ene/ pd3fpyl ene-styrene bl ock

copol yhrers and the like, nay al so be used. The wei ght. ratio of the

pol ybut adi ene containing constituents of the mxture to the

pol yi soprene constituents of the nmixture are such that there are provided
two peaks on the DMS curve for the mixture as illustrated in FIG 4.
Cenerally, weight ratios range from about 0.5:1 upward. Conpositions

contenpl ated to be used in azf;%%%?ge ith the instant invention are

conbi ned , .
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inratro-~of about 0.5:1 to apout 5:1, preferably from akout 1:1 to about
1.5:1, and rably from about 1.3:1. Tacki fier addity I,

t he pol yis{opr?glgelgg?r?gonent are preferably obtained by the pol ym¢¢§§{$%AOIJP3
a streamof aliphatic petroleumderivatives in the formof dienes and
mono-ol:efins containing 5 or 6 carbon atons géABrally in accordance with

t he teachi ngs of U S:e% @s. 3,577,398 to Pace and 3,692,756 to St.
Cyr, both incorporat t by reference. The resultant

hydr ocar bons range from erfials which are normally liquid at room
tenperature to those whicz @rje normally solid at roomtenperature and
typically contain 40% or norg by weight polynerized di enes. The di enes
are typically piperyl eneeﬁg%/or i soprene. They are sold by the Chem cal

Di vision of Goodyear Tir g~ Rubber Conpany as the Wngtack famly of
resins with t-he nuneg cal degignation being the softening point, e.g.,
Wngtack 95 ‘which ishnornglpy.a solid resin having a softening point of
about- 95[ err] C and VWhgtack 40 which is normally a liquid resin having a
sof tening point of aWput 10[4grr]C O her normally solid tackifiers are
"Escorez 1310 LC maanact uy.ga ey Exxon and Piccotac 95 manufactured by

1~
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Her cul es.» ' Clher additivf;hmhlch serve a tackifier f@nmnlon i ncl ude

hydr ogenat ed Fﬂ 55 resins erein a very
-15- substantial portion, if not all, of the benzene rings are E&A(EPFIEA1703

to cycLohexane rings (for exanple, the Regalrez fam |y of resins
manuf agt ured by Hercul es such as Regalrez 1018, 19083, 1065, 1078 and 1126,
and Regalite R-100, and the Arkon famly of resins from Arakwa Chem cal
such as Arkon P-85, P-100, P-115 and P-125), hydrogenated pol ycyclic resins
(typical ly dicycl opentadi ene resins such as Escorez 5300 5320, 5340 and

5380 manufactured by Exxon) and the |iKke.
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There - can be also added osins, rosin esters, pol>(ter penes and ot her
‘tackifiers V\Wd: 1/563sconpat i |l e to some degree with the polyi soppeﬂms?d]glmm?’
pol ybut adi ene phases. . her additives include plasticizer oils such as

Shel | f] ekx” 371 manuf actured by Shell and Kaydolg ,gi neral oil- manufactured by
Wtco which are soluble in both the polyisoprene and pol ybut adi ene phases.
The ta}:kifi er systemnmay be present in an anourgsFbased on the total weight
of tackifier system and el ry of from abo 50% t o about 80% by

wei ght, preferably from a% o about 70%/by wei ght, nore preferably
from about 60%to about 70% b ight. The pyesemt{ly preferred ratio is
about 38% by wei ght el astoner and about 62% i tackifying resin
additive, the resin additive preferably bei re of a normally solid
tackifier such as Wngtack 95 or Escorez 1210 LC and normal ly liquid

' [ as Shellflex 371.
Pol ystyrene reinforcing additives may be/present but ar¥ not required.
Wiile, as will be seen, the pressure-segsitive adhesive Xormul ati ons of the
instant invention exhibit excellent |oy tenperature and aybi ent tenperature

performance as well as converti%zyy it may Bgesirabl
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to enhance el evat ed tqnperatu(e performance. This may be(acconplished by
cross- | i nki ngMAHAIRIes such as the use of electron beam (EB) ra bﬂhgﬁn/l703
and ultrayviolet (UV) radiation and chem cal cross-linking. If enployed, |?

i s desi+able that tackifying additives be substantdelly

-16- saturated such that all of the energy of eus - goes into cross-1inking

- of the"el astoneric conponents gf t he adhesi ve. In considering t he

relative proportions of {ﬁzﬂ ene cont ai constituents ‘to
pol yi soprene containing consti S, there is/sho

in Table 1 the .
rel ati ve tangent delta contri bW ons of the pgl ybutadi ene

a7 L 2S£ | LT
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(PB)'dhd*pdf&FSoprene.(PI) c(nstituents.-vvth reference ghereto, at aratio
of 0.4:1 onl WOM®/13838s transition tenperature peak i s exhibitedP@TdUShy01703
tangent "delta is high, indicating a high amount of energy loss in cutting
~any pressure-sensitive adhesive fornul ated fro®/8he ni xture. At hi gher
proportions of polybutadiene to polyisoprene, ghgFe are exhibited two
glasg<zransition tenpéerature peaks and the tangept delta values are | ower
~ show ng | ower overal | ene’r%}wui red for/ciytting of a fornul ated
pressure-sensitive adhesiv a able 1 aye based on m xtures of
‘Sol prene- 1205, a bl ock copoly of styrene apd butadi ene, and Kraton 1107,
a mxture, as manufactured, of SIS triblocks/and SI & bl ocks.

TABLE 1 _ Tan Tan .
PB Tg Delta - «Pl Tg Delta PB /P _ err] Q) Max
([err] © Max 0.4 / 1.0 -- T -57 1.64 1.0
/ 1.0° . -80 0. 45 - -54 0.71 1.3/ 1. -77
_0.64 -54 0. 56 :
25274 287

57 - T ZT

BE

..




/%/3/ 1.0 .81 0. 70 .55 0.50 2.5/ 1.0 T60802%5~¢
.76 -54 0.41 5.0/ 1.0 -82 0.84 - -54

0.33 -17- Exanfloes 1
to 10 Based on the initial findings, an experinental design was
established to determ ne the effect of adhesive performance at various
concentrations of elastonmer using a normally solid tackifier (Escorez 1310
LC and a normally liquid tackifier (Wngtack 10). The results are
tabul ated in Table 2 wherein RT neans room tenperature, PE neans _
pol yethyl ene, CB means cardboard, LT means | ooptack whifchppisaOBRIENT nSHEED by
an Instron nmachine in which a | oop -

12 JUL 999

21832 ' -1~ |
PRESSURE-SENSITIVE ADHESIVE. BASED ON
PREFERENTIALLY TACKIFIED IMMISCIBLE ELASTOMERS

Field of the Invention

. The present invention is directed to elastomer or
rubber based pressure-sensitive adhesive compositions used
in label and tape manufacture.

Background of the Invention
During label manufacture, a laminate of a face stock,

‘pressure-sensitive adhesive layer and a release liner is
passed through apparatus which convert the laminate to
yield commercially useful labels and label stock. The
processes involved in the converting operation include
printing, die cutting and matrix stripping to leave labels
on a release liner, butt cutting of labels to the release
liner, marginal hole punching, perforating, fan folding,
guillotining and the like.

Die and butt cutting involve cutting of the laminate
to the face of the release liner. Other procedures
involve cutting clean through the 1labkel laminate and
include hole- punching, perforating and guillotining.

The cost of converting a laminate into a finished
product is a function of the speed at which the various
processing operations.occur. While the nature of all
layers of the laminate can impact cost of convertibilit&,
the adhesive layer has been the greatest limiting factor
in éase and cost of convertibility. This is in



is placed in jaws of the Instron machine w th adhesive ex
‘to descend at a predetermned rate to the surface of t
cover an area approxinately 1" by 1" and immediately th
with a peak of force determned being reportgd as |ooptac
peel is neasured by pressure sensitive Tape unci | Test
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sed and al | owed

SUPSULatgH9 t
bafter renoved
Nrrety-—degree

thod No. 2.
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Viscosity is nea%:Eﬁgggﬁﬁﬁ%ﬁoékkgigivgp%ﬁgﬁgfaéﬁ@éI"n%th?%rmﬁhféh] hampers

attachnent and neasur

e at 10 rpm after the adhesjve

sanpl e has been gretiecrand tdeavnPerabratiamh of eheli®npBs e fatring

hot - mel t componenRf RYi& 0 R NYBEndEe £ JadhaPente! &b Su@tAny adadasednd
coated using a hot-nelt coater onto a rel ease,liner an:LanLnated t% até@

pounds per rean‘ggﬁbrlﬂg@% thogqutting operations.

ringiness o

adhesive also impacts matrix stripping operations which

follow die cutting operations.

Achieving good convertibility does not, by necessity,
coincide with achieving excellent adhesive performance.

Adhesives must be formulated to fit needs and important

properties include peel adhesion, tack, shear, viscosity

at various temperatures and the 1like.

Good general

purpose adhesives may exhibit poor convertibility simply

because the adhesive is difficult to cleanly cut. Such an

adhesive may stick to a die or blade.

In label

manufacture, die cutting and matrix stripping operations

by necessity occur at a variety of speeds in the range of
0 to 300 meters per minute. Within the range, an adhesive

may provide regions where a matrix will break despite the
fact that successful matrix stripping can occur at speeds
on either side of the region. One goal is to provide
adhesive systems wherein the adhesive can be cleanly cut
and the matrix stripped over the entire range of operating
speeds, as shown as a cutting frequency in attached

FIGS. 1 and 2.

Natural and synthetic elastomers containing
polybutadiene segments and polyisoprene segments are not
miscible with each other. It is known in the art, however,
to mix immiscible elastomeric polymers based on
polybutadiene and polyisoprene. Homopolymers are more
difficult to employ than block copolymers. With block
copolymers, while the midblocks are immiscible, the end

blocks of polystyrene form one common domain making the
mixture stable without major problems of incompatibility

such as separation of phases with time.

Additives to mixtures based on polyisoprene and
polybutadiene vary in their compatibility with the

polybutadiene or polyisoprene portions of the elastomer.




| | LR LR LI

JLerr] _ _ -19- Thelddta given in Table
2 establish as shown in FIGS. 8-10 the predicted conpogitli opg SBL A8t an
| ooptack to polyethylene at tenperatures of 23[err]C §{[drr]C and -5 r{C,
while FIGS. 11 and 12 show predi cted val ues of constant
cardboard at 23[err]C and 5[err]C, and FI G "3 shows priedi cted _va
constant | ooptack _9Q[err eel . to. cardhoard. .FIGS,..,9 a 1 |k I Son,
show a reversal shils, Fgggrﬁgtfﬁ%f¥éﬁél§k&%u%?(ﬁ%ﬁngﬁéesef88%#3§§§?§?%:?%
-5[err] C, while ahe[ gpollybuthdienef,ai nbymaytyetthexé patt eome degree of
compatibility with both components. Of the additives,

those which tend to have no impact or increase glass
transition tempefature are regarded in the art as
tackifiers and those which tend to lower glass transition
temperature as plasticizers. Additives may be
preferentially soluble in the polystyrene portion and may
act as a reinforcing agent.

U.S. Patent No. 4,125,665 to Bemmels, et al. is
directed to a pressure-sensitive adhesive for use as a
sealing tape in applications such as closure for juice and
beverage cans having a top with a preformed aperture for
liquid dispensing. The pressure-sensitive adhesive layer
contains a relatively high melting point tackifier resin
and a relatively low molecular weight styrene block
associating bonding resin. Example 2 in Table A of the
/665 patent discloses a mixture of Kraton 1107, a
styrene-isoprene-styrene (SIS)/styrene-isoprene (SI) block
copolymer and Kraton 1102, a styrene butadiene (SB)/
styrene-butadiene-styrene (SBS) block copolymer, both
manufactured by Shell, along with Wingtack 95, a Cg or Cg
normally solid tackifier as taught in U.S. Patent No.
3,577,398 assigned to Goodyear Tire and Rubber Company and
incorporated herein by reference, and a styrene block
associating bonding resin. In the absence of the styrene
block associating bonding resin, the mixture displayed,
according to the patentees, poor adhesion to steel and the
addition of the styrene associating material was necessary
to overcome the deficiency.

U.S. Patent No. 4,080,348 to Korpman discloses in
Example 2 of Table A an SI block copolymer, an SBS block
copolymer and, as a tackifier, Wingtack 76. The weight
ratio of the butadiene'containing block copolymer to the
isoprene containing block copolymer is 0.25:1. We have
found that such mixtures only show one glass transition
temperature to be present, that being the one



Fer i ALEMEN T oficld
Exarrpl es 11 to 16 Based on the experinmental dgsijign, usi ng n
‘el astoneric mxture at a weight ratio of approximtely}1}3: 123}3{]]_(1999
there were formed several adhesive formulations, the cgngosition and
viscosity of which are shown in Table 3. TABLE 3
Eélé Eilg Ex13 Ex14 Ex15 Ex16 Sol pfene 1205 23. 4 18.9
22.3 22..3 Kraton 1107 . T
177 Escorez 1315Medoningngly gongributed by %‘Peo ls°§’£.eb‘e %g?‘gaW%’g?gléF%
32.70 84. 0 40.ddpol3ther. 36.0 40.0 Ethyl 330 0.7 0.7
: T 0.7 n Og7 7
0.7 Visc. @75[err] Cotlg%lxa %QEE% gf 18Q§Z'est 8Z'e us S 1539%&19"%
3,880,953 to Downey, U.S. Patent No. 3, 509 239 to Tindall,

U.S. Patent No. 4,060,503 to Feeney, et al. and U.S.
Patent No. 3,932,328 to Korpman which employs as a hot-
melt adhesive mixture SIS block copolymer tackified with

a blend of normally solid and normally liquid tackifiers
consisting essentially of polymerized structures derived
from aliphatic dienes and mono-olefins of &5 or 6 carbon
atoms (Wingtack 95 and Wingtack 10 manufactured by
Goodyear); and U.S. Patent No. 4,411,954 to Butch III,
et al.

summary of the Invention
According to the present invention, there is provided

an elastomer or rubber-based. pressure-sensitive adhesive
composition which exhibits excellent convertibility, i.e.,
the ability to achieve cutting of the adhesive in
processing operations involving cutting through a face
stock and adhesive to at least the release liner of the
laminate, while at the same time providing excellent
adhesive properties at both ambient and reduced
temperatures.

These results can be obtained by combining in
admixture two or more immiscible elastomers which when
combined in proportion provide at least two glass
transition temperatures and by the addition of one or more
additives which serve to tackify the mixture and result in
an increase in the difference between the two glass
transition temperatures as a consequence of preferential
miscibility of the tackifier in the additive elastomer
having the highest glass transition temperature and an
amplification of tangenﬁ delta of the elastomer having the
higher glass transition temperatures. Although explained
in terms of diene elastomers, the invention is
contemplated to be applicable to immiscible tackifiable
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Visc. @75[err]C Pa.s 24. 2 10.1 10. 8 14. 6 40.8 17.9
Control 1 and Exanple 17 Tabl e 4 shows two fornul atli dns{ 2ndUt dggdr ¢s
t he performance of an adhesive fornul ati on based solely jot SIS (Control |1)
and a blend of SB and SIS (Exanple 17). As can be seen, |l ooprack
performance is substantially inproved for th& mxture of|_elastomers as

d t b S
o Sal 11 secP Spny gt PR3EHading, SHli ol ' i€t ¥o | EEFYYTEY TRTRr

based polymers and the like.

In a preferred aspect, the invention is based on an
admixture of a first natural or synthetic elastomer
providing a first polymerized diene, preferably
polybutadiene, and exhibiting a first glass transition
temperature and a second natural or synthetic elastomer
providing a second polymerized diene component, preferably
polyisoprene, and having a second glass transition
temperature higher than the first. The elastomers are
mixed in proportion to exhibit a dynamic mechanical
spectrum (DMS), i.e., a plot of a tangent delta (the ratio
of G’’ to G’ as defined herein) against temperature, with
at least two, as opposed to one, distinct peaks
corresponding to glass transition temperatures of the
first polymerized diene (polybutadiene) and second
polymerized diene (polyisoprene) components of the
immiscible blend. A tackifying system comprising at least
one solid tackifier is added to increase the glass
transition temperature of at least the second peak in
order to increase the temperature differential between the
peaks, while increasing the amplitude (tangent delta) of
the second (polyisoprene) peak. shifting at least the
second peak toward ambient temperature improves ambient
temperature pressure-sensitive adhesive performance. The
maintenance of the first peak assures low temperature
pressure-sensitive adhesive performance. Low values of
tangent delta give good processability and cuttability.

The immiscible rubbers are provided in proportion of
the polybutadiene containing elastomer to the polyisoprene
containing elastomer from about 0.5:1 to about 5:1 and
comprise from about 20% to about 50% by weight of the
total weight of the mixture of elastomers and tackifying
additive. .

The tackifying system is preferentially soluble in
the polyisoprene component and comprises normally solid
tackifying resin, preferably based on polymerized
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|nI clorrpzrl son to the sane fornul ati on except that the el stiomer used was
solely Kraton 1112 (FIG 7) TABLE R I gn
Control 1 Exanpl e 17 Sol prene 1205 0.0 1 ﬂZ'QUUg??%'
Kraton 1112 38.0 16. 8 Escorez 131(4 L€ 38°0 |
38.0 Shellflex 371 24.0 -624 0 Ethyl 330
0.7 0.7 Cyanox LTDP Eg‘%

d ass, Nm strygtures derlve%8§ro¢ﬂa¥;pq§§1qwqﬁenes and m?ﬂﬂ;° efins

438 RT LT CB, No¥ntaining 5 233 6 carbon atcidh Hrdferradly) wiklPEBt Neast

7%%% of the structures derived from piperylene or from
piperylene and isoprene, aromatic resins which are
hydrogenated to the degree that substantially all of the
benzene rings are converted to cyclohexane rings, and
hydrogenated polycyclic resins such as hydrogenated
dicyclopentadiene resins. The additive system preferably
includes a normally liquid tackifying resin which is
preferentially soluble in the polyisoprene component.
Other constituents of the tackifying system include rosin,
rosin ester and polyterpenes which are at least partially
compatible with +the polyisoprene component, and
plasticizing oils. The additives do not, however, limit
the function of the tackifiers, namely, increasing the
glass transition temperature differential between the
peaks.

Presently preferred compositions are those in which
the ratio of the polybutadiene-based elastomer to the
polyisoprene-based elastomer is about 1.3:1 and present in
about 15% to about 30% by weight based on the total
composition, the balance of the composition, except for
inhibitors, antioxidants and other modifiers, being of the
tackifying additive.
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this invention (Exanple 18, FIG 5) to the sanme conposifti
el astoner is solely Kraton 1107 (Control "2 and FIiG

composi tion of Expimkenl8 Radesgs peTBAeAraginaalrol 4 better overal
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stringi ness of adhesive durlng mat ri x stnlpplng ope at 1 ans.
pressure-sensitive adhesive syste ased on an elastomer

providing a single peak in the glass transition
temperature region and also depicts regions of cutting and
peel frequencies;

FIG. 2, as FIG. 1, is an idealized plot of tangent
delta as a function of temperature and frequency but for
a tackified pressure-sensitive adhesive based on a blend
of immiscible elastomers displaying multiple (two) peaks
in the glass transition region;

FIG. 3 is a plot of tangent delta as a function of
temperature for a blend of a styrene-butadiene block
copolymer and a styrene—isoprene-styrene/styrene—isoprene
block copolymer at a relative weight ratio of about 0.4:1
wherein only one peak is shown and dominated by the
presence of the polyisoprene component;

FIG. 4 is a plot of tangent delta as a function of
temperature for a blend of the same styrene-butadiene
block copolymer and the styrene-isoprene-styrene/
styrene-isoprene block copolymer, but at a weight ratio of
1.3:1. Two peaks are shown, the lower temperature peak
for polybutadiene and the higher temperature peak for
polyisoprene;

FIG. 5 is a plot of tangent delta as a function of
temperature for the same blend of elastomer rubbers as
FIG. 4, but tackified according to Example 14 to provide
a pressure-sensitive adhesive, and illustrates the
increase in the differential between the two peaks and the
amplification of the peak associated with the polyisoprene'
component of the immiscible elastomer blend;

FIG. 6 is a plot of tangent delta as a function of
temperature for the pressure-sensitive adhesive
composition of Example 17 showing the differential in the
two peaks as a consequence of addition of a tackifier;
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- 21- TABLE 5 Fornul ation ComtT 0T}
Exanpl e 18 Sol prene 1205 0.0 2IL.¢ Krat 7
38.0 16.8 Escorez 1310 LC 24.0 ﬁffﬁﬂ%ng
10 38.0 38.0 Ethyl 330 0
0.7 Cyanox LTDP 0.7 0.7 RT} LT G ass, NNm
Llil/2r7n 9?26 RE‘]!‘GT F‘)F, 1’%? ntrast, is a3§f’ot of tangen el

function of temperature (DMS) for a pressure-sensitive
adhesive but where the elastomers present, shown in
Control 1, are polyisoprene-based and which shows only one
peak;

FIG. 8 is a DMS plot for the same composition,
properties of which are shown in Control 2, but wherein
the elastomeric constituent is solely polyisoprene-based,
naﬁely Kraton 1107;

FIGS. 9, 10 and 11 are ternary diagrams based on data
collected which predict, based upon regression analysis of
data reported in Table 2, looptack to polyethylene at
temperatures of 23°C (FIG. 9), 5°C (FIG. 10) and -5°C
(FIG. 11);

FIG. 12 is a plot of predicted constant wvalues of
looptack to cardboard at 23°C as a function of
composition;

FIG. 13 is a plot of predicted constant wvalues of
looptack to cardboard at 5°C as a function of composition;
and

FIG. 14 is a plot of predicted constant values of 90°
peel to cardboard, also as a function of composition.

The plots of FIGS. 9-14 are based on a mixture of
elastomers (E) in a proportion of 1.3 parts styrene-
butadiene block copolymer to 1 part styrene-isoprene-
styrene/styrene-isoprene block copolymer, a 1liquid
tackifying additive (LT) known as Wingtack 10, and a
normally solid tackifying additive (ST) known as Escorez
1310 LcC.
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-2 2- VWHAT IS CLAIMED I S: 1. A pressure Senj'tiVQEQQPESP?Q

conpri si ng: a) a first elastoneg. providing a I'rs

Detailed Description
The present invention is directed to a mixture of two

immiscible natural or synthetic elastomers, one based on
a first polydiene, preferably polybutadiene, exhibiting a
first glass transition temperature and a value of tangent
delta and the other based on a
exhibiting a

second polydiene,
preferably polyisoprene, second glass
transition temperature higher than the first and a second
The two
elastomers are combined in proportion whereby there is
exhibited two distinct glass transition temperature peaks
in a DMS curve, a plot of tangent delta as a function of
°Cc (FIG. 4).
- composition a tackifying system which comprises tackifiers

value of tangent delta associated therewith.

temperature in There is provided to the
preferentially soluble in the second polydiene component
which cause the temperature differential between the glass
transition temperature peaks in the DMS curve to increase
and the amplitude of the tangent delta for the second
glass transition temperature to also increase (FIGS. 5 and
6).
adhesive composition exhibiting improved conversion as

The net result is to provide a pressure-sensitive
seen in ability to cut the adhesive and, because of
tangent 'delta peaks at 1low temperature approaching
ambient, respective excellent low and ambient temperature
pressure-sensitive adhesive performance.

With reference to FIG. 1,
single uncross-linked elastomer or rubber,
peak in a plot of tangent delta, the ratio of loss modulus
(G77) (G"),
temperature in °C measured at the frequency of 10

in a system based on a
one finds a

to the storage modulus as a function of

radians/second. This peak is attributed to the transition
from the glassy state to the rubbery state (glass
transition).

FIGS. 1 and 2 could be plotted as a function of
temperature or frequency (1/time). By the time
temperature superposition principle, increasing
temperature is equivalent to decreasing frequency.
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polymeri zed diene conponent exhibiting a first glasjs fransrtion

t enper at ure; b) a second elastoner provj 9246

pol ymeri zed di ene conponent exhibiting a second gl aiss tr&ﬁSIFIOH
tenperature greater than the first glass tr 83|t|on t
sefond poléngrized di ene conponent being iﬁﬁ150|ble in the flrst
pol yneri ze I en 0 nen sald f r e eas 0 a
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second val ue of tangent e Ich 1s attributed to the secon |zed
diene, said s&Esfyency a%% ahove| Pest t EFBEPERGYe 1R i S:I’Fp %llﬁﬁ)
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in the val ue of 3ng erm ne cond ass trans
frequency (10 radians/second as shown in FIG. 1.

As shown in FIG. 2, this invention is directed to

{le

modification of the transition region to obtain, as
explained, the best compromise of good adhesion and good
processability (cutting) by having two or more glass
transition peaks in a broadened transition region.

As illustrated in FIGS. 3 to 8, by "dynamic
mechanical spectrum" (DMS) there is meant a plot of
tangent delta, the ratio of loss modulus (G’’) to storage
modulus (G’), as a function of temperature as measured by
placing an approximation 1-2 mm thick sample between two
parallel plates of a Rheometrics instrument (Model RMS-800
manufactured and sold by Rheometrics, Inc., Piscataway,
New Jersey), and oscillating the plates relative to each
other at 10 radians per second. Measurements are made on
a continuous basis and tangent delta is computed as a
function of temperature in degrees centigrade. Storage
modulus (G’) is a measure of elasticity and loss modulus
(G’’) is a measure of the amount of energy lost as heat or
sound and, in the case of peeling the pressure-sensitive
adhesives, can be correlated to the amount of energy
dissipated in peeling the viscoelastic polymeric material
from a substrate.

As used herein, "glass transition temperature" is the
temperature at which a polymerized segment changes from a
glassy to a rubbery state. Sequences of concern have a
glass transition temperature below about 50°C. With
reference to FIG. 4, the glass transition temperature of
polybutadiene is about -80°C and of polyisoprene is about
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claim1 in which the first polynerized diene is ppbl ybut adi ene an
second pol ynerized diene is pol yi sopr ene. 12 JUL‘pgq
-23- 3. A pressure sensitive adhesive_as clajnmed in claim2 }jnf which
the first elastomer is selected fron1the gfﬁﬁﬁ consy sttTTrg—of —potybu

styrene- butadlene bI ck copoaol Y18 b di t
copol yners, 287 K°porye yfen Suk WSS

temperature at about 80°C and with reference to FIGS. 1
and 2 is in the flow region.

FIG. 3 is a plot of tangent delta as a function of
temperature for a styrene-butadiene block copolymer
(Solprene 1205) and a styrene-isoprene-styrene/styrene-
isoprene block copolymer blend (Kraton 1112) at a weight
ratio of 0.4 to 1. There is shown thereon the single peak
is dominated by .the polyisoprene segment. High peak
tangent delta is adverse to processability.

FIG. 4 illustrates the dual peaks provided by the
same mixture of elastomers, but in proportions of about
1.3 to 1 as is preferred in the instant invention. The
reduction in peak tangent delta improves processability.
As formulated, this mixture is not a pressure sensitive
adhesive.

FIG. 5 illustrates the DMS curve for a tackified
composition based on about 38% by weight of the mixture of
elastomers, the DMS of which is plotted in FIG. 4, and
about 62% by weight of a tackifier system based on Escorez
1310 LC (a normally solid tackifier manufactured and sold
by Exxon) and Wingtack 10 (a normally liquid tackifier
manufactured and sold by Goodyear). While there is an
increase in the tangent delta for the second or higher
temperature peak exhibiting some loss in processability,
tangent deltas are still lower than the single peak of
FIGS. 3, 7 and 8 exhibiting on a relative basis better
processability. The polyisoprene peak of FIG. 5 has been
shifted to a higher temperature (about 8°C). This shift
is due to the preferential solubility of the tackifier in
the polyisoprene resulting in an increase in glass
transition temperature greater than the increase in glass
transition temperature of the polybutadiene peak. The
shift of the polyisoprene peak towards ambient temperature
establishes improved pressure-sensitive adhesive
properties at ambient temperature (about 20° to 23°C),
while the distinct existence of the polybutadiene peak is
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styrene-butadi ene nultiarmed bl ock copolyners and mi qtures thereof.
4. A pressure sensitive adhesive as clained in claihdq ih2wi)cH99%e [s¢cond
el astoner is selected fromthe group consi sting qf nat ur al r ybber,
synthetic polyisoprene, styrene-isoprene-styrene bl ogk Copol yiers,
styane-lsoprene bl ock copol yners, styrefie-i soprane nmultiarnmed bl o¢k
copol yners and m xtures. thereof. ... . p 1 adhesive
as clainmed in d‘%‘hﬁ%‘lﬁﬁe %ﬁ?g‘ﬁ:o?’ﬁglg conar e é%t%%ﬁer | g‘ sel ecliée fromthe
group consistisgnsibive adhesive prqpeetieS-synthe;ic pol yi sopr ene,
styrene- | soprene- st yr gpgebhack,@pal YERES, o1 AL¥LABE1LSOBOABR ithledtls are

copol yners, styrene-1soprene nultiarmnmed ock copol yners and m xture

t her eof . ignisaibieshite £OFH tAvSIRFER| ReAs FECred3! n a%§ ai%%z

in which the tackih¥tiensyst@s® i €her ?Jv.ﬁ’(pﬁ’gés-?ﬂ bF thel ubhstantt Havention,
r

ol yi soprene conponen e s .
poly P ngxcgp 3ﬂgnsgéﬁﬁiﬁgd wggh another immiscible constituent

which forms a second DMS peak. Immiscible systems which
form two peaks are systems where the peaks are separately
represented by contributions of the polyisoprene and
polybutadiene components (FIG. 4) and where, in accordanée
with the instant invention, the temperature differential
between the peaks is increased by the addition of a
tackifier (FIGS. 5 and 6). .

Also not within the scope of the instant invention
are systems based on a single polydiene (polyisoprene
block copolymers) which also form a single peak (FIGS. 7
and 8).

As used herein, "tackifier system" consists of
tackifiers which are preferentially miscible with the
polydiene having the highest glass transition temperature
(polyisoprene) and serves by preferential tackification to
increase differential between the peaks and amplify the
peak of the highest glass transition temperature. The
tackifier system may also include normally liquid and
solid tackifiers which leave unchanged or increase the
glass transition temperature of the polyisoprene block and
plasticizer oils which 1lower the glass transition
temperature of the polyisoprene segment. Tackifier
systems used in the practice of the instant invention,
while including conventional tackifiers and plasticizer
oils, must have the net effect of being preferentially
soluble in the polyisoprene block soc as to'preferentially
increase the difference between the glass transition
temperature of the polyisoprene block component relative
to the polybutadiene block component, with an increase
(amplification) of the tangent delta of the polyisoprene
peaks of the pressure-sensitive adhesive composition.
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the group conprising-nornmally solid polynerized C[err] ér ' di ene
resins, normally solid hydrogenated aromati ¢ hydrocarbgng, é fW%p
sol i d saturated cycl oal i phatic hydrocarbons and m xt ur ¢s L hereof .

7. A pressure sensitive adhesive as claine claim6 in which -the
tacki fying systen1further conpri ses a coim 3und sel ect

consisting of a nor % ﬁ%%%%%?go¢gé@r 'izr?d f%%nﬂfla%ﬁ& er}ﬁlg‘atﬂgé’gﬁreﬁ

pl asticizing oil and
-24- 8. /lsensitive aﬂt&amese ofdkbdsvényentiannarepased on natural

and/or synthetic elastomerlc polymers. Useful are AB, ABA
and (AB), block copolymers wherein x has a value of 3 or
more and wherein A is a block comprising at least one
monoalkenyl arene, preferably styrene, alpha methyl
styrene, vinyl toluene and the 1like, and B is an
elastomeric conjugated diene block, preferably a
polybutadiene or a polyisoprene block. Preferably at
least one is based on polybutadiene blocks and one other
is based on polyisoprene blocks. These include, but are
not iimited to, homopolymers, block, random or multiarmed
copolymers, and mixtures thereof. Among the wuseful
elastomeric polymers there may be mentioned natural rubber

(polyisoprene), polybutadiene, synthetic polyisoprene,
random styrene-butadiene polymers, styrene-butadiene (SB)
block  copolymers, multiarmed and repeating (SB)
copolymers, styrene-butadiene-styrene (SBS) block
copolymers, styrene-isoprene (SI) block copolymers,
styrene-isoprene-styrene (SIS) block copolymers,
multiarmed styrene-isoprene (SI), block copolymers, and
the like. It will be understood that random copolymers
may also be used and can reverse the diene preferentially
tackified so long as the glass transition temperature of
the polymer exhibiting the highest glass transition
temperature is increased relative to the polymer of lower
glass transition temperature.

Commercial elastomeric polymers used include linear
SIS/SI block copolymers known as Kraton D-1107 and D-1112,
SBS/SB block copolymers known as Kraton D-1101, D-1102 and
DX-1300, and an (SI), bloék copolymer known as Kraton D-
1320X, alil manufactured and sold by Shell Chemical
Company, and an SB block copolymer known as Solprene 1205
manufactured and sold by Housemex, Inc. As indicated, in
many of the SIS or SBS block copolymers, there are
respectively present SI or SB components.
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claim5 in which the tackifying systemis preferential]y}soluble in the
‘pol yi soprene conponent and sel ected fromthe group conprj sifrid) Judr 19991 y
solid polynerized C5 or C6 diene resins, normally solid hydrogenated
aromati ¢ hydrocarbons, normally solid satuggégd cycl oal i phati ¢ hydrocar bpns
and rixtures t her eof . 9. A pressure“sensitive pdhesive as claine
inclaim8 in which t ckif.yi tem further #ﬂgﬂ)' C@ﬁgﬁﬁn
selected fromthe grgglﬁggor%flés/ %g%% agﬁg?&mlﬁ% | u:égﬁggle;ﬁr?eri Z€é C[neerr]
or (err] diene Qiehef ravbbexspl shynengTrRihyle whxlenes EhErepe. block
10. A pressure-sggshi{neradheskygrafeCbihifidne]probel@nd-istyMeineh t fock
weight ratio of the first elastomer_,to the second el astqner is about 0.5
to about 5. copoiymegs,ppdsthe. ddkert PG¥ 3§ﬁ85P9eu§§ laimed in claim
2 in which the wei ght That iveight heatlibstof! ghoneslylwtddiese c awnhtel iasimgrer
I's about 0.5 to abou

cons%i%uents of the nixture to the polyisoprene
constituents of the mixture are such that there are
provided two peaks on the DMS curve for the mixture as
illustrated in FIG. 4. Generally, weight ratios range

from about 0.5:1 upward. Compositions contemplated to be

used in accordance with the instant invention are combined
in ratio of about 0.5:1 to about 5:1, preferably from
about 1:1 to about 1.5:1, and most preferably from about
1.3:1.

Tackifier additives for the polyisoprene component
are preferably obtained by the polymerization of a stream
of aliphatic petroleum derivatives in the form of dienes
and mono-olefins containing 5 or 6 carbon atoms generally
in accordance with the teachings of U.S. Patent Nos.
3,577,398 to_ Pace and 3,692,756 to St. Cyr, both
incorporated herein by reference. The resultant
hydrocarbons range from materials which are normally
liquid at room temperature to those which are normally
solid at room temperature and typically contain 40% or
more by weight polymerized dienes. The dienes are
typically piperylene and/or isoprene. They are sold by
the Chemical Division of Goodyear Tire and Rubber Company
as the Wingtack family of resins with the numerical
designation being the softening point, e.g., Wingtack 95
which is normally a solid resin having a softening point
of about 95°C and Wingtack 10 which is normally a liquid
resin having a softening point of about 10°C.

Other normally solid tackifiers are Escorez 1310 LC
manufactured by Exxon and Piccotac 95 manufactured by
Hercules.

Other additives which serve a tackifier function
include hydrogenated aromatic resins wherein a very
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12. A pressure-sensitive adhesive as claimed in claim3 in mhlch the
wei ght ratio of the first elastomer to the second el asfofrert 2sJUibde89 0} 5

| S

to about 5. 13. A pressure-sensitive adhesive gsjiclainmed in
claim5 in which the weight ratio of the flrst el ast one to the second
el astomer is about 0.5 to about 5. 1Pr. A pressire-sensitive

lastoner o PHESEARGHAL PATiSTr T TR Akt OF (1% B FGnge dre

15. A pressure-seonVértedaﬂbestEnhexaﬂemnnngs dfonﬂexampleﬂ1tﬂacﬂeq&ﬁrez

wei ght ratio of Ehg:iyrsh FLOMOTnurdturdd B5ORAL-G1ES" QUK A RUGUIrd:
1018, 1033, 1065, 1078 and 1126, and Regalite R-100, and
the Arkon family of resins from Arakwa Chemical such as
Arkon P-85, P-100, P-115 and P-125), hydrogenated
polycyclic resins (typically dicyclopentadiene resins such
as Escorez 5300, 5320, 5340 and 5380 manufactured by
Exxon) and the like.

There can be also added rosins, rosin esters,
polyterpenes and other tackifiers which are compatible to
some degree with the polyisoprene and polybutadiene
phases. Other additives include plasticizer oils such as
Shellflex 371 manufactured by Shell and Kaydol mineral oil

‘manufactured by Witco which are soluble in both the
polyisoprene and polybutadiene phases.

The tackifier system méy be present in an amount,
based on the total weight of tackifier system and
elastomers, of from about 50% to about 80% by weight,
preferably from about 50% to about 70% by weight, more
preferably from about 60% to about 70% by weight. The
presently preferred ratio is about 38% by weight elastomer
and about 62% by weight tackifying resin additive, the
resin additive preferably being a mixture of a normally
solid tackifier such as Wingtack 95 or Escorez 1310 LC and
a normally liquid tackifier such as Wingtack 10 or a
plasticizer o0il such as Shellflex 371. Polystyrene
reinforcing additives may be present but are not required.

While, as will be seen, the pressure-sensitive
adhesive formulations of the instant invention exhibit
excellent 1low temperature and ambient temperature
performance as well as convertibility, it may be desirable
to enhance elevated temperature performance. This may be
accomplished by cross-linking techniques such as the use
of electron beam (EB) radiation and ultraviolet (UV)
radiation and chemical cross-linking. If employed, it is
desirable that tackifying additives be substantially
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- 25- 16. A pressure-sensitive adhesive as clained finfclaim3 in wiia
the weight ratio of the first elastonmer to the second € ast N1t Sie9hout
1.0 to about 1.5. 17. A pressure-sensitive adhesf vie 32?3V%|§39 i[n
claim5 in which the weight ratio of the flrst el ast ongr to—tire—secornd

el astoner is about 1. 0 to about 1.5. 6=A pressurie- sensi ti ve adhesi

as clainmed in claim n which fi,rst econd el as S

an anount of frofif EE}E&F%&W&‘ %]0]% € T’gﬁpeﬁgg %% e‘%"o‘{se filto! "

wei ght of the m xrose-dddkiagki Bfi ndheystedmstomeric components of the
adhesive.

In considering the relative proportions of
polybutadiene containing constituents to polyisoprene
containing constituents, there is shown in Table 1 the
relative tangent delta contributions of the polybutadiene
(PB) and polyisoprene (PI) constituents. With reference
thereto, at a ratio of 0.4:1 only one glass transition
temperature peak is exhibited and the tangent delta is
high, indicating a high amount of energy loss in cutting
any pressure-sensitive adhesive formulated from the
mixture. At higher proportions of polybutadiene to
polyisoprene, there are exhibited two glass transition
temperature peaks and the tangent delta values are lower
showing lower overall energy being required for cutting of
a formulated pressure-sensitive adhesive. Data in Table
1 are based on mixtures of Solprene 1205, a block
copolymer of styrene and butadiene, and Kraton 1107, a
mixture, as manufactured, of SIS triblocks and SI

diblocks.
TABLE 1
Tan Tan
PB Tg Delta PI Tg Delta
PB PI (°C) Max (°C) Max
0.4 / 1.0 - - -57 1.64
1.0 / 1.0 -80 0.45 -54 0.71
1.3 / 1.0 -77 0.64 -54 0.56
1.5 / 1.0 -81 0.70 ' -55 0.50
2.5 / 1.0 =77 0.76 -54 0.41
5.0 / 1.0 -82 0.84 ~54 0.33

h
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19. A pressure-sensitive adhesive as clained in claijmsrmwhrch~a i st
and second el astoner are present in an anount of from 5243@96 Royt
50% by wei ght based on the total weight of the m xturie {a *@?
system 20. A pressure sensitive adhe73| ve conprilsing: a)
a pol ybut adi ene el astoner selected fromt het group consi sting of
pol ybut adi ene, styrene-but adi ene- Lég%‘enele bl ° OFyret-S;
styrene-but adi ene bl ock copol yners - n1xtures t hereof, said
pol ybut adi ene el ast oBaisedxbnbtheninitial sfingiqgs t ramgpcpemmteeﬁpérdeamn
and a first val u‘%:a%f E@%Q%'i&sﬁ%ht ataeatfé{%ﬁ%aéﬁmevf@actof okrmgaﬁégiee

b) a polyisoprene el astoner sel ected m t he group consjistin

natural rubber, PEEfCFHINGR ats¥ArdQIs congataiadiqRg Afe %ﬁ%ﬁﬁ?%%ﬁd??h%gs
Styrlene i sopr engabl %K-malqgnﬁols&smas té@kifféﬂed(ﬁéwﬁtf 1900 ene)bl aﬁg a
copol yners and_m xtyres._ther sqQprene ast i biting
a second gl ass tr"é?ﬁ?‘iaﬁﬁgnlflg}’rﬁg g?ﬁlﬂabg?]g {vérnqcb ok 16) 2° HE resdl FYEL Pt

tabulated in Table 2 wherein RT means room temperature, PE

0)

means polyethylene, CB means cardboard, LT means looptack
which is determined by an Instron machine in which a loop
is placed in jaws of the Instron machine with adhesive
exposed and allowed to descend at a predetermined rate to
the surface of the substrate to cover an area
approximately 1" by 1" and immediately thereafter removed,
with a peak of force determined being reported as
looptack. Ninety degree peel is measured by pressure
sensitive Tape Council Test Method No. 2. Viscosity is
measured by Brookfield viscometer with a thermo-cell
attachment and measured with a No. 2 spindle at 10 rpm
‘after the adhesive sample has been at 175°C for one hour.
Each of the compositions or hot-melt components were
compounded using a one:.liter sigma blade mixer, coated
using a hot-melt coater onto a release liner and laminated
to a 50 pounds per ream paper face stock.
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first glass transition tenperature and a second
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C)

a tackifying system conprising tackifying conponents prefrerentiarTy
‘m scible with polyisoprene and present in quantity suffi ¢i fgbhﬂa§?§ﬁe an
increase in the tenperature difference bet ween the |po ne

attributable glass transition tenperature pegk and the|palyisoprene
attributable glass transition tenperature p and increase in the tangent

REPLACEMENT SHEET

delta val ue of the po"ﬁﬂ B‘rtgngbggﬂk% T%b]f%e ;e(j)ﬁ ydtgblta SIu ghpﬁﬂbllhl ¥ecs.

adhesive as clained in [Fai m

I ene elastoner IS a

st yr ene- but adi en@-tiIOod:lm;omm@n@te@nqompespbmnsopf-em@nsiaré: nioQpitaclkf to
styrene- 'Sopre”epﬁlxzfe%?léﬁé atYEeRSel SO &N B PAK, 9Rol ¥ Sseoc, Tﬁhlle

22. A pressure sensitivé adhesive as claifmed in claim20 in whi ch’
t acki fyi ng syst eIiGS-pidf apdnizafhov rpditted yalymes, oty copstant éPﬁEF%ﬁ%r
and sel ected fromort kargbodpdAcaiPzs s¢ Nghd @ 9@ lands wrcd nol yhewszpdefieted

or (err]

normal |y soI;d safﬁT%%gé ?@PS%?ngg %@Eﬂ@%ﬁ%ggﬁ%ga'éb(ﬁ%&&ﬁégp "% F1Gs.

9 and 10, in comparison, show a reversal of looptack as
the temperature decreases from 23°C to -5°C, while at 5°C
show a fairly symmetrical pattern.

Examples 11 to 16
Based on the experimental design, wusing an
elastomeric mixture at a weight ratio of approximately
1.3:1 SB to SIS, there were formed several adhesive
formulations, the composition and viscosity of which are
shown in Table 3.

TABLE 3
Ex11 Exl2 Ex13 Ex14 Ex15 Ex16

Solprene 1205 23.4 18.9 20.0 21.2 22.3 22.3
Kraton 1107 18.6 15.1 16.0 16.8 27.7 17.7
Escorez 1310 LC 14.6 32.0 24.0 24.0 24.0 20.0
Wingtack 10 42.0 34.0 40.0 38.0 36.0 40.0
Ethyl 330 0.7 0.7 0.7 0.7 0.7 0.7
Cyanox LTDP 0.7 0.7 0.7 0.7 0.7 0.7
Visc.

@175°C, Pa.s 28.3 6.5 g.6 15.4 22.0 19.6
Visc.

@175°C, Pa.s 24.2 10.1 10.8 14.6 20.8 17.9

Control 1 and Example 17
Table 4 shows two formulations and compares the
performance of an adhesive formulation based solely on SIS
(Control 1) and a blend of SB and SIS (Example 17). As
can be seen, 1looptack performance is substantially
improved for the mixture of elastomers as compared to
compositions based on SIS alone and the same tackifying
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m xtures thereof. 23. A pressure sensitive adh¢sive as clainediih
claim22 in which the tackifying systemfurther conpris¢s|{ B2 3%

sel ected fromthe group consisting of a normally liqdid polynerized
Cerr] or ({err] tackifier, a plasticjigg oi | and{mXxtures thereof.L
-27- 24. A pressure sensitive adhesive as clained ilo_¢claim?1l_in whi-¢h

the tackifying SXﬁiff@fQ%sQre&ﬁéeﬂﬁéaﬁiaf for Example 17 is shown in FIG. 6
in comparison to the same formulation except that the

elastomer used was solely Kraton 1112 (FIG. 7)

IABLE 4

Formulation . Control 1 Example 17
Solprene 1205 0.0 21.2
Kraton 1112 38.0 16.8
Escorez 1310 LC 38.0 38.0
Shellflex 371 24.0 24.0
Ethyl 330 0.7 0.7
Cyanox LTDP 0.7 0.7
RT LT Glass, N/m 437 688
RT LT PE, N/m 369 438
RT LT CB, N/n 293 325
(+5°C) LT PE, N/m 500 756
(+5°C) LT CB, N/m 388 569
(-5°C) LT PE, N/m 508 534

Control 2 and Example 18

Table 5, by comparison, shows the looptack properties
of the optimum composition of this invention (Example 18,
FIG. 5) to the same composition where the elastomer is
solely ZKraton 1107 (Control 2 and_ FIG. 8). The
conposition of Example 18 had, as compared to Control 2,
better overall properties.

The composition of Example 18 was coated on a release
line and then laminated to a paper face stock and the
laminate converted. It was observed that cutting was
improved considerably without evidence of stringiness of
adhesive during'matrix stripping operations.



. . AL )
soluble in the polyisoprene el astonmer and sel ected fromthe %%Apg\FVTSdEET
conprising normally solid polynerized (Jerr]Jor (Jerr] diehe nornally soljd
hydr ogenat ed aromati ¢ hydrocarbons, normally solid saturajefl yZIJoRl 1999at) c
hydrocarbons and mi xtures thereof. A pressure pehsitive adhesijye
as claimed in claim22 in which the tacklfylng system furf hér Conprises a
conpound sel ected fromthe -group consi skiaRgggr0s a nornal i |iquid
polynerized C5 or C6  tackifier, a prasticizer oil and m xtures
t her eof . FormulatdQins i e- sensi 1GMEERheZi ve EX3PRIGABi n ¢l ai m 23
in which the weight ratio of_ the polybutadiene elastoner to the
pol yi soprene el &PHRSNS L2Bout 0.5 to ad
pressure- sensi t KF@tQIhdiQ% as cl ai ned i 8- %Ia|n121 in ghgch the wei ght

e

.7

ratio of the poI 0 Eﬁastonert(?éh% polylsopr§ el astoner is

about 0.5 to ingtack 10

Ethyl 330 0.7

Cyanox LTDP 0.7 .7
RT LT Glass, N/m 427 958
RT LT PE, N/m 335 495
RT LT CB, N/m 156 384
(+5°C) LT PE, N/m 599 876
(+5°C) LT CB, N/m 430 531

(-5°C) LT PE, N/m 781 301



about 5. 28.

A pressure-sensitive adhesive a
© 22 in which the weight

sRBRACE

ke m
rati o of the pol ybutadiene el FLO M HEEET

pol yi soprene el astonmer is about 0.5 to about 5. 297 TR T

pressure-sensitive adhesive as clained in claim25 ifn i §hytsh i gh

rati o of the pol ybutadi ene el astoner to the polyiso re\rll\g %IJaLjs"tw S

about 0.5 to about 5. -22-

WHAT IS CLAIMED IS:

1. A pressure sensitive adhesive comprising:

a) a first elastomer providing a first
polymerized diene component exhibiting a first glass

transition temperature;

b) a second elastomer providing a second

polymerized diene component exhibiting a second glass
transition temperature greater than the first glass
transition temperature, said second polymerized diene

component being immiscible in the first polymerized diene

component, said first and second elastomers combined in

a mixture whereby the DMS of the mixture exhibits a first
glass transition temperature and a first value of tangent
delta which is attributed to the first polymerized diene
and a second glass transition temperature and second value

of tangent delta which is attributed to the second
polymerized diene, said second glass transition

temperature being higher than the first glass transition
temperature; and

c) a tackifying system comprising at least one

tackifier preferentially soluble in the second polymerized
diene component and present in quantity sufficient to
cause the DMS of the combination to exhibit an increase
in the difference between the first and second glass
transition temperatures and an increase in the wvalue of

tangent delta determined at the second glass transition
temperature.

2. A pressure sensitive adhesive as claimed in

claim 1 in which the
polybutadiene and the

polyisoprene.

first polymerized diene is
second polymerized diene is

AW
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"t he wei ght
is about 1.0 to about 1.5.

30. A pressure-sensitive adhesive as clained |

i R REPLACEMENT SHEET

rati o of the pol ybutadi ene el astoner to the | s

31. A pressure-sensitj vie i@yl
clainmed in claim21 in which the wei ght Q

el astonmer to the polyi soprene el ast oner
32. A pressure-sensitive adhesive as

rati o of the pol ybutadi ene

wei ght

rati o of the padl ylout adi ene

oprene elaséor

hijch
er

is about 1.0 t

about 1.55
inmed in claim

the wel ght ratio o

el dstomer to the pol yi soprene el ast oner

is about 1.0 t-0 abgut r en t| siye as
claimed in Claln12 eﬁvg e sensi 1€epéﬁﬁ€§§v§ §é fﬁ@& b\ eq

I ene
el ast omeFled® ke ml'yhsgbré:h@ diEsbred assomptis, eewcted frcm the

group consisting of polybutadiene, styrene-butadiene block

copolymers, styrene-butadiene-styrene block copolymers,

styrene-butadiene multiarmed block copolymers and mixtures
thereof.

4. A pressure sensitive adhesive as claimed in

claim 2 in which the second elastomer is selected from the
group consisting of natural rubber, synthetic

polyisoprene, styrene-isoprene-styrene block copolymers,

styrene-isoprene ' block copolymers, styrene-isoprene

multiarmed block copolymers and nixtures thereof

A pressure sensitive adhesive as claimed in

claim 3 in.which the second elastomer is selected from the
group consisting of

polyisoprene,

5.

natural  rubber, synthetic

styrene-isoprene-styrene block copolymers,
styrene-isoprene Dblock copolymers, styrene-isoprene
multiarmed block copolymers and mixtures thereof

6. A pressure sensitive adhesive as claimed in

claim 2 in which the tackifying system is preferentially
soluble in the polyisoprene component and selected from

the group comprising.normally solid polymerized Cg or Cg
diene resins, normally solid hydrogenated aromatic

solid saturated cycloaliphatic
hydrocarbons and mixtures thereof.

hydrocarbons, normally

7. A pressure sensitive adhesive as claimed in

claim 6  in which the tackifying system further comprises
a compound selected from the group consisting. of a
normally liquid polymerized Cg or Cg diene tackifier, a
plasticizing oil and mixtures thereof.

___—_F__
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about 1.5.
-20 in which a m xture of

;
el astonmers are present in an anount of f rom about 3C%tol|§bé@€§g§m y
wei ght based on the total [

35. A pressure-sensitive adhesive as claimed in
m xture of i nm scible pol ybutadi ene

present i
the total

anount of

34. A pressure-sensitive adhesive
I mm sci bl e pol ybut adi ene an

wei ght of the m xture and |t
claiim21 in which a

| REPLACEMENT SMEET:
crarmed T el
dslp

~2fd pol yi sopr ene—etastomeTrs—are
n an unt _.of - from about 3 % to about 50%

b¥: V\Bigh Qased on
ht of tRESHERES eSTRT 18 f fPRGSHEE e ed Xp.
pressure- sémsnmlﬂeladmm tsectackddyiing sgsaem 23 lptre/ﬁun:drntaxarixyure of

aim

A

amount of SON bt 38 e o ne By ARy B8R RARGH "R s RN e

wei ght of

the greupr compriatkgf pomgralky esmlid polymerlzed Cg or Cg
diene resins, normally

solid hydrogenated aromatic
hydrocarbons,

normally solid saturated cycloaliphatic
hydrocarbons and mixtures thereof.

9. A pressure sensitive adhesive as claimed in

claim 8 in which the tackifying system further comprises
a compound selected .from the group consisting of- a
normally liquid polymerized Cg or C. diene tackifier, a
plasticizing oil and mixtures thereof.

10. A pressure-sensitive adhesive as claimed in

claim 1 in which the weight ratio of the first elastomer
to the second elastomer is about 0.5 to about §

11. A pressure-sensitive adhesive as claimed in

claim 2 in which the weight ratio of the first elastomer
to the second elastomer is about 0.5 to about 1.
l12. A pressure-sensitive adhesive as claimed in

claim 3 in which the weight ratio of the first elastomer
to the second elastomer is about 0.5 to about 5.

13. A pressure-sensitive adhesive as claimed in

claim 5 in which the weight ratio of the first elastomer
to the second elastomer is about 0.5 to about 5.

l14.. A pressure-sensitive adhesive as claimed in

claim 1l in which the weight ratio of the first elastomer
to the second elastomer is-at about 1.0 to about 1.5.

15. A pressure-sensitive adhesive as claimed in

claim 2 in which the weight ratio of the first elastomer
to the second elastomer is about 1.0 to about 1.5.

I
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- 29- 37. A pressure-sensitive adhesive as clainediin clarm 25 T i Whijch
-a mxture of inmscible polybutadi ene and pol yi soprene {ella ?]?n;géé 12§
present in an anmount of from about 30%to about 50% by |wei e nithe
total weight of the m xture and tackifying system A-pi-essud e
sensitive adhesive conprising: -25- &) an inmm sgibl e i xt ure of
el astomers conprising a first el astomer selected from the group CONMSTSt

19
of styrene- bytgadi ene ;@‘Eés&x}éée-%‘éﬁ&!!@ﬂéneadﬁéﬁ&%@ Rlsock) gepely MgRs and
m xt ur es thereof

claim f P

nd
which the weight ratio of the first elastomer
to the second elastomer is about 1.0 to about 1.5

17. A pressure-sensitive adhesive as claimed in

claim 5§ in which the weight ratio of the first elastomer
to the second elastomer is about 1.0 to about 1.5

i8. A pressure-sensitive adhesive as claimed in

claim 1 in which a first and second elastomer are present
in an amount of from about 30% to about 50% by weight

based on the total weight of the mixture and tackifying
system.

19. A pressure-sensitive adhesive as claimed in

claim 5 in which a first and second elastomer are present
in an amount of from about 30% to about 50% by weight

based on_the total weight of the mixture and tackifying
system.

20. A pressure sensitive adhesive comprising:

a) a polybutadiene elastomer selected from the

gréup consisting of polyl_outadiene, styrene~butadiene-
styrene block copolymers, styrene-butadiene block
copolymers. .and - mixttireé thereof, -said polybutadiene
elastomer exhibiting a first.glass transition temperature

and a first value of tangent delta measured as a function
of temperature; -

b) a polyisoprene elastomer selected from the

group consisting of natural rubber, polyisoprene, styrene-
isoprene=~styrene block copolymers, styrene-isoprene block

copolymers, -multiarmed.styrene~-isoprene block copolymers

and mixtures thereof,- said polyisoprene elastomer

exhibiting a second glass transition. temperature greater
than the: first glass transition temperature and a second

value of tangent delta measured as a function of

temperature, the polyisoprene elastomer being immiscible

IIIIIIII IIIIII | ||||



el astonmer selected fromthe group consisting of styré=nBEPli%M€@ﬁeSH§r§a

- styrene-i soprene-styrene bl ock copol ymers and m xturés{thereof, said}first
and second el astomers provided in a wei ght proportion ¢f fgoml?tqqgg 1 to
about 1:5 and exhibiting two distinct glass transiti@nijtenperature pcafs in
a- DVS plot of tangent delta as a function of tenperature—and

b) a tackifying system present in an anount of frorp about 50%to about
80% by wei ght based on the first el-asg-oner, said tackifying system
soluble in the second elastonmer and conprising normally solid polynerized
derr]

orir(] ehe] pokpentadriraid y edaldttbhed), ogenid egpcdndnettadiene and
hydr ocar

s || | | ' ' ‘ d
hyoroca gk \BBRILY Srlieontiy e pEod] MAbharr BNG A8 ot
cl ai m 38 a rplhhtchft kengesiti fdehasast anfncthicen cofiptepperatais piolhd

sel ected : gLoup. S,ii‘ﬁ{' a Is I U ol Lzed
Cerr] o%'mg)té'lr%‘ra.] %t acgﬁg' er, dd‘aﬂeﬂél as?Fg'?%gﬁi%%lgnd%m%%gr es %%eof .
transition temperature peak determinable separate from and

lower than the polyisoprene attributable second glass
transition temperature peak; and
c)

o

A4

a tackifying system comprising tackifying
components preferentially miscible with polyisoprene and

present in quantity sufficient to cause an increase in the

temperature difference between the polybutadiene

attributable glass transition température peak and the
polyisoprene attributable glass transition temperature

peak and increase in the tangent delta wvalue of the
polyisoprene peak.

21. A pressuré sensitive adhesive as claimed in
claim 20 in which the . polybutadiene elastomer is a
styrene-butadiene block copolymer and the polyisoprene is

a mixture of styrene-isoprene-styrene and styrene-isoprene
block copolymers.

22. A pressure sensitive adhesive as claimed in

claim 20 in which the tackifying system is preferentially
soluble in the polyisoprene elastomer and selected from
the group comprising normally. solid polymerized Cg or Cg4
diene, normally solid hydrogenated aromatic hydrocarbons,

normally solid saturated cycloaliphatic hydrocarbons and
mixtures thereof.

23. A pressure sensitive adhesive as claimed in

claim 22 in which the.tackifying system further comprises

-a compound selected from the group consisting of

a
-normally

liquid polymerized Cg; or Cg tackifier, a
plasticizer oil and mixtures thereof.

* c L ] S *
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40. A pressure-sensitive adhesive as clainmed in

wei ght ratio of the first el astoner to the second
to about 1. - 30-
pressure-sensitive adhesive as clainmed in claim39 i V\hﬂ@niphﬁgﬁjht
ratio of the first elastonmer to the second el astoneryis_about .1 about
1. 42. A pressure-sensitive adhesive as claingd in claim38 in i ch
the m xture of the first and second epstoners are p
about 30% by wei ght :

Lesert—f—amanount of
24.

[ REpLREMENTWBHTER dhe
q+-ast~orrer‘*T s dRowt 1.3

A pressure sensitive adhesive as claimed in
claim 21 in which the tackifying system is preferentially
soluble in the polyisoprene elastomer and selected from
the group comprising normally solid polymerized C; or C

6
diene, normally solid hydrogenated aromatic hydrocarbons,

normally solid saturated cycloaliphatic hydrocarbons and
mixtures thereof.

25, A pressure sensitive adhesive as claimed in

claim 22 in which the tackifying system further comprises
a compound selected from the .group consisting of a
normally 1liquid polymerized Cg or Ce¢ tackifier, a
plasticizer oil and mixtures thereof.

26. A pressure-sensitive adhesive as claimed in

claim 23 in which the weight ratio of the polybutadiene

elastomer to the polyisoprene elastomer is about 0.5 to
about 5.

27. A pressure-sensitive adhesive as claimed in

claim 21 in which the weight ratio of the polybutadiene

elastomer to the poly:.soprene elastomer is about 0.5 to
about §5.

28. - A pressure-sensitive adhesive as claimed in

claim 22 in which the weight ratio of the polybutadiene

elastomer to the polyisoprene elastomer is about 0.5 to
about 5.

"29. A pressure-sensitive adhesive as claimed in

claim 25 in which the weight ratio of the polybutadiene

elastomer to the polyisoprene elastomer is about 0.5 to
about S.

—_—

A g



based on the total weight of the m xture and tackifyijn
A pressure-sensitive- '

43.
adhesive as claimed in claim39 jn ture
of the first and second elastonmers are present in a 0%
by wei ght based on the total weight of the m xture £yl y St em
44. A pressure-sensitive adhesive as claimed in claijn4l in which the
m xture of the first and second el ast2@vers are prese
about 30% by wei ght

based on the total weight of the m xture and
sPfiem A pressure-sensitive adhesive as claimed in

claim 20 in which the weight ratio of the polybutadiene

elastomer to the isoprene elastomer is about 1.0 to about
1.5'

t acki fyi ng

31. A pressure-sensitive adhesive as claimed in

claim 21 in which the weight ratio of the polybutadiene

elastomer to the polyisoprene elastomer is about 1.0 to
about 1.5. )

32. A pressure-sensitive adhesive as claimed in

claim 22 in which the weight ratio of the polybutadiene

elastomer to the polyisoprene elastomer is about 1.0 to
about 1.5.

33. A pressure-sensitive adhesive as claimed in

claim 23 in which the weight ratio of the polybutadiene

elastomer to the polyisoprene elastomer is about 1.0 to
about 1.5.

34. A pressure-sensitive adhesive as claimed in

claim 20 in which a mixture of immiscible polybutadiene
and polyisoprene elastomers are present in an amount of

from about 30% to about 50% by weight based on the total
weight of the mixture and tackifying systemn.

35. A pressure~sensitive adhesive as claimed in

claim 21 in which a mixture of immiscible polybutadiene
and polyisoprene elastomers are present in an amount of

from about 30% to about 50% by weight based on the total
weight of the mixture and tackifying system

36. A pressure-sensitive adhesive as claimed in

claim 23 in which a mixture of immiscible polybutadiene
and polyisoprene elastomers are present in an amount of

from about 30% to about 50% by weight based on the total
weight of the mixture and tackifying system

IIIIIIII I IIIIl IIIIl II IIII
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37. A pressure-sensitive adhesive as claimed in

claim 25 in which a mixture of immiscible polybutadiene
and polyisoprene elastomers are present in an amount of
from about 30% to about 50% by weight based on the total
weight of the mixture and tackifying systenm

38. A pressure sensitive adhesive comprising

a) an immiscible mixture of elastomers
comprising a first elastomer selected from the group

consisting of styrene- butadiene and styrene-butadiene-
styrene block copolymers and mixtures thereof and a second
elastomer selected from the group consisting of styrene-

isoprene and styrene-isoprene-styrene block copolymers and
mixtures thereof, said first and second elastomers

provided in a weight proportion of from about 1:1 to about
1:5 and exhibiting two distinct glass transition
temperature peaks in a- DMS plot of tangent delta as a
function of temperature;

b)

and

.a tackifying system present in an amount

of from about 50% to about 80% by weight based on the
first elastomer,

said tackifying system soluble in the

second elastomer and comprising normally solid polymerized
Cg or Cg diene, normally

solid hydrogenated ‘aromatic
hydrocarbons,

normally solid saturated cycloaliphatic
hydrocarbons and mixtures thereof.

39. A pressure sensitive adhesive as claimed in

claim 38 in which the tackifying system further comprises
a compound selected from <the group consisting of a

normally 1liquid polymerized Cs or ¢, tackifier, a
rlasticizer oil and mixtures thereof.

40. A pressure-sensitive adhesive as claimed in

claim 38 in which the weight ratio of the first elastomer
to the second elastomer is about 1.3 to about 1
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A pressure-sensitive adhesive as claimed in
claim 39 in which the weight ratio of the first elastomer
to the second elastomer is about 1.3 to about 1.

42. A pressure-sensitive adhesive as claimed in

claim 38 in which the mixture of the first and second
elastomers are present in an amount of about 30% by weight

based on the total weight of the mixture and tackifying
system.

43. A pressure-sensitive- adhesive as claimed in

claim ‘39 in which the mixtp.re of the first and second
elastomers are present in an amount of about 30% by weight

based on the total weight of the mixture and tackifying
system.

44:; A pressure~-sensitive adhesive as claimed in

claim 41 in which the mixture of the first and second
elastomers are present in an amount of about 30% by weight

based on the total weight of the mixture and tackifying
system.
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