WD 01/ 85358 PCT/ USOQ 25233 METHOD AND APPARATUS FOR MAKI NG PARTI CLE- 5
EVBEDDED WEBS TECHNI CAL FI ELD The present invention relates to enbeddi ng
particl ewonysibs. Mre particularly, 10 the present invearise/sedsates to
a process for enbedding particles in adhesive filns. BACKGROUND OF THE

| NVENTI ON Webs containing particles are well known. Typically these webs
are filnms or tapes. Particle-containing filns are generally nmade by

di spersing particles into a filmprecursor 15 before fashioning it into
filmform The dispersion technique works well for sol vent-based resins and
for cross-linkable resins that have a | ow viscosity in their

pre-crossli nk MIETHOD ANBUuAPPARA FEIS FOR MIAKING dARTIQEK:r al | y be
sol vgd by sel ecting the procesENIBEPDEIEVWESS such as film precursor
viscosity and shear rates. However, for hot-nelt processed resins, particle
di spersion can be difficult. If the 20 particles are nuch smaller than the
gaps in the processing equi pnent, there is little problem For

applicati such as_anj sotropi c conductive adhesives, it is not always
desi r abl é&glé i?ﬁEg'Pal | particles. Using small parti cles in these

appl i cations, s for

t he adhesive tr%}%?[# %gv%vg%%llvffﬁ%ngglla tr?? ® 'I:Ig?éeﬂ the f‘?e%frlt‘%ﬁ%gkﬁr%%g glglﬁg%??t he

di ahet er thd prebent smwehtiopetatésab aprodess fag eabedding gantinkss iroadiasige 8bmparti cl es
that are closer in size to the adhesive filmthickness. However, if the
particle size approaches that of the various gaps in the processing

equi prentg ACREROUND GETHEINVERTION equi pment and coating appar at us)
there can be problens in mxing while maintaining particle integrity, and
processi ng equVpbieenntaizing gartickes assckell knawn. aBypiealkyrihesp twebp gresfdmstar apss.

desi r abl AN he film such
as 30 \/\/ngjr;#t g%%?ﬁ‘gtmbg}gr@rﬁlefafe% |veyf|ﬁ(dédb%' %e%‘}&%;fmﬁﬁsgfrg %rﬁlné A8 used in

a hog nelbbfq@é ﬁecsﬁﬁﬁnng iofigo filis forac Mevdsgerdion ok qielwke vellrfor salvdig-based
tenperature enough to yield a viscosity that enables m xj dg whil e
keepi ng tHa0Y @%&@F aﬁoasfbnkaéw TgHBt Rt hayesrleveritcosisy ithein pre-arasstinked sfatpyp

01/ 85358 1RGIL W ARG JUSERCA SrkiiYBeSREERS sWBL L peeRAtt [ Cl es ont o

afilmin a specific pattern as as In a random pat st involve
a first gasmarsswpheafilmgrecimwopasddsity esd stredr mtes.

However, for hot-melt processed resins, particle dispersion can be difficult. If the

20 particles are much smaller than the gaps in the processing equipment, there is little
problem. For applications such as anisotropic conductive adhesives, it is not always
desirable to use such small particles. Using small particles in these applications, bonding
times can be long because of the time it takes for the adhesive to flow to the point where
the film thickness equals the diameter of the small particles. It is advantageous to have

25 particles that are closer in size to the adhesive film thickness. However, if the particle size
approaches that of the various gaps in the processing equipment (including the
compounding equipment and coating apparatus) there can be problems in mixing while
maintaining particle integrity, and processing equipment damage can occur. In addition, it
is sometimes desirable to have the particles protrude from the surface of the film, such as

30 when making retroreflective films. When curable materials are used in a hot melt process,
one must achieve a balance between providing a temperature high enough to yield a
viscosity that enables mixing while keeping the temperature low enough to prevent

premature curing.



second step of transferring themto a web. Techni ques include putting
particles into pockets (Cal houn, et al. U S. Patent No. 5,087, 494),
passi hg pedDi/gd38% t hrough screens 5 (Sakatsu, et al. U. S. PEBUSHN25DES.
5,616, 206), nagnetic alignnment with ferromagnetic particles (Jin, et al.
U S. Patent No. 4,737,112; Basavanhally U. S. Patent No. 5,221, 417),

magnetic alig nt of an article with ferromagnetic.fluids. (MArdl e, et
A0S Par antiengr® ksonh sYaans Sihick Pliskai RS AGHE A eI Ry o

filmwithyQl asi@-RasEsH pRdérh! MRBinvERe alfirksd\Gue alﬁttin%&le Litieles BRQ €Nt No.
5,240, 761), and parti clpe printing (Cal houn, “et aF. U's. fo Patent No.
5, 300, 34CGpcontrirthed transfantinl tiem to arvedbe rechrigpes intlofeputiing partighs inte EP

ol eot rostAERERI CyFhg sy & Vol Sor O RERD. BEGRERaREI ko f R 8 ne- based

sti cki ng (Saka#d, at al) UlS. IPaenhNoUSIH1612668) ) ©igghdtie alighiafitwittMetfdmapgetici | m  The
screen (or mask) is electrically charged to attract the particles. In this
case, theapigles dinest doH:S. Batept Nﬁdb?aﬁaf’lé?aﬁa&ﬁytanhailryéé-ﬁeaatemthO-W@lé’dﬁben
SErves a%n%;l%ﬁlz ﬁﬁ%ﬁ%&t%@ afégr t){{ﬁae v ﬂ%&ﬂg@&{éﬁﬁh? é&dPagtsaLttﬁ‘Fs(?P%nP”' y In
a pattern rrespondi ng t e openings | he scréen. e excess

parti cl eNarkes8iirasih &S dratana NoufiPd6,64 1), sifettling a €ilmerith dbe-gekal pdedleeen t he

di stri buted ectroconductive particles are filled with a photocurable or
t her mal | Yot f‘éﬁéh@m» s&%ﬂnﬁt% Pa%&é!ﬂti%‘l%ﬁl p%&dtnaemfze Hl@&grﬁceﬁaouwﬁ H-Pons.
UpoRmgcur i 2=V t I£dei J LSt i A t he
ook F 1 oMk RS, 5700,300). | ot fithiof Wi Slarhe ek SRR BB O feol 12 1
conduct i iy Getsienal. fthwbhtebachncapdestival articdeprre elesirgstatidaipohargédtoastaptnt i n

equi pnent,, or vari qus. di .sposabl.e or reusable.parts that. add cost t he
Fesul t antay ot paEing RBGR s e eBiR SR R S it Bse Bt e

I mpl enentwgiih 8- filr eTHRACkdesi [ @SmAdh) Q%lédtﬁdaﬂy%ﬂﬁ@@ﬂ?&atm&&h@%érﬁ@és.(Hi)ﬂ{i§ ol the
| evel of adhesion of the 25 filmor provide additional utility. For

exanpl e, dqase, threpasteles edas onkyrthosslaraes npsrgoped offd Jdeisvieen seavas@p digelertive

adhesi ve {4 | LV hesi ' .as .l ayers
' the. adulerfi6A0ed BBES o PR BB PR Lot Rod e Bt SRB5 n

Ci rcui ts th@squéeentHk excessqatticldsane bisisiasdcbriviaeudrhddeoft 8F tissre Mhecdpy e
adhesive fil s useful] in nakinggqnultiple,.disqrete el ectrical

i ntercon H@E‘Y‘?eé‘ﬁgé &ﬁ_tr?hh’lf“tq clpctipepndishict partelro A% fliedreth aphatequradls &1 ect ri cal
par 1l oa Ay SRRy PAYER LS PRkl el SIRHIGE, IRTR gy (1,
parti cl egesinmbe siackimhmatenial is atrippedssay withéhanhgsfrom thepaticlofillad rexdhesi ve
\IQ\BC'?'? g?n%eﬁgg %gtarrliglotlrgf)jlc g%cttnf(]:gll}ll g(%l%luct?\]:e seHlt iI‘l"llesee tleal%qc_ilurég all %eq\lll\ge (s)fé/m 15092’11??
investment in equipment or various disposable or reusable parts that add cost to the
resultant particle-embedded web. The present invention embodies a simpler
implementation.
The particles in particle-embedded webs either control the level of adhesion of the
25 film or provide additional utility. For example, if the particles are electrically conductive,
a conductive adhesive film can be made. Conductive adhesive films can be used as layers
in the assembly of electronic components, such as in attaching flex circuits to printed
circuit boards and the like. Z-axis conductive adhesive films are useful in making
multiple, discrete electrical interconnections in multi-layer constructions where lateral
30 electrical isolation of the adjacent parts is required. In another example, the particles can

be retroreflective, creating retroreflective films. If the particles have no inherent tackiness,

the adhesion level of an adhesive web can be controlled by the level of particle loading.
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Al so, the particles could be hollow spheres with encapsul ated materi al,
yielding a web wth encapsul ated material on or near the surface that
beconmes avabpi/sisbe upon use. SUMVARY OF THE | NVENTI ON 5 TheCT/uSe@v2seisn is a
di spenser for dispensing particles onto a surface. The di spenser i ncludes
a hopper for receiving particles. The hopper has an opening at its bottom

A screen having openin is.located adj.acent the eni ng of .the hopper and
a nover, | é%tﬂéegpﬁﬁﬁﬁ%ffgﬂd b? hPﬁ Wﬁ@ﬁﬁ@r‘lfﬁ'fﬁfé S%ﬁ?‘?%@fe @ﬂfwe&?ﬁlg h&Ropper,
through t hginsGlcgRlat@NthathPort Hncad thelsd@foe thit bEBSMESERARIERGHM NS can be
uniformy sized and spaced and sufficiently large to let the |argest

particles pass through while being dispensed yet sufficiently small to hold
the parti t i er is not operating. The nover can

i ncl ude aw‘?&mﬁgﬂ&%iﬁgsw th regularly spaced bristles. The
size »f the briTstli®fentan iPedispasécior disgdhsindPaticle® @ifto b barfapeTho@spaiset he

screen, and as 15 the bristles nove over the surface of the screen, they
prot rude tiR¢ledegls hopeerdpericaiyinedtariities. shedwnpids ap Qrerpng f ity kolomhrdbugh t he

screen 1o (b SPENL, ATHAANL bR oBULLRGE ol ebFRIopSr L A8 GoRN0, L e

rotational speed | e to vary pénse rate o particles.

Al so, the dusidelofitise ippah ineodee parieles drof ths hopms) thr@ighakaycréanomd dieo ger een
and a secon(% position contacting the screen can be used. 20 The di stance
fromthe s&F&&én to the central |ongitudinal axis of the brush can be

adj ugj ed to adiyg fscﬁe&?o{g)é}{iggs Qh vk Qﬁif@x&xﬂ? Riz0A ahd'§paREd Eﬁ‘s&é‘ﬂ?y&tﬁ%ﬁg%ﬁﬁiﬁ

rate of particles. Als cess particles can be renove
usi ng a cltkalaigest partides fidse throwgnwhidmbeing dispansed yestshificiaftlydimsg émboldghe

particles o tgeﬁ, ur ac%? The nmetho i ncl udes the steps of hol ding

parti cl es RS 8@&3 en edlfPSBi)eéﬂS’ﬁ é’p‘é{raﬂ’i‘%pensi ng opening 25 covered by a
screen. The scITggindidscaPmaivdss ciiadrical Busiedvtdd with !rc?%'}hr aceRdcifdksand are
sufficiently large to let the largest particles pass through while being

di spensed Kpswsize of thediristles gansheaimallenthan the sizeeolby opaniings of Arskscgsrrangiae
i yor : oo ] g,
R R e L S

out si de of ndric rush Spaced

bristles tshatn atdedrad]m@etisiés thhegtithkpensnng dBpaist ftigerh onrthd suithee.t Tigs Bish
bristles t_hrougﬂh openi ngs .of the screen and draw particles through the

screen t o HI¥PENE a0 PREMAGARY PR 18 iRkl VRREREI RSB CAPE STl var yi ng
the di spenggo, il trust is'SvaBR Serib&a firde PRIl Sng PRl (R 4223 ond

position contacting the screen can be used.

20 The distance from the screen to the central longitudinal axis of the brush can be
adjusted to adjust the force of the brush on the screen and the dispense rate of particles.
Also, excess particles can be removed from the brush using a cleaning wire.

The invention is also a method of dispensing particles onto a surface. The method

includes the steps of holding particles in a hopper. The hopper has a dispensing opening

25 covered by a screen. The screen has openings that are uniformly sized and spaced and are
sufficiently large to let the largest particles pass through while being dispensed yet
sufficiently small to hold the particles back when the dispenser is not operating. The
method also includes a step of rotating, outside of the hopper, a cylindrical brush covered
with regularly spaced bristles that are adjacent the dispensing opening to protrude the

30 bristles through openings of the screen and draw particles through the screen to dispense

them onto the surface. The method also includes varying the dispense rate of the particles.



This can be done by varying the rotation speed of the brush, adjusting the
di stance from the screen to the central |ongitudinal axis of the brush, or
bot h. Theavonvessss on is al so an apparatus for maki ng a webP@ikoe2skesdded
particles. The apparatus can include a naker for making the web receptive
to the particles; a dispenser 5 for dispensing the particles onto the web;

di f ticl ticl t
"0t he vebhis REh b oy v S dfefiian Fosedof o oSSl aRtRpe BB s 1
both the therabéni@ thadkeR 16HROSMEN KB &Itn@sﬁlgpr&b@fhthe web; and an embedder

for enbeddi ng the di spensed particles in the ‘web. The di sperser can include
a buffer for blifefinmenticnds glsp fan@ppasitus fos mekingad web wmheembﬁddmamweéﬂ@r e

0 openoe o e ARG SRR eSS S PRt

conngct edfot @ispéiBingtths penizis ohtd 168 ¥t dibgeria fbd diéﬁ%sm\@tﬂe@aftféﬁx t@re in the
di spenser. The disperser can also include groun ing the web or charging

the web VIRHAMES PEPHR pgascEatian d& thegvabraad psdvidne substanfiply aiformlispeesiemphr at us

can al so Hat a char ges
on 't he- wetrEoh S RUE L IbAAAAAP R kRO oy Bl i bt
i oni zi ng ﬂohembeddmgmeeh@eamdlmdldletsénvmwmr bot h. The enbedded parti cles on

the web can be z Xi s conductiyv ret ive, pe hesi qn

control ling, abt ?RFéseréﬁ’&%iﬂilFé‘tquﬁfﬁr Ef %1?'1“5‘?‘@ gfhet‘ﬁ%?éerﬁt? The
invepti Orbdrﬁclé’é a0 d&s Hgﬁ&ﬁ%ﬂt&t’he WRKI M. ﬁlspﬁleervﬁah%le%{fﬁ%ﬁggﬂar etk %féﬁas
including making t receptive to the particles; " dis enS|ng t he

parti cl esbefereshayteae dispensed iogfoethe imel smdhmsFimatvcﬂtags smpplmcmnmtz@tqdaet i cI e
clunping .n_the ¢ E g? egp ddl@%) di e sed aa% éles i n t .
this nmeth EPePFFé Qriger eer‘é VUi iﬁéarﬁdﬁ’ n‘BSHeH%f P SRS PR Sﬁbeb after
the 25 paeluié€b@unding tké SBs bsehrant thetvitd \Wﬁli)an ab%fsité ceabd Yo marahdg t he
particles before they are dispensed onto the we or both. The dispersing
step can Paétlesde grounding the web or charging the web with an opposite
chapge to thatpof ' t can

i ncl gde heat i nTJ% aﬁtggxeat&ac{?h 83?101%%30 I nc#lﬂ%%e %1I IBIWHC%%H}%%/%S Stt%arges on

the web udiargs ah theewsh. ﬁlme cai inelugle atstaticbar located biptlg alhema@b pdie, ivsibingalhd); and

ionizing the 30 atrm(fﬁ1 arougd the web. 4 WO 01/85358 PCT/ USOQ 25233
atmosphere around the web, or both.

The embedded particles on the web can be z axis conductive, retroreflective, peel
adhesion controlling, abrasive, encapsulating or combinations of these.

20 The invention is also a method of making a web with embedded particles including
making the web receptive to the particles;  dispensing the particles onto the web;
dispersing the particles to minimize particle clumping in the web; and embedding the
dispensed particles in the web.

In this method the dispersing step can be buffing the surface of the web after the

25 particles are dispensed onto the web; electrically charging the particles before they are
dispensed onto the web; or both. The dispersing step can include grounding the web or
charging the web with an opposite charge to that of the particles. The making the web
receptive step can include heating. The method can also include eliminating static charges
on the web using at least one of a static bar located along the web path; and ionizing the

30 atmosphere around the web.



BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is a schematic view of the
apparatus of the present invention. Figure 2 is a perspective view of a
feed di spemsssssshat can be used with the apparatus of Fi BOT/@SW®/25233F gure 3
is a side view of the dispenser of Figure 2 with the cradle up. Figure 4
is a side viewof the dispenser of Figure 2 with the cradle down. Figure 5

is am cr 5@% I dW?III beads enbedded onto a
t her nopl a |c adnhesi ve. e(yiggm ekg\r ea @3420 gmx 570 gm 10 DETAI LED

DESCRI PTI O\I THegireVieis tal solflerhticavidve b appﬂia@ppﬁﬂﬁtp.ﬂéseﬁﬂhvﬁﬂhﬁddl ng particles
in a wb of material. Throughout this descrl ption, filnmns Bem fically
resins in fil g ISRnersPeaiveyast pf dlgd digpenssuint eansr vsaRWéh thaich as paper
webs and %.atutsrgﬁitﬁé[g ot serve an adhesive function can be enbedded with
partlcles he part Fes need not be spherical or 15 regul ar and can be
compbetely or FﬁgmfeiSailslawcbnmaddédm deipelysecaf\Figaresmwitpahd¢radlle$1p1 hat can
enhance exi sti ertie

such as con I|n esi on
provi de addi tl}gg F41€11a|SF Q‘Qew?g@e&éﬁpﬁ?séfg ieLre h @‘ﬂﬁggwﬂeads
expandabl e m qfl?%%‘é%%nc &h3Asking sﬂ%ltécﬁt'té%lsglaﬁ%%ﬂs DfRMgeq Hrads made

from oxi des, des ates, or silicates such as silver oxide or
boron ni tth¢I’dE)plEISt1C adhezjvef Ehe samphemrde;s AX0lima,57/gnesi um sul fate, cal ci um 20
sul fate, or berylliumalum numsilicate; hollow glass bubbles; polyneric
spheres; ceram c mcrospheres; magnetic particles; and m croencapsul at ed

par fgcl esDETMﬂEWES@RIPTIUN‘ | material includi ng rel easabl e drugs,
gases, and other materials being encapsul ated. The particles can be

conpl etely or 'limrquitioyl ls:@ate&d)dwnd lapprazatal or elmbcédlsglpaﬁiclesmpp@b of ni ckel ,

gol d, paII r. with other terlas netic
doat | ng. apdl PRl R et fuths e R tF B S B ngs. can be
used, f ordegoraB] Athough Mé?weﬁﬁrsﬁdhcds%ipék&@éwandSvdb@'tHa@ﬂ@hbt%%Ne\éﬁ el ement s.
The particles may be m croporous or otherw se be designed to have high

surface a¥besive fgarien eny becampbeddediwith ppitislepadbe ppisisles W@l nqh Re spherieal @an
I nch yde, }9%&181 aﬁ'ld%ran%@ c%&?lé?é}ggf %{Begﬂf&ﬁﬁe(ﬁ@ﬁ h z{i&tb% 4 8&%@#@%&%&9 gl ow

phot o- | umnescen partic i nc
conmer ci aalnhmca\emshaglv@qu@mnéshmch@k iIDWnI&@lllﬁng&lﬂESldﬁSlr proidecidditionkef | ecti ve

Val oy PO, B Parheigh St Bt BROB GRRANGaP ISR SIRBREIcY Bakltbs, 5
particles; metal beads; beads made from oxides, nitrides, sulfates, or silicates such as
silver oxide or boron nitride, titania, ferric oxide, silica, magnesium sulfate, calcium

20 sulfate, or beryllium aluminum silicate; hollow glass bubbles; polymeric spheres; ceramic
microspheres; magnetic particles; and microencapsulated particles, with any active fill
material including releasable drugs, gases, and other materials being encapsulated. The
particles can be completely or partially coated with metals, like silver, copper, nickel,
gold, palladium, or platinum, or with other materials such as magnetic coating, metal

25 oxides, and metal nitrides. Partial metal coatings can be used, for example, to make
particles useful as retroreflective elements. The particles may be microporous or
otherwise be designed to have high surface area, including activated carbon particles. The
particles can include, within or on the particle, dyes and pigments including afterglow
photo-luminescent pigments.

30 Exemplary particles include those commercially available under the following
trade designations: “Reflective Ink 8010” from 3M, St. Paul, MN; “Conduct-O-Fil” from
Potters Industries, Valley Forge, PA; “Magnapore” from Biopore Corporation, Los Gatos,
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WO 01/ 85358 PCT/ USOQ 25233 CA; 325 nesh boron nitride fromA fa Aesar, Ward
HIl, MA, "PLO PLB6/7 Phosphorescent pignment"” from d obal Trade Alliance

I nc, Scotwa@duadsss8 AZ, "Zeospheres"™ or "Scotchlite" from 3MEUSZSRI3aN

I ndustries Inc., St. Paul, M\, "Paral oid EXL2600" from Rohm & Haas,

Phi | adel phia, PA, and "Novanet Ni ckel Powder" from Novanet 5 Specialty

Product s ERI 98 AEPBorol hFKAL hrom Wit A0S WLl PSR! Bqlf%;-i’f%'gff of

application areas I n e invention shows” "uti | nducti ve
parti cl esPhoaphoredcentspigmontil Ciony €lobdEside Alfiarcenlnd)iSebitsdale, AZ; tBedplages” ayer s

in assenbling elecfronic conponents, such as_ adhering flex circuits to
printed i Egﬂplehtsgérp&s3wg%élap !I‘i@il.s“?-sg%-_ss% %Mvgmmgx%6@?l ns
(ZAF), megis, ROAM 8HAR, Pﬁllhgg K8, {aA! mdom@vakﬂe@ﬁﬁekeﬁp&yﬁem NOvamadti ng

el ectrical connections iIn -l ayer constructions ere |atera
el ecdri cdlpecialiy Rrodwtsoforphetianj Wyekff, pHrts is required while the |ayers

are to be electri l|ly connected in the z-direction erpendi cul ar to the
pl ane of the Cl%flelf??ﬁf’wme Sxf‘)éiesl %l‘nalﬁ’g_ﬁ‘éﬁt’tOB AR & ¥ lcgl(tgf_'ckng%naﬂn_s 8WAecti on,
it is desifi@d tondirvi9e patidlel &l RakiensdddicSie _he&ie@ﬁlmw{lgcwn%%%ﬁl%&f%dger

contact pad ‘area. A typical mnimmpad size is 0.44 15 _
parti cl edayareincissgypblingelpeivamiceomipomentsrsuch apadhebing fley cirgidtstthpdkiedss of t he

film the, i ti f t ZAF is fast. because adhesive flowis
Fequ red ST hdBhetineh Pl ondBon B AE O K A PR B Bne "t wo
condoict i vahssiastin@ bR S linkf) afd Gkeful irPmakik @l triAbcatihefidbnk MEmutBREl on, the
conductive particles are enbedded into the filmafter the film has been

nmade. TheopHFuctiopewhersdatgeal glegtierlderation efifbe pdiaccappiitsos regyired sdileitke fi el d
20 to hel | St i t : : esive
fiim Thansrearib BeeRekiguphkcbeRn B8 AAREFIRSIt AR 88 o8 2HET
each ot hdilmanWleamnm ZAFds bedus erké an eletteizblecoantatia; it dndedired fochapan phttioks t o
the film, Parts agee t hen b.opded by sandw ching the conductive film between

two condfERYPOLA dFashiK pritigles peccontast B ar§6nétg[VW€%l magpum ped sigei i hd* on t he

adhesi ve hypPerraRdpdigles haSchbands hife 4 BanRak tbmp&ablelth eheRAREAAY of iHXe, 25
tenperature, and pressure vary. This process of manufacture contrasts with

t hat usedilfog thelondingdome ot thie VAF iadase becausd lebnadhesive flowtis faqoised foithalkes an

dhesi ' | d_wi.th ffici | | trati f
conauct | vERi P S GRIECRIMGM: Ak it SRYERLTERS o o
maki ng elmedkerd ZAF hiyinganeinetaticn, helchbadidiive pertXtey ap @feedded tdiethbifllm drat 1S

formed after the 30 particles have been blended in. The larger the_
par ti cl edhe filye hapheengnade; diepasticles gan be dispprsed in the pegseragratjap elestriofiglfi t hout

danggi ng ¢} H@lp%tltibﬁtle‘?ﬁe ﬁirtiélgseaﬁﬁ%pl%ﬁaj)rﬂg/ BAELR %rgdhesge!ﬁ'in. The electric
field creates mutual repulsion of the particles from each other and can also be used to
create attraction of the particles to the film. Parts are then bonded by sandwiching the
conductive film between two conductors and applying pressure and sometimes heat.
Depending on the adhesive type and the size range of the particles, the bonding time,
25 temperature, and pressure vary.

This process of manufacture contrasts with that used for known conductive
adhesive films. In most known films, an adhesive precursor is blended with a sufficiently
low concentration of conductive particles to assure sufficient particle dispersion to avoid
making electrically conductive paths in the x-y plane in the film that is formed after the

30 particles have been blended in. The larger the particles, the more difficult it is to disperse
them sufficiently without damaging the particles or the processing equipment. Other

methods involve placing the particles on a carrier film, followed by laminating this
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met hods i nvolve placing the particles on a carrier film followed by

lam nating this 6 WO 01/85358 PCT/ USOQ 25233 assenbly to the filmto be
enbedded wandsssbsequent renoval of the carrier film Thi BCT/adaE25233

undesi rabl e extra processing step. U S. Patent No. 5, 300,340 describes a
particle printing process in which the particles can be printed directly
onto the f] i : I Snd r . r tsin a
uni f orm (afrs%t e1¥ft(% th‘gllpﬁgig\é]ﬁ%gdéeﬁ, deﬁ@g%ﬁgggﬁﬁﬁyﬁvoggﬁ%ﬁgﬁl ere épat tern.
The pr ocedds aiperdbsirablk exird prdcesaing steipe & Si Batett Now. 61308i3d0 desovibaydpatticleunpi ng
of particles within the printed areas, One di sadyantage of this is that
he” anal IEGENEPEGHo THE: B DEUicles AR ES DT K oHbL LA A Bffive ©o b

| ar ger { ddyar (IR i€ 286ntad brotcflAaGLAIRIAG uilfbHA hAfr 1:éh #dofds dR AL Of
clunmping of two particles ans It is quite possible to have a [arger

cl ust er gfresent inveltam) ofd@rddrpattemt Hhe pescespsreed ishlémited, ind these is an phemigion

retroreflecti.ve characteri.stics,.to create refjroreflective_fil whi ch are
Usef ul 1 dF SHOERAETP B g SenkiTes Fnigy R PiRiacases Do8 AP st Sk BinFandy o

parti cl e-tROBAMAREpEPof (Y Bkdt@Sine® i thelbohdd ReelhadsiRest 1aigePthan afidheRdse
nonadhesi ve particles. These webs are useful in nmaking adhesives with

cont r ol | & a ngatrdeinping|sdvation. A®, Tridepeeraficduraping ofitveb parddepmenslit wWuspher es
with enc rial i ones avail able during use. Afilmwth
m cr oenc?%gﬁi)%ttggag%garr%{%gleu\é%gﬁp%aég@gséd for perfune sanples. Afilmwth

m cr@encapsul dhedotheKex@ipld) eheseticlesScaadiane riessldcaneithapaip@istics] keceatet i cl es
can contain nmagneti ¢ conpaonents that can be used_as part _ of a radio
f r equencyeterefestiveddms sriuchare aspfulfophighax signs apdry othsr iagistitest he itemto

whi ch they are };a@% ']%]{m effega&ing - i gﬁm .

anot her exarrpIAe,?}g{cﬁée E@grfadt ri aT' %%fg'ﬁﬁ e aebs{ﬁlg?%:vg%tégn?% ll)ngpet at gé%nmil }D?

t her mal | yaddimgmenddhresivg partickit &heserviaebd chirergsefilen weking athespas twithl comirollk
resultantd terié?l could be wuseful as an electrically conductive or

t her mal | Y9EGHAL flSe pad. The desired anmount of surface area covered by
pariscles wi | ITneAsvidlYs @RRI 11676 Biliow heRRAyilPdhchpiigfed maTkI8SSch han 1% up
to a nonol ayer of particles covering the entire surface. The percent
cover age bseemedavpilphle sluripgviea e film fvigamicresnespsulated faagpaned cambmuseddopacki ng
density of rticle tch is in turn.related to their shape. For
spheri calpefoﬁlalr%t%i Scﬁ'gxse,s' é(\ ﬁh[rr]%%} grillgroe%‘fapﬁlél? Eelﬁélf‘lg%a%cbéarursgg%)socr\ag%on[leoss ggl—ﬁ%r cent
surface gaper. ?’aﬁgﬂes(ﬁanaﬁﬁlﬁmﬁhﬁ@feﬁb Yomp&iénts\pid dad &k nediSasfpattlof agadibt hi n

this rang%e include retroreflective sheeting, detackified )
requency identification system to provide information about the item to which they are

20 attached in an efficient, cost-effective manner.

In another example, the web material can be a silicone rubber that will thermally
cure during or after embedding the web with particles. The resultant material could be
useful as an electrically conductive or thermally conductive pad.

The desired amount of surface area covered by particles will vary by application,

25 and can range from less than 1% up to a monolayer of particles covering the entire surface.
The percent coverage provided by a monolayer of particles will depend upon the packing
density of the particles, which is in turn related to their shape. For spherical particles, a
monolayer of particles corresponds to a percent surface area coverage of approximately
78%. Applications falling within this range include retroreflective sheeting, detackified
30 adhesive films, and z-axis conductive adhesives.
Suitable web materials include those that can be made receptive to the particles

while dispensing the particles onto the web. Receptive means that the particles will
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30 adhesive filnms, and z-axis conductive adhesives. Suitable web materials
i ncl ude those that can be nmade receptive to the particles while dispensing
the partiwbessssst o t he web. Receptive neans that the partPcr/@sooaskiz 7 WO
01/ 85358 PCT/ USQQ 25233 remain approximately in the positions they assune

i mredi ately after being dispensed, wuntil they can be permanently embedded

in the web. The web can be, a sin mul tiple,. | onst.ructign. The

wob. oan eman SpSomiel Pindpths rediasig hisfoints Ser BORE HispER oy or

When a caimkil Beylcay BE peindhefll ethbedeidd iP@eavdbl MRk wabltak Be 6 3thgheor BhGBRE

coated. 5 Alternati vel %b a continuous belt could be used as the carrier
$

| ayer. THayaispnsmctomhilbhweb pan prog layen efdilar o %hegp@fﬁ@@dl on éeofrrogartier

or os sur o- st rga g R T SBY B eon 60 MR hPh Rl APeARPconted o 1 c s

per nfanentAlyerﬁmqqac&ohﬂnddnebaldb@ﬁd%eusem tﬁécebﬁeﬂluylﬁl Mhe twWd onRPwhizhough a
nip roller, with or wthout pre-heating the film is al so possible to
di spense thhpatfgles prel dispengqy r@ﬁ@ gotbegoptingens, #d euid brerroncwa’(e@d with the

reactive prec%ﬂhxa?éna?stﬂ %gsﬁggélsﬁti%ggﬁ%t\%?ﬁﬁonﬁ@ E&‘ﬁﬂe%ﬁ’%ﬁ Mee the

precursor after t partic ave been a ernoplastic materials
may r equithepdréalkes pgrrﬁanemh)kenbdnﬂmi irethe ptihaséve suth helby rungingshe wslechrongh a s

desirabl e.to keep. the t erajure of b .bel ow he tfe ture at whi ch
t he ther‘%fﬂlgé ith g§ W}tﬁ‘fr’(ﬁ %ﬁfaltm&it f’cérlén Aedlso prssiblf t nﬁfﬁﬁﬁ BHtfigles i | s
i ncjgide thHesewis shaRed alﬁexf QatddSFitiethe r%lqpﬁfeéﬁfsbpoﬁpﬂlﬁﬁhi’ees%nsﬁjvéo known as

hot-nmelt adhesives. Any filmmaterial that can be cast from sol vent can be
cast ont adhesivs, apdthengq chreahse preturparaftentiv paetickesgave besnesldeénbedded bef ore

the | oss . Qf suffi.cient .v nt to make t.he fil on-rec o

Al'ter nat i ISFOPIa Y TRETHE Pl Tnetingq melt e Rt half doring i
recepti veisbgfiois Qlesﬂib%?l%rl&b]iﬂ ﬂlett&ﬁpélﬁtruiré 6t 188 weBbeRw thakdrepaRitarsi "“ﬂn&ﬁt’ﬂé' tive
adhesive materials can include acrylics, vinyl ethers, =~ natural

synt het i dhergiopiastio #dlb floweatbef the gnerp dr sy:(q;nmmoglaémq ﬁ]gl)s inglude g]ppq, é@md
Preg %ur e f&&é&%ﬁtlﬁe‘fﬁ @fg@ﬁ%b&ﬁ%s':i%saﬁlsg%b&ﬁ% hét- drtngﬁ = hce:‘S]he EA %sur Jégﬂs pused in

t he Pressure Sensi I'ndus rovi ensitive
Tape Counhatlcan Begass Eromﬁﬂyemcm beeddst oﬂw awnmeE)@nhD hm lingar Asihave paeiekist | ve

adneet ve LSHLASLEL 1ol Bt LS, PLESSU 2, 85 SERSLLL MG adhost ve Lape
§1M°undz‘?%%éﬁﬁ;atw&b?raﬁzi?fgﬁg@? e e (R R
dispensing the particles.
20 Suitable pressure sensitive adhesive materials can include acrylics, vinyl ethers,
natural or synthetic rubber-based materials, poly(alpha-olefins), and silicones. Pressure
sensitive adhesives, as defined in the "Glossary of Terms Used in the Pressure Sensitive
Tape Industry” provided by the Pressure Sensitive Tape Council, August 1985, are well
known. Exemplary pressure sensitive adhesive materials include the acrylic pressure
25 sensitive adhesive tape available from 3M under the trade designation “Scotch® Magic™
Tape 810,” and the rubber-based pressure sensitive adhesive tape available from 3M under
the trade designation “Colored Paper Tape 256.”
Thermoplastic materials may be amorphous or semi-crystalline. Suitable
thermoplastic materials include acrylics, polycarbonates, polyimides, polyphenylene ether,
30 polyphenylene sulfide, acrylonitrile-butadiene-styrene copolymer (ABS), polyesters,
ethylene vinyl acetate (EVA), polyurethanes, polyamides, block copolymers such as

styrene-ethylene/butylene-styrene and polyether-block-amides, polyolefins, and
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Thernopl astic materials may be anorphous or sem -crystalline. Suitable

t hernopl astic materials include acrylics, polycarbonates, polyimdes,

pol yphenwenesssher, 30 pol yphenyl ene sul fide, PCT/US00/25233
acrylonitril e-butadi ene-styrene copol yner (ABS), polyesters, ethylene vinyl
acetate (EVA), pol yur et hanes, pol yam des, bl ock copol yrrers such as

styrene- ne/ 1e- stvrene.an | vet er- | vol efi ns,
and 8 WO %ﬁ%’é gﬁfﬁ‘%@%f‘:’é‘g? ?Q/gg?% olgulg ngéldg 15%??1 Syl&%%?'%)%"? refers
to a baseahspireau @a&dvbho@ﬁdlatdr@aﬁﬁmﬁglBspdﬂw@ﬂka&mntrb@hoﬁr B1dHaE of eacti ve

toward a crosslinking or polynerization reaction. Blends of thernoplastic

mat er i al sheiyopkstie myderipkamay Fise ke Poask Tackifics rg@/ #eo baiiclnded in thet he
ther mopl atﬁéﬂn?opﬁa%ﬁf: Pesnﬁxﬁﬂ%éﬁ{% t@é}ﬁ{mléﬁﬁ e% Aragéén ’2:1Jde dikor m i ncl ude

t hose 5 conirer eS|gn Fons "3M

Ther3mo- BCDNhrEd:chilly&Gﬁilabl MBMﬁﬁﬁbrﬁﬁmdada demgﬁétﬁ)rf's “IBNVTHdreioiBorddFiEn Fi | m
770," and_"3M Ther no- Bon " those_from Adhesive Filns Inc. (Pine

Br ook, NJ§60u” [ Tthﬁ’ém? iBéia‘éFﬂHJ&h5 1 ‘a%Mé"ﬁéme;Bo%ﬂl@sW&f” ) ‘@l Thogmo- EAF,
AN LA i 3058 AP M 1o SSRDBTL PN e i PR under

thetrade e5|gnat|on itab tac fler resins include
t hose avaldsgnhtionsrideseriehef filotd ‘PAH)Y EATUendd@8AJG Hahd dra)se aveiil'EBMﬂ\d@LElt?,S" from

Ar akawa cal i cago 0" fromAri ” e Panama
Gty L Apphen(eefIbBA AL s he s ehinatdny FREGE SR DECHTHEr moset (| ng
Weblmat erthlifiecRBin iR id ehdds %dmla%lﬁwémﬁfylmng RGdd B&Y ﬁ@ﬁst' ng material,
it is p035|blethat particles could be enbedded”in a material with an

advanced "TANMINOE 136~ foneArakowe Chemigarhicagoall, yNIREZR@4@afroincAizoneannot  be

Cecept | ve TP, B Chy £ RSN TF i Ptcu RS oo el BB o can

be enbedded bermmﬁdﬂ@ng:wéwnﬁ&y@mﬁﬁ also®efugéd. &pehai\%el oh B thBSRIsktiRg
materi al s arethosethat can be made into web form Ipe mai nt ai ni ng

| at ency paed ylmﬁ@lqth@&pa&mfpwu&bp %@b@dﬁ@t%m@rmwhéoéma@aedjnt| | the

des s ht

reqw re d%gﬁg ﬁo@%lv'%aﬂ%pglg%g |ntﬁé ﬁ?%nﬁéw%ﬁlp&@lehﬁ%ﬁ Itgtl ng

mat eri al sfullylchnedenzeqﬁmh ailgélpat&rr@bhmjesthe wey astaptiveanh@ bs at bl@ﬁrmhcmgmw%s
henolics, including nitrj henol | ¢ nd cqnbi natjons of .

Exerpl ary WHWH’S%HP? mffg’aﬂé%rcg’agg Cpadeqetoss fres R el hato PRt 1 1 m

form i n%é’t‘ﬁﬁ)séﬂfiﬁg%a@é@dlé /iR st RN AMIRIE! intd el fcﬁﬂl%ﬁli?esfngﬁ%ﬁlﬁg " 3M

Scotch-Wel d Structural 25 Adhesive Film' including those having the

f ol | owi ndatemy' I@gmgna@an@ that curiyg opR be suppgtantially prevented until the desired

20 processing can be completed. Achieving this latency might require dark and/or cold

processing conditions. Suitable thermosetting materials include epoxides, urethanes,
cyanate esters, bismaleimides, phenolics, including nitrile phenolics, and combinations of
these. Exemplary thermosetting materials that are commercially available in film form
include those available from 3M under the trade designation “3M Scotch-Weld Structural
25 Adhesive Film” including those having the following “AF” designations: “AF 42,” “AF
111,” “AF 126-2,” “AF 163-2,” “AF 3109-2,” “AF 191,” “AF 2635,” “AF 3002,” “AF
3024,” “AF 3030FST,” “AF 10,” “AF 30,” “AF 31,” and “AF 32.”
Hybrid materials also can be used as the web. A hybrid material is a combination
of at least two components where the components are compatible in the melt phase (where
30 the combination of the components is a liquid), the components form a interpenetrating
polymer network or semi-interpenetrating polymer network, and at least one component

becomes infusible (the component cannot be dissolved or melted) after curing by heating
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111," "AF 126-2," "AF 163-2," "AF 3109-2," "AF 191," "AF 2635," "AF 3002,"
"AF 3024," "AF 3030FST," "AF 10," "AF 30," "AF 31," and "AF 32." Hybrid
mat er i al svabygs3san be used as the web. A hybrid material PeT/@S@®@sRI3Nati on
of at |east two conponents where the conponents are conpatible in the nelt
phase (where 30 the combination of the corrponents is aliquid), the

conponents f ra mer net r.s i nt er penetrating
ol yrrer it P Rt “she Rl S Rene et s R sl R
conponentthe 3sudall cBRpLhehs Qén\’l%iﬁyﬁ tﬁe%hfogmu@lfnh@halc Hf (b glmn{ée@bhgan&s 2

01/ 85358 PCT/ USOO 25233 or er net hods such as . The fifst conponent
can be a RYBSISi(phbIyaeqtedrauztivanyhichiven §@'@malem1§@%@ﬁnat@aai trec)a) a

e T ASbb S B o e PRSBSOSy R 20 =

t her §ros et duritgve)®ih@dhi cah form € thermBRARY Hatetibl. IHFBESondTonPoakliy sisen £cand any
required 5 curative) which can forma thernosetting material. The second
componentthpisit ismes sxctys withthe first Gosnprsent dapey be desiiahle; heweversp 26 agrbnt .

It may be,({ i e
reactive W nél?{)‘%\@rmg{r& %}é%&mw“ﬁ%%é@gts&sﬁt{on g&%@ erlﬁg{ang# }séré%ond
conponentsetond damipaxatp) for exanmpledaerehdeehe odﬂesmf etratgtleagﬁhh bohdddig/bhidnded
hybrid material. 10 Suitable first conponents include thernosetting

mat eri al S22€fah as those described above, as well as crosslinkabl e

el aghomer s SuCkiasIARLYIdniondd RId\RBEseEHE hAkfls, LIATARRL@SkidmegCONd
conponents include thos escri ed above. Sui her nopl astics, which
can be f oabowe asrwedl asicrosslimkaplevdlastomenssner as, acmlicgemamsthaocs pShinythkr s (and any

required rat i ch can f ma

indor por BelERpIR st PotRthenty Bl Menaeahe fhorenstiibls Hengtiss
apparent. wE?éBﬁ&iBéForHﬁé@Eﬂ St Be S%ithl Bondnite O o Bﬁéﬂsr&;ﬂ)lﬁﬁ%@%@&?‘ponem (a)
are described, for exanple, in W 00/ 20526, Pat ent 09, 948, and

U.S. Pat cefuirgs cusaipsy wheh camfermpt theymaplssticomatarialwigioyt undeserippeast i ng a
second co

5058 05e BRDGHS ptohyicit RESI Rt b 8faoft iRl Rt By AR by ) o
a 20 thermﬁqn’pal?tmg arsrectoadlcaxgllpBMnlﬁ(ga:}darmgesicﬁbledExﬁbﬂekaxhbh tﬁh\g’mg@/emzwgl ]second
conmponents 1 n¢ludge t se ed _above e al [l materi al s
ebr por d No- 3008 B BRI SRR Y. S 180s Lremelsy P aRprs. 1n U S
Pat ent Nopc fh%ﬁngéjse;co??@tcb E}éﬁén)( (D)l AURALIR S dx@nplBih BlSS Patehtliyde

addi ti ves, sutch a
5,086,088. Example 1 of U.S. Patent No. 5,086,088 illustrates an example of a

20 thermoplastic material formed in situ. Suitable thermosetting second components include
those described above. Exemplary hybrid materials incorporating a second component (c)
are described, for example, in U.S. Patent No. 5,494,981.

Optionally, the web material may also include additives, such as film-forming

materials, intended to improve the film handling properties of the final particle-embedded

25 web. Other examples of additives include thixotropic agents such as fumed silica; core-
shell tougheners; pigments such as ferric oxide, brick dust, carbon black, and titanium
oxide; fillers such as silica, magnesium sulfate, calciur_n sulfate, and beryllium aluminum
silicate; clays such as betonite; glass beads; bubbles made from glass or phenolic resin;
expandable microspheres, for example, microspheres commercially available from

30 Expancel Inc./Akzo Nobel, Duluth, GA, under the trade designation “Expancel DU”; anti-
oxidants; UV-stabilizers; corrosion inhibitors, for example, those commercially available

from W.R. Grace GmbH, Worms, Germany under the trade designation “Shieldex AC5”;
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materials, intended to inprove the filmhandling properties of the final
particl e-enbedded 25 web. O her exanples of additives include thixotropic
agents swedonass3faimed silica; core shell tougheners; pignmeRrCEUSWEs23Bs ferric
oxi de, brick dust, carbon black, and titanium oxide; fillers such as
silica, magnesi um sul fate, calciumsulfate, and beryllium al um num

silicate; s such, etonl(i1 SS beads bubbl es de from I ass or
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o & Nemmanghdy G AR G ek SR EL AR pi, BRic OB rephafuPon

"Kevl ar" )qondadtb;emoveﬁmdnm&mnmwe& tmeelesujcalajoblethamhutylc«)adudme fibess. tthose
that provide thernal or electri cdal condg;:tlwt such as electrically or
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or pgn Wﬁ%MOdS%H%&%%E@d@/, or thermally conductive fibers. It may

al so be desirable to provide a ves that function as energy absorbers
for such 10 cuFhenigvergionodes aschmignoekdigpensing agd emMbelding/the pediclesses a

t echni que_of. dis si ng_and enbed the particles to i de random
o e ridh TR P 2R e S e BT DR S Bep b Sheseb BT oG
density vuehhﬁt;aw{tﬁ lagbliaM @1y ubiibrin® (HAnibed @ﬁiﬂl@lfes rufnitcak@s d&ﬁﬁbﬂﬂl@hfof ar ea)
distribution of particles. This is acconplis Wi t hout requiring any

conpl i catradtides: eBnsisgecoraplished ithant lsaugng tameyor@@lrpatsré sgEels PrmeRksi red for
cer 153" n ﬁé&%&%&pg%l be’?ﬂe(? f%glg'ﬁ%sito??&?%ﬁ: Iﬁ'{%ﬁﬁ? f' Ag gle?ﬁg%}ht?cg%hép&%adfq : gn d

t he repu I"on “an ual éexclusion o
on the aditegiplied fd didnin mbsq;ulstldsteaszMumhemSmﬂ dfehb pamélag hdhey adndomiy t he

particle  distribution. he system 1 n Figure 1, a b12 such
as an adH@ed gRiegapesive fz’em%lépnwﬁ G D PRHE TSRt B ST Supply roll
14 and tr@ugbsigl.ong a relatively horizontal path, although non-horizontal

orientations can be used. Alternatively, the web
In the system 10, shown in Figure 1, a web 12, such as an adhesive-coated

20 thermoplastic film, is unwound from a supply roll 14 and travels along a relatively
horizontal path, although non-horizontal orientations can be used. Alternatively, the web
can be supplied direct from a processing line or in any other known form. Any kind of
web unwind device can be used. The web 12 can optionally pass through a pair of nip
rollers (not shown), or through or over one or more driven or guide rollers 16. Next, the

25 web 12 passes over a heated surface 18 to soften the web. A temperature sensing device,
such as a thermocouple, non-contact infrared sensor, or other similar device, monitors the
temperature. The temperature of the heated surface 18 can be used as an indication of the
web temperature but more preferably the temperature of the web 12 itself is measured.
The heated surface 18 can be governed by a controller 20. The web 12 may contact the

30 heated surface 18, thus being heated by contact, or it can pass above the heated surface,

thus being heated by convection. If the web 12 passes above the heated surface 18, static
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can be supplied direct froma processing line or in any other known form
Any kind of web unw nd device can be used. The web 12 can optionally pass
t hrough av@ai/ss3s§ nip rollers (not shown), or through orPOVES0IRI330r nore
driven or guide rollers 16. Next, the 25 web 12 passes over a heated
surface 18 to soften the web. A tenperature sensing device, such as a

t her nocou Ie non infrared sensor., or other simlar deyic

Toni tor S ERisiY hfine' Pl SR RRIR Lo G B5ired i ro Sl 8 b The can be
used as aWeb. nﬁls gaiwxpﬂaeq{eaieti%urm@)lstaﬁmfrme%tlhg;ﬁla@re preferably the
tenperature of the web 12 itself is neasured e heated surface 18 can be

governed by a Tenvelol? sextpasseyhi aneptian! patic bariZde reduse sRUC Rermgebhiklupf ace

18, thus ontact. .or ve the heated ur f ace,
Lhus bor a6 ho Mble piffnd benEAhoRE Sa RO Sinh il MERLE Sl
surface ledsSaticcan dlteddPbe br&omttsh HEWeLSD] %2&3/11@(11&@ gEtheGrebak et by

sliding contact are mnimzed but nore energy is required to heat the web.
As shown, oHigiealicegiinePrecasf.ace is an el ectrical heating plate. The web 12

next passes b ylt\I &l AR epN3l pa§§e§tt1'1e Hde a?sg&%elr fﬂ\lgﬁﬁ% %rte]:hges ;Qﬁ{cﬁﬁ BW4htcdup

on the web. Alterhatively, Poni Zin g arr tic |mnat|on
devi ces cthn stndaceDf tiseleb. SAathovig an optisehatyltdye spures @8tis conntéted wethe f rom t he

passos | AP BRBF oA SEAIGEr DA U Ich SAPEiIB LRk SR IeEME OB IBRD: 1 ho

surfigce ofpd [ I nnected to
t hefl@partl cl ‘gﬁtc?l s%eurﬁgczzfa% tgs %O%l?ig% Sgﬁg egg?thlﬁggﬁg? %Eglg? %%tééltéshfg are

di spensed ont oAftershewlrticled 2% dﬂﬂosweomme(serfa& uhpivickd 2 ahy Beb pgmes

Genos ! t ot e ita heufd Qhfies B0r wBRha Sty a dptalietf RfGhRERZaZ0 3"

heat ed sudih@e ontfbllebarCopekfic B@ﬁhﬁlfeﬁt%d sBifaces 38,80, OhlaBbth8Pembddi|EMa4 kingley, a
single controller can operate both heated surfaces 18, 30. In anot her

embodi menkeated syifagsl ean beaised dAs shaven dhecensh beated arfacad 8 sHbiwnn elegiicalch heat ed

sur Il§ce Cljﬁean ggiafe egha%}ef ﬁl ﬁéatﬁ%padl‘e‘vl%&t %haote‘ige@' 1234 é}% ClpL. we%tJAEr

heat1 ng devic¢ can use cver
cylindri cgdss bedrla oytindnsal yolkewmmonly kaowhat aC'hot, canf’hthe wedd @a@amﬁmughmugh an
ss over an_.infrared or jnductjon heater. Heaters can

be ad) et frahe B cAP15a G IFfate AR POk Hepiseean b Bt (i
surface. (b5 sHIRUDrR FLOW Geil s dd)Sccieab 8usHishAs, 18 15 used to soften the
web 12, or the 20 coating o e web 1s coated, making the
surface tacky.AJsliosvmmiagure Hethmhgatt@ surface 18 is used to soften the web 12, or the
20 coating on the web if the web is coated, making the surface tacky. This makes the web 12
receptive to the particles 26 which do not move on the web but are not yet securely fixed
to the web. The heated surface 30, shown longer than the heated surface 18, is used to
further heat the web 12 to drive the particles 26 into the coating. If multiple heated
surfaces are used the relative lengths of the heated surfaces 18, 30 can be varied to
25 accomplish their respective heating tasks. Alternatively, the heated surface 30 can heat the
web 12 as the particles 26 are dispensed. FEither at the heated surface 30 or after it, another
optional static bar 34, or other static elimination device, can be used. The static bar 34,
like the static bar 22, can be located over or under the web 12.
From the heated surface 30, in the illustrated embodiment the web 12 travels
30 through a pair of nip rollers 36 which can optionally be driven. The pressure in the nip
further drives the particles 26 into the web 12. One or two nip rollers can be used to

embed the particles 26 into the web 12. For example, a single roller can be used over a
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receptive to the particles 26 which do not nove on the web but are not yet
securely fixed to the web. The heated surface 30, shown | onger than the
heat ed swédavgs3i8, is used to further heat the web 12 torpdrivse/1shss
particles 26 into the coating. If nmultiple heated surfaces are used the
rel ative Iengths of the heated surfaces 18, 30 can be varied to 25

. | |
Cur ace a0 eie AT RERE e FEhal SRAE el BBk el bl °: s

at the heainfingiont ot the) cafi babiedrasiléng RNA® not @RishaR@paritiel 26inBE wdh, Or
other static elimnation device, can be used. The static bar 34, |ike the

static bat2 JBhe nippolisss Poean dso by beatesktodwihar deiNe theepsrticles 26 @tﬁ thpavehdat ed
sur face 3ol iy {ANnk LAk LKL € THORLIEIL ANC B, d2ubhaNEl Ga 36, L1 ouoh

pair of n|p ers car opti iven. e pressure in the

ni p 5f urté¢leninated.vAstet the niprdllesd 5 tlﬂ-ﬁwemlx)pdsb@ arelndl2driva@ller 38 @dthanfp
rollers ca used to, enbed the particles 26 jnto the web 12. For

exanpl e, gliS?%@aée pefidriventand to@ windup erlisr 4% at & windpp statignFsh BCTIt ORI 5233
flat plat ﬁutcﬁ&b’wfﬂd&d theﬁ@th%?%thé #eb yd h%ﬂoﬁi&nﬁﬂggfﬁsr&@ﬂ%tmn bhen 1604t ed,

metal, and conbinations or ese, can use ong as they do Phot crush
t he partlmllles 26 in the web 12. The nip rollers 36 can al so be heated to

further d t I 26 o.th h 12. Al heat th
ol | ors 36, ¢ nbesietisn S BEelsDo B GireEe FumetPsERlE BAshing “aFH e od.

Aft @D t hediBtkiButict bf&fasticiés. RREcIWBRistAnP ASRASsiAbRUR adsedl dréfed PlthBadiBy (i
the nip rollers 36 are not driven) and to a windup roller 40 at a vmndup

station, Wedastrpgl shiorts, wnevai retr0¢¢f1ncahledmwzqmde¢k ancﬂnenumfomeippearme Wweb 12
can optio % t.al nl ess St € roll atlon of the
gh(Lé/WIP ﬁ*%?ho% 4l ecf"fo% di%pens g partic ? I% ge‘ﬁb Rﬁmﬁle u"‘%%%‘@%

particles during drs R

di stri but¢odmmed prosdlei. crle§pre§éaﬁ inv@h@orcd)‘ktﬁdcﬁldsm@s ipotlete The abllte%elgemas it
creates paths |eading to electrical shorts, uneven retroreflection, uneven
t ack, andcaﬁd‘ﬁﬂlﬂlaf‘(ﬂlﬁ%%ﬁb@ﬁrd%é’é%f Phand gigheg mm)%@ KBage ps@urdgandiespensi ng

par sl es, r@m@t&m OB PR FhEh AR FHA gl qgg 0313% Qm)p{hgg%ﬁ%aﬂlﬁ

pr esent ntion-overcones this rob e source can apply
a voltag e(grcmnﬁhng iglslsyansard thd haatdd mrfdae BO. a@hmgmgslhe @am:]bEs gé caiategaound can

be 15 a n ation ur f (gr.ounding is
shown), P ﬂgggﬁégﬁg’ﬁﬁ nB 8?5?85%%{ ﬁ%ﬂ %ﬁﬂ?g EPAEREface 30.
Char gi ng ¢tagseR8 e far@8eL 56, thealafse @ﬁbepﬁlaﬁﬁé the Cpafticfés@ls %Fé&?&fbe%glﬁe ‘ﬁké penser
24 and the heated surface of the web. By inparting a charge to th

parti cl escheges rapel eashmtherolsme ﬁm%@qtmrgﬁ@lﬁénwa% e pheislds 26 ante basel IBec ause
i k%O with sufficient momentum to lodge them into the surface. Third, the geometry of the

electric field can restrict the powder fallout beyond the web to minimize waste.
Another way to promote dispersion is to buff the surface of the web 12 after the
particles are dispensed on it. For example, a random orbital sander 42 (Finishing Sander
Model 505, available from Porter Cable Company, Jackson TN) fitted with a soft painting
25 pad (available under the trade designation EZ Paintr from EZ Paintr, Weston, Canada and
described in U.S. Patent No. 3,369,268) can be used to spread the powder uniformly over
the adhesive. This buffer 42 is also shown in Figure 1. The inventors have found that as
the desired coverage area of the particles increases, buffing becomes a more desirable
method of dispersing the particles in the film.
30 An electrically charged plate 44 can be placed near the dispenser 24 to contain the
dispensed powder. The plate 44 may be directly connected fo the high voltage power

supply 28, or connected to a separate power supply (not shown). A plate 46 which is
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charges repel each other. Also, the electric field drives the particles 26
onto the web 12 20 with sufficient nomentumto | odge theminto the surface.
Third, thveogesisesry of the electric field can restrict theT/pswdsessfal | out
beyond the web to minimze waste. Another way to pronote dispersionis to
buff the surface of the web 12 after the particles are di spensed on it. For

exanpl e, random or bj tal sander,.42 (Fini shi Sander .. Model 505, avail able
Fr om Por t BFC(EAT B OUstgRY GARESROMGe P ALCRR S P B PhBAD5 pad
(avai | abl g5 sdRrelddpgcdifyafigedesi gnation EZ Paintr from EZ Paintr, Weston,

Canada and described in U S. Patent No. 3,369,268) can be used to spread
t he powder uni Tlorparticle déspendeh@4 saihinslnde knifddsroBersf gnavidp-fedsresdraarsstmsin i n

Figure 1 _. The_ i.nventaqts have und that as t desired coverage area of
Che " par 1 EPELSy AER, 2 S8R B anbrBlvER ot & e T ime SR HERRREo

di spsr si nPhd patifledispehses 24 hdvwiein detall inFPzdds BUGEH hbGalckadiSChpe degebat e 44
can be placed near the dispenser 24 to contain the dispensed powder. The

pl at e 44 Faps e @pingerts,a reerveld calded ohapper 3, ghd ¢ pivaigs dipese headispllsd 28, or

connect ed S t . t s l.ate 4 igh is - 13
w0 01/ a5k el PRRTEs AU ER o R RRpeb R or8 AR 1R Brbeldh WiEabt e
at the pabd ¢wkrd by Sliki eThe HoppEh 60 phitlisve ad Gnglad bbeomlte piomatabinicle@at ed.

The partiﬁl e di spenser 24 can include knurled rollers, gravity-fed
reser voi r SOW dp the Tians phLith hpppere it Qreningeondhe fraps foee atdhe BpEem ebthgihopPany of

var ijgusl ysé Qe 4 m%%fe%g 5. TR s %Eﬁ blgérr]lgn isﬁ&ﬁ?%ﬁﬁarﬁéeﬁ o i det ail in

Figures 2-4 is a novel cradle-type disp as-two in parts, a
r eser voi rlaggest mdicdeppess tOughawtilabgingy dispargedibstperdlecnoegidto lmwdd thed t he

cradle 52, The particles 26 to be di spensed are firs eld in the happer
0. whi chEARes Bk Y Bn dperier F4 it Srrngo g ene B@bedieRn b Bt RgRba
bot t om t ophRIcQIRdG sPRdfl48! 1Bn 4Rd tHel @Weh 86 hhesd ﬁﬂ@geﬁfng& B&: 0O Qfﬁﬁngs{%[i% gpeni ng
on the front face at the 'bottom of the hopper 10 507Is covered Wth a

screen 5665 thH)53om €EH topSnimepsths heah dartieleldirgeed 0o U o 86 uheil. 75he 2 tingssgest

particles 26 pass through while being dispensed but small enough to hold
t he 19par t ihemesan partiele dameteRe THE 8§31 shgnf%i have, gensisient PeNE sipe she

embodi man%)acitng@o Bt Qeﬁ%i%@nsiﬂ@&f’peﬁ‘tim &ré& 1R waB 1 ?ﬂg s&bé SR 56
has 80 m openings but the openings can be 65 to 105 m (1.5 to 2.5 tines
t he mean pay¢starbengiadraeer df te tie typic8b used in th stimeR ptintmsind&sttyhdn thian

TRV A O TIONE NETE SeE RO
screen capy Bti@America’s Majestic Division, Somers NY.

20 The cradle 52 includes a dispensing brush 58, adjustable cradle mounts 60, pivot
points 62, a geared drive motor 64, counterweights 66, end plates 68, a support bar 70, a
cleaning wire 72, and drive bearings 74. The dispensing brush 58 can be cylindrical with
ends that permit it to be mounted in the drive bearings 74 and coupled to the drive motor
64. The surface of the brush 58 is covered with very fine, regularly spaced bristles of

25 sufficiently small diameter to extend through the openings in the screen 56. The bristles
can be made of polyamide resin or coated with graphite to improve conductivity. The
bristles on the brush 58 in this embodiment are nylon, 26 um in diameter and have a mean
length of 0.368 cm (0.145 in). They are arranged in rows of 30.5 tufts/cm (12 tufts/in) with
approximately 70 bristles per tuft and 56 rows/cm (22 rows/in) manufactured onto a 0.038

30 cm (0.015 in) polyester fabric backing by Collins & Aikmen Company, New York, NY. If
the bristles are not spaced evenly or are laid out with irregular patterns, these patterns will

be transferred to the web as the particles are dispensed. Thus, the brush 58 should have a
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pol yester or metal screen of the type typically used in the screen printing
industry. In this enbodinent, the screen is a nonofilanent polyester, PW
-180 x 5waQorgss manuf actured by Saati Anerica's Mj esti BCDUS0ISRIB, Soner s
NY. 20 The cradle 52 includes a dispensing brush 58, adjustable cradle
nmounts 60, pivot points 62, a geared drive notor 64, counterweights 66,
end plates 68, a support bar 70, a cleaning wiye 72, and drjve, bearings
74. The dﬁ%tﬁéﬁgqer@%ﬁﬁ}&w S@é{lj%tahcq@éw&%? FAPTESICR W ACH0SS Shfeftiry REBOT AR 1t to
be mount e&’isl%é%gér*g@, tﬁ{]du go&Q?fdtﬂﬂ{ﬁ. gﬂth_é{Bﬁasﬁ%l%f@sdnét%h&‘ét tlﬂé K4 €erl %ﬁfgath@f- The

surface of rus I's covered w very fine, regularly spac
bristl es d&ifpedSe st 61 the atticlessmiss theiveaeridrvary Altmativelhthaibfush ¢ea tapeni ngs

in the screen 56. The brjstles an b de of .pol yam de resin .or coated
wth o aohESoRSerTitn AR AT § heRh Sin vl Tsercibei Pely- So
t hi ssenbodi WE”Fh@E@sIDSk Y modtedrvith s@léu&mli@r beﬁflﬂgshﬂv ughiiBA¢hn Ue%@&ifho of
0.368 cm (0.145 in). They are arranged in rows of 30.5 tufts/cm (12

t uf t s/ i n) ensierruegpiRtioRi rhe gbared d.chdiietpetor pé (ortany equivaleBiadavisrsWiieh cap

i 0. 0 . 0 j I f i
oo ) oL R R R BP0y RSB P R FENEPRATREL o o
spaced evediyiig Ge wilRigk aplgie@ub th¥ fbtok. Thig deRfminas therdispend@iaofat terns wil |
we

be transferred to the as the particles are dispensed. Thus, the brush
58 shoul dP#HEFES- 0¥ gthpyymgthodzad deviesrfousenyinsthg sotptign okthie PSR caher B¥dt r ue so
thatnit c Lk e f..1he

di sggnser?g%l&?ﬁ?oghgﬁ%iﬂ’%ﬁ Q,? g%/og(?pi éélh. n?aﬁﬁgﬁgr%ghhgglvhggghﬁgg af:ez)nt act the
screen evmohyted tohend latild penther byuthe eafl pldns G8arfthe plivag paoito6 ark Benledcteavinp$

vary. Alternatively, the hrush n haye__other configurations. Al so,
al ter nati\?é?é‘S‘FBY(f‘ﬁ 11T IRGRE B ﬁﬁscé?aflj{e%% described below. 5 The brush 58

I's mounted W tRs SR PH ﬂgﬁfg@ gk&ﬁéﬁ! heSnthd kRS sBEAB1CRA phft iREonltRe €nsure

true rotation. The geare . drive notor 64 (or any equival ént device,
whi ch canpivetgioate 62 inb thggip)posittoat(Bigutehid domnslardp uatildthe britsh @B souches the

rotati onal s of the-brush. by, . varyin e volta | jed.to the notor.
Thi ot o RS FRRureE ARh ST is SHER-8 of 8 ol Py bBAR G Py i dahifablo | "ang
devi ce f ogradamoungs 600enlodt aiibotin®t,theeddr plabs 68 Areldubmedly thind Rgethet ve
bearings 74, drive notor 64, counterwei Hgts 66, and pivot points 62 are

mount ed t & &FPPREIbT 1@ gdighepales; thaends fiths|caadie SBBOVTiRgepiov iR mpiBfain s 62 are
seal ed beﬂfg'gﬁ}%ﬁt of fle BHRHISS wiflPnb stice 561 ﬁi%ng%hﬁ)%dﬂﬁel{tnﬁe B@H%gnﬁét pd'S_shown
the a 'y re

in Figures and 4, entire cr e asse can pivot ely on the

pi vot poi mesisd alfi greah witle thecpos 56 ueing (Hel gijuseab®) crddlemmamdd §0. Untahdthethe brush

o8 E8UC hegmkt)ot'i?ment, the end plates are not mounted to adjustable cradle supports but to the
support bar which is also able to pivot around its center allowing the brush to move freely
and self-align with the screen. The cradle assembly can be pivoted manually or using any
known system.

The cradle mounts 60 are adjusted so that the distance, D1, from the screen 56 to

25 the central longitudinal axis of the brush 58 equals the radius of the brush. This ensures
that when the cradle 52 is free hanging (without the counterweights 66) the brush surface
touches the screen and does not significantly influence the force exerted against the
screen. The counterweights 66, which are mounted off-axis at the front of the cradle 52,
determine the force with which the brush 58 pushes against the screen 56. This force

30 maintains intimate contact between the brush and screen during rotation and influences the

dispense rate. The counterweights 66 can be moved further or closer to the pivot axis

between the pivot points 62 on threaded rods to adjust the brush pressure. Alternatively,
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15 screen 56 (Figure 4). The cradle 52 is supported at the pivot points 62
by the adjustable cradle nounts 60. In one enbodinent, the end plates 68
are struovoapasidys bound together by a support bar 70 whi chCTvEiR@25233¢ ends
of the cradle 52 nove together to maintain alignnment of the brush 58 with
the screen 56. In this enbodi nent, the brush 58 must be precisely aligned

Wi th t heﬂcﬁﬁer%ﬁ@wﬁ% Cﬁ%?ljr%(?evii&g cgﬁj e eﬁb![neiih(fg ﬁinth%ﬁi? g)en el '&Ot her 20

enbodi e es are not noun cra e supports

but to thgesseieRB0d.66 bag/IMBeriibttls(O@BS tb/Hbd e 1rto<h) pnd/bzid arapge of 0.536 Len9EY
allowing the brush to nove freely and self-align with the screen. The

cradl e adgdmsaymeten %@%r%?&lbﬁﬂwaramp@) aithaueh 9Fhes RIESSWRDHHR beysedm  The
cradl e mount s fif @i @dpiShatcaPib Blot hAIE afld fARGE 16heid AU GET een 56

to 25 the centra ngltudlna t he e radius of
t he Br usthrushshsuldrisurgasl totthatertited distdnee foadthe pﬁ&)t axsis to the chataghaight (ofittichout

the counter wei ght s h h surface touc he s reen nd oes not
si gni fi cafteeytq ‘F\‘TSP{Fe‘g‘é*etthF E?E“S;‘g‘%&@mé%é RC§resg &n é‘Pt '{hﬁ é“eé thBPFr FHygoove
count er wejr@Rfot € scieBh CR ﬁéa%ef@dﬂ%ﬁ%@éﬁce%a?ﬁﬁ&s tba tlflé BRkh. OAs SiRviCkiRdl e

52, determne the force with which the brush 58 pushes agai nst the screen
56. Thi s deaneris 3@1lemmingt wire132, tnmmomdebebmqnahﬂeﬂdqﬂm@@ v thefrang bidapithecr een

during r nfl.uences the spens e. ermel ts 66
can be rm%%%’ gcfsro?tﬁ%trth%?" n&?IJBsgté:me“éts ft}? Ogglf eté%%'g p’fﬁe A B\S poi nt s
62 o thrgpdedinseghe ddnath wigé 72 mﬁylakcbb%bpml@lég U6 en t}fé Er@ﬁtﬂ&%lré&ﬁd}%d to15 WO
01/ 85358 PCT/ USOQ 25233 ot her known bi asi ng_ devices can be used. In this

enbodi nmerfrevepheuillupnd paeticlasoadhe brugh aadpessibly agpremtion gf parHelgy omibeayeb( 0. 037
| b/ 1i near,,i nch) and had a range of 0.536 to 0.929 kg/linear neter (0.030
to 0.052 H /1inear inch), although other pressures can be used. The

di stance, D2, Tietdigensdri?d ipswspendediaboantle tied 12ein b idistanceo nlist erbughtko axi s of
the 5 brush should be equal to th vertlcal di st nce fromt e pivot axis to

the cent dPdyssithitasts efair curentsenn the dispeilse #2448t ToR<lgipRcecasle STRENM s t he
screen ange Aehnib P&ifeLAb tﬁwgﬁﬁzf@ﬁ@h@;@ V80 1sqmela%9wh%§n&fers%@o bé cl eaner

can renove excess particles fromthe shown, cleaner is a
cl eani ng dmpeeseﬁ;apdtthmhd éﬁédemetummarmmgntenarhpwaltt@ 15&9mdtt¢1éleihpppﬂr tgi de of

(D R B OB S s BB B AP B e A S
parti cl esiodf defosk e ifisH ofhe sE@BPIRUAS the RISEVERbYOBYr dhtDsuRfacddf the Cl s on
the Brush 08 By protrude tioush the opénings of th screon and draw particles firough to the

20 outside, dispensing them onto the web 12. Any particles 26 that remain on the surface of
the brush are cleaned off by the cleaning wire 72. The particles that are cleaned off the
brush by the cleaning wire fall on to the web forming a second dispense zone. Because
the two dispense zones are independent, they tend to further even out particle dispersion.

The dispense rate for a given particle size is affected by the screen opening size,

25 the brush rotational speed, the brush-to-screen pressure, the screen tension, and the proper
adjustment of the distance D1. The dispense rate increases as the screen opening size
increases, as the brush rotational speed increases, as the screen tension decreases, and as
the brush-to-screen pressure increases. As the distance D1 increases, the dispense rate
decreases.

30 The uniformity of coating weight across the web and dispersion of particles on the

web are affected by brush-to-screen alignment, brush cleanliness, brush surface regularity

and voltage in the following ways. Misaligning the brush and screen will cause heavier
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The di spenser 24 is suspended above the web 12 at a di stance cl ose enough
to reduce the effects of air currents on the dispense pattern. This

di st ance wanu/gss8cm from 15 the cleaning wire 72 to the weoT/UR00/28k3 hopper
50 is filled with the particles 26 to be dispensed and the |id 54 keeps
out contam nants. The voltage is applied to the hopper to charge the

particles 26. The driye notor 64 rotates the brush 58 so th the bristles
move  doviSPERTBE §’hFI:f‘et¥‘§ GF‘IS(I;IEESI(S‘PUCI‘ t%gé?ré‘éth Eautamingiqdareasioithedushye over

the surf aggaof addNfeasifil BEBrush B@rlfahclértﬁlatt AE1ek b YR MhiE WRERCRES: @E t he

screen and draw particles through to the 20 outside, "di spensing them onto

t he web Xispenspyrafeaat tthase @sca 6 Withatit the valtageaoutdecpasticle dispension detreadss asth ar e
cl eaned of f b%.th.e cleaning wire 72. The particles that are cleaned off the
brush by BRESHULEFIE Rire fall on to the web forming a second di spense

zones Because InhheltbMatitk SHBERAONRDravheah WAy a kneld FaRE sheh f ur t her
even out particle dispersion. The dispense rate for a given particle size

i s af f ectasyseslintpniating iedistryp Eninethes pliernativesembdipenfsthe seeen ispieed speed, t he
br Ush- € 0~6r G PLARSHE o LDE 1SGEESH 813 lkis Afd NEoRLIPEIy yRCLEhTeNt Of
e distancé DI.” The drspenseé rate I ncreases a e SCreen opening size

i ncreas eSIheE}ﬁ)vadBﬁinhhth}BﬂSdﬂSGTdﬁspB@des aper briishGbRASEs cotact twWith the k&edh Byensi on
decreases, and as the brush-to-screen pressure increases. As_ the distance

D i ncr edeEging the particksribroughhe sciper Bagause thpcapHgad foimodidsr byjldgp aWat i ng
wei ght ac . i I i af fected
by g@us thInggé;tI:oInI}Zrt] a |Sgﬁﬁ%%tﬁggésﬁ‘gﬁg%%eanﬁ@ e@sl,g t?ﬂgIIIII@S r0 qu’?géﬁvga’ul arity
and vol t agethensdrdem danlbeq@bced hoaymntaly & dlid gniongof the dbviosto conthcstbe barshwi | |
cause heavi er, -16 WO 01/ 85358 PCT/ USOQ 25233 di spensi ng. where the hrush
first todéReEs: SEEIMLETrecREH PN H&%ﬂ%@@a“sﬂn SIPUHR TGS 288181, and

areas on hRIQHHeAhf He®IlhR ashR4Lark eGieePirSidnahBAEI Yerdd. | decrease the
di spense rate at those areas.” Wthout the voltage source, particle

di sper si on dednenstbsr embodiggnte gaitbrasoryi dispeasgresn bg used tadispensepewdey By

nmbodi 1 h b I b I I h d i
or 011 ng horilzafs 9 tah RRuR: SRR e Yol sl MnoRioer B R bnalWEL, 73 OFoced”

hor i zont alidpgnak, thé €isheriseante @hn Be MopEatedd>Pn anélvérsibh BB phts opkirgREvdenincont act
with the screen. The powder in the hopper 50 dispenses_as the brush

rotates it ¢isprngeniswediliediey dtacking aB‘PogIg’r@g@FiﬁIg(s’t‘%aSﬁ&P be éruad 1r kpowWih t he
b e P R T
to the restriction posed by the hooks to the flow of powder. The dispense rate can be
20 moderated by using various grades of the hook material. Various microstructured surfaces
could be used in the place of the hook material to modify the flow of particles. A linear
relationship between the operating a.c. voltage of the vibratory dispenser and the powder
dispense rate was established for a given flow medium.
One advantage of the invention is that it simplifies the manufacturing process by
25 eliminating the problem of particle aggregation. This is particularly advantageous when
embedding conductive particles. Figure 5 is a micrograph showing silver coated glass
beads embedded onto a thermoplastic adhesive. The sample area is 420 um x 570 pm.
An ancillary benefit to this more uniform particle distribution is that it provides a uniform
appearance in the finished product.
30 An advantage of using the inventive method to make z-axis conductive adhesive

films is that it allows the use of large conductive particles. Because the size of the

particles can be very similar to the thickness of the adhesive film, and because the
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anot her screen can be placed horizontally at the bottom of the device to
contact the brush as well. The second screen is below the brush and can
assi st i woedsssshg aggregation if particles by breaking poERUSIOQIRIS as t hey
are forced through the bottom screen. In another enbodinment, a vibratory
di spenser can be used to di spense powder. By 15 nodifying the path to nake

it resistant .to the flow of e wder .in the vibrato i spenser, .t he
di spense Ra,gtgcéesps&)ﬁnﬁg th.{ggg?sgtoiﬂl_eaﬁ eS_éY’Fetl}Fe"}n%‘?lB]ﬁ ,Ohtnﬁ r%;ﬁ%w ?mtaﬁ aEB\}Qi’é‘r in
t he di spenm@hal, sspBidily wekn R¥mpirb@ e kiEvidthe RGN asHIBIIAT Badbd {RKeR iawian be
found in known hook and | oop fasteners) in the path of the powder flow.

Thi s sl ovibe paéickss opresmead! gomparediie the hickhessrad she adbesive Thosadbwsyguidke hooks to
the fl f T ' f d i i
e riow b%Per?l%\ggg}&é %ﬁg?t?\}aelss% > TS 81s§ é‘ﬁ'sugees i tﬂéaﬁae%c%és%, c*fgl%e efér?a'l @g{ﬁ ?{ Lg“s

gr ades of . various“inrcrostruc sur

usedsin tumgfophawer ofargdyeart) ODKs camtiedp Mlaintain Bieoqdayityt bfea finddpradfucparticles. A
linear relationship between the operating a.c. voltage of the vibratory

di spenser and ApREhgRdyartaggpiayends condugtivinadhssiva biim vigihe ipvgpiienh f | ow
medi um ' A P15 .ot i i ifi . .
B
aggr egat i'fr. tackhofsthe adlpaivieican bardaytieedading bapeiogs TWsean be dbwdgh mghycthmelast | ve

particles. Fi e is a mcrograph show ng silver coated glass _beads
enbedded e 41F _ adivae t %Iﬁ‘ﬂ%e?%.lsﬁﬁff lé%mﬁ@a%?@aﬂf_fegg Bsoopiik 570 gm
An amci | Imhg@@fgetre%gﬂgem RiEE rw&gﬁrgﬂ@%@m(ﬁk& distribution is that it

provi des 'a uni form appearance in the finished product. 30 An advant age of
using the inventive nethod to make z-axis conductive adhesive filns is
that it allows the use of | arge AEREIMEVHQIdSti cl es. Because the size of
the particles can be very simlar to the thickness of the adhesive film
and because the -17 WO 01/ 85358 PCT/ USOQ 25233 particles span the thickness
of the adheph¥BesiddGréppiint of material flow to make a bond is minimal,
especially when conpared to known thernoplastic-filmbased systens in which
t helparti cl es Reebadhesioh stemgih teetizgloss suhsirath ivek messired. AmEMANSksstes,. Thi s

|1 ' ' of ( ' f . _Thi h h
i cknos el AU (Raflolt RIS It Bl BRopy i S dBe BTSRRI T el

mai nt ai n dsb@togadsute/thef18@° irghepeepadidiion strdi@h Aefolldeha Firag heQllass plat@iessS
conductive adhesive filmmade_ via the inventive process is that the

enbedded-PERS @ t8e peal feshir seascleapehusing wadwheBHl kaersg MWl ER&st-ve.  The
tack of ttﬂ@ué’s‘(w\eﬁfagl% il I@ﬁb&%@@idrﬂ %%IQYonb R%E\!V&Q GAIT' ! N"eﬁ,""e{-'saﬁﬁléjo ne as

many tinmes as

20 having a width of 1.9 cm (0.75 in) and a length of 25.4 cm (10.0 in) was placed lengthwise
on the glass plate. The sample was secured to the glass substrate by passing a 2.27 kg (5
Ib) rubber roller back and forth over the sample three times. Next, the sensor arm was
extended lengthwise over the sample and the end furthest from the arm holder was
attached to the sample. The opposite end of the sensor arm was then positioned in the arm

25 holder and the tester was activated. The sample was peeled from the glass substrate at an
angle of 180° and a rate of 229 cm/min (90 in/min).

The first 2 seconds of data were not included in the analysis, to accommodate the

startup of the test. The data taken between 2 and 5 seconds was analyzed for the average
peel force, converted to a peel adhesion strength value, and normalized to a width of 2.5

30 cm (1 in). Four samples were measured and the results used to calculate the reported

overall average peel adhesion strength (in gm/cm (0z/in)) and standard deviation.
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needed. Freedomto reactivate the adhesive is useful in applications where
the bonded 10 parts have to be reworked, renoved, repaired, or

repositi on@d1/85BEST METHODS Peel Adhesion Strength 15 Peel pabisei/asessst r engt h
to a glass substrate was nmeasured. An | MASS Tester, Mbdel 3MBO (avail abl e
fromIMASS I nstrunentors, Incorporated, Strongville, OH was wused to
nmeasure t ef180 angl e geel adhesion strength as follows. First, the glass
plate test™ %clgﬁr%gfogefr fhe peel tester was cleaned using nethyl ethyl
ketone and Kl MMd&&SrELalea chictSiBy efnB¥dict datiR1ds v khigRel hinSaadhikroscope.
Corporation, Roswell, GA). Next,” a sanple 20 having a width of 1.9 ¢m (0.75
in) and aAlteepthaving epeddesipartideoon Hipinsagags wiere @x4reingd biviGX magnifidationl ass

U5 Ty REFPOENEPUR BT ol BoB Oy RS RAH el edaRun  “Phe
sensyr armmOF@aqlﬁpptadvittemgiﬂB&\b@ﬁe@ve\rpibdaee wadiakén arsdetmaghigichtion st

fromthe arm hol der was attached to the sanple. The opposite end of the
sensor ardiapdembhestecirgsired addbe imageritorad i 2dighdl faanat{alater eanipsiasionnas

tivat . f I f
o v RO RSRLSH IO Sl B5, RSl SR ASCAN pOM e O
not i ncl videdge iprodeksingsuditwess G ail dbl@fronSRER liecokfreate§,tGhitago, IIf) tb bbtaiest . The

data taken hetween 2 and 5 seconds s analyzed for the average peel
force, c vle St sacgé)é Fixda selseted AEEh BRIV PGS BES t 0 a

wi d of 2 C i [ ts used
o a1 oul SR T perpnge oF SRR bR B RO B BB D G cm
(oz/in)) aethgstcarsdaeciodeldred dpfompartidls (Vidripdd 86858 PETAZISEDIAS 2138 pevidedc e
Area Coverage The_.surface area covered by enbedded. particles s. eval uat ed
Using a rPCPEERERECtisg By R ers el Raidle GO Bhi inbiesd a6 THEFIORE | ace
wer e exanthitefhnier BY thé t6RDAeh b kli®Age. UBhi dumBerGh ¥R 0020 bBMaI thabl e
fromd ynpus Optical Conpany, Ltd., Japan) 5 nmicroscope équipped with a

vi deo carBS¢ENtaepi ct ure was taken at 366 X magnification of a randomy

sel ggted area and the inage stored in a digital format for |ater

mani pul ation. Six images, each having an area of 0.24 m®, were analyzed

usi ng S| GRIBGGAN RR¥=(tiSity | mage processing software (avail able from SPSS,

| ncor porated, Chj (fa?ng,, IL) to gbtain a particle count in each of six
random y sel ectBEtfleatenias sieqtrically gepdugbvpRticles weresyatuatzgddor electrical

resistance both through the thickness of the article (z axis) and across its surface (x-y

plane, also referred to as "sheet resistance"). More specifically, for z axis resistivity, a

20 film sample, having a width of about 15.2 cm (6 in) and a length of about 25.4 cm (10 in),
was placed between two circular brass plates 0.318 cm (0.125 in) thick and having a
diameter of 2.5 cm (1 in). The electrodes of a FLUKE 83 III Multimeter (available from
FLUKE Corporation, Everett, WA) were attached to the brass plates which were then
pressed together using finger pressure. The z axis resistance was recorded in ohms.

25 The x-y plane (sheet) resistance of a sample having the dimensions above was
measured using a PROSTAT Surface Resistance & Resistivity Indicator, Model PSI-870
(PROSTAT Corporation, Bensenville, IL) by following the procedure described in the
operations manual. The x-y plane resistance was recorded in ohms/square (also written as
ohms/ ).

30
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10 cal cul ated. The percentage of surface area covered was determ ned by

mul tiplying the average cross-sectional area of a particle (obtained from
t he aver ag@opsi3ss cl e size provided by the nmanufacturer) PTAUR®/ABr age
total particle count in an imaged area, and dividing this nunber by the
total area of the image. This nunber is nmultiplied by 100 to obtain the
percentage. 15 Electrical Resistivity Articles having electrically

conduct i VREHARHSEIVEE were eval uated for electrical resistance both through

the thic kﬁ&?oﬁeﬂécti%ﬂ? offelBhied gém?l)éb %x)egflﬂgasﬂferd%ﬁléj a{ﬁel%l%{ti;}ﬂ'@f}écﬁﬁﬂeterp | ane,

also referred to as” "sheet resistance”). Mre spécifical or z axis
resi sti vi Mpdeldd20Givhildble frampldyanbal/Retgo Aeckindtogy dific. SSpping VMdle®, CA (Thei n) and a

| ength of about 25,4 10.in), | aced bet t ircular b
aCen o regredlrtatys Nhsted b pdIan BoTRE S e el L F s e 1)
The gl ectj9@@seRiwaa chlibMeEd 83ink lal stdidhid ABIES ;t)r()@Mé'él b BeanhsaRtuel UKE

Corporation, Everett, WA) were attached to the brass plates which were then
pressed t@ginsering/Whitg) by plgeing pheingumment Piver the auhple (ashdhatisepties recor ded

in ohns. 25 The. X- | ane, (sheet.) r.esi.s ce. of sanmpl e _hawi.ng the

di mens; ondERSIES b AmRER ARIGE e NE B AR uT? BB Rl 0 e "<

Resi st Vi ¢aliblatidh ab®vas Mydstd B8 thstr(MBRSTAT1 0300 p&/h#in? OThenBansenvi | | e,

IL) by foll ovmg‘g the procedure described in the operations nanual. The x-y

pl ane r esiSTHRYE WasPlaced eyddle sanpln fsbemaasueedia teosape waandtde ohns/ ). 30

WO 04/ 853 t f B v f Vil e

coa (éd sa%grf)gésgg %@Wéﬁ%ﬁﬁgyu’gﬁﬁg agegl%g\ﬁgtcéaet%rore@ %Sgé?ggrﬁe{‘lelw X%g{f(rﬁrﬁgzo
avai | abl eedch otheAdvare ardsured aal Fvecdpedibefpye teportingSpri ng Val | ey, CA. The
retroreflectivity is expressed in candl es per |ux per square neter
(cd/Ix/nR). First, the 5 instrunment was calibrated using a standard sanple
provided by the manufacturer (EngipggMporihite) by placing the instrunent
over the sanple (such that its optical wndow fits the sanples) and

readi ng thehdexdmples blep) wyioohcodted welst wermembeddedewiticpariibleatisingtienob was

adjusted until the.inst t read 101.0 cd/ I x/n2.. Then th instrunment was
o1 ad2a oviieists LiBRE (4o sRBR e v SRBnA) A sndestddy
retroref I&gﬁuﬂétibﬂmmmpﬂi@,/bléeaostithf&@rgaﬁg@s béth. t1EofBabesinpideweRs, 10 cm (4
in) apart from

) ap performed in a humidity-controlled environment. Typical relative humidity inside the

apparatus was kept below 10% and the ambient temperature around 30°C.

20 Example 1
A sample of Scotch® Magic™ Tape 810 (an acrylic pressure sensitive adhesive

tape) measuring 1.9 cm (0.75 in) wide and 25.4 cm (10 in) long was embedded on the
adhesive surface with uncoated Conduct-O-Fil™ S-3000-S3P glass beads (an intermediate
in the production of metal coated glass beads), available from Potters Industries, having an

25 average particle diameter of 43 pm. The dispenser used was similar to that shown in
Figures 2-4 and various surface area coverages were used. The following parameters were
used: a web speed of 6.1 m/min (20 ft/min), electrically grounded heating plate
temperature of about 20-25°C, a distance of 30 mm between the charging wire on the
brush and the heating plate, an operating voltage of 0.4 V for rotating the brush, and a

30 negative d.c. potential of 7 kV applied to the dispensing apparatus. The screen was kept
taut by stretching it manually over the dispenser opening until there was no appreciable

slack when pressed with a finger. The resulting particle embedded article was evaluated
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each other, were neasured and averaged before reporting. EXAMPLES 1In the
exanpl es bel ow, various coated webs were enbedded with particles using the
15 appar ava81/8835¢i gures 1-4. For sone of the exanpl es, di BOBPUSIIMF238aS
conducted in conjunction with buffing, electrostatic charging, or both.
Al'l of the exanples were perforned in a humdity-controlled environnent.

Typi cal rgl ve hun LNs] . 0% .and t he
bl ont R o Tl Bkt s Rion ABRRHG LSRR d ilbe SEOSPMCHAR TR, T
Tape 810 {hviveaThytdsaltaresspored seMableilbeloadhesi ve tape) measuring 1.9 cm
(0.75 1n) wde and 25.4 cm (10 in) long was enbedded on the adhesive
surface with uncoated Conduct-O Fil TM S-3000- S3P gl ass beads (an
i nt er nedi t he production of metal coated gl ass beads), avail able
from Potters an ustries, having an 25 average particle dianmeter of 43 m
The fli spenser Emmblmﬂswasmepdawd Withahzab spdedwr 91 Inm/niEing B0 égmizy) A Theitbsulding ous
surface area cov re use foll ow ng paranet r used: a
web speedP®ficlg e Ft‘?‘?ﬁ%ﬁn(\lgﬁwﬁﬂaﬁ W}te &fékl&f?‘ie(?é‘?%f’ gréud Beeﬂvgl?qsﬁ’é‘ pl at e
t enper at Uitf'eng{ h AR 1P RE: "T@st%@tﬁ@db@‘ﬁbme %e@%u@t@%ﬁoﬁ&ﬂn@%@[@! ”9 wire
on the brush and the heating plate, an operating voltage of 0.4
rotating bddlewbrush, and a 30 negative d.c. potential of 7 kV appli ed to t he
di spensi ng apparatus. The screen was kept taut by stretching it manually
over the dispenser opening until there was no appreciable slack when
pregsged WEidn@leBi nger. The resulting particle enbedded article was
eval uated -20 WO 01/ 85358 PCT/ USOQO 25233 for surface area coverage and peel
adhesi on st r engtanpe 1 geasaepasted with @ eb smredof B 2Hp/aein (4QH6va). Thee resul ts
are repor I with a
web spood gube pERRbedf Rliol TR RueR (TR ks MR ERERRES O,
articl e wathesivakbtvaigeitas dsscishadfiacle 'alreetal\demvsés"a@evanﬁh@m@hltma@bﬁtad irstrengt h
as described in the "Test Methods" above. The results are reported in Table
1  bel ow. Tae EPERPt e 3 Exanple 1 was repeated with a web speed of 12.2
m gy (40 ft/mn). The resulting particle enbedded article was eval uated
for surface area coverage and peel

Comparative Example

A sample of Scotch® Magic™ Tape 810 was evaluated for surface area coverage
and peel adhesion strength as described in the "Test Methods" above. The results are

reported in Table 1 below.

20
Table 1
Ex. | Substrate Type | Particle Dispensing % Surface Peel Adhesion
Type Method Area Covered Strength
gm/cm (oz/in)
1 acrylic PSA | Uncoated | Dispensing and 40 0
tape glass electrostatic (Completely
beads charging Detackified)
2 Same Same Same 9 33+1.1
(0.3+0.1)
3 Same Same Same 1 33.5x11.1
3x1
CE Same None None 0 256.7+122.8
(23 +11)

CE = Comparative Example
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adhesion strength as described in the "Test Methods" above. The results are
reported in Table 1 below 15 Conparative Exanple A sanple of Scotch(r)
Magi cTM Vepe1/&B88 was eval uated for surface area coverage pandgsS@esk3zadhesi on
strength as described in the "Test Methods"” above. The results are
reported in Table 1 below. 20 Table 1 Ex. Substrate TypeParticl eD spensi ng%
SurfacePe]%Ii Aqehgsi on TypeMet hodArea CoveredStrength micm (oz/in) lacrylic
PSAUncoat ec?ﬂlpspensi ng and400 tapegl assel ectrostatic(Conpletely
beadschar gi ngDeti aiclplyfweght) BeadeSa s bame8dalhavinglthé Gade ddighhtion PEBAX
3SaneSanmeSanel33.5 [ 11.1 (31) CESaneNoneNongeQ256.7 _122.8 (23 11) CE =
Conpar at i 383 & paipreidap Ayt eckmopplymery2ygiabie FrounBlf dtochging Northpy ywej ght)
bl end of ' |:al ' : ' ' .
pol yar de ey PR Efig P LAl s iR 1 1Al AP RO NIRPT 2040,
Arerbca, ERherpacgihgholi;, aPé]ablnfiom Argina Ciietéral Ebrpoaationg whbk extrudadento a

l e, from Ari zona

desi gnati on NI 2040 5 (a terpene phenolic, availa

Chenmi cal %ﬁ@%%éﬁ&comsgaé%[ P‘E}g%%er ﬁ%oé’r""(ﬁd%é‘eﬁﬁoﬁﬁqt’&fﬂgﬁ 4@&rfe- coat ed
pol yest erfdchds 500 P08Y liflsn BelrBgiddapkastic fil mhaving a thickness of
0.0025 in on the release liner. The thernoplastic filmwas enbedded with

conducti ve si |TertheraipdatiglfiimsviseadsddedsviRl) oondsaevy silvai-teditdglissdendot t er s
| ndqst ri e§_)306b':}§§lp gav?lﬁaﬁ\é FHoRDPotbde fnidﬁétreles ih%{frllraltg% a(\)zgraég"g particle diameter of 43
10 pum by passing the thermoplastic film on the release liner through the dispensing apparatus
similar to that described in Example 1. The following parameters were used: a web speed
of 6.1 m/min (20 ft/min), a heating plate temperature of 85° C (maintained using a
Temperature Controller Model 89810-02, available from Cole-Parmer Instrument
Company, Vernon Hills, IL), a distance of 30 mm between the charging wire on the brush
15 and the heating plate, and an operating voltage of 0.4 V for rotating the brush. The screen
was kept taut by stretching it manually over the dispenser opening until there was no
appreciable slack when pressed with a finger. The coated web was sent through the nip of
two silicone rubber rolls. The resulting particle embedded article was evaluated for surface
area coverage and resistivity as described in the "Test Methods" above. The results are

20 reported in Table 2 below.

Example 5
Example 4 was repeated with a negative d.c. potential of 7 kV applied to the
dispensing apparatus, and with the heating plate grounded. The resulting particle
25 embedded article was evaluated for surface area coverage and resistivity as described in

the "Test Methods" above. The results are reported in Table 2 below.

Example 6
Example 5 was repeated with the particle-embedded thermoplastic film buffed on
30 the particle-containing surface using a finishing sander (Model 505, available from Porter
Cable Jackson, TN) equipped with an EZ Paintr® pad. The Buffing occurred 7.5 cm (3 in)

away form the powder dispensing area of the web. The resulting particle embedded article
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10 pm by passing the thernoplastic filmon the release liner through the
di spensing apparatus simlar to that described in Exanple 1. The foll ow ng
of 6.1 mmn (20 ft/ m PQT/USORSAI3 Ng
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Example 7

L dATS.

Vo W o
U. O Ul

A rubber adhesive-based tape was embedded with reflective particles and

evaluated for retroreflectivity. (Retroreflectivity is a special case of reflectivity; it

describes reflection of incident light back at an angle of 180°. Specifically, 3M™ Colored

Paper Tape 256 (a printable flatback paper tape) was embedded on the adhesive surface

with glass beads hemispherically coated with aluminum (available as Component B of

3M™ Reflective Ink 8010) using the apparatus and parameters described in Example 1

with the following modification. The operating voltage for rotating the brush was 1.5 V.

The resulting particle embedded article was evaluated for surface area coverage and

retroreflectivity as described in the "Test Methods" above. The results are reported in

Example 7 was repeated with an operating voltage for rotating the brush of 3.0 V.

10

15
Table 3 below.
Example §

20

The resulting particle embedded article was evaluated for surface area coverage and

retroreflectivity as described in the "Test Methods" above. The results are reported in
Table 3 below.
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resi n@ ass Beadsx-y | ane: 1011 ohnms/ 5SanmeSaneDi spensing &l7z axis: 0.4
ohns el ectrostaticx-y plane: 1011 ohns/ chargi ng 6SaneSaneD spensi ng &48z
axi s: 0. 4vohmss3sd ectrostati cx-y plane: 1011 ohns/ char gi nBCRUBI®RIZg 5
Exanpl e 7 A rubber adhesive-based tape was enbedded with reflective
particles and evaluated for retroreflectivity. (Retroreflectivity is a
speci al gﬁge f reflectivity; it describes reflection of incident |ight
back at a&ﬁ@?% of 180. Specifically, 3MM Col ored 10 Paper Tape 256 (a
printable flat 10 ARG ré@ﬁﬁ:ﬁ Mﬁﬁaﬁﬁé@ﬂﬁ?@oﬁﬂgéﬂ&?r&%ﬁ&%mﬁﬁ& 8%ev. Wi th
gl ass beads hem spherically coated wth um num (avai l'abl e as Conponent B
of 3MIMRefreadtingpartigk e&@m@cjedwsmig wiah evalpyed ’équ&grfmmcazmeasd descri bed

rotat g TREeBPaRovagertbf B TRIAG R, B e AR ¢l

eval glat edrdhpy 3 seloface area coverage and 15 retroreflectivity as descri bed
in the "Test Methods" above. The results are reported in Table 3 bel ow
Exanpl e 8 Exanple 7 was repeated with an operating voltage for rotating the
brush of 020 The resulting particle enbedded article was eval uat ed
for surface é}ea coverage and retroreflectivity as described in the "Test
Met hods" aboveExahiide 0 @giglréart evitte3 Y Sductaral Bahdiag I abeQM (a -2zt dEHdd,/ 85358
PCT/ USOQ 25233 Exanpl e. 9 Exanpl e 7 was repef%ed with an o atlng vol t age

f or r ot atSPREY/AF¥R hﬁ@ﬁd Biesgirgsepsitive adhesve ipne) Bepdpamlace 08 M deieddar ti cl e

vaI r escri bed
A e e e e O g

coverage and retroreﬂect1v1ty as described in the "Test Methods" above. The results are

reported in Table 3 below.
Table 3
Ex. | Substrate Type Particle Dispensing % Surface Retroreflectivity
Type Method Area (cd/lx/m®)
Covered
7 Rubber aluminum Dispensing & 14 16.2+44
adhesive tape coated . electrostatic
glass beads charging
8 Same Same Same 33 36.8+16.6
9 Same Same Same 50 60.5 & 30.1
10 | Hybrid PSA Same Same 60 66.4+35.4
tape

15

Various changes and modifications can be made in the invention without departing

from the scope or spirit of the invention. All cited materials are incorporated into this

disclosure by reference.
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Exanpl e 10 Exanple 9 was repeated with 3MIM Structural Bondi ng Tape 9245 (a
heat curable, epoxy/acrylic hybrid pressure sensitive adhesive tape) used
in place vod 0884888 Col ored 10 Paper Tape 256. The resul ti ngP@rUBISe33enbedded
article was evaluated for surface area coverage and retroreflectivity as
described in the "Test Methods" above. The results are reported in Table 3
below T Ex. Substrate TypeParti cl eDi spensi ng%

Sur f aceR ectivity TypeMet hodArea(cd/ | x/ n2) Covered

7Rubber al um nunDi spensi ng &1416.2 4.4 adhesive tapecoated ,electrostatic

gl ass beadschar gi ng 8SaneSaneSane3336.8 . 16. 6 9SaneSaneSane5060.5 30.1
10Hybri d PSASaheSanBahgenser feyslispepsipgparticlos pnig asSUEReHERIRPIEHRE: modi f i cat i ons
can be made i ' [ e ' : irit of
the i nvent i on. ek R ZEF R ekiNE iR ERARAS Mot KR Th o PEniBE AR Bl L1 e
by r&ference. AOr&l/18yBiSpRiihfSdI02823 3djatet MBS apeding Af diespppaeand or

di spensin articl nto a surface ¢ i Si ng: h er for receiving
par 'Ito i cl esfJ a/he*?' ’éﬁtzﬁglfslﬁgnﬁgﬁﬁwe%ﬂgﬁgﬁs'g%giﬂcﬁtﬁggiltsfqeé’?gtg?t}iQﬂPFr’ wihereig theaan

havi ng opga dtdfe BAMIC 9 GhAR: Ath #Edile bBe BPSTIARADIUe IRENNARPFRere AN R
rotatabl e brush covered with bristles, |ocated outside of the hopper,

wher ei n tthistles imoge overtthesusfacs of e seses,the) potrdaihraugh thé gpenafgstofi¢heopeni ngs
of the screen, d wher.ei n,.,as bristles nove ove he surface of the
Otr o, B and A BEHED afR e et io Bhs oY Fier® Bla BESuSHE or ow

partocl es through the screen to dispense themonto the surface. 10 2. The

di spenser of claim1l wherein the brush is cylindrical and the bristles
2 The dispenser of claim 1 wherein the brush is cylindrical and the bristles

are regularly spaced.

3. The dispenser of claim 1 wherein the rotation speed of the brush is variable
15 to vary the dispense rate of the particles.
4. The dispenser of claim 1 wherein the distance from the screen to the central

longitudinal axis of the brush is adjustable to adjust the force of the brush on the screen
and the dispense rate of particles.
20

5. A dispenser for dispensing particles onto a surface comprising:

a hopper for receiving particles, wherein the hopper has an opening at its bottom;

a screen having openings and located adjacent the opening of the hopper, wherein
the screen openings are uniformly sized and spaced and are sufficiently large to let the

25 largest particles pass through while being dispensed yet sufficiently small to hold the
particles back when the dispenser is not operating;

a rotatable, cylindrical brush, located outside of the hopper, for moving particles
from the hopper, through the screen, and onto the surface, wherein the brush is covered
with regularly spaced bristles, wherein the size of the bristles is smaller than the size of the

30 openings of the screen, and wherein as the bristles move over the surface of the screen,
they protrude through the openings of the screen and draw particles through the screen to

dispense them onto the surface, and wherein the dispense rate of the particles is variable
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are regularly spaced. 3. The dispenser of claim1 wherein the rotation
speed of the brush is variable 15 to vary the dispense rate of the

particl esw041/85Bs& di spenser of claim 1l wherein the di stanPeTAUs@msize screen
to the central longitudinal axis of the brush is adjustable to adjust the
force of the brush on the screen and the dispense rate of particles. 20 5.
A di spenser for dispensing rticles onto surface conprising:. a hopper
for receitdeashons (é)s‘,’armgﬁ& Iqtafiqa Sﬂﬁﬂﬁgrath%ggs%ﬁl%(%l@ﬁﬁﬁ% the ‘%'ftf‘%‘:ebot t om

a screen i ! i t Qfﬂgyt'- hopper,
wherein %tg%cg%gqu@%%eﬁgg lgﬁﬁgﬁﬁ gﬁagﬁgibzr&e%qgﬁd splgtl élglg Sgrrr\%ﬁar e

suf f i ci erpeyingaizge(d) adjusting the r@Btidrsal geestl of drettiradhe ée) pdpstingthebgishvihi | e bei ng
di spensed yet suffici n(:f)l .smal |. to hol df he particles back when the

di spenserS°Fe€M REFSYHetd: D fIUsHng Bietenpipeol eS¢ Rdli cal brush, |ocated outside
of téie hopper, for noving particles fromthe hopper, through the screen,
and onto the surface, wherein the brush is covered wth regularly spaced
bristles, wher®in tHee &speasaiof ameobelpisny kand & whengin the brushis mawabd¢ ze of the
30 openi of th cr.een erein th ristl. ve. over the

sur face oRTve AORLERES Mo PR SiteiRg nre PR LET TR ey cen
and draw particles through the screen to dispense themonto the surface,
and wherein the dispense rate of the particles is variable -25 W 01/85358
PCT/ USOQ 25233/-by athq dispepsesof agy of epinsal 3ndw)further sapnpisingna glgansy which he
brush, ( | L { romthe screen to the central

I onz(?t udiq)ﬁgll%q%%?gs&%%a%t ees(g%%é%{é(a%?s'ﬂédj usting the screen opening size; (d)
adjusting the rotational speed of the brush; (e) adjusting the brush-to-

screen pressure; an f justing the tensjon of the screen. 5 6. The
di spenser of ghy of‘g@éeéli)“ﬁjggéfhlsé’ﬁﬂsl RHE‘F]:?? AP PER PRI abl e between a
first positi omqsyay pﬁﬁféfébfir%h%e?fﬁﬂviﬁgﬂd%péﬁs‘iﬁg‘dé%e%@éokx&@d%?%ts@f&h ng the

screen. 7. The dispenser of any of clainms 1 an further conprising a
cl eaner Whiviglg optdinge that ers vaiionsly spredtand spased podrareisoffisiantly large tollepthehod of

0BT, R SRy S A BRa o B SRR b 1 2
particles back when the dispenser is not operating;
rotating, outside of the hopper, a cylindrical brush covered with regularly spaced

bristles that are adjacent the dispensing opening to protrude the bristles through openings
of the screen and draw particles through the screen to dispense them onto the surface; and

20 varying the dispense rate of the particles comprising at least one of (a) varying the
rotation speed of the brush, (b) adjusting the distance from the screen to the central
longitudinal axis of the brush (c) adjusting the screen opening size; (d) adjusting the
rotational speed of the brush; (e) adjusting the brush-to-screen pressure; and (f) adjusting

the tension of the screen.

25
0. The method of claim 8 further comprising removing excess particles from
the brush.
10.  An apparatus for making a web with embedded particles comprising:
30 means for making the web receptive to the particles;

means for dispensing the particles onto the web;
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havi ng openings that are uniformy sized and spaced and are sufficiently
large to let the 15 |argest particles pass through while being dispensed
yet suffivwoensi3ys small to hold the particles back when t heCOUS@E338r i s not
operating; rotating, outside of the hopper, a cylindrical brush covered
with regularly spaced bristles that are adjacent the di spensing opening to

protrude the bristl.es.throu openikngs . .of .the reen and draw particles

t hrough t he screeh f?rodlﬁﬁe?ﬁ%%@g pt%ﬁécrlr?sgﬂtmémt%%e urlﬁglg@é;greé?'lqé? n21(13(’%}\1/% gl? %%é:t he
di spense pravide @fsubstentialy thigbi@s diepEioh OF partiales ifesh tidiengtudiga) av@r yi ng t he
rotation speed of the brush, (b) adjusting the distance fromthe screen to
t he cent rignsveremdirectionnef thawied; & t he brush (c) adjusting the screen

openi ng si ze; gr%%ﬁfy{%%&ﬂn B8 did %B?e‘iiip%gcﬁc'l s?ﬁﬁf‘edeJ. the brush; (e)

adj usting the 0-SCre pressure; ) adjusting the tension of
the Screen. 25 9. The nethod of claim8 further conprising renoving excess
particles from_ the_brush. 10. An apparatus for king a web wth enbedded

particles conpth-si nffic apparafsof slaing, 10 ehereig themmeaps oy UERSEHNG EOPR I e

particl es,, iR ifthcdlSREWeh Bed AE pRAELTES ﬁfeqﬁgféﬁgéﬁ JiG (eRsb; whbreQr@l/ 85358
PCT/ USCQl 252 means for dispersing the particles to mnimze particle

aggr egat i meansfot digpengig eordprigesowivdktage sspblytcamtdcgddl ty thenmnéarsfoddisgeasiggon of

particles in both the |Igngitudinal..and transverse directi.ons qf the web;
b neansordie i abiisy et ep iR Sruseqn o raphecg ot e

appag at USo&fofgr@dnﬂlrﬂth&\'ﬁ»% Qhd chnIRBNWet FfithGh DPEosHeB%e MWD fHab8Sthe DUT f i NG
the surface of  the web after the particles are dispensed onto the web;

wher ei n tpreticles and whereinihs peaags fry neaking the awb receptive eqyeprégpplhyatsowisect ed t o
the neans for dispensing to electrically charge the particles while they
are in the nmeans for dispensing, and at | east 10 one of grounding the web
and charging tie webherpphradiy d@RROSI Toefutthar @enpirisinmadane forteigninpmptstatices; and
wherein the nmeans for. nmaking the web receptive conprises a heat source. 12.

The appar@RLess 6n thq wehroroptising Mdeast apgorh asiagc hapsatedplong the webinaty adat i ¢

SEZWV\:E gg{l%?{eggﬁggm%gp&g%&gd%e@@&st one of: a static bar |ocated al ong

13.  The apparatus of claim 10 wherein the embedded particles are at least one

of: conductive, retroreflective, peel adhesion controlling, abrasive, and encapsulating.

20 14.  The apparatus of claim 10 wherein the means for dispensing comprises one

of: the dispenser of claim 1 and the dispenser of claim 5.

15.  An apparatus for making a web with embedded particles comprising:
a device for making the web receptive to the particles including a source of heat;
25 a dispenser which dispenses the particles onto the web;
at least one of: (a) a device which electrically charges the particles before they are
dispensed onto the web; and (b) a device which buffs the surface of the web after the
particles are dispensed onto the web thereby to minimize particle aggregation in the web
and provide a substantially uniform dispersion of particles in both the longitudinal and
30 transverse directions of the web; and
at least one of a source of heat and a source of pressure to embed the dispensed

particles in the web.
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15 ionizing the atnosphere around the web. 13. The apparatus of claim 10
wherein the enbedded particles are at | east one of. conductive,

retroref ve@vi/ss58 peel adhesion controlling, abrasive, andrenvapsskssti ng. 20
14. The apparatus of claim 10 wherein the neans for dispensing conprises
one of: the dispenser of claim1l and the dispenser of claim5. 15. An
apparatus for making a web with enbedded particles conprising: a device for
maki ng the web receptive to the particles including a source of heat; 25 a

di spenser whi ce.di spigRaraiiicoftdii B Wherbintike $duece/Eipretirel RAPis@NEp of : (a)
a device which electrically charges the particles before they are

di spens edrodiﬁtsdhl;onéh whish thaep ppssas; deraie thedeyisevifieseleeicallsr dhatass of t he web
after t hecont? seg % I\/S“l%a%%rnsﬁ]i)ﬂg%&g esc?egi t§ nllie méih féé\‘re CB%I?ZGEIEIE}EE% cléa[rgéqhe ﬁei%

particle ag ega ion prOVI

di spér si owhidé theqhiel ifi ltigsdikpenb@t bnd Waeleintge kudtd’} &}hlaf&e&ﬁcélryad‘lﬁifgeﬁ $iether
directions of the web; and at | east one of a source of heat and a source of

pressure ¢UNisRH leaskors afmradrding fiervsbandshptgingfae web witlpan egpogity
PCT/USC[Y@Qgggﬁhg aigeapparatus of claim15 wherein the source of pressure
conprises nip Hers t hrough whi ch the web passes; wherein the device

whi ch electrlcally charges conprises a voltage supply connected to the

HRARIERG I T RISt R
i spenser; an er
Compoi SesioBlred ERAL ﬂmeebogaug 5@@%122% B RirkEBnae %&ﬁartﬂé {8 tQQinRRe Watib an

opposite charge o that” of the icles. "17. The apparatus of claim15
furt her cdmpgesonitiee web.l east one of a static bar 10 located along the web
path and ioni zing the atnosphere around the web to elimnate static
charges on the web. 18. The apparatus of claim15 wherein the enbedded

particles are g. | eBstappaRitusificlEMNIBUCHd¥A thed &hbalded begiciey @re d &Rkt @hesi on
controlling, abrasive, and encapsul ating. 15 19. The apparatus of claim 15

wher ei n t ofecendspives Etroselipstve dseladbesen eoprolling peresize, apfl carapswatingind t he
di spgnser of claim5. 20. A nethod of making a web with enbedded particles
conpri si ng:

19.  The apparatus of claim 15 wherein the dispenser comprises one of the

dispenser of claim 1 and the dispenser of claim 5.

20. A method of making a web with embedded particles comprising:
20 making the web receptive to the particles;

dispensing the particles onto the web;

dispersing the particles to minimize particle clumping in the web; and

embedding the dispensed particles in the web.

25 21.  The method of claim 20 wherein the dispersing step comprises at least one
of (a) buffing the surface of the web after the particles are dispensed onto the web; and (b)
electrically charging the particles before they are dispensed onto the web; wherein the
dispersing step further comprises at least one of grounding the web and charging the web
with an opposite charge to that of the particles; and wherein the making the web receptive

30 step comprises heating.
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20 maki ng the web receptive to the particles; dispensing the particles onto
the web; dispersing the particles to mnimze particle clunping in the web;
and enbadadongs3she di spensed particles in the web. 25 21. pOhesentshissd of
claim 20 wherein the dispersing step conprises at |east one of (a) buffing
the surface of the web after the particles are di spensed onto the web; and

(b) electric y char qi t he, part.i.cles before the re di.spensed onto the
beb: whor el n cHe dt SpRedRAs! SR 2P FiiE o taiiie siS g sF BES

gr oundi ngtht RRLWEI gD thaSthsHeW N sthilebaEcatoll dlhedie QRBGRIH; @nd A the t hat of
the particles; and wherein the nmaking the web receptive 30 step conprises
heati ng. MmognessanendtE/wbor 25233 22. The nethod of claim 20 further
conprising elimnating static charges on the web using at |east one of: a
static bar |ocated along the web path; and ionizing the atnosphere around

the geb. 5 23.23A wel webhavihgetisdided padicies fdreed b ieaethyd ofielaeod of
claim20. 24. The web of claim 23 wherein the enbedded particles are at
| east one of: conductive, retroreflective, peel adhesion controlling,

abrasive, and gncapgil 3k Bfclaim 23 wherein the embedded particles are at least one of:

conductive, retroreflective, peel adhesion controlling, abrasive, and encapsulating.

=29 -



