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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.
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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 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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retroreflective, creating retroreflective filnms. If the particles h?\ﬁeﬁr%ﬂ{]
I nherent tackiness, the adhesion |evel of an adhesive web can be 1200k
controlled by the Ievel of particle loading. -2 1 3 OCT 2004 Al so, the
particles could be hollow spheres with encapsul ated material, yielding a
web w th encapsulated material on or near the surface that becones
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i s rotat¥PE¥-and the rotational speed is variable to vary the dispense
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screen REPYUGHD é‘g’@ﬁ flispeniseris pat opesatids. Al so, excess particles can be

removed from-iga dsi ' | i on . is also a
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di spensi%lgo’glﬁ%hﬁélﬁﬁmg% ﬁ)ﬁ%@eﬁ A dirst position away from the screen !mdaseconc{]
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 protrde 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.



30 bristles through openings of the screen and draw particles thrOLﬂQj‘[}Fh?Qm
screen to dispense themonto the surface. The nethod al so includes
varying the dispense rate of the particles. 31 3 OCT 2004 This can be
done by varying the rotation speed of the brush, adjusting the distance
from the screen to the central |ongitudinal axis of the brush, or both.
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di spensepdrtigdesti cles in the web. In this nethod the dispersing step can be
buffing the rface of the . web.after th 25 particles .are .di spensed onto
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or charging the web with an opposite charge to that of the particles. The
maki ng ta%@osphiere areyegtheweebs pebotban i ncl ude heating. The method can al so

I ncl ude el mﬂ?éélﬂged%%&%h&cﬁg Bo e 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.



on the web using at | east one of a static bar |ocated along the \ABEIF?%W'ZUU&
and ionizing the 30 atnosphere around the web. 4 1 3 OCT 2004 BRI '
DESCRI PTI ON OF THE DRAWNGS Figure 1 is a schematic view of the apparatus
of the present invention. Figure 2 is a perspective view of a feed

di spenser that can be used with the apparatus of Figure 1. 5 Figure 3 is

a si de BREEF DESCRIPTHIN OETHE DRAWINGS With the cradle up. Figure 4 is
a side view of the dispenser of Figure 2 with the cradle dowmn. Figure 5
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parti clappafatusaf\Bgurefl. naterial . Throughout this description, filns,
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and can be c@ﬁ%ﬂeﬁ%%ﬁ%ﬁ%‘g%{ ?lgldﬁgfé}é%tﬁ)gggwgﬁé@e%%ﬁmggdéw particles
that can erFigites i&x hiciopgapheshoRinpsilvei-6Gated Has tRadd émbeaded 8hioiang

adhesi on, or provide additional utility. The particles can be bare gl ass
beads; temrapirstr adbgsiveoThheample atea ietdhamix SHHimi cl es; netal beads; beads
made from oxides, nitrides, sulfates, or silicates such as silver oxide
or boron nitride, titania, ferric oxide, silica, nagnesiumsulfate,

capci UMRTAILFDPDESCEIFON ! i um al um num silicate; holl ow gl ass bubbl es;

pol ynmeric spheres; ceram c mcrospheres; magnetic particles; and
m cr oencaps uFke wyeptiontis 8 method dndtapparatus for erpbddding panticles inal wébnefl udi ng

rel eas . S as nd.Qqt heg. mat eri.al s bei.n capsul ated. The

part i c@é&gg’\ Wﬁ“&°%§1?8f‘ilése‘?e§°’b§“°ﬁaﬁﬁ‘%w@%@é’éﬂag 'PM&PS?’ e silver,
copper , destmited, althdtighbthep debduehias FepePivabd M Wetdthitidohob k¢ anBt eri al s
such as pmgnetic coating, netal 25 oxides, and netal nitrides. Parti al
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pi grent 3ul|1t3r,]rc ll'gg ipn 'cﬁefs tcgri gclt gg.vre ar;s? {)g:«;dls,u er;ip';ggeﬁa?enxgﬁc%%rﬂgrr;g;s core/shell
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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30 Exenplary particles include those commerci ally avail abl e under tgﬁi o
followng trade designations: "Reflective Ink 8010" from3M St. U T 2004
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20 to help distribute the particles as they randomly land on the adhesive film. 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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inthe filmthat is formed after the 30 particles have been bl ended in.

The | arger the particles, the nore difficult it is to disperse them

sufficiently wi thout damaging the particles or the processing equi pnent.

O her  assanhilsido theviilim/e beleatiedded, hed pubsequene senovahoitthe tareier filmh. nThikol | owed
OCT 2004 a e filmto_be enbedded, and

o bsequint a7 BndeirabBet i procasshiesiers U PatncNo 300340 deserines a g et | o
Pr 0CeS Priding phkest irwhiEh R Hardiles can B Dritl AIR2AY LBRIMEARAHLS € PrI nting

process in which the particles can be print ectly onto the final
film Héewevessthistihiasontsctpromss that repultsciasasurifontn (ratissy itiak ramdomn asinfthe m
(rather_than. randomas ipn the resent invention) ordered pattern. The
.prdces SIJYQSF?QE{}IVFQU?I}T,?F? ! paliatp. ¢ His Rrogess ﬁB‘*ﬁ‘rl&i'F%Wdtﬂé“ﬁVd}%Pf@V’éWBi ng of

particl 4t iy b ; At fhaa . t S o at the
smal | e;?ig%ﬁ%lf%*ﬁu?ﬁoé@éﬁd&%ﬁﬁ#ﬁgg I n t%gébg%&gg?‘ﬁﬁsg%éa}\@s?% e |larger
t han i rthe bmaldess pitclobf the oivenitlinesyn thy buinded partahavalts be laegsr desandn tiaf casé unpi ng

of two particles means it is quit ossi ble to have a larger, cluster of
par t i 198 noFINmpig on. Al cyideppb of S mping.at twa Fanisles e iieaitect i ve

char actﬁsgigjeitg&bavéglﬁgﬁ.abq&tgrq,?g%@feg.ective films which are useful for
hi ghway signs and in oOther 1 ndustries. Athird exanple of a

pdPti cl e- enblacuethenenample,che particles tarohdviergtraeBective lvhaiacteristics, tadukang
nonadhesj ve rtigcles.. .These re useful ‘in,making adhesives with

cont roIrFkﬁmﬂ ‘é%ﬁ%’ﬁs W@Gﬁ?‘?.“sﬁ%{&&ﬂ%% dﬁPﬁ‘e’é BSHHES- hol | ow spher es
Wi th encapsuhah®d ex@hSe bfth piificklmiMAaedweb 2R ' iddy | M
wth m crpencapsufat elg fragrance can be UE%‘?B t‘?%@ér u%’g&ég&rr%sgégyA film
wi t h miasidingronsdbesivecparticies. Bhesowebssad uasful broaking sdbesivesiwith apmtrolledhe

particlq%i] ﬁ@ & &tai n nmagneti c conponents that can be used as part of a
radi o 8% hcg identification systemto provide information about the

i 48m t o whi Clthé paricRE eowd@ aRb b GBR6Ww isphét8s withieatRilated afdterftl Wafd ve manner.

I n anot her exanple, the web material can be a silicone rubber that wll

t her nal Pegomeg a'éaitnblq dgingruse,f Adilmewitle ticrogneapsulaed fragrancoeanttieaised forThe
e L
parti clpapeni The patiylebyaroguhdin aiaghetic coRfponesis Sdd cadbesell a8 park 668 rddign 1 %
up to aﬁ'englrégl:? ¥d%£1 i fcan%%rsgrétgéletg pfo%\i/tfer illl?(?rxl;[art]ign iﬂé&t rtt?e i%cl::rl Ioagrﬁi'ch 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 arnount 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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percent surface area coverage of approximately 78% Applications falling
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adhesi ves, al so_known as hot adhesives. Any filmmaterial that can

be cast thermaplastic will flewrpfhef the nero 1issful theamoplestic Skmsrinelude those designedd have

B

make t hévat eacbpLasy frohpiddvent cﬂl BepREOMQ alchiepduth ad £liner? ndhuvePahilgy essure
sensitive_adhesive materials can include acrylics, vinyl ethers, natural

or syntB& e loss of snffacieny| selvepiioymakie the: film BeR-ReOEPUYEd si | i cones.
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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, Angust 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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require dark and/or cold processing conditions. Suitable therifosetting
mat er | daenchclagacepessdlat curing cambregibstantially 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

-9.



cyanate esters, bisnaleimdes, phenolics, including nitrile phenol if’?’ﬂ[‘?%b
conbi nations of these. Exenplary thernosetting materials that are '
commercially available in filmform include those avail able from 3M under
the trade designation "3M Scotch-Wld Structural 25 Adhesive Filni

I ncl udi ng those having the follow ng "AF designations: "AF 42," "AF

oF aohriegthods o et T fescthighonntcaf e d Hosslinfiind g sy 00
mat er i athe sedosd compotimt varebe @ athermuplastié minydrial, br (B) Bohéthers SolizogRid opat i on
of at | east t\Qo onponents where the conponents are conpatible in the nelt
phase (RGHEPErs ?ﬁ@?&%‘@%%ﬂ@ﬂéﬁd{% Fagdbramoplastic matariglion|c) & he
conpon : 8 ; r .

o -1 el Rl E bR or B land am i becores
i n§ usi biurativeh &vhichnoan ferm a dremmotetting diataial.VThe second®tdmpineat isthosedlsong by

heating,-9 1 3 OCT 2004 or other nethods such as |ight. The first
conponeift 1 15op geagtivg with thefirstempenest.j i mayrhe desimble howveye can be

G
a) at i tarl.ak: A r ' .. POl ymer
Ea)nd anéﬁlg}c?]lglllﬁ l:gur tbi%ve; mﬁ@#@gﬁm@%é’?%‘}?ﬁéﬁn@%@ﬁ? %&ng“.%, zr
(c) a sehendampdnengtolfolr example, incease thervoheyive suehgB@Telé borded RyBHRO! yNer s

(and any required 5 curative) which can forma thernosetting material. The
second%’éﬁ“rﬁ ent is chosen so that it is not reactive with the first

C onent. |&; | | i ch
T be 1 eact s eible S AAreAs ol Y Efihoschheititefial, InEfl as (PPN
second awvpasevell asarodslinkableripitomerssuck as acrylies amdheahueess Sugalgeh of the
bonded fhybri material. 10 Suit?b e first conponents i nclude .
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i ncorporating a second conponent (a) are described, for exanple, 1n WO
00/ 205 2Batent No. 5, 709248 andoU.S; Paret Dog6,057.382). Bremplanrhybid m@esaly, 382.

Exenpl | i al s Lnc orat | a, second co ngnt ( are
descri pagorbpRing ST ribon 8B} BY Bl o SEaRbla B U ERBNNE 5 U s
Pat ent 5/086,689.8Bx4fSlei1l df U5l Pitest N&. 30881088518 trates 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, calcium sulfate, and berylium 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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20 thernoplastic material formed in situ. Suitable thernosetting sefgrmq” 2004
conponents include those described above. Exenplary hybrid material s
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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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ch i begtingdlateq Aligrmative]y; ethey kaating devigescan beuged. Forexamplegthe wabraanol | er

can ope ]ﬂ%& L t.her odi e singl e
heat ed Sur %gglgég%n eaﬁgg%gﬁ&gﬁﬁﬂﬁ&% ‘goéc h@?é@@%ﬁ’%@?ﬁh% is an
el ectri osén, bbtheewdh cam paksibveer aflifrared of indhytionidat. PRatery\¢indR\ailfacent ek be
used. For ex I the web can , pass_over a cylindrical roll commonly
known a§°%s“rﬁg$°€@ﬁ,w’° a3avellas adigceptibe bottora seHacen  oven, or the web can

pass over an AsihbahH Fiurd DAHE hbABd BEALET 8 iE RRHSS Softd B SveBdhaGsRL 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 nsed 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. Either 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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top surface of the web as well as adjacent the bottom surface. As spg)ggﬂmﬂ
Figure 1, the heated surface 18 is used to soften the web 12, or the '
coating on the web if the web is coated, naking the surface tacky. This
makes the web 12 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 | pai@hite. t AAY kivAo RS thehididgGBeohs rubtier UeBBeridatel WnbfaE kndr€at t he web
12 to drive the particles 26 into the coating. If multiple heated

sur f aceepmhiratioaear thege, can be psed asdeng 2sshex do het drasit thel patticiea 26 in the wed0 can

be vari ] Lr.res i ve. heat i ng st asks. te tively,
the. neatsd i yF SAEASER bk lsd BE ok FRRRR g TS bR £ e s i3

di spens&lo, Uy Heafig &ie dip eollea B6,dhe Hedi@Cirfile 90 caf b&shorienePdfdledes  Opti onal
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ba? 34, elimingted.s Adtes themip roflers 36, theweb b2 prssenatetnd e driverollendfGif theaimeb 12.
From t 0, . | i t ed_enbodi ment .. t he,web 12
(1 ovel UGS 3. Satd-RER ath ordhndfp Klel 3008 SRSl Bicn b0 Rich 38 a2

dri ven. cldfoedwist " Altemati Pty the web UR c bpElriall§ pabd GveP 8 kiairfldsS Steclpabétt 0 t he
web 12. One or two nip rollers can be used to enbed the particles 26 into

t he webrllp.  For exanple, a single roller can be used over a -12 130CT2004

metal " and ABHEEU i Btifles by dbling s bf B0Sp B Bng AAGBERTCE
cin0sh t dieripatidr of R8ticles. i Partitle chvitbering2s undegirable becdubeit sredfes paths Rhsiagbe

heated to_further drive the particles 26 into the web 12. Al so, _by
heat i ngtorsietpalshasts, wpeyen getrerglleqiion: uneven lackcandapnuniforgrapppgrrcenda and

even 5 h %’E?b f N : : . round a
drive rglﬂll‘{eﬂr)‘wgl |?d§\tuh§d ir-lélrgﬁs‘)rggﬁ?%pésrhg]&?gg@ %%?%B%%%aﬁéﬁﬁgn%% ndup
rol | er onmon probiemluifhes presemtrinvestioh ovsrcomedithisprablem. CTheivoltegt sourtd 8.
Alternatively, the web 12 can optional pass over, a stainless steel pacer
roll. A@ﬁ‘r”@@é’tq \stﬂta@F 9 the %Mﬁé@a &@%M@%ﬁ%ﬁ% ggpndisan Bl e i n

tin . . : : . ) : : s
ndest r 2 e i At Roritlnf f B hedlh Q218 (BoRALing i boknf e HHicHa 39 2 e
r et r or efgreundingnis shoren) and thelkheated durface A6l fChanging tieopaaticies 24 ereat¢svm known

met hods _used f | spensin articl nto .t he we artigle aggregation

isa c ]ﬁ%Bﬁ ﬁBﬁ)‘Eﬁq‘gﬁ?ﬂ @‘ﬁé“%’?ﬁ%ﬂéhﬁ @&%ﬁ’ﬁ%ﬂ SB&%‘?‘:C‘%&BQWFN Y BR The

vol t ageckugd ©waheBartieRD 28 Ak ¥hancéf séAfating thé'BarticRP &1A&kasdd bénadselikener an
;3 4

opposi te charge or ground can be 15 applied to any conbination of the

heat ed shargesdepel saqhyothem dhlse, the cleg d deieesdheypargiclss 26 guto the web 12
20 with sufficient momentum to loc!ge 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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(grounding is shown), and the heated surface 30. Charging the partifk‘ﬁ?ﬂ@g

creates an electric field between the dispenser 24 and the heated surfac
of the web. By inparting a charge to the particles 26, the chance of
separating the particles is increased because |like charges repel each
other. Also, the electric field drives the particles 26 onto the web 12 20

georet 16 oA, eXREE ARk o et ok R e N tod Sl UBEbsel 2 e BB ¢ e
web to d6ranbzeler@izhily heabtht her way to pronote dispersion is to buff the -

surface of the web 12 after the particles are dispensed on it. For
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b
supply fow @r‘h%ﬁ'ﬁﬁ&ﬁtgg K?EPC& Aapening op thedirons dags af the\bettarp efifhe hoppes| at e 46

icch | %pn . Y E|gqll¥ QE %ﬂggﬁ w t he
\\;\w/e}]lb(f at %Pﬁ%g%\g%%tggjs |s%g§'sg'lﬁé ) ep g e ‘gg caﬁgg% @g%i%‘r?lhl%al |y
heat ed. ldigestparticles|26 pisshedupbrwhile iy dispehsedicput Rivallethongh totiodd thgr avi t y- f ed
reservoirs, .and _vibratory feeders. The system 10 can_operate with any of

var i ousRErYskshack mhsa thesdispenserddds pot aperating ¢ Insprs embodimesh (g Particlercdti | i n

Fi <4 | i . i :
Tesor voEv el sHENE 3 it Fine YRR SEREMAIm opthindS But 48 oBRLARbE, o
cradl e %3 toTOSpAA(L.S € BS tithesithe _lb\;@(ajxdi%ﬁ'ﬁﬁs gRehelér of 75 8 86 Ahfi(1175 thithépper
|

50, which can be covered by a 4. The hopper 50 can have an angl ed
bold om tthe meamparticlgaliameten). Phe sar¢anp& sbonld dave oonsistentiopening sizeand An openi ng

on the front ce at the.botto f the er .10 50 .ihs~covered w,th a
o o ha0he GRpR VR SRR YOS JORRGE i we 12° THBNERE Gl
parti cl glysitepasmetd sGeehof the hibgllylised & the @cieeh prifiEhg indastg Mntthishol d

the particles back when the dispenser 24 is not operating. In_one
enbodi nesvabodimentsthe screp is monpfilament polyester, BV -480 3 55 5eresA anpfacigsdeen 56

has 80 Ry SRRHAGScPY Majdiic IERIAISohaI NRE
20 The cradie 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 pm in diameter and have a mean
length of 0.368 cm (0.145 in). They are arranged in rows of 30.5 tufts/fcm (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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65 to 105 p.m (1.5 to 2.5 tinmes the nean particle dianeter) or 75 tf %ﬁ @@m
(1.75 to 2 tinmes 15 the nean particle dianeter). The screen 56 shou é g
consi stent opening size and spacing to ensure even dispensing of

particles 26 across the web 12. The screen can be a polyester or netal
screen of the type typically used in the screen printing industry. In this

enbodi he screen i s nonof i | ment ster W - 18 X 55 SCreen
manuf agﬁgtrgﬁf[ A S ﬁggﬁl&%"% g 8§71 %?‘BPFS‘E‘E) ength ofh eI'he
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pivot points 62, a geared drive notor counterwel dp at es
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0.368 Clarifdg %vbl%eaﬁﬁﬁéﬂﬁrtﬁe%f&n?ﬁﬂde&rﬁ%tﬁgm%e% bfthem (12

tufts/in) " wwth approxinmately 70 bristles per tuft 56 rovvs/cm (22
rows/ i npartielesif Aoy ethed method andelevize fgvarying he@dGtion pf thel bresitoan b abed. ¢

naD" s paBoith e 74 4 LR Rinhtishbt e hdpivat oph 61 Hece pat L er ns

will bmohﬁea%ﬁﬁdead&@etﬂwbwte&aﬁiﬂ& GBI TRCHIOSE (s B2 IRERIRE b , the
brush 58 should have a -14 1 OCT "2004 fl at surface and be true sO that

it cont mwﬂewﬁum@mswmwfm@a@eme entire length of the dispenser

24 t hroughou rot afd on. does .not cantact.the. screen
evenly, the Sa“5| SAPWR SLFielres oﬁ’n Aﬂ@’ gaﬁﬁﬂ%’é% CYREV! oy

Alter napimebc)intstdlefr&hlmdhpﬁéklﬁtﬁlvﬁﬁg@é movﬁm&ru@umﬂ ¥ Brush ¥8%8uches the

alternatives to the brush can be used, as described below. 5 The brush 58

i sLnount@een§ FigugdedTherqrade ﬁémung@teﬂ@tm;motrmmééa bUéth@}ahl@ ensur e
whi o ogileiiount B BN rtbintly 6 el bles 88 A0 frrlld Mool RAma"' ©

rotatiobgh sumndbarf'imwiacbmakés thy endsastymdngamhesz\mb\taggemmb inghthi@ t he
notor. This determ.ne he di spense rate of the_ particles._ Any other

met hod of thegpsh of yith the scEeep §6q In Biis Wbmeﬁ? thebrash S&ypustded. 10

The dri Regrdifpded %&n I i’r[;%: ot points
62 are 16?r‘reguﬁt@(r'-:d to gﬂ[gtﬂée tcr?get #&rqﬁ%y t he 1@ g]tbggégg %%vot
pdint s embadimentahechdiplates agsot mounted to adjustablc 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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to ensure low friction swinging of the cradle 52. As shown in Fi gur1e§U§T% i
and 4, the entire cradle assenbly can pivot freely on the pivot points Uﬂ
fromthe up position (Figure 3) downwardly until the brush 58 touches the
15 screen 56 (Figure 4). The cradle 52 is supported at the pivot points 62
by the adjustable cradle nounts 60. In one enbodi nent, the end plates 68

are str HEM- 4 -00e [ - bar 70 Lch makes the ends
of the %i‘rﬁggi e 52 ‘nﬁ%@ﬂ?%‘g%t‘f?g?’et“égym]?r@g?%%&%%Ei“%“s%%”ﬁﬁush 58 with
t he scrpessubfof 01661 KgdirabadicF 01037 Ibliihcar eh) & Kadw rake of 0,536 ©9.92¢l | gned
with the screen 56 using the adjustable cradle nounts 60. In another 20
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can be prever bhildipef paticlel 6f e HrasH 4@ goisvible AeteratiOLblFR1CIE Sn e\l POI Nt s
62 on threaded rods to adjust the brush pressure. Alternatively, -15

130CT208& ot her known bi asing devices can be used. In this enbodi ment, the
di spenser us . re of 0 .661 kg/li t.e 0.037 1 b/]linear inch)
and had a raﬁg%&SPQ‘&sé%ﬁsﬁﬁngﬁ‘gg’%%‘fH’gﬁﬁaﬁg?&’rsb(‘é‘?eg’ﬁ%@&z

| b/ I'i nepedutenbb effelts of ait@reats oh they diSgente pattan. TRis@Rshce TAL béBehIme, D2,

bet ween the pivot, axis and the central |ongitudinal axis of the 5 brush

shisul d B cegping wise VAo theywshc . Thediopperc5Q isStled weithothe perticlas@6ttobehe cent er

ot "t e SRt pREERY SELERRAChIBintE hi 30l SERRE S wl KopBEIES o0
excess phargeé the partioles26. HEhddrivehmotAs 64 fonuves theltrushcs Segthst the beistids dedvieng Wi r e

72, tensioned be vveg{r}_ the end plates 68 on the front sjde of the brush 58
so t hat ?WB%&OFQ]F& ags,of the sareqnys. | Apthedristlesmpye eyerdhe sysface piths, ysh 58

turns agdeen, they protrude through the openings of the screen and draw particles throngh 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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10 rubs against the cleaning wire 72, any excess particles 26 on tthQﬂH%mL
are renoved to prevent buildup of particles on the brush and possi ble
aggregation of particles on the web 12. The di spenser 24 is suspended

above the web 12 at a distance cl ose enough to reduce the effects of air
currents on the dispense pattern. This distance can be 3cmfrom 15 the

cl eani L. L: to.the 2. .The hopper 50 is filled with the particles
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72. The particles that are cleaned off the brush by the cleaning wire
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pressure, the screen tension,” and the proper adjustnent o st ance
Dl. Thedreggingtheepartcies throngbdhescreen. tBeeause this can feaditmpowderduild npasdises, as

248 Oh Rl BB Bpse S U bt ey T S PSR e Pty casen
the di spetResdaéPcali®splesdtorizéRail] 8t tHe bb@Siof hetdevicdabd E&ﬂwg@hﬁﬂﬁsﬁc ross

the web and di spersion of particles on the web are affecte
br ush- ta5-wedk cBie sgicpughsarean is belowrthe bawsh aid eamsassist instedwcing aggregatiguifari ty

and vol 268 ' follown s. Msali.gnin h rush and screen wl|
cause Fiéav@gr&&%%%%ﬂpgﬁ& RHES Sgwg‘?@ﬁe%i‘%%&fﬁnﬂ rst touches
the screen. Kenbeidr eaibodindneasvibiatdr QisPénseNcansty isdd fo AiBpkndé SwdeN Byhe

brush surface that have |ess bristle density will decrease the diSpense

rdPe atm h tamakeil resistant fothe g ebthe pewderintthe vibrattiry per si on

t
decr eas s ' LOGr n_an al.ternative.enbodi,ment, the
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hori zontally .at the bottom of a hopper 50 and a brush is placed in contact
with t g?pp Tasteners) in the path of the powder flow. This slows the dispense rate due

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 pm x 570 um.
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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The powder in the hopper 50 di spenses as the brush rotates in contafg (W 78
the screen by dragging the particles through the screen. Because this can
| ead to powder build up and 10 inpaction at the base of the bristles which
eventually falls out in clunps onto the web, another screen can be placed
hori zontally at the bottom of the device to contact the brush as well.
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filns ige%lh‘g%ﬂé?ft&%#g%ﬂthe use of |arge conductive particles. Because the

silbe of the Ppelrddhesios sttengtib® a/glags sabsuadteivas mehduted. has EVIASS Tifstdrhe .
adhesi ve f] nd b use - 1 3 OCT 2004 particles span_the

t hi ck ne§'§°€iﬁ‘# dvey @wﬁ@f@mﬁ@%ﬁ@mw%fwmmmmﬁm“@gnd i s

m ni mal yo&fidgadalleth SR sheSi dﬁagja | '

systemsui n V\/nqlﬁ%:aﬁ th%@%gbrticl es?are gﬁmﬁﬁ or%la%gre st ﬁﬁ‘é@%gg negges(gf t he
adhesi veurfaieiof the peeltestenivais clraned] usingxnethlybethyhkitarie and KIMWAIPES EXRLs al so

cnouT 5 ok (b RO MRy R e AL T Bt o790

20 baving 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 (o0z/in}) and standard deviation.
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Anot her advantage of a z-axis conductive adhesive filmnmade via the

I nventive process is that the enbedded particle film product can bk 3§44 4
on thernopl asti c adhesive. The tack of the adhesive can be reactivated by
heating. This can be done as many tinmes as needed. Freedomto reactivate

t he adhesive is useful in applications where the bonded 10 parts have to

be re epaired, or repositioned. TEST METHODS Peel
oGy ArETTY g,

Adhesi on el adhesion strength to a gl ass substrate was

measur ed. AnThe\dSBcd aeh ebvered\%délhbé’dtﬁg lpﬁﬁi\él%js bR leGathbeB kYB3 3nicroscope,
I nstrunentors, |ncorporated, Strongvil OH) was used tO0 neasure the

180]9 arfyrticlesdaying emberldad particlesperntheir sr;xfacieqvm ex‘-anﬁienlbd at f][b)lighagﬂﬁcmﬁahg t est
K wn peis A CLRRBUS B s By fan i hGR olinats Opticdl Gommaby Joasrom

R wel | micfiropdNejiipped wiaeVided arhar] mgpietuifé Whdtalin &'ﬁﬁ%&?@gﬁﬁ ofnd a

l ength of 25.4 ¢cm (10.0 in) was placed | engthw se on 't ate. The
sanpl e dfapdembyiselegtedareannddhaizeage stored in adigialfesnitifgr ate? nRigudaticn. | b)

bb 0l b forth t h le t t] L aNext . th
ar S R RSt AR eteh 5 il SR Be v e SERASGARBRO ¥ om 1 ho
ar m holidiage pesessaid et (aldbee SoFTEFSS, HiBnios|CEcARINY o bhgpgnsor ar m

was then positioned in the arm 25 hol der an s activated. The
sanpl e RAgticlp euns ip eachaf siksrandanaly selebled areas antt amaverageqiaetiodé caitdwand a rat e

229 ' i nLmin).«Ihe first 2 f.d e pot i ncl uded
P10 P he Gl (e bR of fiTace e cole R SEiePhined by abuItipbE S o ¢ aken
bet weeraverage drdzs-3eqionaarvoef Apuiols ¢ebthined frbm By SY3as r%ﬁeak 3@@@%1 L of

converted to a peel adhesion strength value, and nofnmalize

2.5 30 trthe mangiacturen) by therayermge tptakpanicie cound imaniindged messy bidsdivizli t o

cal cul t | I. average peel .adhesi.on .strengt in gnmMcm
(o1 iy ek B e G o8 GF e B THE 055y St 5clo0d obranBee
sur f acepeacemtageover ed by enbedded particles was eval uated using a

| croscope. Articles having enbedded particles on their surface were
exam ned at 20 X magnification using an OLYMPUS BX60 F5 (avail able from

A ynpusgiehtica3ResfsaR@ny. Ltd., Japan) 5 microscope equi pped with a video
canera. A picture was taken at 366 X magnification of a randomy selected

area and t heAitiviaydasingrebedtricallp condjictine piraiclenivefedvahated foreeipgalat i on.  Si X
0% 5 4 o B4 G o B (508 ST L e 2 P PO
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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| mage processing software (avail able from SPSS, |ncorporated, Chi cagﬁ C;hm
to obtain a particle count in each of six randomy sel ected areas cE]
average particle count was 10 cal cul ated. The percentage of surface area
covered was determ ned by multiplying the average cross-sectional area of
a particle (obtained fromthe average particle size provided by the

manuf ac RefrefefleByvifyne average total particle count in an imaged area, and
di vidin this nurrber by the total area of the image. This nunber is

mul ti pl n‘omflcqti)ﬂtytod’ tixhecated samplesyecre emasured uiﬁglﬁlﬁdﬂ lﬁmkeﬂ%eajxﬁtén/i ty

ol cct r; Nirel YRGB roft Ve Rpohrenblpe faso Sebne Vbl Chel e 2 axi s)

d h
o5 o arao Aty I Brestatin dihARFperit ol reéﬂﬁ%ﬁ@f’@{m@ B8 ™ m sampl e,
ha®i ng inswuthent wés calibratednBing & stafdard simplepravilehipy the ehamifaomire?5. 4 cm (10
i n), d t I b | at 0. 318 Q.125
LI ok ARG Viie) b3 Hacshe e staent pies thd sampi (B bt GRORUEH o FL LK
83 |11 Wﬁddvﬂﬁisﬁtﬁc {abibd) A Foalic e GlaHEFAfSD Q0 thd ARSUAY Sk, W) wer @

attached to the brass pI ates which were t pressed toget er using
finger palds‘smwhmsadmsmmmummmmmmm .Fhen the5 The x-y

pl ane (s esi stance of a sa havi n di mensi ons, above was
measur et sﬁ'ém%{ ’S'&’Ffsﬁ'&’@%;e E’gd |V\’Pr3f‘§“dl'ﬁﬁli cator, Mbdel
PSlg- 870ret£o?aq&ﬁeﬁy€@§9ﬁwadom&ea§wmé antéd-% es! 90 LAY & gggeedure
described in the “operati ons manual. The x-y e reS|s nce s recorded
i n ohms achuether. watesneasniedtand aasragcxhhﬁbre)rﬁp@ﬂmg 3 OCT 2004
Retroreflectivity Retroreflectivity of the coated sanples were neasured
using a Field Retroreflectoneter Mdel 920 avail able from Advanced Retro
Technol ogy Inc., Spring Valley, CgxAfpLEs¢troreflectivity is expressed in
candl es per | ux. {)er square neter (cd/Ix/nR). First, the 5 instrunment was

cal i br afRtheipxpmples beloss yaienssaiadew qhsmrdembb@deﬂmthmﬂasuungthe

| r h h th
130t ettt Bt L' Fht St F e bHIER ioRtSine 3% BRI & o0l ay o
t he i nsiconjimetion Witlebuffiakj dléctiostitickoh@dginge or Bﬁhhusﬂllﬁﬁf tHOkkadmplaeweftst r ument

read 101.0 cd/] x/n2. Then the
performed in 2 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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i nstrunent was placed over the sanple to be neasured in the sane vay WZUU&

the 10 retroreflectivity was provided. Three areas of the coated sarrél €S,

10 cm (4 in) apart from each other, were neasured and averaged before

reporting. EXAMPLES In the exanpl es bel ow, various coated webs were

enbedded with particles using the 15 apparatus of Figures 1-4. For sone of

the exdopieface ahies ﬂ@f&agtgaﬂﬂafﬁacpﬂih@!ﬁﬁﬁ@ﬁeﬁ%ﬂ% aC @RLHRG 1l Vi do PRk 19
np

el ectrostatic charging, or both. Al of e exanples were perforned in a
huni di t3P9¥nthegesulis ashiepesedimtablery pelos. rel ative hunmidity inside the
apparatus was kept bel ow 10% and the anbi ent tenperature around 30C. 20
Exanple 1 A sanple of Scotch(r) Magid Tape 810 (an acrylic pressure
sensiti sive tape) neasuring 1.9 cm (0.75 in) wide and 25.4 cm (10
ic?% | ong was_ enbedded on the adhesive surface with uncoated

d

uct - O Fiix19pls: Bwesrepsated witha welnspeed afi 91l myerings fifrein).i The Reulfingduct i on
of met . beads available from Potters | ndustries, having an
?g‘%?%%‘@?ﬁdg{e‘gi‘g@r%%%v%%%mﬁﬁﬁéfe&icgts%fﬁ%?n%@é adpesioni ni | ar to

25 ave

t hat sBawigth s ddstabedia tRe #T0MerifHds© u re used.
The foll owm ng paraneters wer emeusedzﬂgovﬁegmggég%g%%?%ﬂﬁdﬁ%ﬁﬁb 0 ft/mn),
el ectri -y grounded heating plate tenperature of about 20-25C, a

di stance of 30 mm between the charging wire on the brush and the heating
pl ate, an operating voltage of 0.4 V for rotating the brush, and a 30
nHpat i \Bxathpte 3 potential of 7 kV applied to the dispensing apparatus. The
screen was kept taut by stretching it manually over the di spenser opening
until ther e Exa@pleol wpprepeatad with aswelr speet ofi 1 2 ev'min (40 fumia). fTieger . The

resul ti ' .article.was, gval yated -20 130CT2004 for
surfacﬁ@gé%@éggégpﬁgg%cg? Wgﬁﬁ@%ﬁd%{ YEAICACQYEEEF ERERCE N t he " Test

Met hodsidhesidmsnengthilg desaibled $n B TEQMELBES " B0V DT i6e &sL?&'a?éﬂéePEﬁ le 2.5

Exanpl s repeated with a web speed of 9.1 mmn (30 ft m%{@ The

resul ti ®¥<cl e enbedded article was eval uated for surface area

cpyerage and peel adhesion strength as described in the "Test Mthods"

above. The results are reported in Table 1 below 10 Exanple 3
Comparative Example :

le

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 (o0z/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 1 335+11.1
31
CE Same None None 0 256.7x 1228
(23+11)

CE = Comparative Example
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le 1 was repeated with a web speed of 12.2 mimn (40 ft/ mn). 1T3“9ET2[]U£
rE)é?er)t?ng particloe enbedded article was eval uated for sur]"ace areah do
coverage and peel adhesion strength as described in the "Test Methods
above. EPS, gﬁults are reported in Table | below 15 20 Conparative
Exanpl e g s%tlrrpl e of Scotch Magi cTM Tape 810 was eval uated for surface area

[ r scri bhed he "Test ©Met hods"
Shove Tne"racnt Ry HCBY Ay 30 it Eridl e i gradh b igmad o, PEBASK 1 it e
DypePart P oppSemige P@%ﬁﬂ‘“‘iiﬁfﬂ%"?ﬁ‘“gﬁsﬁﬁﬁéﬁ?‘é?g ARRBEGTNomh 1400
tcg\pgggrgleg% %?Mggéﬁﬁéé]&gﬁ%ﬂ ’@Wl %@t&ﬁ@&ﬁn@ thy D?g%d:dgngnaﬁn Il\n:Rgz 210)40
S meSa ane
e neofégﬁ%]avﬁéﬁ%ﬁ?m%‘i’%%ﬁ“ AL PR HATSXAEE @ ODRGICT2004

hitk sH £J pbilyesier flkn & preide T ué‘ﬁ}’ dvinde trade
E)églnglné) szr?nx (S ;coggggmad go:yyam de- poI yet hgr 0‘gli‘?scopo @n‘é’rnga avai l abl e
from EIq %Séﬂgﬁ\])éoﬂgr“fﬂ“ hefeleasedinephi | adel phi a, PA) and a resin nateri al

e g BT o0k bR s o
Sili Co@smsw(wlws fremn Porer Intuptiiey) i 4 efRlaid S aibid gYa o a
er ck nel:ls 3 b)g ];Jasosmogot%g tlllerxlmgglatstt]cefﬂg !01? ?hseercllclagce Irmer 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 strefching 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 from the powder dispensing area of the web. The resulting particle embedded article
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The thernoplastic filmwas enbedded with conductive silver-coated gggs rT 900
beads, S-3000-S3P (available from Potters Industries) having an av @ET
particle dianmeter of 43 10 pm by passing the thernoplastic filmon the

rel ease liner through the dispensing apparatus simlar to that described

in Exanple 1. The foll ow ng paraneters were used: a web speed of 6.1

m mn (2@s étalubtdd) for surfeRt drécdve » usi ng

a Tenperature Controller Model ggg‘gﬁgigﬁﬁg}cal ?ﬁ?%@se- g‘r&ﬁgr

| nst r unfive- @mn&smpmmmablezmgqu di stance of 30 nm 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
stretchTaige 2t nanual |y over the dispenser opening until there was no
appr ec ck—when pressed wiith a finger, The coated web was sent
t hr oug stpate 1 \Fagticle Typee| r Dispensing| [s. %he fesul tResistivityt i cl e
enbedded articl¥pavas eval uated fpr MetHolce | aB@faceoyerage and resistipity
as desgribed in the "Test Methods" above. The pgsul §fs are 20 reported|in
Tabl e P be] ow. Exanpl (; S Exanpl el 4 was repeat@ghepid i a negatlve d.c.

potent| & apparatu uu —the
~heatinfg pl g?%&ir%&aﬁg j'Gl fég%%%a tl %SE&S%E él e 25 enbed%i ‘??f’]ﬁné wa

eval uaw" -5+ Hfacetarea—coverbae and-reststivi 1'\/ YR F'r] F\M he
“Test M hods"S&ove. | TheSrBE y t Sﬁas,pgnqa%ézﬂ ed ¥h Tabl ez xisd)dahmExanpl e 6
Exanpl £ 5 Mas repeatedl with the paledmestatienpedded t her-prplinesta'tolimé/m
buf fedjan | 30 the particle-contaj nichargng f agce _using/a finishing sandef
(Model | 895, aviamabl e |f r oBaRer t ef Dispelding &afksofgs TN egmnpdomﬂgh an EZ

Paintr{r) pad. The bulfing occurf aflectostagén {3 1 n) a\ﬁy dah gth wder
di spensi ng area of the web. The regiadihp@ pprticle ¢ §ded artiele -p2 1

3 OCT p904f 5 was eval flated for sprfg rea coverage= and resi st|V|ty S
degcri bed Tm the —Test Methods*— abover-1he +esutts—are—teported—+n—Tabl e
2 below. Table 2 Ex. SubstrateParticle TypeD spensi ng¥Resi stivity

TypeMet Bxatfiplefface Ar ea .

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

10 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

15 retroreflectivity as described in the "Test Methods" above. The results are reported in
Table 3 below.

v)

Example 8
Example 7 was repeated with an operating voltage for rotating the brush of 3.0 V.
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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Covered 4Thernopl asti cSi |l ver-coat edD spensing4z axis: 0.5 ohns resi {1? aﬁs)
Beadsx- plane: 1011 ohns/ 5SanmeSaneDi spensing &17z axis: 0.4 ohns OCT 204
el ectrostaticx-y plane: 1011 ohms/ chargi ng 6SaneSaneDi spensi ng & 48z axi s:
0.4 ohns electrostaticx-y plane: 1011 ohns/ charging & buffing | Exanple 7
A rubber adhesive-based tape was enbedded with reflective particles and
eval uatExhriple 9retrorefl ectivity. (Retroreflectivity is a special case of
reflectivity; it describes reflection of incident |ight back at ‘an angle

of 180. SpecE4uRRle /ywasIrRGedovig: aronayatimeyeltags foraoRtifg tie WuNOBADS .

fl at ba , on SIV surface wth glass
beads ﬁthn?\gg%”neré@ %%%ﬁ%%?%%?&%ﬁg W’E’ﬁﬁlﬁ@ A LOVRsagE Kbt B of
3|vrr|v| Rerbtreteﬂwtanty‘ds de6ckihed @S thieg' TeOMathBas dhidFe. 2THe RATRIRE & %;ﬁ)[nféﬂ §gribed in
h the follow ng nodification. The operating tage for
atlﬁﬁah%ibﬂpﬂ’sh was 1.5 V. The resulting particle enbedded article was
eval uated for surface area coverage and 15 retroreflectivity as descri bed
in the "Test Methods" above. The results are reported in Table 3 bel ow
Exanpl eE)BanE)lamm)I e 7 was repeated with an operating voltage for rotating

the brush of _3.0_ V. 20 The resulting particle enbedded article was
eval uat ed f Jixaseple §wasaepcated ity 3MEM StracturaltBandistg FapeioRA5 ya heat demible, bed i n

130cT2008 raaar BverEitened 6l S8 bab il G iReH nCplatsis MR ot age 1 or
r & at i rRppenBaper2f6h The résulting pariidle efdeddddi Atcl Wk ievhiad Paddadcideh Cl € was
eval uat ed formfgrface area coverage and retroreflectivity as descrl bed in

the " TESVerage Aeetrompflegtivityrsdeserbad; in the SrastMsthadd” above. ThbiresuBs brel ow.
reported in Table 3 below.
Table 3
Ex. | Substrate Type | Particle Dispensing % Surface Retroreflectivity
Type Method Area (cd/1x/m?)
Covered
7 Rubber aluminum Dispensing & 14 162144
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+354
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 3MI'M Structural Bondi ng Tape 9245
(a heat curable, epoxy/acrylic hybrid pressure sensitive adhesi ve'lt?aﬂ)%—b 2004
used in place of 3M Col ored 10 Paper Tape 256. The resulting particle
enbedded article was evaluated for surface area coverage and
retroreflectivity as described in the "Test Methods" above. The results
are reported i€%@8l e 3 below. Table 3 15 Ex. Substrate

TypeParticl eDi spensi ng% SurfaceRetroreflectivity TypeMet hodArea(cd/ | x/ nR)
Cover ed 7Rubber al um nunDi spenS| ng &1416.2 4.4 adhesive tapecoated

el ectrostakic o disrengrzd@ W@SNP@S&M%%&WQG:@&&@B 6
QSamSaneSagrﬁo‘i,gg(g ]J,Q{;y r t ape Vari ous
changes and nodlflogg%ﬂc%ﬁvslﬂgcan b%jr?adggéléﬁ t he |nveg%|'1§r?}”vﬂ?f ﬁfgl? departing
from t B ope or spirit of the invention. All cited materials are

i ncor por at eglschdah 86idads disclosure by reference. 1 3 OC T 2004 dains 1.
A di spenser 10 for di %genm _partlcl es 26 onto a surface conprising: a

hopper 50 f&iowab m@sﬂﬁ:W@wlﬁﬁwwp@SIMmﬁm openi ng
at. 1 US thel3k bPIE opentlts 8FMhe SvendBlkarabioli Ak 3t e bﬁ% s BRERE %ﬁhw' th

bristles, wherein the size of the bristles Is sha e size of

the opBghigysreped 'Héﬂgsané&? bmgsh 58 isdpentadoniside of the hppm SQ trd WdersdatlbBe i s
COVer egir¥ints8 befREAH bkt FYRho gﬁérgﬁ hecﬁm@a@faemd%e% 28nd GrishOf @‘}]e open g

out si de of, the ho ﬁgr 50 and underneath the screen 56 between

of t he®YfSH5SrTiags o WF@’%P‘F&E@%“WH@T@FHW%MQWI%@M& over

the supiricles 7 thioigh G kO 588o disftaVe (RERbAE AR fuftseUgh the openings of the
screen 56 and draw

2, The dispenser of claim 1 characterized in that the brush 58 is cylindrical.

3. The dispenser of claim 1 characterized in Lhat the rotation speed of the brush 58 is
variable to vary the dispense rate of the particles 26.

4, The dispenser of claim 1 characterized in that the distance from the screen 56 to
the central Jongitudinal axis of the brush 58 ig adjustable 1o adjust the force of the brush 58 on
the screen 56 and the dispense rate of particles 26.

5. The dispenser of ¢laim 1 characterized in that the openings in the screen 56 are
uniformly sized and spaced and are sufficiently large to let the Jurgest particles 26 pass through
while being dispensed yet sufficiently small to hold the particles 26 back when the dispenser is
not operating; and characterized in that

the brush 58 is covered with regularly spaced bristics, and the dispense rate of the
particles 26 is variable by at ieast one of (a) varying the rotation speed of the brush 58, (b)
adjusting the distance from the screen 56 to the central longitudinal axis of the brush 58 (c)
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particles 26 through the screen 56 to di spense themonto the surfac.|e3j UET 2004
The di spenser of claim1l characterized in that the brush 58 is
cylindrical. 3. The dispenser of claim1 characterized in that the

r ot at i wijustipehe sotent B pEAitSH.2e5 R1) aS i Q. var he di spense rate of
S poep ke i R lausi R bl staqo\é‘gr%'ciﬁevf?s?g&ﬁ” ®hat the

the p icle 6.. 4. . The di spenser of claiml ¢ch

di staﬁ%dﬁedsﬁﬁ%%f%ﬁ@méeﬁatéﬁr%%go the central longitudinal axis of the brush
58 is adjustable to adjust the force of the brush 58 on the screen 56 and
t he di spenge ralﬁﬁ ‘ﬁf gart}%l,es 26. 5. The dispenser of claim1l

characteri Zed i n %t HEREIIAB SHD Wrgein thetbrish §8 fscruovable brwveenim Fifsopasitnonsi zed

and smm&cﬂroartﬂemr&.nsﬂfaﬁdsk&MdJ%sitiaﬁg@ntéché&Es deargest particles 26 pass
t hrough whil e being dispensed yet sufficiently small to hold the

particles 26 back when the dispenser is not operating; and characterized
in that th@ brubke dghehser 6N SHuMhdr BorhGiSitlgd i %% dbristles, and the
di spe[ﬁ‘q.ckg&g of r.thlﬁ—u rticles 26 is var igg‘{)%éeé'l1 y g&?&'g&“ﬁ‘fﬁﬁé of (a)
varyi rig tie r(f)'PQt o ﬁ’B ed of the brush 58, (b) adjusting the distance
fromthe screen 56 to the central |ongitudinal axis of the brush 58 (c) 1

3 OCT 2004 adjusting the screen 56 opening size; (d) adjusting the brush
58 to-screen 56 pressure; and (e) adjusting the tension of the screen 56.

6. The di s@enseAn efpaciusifon akivied Wit 2t wieh dMilddea3Brichs ARV ?m.gg& ween a

first A way. fr e screen 56 and a second poSitlon cOnt act i ng
t he sct%gglr? ab@“ﬁ“’l%émﬁ%gp‘tgﬂ‘%‘é’f’g BYTRANERFinSequERecher conprising a cl eaner

whi ch_r emomssnsdf domakinghe ied Xveafiivd @Thd Bidiysh 58. 8. An apparatus for
characterized In that the

maki ng a wgh j edded particl es

appar at us corr"jﬁ%lz\sf'égscmﬂi%m%%%ft&/ﬁ%ﬂ&%%?ﬁ%Wﬁb%W?W?s'equence: means 18 for
maki ng t hemprsts 24 Torrdispensiripitke pamidiiz@6pasntthchv@s)226; neans 22 for el ininating
static cha t he, W 12: . neans .24 for dispensing the

particl es ggﬁﬁgﬁ‘ﬁ%ﬁ{e};ﬂ\%ﬁ% pfgl;"lc\f%gﬁ’smifnﬁ?‘uﬂ?%‘é? L arrpationsin therwabdi2ewd 26 t o

mi ni miPRYidsarsubstintialiienifoya tispasiomotpagtichs 06 ibodNle G RHIKMFarl (SHbSL@Nt i al |y

uni f orgRGionPSRd b Pﬁba@”i cles 26 in both the |ongitudinal and transverse
directions of the web ; and neans 36 for enbeddi ng the di spensed

particl es FEangiéfheempedding thedispiised pampadesPBus thefwebl1ai M 8 wherein the neans
for dispersing conprises buffing the surface of the web 12 after the
particles 2@ are dispensed onto the web 12; wherein the neans for

. The apparatus of claim 8 wherein the means for dispersing comprises buffing the

surface of the web 12 afier the particles 26 are dispensed onto the web 12; wherein the means for
dispersing comprises: a voltage supply 28 connected to the means for dispensing to electrically
charge the particies 26 while they are in the means for dispensing, and at least one of grounding
the web 12 and charging the web 12 with an opposite charge to (hat of the particles 26; and
wherein the means for making the web 12 receptive comprises a heat source 20,

10. The apparatus of claim 8 further characterized in that the means 22 for
climinating static charges on the web 12 comprises at least one of: a static bar 23 located along
the web path; and ionizing the atmosphere around the web 12.
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di spersing conprises: a voltage supply 28 connected to the neans for

di spensing to electrically charge the particles 26 while they are 1 5 0£H A0
nmeans for dispensing, and at |east one of grounding the web 12 and

chargi ng thd- webhelappaiatub o BelaiopP Osickén GRAMBEId:G M?&égm“}r}g iggrti | es 26;
and Whga&iclivd %oﬂ@?ﬁﬂ?vef rcalr@léi.nl_p t he web 12 regep e Cofpf % heat
source 20. 10. The app: F&t HbesigTeonmoling absapive) and esteapsaiating.i zed in that the
means 22 for elimnating static charges on the web 12 conprises at | eapt

one of. a gpati , e, | ong, the web path; and ionizing the

at nosphere ar ou%cba?haég‘\ﬁi‘éjﬁpq ; gé%ﬁ%’é‘ﬂmfm?s fordigpenginexoatprisesake cl ai m 8
wher eidifPeser fsldimdded particles 26 are at |east one of. conductive,
retrorefl ective, peel adhesion controlling, abrasive, and encapsul ati ng.
12. The apparatus of claim8 wherein the nmeans for dispensing conprises
the dfspehkeappestius beelaimbs itrein] e nRRBARA SniRbaifik Ble BelenlDPE oL Ne_TBans
36 fobnsaikhedds f‘ﬂc&nﬂﬁisgéaﬁﬁ)e'}%eg articl gg 26, in the we T ses at

| east one of a source of heat: artroarsstipebingia simsg efpressurt4. The appar at us
of claim 13 wherein the source of pressure conprises nip rollers 36

t hr ough iych t sses. . 15, met hod of making a web 12 with
Lrbedded nar ] (TR sl BARY 15 whiin e one of PRSesomptses oippollaess t he
fol | ofhF Sbichdkn well 12g1ae8s: maki ng the web 12 receptive to the particles
26; elimnating static charges present on the web 12; dispensing the
particles 26 onto the web 12; dispersing the particles 26 to mnim ze
particle dPunpidnethod efmeakiveta vidh; 1 2a0ich enfieR@adanR) BE }gt'r% [}Scfd rticles 26
in thmcﬁﬁbwa%nm&@ses;m?olws) &%mcll ai m 15 wherel n-t he I'sp lBiﬂPFg step

0

conprises at |east one fIRY the surface of the web 12 after the
particl es M¥ingthe weldeerspieanthe puhielewed) 12; and (b) electrically charging

the parti GhigsnadRe Rk re di spensed onto the web 12; wherein the
di spersing, step %urt%rgrg%%%%srcﬁlsoé’st %?Bq st one of grounding the web 12 and

char gi ng tdPeRsng thopariiglesi26antoahpwel 12 charge to that of the particles 26

and wher eidinbe ., MRKIDG1 L Re. web . 12 receptive step conprises heating. 17.
e s B

The method of . claim ib charact erryBEincirmaps ihibe webpliand el i ni nat i ng

static chdMyeddingghe dispensadipadizies 2hirthswsh 1Ei ng at | east one of: a static
bar 22 |ocated along the web path; and ionizing the atnosphere around the
web 12. 16 . .
- The method of claim 15 wherein the dispersing step comprises at least one of (a)
buffing the surface of the web 12 after the particles 26 arc dispensed onto the web 12; and (b)
electrically charging the particles 26 before they are dispensed onio the web 12; wherein the
dispersing step further comprises at least one of grounding the web 12 and charging the web 12
with an opposite charge to that of the particles 26; and wherzin the making the web 12 receptive
step comprises healing.

17. The method of claim 15 characterized in that the step of eliminating static charges

on the web 12 comprises using at least one of: 4 static bar 27 localed along the web path; and
lonizing the atmosphere around the web 12.
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1 3 OCT 2006 18. A web 12 havi ng enbedded particles 26 fornmed by the

nmet hod of claim15. 19. The web of claim 18 wherein the enbedded pa}aﬂéﬂé@h
26 arc at |least one of: conductive, retroreflective, peel adhesion

control Iing8. ahk agb 2 hadditenfREaRShRT DY iy thod of ¢laimlS
characterized in that the step o?ﬂgispengwﬁ%iwﬁgggg °?8FQ?"‘ conpri ses:
hol ding particles 26 in a hopper 50 having a di spensing openi ng covered by

a screen 58. hakberngbopelind Swhdah l}ére%h%eﬁgﬁr'ﬁ}:%s tjzzéggt ]g'g\‘??s -Ceﬁ 32% are
I cles Pa ug ile

suffigiently |lar to let the |argest par

bei ng%ﬁdi’ﬁté%sﬁg"'gg?‘“‘g&fprzfl(PF“EQ{OPW@WHM& ahgesfwe) ahdicherppastirioc| es 26 back when
the di spenser is not operating; rotating, outside of the hopper 50, a
cylindricah bruysh 58 covered with regularly spaced bristles that are

adj acent t A& d?@ﬁm%é’fﬁlﬁ@ﬁr@a{aﬁte{m@ﬁm theitthe Step off digiehsinp thbp@ugks openi ngs
of th@écanprideydy 56 and draw particles 26 through the screen 56 to di spense
themonto the surface, .and varying the dispense rate of the particles 26
conpri si ngh%‘ﬁ"q @5%’3“ " B f1oRPsY SQhaving 4 ¢fispprsingropenitg covespbed sated d6e br ush

58, ( byvimmhpasihpstattahcuniforhla Bt fiaq L §BRciaft tral
Iongi&gﬂkn%# aiianf tH$ b?ush 58 é%@ggﬁﬁs?ﬁﬁ%égﬁéggégﬂgﬁﬁg%“%ﬁening si ze
(d) aff 'lsfﬁ P roygh while being dispe éﬁssf@cmtéssmﬂep helddhe(r)ticidj26st i ng t he
t ensi backofhet: the dpEReris hél.opddtingl Ne nNet hod of claim 20 further conprising

renovi ng excess artifle% 26 fromthe brush 58.
rotafing, outside of the hopper 50, a cylindrical brush 58 covered with regularly spaced

bristles that are adjacent the dispensing opening to protrude the bristles through openings of the
screen 36 and draw particies 26 through the screen S6 to dispense them onto the surface; and
varying the dispense rate of the particles 26 comprising at least one of (a) varying the
rotation speed of the brush 58, (h) adjusting the distance from the screen 56 to the central
longitudinat axis of the brush 58 (c) adjusting the screen 56 opening size (d) adjusting the brush

58-to-gcreen 56 pressure; and (e) adjusting the tension of the screen 56,

21.  The method of claim 20 further comprising removing excess particles 26 from the
brush $8.
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