WO 97/ 27262 PCT/ US97/ 00206

NON- CORRCSI VE, LOW VOLATI LES- CONTAI Nl NG PRESSURE SENSI TI VE *ADHESI VE
BACKGROUND OF THE PRESENT | NVENTI ON The present invention is directed to a
5 pressure S0P e adhesive conposition conprised of a W&F&‘ed
acrylic or nmethacrylic acid ester backbone having grafted thereto pendant
polymeric noieties. Polymeric conpositions are known which are 10

conpri sed of backbone pol ymers havi ng grafted t heret o pendant pol yneric
noi eties. The type of backbone pol yner and? graft polyrrerl c noi ety enpl oyed

vari es dependi ng upon th pr oduct .
See, for 15 exanpl e, @ogeﬁgﬁgﬁm 2&;@%1 gi Zgg 3, 842, 146,
3,862,077, 3,879,494, ] ... 4,551, 388;

4,554, 324; 4,656, 213; 4, 69""‘ “%hi ch di scl ose

varj ous types of such polﬂ;naarpreeent vﬂnvelmtlta;x ots nmnwltedxhtdm ta pressure
sensitive adhesgve PEARGISLSentifl 8 adiestilE Loifodle Rl ¥BREL fred

conpositions disc d 1n the apove atents are conpositlor]s conprised of a

backbone pol yner sucﬂfﬁpaﬁy%ﬁ’ﬁ?‘%aﬁﬁylmcﬂx rethacrylic apd8keF pol yier

havi ng attached therBackbane hasihg g S thenawlmﬂantobolmqmiqrrerl zabl e
macronol ecul ar nonong, %éﬁ%%as styrene or al pha-nethyl styrene. See, for

exanpl e, U S. Patent 54, 324, am)ng others, in this 30 regard. The
acrylic pressure sensiti ROLY@REIF comppsktiansare  BRyn Wich 4%8 ent No.
4,554, 324 nmay he nadeofpmisedn afr \Hackbesbkerpalythersphaviracr yrafted

thereto pendant polymeric moieties. The type of
backbone polymer and graft polymeric moiety
employed varies depending upon the desired
characteristics of the end product. See, for

15 example, U.S, Patent Nos. 3,786,116; 3,832,423,
3,842,146; 3,862,077; 3,879,494; 3,928,255;
3,989,768; 4,085,168; 4,551,388; 4,554,324;
4,656,213; 4,693,776; 4,732,808; and 4,871,812
which disclose various types of such polymers

20 which may or may not exhibit pressure sensitive
adhesive properties.

Typical of the type of polymeric compositions
disclosed in the above patents are compositions
comprised of a backbone polymer such as an acrylic

25 or methacrylic backbone polymer having attached
thereto a graft polymer comprised of a
pelymerizable wmacromolecular monomer such as
styrene or alpha~methylstyrene. See, for example, -
U.S. Patent No. 4,554,324, among others, in this

30 regard.

The acrylic pressure sensitive adhesives such
as described in U.S. Patent No. 4,554,324 may be
made from an acrylic ester and a polar acrylic
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The polar acrylic nononer can be one or a m xture of acrylic, acird, '

onitrile, itaconic acid, etc. The acrylic ester can be
-any aliphatic ester of acrylic acid. 5 Such nononers are typically
pol ymer i zed¥OP?2B%% adi cal |y by sol ution, suspension or enWW"am

The acrylate portion of the copolyner is generally

present in a generally high concentration and renders the pol yner tacky.

nononmer increases the ability of the adhesive to bond

to a surface. Wiile such polyneric conpoditions have been found to have
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fi BALRE

BT SACREL 5 BOPAPRY Ry

ampl.e, “the

& PoPRance
ea admbxtuge whicdh magrydicsuiaeble faprylasddein
dnitrlillet. ita@BKiEORBRA! Setdher anel Aggmerature

hi gh

aer ospace-

F.). 20 . By . - of
i B r"%aé'*s%’e apg al 'c\é\%\éitﬁg °£g%'(f:"1* 2848-demand for

-200[err] F. to as Piéfem/08F soldtids Dsespdruing t 82l dnlisiah 25

acrylic pressure

sensiti've, adhesives, whjle perform ng satisfactorily
at tenperatures asp‘PJcW%fé’Tz-aS’éP?‘,' f aifheyt aF@‘r*)%‘F%t BPEEigR Afoutheso-
200[ err] F. (and socepolypeerats| gemerdaliyppresentsin asgehershedigh becones

too soft and i s unghh&ehtration ahl! AbRA&SS HNe?BbeyRENES]

pregerties.

Attenpts have been de to enhance the g§£f0£$%n%§?pt sJ%ﬁ“adhesives'by
B85S~ i n e

cross- | i nki ng%pr ocRtAes MRBPET: IRFERB

15

adhesive to bond to a surface.

While such polymeric compositions have been
found to have utility as pressure sensitive
adhesives, one area that has not heretofore been
addressed with much success is providing high

" performance pressure sensitive adhesives which may

20

be suitable for -use in high temperature
environments '(i.e., enviromments vwhere the
temperature exceeds about 250°F.).

By way of example, the aerospace and
automotive industries are experiencing an
increased demand for adhesives with the capability

' to withstand temperature extremes of ~200°F. to as

25

30

35

high as 400°F. It has been found that typical
acrylic pressure sensitive adhesives, while
performing satisfactorily at temperatures as low
as -45°F., fail at temperatures of about 150-
200°F. {(and sometimes at lower temperatures) as
the adhesive becomes toc soft and is unable to

- retain acceptable adhesive properties. Attempts

have been made tc enhance the performance of such
adhesives by cross-linking procedures. '
Recent advances in the electronics industry

also require the use of non-corrosive pressure -

sensitive adhesives due to the sensitivity of the

Hd¥onioEs th8ustry



al so, require the use of non-corrosive pressure 35 sensitive adhesives
due to the sensitivity of the WO 97/ 27262

PCT/USQ?fOOZOQvg 21 tronic conponents. It is also desirable for the
adhesi‘'ve to haV2%% ﬁ%%m—volatiles content to ninimze contanfRAFTPMEri ng
use of such adhesives during the manufacture of conputer 5 assenbl i es.
However, it has been found that the use of conventional polar
nononer - cont ai ning pressure sensitive adhesives do not provide

sati sfactory perfornmance at high tenperaturés. It has also 10 been

found that such adhesiyvesg exhibit undesirable gorrosiv [o ties as well
as contain an undesi rasiE I8 Gt FPRRORE entI%tﬁﬁsaﬁgadgﬁSIY{giﬁn i al
contam nati on duri rithe aslbestivenitoshamauhadburvoldtilds conte®BIEGTS AND

SUMVARY OF THE PRESENT o siNYERNT! @inkbni 8a8E60" daRgNg ANyl etk Ofgidie present
i nvention to provide L ve adhes] ve conpggltlon I ch

. pressure,sensit
exhi bits high perfor gﬁFﬁpe§?¥ihﬁ 3he manutaqtures’ pf; ( FRAPURELbj ect of
t he present invehtioragsempidesde a pressure sensitive adhesive conposition
which retains sufficient adhesbve Stred9tPed ALl MBIREFUNRS de 1S
still yet an object of the present 25 I nvention tqQ provide a pressure
sensitive adhesive cmﬁanBﬁafhﬁéﬁgs BOPERPRHONEARBATE or ARSI | 5
still yet another objssisitfivehadhestest dovaoti ppotdder satikeffotprgssur e
sensitive adhesive cyROYrhhfABe ! BA! Nign"VAnPRELLSEYE: It has also

10 been found that such adhesives exhibit undesirable
corrosive properties as well as contain an
undesirable volatiles content {(thus leading to
potential contamination during electronics
manufacturing).

15 9] C OF

It is accordingly an object of the present
invention to provide a pressure sensitive adhesive
composition which exhibits high performance
properties.

20 It is further an object of the present
invention to provide a pressure sensitive adhesive
composition which retains sufficient adhesive
strength at high temperatures.

It is still yet an object of the present

25 invention to provide a pressure sensitive adhesive
composition that has a low volatiles content.

It is still yet another object of the present
invention to provide a pressure sensitive adhesive
composition that is non-corrosive.

30 In accordance with the present invention,
there is provided a normally tacky non-polar
monomer-containing phase-separated graft copolymer
exhibiting pressure sensitive adhesive properties
comprised of a backbone polymer having a polymeric



30 In accordance with the present invention, there is provided a
normal | y tacky non-pol ar nononer-contai ni ng phase-separated graft copol yner-
exhi biting pressure sensitive adhesive properties conprised of a backbene
pol ynmer having a polyneric WD 97/ 27262 _ .
PCT/USQ?/OdQ@ngnﬁblety grafted thereto, conprising the rRCKES93M0206 oduct of
(1) at least one A nononer consisting of a nononeric acrylic or '
met hacrylic acid ester of a 5 =~ non-tertiary al cohol, said al cohol having
from1l to 3 carbon atons, (2) at |east one B nononer consisting of a
nmononeric acrylic or nethacrylic acid estder of a non-tertiary alcohol, said
al cohol having from4 10 to 12 carhon atons graft polyneric

moi ety C having a A greafeattesh - Eﬁﬁﬁﬁqﬂ(§°m95ﬁ§gﬂﬁeF€Fanﬁ€ Mehght ratio

of said at |east opeodugtordgner to said at Ieast one B nnnoner ranges 15
fromabout 1:2 to 2:1, ?ﬂd %ﬁplgggkag Y ﬁ1 %ti sesent in
) ac

t he al cohol portion of he total %¥ | C._Oor rylic esters of
monomers A and B pRRRIIAEICAGZYLifo aESE?a%FE?%QJQ§1§ esﬁFFh°fhé provi so
that when thesnol eoh-etrerdiary weghtl pf sahe afadHolpdlayingi eremi gty C ranges:

from2,000 to 13, 5tggﬁyagf5tggg meric noiety Cis present in an anount
of up to about 208? ., and mhgn the  nol ecul ar ight of the

graft polyneric noiety @) s af d&@st PﬁﬁnBlﬂ?ﬂﬁmﬁrtQRaﬁlfﬁlng Pheagraft
pol ynmeric noi ety Gnésomrdsenicriylienozmethacfylix tazidbegted0deby W
non-tertiary alcochol, said alcochol having from 4
10 to 12 carbon atoms,
(3) a graft polymeric moiety C having a Tg
greater than 20°C., and _
wherein the weighﬁ ratio of said at least one
A monomer to said at least one B monomer ranges
15 from about 1:2 to 2:1, and the average number of
carbon atons present in the alcohol portion of the
total acrylic or (meth)acrylic acid esters of
monomers A and B present ranges from about 2.5 to
3.5, with the proviso that when the molecular
20 weight of the graft polymeric mqiéty C ranges from
2,000 to 13,000 the graft polymeric moiety C is
'present in an amount of up to about 20% by wt.,
and when the molecular weight of the graft
polymeric moiety C is greater'than 13,000, then
25 . the graft polymeric moiety C is_preseht in an
amount of up to about 30% by wt. o
DETAILED-DESCRIPTION OF THE INVENTION
The pressure - sensitive adhesive graft

~

copolymer of the present invention is comprised of
30 a "hard" reinforcing graft polymeric moiety
attached to or copolymerized with a "soft"
.backbone polymer to 6btain- a phaséfseparated
adhesive graft copolymer. While graft copolymers
are known which are cbmprised of a "soft" backbone
35 polymer having an attached '"hard" reinforcing



DETAI LED DESCRI PTI ON OF THE | NVENTI ON The
graft cdpolyner of the present invention is conprised of 30 a "hard"

reinforcing graft polyneric noiety attached to or copolynerlzeqmﬁ$éh a

"sof t "« backbon®O#3Per to obtain a phase-separated adhesi veEGHEP?

copolynmer. While graft copolynmers are known which are conprised of a "soft"

backbone 35
97/ 27262

pol ymer, such prior art graft copolyners f aidl
per f or mance adhesi ve
tenperature envi ronme?ts

pol ymer having an attached "hard" reinforcing WO
PCT/ US97/ 00206 5 graft
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the réaction product of copolymerized monomers A
and B to form a backbone polymer having a
polymeric moiety C grafted thereto, wherein
monomer (s) A is a monomeric acrylic or methacrylic
acid ester of a non-tertiary alcohol having from
1 to 3 carbon atoms, and monomer({s) B is a
monomeric acrylic or methacrylic acid ester of a
non-tertiary alcohol having from 4 to 12 carbon
atoms.

The average number of carbon atoms present in
the alcohol portion of the total acrylic or
(meth)acrylic acid esters of monomers A and B
present in the copolymer will be less than 4, and
preferably about 2.5 to 3,5 (calculated on mole
percent basis). Most preferably, the average
number of carbon atoms is about 3.0.

Importantly, it has been found that the
presence of a polar monomer(e) (such as acrylic
acid) in pregsure sensitive adhesives is a
disadvantage to the extent that a non~corrosive
adhesive is desired or that the volatiles content
of the adhesive is to be minimized. The graft
copolymer of the present invention thus contains
no polar monomers. Any disadvantage which would
normally result from the absence of the polar
monomer is addressed by providing for a particular

pressure sensitive adhesive

to exhibit the desired high

ANt b%&m&rg Selch pigasmﬁpa;@eﬁqtﬁon ol ar

reactlon pr oduct

a

iy ar fhgl @dheEiNgyiafy $¥B®nPEeEERY2 carbon
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preferably about 2.5 to 3.5 (cal cul ated on nole percent basis). Most
preferably, the average 25 nunber of carbon atons is about 3.0. : '
I mportantly, it has been found that the presence of a polar nononer(s) _
(such as acrylic acid) in pressure sensitive adhesives is a disadvantage.to
t he ext enwa4tarzéa non-corrosi ve 30 adhesi ve is desir @edTwsonons t he

vol atil es content of the adhesive is to be m nim zed. The graft copol yner
of the present invention thus contains no polar nononers. Any di sadvant age
whi ch would normally result fromthe absence of the polar 35  nononer is
addressed by providing for a particul aré WO 97/ 27262

PCT/ US97/ 00206 6 conposition of A nononmers based on the carbon atom content
of the ester. Exeappesitiomsfofrerenonaysbaspdtontdensarbeniatam to one or
nmore of met hyl (mebhtast yoatithe ®steret hyl (meth)acryl ate,

noun 10 those sk. | | cEXTRELHY abt PCRBEDEaryE Honomks s SFRcI e but are not
limited to esterdipitedrypi ongcicy soreetofadrekhyd (meth)acxylats i h
3 pent anol, 2.1 CEE‘* T e e P 1. pent anol
3- I[r)rg'?hflllnol pen'[n;ﬁﬁ pﬁog#{ﬁ?e%) cggﬁ% ! sgc m?’??’?ﬁﬁﬁﬁ?f"e ’h‘g‘i{hnof) -
3- heptanol , 2- octanthose_skilled dac4hs| art.l dodecanol , etc. Such
nononers are known t opkémprawKi Bl abrioheirBe ﬁ{dlud'g”lebﬁ\QI gbt:_. Iggd 0 of said A
monomer (s) to saig B monpie (s i oAl dyG9ROLETR" ok ARdESa Lo BP0t
10 acid with non-tertiary alcohols such as 1-butanol,
i-pentanol, 2-pentanol, 3-pentanocl, 2-methyl-i-
butanol, l-methyl-l-pentanocl, 2~methyl-l-pentanol,
3-methyl-1-pentanol, 2-ethyl-i-butanol, 3,5,5-
trimethyl-l-hexanol, 3-heptanol, 2-octanol, 1-
15 decanol, 1l-dodecanol, etc. Such monomers are
" known to those skilled in the art.
The weight ratio of said A monomer(s) to said
B monomer(s) in said copolymer ranges from about
1:2 to 2:1, and preferably is about 1:1.
20 The A monomer will preferably be present in
the graft copolymer in an amount within the range
of from about 20 to 65 percent by weight, based on
the total weight of the copolymer, with. any
- additional monomers employed (such as the B
25 monomer) and the polymeric graft moiety comprising
.the remaining portion of the copolymer.
Desirably, the graft copolymer consists solely of
monomers A-and B and graft polymeric moiety c.
Polymeric graft moiety C has a Tg greater
30 than 20°C. The graft moiety is preferably present
' in an amount of from 1.5 to 2.5 polymeric moieties
per polymer backbone on average, and most
preferably in an amount of 2 polymeric moieties
per chain on average. The presence of the graft
35 polymeric moiety within the noted range assists in




1:2 to 2:1, and preferably is about 1:1. 20 The A nononmer w ||
preferably be present in the graft copolynmer in an amount within the range
of from about 20 to 65 percent by wei ght, based on the total weight of the
copol yrer, wit WOAT728di t i onal nononers enpl oyed (such as t hBCHUS93/00206
nononer) and the polymeric graft noiety conprising the r emai ni ng

portion of t he copol yner. Desirably, the graft copol yner consists
solely of nononers A and B and graft polyneric noiety C. Polyneric graft
noiety C has a Tg greater 30 than 20C. The graft moiety is preferably
present in an anmount of from1.5 to 2.5 polyneric npj ei)l es per, pol
backbone on average, &R&PAHBEY pﬁ’b@fePQBP§/Y1P?F artPanBBRiP f“ﬁ(ﬂlﬂ‘ﬁ%‘{

noi eti es per chain oncenesige. stietigtheaess eiwfvilheogr tiid ﬁiisenchhunerlc

noi ety within the not S /

PCT/ US97/ 00206 7 enab?ﬁﬁg%ﬁ%% ggé%l ot éktgnlf\ég th %Ségﬁl Ci ent co%em ve
strength even in vi ew"SPRORRE ‘ﬁ?’é%’eﬁéSth"‘EW‘@@&oF? fe¢e dihesicgheEiveant
amount's of the Agronogegenhtlshofi ghé cdpteliymese I qRecambhint cobeghyeab

strength of the copol éggame%_:]’%%?ag?%gt ooy tggc& ?ﬁmﬁ@gzg&y

accordingly be optim erwige arn n| S Ve
properties of the cop¥ifhent TeEhaBVESR)| aﬁlmngﬂlw t‘ﬁ%egraﬂ!eﬁél‘@nerl c 10

nmoi ety nust be suffpebpBitid® off &kl bopblymdhe forrratlon of a
phase: seperat e graft Copel it SSReCLLE Lo i tsput (e
In order to enhafce t”glﬁ{gh must be sufficlent to result in the
formation of a "phase-separated” graft copolymer.
Generally, the molecular weight (number average)
‘of the graft polymeric moiety will range from
2,000 to 60,000, In order to enhance the high
15 temperature resistance of the copolymer, the
molecular weight of the graft polymeric moiety
will preferably range from greater than 30,000 to
§0,000.
When the molecular weight of the graft
20 polymeric moiety C ranges from 2,000 to 13,000,
the graft polymeric moiety is present in an amount
of from about 2 to about 20% by wt. When the
molecular weight of the graft polymeric moiety C
is greater than 13,000, then the graft polymeric
25 moiety is present in an amount of from about 2 to
about 30% by weight, based on the total weight of
components A, B and C.
The graft copolymer of the present invention
is characterized as being "phase~separated". That
30 is, the backbone of the copolymer and the attached
graft are incompatible and thus do not mix
together to form a horogeneous phase. Instead,
the copolymer backbone forms a continuous phase
within which is dispersed the attached graft
35 phase. The dispersed graft discontinuous phase



15 tenperature resistance of the copolyner, the nolecular weight of
the graft polyneric noiety will preferably range fromgreater than 30, GO0 -
to 60,000. Wien the nol ecul ar wei ght of the graft 20 polynmeric nmoiety C
ranges from 2,000 to 13,000, the graft polyneric noiety is present in an,
amount of Wo#M7283out 2 to about 20% by wt. Wen the nolrexaisemooessi ght of
the graft polyneric noiety Cis greater than 13,000, then the graft

pol ymeric 25 noiety is present in an anount of from about 2 to about 30%
by wei ght, based on the total weight of conmponents A, B and C. The graft
copol ymer of the present invention is characterized as being
"phase-separated”. That 30- i s, the backbone of the copolyner and the
attached graft art@usnaewpid Beehantcalls rganfoxcaithe ggathRRoY® form a

h(r)]rmgen_eoEjs pc\ﬁ_sQ)ha_seL-n_ﬁhﬂﬁdinlﬁhﬁﬁiQ@Oh:MEEf1&&(‘_&{?%@ Eaﬁﬁ‘ﬁ?]ﬁoﬁ@nti Ruous
phase U011 W0 Gihgh GEORETSPALIE Subgglgghiall 35 phase. The
PCT/ US97/ 00206 8 t hus Thet Palymeicaxraftal may r Be nRétashede tsonthauous phase,
ot oS T g e e o o e OMSESQUBLOE | e
L;ngggsgﬁgsbnalef%%hﬁgguegcgéé%ﬁgéi£§%3°n(nopo'yngp%za ?3ﬁe°€§Y mE‘theac one
respective nonommenogershef jhek Baskbere peadymer o)(2t aktaskmento a
preforned backborg pol yr&foriet ApackicHY Spdliaer ol & supRtspbsequent to
formation of samg 10+;ionBY §OBRYOELEAlr" ¢3f IRARIELS O 20ShE: -
10 - by copolymerization of monomers A and B.
With regard to technique (1) which comprises
the preferred technigue, the graft copolymer of
the present invention may be formed froh
copolymerized monomers A, B and c; wherein
15 monomers A and B are as defined above and
' monomer C has the general formula X-Z wherein X is
a group copolymerizable with said monomers A and
B (preferably a vinyl group), and |
_ Z is a polymeric graft moiety having a Tg
20 greater than 20°C., said moiety 2 being

essentially unreactive under copolymerization
conditions, '

vherein said group X of said honomer C and
‘said mohomers A and B are copolymerized to form a
25 . polymeric backbone chain having pendaﬁf therefrom
polymeric moiety Z. .
The graft polymeric moiety may be prepared as
a macromer and copolymerized with one or more A
and B monomers which form the_backbone'polymer.
30 See, for instance, the disclosure of U;S. Patent
No. 3,786,116, incorporated by reference in its
entirety, in this regard.
‘Typical copolymerization techniques include
but are not limited to conventional free radical
35 initiated 'copolymerization technigques 1in the




Wth regard to technique (1) which conprises the preferred techni que, the
graft copolymer of the present invention nmay be forned from

copol yneri zed nononmers A, B and C, wherein 15 nononers A and B are
as defined aboW®%8B@®skononer C has the general formula X-Z RSEEPHOONG 5 5
group copol yneri zable with said nononers A and B (preferably a vinyl
group), and Zis a polyneric graft noiety having a Tg 20 greater than
20C. , said nmoiety Z being essentially unreactive under

copol yneri zation conditions, wherein said group X of said nonomer C and
said nononers A and B are copolynerized to forma_25  polyneric¢ backbone
chai & havi ng pendant mélsé#’?ﬁn‘?%cﬂ fﬁéVﬁﬁtmisé{liak?eTﬁ%p%fW‘ﬁGHﬁ‘Bri c

noi ety may be prepar edehpesatBes NEAng Of map albotr i20ed Wit 150ne @brnore A

The disclosure of U, SPUPAPER; ORoc BE7EE PAYHI™Y e ke node sty BRECTCS, |
dits ‘entirety, in thisdesdxed dqgrre AT COPYRYFAIN AHGUEH+t echni ques i ncl ude
‘but are not I|m ted to _conmpaﬁi oimpletton adbgal tie polyndrdlzation
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‘tenperatures range fraeraBste ZopolywarsOfesults fhavingr iandpasiertiakdecf from

‘2 to 24 hours until thaidaskred €&k et fsHeaRyalEbeIVOGStEPerties at Upon

gcorrpl etion of the %cilg%rrgglin%ggé)unr )r ocess, the solvent is renoved and a

.tacky

10 Depending upon the properties imparted to the
‘backbone polymer as a result of the molecular
weight of the particular graft employed, the
resulting adhesive may need to be used in solution
or emulsion form rather than as a melt adhesive.

15 That is, if the molecular weight of the graft is
sufficiently high, the resultant adhesive may be
applied to a backing material or substrate in
emulsion or solution form, with the water or
solvent being removed upon application to the

20 substrate.

With regard to the polymeric graft moiety
portion of the copolymer, U.S. Patent Nos.
3,786,116; 3,B42,057; 3,842,05B; 3,B42,059;
3,862,098; 3,862,101, 3,862,102 and 4,554,324

25 disclose polymerizable macromers which are
suitable for use as graft moieties on a backbone
polymer as defined.

The polymeric moiety 2 may be formed from a
vinyl aromatic monomer such as styrene, alpha-

30 methylstyrene, indene and p-tert-butylstyrene.
However, the polymeric moiety 2 may also be formed
from vinyl toluene, acenaphthalene, acrylonitrile
and methacrylonitrile, organic isocyanates
including lower alkyl, phenyl, lower alkyl phenyl

35 and halophenyl isocyanates, organic diisocyanates



acryl ate copolynmer results having an acceptabl e bal ance of tack and shear -
adhesi ve properties at high tenperatures. 10 Dependi ng upon the
properties inparted to the backbone polyner as a result of the nolecular

wei ght of the particular graft enpl oyed, the resulting adhesive may need.to
be used i nWea8mMRM®b0N or emul sion formrather than as a nepcrosivemose. 15
That is, if the nolecular weight of the graft is sufficiently high, the
resul tant adhesive may be applied to a backing material or substrate in
~emul sion or solution form wth the water or solvent being renoved upon
application to the 20 substrate. WthO9regard to the polyneric graft

noi ety portion ‘f pol nei U S. Paten Nos. 786, 116;

3,842,057; 3,842 ’b%%" ing dpyekoalkplons, Fhenviensy TEEL ‘tolydenelo2 and.

4,554,324 25 ddsmmnqd'@lsyniawe:aldmylnandmmﬂa auhyrzites and suitable

for use as graft Aoiwddasatesd bacg,b@ﬂfdﬂ@ yrre;ne@ﬁ%gefl nq:dbu]‘;gfe_ pol yneric
y

noi ety Z may beforrredfroma Vlnﬁ% aronmatl c nono such rene,

al pha- 30 met PV IA%ER, and fetRacr¥iatass, dOWRY \PLe5ANse SupBuever, the
pol ynmeri ¢ nobety &snwthyllenebe pfxmpydénénorbuiuyri;ehet,olimm;tya@a&apht hal ene,

acrylonitrile andp, g@{gaq{éggeql@ t %‘tb‘?g v%@frga@éfedr% c%ﬁ% o ncludi ng
a 0

1ower al kyl phe r al k phenyl |socyanates
organi c dii socyan%?’é‘é YLD 3% 25?""}; as vinyl acetate VmYl

PCT/ US97/ 00206 1l10pxoriantitey | vimyl ab&tbdate, phayyl eneatand vitayl ene
diisocyanates, |gyedratid(y! dﬂﬂ@lalb&hzaﬁﬁ¥laiﬁﬁhfﬁleower' alkyl
io ethers; conjugated dienes such as isoprene'and
butadiene, 2-oxazolines. such as 2-ethyl-2-
oxazoline, and vinyl unsaturated amides such as
acrylamide,'methylacrylamide, N,N-di(lower alkyl)
acrylamides such as N,N-dimethylacrylamide.
15 The selection of the specifid polymerizable
monomer for the polymer "g'raft is not critical,
-since as the above .listing suggests, a wide
variety of monomers (and the resulting polymeric
moieties) can be used with success as a polymeric
20 graft in the copolymer.

A variety of functional groups may be
empioyed to attach the gi-aft Z to the polymer
backbone.

Exemplary functibnal,groups inclﬁde but are

25 not limited to :
i oS B e
~C-O-CHR-CHy- ; —~C—0-CH,CH,-NH-C-0~CHR-CH,~ ;
ﬁ _
Cily-0-CHR-CHy~; -0-C-CH,-O0-CHR-CH,~- ; and
30 -OCHZCHz-O-CHR-CHz, where R is a hydrogen atom
or a lower alkyl group.
Various graft copolymers prepared according
to the. present invention are exemplified in
Examples 1-3 below:




met hacryl at es, i ncl udi ng met hyl , t-butyl acrylates, and

net hacryl ates; | ower olefins, such 5 as ethylene, propylene, butylene,
i sobutyl ene, pentene, hexene, etc.; vinyl esters of aliphatic carboxylic
aci ds such as WO "%@et ate, vinyl propionate, vinyl octoatée® ﬁ?@m%feate,
vinyl stearate, vinyl benzoate, vinyl |ower alkyl 10 et hers; conjugated
di enes such as isoprene and but adi ene, 2- oxazol i nes such as

2-ethyl -2- oxazoline, and vinyl unsaturated am des such as acryl am de,

met hyl acryl anmide, N, N-di (I ower al kyl) acryl &k des such as

N, N- di et hyl acryl am de. 15 The sgig&%ioa of the specific

pol yneri zabl e nononer for the polyner gr t critical, since as the
above |isting suggests, a hidelyariydiafreopoipmenchavigna thedysdéyweneng

The Copol ymer - A var| Ghg gy (Ravilly 3 MUICERSaR voLpet VOE Leeaor) 41 2ch the
: y : vari y

graft Z to the polynepr§85?ﬂ%ﬁ3¥ é%&n#ﬂiiﬁf1%&n86¥8ﬂ§r SEBu%ngﬁﬁfuae but
tare 25 not |irdtedltiteferedcB®dn vessel tBEHEelldwHise ahaxrGeCeRoCk| err],
Where Ris a hydrogen,gkoniiehehOdely bbY{meE L4 YRddOUs Wikkbgeapol yrers
‘prepared according to _the resent Jjnven %%n are exepplified? In
‘Exanpl es 1-3 bel ow at g@&gyzggz 160-165 over B urs with

‘PCT/ US97/ 00206 11 EXAmBliEatidnpol yacryl ate pol ymer having a pol ystyrene

Ethyl acetate {solvent) 254.44 grams
10 Butyl acetate (solvent) 70.72 grams
Heptane (solvent) , 99.84 grans
2-ethylhexyl acrylate (B monomer) 132.7% dgrans
Butyl acrylate (B monomer) 63.78 grams
Ethyl acrylate (A monomer) 73.15 grams
15 Methyl acrylate (A monomer) 96.00 grams
Polystyrene methacrylate macromer 18.28 grams
{gratt)

Benzoyl peroxide (initiator)} 1.12 grams

Note: The average number of

20 carbons in the alcohol portion of the

acrylic or {(meth)acrylic acid esters of
the 2 and B monomers is calculated to be
3.'40



graft (having a nol ecul ar weight of 13,000) is prepared by the foll ow ng
method. In aglass 1 5 liter reaction vessel the follow ng charge stock.
was increnentally polynerized under a nitrogen atnosphere at

160- 165[err]F over - 8 hours wth agitation: Ethyl acetate (solvent)

254. 44 gr R I1Y262 Butyl acetate (solvent) PCI/U37/0206s  Hept ane
(sol vent) : 99. 84 grans 2-et hyl hexyl acrylate (B nononer)
132.79 granms Butyl acrylate (B nononer) - 63.78 grans Ethyl
acrylate (A nononer) 73.15 grans 15 = Methyl acrylate (A
nononer) 96. 00 grans Pol ystyrehé nethacryl ate macromer 18. 28
grans (graft) Benhzoyl peroxide (|n|;#§h§#£%#e 1.12 granms Note: The
average number of 20 .. carb al cohol portion of the

I h I | cul d
acrylic or (meth)acty|q codiyetx31bees pBLyhEf Radiifh B PUIYERYEehs calculate

PCT/ US97/ 00206 1298&Hp(Rav%ing 18| Flegrise ﬁSF?ﬁEr°ﬂava8°3)péFystyrene
graft (having a npteparedt bgi dine ahetiyd06f iExappdpanedfbymt thenet hod of
Exampl e 1 frgm t heg P owidPldh@WgRIsEB8k g St ock: Ethyl acetate (sol vent)

254. 44 grans Butyl acetate solve grans Hept ane
(sol.vent) gthyl ag:ta %V PEQB 2- ethylhe%gg @%r 3% (B nononer)

.36 grans nomer gr ans
111.36 . H: e ) 99.84 grams

2-ethy1hexy1 acrylate (B monomer) 111.36 grams

10 Butyl acrylate (B monomer) 55.68 grams
Ethyl acrylate (A monomer) = . 96.00 grams
Methyl acrylate (A monomer) ' - 96.00 grams
Polystyrene methacrylate macromer 24.96 grams

{(graft)
15 Benzoyl peroxide (initiator) : 1.12 grams
Note: The average number of

carbons in the alcohol portion of the

acrylic or (meth)acrylic acid esters of

the A and B monomers is calculated to be
20 3.1.

XAMPLE 3
In order tco demonstrate the advantages of the
graft copolymer of <the present invention,
comparisons were made of the adhesive properties
25 of graft copolymers formed from the following
'~ three compositions:

Composition 1 (Inventlon)

2-ethylhexyl acrylate - 2%.00 wt. %
butyl acrylate 14.50
30 ' ethyl acrylate ' C 25.00
methyl acrylate . 25.00
polystyrene methacrylate " 6.50
macromer

(molecular weight = 13,000)

35 Composition 2 (Comparison):
butyl acrylate . 93.50 wt. %
polystyrene methacrylate 6.50
macromer

(molecular weight = 13,000)




Et hyl acrylate (A nononer) 96. 00 grans Methyl acrylate (A
mononer)’ 96. 00 granms Pol ystyrene net hacryl ate nmacroner 24. 96
grans (graft) nzoyl peroxide (initiator) 1 Not e:
The average #ﬁﬁgggﬁsof carbons in the al cohol portion of t%e acrylic or
(meth)acrylic acid esters of the A and B nononers is calculated to be 20
3.1. EXAMPLE 3 In order to denonstrate the advantages of the graft
copolymer of the present invention, comparisons were made of the
adhesi ve properties 25 of graft copolyneﬁ? formed fromthe foll ow ng

t hree conpositions: CD”DOSEB]BHS£3£$P%?QEBRBQfﬁ%5 thyl hexyl acrylate

29.00 wt. %butyl acrylate 0 30 et hyl
acrylate ethyd. Aymiteyl acrylate . 93.50 wt. ¢ 25.00
pol yst'yrene nethacryl ate polystyrere nethaetob®te (N0l ecul as.8ei ght =

13, 000) 35 Conposi t i macRone@onpari son): butyl acryl ate

'93.50 wt. % pol ysByrene net{hateshkar weight = 136088 macronmer (nol ecul ar
‘wei ght = 13, 000) WO 97/ 27262 )

‘PCT/ US97/ 00206 13 Conposit FBR SVEERHPaFPHEBRY : oft KPFPoR, ftaRe in the
'193.50 wt. % alcohol portion of the total (meth)acrylic acid

esters in compositions 1, 2 and 3 is 3.0855, 4.0
and 2.0, respectively. '

10 Each of the above compositions was used to
produce corresponding graft copolymers 1, 2 and 3
according to the procedure described in Example 1.

Once produced, each of copelymers 1, 2 and 3
was tested for adhesive properties with the

15 following results:
Copolymer Copolymer Copolymery
1 2 3

5¢ peel 7.6 oz NT 32.0 oz NT 12.8 oz NT

500 g. 525,858 min ST 22.45 min ST >300 min
20 shear (Ave.)

Probe tack 1145.8 grams 934.6 grams 575.2 grans

{Ave.) _
Plasticity 2.58 mm 2.18 mm 3.25 mm

The above comparative data indicates that
25 copolymer 1 of the present invention exhibits
acceptable pressure sensitive adhesive properties.
By contrast, copolymers 2 and 3 exhibit
unacceptable pressure sensitive adhesive
properties, thus confirming that use of an average
30 number of carbon atoms ocutside the claimed range
of 2.5 to 3.5 yields an unacceptable adhesive.
As discussed above, the graft copolymer of
the present invention has particular utility as a
pressure sensitive adhesive. As such, the
35 composition may be employed alone or in
combination with a suitable backing material in a
manner known to those skilled in the art.



. pol ystyrene nethacryl ate 6. 50 macroner 5 (ol ecul ar wei ght =
13,000) The average nunber of carbon atons in the al cohol portion of the
total (meth) acrylic acid esters in conpositions 1, 2 and 3 is 3.0855, 4.0
and 2.0, respectively. 10 Each of the above conpositions was used
to producé"‘b’gPWé%pondl ng graft copolymers 1, 2 and 3 ac®STAISHHPOE t he
procedure described in Exanple 1. Once p_roduced each of copolyners 1, 2
and 3 was tested for adhesive properties with the 15 followi ng results:
Copol yner Copol yner Copol ynmer 2 35 peel 57.6 oz NT
32.0 oz NT 12.8 oz NT 500 g. 928.45 min ST 22.45 min ST >300 mn 20
shear. (Ave.) Probe tack %1145 %ﬁgrams 934.6 grans , 575.2 grans (Ave.)
Plasticity 2.59 nm - exemplazyhafid ngy opat %’bﬁﬁﬂa’ratlve data.
i ndi cat es 't hat 23ncludepdiytnerré: afiot hd immdtedt tovéErekdablexhdbits

acceptabl e pr ess&ghéﬁi‘ﬁié' V §a0k1%3 VenRESPE[1d €S co§¥en€9£‘ﬁ

copol yners hi bi t_ unacce table pressure t|ve .
adhesi ve propertFE‘E1°¥ﬁ s %%nf?‘l??n fF $%h t°fusé’r8PsHﬁeav§?%§bt§{F nunmber of
carbon at on® out adﬂesnhesclsncmdasartgfe;dd 2pépér, 3Xkraftel pper, unaccept abl e

adhesi ve. As di Sgupseds a0aRLs!, Nendh AldvdiRRO! YSREnSY, L B80T GRENL | nvention

has particul ar ut| |t as pressure,. sensi'tjve As such,

“the 35 conpos?b’PGHetHﬁy W%npfb’;’%?j sSychn s 0P°1Yﬂt’équat ion with a
sui t abl e backi ngpoaypropyleme a pelyneimydnakilorddehopelgketherend) the art.

terephthalate) and cellulose acetate, as well as

10 glass, ceramics, metallized polymeric £ilms and

other compatible sheet materials.

Such materials may be. coated in any
_conventional manner with the adhesive composition
of the present invention, such as by roll coating,
15 spray coating, extrusion coating, co-extrusion
' coating, hot melt coating by use of conventional
coating devices. When appropriate, the
composition of the present invention may be
applied as a seiution and the solvent subsequently
20 removed to leave a tacky adhesive residue on the
backing material. _ '
The coated backing material may take many
forms, such as tapes, patches, strips, etc., with
the choice and form of backing material being
25 ultimately determined by the end use contemplated.




WO 97/ 27262 PCT/ US97/ 00206 14 For
I nstance, exenpl ary backi ng Hre but are not limmted to

flexible=or inflexible baH- Eﬂ'"fl!!g conventional |y enployed in
the area of pr¥iiPPLensitive ® L ® es such as crepe 1201 af t
paper, fabrics (knits, non-wovens, wovens), foil and synthetic pol yner
films such as pol yet hyl ene, pol ypropyl ene, polyvinyl chloride,
pol y(ethyl ene terephthal ate) and cellul ose acetate, as well as 10 gl ass,
ceramcs, netallized polymeric films and ot B&r conpati bl e sheet naterial s.
Such materials nmay §%2$hi§§¢§§%ﬂ#£#ﬁ$ny conventional manner with the
adhesi ve conposition t=ffvent i on, such as by roll coating, 15
spray coating, extrusion toatingnormallaxt haskyn boatpPelgr hatonosetr-coat i ng
by use of conventi onal ' ' [ t he
cohtaihify ryﬂ%"s\é' %ggaﬁaet%% %9{333 coﬁ@i’is% thi%g%ngn q

conposition of the present 1 nvention : as a t he
sol Vent subsequent |y PFessuFe geeRttiyy AResiVePROPEMRT ROIPEdE8He on t he
backi ng mat eri al .5 The ofoat éshckhokengolpher | héviray 4 akelymeryicf modetysuch as
tapes, patches, strip £a +Né h ' n o s ' teria
bei ng 25 uItinateI?rgg%g?nF%%%gﬁ§ §ﬁ§&§ﬁ§§ﬁ§eé%%n%§%p;gggg&bachg
197/ 27262 15 WHAT IS CPAIMED I'S: 1. A normal |y tacky non-pol ar nononer -

(1) at least one A monomer consisting of a

monomeric acrylic or methacrylic acid ester of a
10 non-tertiary alcohol, said alcohol having from 1
to 3 carbon atoms,

(2} at least one B monomer consisting of
monomeric acrylic or methacrylic acid ester of
non~-tertiary alcohol, said alcohol having from

15 to 12 carbon atoms, and

(3) a graft polymeric moiety C having a Tg
greater than 20°C., and

wherein the weight ratioc of said at least one
A monomer to said at least one B monomer ranges

20 from about 1:2 to 2:1, and the average number of
carbon atoms present in the alcohol portion of the
total acrylic or (meth)acrylic acid esters of
monomers A and B present ranges from about 2.5 to
3.5, with the proviso that when the molecular

25 weight of the graft polymeric moiety ranges from
2,000 to 13,000 the graft polymeric moiety is
present in an amount of up to about 20% by wt.,
and when the molecular weight of the graft
polymeric moiety is greater than 13,000, then the

30 graft polymeric moiety is present in an amount of
up to about 30% by wt.

& nop

2. The copolymer of c¢laim 1 wherein said
graft is a polymerized monoalkenyl-substituted
aromatic hydrocarbon.



cont ai ni ng phase separated graft copolyner havi ng pressure sensitive
adhesi ve properties conprised 5 a tackbone pol yner having a polyneric
noi ety grafted thereto, ﬂmmm ction product of (1) at |east one
A nmononer consisting of a "‘m mu/n c or nethacrylic acid ester of .a
10 nonWo72r26t y al cohol * shi d* al®tolfol *havi ng from 1 PETYSETHOWEN at ons,
(2) at least one B nononer consisting of a nononeric acrylic or

nmet hacrylic acid ester of a non-tertiary al cohol, said al cohol having from

4 15 to 12 carbon atons, and (3) a graft polyneric nmoiety C having a Tg
greater than 20[err]C., and wherein theeweight ratio of said at | east one A

nmononmer to said at | east one B nobnoner ranges 20  fromabout 1:2 to 2:1,
and the average nunbela-olet?ar"é‘éi’P]&it% of e Sdadni ? t¥WReX]IFbhS*i%orti on of
the total acryli olymelfkBAACT sbhea Hedry bahtistiehtaanomersmatbed B present

ranges from aboué‘fy%rgc%gbgn coﬁr%)x“%@?: 3 gnghat when the nol ecul ar 25

wei ght of the gr ymeric rom 2,000 to 13,000 the graft,
polymeric noiety is present in-an amount of up to about 20% by wt., and

when the nol ecul ar weigghtrid tbpolynét RE yoFdiw ODiwHerdin JtRat er than .
13,000, then_the 3 . yIEer IS n an.anount of up
to about 30?5 by (}.efu.'t%ﬁ:{v%:o%g g}egaqpﬂgkg%x ﬁgvﬁg&(%’?nkgg g?aft s a '
pol ymeri zed nonodixeam @, 088bEe| %%ut%QP-aronat i C hydrocar bon. V\D 97/ 27262
PCT/ US97/ 00206

5. The copolymer of claim 1 wherein said
graft is present in an amount of about 1.5 to 2.5
polymeric moieties per polymeric backbone chain on

10 average. o

6. The copolymer of claim 1 wherein the
weight ratio of said at least one A monomer to
said at least one B monomer is about 1:1.

7. The copolymer of claim 1 wherein said at

15 least one B mohomer comprises an ester of acrylic

and methyacrylic acid with a non-tertiary alcohol

selected from the group consisting of l-butanol,

l-pentanol, 2-pentanol, 3-pentanol, 2-methyl-1-

butanol, 1-methyl-1-pentanol, 2-methyl-1-pentanol,

20 3-methyl-1-pentanol, 2-ethyl-i-putanol, 3,5,5-

trimethyl-l1-hexanol, 3-heptanol, 2-octancl, 1~
decanol and l-dodecanol. |

_ " B. ‘The copolymer of claim 2 wherein said
graft comprises poly-alpha-methylstyrene.

25 9. The copolymer of claim 1 whe_rein the
molecular weight of said graft polymeric moiety is
greater than 13,000.




16 3., The copol ymer of claim 2 wherein said polynerized
nonoal kenyl - substi t ut ed ar onat I ¢ hydrocarben—eonpri ses pol ystyrene. 4.

The copol yner of claim1l wherei “ ar wei ght of sal d a S
in the' range oWVOPFERFL, 000 to 13 ”i"i " Bol ymer of cF&F "&H’ér ein
said graft is present in an anourt 9 to 2.5 pol yrrerlc noi eti es
per polyneric backbone chain on 10 average 6. The copolyner of claim1l
wherein the weight ratio of said at | east one A nonomer to said at |east

one B nononer is about 1:1. 7. The copol ynek7? of claiml wherein said at 15
| east one B nononer conprises an ester_of acrylic and net hgacr ICA acid

with a non-tertiary al conot®sel’8€t E8PPIHRY gfrl@&B ¢oNRPE
1- but anol, 1-pent anol moRensentiznpires8npeinh atind ,cdpolyimby| i - abudmmatt,

1- net Ryl - 1 ent anol , i 3 P ,
2-et,hy?/ 1- bgt anol 84512%&%&’&11.%4 - ggégaotfout 2@??30%#%%% nol, 1-

decanol and 1- dodecan‘ﬁ?ig"é'— The copol ymer of cI aim2 wherein said graft
conpri ses poly-al pha-net hyl styrene. . The copol yner of claiml

wherein the nol egul ar wei glh_Lt OfTﬁ@'Qo;%ﬁHerpOAfyr@fdﬁrbg ‘ﬁi%‘ﬁ%‘o ter than
/

13, 000. WO 97727262 17 10.
The copol yner of cl ai #Yaragfer BirPatheCh sBxbRRr atenp, @¥eReNtn iphheypol yner

in an amount W thin thecdslsige poriionn apput +88 t aockaiperaaniliby or
(meth)acrylic acid esters of monomers A and B
present in the copolymer is about 3.

10 12, The copolymer of claim 2 wherein the
average number of carbon atoms present in the
alcohol portion of the total acrylic or
(meth)acrylic acid esters of monomers A and B
present in the copolymer is about 3. ;

15 13. The copolymer of claim 4 wherein the
average number of carbon atoms present in the
alcohol portion of the total acrylic or
(methiacrylic acid esters of monomers A and B
present in the copolymer is about 3. '

20 14. The copolymer of claim 9 wherein the
average number of carbon atoms present in the
alcohol portion of the total acrylic or
(meth)acrylic acid esters of monomers A and B
present in the copolymer is about 3.



wei ght .

5 11. The copol ynmer of claim1l whegsei ver age’ nunber
of carbon atons present in the alcohol portion o@ﬂd#@s@aﬁ rylic

or (nmeth) acrylic acid esters of nmononers A and B present in theg

i s abdut

arsp ol ynmer
gl cr age

AT

3. 10 12. The copolymer of claim2 wherein t

nunber of carbon P{JEE pr esenworur nteescriackepkrTy prostizemn of  t h gDt al

acrylic
copoly

orrgl(rg h’%l acrylic acid est er s BrAokBHers A and B present in the
Lk ONAL APPLICATION PURLISHER, UNDER SHE RATENT COPRERATION/ABREATY: (ROTR

aver age
total &
in 'ghe q
wher ei n
of - t'he
pr esent
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