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Background of the Invention

5 Field of the Invention
The invention relates to generally spherical,

conductive, inherently tacky, elastomeric, solvent-
dispersible, solvent-insoluble polymeric microparticles
which may be used- in applications requiring electrical

10 conductivity or elimination of electrostatic charge. The
ionically conductive polymeric microparticles may be
included in adhesive formulations which provide adhesive
tapes with a remarkable capacity for preventing static
charge build-up.

15

Description of the Art

Antistatic adhesive compositions are useful for
attaching surface-mount components at points on printed
circuit boards where they are to be conductively attached

20 e.g., by soldering. Antistatic adhesives, when coated on
selected substrates and suitably converted, provide
antistatic, pressure-sensitive adhesive tapes. The tapes
are useful for masking printed circuit boards prior to
wave soldering and the like.

25 A number of methods are known for preparing
antistatic adhesive compositions. One common method is
the addition of conductive moieties to conventional
adhesive formulations. Antistatic species may be
introduced as conductive materials such as electrically

30 - conductive metal or carbon particles. Compositions of
this type are disclosed in prior art references including
EP 0276691A, EP 0518722A, US 4,606,962, EP 04229193, US
3,104,985, US 4,749,612 and US 4,548,862.

The addition of ionic materials to reduce generation

35 of static charge is also known. Suitable materials of
this type include ion conducting species such as those
disclosed in Japanese patents JP 61,272,279 and J?
63,012,681.
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amount of conductive filler used.

Yet another type of antistatic tape material is

10 provided using a metal foil tape backing. One example of
this, disclosed in US 3,497,383, provides embossed foil
tapes where contact points of metal project from the
surface of the adhesive.

Several problems are encountered with known

15 antistatic adhesive compositions. Compositions which
rely on electrically conductive metallic particles
require the particles to be in contact with each other
and with the surfaces to be protected from static charge.
Since the particles are surrounded by insulating adhesive

20 binder, this may be difficult to achieve. In materials
exhibiting antistatic behavior due to ionic conductivity,
effective elimination of static charge may be severely
affected by low humidity environments. For example, the
biomedical electrodes of publication WO $2/10553 and

25 antistatic coatings of European Application EP 399441A
are not useful unless sufficient moisture is available.

Surprisingly, the present invention does not use
conductive particles derived from metals or carbon nor
does it require high humidity levels to exert its

30 capacity for suppressing the build~up of static charges.

Instead, it is believed that the unigque properties
of materials of the present invention are provided by the
use of polymeric microparticles having complexes of
polymer electrolytes on the surface of each

35 mnmicroparticle.

Complexes of polyethylene oxide (PEO) and lithium f
salts have been shown to be promising materials as solid '
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t hrough the considered by Gilmour et al in Proc. Electrochemlcal

Society, 89-94, (1989). Lithium salts, like those

5 disclosed in WO 8,303,322, US 4,471,037 and
FR 2,568,574, are most commonly used with PEO in polymer
electrolytes. Other metal salts such as alkaline earth
salts may also enhance electrolytic properties as
described in US 5,162,174. Applications for polymer

10 electrolytes have expanded from a focus on energy storage
batteries to their use in other areas such as

electrochromic displays and addition to molding resins in
the production of conductive molded articles.

Disclosures of polymer electrolytes have dealt with

15 their use as films or as additives to other resin
matrices which benefit from the ability to conduct
electric current. In no case has there been reference to
the preparation of microparticles containing ionically
conducting species as part of the microparticles.

20 Further, a problem with polymer electrolytes in film form
is their poor performance at room temperature.

It is possible to overcome such problems associated
with existing antistatic pressure-sensitive adhesive
tapes and polymer electrolytes by using compositions of

25 the invention. Polymeric microparticles having polymer
electrolytes on the surface of each polymer particle
provide antistatic particles which may be incorporated
into adhesive compesitions.

When coated on suitable substrates and converted

30 into tape format, these adhesives provide antistatic
tapes which are extremely effective in dissipating
electrostatic charge.

Particulate adhesives are also known in the art, and
have been coated on a variety of substrates and used

35 primarily in applications requiring a low level of
adhesion, e.g., repositionability. Such spheres and
their use in aerosol adhesive systems having
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disclosed in the prior art have all been useful as

10 repositionable adhesives for such applications as Post-
It™ brand notes, and other removable items. Pressure-
sensitive tapes made with this type of adhesive are
likely to be considered unsuitable for use as antistatic
tapes due to their ease of removal.

15 However, it has now been discovered that it is
possible to develop a balance of properties whereby
surface conductive polymer particles may be formulated
into adhesives which possess adhesion which is sufficient
for permanent attachment, and low tribocharging

20 characteristics.

Summary of the Invention
The invention provides conductive, polymeric,
inherently tacky, solvent~insoluble, solvent-dispersible,

25 elastomeric, microparticles and compositions containing
such polymeric microparticles useful in electrical or
electronic applications. The microparticles are cbtained
as insoluble, crosslinked particles having an average
particle size of from 1 micron to 250 microns.

30 Useful polymeric microparticles include acrylate
particles; however, preferred microparticles are modified
acrylate particles having a surface comprised of chains
of an ionically conducting polymer electrolyte,
preferably polyethylene oxide. The microparticles may be

35 solid or hollow, as desired.

More specifically, the pressure-sensitive adhesive
comprises conductive, polymeric, inherently tacky,
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-3- monomers comprising:
a) from 70 to 99 of at least one monomer selected
5 from alkyl (meth)acrylate esters and vinyl esters;
and

b) up to 15 parts by weight of at least one polar
noneomer, and -’ _
from 0.1 part to 10 part of a polymer electrolyte based

10 on 100 parts monomer. Preferred microparticles use
polyethylene oxide as the polymer electrolyte base
polymer to form the surface polyelectrolyte complex.

The invention also provides an anti-static
particulate pressure-sensitive adhesive consisting

15 essentially of the conductive, polymeric microparticles.
Particles of the invention are obtained via

suspension polymerization such as the following two-step
emulsification polymerization process comprising the
steps of:

20 a) forming a water-in-oil emulsion by mixing an
aquecus solution of polar monomer{s) and a polymer
electrolyte base polymer with oil phase monomer(s),
said oil phase monomers being selected from alkyl
(meth)agrylate esters and vinyl esters;

25 b} forming a water-in-oil-in-water emulsion by
dispersing the water-in-oil emulsion into an agueous
rhase; and
c) initiating polymerization preferably by
application of heat or radiation.

30 Microparticles of the invention may also be prepared
by a simpler ("one-step") emulsification process
comprising agueous suspension polymerization of at least
one alkyl (meth)acrylate ester monomer or vinyl ester
monomer and at least one polar monomer in the presence of

35 at least one polymer electrolyte base polymer and at
least one emulsifier which is capable of producing a
water-in-oil emulsion inside the droplets, as defined
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aqueous phase which comprises at least one alkyl

10 (meth)acrylate ester monomer or vinyl ester monomer and
at least one polar monomer in the presence of at least
one polymer electrolyte base polymer. An emulsifier
which produces the water-in-oil emulsion inside the
droplets is not used in this process which forms monomer

15 droplets having no interior cavities, which on
polymerization become solid microparticles, rather a
suspension stabilizer is used.

As used herein, these terms have the following
meanings.

20 1. The term "polymer electrolyte” means a
polymeric species containing electron donating atoms
which may be associated with acceptor atoms.

2. The term "polymer electrolyte base polymer"
means a polymer which is capable of forming a polymer

25 electrolyte during formation of the microparticle.

3. The term "polymer electrolyte functional unit"
means the group containing the electron donating species.
4. The term "microparticle" means a particle

having a diameter of from 1 micrometer to 250

30 micrometers.

5. The term "tribocharging® means electrostatic
charge generation associated with friction between
separable surfaces.

6. The term "droplet” means the liquid stage of
35 the microparticles prior to the completion of
polymerization.
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completely within the walls of a polymerized

microparticle.

9. The term "hollow" means containing at least
one void or cavity. .

10 10. The term "solid" means voids or cavity-free.

11. The term alkyl (meth)acrylate means an alkyl
acrylate or alkyl methacrylate.

As used herein, all parts, percents, and ratios are
by weight, unless specifically stated otherwise.

15
Detailed Description of the Invention

Alkyl acrylate or methacrylate monomers useful in
preparing the microparticles and conductive pressure-
sensitive adhesives of this invention are those

20 monofunctional unsaturated acrylate or methacrylic
esters of non-tertiary alkyl alcohols, the alkyl groups
of which have from 4 to 14 carbon atoms. Such acrylates
are cleophilic, water emulsifiable, have limited water
solubility, and as homopolymers, generally have glass

25 transition temperatures below -20°C. Included within
this class of monomers are, for example, isooctyl
acrylate, 4-methyl-2-pentyl acrylate, 2-methylbutyl
acrylate, isoamyl acrylate, sec-butyl acrylate, n-butyl
acrylate, 2-ethylhexyl acrylate, isodecyl methacrylate,

30 isononyl acrylate, isocdecyl acrylate, and the like,
singly or in mixtures.

Preferred acrylates include isooctyl acrylate,
isononyl acrylate, iscamyl acrylate, iscdecyl acrylate,
2~-ethylhexyl acrylate, n-butyl acrylate, sec-butyl

35 acrylate, and mixtures thereof. Acrylate or
methacrylate or other vinyl monomers which, as
homopolymers, have glass transition temperatures higher
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Useful vinyl ester monomers are those which form
homopeolymers having glass transition temperatures below

10 10°C. Such esters comprise 1 to 14 carbon atoms, and
includes such monomers as vinyl 2-ethylhexanoate, vinyl
caprate, vinyl laurate, vinyl pelargonate, vinyl
hexanoate, vinyl propionate, vinyl decanocate, vinyl
octancate, and the like.

15 Polar monomers useful in microparticles of the
invention include moderately polar monomers such as N-
vinyl-2-pyrrolidone, N-vinyl caprolactam, acrylonitrile,
vinyl acrylate, and diallyl phthalate, as well as
strongly polar monomers such as acrylic acid,

20 methacrylic acid, itaconic acid, hydroxyalkyl acrylates,
cyanoalkyl acrylates, acrylamides, substituted
acrylamides. When more than one polar monomer is used,
mixtures may include monomers having similar or unlike
polarities, e.g., one moderately polar and one strongly

25 polar monomer or two monomers from one group.

The conductive microparticles of this invention and
the pressure~-sensitive adhesives made therefrom comprise
at least 70 parts by weight of at least one alkyl
(meth)acrylate ester or vinyl ester and correspondingly,

30 up to 30 parts by weight of one or more polar monomers.

Polymer electrolyte base polymers suitable for use
in the invention include polyethylene oxide,
poelyphenylene oxide, polyphenylene sulfide, polyethylene
sulfide, polyethyleneimine, polypropylene oxide,

35 polybutylene oxide, polybutylene sulfide, polybutylene
imine, and the like. Polyethylene oxide is preferred.
Useful amounts of the polymer electrolyte base polymer
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pressure-sensitive adhesive conprises, conductive, pol

yneric,

j nherently

t acky the microparticles. It is believed that the ionic salts
become associated with the electron donating groups

present in the amorphous polymer domains.

10 Salts used for this purpose include salts of alkali
metals, and alkaline earth metals, including but not
limited to, NaI, NaSCN, BaCF,S0,, NaBr, NacClo,, LiCl,
LiNQO,, LiCF;50,, LiS0O,, LiOH and KOH. Lithium salts are

preferred for the present invention, especially lithium

15 nitrate.

Particulate adhesives of the present inventiocn

display dramatically different tribocharging properties

than continuocus adhesive layers of similar chemical

components. For example, when coated on a film

20 substrate, an acrylate-based emulsion adhesive produces

a continuous film with a planar surface.

Upon

application and removal from a planar surface, this

adhesive tape will cause generation of charged species

on the surface of the adhesive and on the planar surface
25 to which it was attached. The residual charge has a

magnitude of up to several thousand volts.

However,

adhesive tape samples of the current invention, under

similar conditions generate almost no charge upon

removal from the planar surface.

30 Without wishing'to be bound by theory,

it is -

believed that the improved electrical properties of the

adhesive are due to two aspects of its particulate

nature; firstly, the particulate prevents full area

contact of the adhesive layer with the planar surface.
35 The reduced area of attachment results in a reduction of

area of separation when the tape is removed from the
planar surface, and thus there is less tendency for
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surface layer of conductive species available on each
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microparticle. The surface layer is provided by
materials which facilitate conduction of electrical

5 charge. Provision of the host polymer in spherical form
allows increased availability of electron donating
polymer chains.

Also, it is possible to exert better control over
the length of the chains so as to increase the realative

10 number of amorphous domains. This provides a larger
network of conductive sites which allows more efficient
conduction of electric current.

Electrical characteristics of pressure~sensitive
adhesives of the invention vary from somewhat resistive

15 to significantly conductive materials.

It is possible to use microparticles and pressure-~
sensitive adhesive tapes of the invention in a variety
of applications where transport of electrical current or
prevention of electrostatic charge is important.

20 For instance, permanent particulate adhesive
compositions containing particles of the invention can
be formulated which show remarkably little
susceptibility to tribocharging. 1In the form of
adhesive tapes, these compositions are eminently

25 suitable for masking printed circuit boards, e.g.,
during wave soldering and other similar applications
where protection of sensitive electronic components is
essential.

Microparticles may be prepared by various

30 emulsification processes, which are varied depending on
whether hollow or solid microparticles are desired.
Aqueocus suspensions of hollow microparticles_may.be
prepared by a Ptwo-step" emulsification process which
first involves forming a water-in-oil emulsion of an

35 agueous solution of polar monomer({s) in oil phase
monomer, i.e., at least one (meth)acrylate or vinyl
ester monomer, with a polymer electrolyte base polymer,
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Thus, in this first step, oil phase monomer(s),

polymer electrolyte. base polymer, emulsifier, a free

10 radical initiator, and, optionally, a crosslinking
monomer or monomers as defined below are combined, and
an aqueous solution of all or a portion of the polar
monomer{s) is agitated and poured into the oil phase
mixture to form a water-in-oil emulsion. The polymer

15 electrolyte base polymer may be added to either the oil
phase or the water phase. A thickening agent, e.g.,
methyl cellulose may also be included in the agueous
phase of the water-in-oil emulsion. In the second step,
a water-in-oil-in-water emulsion is formed by dispersing

20 the water-in-oil emulsion of the first step intc an
aqueous phase containing an emulsifier having an HLB.
value above about 6. The agueous phase may also contain
any portion of the polar monomer(s) which was not added
in step one. Examples of such emulsifiers include

25 ethoxylated sorbitan monooleate, ethoxylated lauryl
alcohol, and alkyl sulfates. In both steps, when an
emulsifier is utilized, its concentration should be
greater than its critical micelle concentration, which
is herein defined as the minimum concentration of

30 emulsifier necessary for the formation of micelles,
i.e., submicroscopic aggregations of emulsifier
molecules. Critical micelle concentration is slightly -
different for each emulsifief, usable concentrations
ranging from 1.0 X 10* to 3.0 moles/liter. Additional

35 detail concerning the preparation of water-in-oil-in-
water emulsions, i.e., multiple emulsions, may be found

in various literature references, e.g., Surfactant

This Sheet Has Been

(el

Replac

i




conpri si S suspensi on polynerization of at | east o3)okesh
foliags

(met h) acr ter nononer or vinyl ester nononmer and ‘a east one
pol ar nmononer in the presence of 35 at |east one polyner electrolyte base
pol ymer and at | east one enulsifier which is capable of producing a
water-in-oil enulsion inside the droplets~18s defined bel ow,
which is substantlally stable durlng enuIS|f|cat|on and pol yneri zati on.
Bot h of these ngyats : 3 a1 aanon@t- dropl ets

which  upon PRLYGELAZERACK. bFCOﬁFoPéz?éé’paéﬁé&L & U6 I8 il New
York, New York, 1883)}.
The final process step of this method involves the
5 application of heat or radiaticon teo initiate

polymerization of the monomers. Useful initiators are
those which are normally suitable for free radical
polymerization of acrylate or vinyl ester monomers and
which are oil-soluble and of very low solubility in

10 water. However, when the polar monomer is N-vinyl
pyrrolidone, the use of benzoyl peroxide as the
initiator is recommended.

Examples of such initiators include azo compounds,
hydroperoxides, peroxides, and the like, and

15 photoinitiators such as benzophenone, benzoin ethyl
ether, and 2,2-dimethoxy-2-phenyl acetophenone.

Use of a water-soluble polymerization initiator
causes formation of substantial amounts of latex. The
extremely small particle size of latex particles renders

20 any significant formation of latex undesirable. The
initiator is generally used in an amount ranging from
0.01 percent up to 10 percent by weight of the total
polymerizable composition, preferably up to 5 percent.

Agqueous suspensions of hollow conductive

25 microparticles may also by prepared by a "one-step"
emulsification process comprising agueous suspension
polymerization of at least one alkyl (meth)acrylate
ester monomer or vinyl ester monomer and at least one
polar monomer and a polymer electrolyte base polymer in

30 the presence of at least one emulsifier capable of
producing a water-in-oil emulsion inside the droplets
which is substantially stable during emulsification and
polymerization. As in the two-step emulsification
process, the emulsifier is utilized in concentrations

35 greater than its critical micelle concentration. In
general, high HLB emulsifiers are required, i.e.,
emulsifiers having an HLB value of at least 25, will
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5 of whi cWhEW3Fterior cavities that, upon drying, becone PCTH§P426628
Anot her process which is useful forns an oil-in wat er enul si on and

di sperses such enulsion into an aqueous phase which conprises at |east
one al kyl 10 (neth)acrylate ester nononer _gr_vinyl ester nononer and at
| east one polar nononer in the presence of at | east one pol yner

el ectrolyte baSpra@haa”egtaﬁ\nee&%&ﬁ@éntalmyuﬁs Pé’@@sdﬁﬁﬁxg\ﬁ&kﬁé" n- oi |

enmul si on inside t? lets i not used in thls ocess mhlch fornms
monomer 15 dr opP@ gmﬁﬁb?ﬁ + | FRRrioF %%&F%?%% L ¥Fe of TRIRISARSTi zat i on
becone solid nistepaprocéss, r Bk ey 1 ds cfsyﬁ@@namﬁmsfﬁf&réIiﬁﬂlu&eused

As used herein, a fo neani - :
The term™" ponn%%ﬁg? %féﬁﬁ?p"gﬁ%%%ge%.éuc %n%ﬁ?fg%pﬁégigeéﬁkﬁﬁﬁﬁﬁ.ng
el ectron donfiti fgléabes e- gmhft‘)hlh@}’"ﬁé/h@sowaibmbmtfrcammram ons.
2 ety of oy PRAXSPTaSkPELEPLYL £ 0BRE: NALYPBLSS sudBPAfle @ PolyME! which s

capabl e of forn1qg gg ectrol yte duri ng rmation of the
mi croparticle. 2alRylarylpoly(ethylene ox1de) sulfates, preferably those

having up to 4 ethyleneoxy repeat units, and alkyl
sulfates such as sodium lauryl sulfate, ammonium lauryl

10 sulfate, triethanolamine lauryl sulfate, and scdium
hexadecyl sulfate, alkyl ether sulfates such as ammonium
lauryl ether sulfate, and alkylpolyether sulfates such
as alkyl poly(ethylene oxide) sulfates, preferably those
baving up to about 4 ethyleneoxy units. Alkyl sulfates,

15 alkyl ether sulfates, alkylarylether sulfates and
mixtures thereof are preferred as they provide a maximum
void volume per microparticle for a minimum amount of
surfactant. Nonionic emulsifiers, e.g., Siponic™ Y-500-
70 (ethoxylated oleyl alcohol), commercially available

20 from Alcolac, Inc, and Pluronic™ P103 (a block copolymer
of polypropylene oxide and polyethylene oxide
commercially from BASF Corporation) can be utilized
alone or in conjunction with anionic emulsifiers.
Polymeric stabilizers may also be present but are not

25 necessary. |

The composition may also contain a crosslinking
agent such as a multifunctional (meth)acrylate, e.qg.,
butanediol diacrylate or hexanediol diacrylate, or other
multifunctional crosslinker such as divinylbenzene.

30 When used, crosslinker(s) is (are) added at a level of
up to 1 percent, preferably up to 0.5 percent, of the
total polymerizable composition.

Solid microparticles of the invention may be made
by a similar one-step process comprising agueous

35 suspension polymerization of at least one alkyl
{meth)acrylate ester monomer or vinyl ester monomer, at
least one polar monomer and a polymer electrolyte base
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3. The ?%ogg{iyrrer el ectrolyte functional unit” means PEQngmmms
cont ai ning the el ectron donating speci es. 4. The "‘term

"mcroparticle"” nmeans a particle having a diameter of from 1 m cronetef
to 250 30 microneters. 5. The term "tribochargi ng" nmeans
el ectrostatic char ge generation assoct®-ed wth friction between
separ abl e surfaces. The term "droplet"” neans the |IgUId gt age

of 35 the ni crdi%{‘rif“?eﬂ: e ﬁlrﬁeoﬁrﬁ?% Compretuspess ion sEapieiZ2at | off

-7- is not necessary to use a high HLB emulsifier because
the droplets formed need not be cavity-containing
droplets. Examples of such useful lower HLB emulsifiers

5 include ammonium lauryl sulfate such as Standapol™ A,
available from Hercules and other steric or
electrosteric polymeric stabilizers such as (poly)vinyl
alcohol, polyacrylic acid, polymethacrylic acid,
polyacrylamide, polyﬁinyl pyrrolidone, polyvinyl

10 methylether, and the like.
Preparation of microspheres of the invention may be
modified by withhelding the addition or all or part of
the polymer electrolyte base polymer, and polar monomers

until after polymerization of the oil phase is
15 initiated; however, the components must be added to the
polymerizing mixture prior to 100% polymer conversion.

Discrete conductive polymeric microparticles may
also be prepared via suspension polymerizations
disclosed in U.S. Pat. No. 3,691,140, US 4,166,152, US

20 4,636,432, US 4,656,218, and US 5,045,569, for preparing
adhesive compositions.

The conductive microparticles of the invention are
normally tacky, elastomeric, insoluble but swellable in
organic solvents, and small, typically having diameters

25 of at least 1 micrometer, preferably in the range of 1
to 250 micrometers, more preferably from 1 to S0
micrometers. Théy may be solid or contain a single
void, or multiple voids.

Following polymerization, an agueous suspension of

30 . the microparticles is obtained which is stable to
agglomeration or coagulation under room temperature
conditions. The suspension may have non-volatile solids
contents of from 10 to 50 percent by weight. Upon
prolonged standing, the suspension separates into two

35 phases, one phase being agueous and substantially free
of polymer, the other phase being an agqueous suspension
of conductive microparticles. Where high HLB
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7. The t NP6ty means a space within the wal |'s of aF§FEprapssss

m croparticle when still in the suspensi on or dispersion nediumprior to
drying, and t hus cont ai ni ng what ever nmedi um was used. 5 8. The
term "voi d* neans an enpty space conpl el,g)y within the walls of a

pol ymeri zed

m croparticle. 9. The term "hol | ow' neans

containing at | eaglisiriere ¥ekdugbdCaub! MropQets havéOoneTBe herm "solid"

means voi ds or
means an al kyl
all parts, perc
stated otherw s
Al kyl acryl ate
m croparticl 8s

cavi,

SBVikes) BRache upey) oheinger praone vords. "BREAERISET, |

mals coand inahi minareportiby wi ghhlludkees ppetitiestly
BecARtation of the Eﬁ&%hbggtggﬁgLEEEhoghggetP?obﬁﬁggtéHn
or nethacryl ate nonofers*usefur in prepartng the
andecusdsuspensprasbaréng a pensvpiasidghesiids 6PnEANS

invention are tRasen20or@eRObENGhleBaberBatULALEH, 2 EY kAR AT wiRRhACT Yl i C

10

15

20

25

30

35

water, will readily redisperse.

If desired, the agqueous suspension of conductive
microparticles may be utilized immediately following
polymerization to provide inherently tacky pressure-
sensitive adhesive coatings having low tribocharging
characteristics, or "antistatic" adhesives.

Tapes which are useful in applications of this type
may be produced by coating microparticle containing
compositions of the invention ontc a variety of
substrates. Suitable substrates include polymeric films
such as polyimide, polyethylene terephthalate, poly-
phenylene sulfide, polypropylene, cellulose acetate,
ethyl cellulose; paper, woven or nonwoven fabric formed
of synthetic or natural materials, metallized polymeric
film, ceramic sheet material, metal foils, etc. Primer
or binders may be used, but they are not required. The
coating may be carried out by conventional methods such
as knife coating, Meyer bar coating, and other
conventional means known in the art for coating
adhesives such as use of an extrusion die.

The tape may be commercialized in roll form, or may
be divided into segments for sale; such as strips or '
labels. Additionally, the adhesive may be provided
between two substrates, e.g., the adhesive is coated
onto a paper substrate, which can be used as a label,
which may be provided on a low adhesion backsize or
other easily removable surface for individual use.

The adhesion properties of the microparticles may
be altered by addition of tackifying resin and/or
plasticizer. Preferred tackifiers for use herein
include hydrogenated rosin esters commercially available
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esters ofwoesedsséti ary al kyl al cohols, the al kyl groups PETT/USIRE62H av e

from4 to 14 carbon atons. Such acryl ates are ol eophilic, water

enul sifiable, have limted water solubility, and as honopol yners,
generally have glass 25 transition tenperatures below -20[err]C. Included
Wit hin this class of nonomers are, for-®xanple, isooctyl  acrylate,

4-met hyl - 2- pentf}’gomag&ﬁ%:%txﬁ’esz's%%thb'ﬁte\fjcu%es 91{ Xl a ’deirS%%@ﬁl t%mél ate,
sec-butyl acrylate, n-butyl acryl ate, -ethychéxy acrylate, isodecyl
met hacryl ate, 3@mess@fofPradlr ¥isat Forrdddésy| andr yloxad™ 38§ -t h&theke,

singly or in myddfifs tackifiers Rneheeedndehy hakesy ioiclugatigooctyl
acryl ate, I sononyl acryl ate, 1soamyl acryl ate, |sqde§yl acr}/"leﬁte,e
2-et hyl hexyl adrane. nUsetpl adegticd zedsc ipglydessiogtnl ahthaiage,
m xtures they egfeetrAQr Heddy@ Phosphatetl, aeiivralssy 10bhishtate, Nund @hener s
whi ch, as q%ﬂgﬁolyners, ave glass transition tenperatures higher

It is also within the scope of this invention to
include various other components to tapes of the
invention, such as ﬁigments, fillers, including

10 additional conductive fillers, stabilizers, or various
polymeric additives.

These and other aspects of the invention are
illustrated by the following examples which should not
be viewed as limiting in scope.

15
Test Methods

Resistivity Measurements of Antistatic Coatings

Resistivity is a measure of the intrinsic ability
of a material to conduct electrons. It is a property

20 which is independent of the dimensions of the material
sample.

The surface resistivity of coatings of the
invention was measured by connecting a Keithley 616

'digital electrometer (Keithley 6105 resistivity adapter)

25 to a 500 volt power supply, and attaching to an
electrometer. Individual samples were measured using
standard procedures according to ASTM D-257.

Peel Adhesion
30 Peel adhesion is the force required te remove a
coated flexible sheet material from a test panel
measured at a specific angle and rate of removal. 1In
the examples, this force is expressed in grams per
centimeter (cm) width of ccated sheet. The procedure
35 followed is:
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than - 20 PFBL56 g tert-butyl acrylate, vinyl acetate, FCTARGUPHEES| | ke,
may be utilized in conjunction with one or nore of the acrylate or

nmet hacryl ate nononers provi ded that the glass transition tenperature of
the resultant 5 polyner is below -20[err],G_ Wien nethacryl ate nononer is
the sole alkyl acrylate utilized, a crossllnklng agent, infra, nust be

i ncl uded. bis@ktti pvhNgh eal ¢h (RRCAELE &he tRaseaWBheBtfasm
honopol yner s haV|q38%lass transition tenperatures beIoY%10 10[err] C.,Such

esters conpri s@PP 1$°c§PSoﬁ°5ﬂaﬁ§taén&“rfaanEFuéeg BBhIABRBNEFE as
vinyl 2-ethyl h@&art@atwathvamylleast gapraliénenilngh Laufarm, cohhgbt. A

pelargonate, VM naral B39 fo11aBV) SPLORLORE' SppYln¥heT8ERTRA! Cxnk! 1Y

5 free end of the coated strip is doubled back nearly
touching itself so the angle of removal will be 180°.
The free end is attached to the adhesion tester scale.
The steel test plate is clamped in the jaws of a tensile
testing machine which is capable of moving the plate

10 away from the scale at a constant rate of 2.3 meters per
minute. The scale reading in grams is recorded as the
tape is peeled from the steel surface. The data is
reported as the average of the range of numbers observed
during the test.

15
Glossaxy
I0A Isooctyl Acrylate
AA Acrylic Acid
PEO Pélyethylene Oxide Acrylate
20 PEOC {750) Acrylate terminated PEO having a MW
of abeout 750
BPER 70% Benzoyl Peroxide, Lucidol™ 70
PEODMA Polyethylene Oxide Dimethacrylate
[ (PEO),DMA]
25 1,6 HDDA 1,6 Hexanedicl Diacrylate
ALS Ammonium Lauryl Sulfate
Standapol™ A Ammonium Lauryl Sulfate from
Hercules
30 Examples
Preparations of Microparticies
Example 1

Acrylic acid (5.4g), polyethylene oxide acrylate
(PEO 750) (13.5g), PEODMA (0.15g) and 70% benzoyl
35 peroxide (0.99g) were dissolved in isooctyl acrylate
(223.2g). This solution was added to an agueous
solution of surfactant. The surfactant solutioen
comprised Standapol™A, available from Hercules, (8.49)
dissolved in de-ionized water (360g). An emulsion of
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15 3kpdeponmers useful in mcroparticles of the IPOTATEIE/06628

I ncl ude nnderately pol ar nmononers such as N vi nyl - 2- pyrrolidone,
N-vinyl caprolactam acrylonitrile, vinyl acrylate, and diallyl

pht hal ate, as well as strongly pol ar nononers such as acrylic acid, 20
met hacrylic acid, itaconic aci d, hydroxydﬂ@yl acryl ates, cyanoalkyl
acryl ates, acr Ian1des

bstlt s. _\Wen one
pol ar nononer &y dsgoct 1 3?35 ﬁﬁ%u%ﬁeﬁudé ﬁoﬁngoﬁgsfﬁéﬁg?§1lar or
unl i ke polamstpmsdueeg byoheghndheatehyxpnbausanq eneOBniongker28tpol ar

monomer of twosnggﬁ%rg frgq? % %ugontﬁﬁued unzgﬁ QBQdHQEVX

m croparticles s 7i'nv r essur e- senS|t|v§ adhesi ves
made therefronm@mﬁpmlge51ze af tbaseil@ pappée&y weisghppoPxamared¥t one

al kyl Tl DA Ki3ke Jas! QretQE'm‘ih@ﬁl | uSShEr afNdpeaEatsReBgbasbye. 30 up to

30 parts by weight’ ne or nore %
el ectrol yte base poﬂ?ﬁeF§5§Gtﬁaﬁl@lﬂdﬂnuyéter emﬁlﬁﬁénlﬁ9énFP6 gFﬁcFHde

po: yet Ey: ene 0¥l d.ewlllfter E@s)i}@xh%%ﬁlcf%% @s;uci@peao:v.rmhelzyslk.enaasuut;sde§5
pol yet hyl ene | 0 yet yl enei poly ene_oxi
pol ybut yl ene oﬁQﬂg %&E §UFPP&€ ﬁopﬁﬁﬁtg e;"Sulll &% a

heatxng mantle. With continuous stirring at a rate of
10 400 rpm, the reactor and contents were heated to 60°C.
At this point the reactor was degassed with
nitrogen. A reaction proceeded in the absence of
oxygen. This was allowed to continue for a period of 22
hours while both temperature and stirring rate were
15 maintained. The resulting aqueocus suspension contained
insoluble particles of approximately 5um in diameter.

Examples 2-6
The particle suspensions for Examples 2-6 were

20 prepared as described for Example 1, with changes in

materials’ concentration as indicated in Table 1.
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i M ne, arMiOtIS®4I56ke. Pol yet hyl ene oxide i s preferred. UsRET(USHA66%8t s of

the polyner electrolyte base pol yner in mcroparticles of
the invention range fromO0.1 part to 10 parts, preferably from1l part
to 5 parts, based on 100 parts nnnon§§_meight The conductive
properties of the polynmeric 5 mcroparticles may be further enhanced by
the addition Of‘qﬁ?ﬂFﬁﬁﬁqﬁFﬁﬁF=ﬁ#ﬁ5ﬁvc oGS EFPns whi ch contain
the microparticles. gt |sebeligved that jthe Joniq salfs become
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present in the anDrphous polyner domai ns. 10 Salts u § S
pur pose Wh&HES sal t s K%Lﬁ}accd netal s, and al kal i ne egﬁim%%l@

i ncl udi ng but nogmsﬁwﬂ| Bec , Nal, NaSCN, BaCF[err]So[err], NaBr,
NaClJerr], Lid, LiCF[err]SOerr], LiSOerr], LiOH and KOH
Lithiumsalts are for t he ppr@esent invention, especially
lithium 15 n|trate Particulate adhesi ves of the present invention
di splay dramatically different tribocharging properties  than continuous
adhesi ve layers of simlag,. {;f‘an o 10! ogg@cﬁ“ }fﬁrtiegg.arrpl e, when
coated on a film 20 substTH%%gﬂ%n—acrf;égéﬂ%% dhesi ve produces
a continuous filmwith a pIanar surfacE&Eﬂﬁaﬁ appllcatlon and renoval
froma planar surfac Heg—— G eI e e TgeTre pt i on of

char ged speci es ) %eS|veAaadnﬁn t he pl anar
surface 25 to which if dual ctentge has a magni t ude
of up to several tho% Howeyer, adhesi ve tape sanpl es of the

was attached. The res
and VQIts

current invention, u FEFLE Rdi ti ohs gemﬁgﬂe al nost { no charge

upon removal from ‘ ce
Lithium Nitrate 0.30
Lithium Hydroxide 0.23
Ammonium Hydroxide 0.50
10 De~-ionized Water 3.8
Polyphobe 104" 0.5

[NOTE: UCAR Polyphobe 104" an acrylic latex
thickener available from Union Carbide. ]

15
Lithium nitrate was dissolved in sufficient de-ionized
water to provide a 20% solution of the lithium salt. 1In
similar fashion a 10% aqueous solution of lithium
hydroxide was prepared.

20 These solutions were added separately with slow
stirring to a mixture of the microparticle adhesive
prepared according to Example 1, to which Polyphobe™ 104
had previously been added, the mixture being contained in
a stainless steel vessel.

25 Finally, the ammonium hydroxide was slowly stirred
into the adhesive mixture to adjust the pH to between 8
and 10. This adhesive microparticle electrolyte
suspension was ceoated 100 micrometers (4 mils) thick on
primed poly(ethylene terephthalate) film and dried for 7

30 mins. at 220°F.

Comparison of Properties to Conventional Adhesives
Adhesive tapes of the invention, coated on cellulose

acetate, were compared with Scotch brand Magic™ Tape and
35 Scotch brand Post-It" Tape, both of which are available

from Minnesota Mining and Manufacturing Company (3M).

Properties measured include surface resistivity,



‘30 | WP 34358 shﬂfn Sft@Hb:eBdam@@c&y theory, it is bel FEFEF A3 ¢ he

| nproved el ectri cal adhesi ve are due to two aspects
of its particulate Iy,

the particulate prevents full area
contact of the adheS|ve ayer pl anar. surface. 35 The reduced area

of attachment results in a reductlon of area of separation when the

tape is renovedtfibochheging pbenatosUrinwendangdat bBsnbbRaLgitg! €66n
t endency for

ed
species to be geng?g?l d°% SEABR O™ RePELPERG ClrcgﬁFfBE%r?ayﬁiyo?g
conducti ve spechéChvﬁErabmaasureécmt 68% relative humidity. Results

shown in Table 3 clearly show that Post-It™ Tape exhibits

5 1less tribocharging, nevertheless the tribocharging is
still significantly greater than tribocharge levels
generated with tapes of the invention. Table 4 shows the
peel strength of the various adhesive tapes.

10 Table 3
Electrical Properties of Adhesive Tapes
———— e —————— e e aoeey.

Adhesive Resistivity | Tribochargin Volts
Tape

=3

Ohms/square | Unwind* | Board® Tape®

15 #810 Magic 1.0 x 1oh 12,000 950 2,400
Tape

#3811 Post~ 5.0 x 10ff 270 943 53
It

Example 6 6.0 x 10° 20 10 1

20

a)Unwind = Voltage on the surface of freshly unwound
tape.

b)Board = Voltage on the surface of a printed
25 circuit board after removal of adhesive
tape.

C)Tape = Voltage on the surface of the tape which

30 was removed from the printed circuit board

Table 4

r = m—

TAPE SAMPLE ADHESION TO UNWIND
| STEEL (02/IN) (0Z/IN)

3M Brand Magic Tape #810 24.00 6.0

35 3M Brand Magic Tape #811 2.3 -

E;Example 6 24.00 14.00

e ——

Varying amounts of lithium nitrate were added to a
coating composition formulated as in Table 2, using the
40 composition of Example 6. The relative amounts of



m cropartlﬁég ’3&}? surface layer is provided by mat er i al spoMIsHa/06628
facilitat ﬁ ion of electrical 5 charge. Provision of the host

pol ymer in spherical form all ows increased availability of electron
donat i ng pol yner chains. Also, it is possible to exert better
control over the length of the chains se2as to increase the relative 10
nunber of anorphous doneins. This provides a |arger net wor k of

conducti ve sitepadvethydldananexiges perT ilditdvifm nigaRdec &K SGOYE 48 Frble

current. 5.Fl etdrdeCals GNAaCRilasinces oif HiNet eFiferrtS eifsithievametal

adhesi ves of the vention var, fro sonewhat resisti o significantly
conduct i ve mat erd Q:Ss ad vary:%‘t g " a(fssﬁ;:llos‘[ <§’“usa§“ m\{'%r%%zftrt i cles and

pressure- s ensidacramayiings ianst tsamqﬁ nerpd Sty Ghargck oFdstecs - of
applications gmere transport of electrical current or prevention of
el ectrostati ¢ charge is inportant. 20 For instance, pernanent
particul ate adhesive conposi tions coBahiaiBg particles of the invention
can be formul ated which show remarkably little susceptibility to
tribocharging. In - ) ]
ging Molar Resistivity {i/sg Tribocharging
{Volts)
70% RH 10% RH 10% RH - |
10 1 1.32 2.0x10° | 1.1x10’ 0
2 1.98 9.5x10° | 1.4x10% 5
3 3.96 5.7x10% | 2.2x10° 10
4 5.28 1.0x107 | 3.4x%10° 66
5 7.92 2.4x107 { 1.8x10" 345
15 6 10.56 5.9x10° | 3.3x10% 642
7 15.84 1.3x10% | 1.3x1o0M 1930
L-

Effect of Lithium Salt and Particle Size Variation

20 Changes in the electrical properties of surface
resistivity and tribocharging are related to variation in
either the size of the microparticles or the addition of
lithium salts as shown in Table 6.

The level of relative humidity is also important,

25 however, even at low humidity levels it is shown that
optimization of particle size and lithium salt content
produces antistatic adhesive coatings with tribocharging
levels approaching zero.

30
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adhesi vavp @p/043s6t hese conpositions are em nently 25 suit abl BCE/UE4/066281 ng
printed circuit boards, e.g., during wave sol dering and other simlar
appl i cations where protection of sensitive electronic conmponents is
essenti al . M croparticles may be prepared by various 30

enul sification processes, which are vari‘g:"dependi ng on whet her hol | ow
or solid mcroparticles are desired. yequs suspensi ons of hol |l ow

m croparticles nmay be prepared by a&é@%__% ep" enul sification process

whi ch firs o TSR TR Bg—a==tat-Stifgi=be Ati=aei—at=ar=35 aqueous
solution of pdl gx. "preaRy [ S)ReSiOLIvIERSE/sq NPNEFESecha®yindit | east one
(meth)acryl at ¢ of vinym ester nononer, wthja potyietsel ectyol yte base
pol ymer,
| 70% RH 10% RH 10% RH
5 1° | 3-5 7.4x10% 4.8%x10° 101
2 3-5 | 1.9x10" 4.7x10% >2,000
3° 15 1.3%10° 2.3x%10° 88
4 15 6.1x10!° 8.3x104 1500
5° 35 4.3%10’ 6.2x10° 103
10 6 35 2.0x10' 6.8x10" >2,000
7° 71 6.1x107 1.9x10" 225
8 71 3.1x10t 2.0x10" >2,000
NOTE (*) designates samples containing lithium salts.
15
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using an @RWmddger having a | ow h philic-lipophilic bed-aUsH/06623B)
val ue. Sul tab errul m‘!ﬂma‘ “l f havi ng an HLB val ue bel ow about 7,
preferably in the Exanpl es of such enul sifiers include

5 sorbitan nnnooleate sd%bltan trloleate and et hoxyl at ed ol eyl al cohol
such as Brij[err] 93, available fronlAtIa524‘ Chem cal Industries, Inc.
Thus, in this first ste oi | . phase nononer(s), pol yner el ectrol yte base
pol yner, emul si¥hal is Yad@ery iSidi cal initiator, and, optionally, a
crosslinking nononmer or nononers as defined bel ow are conbi ned, and

| ut f ti f [
e e
enul sion. The ) i t her
the oi | phas, Qé%ﬁzt?-%s?,etdlwsﬁe% hs iU GKEAL AL A0 Mes Gaflring adTBl hY!

cel | ul ose may e aqueous
average diameter of at least 1 micrometer, wherein sald
microparticles have an ionic conductive material qrafted

onto on said surface.

10 2. Conductive pressure-sensitive microparticles
according to claim 1 comprising a polymer of monomers
comprising:

a) at least 70 parts of at least one alkyl
{meth)acrylate or vinyl ester,
15 b} correspondingly, up to 30 parts of at least one
polar monomer toc make 100 parts monomer,
wherein said jionic conductive material comprises a
polymer electrolyte formed from a polymer electrolyte
base polymer selected from the group consisting of

20 . polyethylene oxide, polyphenylene oxide, polyphenylene
sulfide, polyethylene sulfide, polyethyleneimine,
polypropylene oxide, polybutylene oxide, polybutylene
sulfide, and polybutylene imine, said polymer electrolyte
base polymer added in an amount of from 0.1 part to 10

25 parts.

3. The conductive pressure-sensitive adhesive
micrcparticlés of claim 1 wherein said ionic conductive
material further comprises from 0.01 moles to 10 moles of

30 at least one salt of an alkali metal or alkaline earth
metal per mole of polymer electrolyte base unit.

_ 4. The conductive pressure-sensitive adhesive
microparticles of claim 3 wherein said salt is selected

35 from the group consisting of LiCl, LiNO;, LiCF;S0;, LiSO,,
LiOH, KOH, NaSCN, NaI, BaSO,CF,;, and NH/OH.

This Shect Has Been Replaced
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phase of Whes/aser -i n-oil enmul sj n the second step, RCT/USH4/06623
mater-in-oil-in-matej“ﬁ ﬂﬂnﬁ“ H i““ med by di spersing 20 the water-in-oi
emul sion of the firsti® . aqueous phase contai ni ng an

enul sifier having an HLB. val ue above:ﬁgout 6. The aqueous phase may

al so contain any portion of the pol ar 9tononer (s) whi ch was not added

In step one. Exanples o | siLi ingl .25 et ted sorbitan
nonool eat e, ethgxyPétedEﬁggggngg igﬁégﬁgﬁ,g§ﬁ§g§ﬁ§§|§§ﬁ?§§%§s, In both
steps, when anmicropaptécieeraccondingzed, ciasmcdneherein i onid menemee
greater than iggmgrikbgal mcelle concentration, which Is herein
defined as the m ninmum concentration of 30 emul sifier necessary for the
formation of micel Bds, 2at lpagt 88uBArEFodYoRRATREgPEGAEI SRISET OBRUI sifi er

nmol ecul es. €riticaklmyqelinateyacentitabi ep bgnghiggggy, anddi fferent for
each emul sifier, usable concentrg%ions ranging frongl.o X ég[errLtto
3.0 noles/liter. A®diti &FAFSBOHELIPYeolPFRi A§ PRETHr BRaVELPBR BF
water-in-oil-in- leasdt eneepollaronsnomes.,, touhtkpl @cenphstenmenmagrbe
found N VRhbOUSn! LLEEALURE." EbRASDETSe Haferi St QR ANes a
polymer electrolyte material formed from 0.1 part to 10
10 parts of a polymer electrolyte base polymer.

6. The conductive microparticles of claim 5
wherein the alkyl (meth)acrylate is selected from the
group consisting of iscoctyl (meth)acrylate, 2-ethylhexyl

15 (meth)acrylate, isononyl (meth)acrylate, isocamyl
(meth)acrylate, isodecyl (meth)acrylate, and butyl
(meth)acrylate, and said polar monomer is selected from
the group consisting of N~-vinyl-2-pyrrolidone, N-vinyl
caprolactam, acryleonitrile, vinyl acrylate, diallyl

20 phthalate, acrylic acid, methacrylic acid, itaconic acid,
hydroxyalkyl acrylates, cyanocalkyl acrylates,
acrylamides, and substituted acrylamides.

7. The conductive particles of claim 5 wherein the
25 vinyl ester is selected from the group consisting of
vinyl 2-ethylhexancate, vinyl caproate, vinyl laurate,
vinyl pelargonate, wvinyl hexanocate, vinyl propionate,
vinyl decancate, and vinyl octanocate, and said polar
monomer is selected from the group consisting of N-vinyl-
30 2-~pyrrolidone, N~vinyl caprolactam, acrylonitrile, vinyl
acrylate, dialiyl phthalate, acrylic acid, methacrylic
acid, itaconic acid, hydfoxyalkyl acrylates, cyanocalkyl
acrylates, acrylamides, and substituted acrylamides.

35 8. The conductive pressure-sensitive adhesive
microparticles of claim 1 or 2 wherein said

This Sheet Has Been Replaced

AR




-12- ste Their Chem stty, Pharmacy, & Biology, (D. d
and A T. %’ mﬁ“"’%@@

The final process stgﬂﬂmﬂumm LS& vg‘gwt he goggpl i cation of heat

or radiation to initiate © pd1yﬁer|zat|on of the nmonomers. Useful
initiators are t hose which are normal |l yvagui table for free radical

pol yneri zation of acrylate or vinyl ester nononers and whi ch are

oi | -sol ubl e and ﬁicrepyrtMmIWéia ysurfdde awd eat lédstevare Mirar t he .

ol ar monomer s Niyi Myly pau DVLEOLJLONEs d{\ndios: Obe PRIGPY REANIIRAS

t he initiatol °1%’ reconmende
to 250 micrometers.

5 9. An anti-static particulate pressure-sensitive
adhesive comprising the conductive, polymeric, inherently
tacky, solvent-insoluble, sclvent-dispersible,
elastomeric, pressure-sensitive adhesive microparticles
of claim 1, 2 or 3.

10
10. Aan anti-static particulate pressure-sensitive
adhesive according to claim 9 wherein the polymer
- electrolyte base polymer is polyethylene oxide.

15 11. An anti-static particulate pressure-sensitive
adhesive according to claim 9 further comprising a metal
salt selected from the group consisting of salts of
alkali metals and salts of alkaline earth metals.

20 12. An anti-static pressure-sensitive adhesive tape
comprising a substrate having coated on at least one
major surface thereof, the pressure-sensitive adhesive of
claim 9 or 10.

25 13. An antistatic pressure-sensitive adhesive label
having coated on at least one major surface thereof, the
pressure-sensitive adhesive of claim 9 or 10.

as Been Rep\aced
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' POy rye §6 20
Exanpl es of such initi atmgo conpounds, hydr

ar,oxi
perOX|§§5¢n@ngp5D§.INge panddbgaphesehnitiators such as bé §§ %%:U\“J1
benzoips®FRYH-NINGEL hapytwaad—er2ndi @t hoxy- 2- phenyl acet ophefiof 'Qﬂ;q o

Use ofzaswagetssobaghl e polynerization initiator causes E ) )
substantial anpbunts of | atex. The extremefy small part@ %é“sl?’é%gha‘ neet

| atex particles render.s any. significant formation of [‘dtex u r

The initiatoF%Fg;aﬁﬂégﬁFFVXEEE in an anount ranging from qge%%1q8g§
percent up to 10 percent by weight of the total polyneg bIe

conposi tion, preferably u . PaILent .. L€ U, si ons of
hol | ow conducti ve 25bﬂ m cP%p’grL?l C‘Ie{as’ rf’a%}fa’i'}%%l%y Jp’ﬁé ‘a?%%l%yégekéne st ep”
enul si fication psedyentcomsdisitig  agudventsusizeioible, podgmmdriat,i on of
at | east one %Ik¥l gggﬁggjggagfgege e ) 'Hi lau \;ter nononer
and at | east one pol ar nonorer ang a pc')al Hetier %/ f,a(ﬂyrrer
in 30 the preseﬁé’@r@fgaatdllaé@sn“rom mrl mpa:tﬂm;mﬁ.. ~nq;1ra)ducsarngi a

e il e

water-in-oil emul '%W RS0 Adls oubNantaldy Alapl e
during enul sification and rrerlzatlon T1e fwo-step
emul sification ©onto on said surLace =~sw'rfr-~f: T *> o
L-. Lea it 7:‘ - fre -6 watl o uren § “"__.
10 2. Conductive pressure-sensitive microparticles

according to claim 1 comprising a polymer of monomers
comprising:
L a) at least 70 parts of at least cne alkyl
(meth)acrylate or vinyl ester
15 b) correspondingly, up to 30 parts of at lzast one
polar monomer to make 100 parts monomer,
<§herein said ionic ccnductive material comprises: &
) 2. r2 *D parrr 2p s
polymer electrolyte formed from a polymer electrolyte
base polymer salected from the'group consisting of
20 polyethylene oxide, polyphenylene oxide, polyphenylene
sulfide, polyethylene sulfide, polyethyleneimine,
polypropylene oxide, polybutylene cxide, polybutylene
sulfide, and polybutylene imine)

:
base—golyrner—added—inran—ancunt—of—f St He et
2 e s & He— S E—f e Mm-St Pa T T S—ded

- . . : r' . -
naseriat—iuriher-conprisss from 0.0l molas to 10 moles of
30 at least one salt of an alkali metal or alkaline earth

oy

metal per mole of polymer electrolyte kbase unit,

JA. . The conductive pressure-sensitive adhesive
microvarticles of claim42 wherein said salt is salectad
35 <from the group consisting of LiCl, LiNQC;, LiCF;SC;, LiSO,,
L1OH, KOH, NaSCN, Nal, BaSO,CF,, and NY,0H.

This Sheet Has Been Replaced
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process, the enulsifier is utilized in concentrations 35 greater than |ts'

critical mcelle concentration. In general, high HLB emul si fj£t8;are” |
required, i.e., enul sifiers having an HLB val ue of at Ieésf 5 wll g
- 13- produce stabl e cavity-containing droplets during 1
pol yneri zation, and are suitable for use~2%~this one- st ep process.
Exanpl es of such enul sifiers include alkylarylether su| fates SUCh &S
sodi um al kyl aryl‘ether Pndugiste presgurensanhielry 3WBPSL15%ail abl e from
Rohm and Haascpakkylaey Relwihey T falan sUehaein said monomer
comprisas:
a) at least 83 parts by welght of at least one
5 alkyl (meth)acrylate or vinyl ester, and
b) correspondingly, up to 13 parts by weight of at

least one polar monomer, to make 100 parts mcnomer,
wherein said ionic conductive material comprises a
polymer electrolyte ﬁaterial formed from 0.1 part to i0
10 parts of a polymer electrolyte base polymer.

T 8. The conductive microparticles of claim .5 «
wherein the alkyl (meth)acrylate is selected f{rom the
group consisting of iscoctyl (meth)acrylate, 2-ethylhexyl

15 (meth)acrylate, isononyl (meth)acrylate, isoamyl
(meth)acrylate, isodecyl (meth)acrylate, and butyl
(meth)acrylate, and said polar moncmer is selected from
the group consisting of N-vinyl-2-pyrrolidone, N-vinyl
caprolactam, acrylonitrile, vinyl acrylate, diallyl

20 phthalate, acrylic acid, methacrylic acid, itaconic acid,
hydroxvyalkyl acrylates, cyanocalkyl acrylates,
acrylamides, and substitutesd acrylamlides.

-

s 7. The conductive particles of claim 5 wherein tle

25 vinyl estar is selected from the group consisting of
vinyl

-

z-ethylhexanocate, vinyl caproate, vinyl laurate,
vinyl pelargonate, vinyl hexanoate, vinyl propicnate,
vinyl decancate, and vinyl octancats, and sald polar
monomer is selectad from the group consisting of N-vinyl-

30 2-pyrrolidone, N-vinyl caprolactam, acrylonitrile, vinyl
acrylate, diallyl phthalate, acrylic acid, methacrylic
acid, itaconic acid, hydroxyalkyl acrylatss, cyanoalkyl

_acrylates, acrylamides, and substituted acrylamides.

38 5. The conductive pressure-sensitive adhesive

microparticles of claim L or 2 wherein said

This Sheet Has Been Replaced
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al kyl aryl pol y(et hyl ene oxide) sulfates, preferably those having up to 4
et hyl eneoxy repeat ﬂ I sul fates such as sodium | auryl
sul fate, anmoni um Iﬂmuﬁma' uﬂl ‘9 triethanolam ne lauryl sulfate, and

sodi um hexadecyl* sul f &t e¥ at kyl ether sulfates such as ammoni um
| auryl ether sulfate, and al kyl pol yet her salkfat es such as al kyl
pol y(ethyl ene oxide) sulfates, preferably those havi ng up to about 4

et hyl eneoxy uni®iesrIRags isigs ettaese d5urddce stdert sipdat esnealkydaryl et her
sul fates and  ydHdK! Whs - X
voi d vol une per n1cropart|cle for a m hi mum anount of surfactant.

Noni oni ¢ enul si ¥era@—asrgreredais c[err] Y- 500- 70 (ethoxyl ated ol eyl
al cohol ), connerC|aIIy avallable 20 from Alcolac, Inc, and Pluronic[err]
P103 (a bl ock copqé* polypropylene OXIde and pol yet hyl ene oxi de
comerci al | y2 f r om BASF C%?p%?%tl%h?“eanP%E“hFViﬁz§d°r°ssﬁF8n§36FlrhVe

conj unction wi tdures iond ccaipy isd fAerhe cand?ﬂiﬁ/fméj Cpcslgbévl-iaerﬁnzﬁ@yeﬁéw be
present but are 05|t10f may al so

t. 25 _necessar
contain a crosstd Cﬂ?(f'ngsc’lve rg"elnqgl%]u‘tlﬁk%1'5 %PHR’VF REOHHP L€ met h) acryl at e,

e.g., elastomeric, pressurc~sen51t1ve adhesive microparticles

of claim l{/Z S5E—3 .

10 .
2 ¥0. An anti-static particulate pressure-sensitive
. . s ./ .
adhesive according to claim F wherein the polymer
electrolyte base polymer is polyethylene oxide.
15
b= e~
20 72 ¥Z. An anti-static pressure-sensitive adhesive tape
comprising a substrate having coated cn at least one
oY surfaqf therzof, the pressure-sensitive adhesive of
.7 S
claim ¥ or 0.
25 7 ¥¥. An antistatic pressure-sensitive adhesive label

having coated on at least cne pajew surbace therecf, the
pressure~sensitive adhesive of claim 5 or LG.

is Sheet Has Been Replaced
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but anedi ol di acryl ate or hexanedi ol diacrylate, or 6/her s

mul tifunctional crosslinker such as divinyl benzene. Y30 Wen used, #

crosslinker(s) is (are) added at a |evel of up to 1 percent, preferably
up to 0.5 percent, of the total pol ynerizable cdhposition. @

Solid microparticles of the invention?™ "be nmade by a simlar one-step
process conprising aqueous 35 suspension polynerization of at_|east .ang

al kyl ( met h) achelay iRy (ol b\ gi'  RORARTICLES | AND PG ¥ nad U 20 1 K2 2 2 S | east
one pol ar nononer and a pol PREESENECTABES: MADES JHEREFROM

-14-

Backaground of the Invention
5 . Field of the Invention

The invention relates to generally spherical,
conductive, inherently tacky, elastomeric, solvent-
dispersible, solvent-insoluble polymeric microparticles
which may be used in applications requiring electrical

10 conductivity or elimination of electrostatic charge. The
ionically conductive polymeric microparticles may be
included in adhesive formulations which provide adhesive
tapes with a remarkable capacity for preventing static
charge build-up.

Description of the Art
Antistatic adhesive compositions are useful for

attaching surface-mount components at points on printed
circuit boards where they are to be conductively attached

20 e.g., by scoldering. Antistatic adhesives, when coated on
selected substrates and suitably converted, provide
antistatic, pressure~sensitive adhesive tapes. The tapes
are useful for masking printed circuit boards prior to
wave soldering and the like.

25 A number of methods are known for preparing
antistatic adhesive compositions. One common method is
the addition of conductive moieties to conventional
adhesive formulations. Antistatic species may be
introduced as conductive materials such as electrically

30 . conductive metal or carbon particles. Compositions of
this type are disclosed in prior art references including
EP 0276691A, EP 0518722A, US 4,606,962, EP 04229184, US
3,104,985, US 4,749,612 and US 4,548,862.

The addition of ionic materials to reduce generation

35 of static charge is also known. Suitable materials of
this type include ion conducting species such as those
disclosed in Japanese patents JP 61,272,279 and Jp
63,012,681. - e T

B
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polymer in the presence of an suspension stabilizer. It I S not
necessary to use a high HLB enul sifier because the droplets fornmed need
not be cavity-containing dropl ets. Exanples of such useful |ower HLB
emul sifiers 5 include anmonium |l auryl sulfate such as Standapol[err] A
avai |l abl e from Hercul es and other steric orf2- electrosteric polyneric
stabilizers such as (poly)V|nyI al cohol, polyacrylic acid,

pol yrmet hacrylic aci &-8- 4p83Faddd %%O%ﬁﬁ VA i Feridyst s |cenmosmcw| nyl
10 met hyl et her mﬁ'&ﬁk U&ﬁx;ﬂﬁl".’s%s a polymd2i@PiHden ééfstfﬂn?r QS RiRLAS Ky die

I nvention may R

hal.di ng, .t he addjtJon or all or part of
t he pol yner el é‘@ﬁp&l éa ﬁg a&né{‘l’ %c}i e SERYeM AN
pol ymeri zat i on agf ltela@tomneplﬁé@@‘qxs.cﬁallyanmhmtlmvﬂﬂdrer tdisspeEorgEahant s )

must be addgd kel B nderd YU pLicVA B it e MUY YT an the
conversi on. Di'screte cofductive pol ymeric m-croparticles
al so be prepar E9MPPEiLiopensThe sphpracaiadansdins attes gneferabiyy, S Pat .
No. 3,691, 140, aHﬁeéa.%@Gm?é%osg§e%Qs4 ¢ e Qlfsw‘}u%&l@g%ex%n%lés

5, 045, 569, forag arin hesive conpositio
ount of conductive flller used.

Yet another type of antistatic tape material is
10 provided using a metal foil tape backing. One example of
this, disclosed in US 3,497,383, provides embossed foil
tapes where contact points of metal project from the
surface of the adhesive.
Several problems are encountered with known
15 antistatic adhesive compositions. CompOSltlonS which
rely on electrically conductive metallic particles
require the particles to be in contact with each other
and with the surfaces to be protected from static charge.
Since the particles are surrounded by insulating adhesive
20 binder, this may be difficult to achieve. In materials
exhibiting antistatic behavior due to ionic conductivity,
effective elimination of static charge may be severely
affected by low humidity environments. For example, the
biomedical electrocdes of publication WO 92/10553 and
25 antistatic coatings of European Application EP 399441A
are not useful unless sufficient moisture is available.
Surprisingly, the present invention does not use
conductive particles derived from metals or carbon nor
does it require high humidity levels to exert its
30 capacity for suppressing the build-up of static charges.
Instead, it is believed that the unique properties
of materials of the present invention are prov1ded by the
use of polymeric microparticles having complexes of
polymer electrolytes on the surface of each
35 microparticle.
Complexes of polyethylene oxide (PEO) and lithium
salts have been shown to be promising materials as solid

P
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The conductive mcroparticles of the invention are normal |y tacky,

el astoneric, insoluble but swellable in organi ¢ solvents, and small
typically having dianmeters 25 of at least 1 microneter, preferably in the
range of 1 to 250 mcroneters, nore preferably from1l to 50

m croneters. They may be solid or contai n=3-single void, or multiple
voi ds. Fol | ow ng pol yneri zati on, an aqueous suspensi on of 30 the

m croparti cl esStateppoalymer whiertralytast e The usgggfokbpae Baterials
coagul ation unggrekr@odetEIBSheht! 8 higRNEhérgPs1ithgunupaeReraBsmiy have
non-vol atile solids ontents of from10,to 50 percent by weight. Upon -
pr ol onged stanﬁ?ﬁﬁ}d?¥ﬁﬁsﬁ%d%h%?%ﬂrsﬁﬁa? t &8 ?ﬁ?ﬁ‘tﬁge§%rﬁﬁgggégagne phase
bei ng aqueous ssadistpstesatdal | y1égep. Lithpahysalts(hzikehéhopkase being
an aqueous sUSRERSY 9leq i RTwGCHONES! ¥52 M GEORL 51 ChES aier e high HLB
FR 2,568,574, are most commonly used with PEO in polymer
electrolytes. Other metal salts such as alkaline earth
salts may also enhance electrolytic properties as
described in US 5,162,174. Applications for polymer
10 electrolytes have expanded from a focus on energy storage
batteries to their use in other areas such as
electrochromic displays and addition to molding resins in
the production of conductive molded articles.
Disclosures of polymer electrolytes have gealt with
15 their use as films or as additives to other resin
matrices which benefit from the ability to conduct
electric current. In no case has there been reference to
the preparation of microparticles containing ionically
conducting species as part of the microparticles.
20 Further, a problem with polymer electrolytes in film form
is their poor performanée'at room temperature.
It is possible to overcome such problems associated
with existing antistatic pressure-sensitive adhesive
tapes and polymer electrolytes by using compositions of
25 the invention. Polymeric microparticles having polymer
electrolytes on the surface of each polymer particle
provide antistatic particles which may be incorporated
into adhesive compositions.
When coated on suitable substrates and converted
30 into tape format, these adhesives provide antistatic
tapes which are extremely effective in dissipating
electrostatic charge.
Particulate adhesives are also known in the art, and
have been coated on a variety of substrates and used
35 primarily in applications requiring a low level of
adhesion, e.g., repositionability. Such spheres and
their use in aerosol adhesive systems having 77557 0 77T

g -
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- 15- enul sifiers are used the droplets have one or nore cavities

whi ch, upon dryi ng, becone voids. Both phases may contain a m nor
portion of small |atex particles. Decantati on of the mcroparticle-rich
phase provides an 5 aqueous suspension having a non-volatile solids content
on the order of 40-50 percent which, if sheéen with water, will readily
r edi sper se. .| f desired, the aqueous suspension of conductive

m croparti cl es HRRPSHIE iGN 1L Priopsediissear ef dlilssliospdl GrmpdlyHredatat iNh t o
provi de inherentlapit,acky (@i9veH)&- ThesteRiidrioparAdRATsY % & Hrdps i \tiyd

| ow tribochargin characteristigs, or, "antistatic” adhesives.

Tapes which ar @qg’fé’ﬂﬁ %“r?p&?ﬁlli"@aﬁ"gﬁ?‘e&lztaﬁi@"t)prealk}’ri‘mﬁ%lﬁ't@duced by

coating m cropawinioniersc andaiionig tomomthes,! QRS ,0fsdditm MetiNacaylete) a

variety of 5 in the presence of an emulsifier. The use of a water-

soluble, substantially oil-insoluble ionic comonomer is
critical to preventing coagulation or agglomeration of
the microparticles. However, particulate adhesives
disclosed in the prior art have all been useful as

10 repositionable adhesives for such applications as Post-
It™ brand notes, and other removable items. Pressure-
sensitive tapes made with this type of adhesive are
likely to be considered unsuitable for use as antistatic
tapes due to their ease of removal.

15 However, it has now been discovered that it is
possible to develop a balance of properties whereby
surface conductive polymer particles may be formulated
into adhesives which possess adhesion which is sufficient
for permanent attachment, and low tribocharging

20 characteristics.

Summary of the Invention

The invention provides conductive, polymeric,
inherently tacky, solvent-insoluble, solvent-dispersible,

25 elastomeric, microparticles and compositions containing
such polymeric microparticles useful in electrical or
electronic applications. The microparticles are obtained
as insoluble, crosslinked particles having an average
particle size of from 1 micron to 250 microns.

30 Useful polymeric microparticles include acrylate
particles; however, preferred microparticles are nmodifieqd
acrylate particles having a surface comprised of chains
of an ionically conducting polymer electrolyte,
preferably polyethylene oxide. The microparticles may be

35 soclid or hollow, as desired. : -

More specifically, the pressure-sensitive adhesjve
comprises conductiﬁe?Vpbliﬁirié?;Iﬁhlfintly tacky,

>
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substrates. Suitable substrates include polyneric filns such as
pol yi m de, pol yethyl ene terephthal ate, poly- phenyl ene sul fi de,

pol ypropyl ene, cellul ose acet ate, et hyl cellul ose; paper, woven or
nonwoven fabric formed 20 of synthetic or natural materials, netallized

pol yneric film ceram c sheet materiak5-netal foils, etc. Priner or
bi nders may be used, but they are not required. The coating may be
carried out bysobneahtunsalubéeh0691§30m~d15paisnmlbe edastopeniSier bar

coating, and OEEEEoéérE XEEtEBnglgﬁﬁgslbﬂoﬁger h&ﬁﬁﬁk&st%agaat'ng

adhesi ves such as u an extrusion e tape may be :
commer ci al i zed®PROPREFF FOMRY 16ANEAY be divided into segnents for sale,

such as strips or a) |algebs 78d€bt bonall xt fleastdepe wonshmerbealeetieded 30
bet ween two_substrat.es

. h d
substrate, ®hich cah®B® gggglagmgtsgﬂgi& gtgsﬁ% %%%nﬁfdbgpntgveﬁ%ﬁpgh a | ow

adhesi on backsi ze oand ot her easily renovabl e surface for individual use.
o SRy nar bl B 85 HLpRar Lo LESHRY ol e Jak St Lo
her ei n monomer, and“

from 0.1 part to 10 part of a polymer electrolyte based

10 on 100 parts monomer. Preferred microparticles use
polyethylene oxide as the polymer electrolyte base
polymer to form the surface polyelectrolyte complex.

The invention also provides an anti-static
particulate pressure-sensitive adhesive consisting

15 essentially of the conductive, polymeric microparticles.
Particles of the invention are obtained via

suspension polymerization such as the following two-step
emulsification polymerization process comprising the
steps of:

20 a) forming a water-in-oil emulsion by mixing an
agueous solution of polar monomer(s) and a polymer
electrolyte base polymer with oil phase monomer(s),
said oil phase monomers being selected from alkyl
(meth)acrylate esters and vinyl esters;

25 b) forming a water-in-oil-in-water emulsion by
dispersing the water~in-oil emulsion into an aqueous
phase; and
c) initiating polymerization preferably by
application of heat or radiation.

30 Microparticles of the invention may also be prepared
by a simpler ("one-step")  emulsification process
comprising agueocus suspension polymerization of at least
one alkyl (meth)acrylaté ester monomer or vinyl ester
monomer and at least one polar moncmer in the presence of

35 at least one polymer electrolyte base polymer and at
least one emulsifier which is capable of producing a
water-in-oil emulsion inside the droplets, as deflned
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I ncl ude hydrogenated rosin esters comrercially avail able

from conpani es such as Hercules Inc., under such trade names as
Foral[err] 65, Foral[err] 85, and Foral[err] 105. O her usef ul
tackifiers include those based on t-butyl styrene. Useful plasticizers
include dioctyl phthalate, 5 2-ethyl hexylgphosphate, tricresyl phosphate,
and the Iike. It is also within the scope of this invention to

i ncl ude vari oyse e wHtiap dne ubdtaitaRES Wisddile during .
emulsification and polymerization. Both of these methods
produce an aqueous suspension of monomer droplets which
upon polymerization become microparticles, the majority

5 of which have interior cavities that, upon drying, become
voids.

Another process which is useful forms an oil-in
water emulsion and disperses such emulsion into an
agqueous phase which comprises at least one alkyl

10 {meth)acrylate ester monomer or vinyl ester monomer and
at least one polar monomer in the presence of at least
one polymer electrolyte base polymer. An emulsifier
which produces the water-in-oil emulsion inside the
droplets is not used in this process which forms monomer

15 droplets having no interior cavities, which on
polymerization become solid microparticles, rather a
suspension stabilizer is used.

As used herein, these terms have the following
meanings.

20 1. The term "polymer electrolyte" means a
polymeric species containing electron donating atoms
which may be associated with acceptor atoms.

2. The term "polymer electrolyte base polymer®
means a polymer which is capable of forming a polymer

25 electrolyte during formation of the microparticle.

3. The term "polymer electrolyte functional unit"
means the group containing the electron donating species.

4. The term "microparticle® means a particle
having a diameter of fromil micrometer to 250

30 micrometers.

5. The term "tribocharging" means electrostatic’
charge generation associated with friction between
separable surfaces.

6. The term “droplet" means the liquid stage of

35 the microparticles prior to the completion of
polymerization.
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i nvention, such as pignments, fillers, including 10 addltlo ?gpn$0¢t|Va
fillers, stabilizers, or various polynerlc addltlve$ heset ahd
ot her aspects of the invention are illustrated by thé follonng——- l
exanpl es whi ch shoul d not be viewed.as limting |n\scope 15 j
Test Met hods Resi stivity Measurenemnts of Anti stiatd-¢-CoatTmgs
Resistivity is a nmeasure of the intrinsic ability of a material to
conduct el ectrons. Bt isTaepteper 'gaRdtyfli seans ancpaeedaithin the
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completely within the walls of a polymerized
. microparticle.

S. The term "hollow! means containing at least
one void or cavity.

10 10. The term "solid" means voids or cavity-free.

11. The term alkyl (meth)acrylate means an alkyl
acrylate or alkyl methacrylate.

_ As used herein, all parts, percents, and ratios are
by weight, unless specifically stated otherwise.
15
Detailed Description of the Invention

Alkyl acrylate or methacrylate monomers useful in
preparing the microparticles and conductive pressure-
sensitive adhesives of this invention are those

20 monofunctional unsaturated acrylate or methacrylic
esters of non-tertiary alkyl alcohols, the alkyl groups
of which have from 4 to 14 carbon atoms. Such acrylates
are oleophilic, water emulsifiable, have limited water
solubility, and as homopolymers, generally have glass

25 transition temperatures below -20°C. Included within
this class of monomers are, for example, isooctyl
acrylate, 4-methyl-2-pentyl acrylate, 2-methylbutyl
acrylate, isoamyl acrylate, sec-butyl acrylate, n-butyl
acrylate, 2-ethylhexyl acrylate, isodecyl methacrylate,

30 isononyl acrylate, isodecyl acrylate, and the like,
singly or in mixtures.

Preferred acrylates include isooctyl acrylate,
isononyl acrylate, isocamyl acrylate, isodecyl acrylate,
2-ethylhexyl acrylate, n-butyl acrylate, sec~butyl

35 acrylate, and mixtures thereof. Acrylate or
methacrylate or other vinyl monomers which, as
homecpolymers, have glass transition temperatures higher



Peel Adhesion 30 Peel adhesion is the force réqU|red to re ane a

coated flexible sheet material froma test panel ; me&saied at” a SpBCIfIC
angle and rate of removal. In t he exanpl es, thl$ force is _expressed in
grans per centinmeter (cn) width of coated sheet .| The~ procedure 35|

foll owed is: -8- -17- o <A~ strlp

1.27 cmin wdth of t{g} oated S S pplied to the horlzo %
surface of a cl®&8Pgl 1319 ’éft eb‘bﬁlflﬂ %Fer%%l%?r 12in¥}i 328 ™ in firm
contact. A &nd gehear dike)b ey rhﬁlwllszweght@aﬁjmﬂxatim withpone e 5

free end of theGOatSH Sld by VPP hBACKAPAILY monomers provided
that the glass transition temperature of the resultant
5 polymer is below -20°C. When methacrylate monomer is
the sole alkyl acrylate utilized, a crosslinking agent,
infra, must be included.

Useful vinyl ester monomers are those which form
homopolymers having glass transition temperatures below

10 10°C. Such esters comprise 1 to 14 carbon atoms, and
includes such monomers as vinyl 2-ethylhexanoate, vinyl
caprate, vinyl laurate, vinyl pelargonate, vinyl
hexanoate, vinyl propionate, vinyl decanoate, vinyl
octancate, and the like.

15 Polar monomers useful in microparticles of the
invention include moderately polar monomers such as N-
vinyl-2-pyrrolidone, N-vinyl caprolactam, acrylonitrile,
vinyl acrylate, and diallyl phthalate, as well as
strongly polar monomers such as acrylic acid,

20 methacrylic acid, itaconic acid, hydroxyalkyl acrylates,
cyanocalkyl acrylates, acrylamides, substituted
acrylamides. When more than one polar monomer is used,
mixtures may include monomers having similar or unlike
polarities, e.g., one moderately polar and one strongly

25 polar monomer or two monomers from one group.

The conductive microparticles of this invention and
the pressure-sensitive adhesives made therefrom comprise
at least 70 parts by weight of at least one alkyl
(meth)acrylate ester or vinyl ester and correspondingly,

30 up to 30 parts by weight of one or more polar monomers.

Polymer electrolyte base polymers suitable for use
in the invention include polyethylene oxide,
polyphenylene oxide, polyphenylene sulfide, polyethylene
sulfide, polyethyleneimine, polypropylene oxide,

35 polybutylene oxide, polybutylene sulfide, polybutylene
imine, and the like. Polyethylene oxide is preferred.
Useful amounts of the polymer electrolyte base polymer



touching itself so the angle of renoval wll be 180[err¢3auﬂana fre§ end
Is attached to the adhesion tester scale. The stieel Y&st plate is:
clanped in the jaws of a tensile testing machi nel which-i-s- eapable‘of
noving the plate 10 away fromthe scale at a constant rate of 2.3 neters

per m nute. The scale reading in grans9rs recoréed»as*fﬁé"”m tape is
peeled fromthe steel surface. The data is reported as the averlgg of

the range of nddbaisrepasiticdes ofythey ifyentdan rapge from O.

d ossary to 1|00ﬁarts, preferabQ§Cifton \Qr Yadite to 5 partshAbased on |
Acrylic Acid Pol yet hyl ene Cxlde Acryl ate 20

PEO ( 750) . 1R FF&E‘&" F@F‘rﬂ“ﬁé} ¥§3985 having a MV
of about 750 TheBeeRductive prope¥tBeszofi tPer @aldenextivci dol [err] 70

[p(E gI:E)(IgA\QDIVA] mp(&%ga%w @E:%Soﬁag’eb@ %%g%ﬁefglr?g‘ Snced by Jihg gdaition ) o
Annnn|un1LaurfoS&PP&FesaltS to adhesive compositions whlch contain
the microparticles. It is believed that the ionic salts
become associated with the electron donating groups
present in the amorphous polymer domains.

10 Salts used for this purpose include salts of alkali
metals, and alkaline earth metals, including but not
limited to, NaI, NaSCN, BaCF;So,, NaBr, NaClo,, Licl,
LiNO;, LiCF,S0,, LisO,, LiOH and KOH. Lithium salts are
preferred for the present invention, especially lithium

15 nitrate. i

Particulate adhesives of the present invention
display dramatically different tribocharging properties
than continuous adhesive layers of similar chemical
components. For example, when coated on a film

.20 substrate, an acrylate~based emulsion adhesive produces
a continuous film with a planar surface. Upon
application and removal from a planar surface, this
adhesive tape will cause generation of charged species
on the surface of the adhesive and on the planar surface

25 to which it was attached. The residual charge has a
magnitude of up to several thousand volts. However,
adhesive tape samples of the current invention, under
similar conditions generate almost no charge upon
removal from the planar surface.

30 Without wishing to be bound by theory, it is
believed that the improved electrical properties of the
adhesive are due to two aspects of its particulate
nature; firstly, the particulate prevents full area
contact of the adhesive layer with the planar surface.

35 The reduced area of attachment results in a reduction of
area of separation when the tape is removed from the
planar surface, and thus there is less tendency for
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Hercul es 30 Exanpl es P e |
Preparations of Mcroparticles | . _Exanple.l.! |
Acrylic acid (5.4g), polyethylene oxide acrylate t PEO 750) (13.59)4
PECDVA (0. 15g) and 70% benzoyl 35 peroxidggl0.999) e -di-ssotved-+n—-
I sooctyl acrylate (223.2g). This solution was added to an aqueous

sol ution of suréaatged . spahitesrd do¢ aydnewdtiéd On Secomdlys i there is 2
Lo ) S s 90 S5 v (Bodls avdL ALY sncn
microparticle. The surface layer is provided by
materials which facilitate conduction of electrical
5 charge. Provision of the host polymer in spherical form
allows increased availability of electron donating
polymer chains.

Also, it is possible to exert better contrel over
the length of the chains so as to increase the relative

10 number of amorphous domains. This provides a larger
network of conductive sites which allows more efficient
conduction of electric current.

Electrical characteristics of pressure-sensitive
adhesives of the invention vary from somewhat resistive

15 to significantly conductive materials.

It is possible to use microparticles and pressure-
sensitive adhesive tapes of the invention in a variety
of applications where transport of electrical current or
prevention of electrostatic charge is important.

20 For instance, permanent particulate adhesive
compositions containing particles of the invention can
be formulated which show remarkably little
susceptibility to tribocharging. In the form of
adhesive tapes, these compositions are eminently

25 suitable for masking printed circuit boards, e.qg.,
during wave soldering and other similar applications
where protection of sensitive electronic components is
essential.

Microparticles may be prepared by various

30 emulsification processes, which are varied depending on
whether hollow or solid microparticles are desired.
Agueous suspensions of hollow microparticles may.be
prepared by a "two-step" emulsification process which
first involves forming a water-in-oil emulsion of an

35 agueous solution of polar monomer(s) in oil phase
monomer, i.e., at least one (meth)acrylate or vinyl
ester monomer, with a polymer electrolyte base polymer,



the isooctyl acrylate solution in the aqueous sol ution - was produ¢ed by
hi gh shear mi xing using an Omi mxer at setting 5. Mxing.was continued
until the average particle size of the oily drqpheﬂ§¢Wa§‘dpﬁroﬁiﬁately 5
3[err]m Size was determ ned using an opti cal nicrpSEQQQL_“M“m_mW“T%e
resulting oil-in-water enulsion was chargad-to 1-liter resin rgactor
equi pped with four baffles, a paddl e stirrer and.a-sui-tabl-e- at—-'sour ce,
such as a hesing Emeenibsifien maningudulowt hydraphalig-2apeprbilig 400

Fpm the reactioiaide conieN!s, s e hegiefhio SpheLitfers are thékethis

poi nt the reactor_ was W th nitrogen. A reactjon Eroceeded I n
the absence ofhaviggx amHLEhyaly@sbeled\weoss ConPrRERTEBLYalBeFRBd of 22

hours whil e botdng€®erfted €7 andpRimplédlof ag€cHeeuisi FRepkainetiuddhe
resulting aguegls, suepension ConLal Ied, can ! B20b1ELEPALbACEERORY 1atea
oleyl alcohol such as Brij™ 93, available from Atlas
Chemical Industries, Inc.
Thus, in this first step, oil phase monomer(s),
polymer electrolyte base polymer, emulsifier, a free
10 radical initiator, and, optionally, a crosslinking
monomer or monomers as defined below are combined, and
an agueous solution of all or a portion of the polar
monomer (s} is agitated and poured into the oil phase
mixture to form a water-in-oil emulsion. The polymer
15 electrolyte base polymer may be added to either the oil
phase or the water phase. A thickening agent, e.g.,
methyl cellulose may also be included in the agqueous
phase of the water-in-oil emulsion. In the second step,
a water-in-oil-in-water emulsion is formed by dispersing
20 the water-in-oil emulsion of the first step into an
agqueous phase containing an emulsifier having an HLB.
value above about 6. The agueous phase may also contain
any portion of the polar monomer(s) which was not added
in step one. Examples of such emulsifiers include
25 ethoxylated sorbitan monocoleate, ethoxylated lauryl
alcohol, and alkyl sulfates. In both steps, when an
emulsifier is utilized, its concentration should be
greater than its critical micelle concentration, which
is herein defined as the minimum concentration of
30 emulsifier necessary for the formation of micelles,
i.e., submicroscopic aggregations of emulsifier
molecules. Critical micelle concentration is slightly
different for each emulsifief, usable concentrations
ranging from 1.0 X 10* to 3.0 moles/liter. Additional
35 detail concerning the preparation of water-in-oil-in-
water emulsions, i.e., multiple emulsions, may be found
in various literature references, e.g., Surfactant



Exanpl es 2-6

The particle suspensions fbr}E% L$$n2;6§mére 20
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prepared as described for Exanple 1, with changeb "“ﬁﬁtéiia%s
concentration as indicated in Table 1. \ err] ————
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Systems: Their Chemistry, Pharmacy, & Biology, (D.
Attwood and A. T. Florence, Chapman & Hall Limited, New

York, New York, 1983).

The final process step of this method involves the
application of heat or radiation to initiate
polymerization of the monomers. Useful initiators are
those which are normally suitable for free radical
polymerization of acrylate or vinyl ester monomers and
which are oil-soluble and of very low solubility in
water. However, when the polar monomer is N-vinyl
pyrrolidone, the use of benzoyl peroxide as the
initiator is recommended.

Examples of such initiators include azo compounds,
hydroperoxides, peroxides, and the like, and
photoinitiators such as benzophenone, benzoin‘éthyl
ether, and 2,2-dimethoxy-2-phenyl acetophenone.

Use of a water-soluble polymerization initiator
causes formation of substantial amounts of latex. The
extremely small particle size of latex particleé renders
any significant formation of latex undesirable. The
initiator is generally used in an amount ranging from
C.01 percent up to 10 percent by weight of the total
polymerizable composition, preferably up to 5 percent.

Aqueous suspensions of hollow conductive
microparticles may also by prepared by a "one-step"
emulsification process comprising aqueous suspension
polymerization of at least one alkyl (meth)acrylate
ester monomer or vinyl ester monomer and at least one
polar monomer and a polymer electrolyte base polymer in
the presence of at least one emulsifier capable of _
producing a water-in-oil emulsion inside the droplets
which is substantially stable during emulsification and
polymerization. As in the two-step emulsification
process, the emulsifier is utilized in concentrations
greater than its critical micelle concentration. In
general, high HLB emulsifiers are required, i.e.,
emulsifiers having an HLB value of at least 25, will



- 20-

Preparation of Coating Cbﬁﬁéiitibn L
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produce stable cavity-containing droplets during the
polymerization, and are suitable for use in this one~
step process. Examples of such emulsifiers include
alkylarylether sulfates such as sodium alkylarylether
sulfate, e.qg., Triton™ W/30, available from Rohm and
Haas, alkylarylpolyether sulfates such as

. alkylarylpoly(ethylene oxide) sulfates, preferably those

having up to 4 ethyleneoxy repeat units, and alkyl
sulfates such as sodium lauryl sulfate, ammonium lauryl
sulfate, triethanoclamine lauryl sulfate, and sodium
hexadecyl sulfate, alkyl ether sulfates such as ammonium
lauryl ether sulfate, and alkylpolyether sulfates such
as alkyl poly(ethylene oxide) sulfates, preferably those
having up to about 4 ethyleneoxy units. Alkyl sulfates,
alkyl ether sulfates, alkylarylether sulfates and
mixtures thereof are preferred as they provide a maximun
void volume per microparticle for a minimum amount of
surfactant. Nonionic emulsifiers, e.g., Siponic™ ¥Y-500~-
70 (ethoxylated oleyl alcohol), commercially available

~from Alcolac, Inc, and Pluronic™ P103 (a block copolymer

of polypropylene oxide and polyethylene oxide
commercially from BASF Corporation) can be utilized
alone or in conjunction with anionic emulsifiers.
Polymeric stabilizers may also be present but are not
necessary. ' '

The composition may also contain a crosslinking
agent such as a multifunctional (meth)acrylate, e.qg.,
butanediol diacrylate or hexanediol diacrylate, or other
multifunctional crosslinker such as divinylbenzene.
When used, crosslinker(s) is (are) added at a level of
up to 1 percent, preferably up to 0.5 percent} of the
total polymerizable composition.

Solid microparticles of the invention may be made
by a similar one-step process comprising aqueous
suspension polymerization of at least one alkyl
(meth)acrylate ester monomer or vinyl ester monomer, at
least one polar monomer and a polymer electrolyte base
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available from Hercules and other steric or
electrosteric polymeric stabilizers such as (poly)vinyl
alcohol, polyacrylic acid, polymethacrylic acidg,
polyacrylamide, polyvinyl pyrrolidone, polyvinyl
10 methylether, and the like.

Preparation of microspheres of the invention may be
modified by withholding the addition or all or part of
the polymer electrolyte base polymer, and polar monomers

until after polymerization of the oil phase is
15 initiated;. however, the components must be added to the
polymerizing mixture prior to 100% polymer conversion.

Discrete conductive polymeric microparticles may
also be prepared via suspension polymerizations
disclosed in U.S. Pat. No. 3,691,140, US 4,166,152, US

20 4,636,432, US 4,656,218, and US 5,045,569, for preparing
adhesive compositions.

The conductive microparticles of the invention are
normally tacky, elastomeric, insoluble but swellable in
organic solvents, and small, typically having diameters

25 of at least 1 micrometer, preferably in the range of 1
to 250 micrometers, more preferably from 1 to 50
hicrometers. Théy may be solid or contain a single
void, or multiple voids.

Following polymerization, an agqueous suspension of

30 . the microparticles is obtained which is stable to
agglomeration or coagulation under room temperature
conditions. The suspension may have non-volatile solids
contents of from 10 to 50 percent by weight. Upon
prolonged standing, the suspension separates into two

35 phases, one phase being agquecus and substantially free
of polymer, the other phase being an aqueous suspension
of conductive microparticles. Where high HLB



Conpari son of Properties to Conventional Adhesiyes égheﬁive t apes of
the invention, coated on cellul ose acet at e, | wer & THApBared wrth Scot ch
brand Magic[err] Tape and 35 Scotch brand Post-|t[err] Tape, both of which
are avail able from M nnesota M ning and Manuf actiring Conpany (3M
Properties nmeasured include surface resist¥dAaty; o}
-21- tribochargi ng upon roll unw nd and _tribochargi ng upon r enoval
of tape from aeprigifdersr aypt usssr §heafropiets have one or more :

cavities which, upon drying, become voids. Both phases

may contain a minor portion of small latex particles.
Decantation of the microparticle-rich phase provides an

5 agueous suspension having a non-volatile solids content
on the order of 40-50 percent which, if shaken with
water, will readily redisperse.

If desired, the aqueous suspension of conductive
microparticles may be utilized immediately following

10 polymerization to provide inherently tacky pressure-
sensitive adhesive coatings having low tribocharging
characteristics, or "antistatic" adhesives.

Tapes which are useful in applications of this type
may be produced by coating microparticle contq}ning

15 compositions of the invention onto a variety of
substrates. ' Suitable substrates include polymeric films
such as polyimide, polyethylene terephthalate, poly-
phenylene sulfide, polypropylene, cellulose acetate,
ethyl cellulose; paper, woven or nonwoven fabric formed

20 of synthetic or natural materials, metallized polymeric
film, ceramic sheet material, metal foils, etc. Primer

'~ or binders may be used, but they are not reqﬁired. The
coating may be carried out by conventiocnal methods such
as knife coating, Meyer bar coating, and other

25 conventional means known in the art for coating
adhesives such as use of an extrusion die.

The tape may be commercialized in roll form, or may
be divided into segments for sale, such as strips or '
labels. Additionally, the adhesive may be provided

30 between two substrates, e.g., the adhesive is coated
onto a paper éubstrate, which can be used as a label,
which may be provided on a low adhesion backsize or
other easily removable surface for individual use.

The adhesion properties of the microparticles may

35 be altered by addition of tackifying resin and/or
plasticizer. Preferred tackifiers for use herein
include hydrogenated rosin esters commercially available



whi ch were neasured at 68%relative humdity. Résults

clearly show that Post-It[err] Tape exhibits 5 I ess t&lbocharglng
neverthel ess the tribocharging is still S|gnvf|c§h?Py gi'eater than

tribocharge | evels

t he p
Table 3
Adhesi ve
Ohns/ squ
10[ err]
10[ err]
20

eel strength of the various adhesive taﬁes 10

El ectrical Properties~df~Adhesive -Fapes -

Resistivity Trlbocharglng Vol t
are le‘% I - und%gp%l trade

10 20

10

is

20

25

30

35

Urnirowd [GamparBRe dfugh |as

" shown ih;TabIe 3

generated with tapes of tHhe:invention. Tablé 4 shows

1.0 x

%@For@l“‘*% Foral™ SSF,apm'xd Foral™ 1834, p(_gtther 50 x

12, 098 es
53 10[ err
useful tacklflers include thogm&! t“bn t-ﬁa&j‘l [ ]

styrene. Useful plasticizers include dioctyl phthalate,
2-ethyl hexyl phosphate, tricresyl phosphate, and the
like.

Tt is also within the scope of this invention to
include various other components to tapes of the
invention, such as pigments, fillers, including
additional conductive fillers, stabilizers, or various
polymeric additives.

These and other aspects of the invention are
illustrated by the following examples which should not
e viewed as limiting in scope. i

Test Methods
Resistivity Measurements of Antistatic Coatings
Resistivity is a measure of the intrinsic ability
of a material to conduct electrons. It is a property
which is independent of the dimensions of the material
sample.
The surface resistivity of coatings of the

invention was measured by connecting a Keithley 616

digital electrometer (Keithley 6105 resistivity adapter)
to a 500 volt power supply, and attaching to an
electrometer. Individual samples were measured using
standard procedures according to ASTM D-257.

Peel Adhesion
Peel adhesion is the force required to remove a
coated flexible sheet material from a test panel
measured at a specific angle and rate of removal. In
the examples, this force is expressed in grams per
centimeter (cm) width of coated sheet. The procedure
followed is:
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a)Unwi nd = Vol tage on the surface of freshly unmound

t ape. b) Board Vol tage on the surface oﬁ a pY & h16d125

circuit board after renoval of adhesive | ; tape. Pl c) Tape
= Vol tage on the surface of the tape which | -—-= — 7 was
renoved fromthe printed circuit board 3617~ % R Tabl e
4 TAPE SANPLE ADHESI ON TO 7 "UNW ND

STEEL (Qz/ I N) CoATRP 127 3@ sim i delyi @F TEhe %&Bed sheeli 9

6.0 35 3M Bmppiﬂ&ﬂutb1¥ﬁ§éHﬁﬂﬂzontal s@rface of a clean glass Eﬁﬁﬁp|e 6
24.00 ' pik% OQitn at least 12.7 lineal cm in firm contact. A
2 kg hard rubber roller is used to apply the strip. The
5 free end of the coated strip is doubled back nearly
touching itself so the angle of removal will be 180°.
The free end is attached to the adhesion tester scale.
The steel test plate is clamped in the jaws of a tensile
testing machine which is capable of moving the plate
10 away from the scale at a constant rate of 2.3 meters per
minute. The scale reading in grams is recorded as the
tape is peeled from the steel surface. The data is

reported as the average of the range of numbers observed
during the test.

>

15
Glossary
Ioa Isococtyl Acrylate
AA Acrylic Acid
PEO Polyethylene Oxide Acrylate
20 PEO (750) Acrylate terminated PEO having a MW
of about 750
BPER 70% Benzoyl Peroxide, Lucidol™ 70
PEODMA Polyethylene Oxide Dimethacrylate
[ (PEO),DMA)
25 1,6 HDDA 1,6 Hexanediol Diacrylate
ALS Ammonium Lauryl Sulfate
Standapol™ A  Ammonium Lauryl .Sulfate from
Hercules
30 Exanples
Preparations of Microparticles
Example 1

Acrylic acid (5.4qg), polyethylene oxide acrylate
(PEO 750) (13.5g), PEODMA (0.15g) and 70% benzoyl
35 peroxide (0.99g) were dissolved in isococtyl acrylate
(223.2g). This solution was added to an agueous
solution of surfactant. The surfactant solution
comprised Standapol™aA, available from Hercules, (8.4q)
dissolved in de-ionized water (360g). An emulsion of



Varying anmounts of lithiumnitrate were added to a coating conposition
formulated as in Table 2, using the 40 conposition of Exanple 6. The

rel ati ve amounts of -22-

pol yet hyl ene oxide per lithiumnitrate are shown in Table 5. There is
cl ear evidence of the effect of the netal salts and varying nol ar
rati os on anounts of tribochargi ng andl@urface resistivity
characteristics,. 5 Tabl e 5.

the isooctyl acrylate solution in the agueous solution
was produced by high shear mixing using an Omni mixer at
setting 5. Mixing was continued until the average
particle size of the oily droplets was approximately
5 3um. Size was determined using an optical microscope.
The resulting oil-in-water emulsion was charged to
a 1-liter resin reactor equipped with four baffles, 2
paddle stirrer and a suitable heat source, such as a
heating mantle. With continuous stirring at a rate of
10 400 rpm, the reactor and contents were heated to 60°C.
At this point the reactor was degassed with
nitrogen. A reaction proceeded in the absence of
oxygen. This was allowed to continue for a period of 22
hours while both temperature and stirring rate were
15 maintained. The resulting aqueous suspension contained
insoluble particles of approximately 5im in diameter.

Examples 2-6
The particle suspensions for Examples 2-6 were

20 prepared as described for Example 1, with changes in
materials’ concentration as indicated in Table 1.
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Effect of LithiumSalt and Particle Size Variation 20 Ghanges-in the'

el ectrical properties of surface resistivity and tribochar|gi g e . ;
related to variation in either the size of the nicroparqiqlég‘dw*fhév r
addition of  lithiumsalts as shown in Table 6. he.level of
relative humidity is also inportant, 25 -em#ever, even at‘IQM/hunidity“m"”“’
l evels it is shown that optim zation of particle size and-1ithiumsalt _ °
cont ent produces antistatic adhesive coatings with tribocharging
| evel s approaching zero. gbparation of Coating Composition
TABLE 2
%
Material Amount -
(phr)
5 Microparticle 100.0
Adhesive
Lithium Nitrate 0.30
Lithium Hydroxide 0.23 {
W Ammonium Hydroxide 0.50
10 “ De-ionized Water 3.8 !
n Polyphobe 104" | 0.5

[NOTE: UCAR Polyphobe 104  an acrylic latex
thickener available from Union Carbide. ] -

15
Lithium nitrate was dissolved in sufficient de-ionized
water to provide a 20% solution of the lithium salt. 1In
similar fashion a 10% aqueous solution of lithium
hydroxide was prepared.

20 These solutions were added separately with slow .
stirring to a mixture of the microparticle adhesive
prepared according to Example 1, to which Polyphobe™ 104
had previously been added, the mixture being contained in
a stainless steel vessel.

25 Finally, the ammonium hydroxide was slowly stirred
into the adhesive mixture to édjust the pH to between 8
and 10. This adhesive microparticle electrolyte
suspension was coated 100 micrometers (4 mils) thick on
primed poly(ethylene terephthalate) film and dried for 7

30 mins. at 220°F. '

Comparison of Properties to Conventional Adhesives
Adhesive tapes of the invention, coated on cellulose
acetate, were compared with Scotch brand Magic™ Tape and
35 Scotch brand Post-It™ Tape, both of which are available
from Minnesota Mining and Manufacturing Company (3M).
Properties measured include surface resistivity,
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-23- Table 6 o > ey
Resistivity [err]/sq Tri bochar gi ng # [err]m I 03 MAR T
(Vol ts) 70% RH 10% RH 10‘;% RH 5
3-5 7.4x10[err] 4.8x10[ err] 101 - 2 1 735
1.9x10[err] 4. 7x10[err] >2,000 <22 T3+ 15 |1 3xloferr]o..!
2.3x10[ err] : : 4 15 . . g’i% rr]
1500 §nb°§§’a%ﬂ‘.g3>'<“f(?["errﬂ“ “&W?ﬁg’[’_ieﬁr h(%[fmmgﬁ‘ gpedt g
35 2. 0x10[ demovals ofx teper from a prArge@ circuit board/,] all @fixi0[err]
i-zgéég[e”] whict’¥ere measured at 68% rerhtRvdifidiaity 2 Reimd] '
’ shown in Table 3 clearly show that Post-It" Tape exhibits
5 1less tribocharging, nevertheless the tribocharging is
still significantly greater than tribocharge levels
generated with tapes of the invention. Table 4 shows the
peel strength of the various adhesive tapes.
10 Table 3
Electrical Properties of Adhesive Tapes
Adhesive Resistivity | Tribocharging (Volts)
Tape
Ohms/square | Unwind* | Board® Tape®
15 #810 Magic 1.0 x 10M 12,000 950 2,400 |
Tape
#811 Post- 5.0 x 10! 270 943 53
It i
Example 6 6.0 x 10° 20 10 1 H
20 S —— —— — e ————_
' a)Unwind = Voltage on the surface of freshly unwound
tape.
b)Board = Voltage on the surface of a printed
25 circuit board after removal of adhesive
tape.
c)Tape = Voltage on the surface of the tape which
was removed from the printed circuit board
30
Table 4
TAPE SAMPLE ADHESION TO UNWIND
STEEL (0Z/IN) (0Z/IN)
3M Brand Magic Tape #810 24.00 6.0
35 3M Brand Magic Tape #811 2.3 -
Example 6 24.00 14.00
Varying amounts of lithium nitrate were added to a
coating composition formulated as in Table 2, using the
40 composition of Example 6. The relative amounts of



NOTE (*) designates sanples containing lithiumsalts. 18:"° = -

- 24 - What i1s clainmed is: 1. Conductive, ipolyneric, . |
i nherently tacky, solvent insoluble, solvent-dispersible,idla@ﬁdﬁéﬁik{f -
pressure-sen- sitive adhesive microparticles having an javerage di ane-i |
ter of at |east about 1 m croneter,

wherein said m - r "arrrérég“ﬁaye]
a surface further conprising an ionic “@#nductive matefial, sajd

materi al haVinQp£T§£Eﬂ§Héﬁéloxide per lithium nitrate are shown in Tablg
5. There is clear evidence of the effect of the metal .
salts and varying molar ratios on amounts of
'tribocharging and surface resistivity characteristics.

5
Table 5
e S
Ex. Molar Resistivity 0i/sq | Tribocharging |
# Rati9 (Volts)
EO/L1 70% RH | 10% RH 10% RH -
10 1 1.32 2.0x10° | 1.1x107 0
2 1.98 9.5%10° | 1.4x10% 5
3 3.96 5.7x10% | 2.2x10° 10
4 5.28 1.0x107 | 3.4x10° 86
5 7.92 2.4x107 | 1.8x10"° 345
15 6 10.56 5.9%x10" | 3.3x10% 642
7 15.84 1.3x10% | 1.3x1io0! 1930
| A Nt o SN Weslilhiciod SR I ldoch oSO

Effect of Lithium Salt and Particle Sjize Variation

20 Changes in the electrical properties of surface
resistivity and tribocharging are related to variation in
either the size of the microparticles or the addition of
lithium salts as shown in Table 6.

The level of relative humidity is also important,

25 however, even at low humidity levels it is shown that
optimization of particle size and lithium salt content
produces antistatic adhesive coatings with tribocharging
levels approaching zero.

30



froma polyner electrolyte base polynmer, and at | east one ionic salt

sel ected fromthe group consisting of salts of alkali netals and salts
of alkaline earth netals. 2. Conductive, polyneric, inherentlt tacky,
sol vent - i nsol ubl e, sol vent-dispersible, elastonmeric, pressure-sen-
sitive adhesive mcroparticles according to claim1 conprising a

pol ymer of nononmers conpri sing: a) at=43ast about 70 parts of at

| east one al kyl (neth)a- crylate or _vinyl ester, b)
correspondi ngly, up to about 30 parts of Zaklgafi- one pol ar

and wherein said. ion nduct ive

i pgl ,Wg@iaels‘j‘s‘g{;, ymgy t‘§/| sy n}gfbi;’?%%‘%é%

nmononer, to nmaks
mat eri al conpri g

el ectrol yte e
added i n an anount of o0 ) ot 3.
The conductive i drticl - onduct i ve
material is f 0 e &l ect ed
fromthe grod% |HB %ﬁl%ojvpﬂh§ﬁé 66Fvohenvl ne oxi de,
pol yphenyl ene s I f|2de BQlsy gt t]y.lgg&ebxsul fhd?xleﬂl yiet hyl 52,000 .
3" | .15 1.3x107 2.3x10° 88 "
4 15 6.1x10% 8.3x10M 1500 I
5° 35 4.3x%10° 6.2x10° 103
10 6 35 2.0x10" 6.8x10" >2,000
7° 71 6.1x10’ 1.9x10' 225
8 71 3.1x10M" | 2.ox20P >2,000 -
S =
NOTE (*) designates samples containing lithium salts.
15




enei mi ne, pol ypropyl ene oxi de, pol ybutyl ene oxide, butglene

sulfide, ‘and pol ybutylene imne. 4. The Cond“C“VGJlﬂﬂ! ML

i nherently tacky, sol- vent -i nsol ubl e, sol vent-di sper
el astoneric, pres- sure-sensitive adhesive nlcropartlcles ‘of “cl &ini1*
wherein said ionic conductive material further com prises from about
0.01 noles to about 10 noles of at | east one salt of an alkali netal or
al kal i ne earth wmdtalis Claistedlss of pol yner el ectrolyte base pol yner.

5. The conductive, polyneric, inherently tacky, sol- vent - i nsol ubl e,

sol vent - di spersi ble, elastoneric, pres- sure-sensitive adhesive

m croparticles of clain1monducm&maﬁﬂpb1¥mék£mutlmneﬁﬁmﬁmyeﬁaékwn1the group

consi sting rd er SO er.r, Li OH, KOH,
NasoN. Nai', Badt ST CHTE e A e e o ifidnerse,

pol yneric, ihhareasure-sansitisles adhesive .mmnlmwm\zm@w si bl e,
el astomeric, prAfdide Wimeter of at least 1 micrometer, wherein said

microparticles have an ionic conductive material grafted
onto on said surface.

10 2. Conductive pressure-sensitive microparticles
according to claim 1 comprising a polymer of nmonomers
comprising:

a) at least 70 parts of at least one alkyl
(meth)acrylate or vinyl ester, i
15 b) correspondingly, up to 30 parts of at least one
polar monomer to make 100 parts monomer,
wherein said ionic conductive material comprises a
polymer electrolyte formed from a polymer electrolyte
base polymer selected from the group consisting of

20 . polyethylene oxide, polyphenylene oxide, polyphenylene
sulfide, polyethylene sulfide, polyethyleneimine, .
polypropylene oxide, polybutylene oxide, polybutylene
sulfide, and polybutylene imine, said polymer electrolyte
base polymer added in an amount of from 0.1 part to 10

25 parts.

3. The conductive pressure~sensitive adhesive
microparticlés of claim 1 wherein said ionic conductive
material further comprises from 0.01 moles to 10 moles of

30 at least one salt of an alkali metal or alkaline earth
metal per mole of polymer electrolyte base unit. '

. 4. The conductive pressure-sensitive adhesive

microparticles of claim 3 wherein said salt is selected
35 from the group consisting of LiCl, LiNO;, LiCF,80,, Liso,,

LiOH, KOH, NaSCN, Nal, BaSO,CF;, and NH,OH.
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25 sitive adhesive mcroparticles according to claim E‘!M&M"ﬂﬂﬂlﬁ! ,lHnorrer
conpri ses: a) at |east about 85 parts by wei ght of 4 ot al kyl
(meth)acrylate or vinyl ester, and b) correspondi ngly, up to about 15
parts by wei ght of at | east one polar nononer, to make 100 parts

monomer, wherein said ionic conductive matgrial conprises a polymer
electrolyte material fornmed from about 0.7 part to about 10 parts of said

pol ynmer el ectrol yt g bas ? I L ]ﬂ%_%@ﬂyygd JHHdORA ticles of
claim6 wherein t hgs'al k%c’q1 met E)vaecrpﬁeastse s _se ectle\’?f rqmét%he. group con-
si sting of isoddeypparsiRlesr peapsdingethychaipl 2( Wherpdin Sajdymenomedhony|
(neth)acrylatecohﬁggggg,(neth)acry- | at e, isodecyl (neth)acrylate, and
butyl (neth)acryl ate. ) :
aj at least 85 parts by weight of at least one
5 alkyl (meth)acrylate or vinyl ester, and
b) correspondingly, up to 15 parts by weight of at
least one polar monomer, to make 100 parts monomer,
wherein said ionic conductive material comprises a
polymer electrolyte material formed from 0.1 part to 10

10 parts of a polymer electrolyte base polymer.

6. The conductive microparticles of claim 5
- wherein the alkyl (meth)acrylate is selected from the
group consisting of isococtyl (meth)acrylate, 2~ethylhexyl
15 (meth)acrylate, isononyl (meth)acrylate, isoamyl
(meth)acrylate, isodecyl (meth)acrylate, and butyl
(meth)acrylate, and said polar monomer is selected from
the group consisting of N-vinyl-2-pyrrolidone, N-vinyl
caprolactam, acrylonitrile, vinyl acrylate, diallyl
20 phthalate, acrylic acid, methacrylic acid, itaconic acid,
hydroxyalkyl acrylates, cyanoalkyl acrylates,
acrylamides, and substituted acrylamides.

7. The conductive particles of claim 5 wherein the
25 wvinyl ester is selected from the group consisting of
vinyl 2-~ethylhexanocate, vinyl caproate, vinyl laurate,
vinyl pelargonate, vinyl hexanoate, vinyl propionate,
vinyl decanoate, and vinyl octanoate, and said peolar
monomer is selected from the group consisting of N-vinyl-
30 2-pyrrolidone, N-vinyl caprolactam, acrylonitrile, wvinyl
acrylate, dialiyl phthalate, acrylic acid, methacrylic
acid, itaconic acid, hydroxyalkyl acrylates, cyanoalkyl
acrylates, acrylamides, and substituted acrylamides.

35 8. The conductive pressure-sensitive adhesive
microparticles of claim 1 or 2 wherein said e e

This Sheet Has Been Replaced




8. The conductive particles of claim6 wherein the vinyl ester is selected
fromthe group consisting of vinyl 2-ethyl hexancate, vinyl caproate. vinyl

| aurare, vinyl peiar ' l anoate, vinyl propionate, vinyl
decancate, and vinyl ﬁ“ﬁﬁnmmmm The conductive mcroparticles of claim
6 wherein said polar nononer i*s $el&cted fromthe group consist- ing of
N-vinyl -2-pyrrolidone, N-vinyl caprol actams-acrylonitrile, vinyl acrylate,
diallyl phthalate, acrylic acid, methacrylic acid, itacgnic acide

hydroxyal kyl asicygparticleyanavekyl sucfytatend atr yeafFd88¢ AMBXubsti -

tuted acryl ani¢efa, add havdCakORdEehi¥CaiRAbYER! be, foRhel emftyonatey,
sol vent-i nsol ubl e, _sol yent-di spersible, elastoneric, pres- sure-sensitive

adhesi ve nicrdﬁ%r??%l%%cﬁﬁm%F Fr1 wherein said microparticles have a
surface and at | east one inner void, and have an average di aneter of from

par ti cul at & pr essufe. sl PITa BURGAC PG CASHIAES: RE SPAL eon et Cae
pol yneric, inhedkesivetaorprisbhgebhei aentiubtivesopodymetispeinhgyently
el ast o- tacky, solvent-insoluble, solvent-dispersible,
elastomeric, pressure-sensitive adhesive microparticles
of claim 1, 2 or 3.
10
10. An anti-static particulate pressure-sensitive
adhesive according to claim 9 wherein the polymer
- electrolyte base polymer is polyethylene oxide.

15 11. An anti-static particulate pressure-sensitive
adhesive according to claim 9 further comprising a metal
salt selected from the group consisting of salts of
alkali metals and salts of alkaline earth metals.

20 12. An anti-static pressure-sensitive adhesive tape
comprising a substrate having coated on at least cone
major surface thereof, the pressure-sensitive adhesive of
claim 9 or 10.

25 . 13. An antistatic pressure-sensitive adhesive label
having coated on at least one major surface thereof, the
pressure~sensitive adhesive of claim 9 or 10.

This Sheet Has Been Replaced
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meric, pressure-sensitive adhesive mcroparticles of claiml. 12. An
anti-static particul ate pressure-sensitive adhe- sive conprising the
conductive, polyneric, pressure- sensitive adhesive mcroparticles of claim

2. 13. An anti-static particulate pressure-sensitive adhe- sive

conprising the conductive, polyneric, br%%snre- sensitive adhesive

m croparticles of claim3. 14. An anti-static particul ate

pressure-sensi tj 5o S ' o] [ m in.the polyner

T e A AT s bt
ABSTRACT

Conductive, polymeric, inherently tacky, solvent-
insoluble, solvent-dispersible, elastomeric, pressure-
sensitive adhesive microparticles having an average
diameter of at least 1 micrometer, said microparticles
having an ionic conductive material grafted on said

surface, and anti-static pressure-sensitive adhesive’

tapes made therefrom.

1
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15. An antl-statlla:fpressure sensiti've adhesive tape conprising a substrate

havi ng coat ed ons ['east one maj or surface there t he conductive

m croparticl es of G| aim 1. 16. An anti-static pfessure-sensitiveé adhesiVe

tape conpri sing §ub@#ra’fe havi ngicoated on at |east one mmjor surface

t hereof the presdurie-sensitive adhésive of claim11. 17. An anti-static

pressur e- senS|t|\),e adhesi ve tape cd)rrprl Si ng- @asubstrate having coated on at

Ieast one maj or surface-thereof the pressure-sensitive adhesive oftl#l?8i m
18. An anti st at Whiy BSHneebaASi tive adheswe tape ac- cording to

DA e il 0
one fraj br Bur¥f ace t %ﬁ I E&Pégtsg _%gééﬂﬁ @9@% %ﬁq Eg “ding to claim
11.  20. An antist §ﬁ Ié?g ﬁ‘dwv‘?r% mﬁ%ﬁ/l ng coated on
at | east one mgj or f°§ 19y éB?“’a :mcromctcr » Wherein said mi-
croparucies have a surface further comprising an ionic
conductive material, said material having been formed
from a polymer electrolyte base polymer, and at least
ope icoic salt select ed from the group consisting of salts
of alkali metals and salts of alkaline earth metals.

2. Conductive, polymeric, inherzatly tacky, solveat-
inscluble. sclvent-dispersible, elastcmeric, pressure-sen-
sitive adhesive microparticles according to claim 1
comprising a pelymer of moncmers comprising:

a) at least abeut 70 parts of at least one alkyl (meth)a-

crylate or vinyl ester,

b) cerrespendingly, up to about 30 parts of at least

cre pciar morcomer, to maks 100 parts monomer,
and wher=n said icnic ccnductive material comprises 2
polvmer electrolyte formed from 2 polymer electrolyte
base poivmer, said polymer electrolyte base polymer
added in an amcunt of from abcut 0.1 part to about 10
parts.

3. Tze cenductive microparticles of claim 1 wherein
said ionic conductve matcrzal is formed from a polymer
electrolvie base polymer selected from the group con-
sisting of polyethylene oxide, polyphenylene cxide,
polyphenylene sulfide, polyethylene sulfide, polyethyl-
eneiming, polvpropylene oxide, polybutylene oxide,
polybutylene suifide, and polybutylene imine.

4. The conductive, polymeric, inherently tacky, sol-
vent-insoluble, solvent-dispersible, elastomeric, pres-
sure-sensitive adhesive microparticles of claim 1
wherein said iopic conductive material further coms-
prises from about 0.01 moles to about 10 moles of at
least cne salt of an alkali metal or alkaline earth metal
per mole of polymer electrolyte base polymer.

5. The conductive, polymeric, inherently tacky, sol-
vent-insoluble, solvent-dispersible, elastomeric, pres-
sure-sensitive adhesive microparticles of claim 4
wherein said salt is selected from the group consisting
of LiCl, LiNQ; LiCF3;S0s;, LiSO4, LiOH, KOH,
NaSCN, Nal, BaSO3CF3, and NHsOH.

6. Conductive, polymeric, inherently tacky, soclvent-
insoluble, solvent-dispersible, elastomeric, pressure-sen-




pressure-sensitive adhesive according to claim12.

) A TR
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sitive adhesive microparticles according to claim 2
wherein said monomer comprises:

a) at least about 85 parts by weight of at least one

alkyl (meth)acrylate or vinyl ester, and

b) correspondingly, up to about 15 parts by weight of

at least one polar monomer, to make 100 parts
monomer,
wherein said ionic conductive material comprises a
polymer electrolyte material formed from about 0.1
part to about 10 parts of said polymer electrolyte base
polymer.

7. The conductive micropardcles of claim 6 wherein
the alkvl (meth)acrvlate is selected from the group con-
sisting of isooctyl (meth)acrylate, 2-ethylhexyl (meth)a-
crvlate, isononyl (meth)acrylate, isoamyl (meth)acry-
late, isodecyl (meth)acrviate, and butyl (meth)acrylate.

8. The conductive particles of claim 6 wherein the
vinyl ester is selected from the group consisting of vinyl
2-ethyihexancarte, vinyl capreate, vinyl laurate, vinyl
peiarzonate, vinyl hexanoate, vinyl propionate, vinyl
decancate, and vinyl octanoaze.

9. The conductive microparticles of claim 6 wherein
said pciar monomer is selectad from the group consist-
ing of N-vinyl-2-pyrrolidone, N-vinyl caprolactam,
acrylonitrile, vinyl acrylate, diailyl phthalate, acrylic
acid, methacryvlic acid, itaconic acid, hydroxvalkyl ac-
rylates, cvancalkyl acrylates, acrylamides, and subst-
tuted scrylamides.

10. The conductive, polymeric, inherently tacky,
solvent-insoluble, solvent-dispersible, elastomeric, pres-
sure-sensitive adhesive micropartcles of claim 1
wherein said microparticles bave a surface and at least
one inner vecid, and have an average diameter of from
about 1 micrometer to about 250 micrometers.

11. An anti-static particulate pressure-sensitive adhe-
sive comprising the conductive, polymeric, inherently
tacky, solvent-insoluble, solvent-dispersible, elasto-
meric, pressure-sensitive adhesive microparticles of
claim 1 :

12. An anti-static particulate pressure-sensitive adhe-
sive comprising the conductive, polymeric, pressure-
sensitive adhesive microparticles of claim 2.

13. An anti-static particulate pressure-sensitive adhe-
sive comprising the conductive, polymeric, pressure-
sensitive adhesive microparticles of claim 3.

14. An ant-static particulate pressure-sensitive adhe-
sive according to claim 12 wherein the polymer electro-
lyte base polymer is polyethylene oxide.
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15. An anti-static pressure-sensitive adhesive tape
comprising 2 substrate having ccated on at least one
majcr surface thereof the conductive microparticles of
claim 1.

16. An anti-static pressure-seasitive adhesive tape
comprising a substrate having coated on at least one
major surface thereof the pressure-sensitive adhesive of
claim 11.

17. An anti-static pressure-seusitive adhesive tape
comprising a scbstrate having coated on at least one
major surface theresof the pressure-sensitive adhesive of
claim 12.

18. An antistatic pressure-seasitive adhesive tape ac-
coréing to claim 17 wherein said tape has a surface
which will accept printing.

1S. An antistatic pressurs-sensitive adhesive label
having coated on ar least one major surface thereof a
pressure-sensitive adhesive accerding to claim 11

20. An antistatic pressure-sensitive adhesive label
having ccated cn at least one major surface thereof a
pressure-sensitive achesive according to claim 12

12MAY 998 | !




