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MOLDED ABRASI VE BRUSH AND METHODS CF USI NG FOR
MANUFACTURE OF PRI NTED Cl RCUI T BOARDS Field of the

woReslioxsse This disclosure is directed to an aoTasS2one/ 040382

brush, nethods of making, and nethods of using the
brush for printed circuit boards. Background Printed
circuit boards (PCBs) are ubiquitous in manufactured
products with el ectronic conponents. During the

manuf acture of PCBs, a copper layer is lamnated to a
conposite insulating board (frequently epoxy-gl ass).

Hol es are then drilled in prescribed |locations in the

| ani nat &10EDED ABR ASHAE BRaKH D MEt dDS GF e/ING FOR
is vitall that vestigial burrs fromthe drrfling step
be renoved MANUVEAGIHARE QF RRIANIHED EIRE€TMTOBOARBSar d
is thoroughly cleaned. Rotary brushes are typically
enpl oyed to performthis deburring step. Rotary
brushes may be bristle Hieldéshe Biscloswet i vel y, the

brushes, . e _conposed of nonwoven fabri.c, eiLther in

Che. T ol BT BEHE TR Tk S n AP BRI Ry el s GF Bk gshd methods

bonag thobisk eprteC@FRitbbhB. brushes). Nonwoven

brushes provide efficient deburring and | ong product

life, but in some applications may allow detritus from

the brushing action to bec ed in the

pre-drilled board. There igﬂg@%%ggﬁ?or a PCB brush

pr ovi dPmgjed cirtuaitioardsi (RCH) sro vhspiitoes foovashidaitesi produtts with

sybsequent coatings,. good dehurrin [ i ci enc and :

R SR AR AT BB R fESs & A pgminated to

PERSRRIte IMBNRARE Boarll $irél ey 8pbatyOglassYEHBRA aff the$ HABedin prescribed

bristle brush on printed circuit boards. The method o

ukpeationg én tie lgpingtel ddioptushsedvgit maneagiiimgtepsy itgs vital that vestigial
i ar - ' h olynmeric . .

et i R} 3y BLIRREGE Yo e R PRI R EbInBapts bourtis

sthbfdugklSSleantd. CRotiaBy Brufinatd ypicafly thgldyed Yoresrfdm this deburring step.

mat eri al and concentrgtion of -abrasive particles

pre@phirushes pey Bsrristlp axusham, Aligsnaiieny: érerkipdics 1ay be composed of
| GHARS fﬁ)ﬂc,uﬂfﬁeF Afhe IfMQP%ag?ﬁ% g&ggf (ﬁi ra?iﬁﬁf—%éspggéaestﬂps bonded to a

invention is directed to a efi
semfrac@rofflap tpnihes)e Naiwaven brisbey phovideeffi@ediddburring and long

Cgrgaﬂét?ilferl %P 1rnos\c/>lmdeI a?)gligah%glg rsnra]lysaﬁg\r{fe cpeiritué: Prg;nat g lbInu%hing action to

become embedded in the pre-drilled board.

There is a need for a PCB brush providing suitable finish to assure good adhesion
of subsequent coatings, good deburring efficiency, and long life while minimizing plugged

holes.

Summary
The present invention is directed to a method of using a bristle brush on printed

circuit boards. The method uses radial bristled brush, having a plurality of abrasive
particles dispersed throughout polymeric bristles. The bristles have a preferred hardness
and stiffness, which is a function of the polymeric material and concentration of abrasive

particles present in the bristles. The polymeric material includes a lubricant.
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the brush with the surface of a printed circuit board

conprising a copper surface and having apertures
wohersartnseugh; and refining the surface to prorCuasa04/040382

copper surface having an acceptable surface finish and

to provide acceptable apertures. The brush as a

plurality of bristles integrally nolded with a centra

por tlh one partichlar pingst thetipeenion it disasteddpprmethpdof refining a surface

o of
o5 R L R b s
thepiphyi®ith hﬂe/sm@ca ofSh pﬂﬁteﬂ)oh&hdﬂ@& comph&in®@.copper surface and

Alternately, the brushqcﬁan cg}ﬁrlseatherrmplastic )
hapge prerturpaiierghiquelh snd rebinieg the sudagsytopaoade a gpgper surface having

2 % .
R L e e
of btist¥es 1ﬂ"d@granb/ nicdddd yitloh cetra pbanadnhdisrveh,ahd lmi‘sg]leh cofiprising

0.0625.inch to 1.5 inch, or even_ 0.25 |nch to
thermeRlasiés pRixmek polysHarang lvhiicanty Aed @aﬁorb%arbldefb&aawe paiicles, the
,000r

AR e § 3 P4 S 0 MBER: BShrig o
compapez diedadplastivepalymeritavong d Sheae BohalinessbEW-EH. Thepolysiloxane
ca@%ﬁ%g%ﬁ%ﬁq}?&g%pg? ) n n%\,,glh 131‘ “ Oiscr t | lE]EP]ﬁ%:}I‘LIdC particles at 20-

45 Q%tp%aTH@ uif of G RI8 BAFnd R atlgl?gtﬁ BP @ @@651 1rfch%I 1 $Sinch, or even
wherein Ti ke structure is referred to by |1 ke nuneral s

0. lﬂmdugnh(b@unqhh @rsmpmnaw dianensioan damheﬁ Ol o OJOIS @ chiwids and 0.01
to By inc 158h.3u cFer five ondriol apd 23 shd g P A broBEiRlin poh be

Uaéﬁmﬂﬂﬁ t he brush segnent of FIG 1, taken along |ine
2, FIG 3 is an isonetric V|ewof a plurality
of brihstnyengien it dsodir@id tothebwshbseddoprifining. shaf t
form ng a brush; FIGS. 4a-d are cross-sectional view
of various enbodlnents of a brlstle of a brush segnent
of the present inB : e gwingse 4-4 of FIG

b dﬁerPéﬁstentz?lV%{ﬁ{??f@ﬁ%%@Fnaef‘gl\r/ah}e Vs”mﬁ&f%%eta e appended

figures, wherein like structure is referred to by like numerals throughout the several views,

and wherein:

FIG. 1 is a plan view of a radial abrasive brush segment according to the present
invention;

FIG. 2 is a cross-sectional view of the brush segment of FIG. 1, taken along line 2-
2;

FIG. 3 is an isometric view of a plurality of brush segments of FIG. 1 assembled
onto a shaft forming a brush;

FIGS. 4a-d are cross-sectional view of various embodiments of a bristle of a brush
segment of the present invention, taken along line 4-4 of FIG. 1;

FIG. 5 is a cross-sectional view of a preferred embodiment of a bristle, similar to
FIGS. 4a-4d;

FIG. 6 is a schematic depiction of a brush segment of the present invention

illustrating the deflection of the bristles during modifying a printed circuit board surface;
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FIG 6 is a schematic depiction of a brush segnent of

the present invention illustrating the deflection of
woheoslr2ess| es during nodi fying a printed circuPCThs200d/040382

surface; FIG 7 is a graphical representation of cut

results fromthe Cut and Finish Test, testing brushes

according to the present invention and conparative

br ushes? is g;ap@calsrepz egndgsioncodicut ieplissieom she Ont 3(511!1 Finish Test,

tesf 88 Imﬁ es]; gé tgc% op%gé?mlidgﬁ?%gmf%gn ed: e Q:‘%\U’ e n dn and

conrGas hs\/eﬁvrfébhhié!ila@ reEdn@atloQ af Suﬂa@rf&ﬁﬁi &8s from the Cut and Finish
T teggesent ation of resul ts fromthe Footprint Test,
g

ingbyples HeeOdnEdP Hieryetes! INEntRneadRompR AT ibeishand
- opPaGEL 1 FoidbHE N Bprefiinioh St sckdit Fofh BEFBRARY Test; teting

brisheshvesrdgcortte p@sém uwmtmm m&bmmlbamemﬁmmee,rﬂd

conpar ative brushes. Detail ed Descrl ption
Pr o 6T LRI ARAEPTS ISR SRR EiTP® (e Méiaﬁgastt {sstifg brushes

ac&?gﬁg;ty%gg%nt DEGTRAland 20 Raﬁtlpéwsﬁys' ar a nol ded

sive brush segnent, and use of a plurality
of the brush segnents during the manufacture of

ltf" inted ci rﬁﬂdmﬁ B%E&ggtma @; th@ﬁé#l‘ﬁe?j‘ E.%bﬁhﬁﬁ’e ! rect ed
o net hods nt and

i N PRHid inotitin iadiradiedisl areabibasins brastgsagnient, and inipditicular a molded
assenbly and particularly an abrasive brush assenbly

radip pbraspisttedn semEat ﬁ@d piseofambveh Rl s s pemmuads qhmng the
i REIAL BB el RO PR Tt erfBREL Aed hinhREd fofiteBds of
mmhtg @mohted amdmldarbm@grmﬁgmdrin pﬁﬂichm am almmwe brihsegmmt, a
havi ter. e 14 and | nn A plu it
SEhSY B8 VBRI E et ATNE PG CHFO e dnds nuesd Sating the
af&@nﬂbﬁlggl@g blsh&y fos Ha%ufa@ﬁﬁ§of2ﬁnﬁ&gc1?&ﬁﬂ Hodrdat Iﬁ’bhﬁfc{lﬁl the

. There may be spaces between bristie roots 20
madldednhailiehbivish eegresdee 14 of center portion 12 is

one Sarrhare SO dotE 2 oRR EERRb g 1 F e Brfon 12

halifk @gfeabh%e Phfdiadnsliebe t ban ﬂ]ﬁﬂaﬁiy' ﬁ&ar&aeﬁmp@ﬁe@t Sﬁtwardly from
portion are conti nuous with one anot her

outeﬁ edge 14 baginninget brstlagpeisdOmad wading ebbrsie tmsr22i Jﬂiﬂe@znay be

&%g thWegr& hxelsstle]r%bts iR Whidl @Ir 3 Sé{gl%@ lgwggitgvﬁ{bg%orp 1Ba ?srkxposed.

nment I'S an abrasi ve segnen
Alfe@mwe@esdjacegebﬁgt&b nyaytudioag enoasotiea rp asitd 2@nBAkh segment 10 is

intggr;ﬁi inYo?de%asruE}il %}lateﬁriszt?es ilg agd rcrg:)rlté:jrapbolrtei015J % grré%rontziglious with one
another; that is, there is no material bread between center portion 12 and bristles 18. In
one preferred embodiment, brush segment 10 is an abrasive brush segment which
comprises a generally homogenous composition of abrasive particles 26 in a moldable
polymer 28.

As illustrated in FIG. 3, a plurality of brush segments 10 can be assembled onto a
shaft 110 to form a brush assembly 100. Any number of segments 10 may be assembled
together to provide assembly 100 of any desired width. Preferably, the brush segments 10

are adjacent one another such that there is essentially no space between the brush

segments, although alternatively, segments 10 may be assembled onto to shaft 110 so as to
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As illustrated in FIG 3, a plurality of brush segnents

10 can be assenbled onto a shaft 110 to forma brush
wagesmitoze 100. Any nunber of segnents 10 nmay beCT/US2004/040382

assenbl ed together to provi de assenbly 100 of any

desired width. Preferably, the brush segnents 10 are

adj acent one anot her such that _there i s essentially no

haxpenase beftree Adieprnt brush Kegragitentlacre maf/rbéégtﬁ 10,000 brush segments
1 Ozah%ﬁm%gfé%gﬁ%r tosig Ege&bg}g 1 Wﬁltf?&l ASH (ﬁ%s ?ﬂ%{r SgL%ed as

SO as tohaVe space between adj acen
deﬁﬁglnemnbltrﬁgns'r foe pﬁ)hvmmyig b@;{ﬁef rit-00- iégnwﬁ)nbl eb%agsimeﬁ?gﬁjéhé ﬁqchﬂled to
senb] ed toget her t or se al t hough_ nore
redjice og gumipgie Eatigaed @ ?WE&@%%@%%&E@W%P OBf a¥thsrn gpuch
{

enBERTRAL LA RIS RERARIR. af e By iEhd Bmple patiom on
thesgfaeet of qesteapontiontl@ coywtearatityblgy radﬁdﬂgflfdlmmgagbafwﬁys.

means can include, for exanple, an interengagi ng hole

and dinple pattern on the surfaces of center portion

12 qrent@!dostiglpt i vel y, radially-di sposed keyways.

Cent'er Portion In the enbodiment illustrated in FIG

1 demheecmkmﬁmienm'llmﬂratsi ia [doni j eenten podionddnk ercemtﬁmm)hls

ci Wg %ﬂﬁllﬂ%%lop %Qgeﬁrgﬁ{q léﬁ)?l ar ag{,sealllgo {yzthal Bp éc‘cppgrof nhe invention
to RAVEEhIERRE®Er ARVEd Qter PBFtioAX FFPLLamMIE Nefifer Beﬁfolnqn mdy be

may be convex, concave, or conical in shape. Brush
cosﬁgnewwamaowawn@ﬁnndwmely have an attachment neans on

centgr Jbortio a_channe

ot Rebleh 4 P B R ERT R e PR et portion 12,
sutloged dannekSRalh] odd ot b BEhahidellP[dis Fevass ®hlhsed@bhts together

Illustrated in FIG 1, center portion 12 includes six

onghah {0 typrewide baysheyremibdy 109 Biustietpd mgF st ds pensergpstion 12
ne R SR Spal S R My b G POLV A, o

as@ﬁfbﬂy&‘ t0(of FiGo 3 iddudesatvoilbdkirsd rodt @ d2 llmeﬂfécﬁhrdu)gh aﬁhﬂiﬁﬁes within
n.be attached t

cedigh RaIBPR 1§ GAOXAJLRIedn EAnG, SURUAY Spblack i reds 112 may then be

att&é{ﬁﬂ@@hkﬂlt%@éro@ar?r&hggﬂféﬁ% Of about 0.5 to 25 mm
Preferably, the thickness is about 1 to 10 mm and

mor @q@tmffpertaml 2 tapially hasoa thoeck6essmf atBauttOet togdir mino rPla:ﬂ:rably, the

hipFsBL BB | Wbt B ORI ot 320 Bt “GORE portion 12
is ?Jefeli‘z?cﬂﬁ Blr&hé&ﬂﬁﬁl i Rdve i aRa fd dlﬁi&s&f thefefn &l tﬁ@re‘ﬂ&rBﬁ‘g}Pas

he scope of the invention,” including, but not limted
illysgratedvm F1G rb@tthﬁ@!ﬂl shrpessdueartiean circiilen giel s, withiartbmstope of the

invaerr]lgon, including, but not limited to, oval, rectangular, square, triangular, diamond, and

other polygonal shapes.

The diameter of the outer edge 14 of center portion 12 is typically about 2.5 to 60
cm, although smaller and larger center portions are also within the scope of the invention.
Center portion 12 generally has a diameter no greater than 90% of the diameter of segment
10.

As stated above, center portion 12 is preferably molded integrally with the bristles
18 to provide a unitary brush segment; that is, no adhesive or mechanical means is

required to adhere bristles 18 to center portion 12.
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ot her pol ygonal shapes. The dianeter of the outer edge

14 of center portion 12 is typically about 2.5 to 60
womposaredieugh smal |l er and | arger center porti ORSTAISE004/040382

also within the scope of the invention. Center portion

12 generally has a dianmeter no greater than 90% of the

di aneter of segnent 10. As stated above, center

por tlf isrpraferrpd thet @erwrmt}mhbl abristies 4f are olded pimudieneously. To

mzﬁge aﬁtalb?'gg'%%r&s% s@ 96 ﬂdgﬂl &k ¥mg[el‘i’ﬁ&t1§r§ %?Eﬂlas v%. BQIIUCICS 26
'S, no adhesive , an ca s’i's require
and aidd £ ldpalginkess ﬂl&céd)maﬁmmetd inar dinge mjéhtioh précess. In such an

efer FI that, center portion 12 and brjstles 18 are
R rRrEEHR BSh jesmet RAKBIISH A5PEe 1y booggrpus composition

t e |
thlg)g EEFE%‘ Ie{ggvg%r dl?t% tP@n@ (ﬁh%gllog%sg} t’ﬁ% éﬁﬁrsf;/fg ggg ?e?‘{) xﬁer mix may
notré perfastls heimogéreous| Baxt dxampf; as:thss)ol}lmarsmd hb@sive m1x is injected
od| t he abrasive brush segnent conprises
mtggﬁ g‘eﬁ%ﬁlﬁfﬂéj’e% CEUHELRRY CHe sagmﬁr to pvadlyegoo!
adfdéntli tbie BPIRIBHPEAGESRar @@%a?&o F&Qein ;g% lﬁl)‘ havm a somewhat
particl e/ binder mx nmay "'not be perfect onbge eous
higher cencantpiten dsbtasepattichksrtowand tgh2asf the bm;tie is
|nJe ed .into the the narrow.bris
KL Rl? RO G b OF ROTS hyoRoha Bafblero i 25 t the
mélﬂ S Fglee)@fnp'lé‘ Bndlrissition rﬁé}NécﬁaYalﬁ‘ & ﬁﬁxﬁlp@othﬂ§ﬁiablfe PoHInk 28 and
m x having a somewhat hi‘gher concentration of abrasive
abppaiveipettistes2éwipeated ppnpiloi trisdedls. shlsecond|insertiat inge bontain

P, MR PR SELA BE B B SRge of

abf@ive plafice, Mckted pRinril el ckakdr @oRRINYITEST bidshaRemeRt RS VR also
| ocated primarily in bristles |S. A

rticl 26
ng% ﬁkgcggﬁg@ﬂths émvmgyn tohaVEityo ﬁ’%ﬂeﬁé’@ﬁaé)oé]@) Pfylﬁ@mllggtbraswe
pallel 3oyt e ARG SRMEARES W Tl ottt g SYED e, Ruaterip) andror

hardmessewhﬂé t@m&to@nné&hmﬁ mhay u&ﬂu&&gff&f&ht dasive palﬁclaé SOuring
rhthe scope, of th|S|nvent|onto have
ab?ﬂésr@r t eahgasws@@ﬁl SCaTch A g2 a8 s fstpand 'ihélll ﬁ@ abigsiye particles

nehief fot POSRISL® NP ARAUE e@%f/:ngfe' (ﬁfgxévg - bidrt \?}ﬁf]ﬁl&)ngﬁge first

certaln size, materi a ness,
Insgeonday lnm/eratﬁrstrmnhiybllemolymte 28iahfl driceswtormbmaaiive may have a

ar,t r|n r adj the abrasive particles
s¢ Qﬂr®ﬁ£ bngg % g@%ﬁ ?grst and then the abrasive
par t@&&e@%oﬂ%ﬂ@mﬁ@ﬁfclu@@ a%ﬁfdi‘&%g méaﬁs Mﬁhcﬁﬁ&tthg flexyral strength
exan;;])l%l two or nore insertionS, the first insertion
an s;t@ngt

hf afibseshrasatant . pﬁnamms dfBuitabde tvsfosammeans includes
i nsertio

fabric; non—wovennﬁ}é:e!j ing, ma% mesh, scrim, and the like, or individual fibers

compounded into moldable polymer 28 and dispersed throughout the brush segment 10.
Examples of reinforcing fibers suitable for use in the present invention include glass
fibers, metal fibers, carbon fibers, wire mesh, mineral fibers, fibers formed of heat
resistant organic materials, or fibers made from ceramic materials. Ether organic fibers
include polyvinyl alcohol fibers, nylon fibers, polyester fibers and phenolic fibers. If glass
fibers are used, the moldable polymer mixture may preferably contain a coupling agent,

such as a silane coupling agent, to improve the adhesion to the thermoplastic material.
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second, different, noldable polyner 28. Center portion

12 may include a reinforcing neans to increase the
woheosraizestrength and tensile strength of brugOT/US2004/040382

segnent 10. Exanpl es of suitable reinforcing neans

i ncl udes fabric, non-woven sheeting, mat, nesh, scrim

and the like, or individual fibers conpounded into
Theginterding prseysimey ogticnslly gPrigir asisepimpRtdo gy itsibypicals h
reegnent 10. Exanples of reinforcing fibers suitable
PIP6H tse in the present invention include glass fibers,

metal fibers, carbon fibers, wire nmesh, m neral

fibers, fibers formed of heat resistant organic

mat &HISHES | or fibers nmade from ceram ¢ materials.

Et het . . , : . ' s

! SPEREE bhield RORSu AR BPERHS RS CERPhiphing Sl ot 20
and bading &t thsr2? rameteus@d ceithieportibnlabl & qad praferredientbadinent,

may preferably contain a coupljn gent, such gs a
brigtlqsaiextcadapdiny §@@ﬁh§ opigr ?#’ﬁ?ﬂévgﬁ PEFTIGTRBS 4 and s

; [ 2 : )

A L A R e e b R
cepergpetion &3 in Bplas¢ pasllBrio gtd pdanel@ centeepattibndéh out er

edge 14 o nter. portian 12, begi.nni at root 20 and

enaihg pattepfahdshigins Snel siw oL et o ephed rotny B outer
ed QB4 RIBEEIH £o@TDRA) BESfer R tALRS rdbB o E¥EARE madHedbied.

romthe outer edge 14 of the center portion 12, and

ar e Bropeab®imayhtve aecrossrseetionabshapeindladingbiug ndtdanitedl to,

. gr ef er akfl Yf ext endaé{ rom outer edtge }14 of center .orqt.i on 4
cirquay;, §lag H3{TAMO T APUIT B1OP 00 Yahd SPF AFHHATo A AP SR 1 fgRond. o
othk? pol'yForila'i skdpRf 8baRlcRemPRiy EM06Y &ctibnstars iINBeted MVFIES. 4a through

bristl'es 18 arranged around the outer edge 14,

4dgnd Efagh, Inpng pufeeed emberimsnh bristias! 18 have e inpy-cppstamgfor variable
i.stl r . .S

oL TR R Sl o YRR £ Rt have

cofistdrt Wtolk sectibAhlonBahd lenB@rof bejside t&r noon, oval ,

rectangul ar, square, triangular, dianpnd, or other,

pol 5% 18 mapde tapsrad sugle Hist Hieyrress sedionabarpppisthy beistle

' i FLGS. r -ang
e B Ok M PN HB0E PrReo 18 W BRE o taper
alomg thaertableagth; oscandewt hoapeaddoprytivad)heengthie rodt 20hend a constant

bristle. In other enbqdi ts, bristleg,18 will have a
creg AR B0 S aE PORCLA R DHTE. | BHEER bORU e doymany
crds s&kibR s d&cHBYd fRvEaBREAL 1|58U:¥r9 stit)adted R RERTStresses as brush

sectional area of the bristle
segment 10 is rotated against a circuit board surface, as illustrated in FIG. 6. These

bending stresses are highest at the root 20 of bristles 18 (at outer edge 14). Therefore, a
tapered bristle is more able to resist bending stresses than a bristle of constant cross
sectional area. A fillet radius at the transition between root 20 of bristle 18 and outer edge
14 of center portion 12 also increases resistance to bending stresses.

Bristles 18 have an aspect ratio defined as the length of bristle 18 measured from
outer root 20 to tip 22, divided by the width of the bristle. For a tapered bristle, the width
is defined as the average width along the length for purposes of determining the aspect
ratio. For bristles 18 having a non-circular cross section shape, the width is taken as the

longest width in a given plane, such as the comer-to-corner diagonal of a square cross
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decreases in the direction away fromroot 20 towards

tip 22. Bristles 18 can have a taper along the entire
woOengton203er can have a tapered portion adj acenPCrus2004/040382

root 20 and a constant cross sectional area for the

remai nder of the bristle. Tapered bristles 18 can have

any cross section as described above. Bristles 18 are

sealignj ddeapacorasiorndivpgtiest [8ds sbleagtd, praferably el to11§0; and more

st a circuit board surface, as
p“ﬂ%%%é% ?gﬁklﬁsFlG. 6. These bendi ng stresses are

hl g MEtget siad oﬂHih@tlésOI& cadeaklebted o4 the pafichht amjltcaﬁoledglﬁrush

. Therefore, er ‘P,&H’Ptle IS nore
sesla@ntslp aﬁérbatﬂﬁhgl OQt g gi%t sHe) 1§ & abauig- °é%ﬁ%€%p1eferably
ab?t?tcb%t S%C&lno m@lre%?efef%b&) ?J %@adﬁ F'ré. ?gqea th of bristles 18 is

ansitTon b ween 'r oot rist outer
abewtde2 51t 1Y mme ptederaiplgrabowtr).1 B Slsw. The widih @f brigkisdB8aan @e the

to bendi ng stres Brist]les 18 have an aspect ratio
sange fp %\31 tligent frm 64 gigkngss %fquegfqr BOH P a 1} PBE PYefRRRd embodiment,

an%'f&l‘?ef lfﬁs%'ﬁtléﬂaéeothé b&%n@é%néihbfékg eﬁlt@ﬁﬁaflbﬁ%/vﬂlﬁhgsd% ofh Bglsh 100

bri st or atapere rist t he hiis I ne

comprising agphenahys fibingshiseginemty 19 eyl lervg diffdrent dmemissssueh as
r.atio. havi

SRR A0t GESOSAEE TR Sipabel of el RIS SRR 100

i11@%ratddgn PO 9L 88u1defbldy arclf ReflivHedh RbARRs 1DURRiIRI RNt bristles.
comer-to-corner diagonal of a square crosssection. The

as pelte deasityarsf artngemem o bgsiles 1§tcahé>a$ho®n fpr tchfeewaaiw;ar

bout 5 00 bI to.2
spBiaopt bt risnd $0 a5k BnBh IR Actord SR i dpBkation tifstes 13
arRRbicadbi &R df privtaisdircaRPoBIMs, 10 and brush 100 The

| engt h of brlstles 18 is about 0.2 to 50 cm

pr ef Bieabityridplsngthoarsl qopfiggragign ofthe biistles are éh@eabp yhat bristles 18

o RS S A Bl o e i
preférablyl Giphisls ol Berkitip f1dedshe deg@ae wathoor daghidgh @F eulistanti®Permanent

the thickness of center portion 12. In one preferred
detoipmatipmioihe bestiesof the bristles 18 have the same

di mgpg; gﬂ)@scible% ?’&'ﬁi% © tyce{)%fstbr s Stibiesh 1tQ5‘li 8{1‘Hc,scnrel 3Qr example

conprising a plura ush seg may h
it idipbfsitsle d pldcaeresnforving Sharlor a&arednftlﬂeehnmle rhadgavises, and inject

wi.dths or c sss t|o | areas. Qr
moéggé%wmfb S PO freqeRipremEIES: lewafaengkw agnst?e 18 havinga
1elﬁﬂiré§ﬁ§W1rehfrl—fﬁ)Qr SROEERRY Svidih having different bristles.

density and arrangenent of bristles 18 can be
chosen for the particul ar application of brush segnent

10 SRl B VA TR PR, 12
cel®@PPpSiBion 12 has an outer diameter at edge 14 of approximately 12.7 cm, an inner
diameter at edge 16 of approximately 8.6 cm, and a thickness of approximately 1.37 mm,
with 10 bristles/cm 18 extending radially outward from edge 14 in the plane of the center
portion 12. Each bristle 18 is approximately 1.27 cm long and tapers from approximately
1.0 mm thick at root 20 to approximately 0.6 mm thick at tip 22, with a preferred cross-
section generally as illustrated in FIG. 5. Bristle 18 may have a taper of approximately 2°

from root 20 to tip 22.
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The material, length, and configuration of the
bristles are chosen so that bristles 18 are
weubdsiogzsnt |y flexible to aid in refining prinPed/usS2004/040382
circuit boards. The bristles 18 are preferably capable
of bending at |east 1 degree w thout damage or
substantial permanent deformation to the bristles. It
i s Posprdfbmed cropesactional sonfigurgiansior bystiel Suistat{rapgzoid, having a

. Sui,t ab S t.ur For g he, et [ o
wid] L 20E Sl RS iletf’& 2 FERIP 1 of aboled BB 53 gt nd an angle
o oF alditiseRgr20dThokiaE haviRg drRhertaokMiencRRleafAuRed téifers, defined

reinforcing wire. This will result in a bristle 18

by haadiveg'raof giout 6:06itm@. Idimm. See.fliloep. Sudlethdasediutsl porners are
I n 1oge g{efer{ etd .en‘{) di nent of the brush segnent
typiceily §pe 1 wanACEIRE!

. 2% he cent er portion 12 has an
out @holeapRiiehilaPémBsHMeA (WrisBO P8 B¥S ABhelhy fibd r6oCT0 toip 22 of
i nner diameter at edge 16 of approximately 8.6 cm an
12.3 cohwish a@sdegote tagrsr andi araesstogctionzy wigth "wi" o 069 mm, a height "h" of

ristles/cml xt endi ng r.adi al.l v..ouf wa om edge 14
0.6f ariag SR koL SerERscunta sy s 5 BEl R Bt e 18
is approximately 1.27 cmlong and tapers from
approximately 1.0 mmthick at root 20 to approximately
0. 6 AftachrhérdMeanst i p 22, with a preferred crosssection
genegrally as iJlustrated in FIG .5, Brist]e 18.na
e Bty shg@En 10 SR el Bed Mooy pmpL SbleGut T severa
brudR sénEentd RbEthEed 6P 8 S Gkdcaibdy, o @6 dt@uhiak iof# of Mbre brush
bristle 18 is a trapezoid, having a Lvidth "w'

" of
segatsoti | (tozssupport negngyuch 4s panl RE shaft: A illapisated m EIS. d ocenter
.. 2 . an n . r i )
g TR P B RS, 50 R I Bl
cord @f b RR4ft.bIn 4 dlRdiatsdésigh, Ofusaitedin PI@S, tentér. skBtion 2 iSekdes

FIG 5. Such radiused outer carners ? e typically due
mouptipgeriaEss ey %fgewtmgelp%}ﬂewd%ﬁ%t tRdy C[)%ﬁgme&‘@l 19together on shaft

' i rAate B Rditbh AP REH. Al &x@mpl
11‘??%8%&%% ttti@{n}a{:t rsr? %@%@@gﬁeeg% eféﬂ?z;lpelr PHand a e,
brush esgnar d Oicould| inclirdd hmbuiitirgf rodt Gehfigoredao kegagetwitthd  of

0. 64 nm an | e of 5 degrees, and an internal
copplgmgatary Oorgi‘qg%ﬁ?dl% 1ﬁﬁli‘af5bf]%)achrrent Means Brush segnent

10 preferably includes an attachnment system for

j oi ning several brush segnents together to forma

br uMoldsideRblymeror for attaching one or nore brush
Zggﬁclﬂag I% 89 ole?ﬁlsagqor%%%wnpggﬁfag?y glb orag%ni‘%:l bliqﬂj(}%r Pnrate%%?{htat is

capable of being molded, i.e., it is capable of deforming under heat to form a desired

shape. Moldable polymer 28 may be a thermosetting polymer, a thermoplastic polymer, a

thermoplastic elastomer, or combinations thereof.

Thermosetting Polymers

The brush segment according to the present invention may be made from a
thermosetting polymer. Organic material is placed into the mold, typically in a liquid or
flowing state. Next, the brush segment is usually heated to cause this organic binder to

crosslink and form a thermosetting polymer. Various catalysts may be used to facilitate
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section 12 has inner edge 16 configured with keyways
19 to engage with channels in a core or a shaft. In an
wabhowsronzaise design, illustrated in FIG 3, centeCT/US2004/040382
section 12 includes nounting apertures for accepting
| ocking rods 112, to hold segnents 10 together on
shaft 110. Alternate attachnment systens coul d
thegdresstinking pyocesseadBramplaapf %a'aléél&eﬂnpéwl@&aﬁlm@rs ipelydpstyrene

10 I d
o BRI o0 SRR AT Ty MR ok S BRBIRE o7
110. Mol dabl e PoI ymer Mol dabl e poI ymer material 28 is

preferabl an_organic binder naterial that is capable
Béﬁﬁgﬂﬁﬁmééﬂﬁﬂﬂﬂé , it is capable of deforning
undﬁfgle BERh stEmbATR A afRI0 ngeg?émpﬁwexl}@i ABY 6o BRLY B a

ernosett i°ng ymer plastrc
thembylaﬁrc, poa‘tyrhhe rineid st b a éleanbdplasic, pObemeIO thei orgariiobmder is

th f tt Pol b h t
U S e N AR T i KL TS
tlléﬂﬁ%l%ﬁ?&l{/rﬂ& ﬁ’c% g‘?ﬁto ¥ 'ﬂie‘% omeerﬁbfél' t0 FSrmPbRASE Yednén® 10.

the no y

, pi cal inaliquid or flowing state.
Thhléxrtsh seg'reertb ns.ﬂshhn segjaw fit sqllshfuduealﬂlblynd}émtledbmdw cBxmaples of

thi d
suifabis e EeTig PoBIgAre oGl Po et uf e R e lyidg opusster
polyRy Iyﬁﬁiblﬁotl ﬁfbﬁ@ p%[}%%%éﬁé‘Fbl@gutB}fe% e 5Asni i HRIdRhe A yrene

suitfable t rnDsettlng pol yirer§ i ncl ude styrene
bldsitcapiblpmer, rpubtpmpylml wtaéphlem@rs pobardtinesl nodteyddes, and
asti.c . .Po s T
cofBthtons ell drasheh Prec R BeRoR B PP Beraas ers hdiae o
hidh/ R8NiAg tdQIcrRedhti ool Abat FBdistarlcB phdiRriéase of a
t her nopl astic polyner the organic binder is heated

above its nelting point which causes the polyner to

fl O\ther-lgrfl]é% i ]asttémlﬂ@ t he thernopl astic pol yner

fl mrng—ﬁ%%o—iﬁe—cavrt ies of the nold to form brush
segneBémd thstahbes, itris plefaagriimtmaildatle pﬁ]yﬁm@ |28 Gis i thermoplastic
solidify the thernopl astic binder

clagiomea BT icludey #risraep ReIdnsyeasrs ThﬁEP‘?}déSUﬁcﬂl%ﬁ&‘ﬁP%% (4t"d PEs")

areod)e{ﬁﬁ@a Bl feme%d iR OJFMS‘FH E»!asthEiaXf‘c‘M&‘é %@omB%l%ﬁéfjvé R&Hew",
ystyrene, pol ybut

edﬂmw NiR. ﬂjegg@{hd{cﬂdeleami-HIE/ rSehepelden Elansay Poblisters, New York,
19R e TS S b B 5P Q10w Og it incorporated by
refRfeREEREEH). t PRITRBIARELE EastBRLMTRS SscdthRrdh)oRe chRYAIRGh& reaction
product of a low equivalent weight polyfunctional monomer and a high equivalent weight
polyfunctional monomer, wherein the low equivalent weight polyfunctional monomer has
a functionality of at most about 2 and equivalent weight of at most about 300 and is
capable on polymerization of forming a hard segment (and, in conjunction with other hard
segments, crystalline hard regions or domains) and the high equivalent weight
polyfunctional monomer has a functionality of at least about 2 and an equivalent weight of
at least about 350 and is capable on polymerization of producing soft, flexible chains
connecting the hard regions or domains.

"Thermoplastic elastomers" differ from "thermoplastics" and "elastomers" (a

generic term for substances emulating natural rubber in that they stretch under tension,
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hi gh nelting tenperature and good heat resistance
properties. Thernoplastic Elastonmers In sone

wonewsanzss, it is preferred that nol dabl e pol yRrer/u2800u4840382
a thernoplastic elastonmer or includes a thernDpIastic
el ast oner . Thernnplastic el astoners (or "TPEs") are
defined and reviewed in "Thernopl astic El astoners, A

ha&@rbrrgéﬁ@wslrz vierralyiretvct ranidly candspbstamtial ly seepyer teirqyigina
dlrtl I'éS]lOélrS} i a‘hgiﬁ‘% g):lears]h% gﬁgtﬁ)g{erf Hg%ﬂ ﬁ’%ﬁ%é ’ali) e"an elft’mg]T%l%Berature

of etk dfgichs Oformhai ol dg@nédig @ﬂieﬂDWHlt:B dabye pretessedbg thermoplastic
her ei nz Ther nopl astic el astonmers &as used, her ein) are
techrapaiuniike plastprgtst. sHAh Bt BERFEON S1OIGNERKIEEAN Rip R Tholding, and

the%eg héttubgé;q% tuc%gilhg P %ﬂg ﬂﬁ%egﬁ{%tl@n bt 1%?%91?(}"%6\/@9 e%mns resulting

unc mer er el

in e Gitarail hm\tmg\ellagbtneno pydpertidsj whizh dnmmmbcmasitlathermoplastlcs
functionality of at nost about equi val ent, wei g

ThepmeRlasys 2SS CToking e MeceeapRBItg Wndapwg of £1%mneﬁlastw

mag%rhagér)&/ﬁg;t‘% ﬁn&?cfn% GHTRRhd f’rflﬁp bﬁ‘t&gﬂﬁi AL RRAalhEosetting

segnent crysta regi ons or
rulsheraiwieh iatidirtrioa- rholgetn saje), vad ehichveee déscripal yftheettiae mnlomenc
nonoggr has a functionalit qf at | east aﬂ ut 2 an
segRented: 08 REEMeR gHpnperg thepnrlastis flastopsgs. o he jegmen jezsions

inGEP A RER Ak SRichlasBIPALE fagmsc%rtamﬁé l%iﬂi labﬁlaﬁﬁ%ﬂmtea
connecting the hard regions or domains. " Ther nmopl astic

to@tlmtbgﬁmfé lookgf flexiblepoiymiarieerhems! Bt liewd domaisk has a melting or
el as rs" (a ner or subst ances emy | ati.n
dispSroR Rl Famsat e P Fe g (PR o B P R Eheins.
TRrhbbkstic@NStoners hre Fhdhdt des@ibea st UriPatNo. 5a1d, 595 (P1hl et al.), the
substantially recover their original dlnen3|ons)
entiteadiscldraranfpiich isonedrperateddiceein fp oviecienes: i ng above the
el té ggmgr%rgl)lﬁea]@%ﬁjﬁe en}lgﬁ %f%re(flas'fo%gér? H%hgle%géﬂqalted polyester

hoan eous € processe

thdrRRpIBYN éladtbers e@e@ﬂieqwaqao(;uméthkre tﬁérm‘dpmc s])astoﬁm&h s@gsnented
i njection nDIdln? extrusi and t
ag

poi}famﬂ,-de hepaistia clasaas @lqnéaegthﬁga?ma%h@ eéaégqnggg@mbwegpoplasm
pogﬁlg aaﬂg lﬁl%iﬁenc‘?gérﬂfaglarsﬁcaﬁlagthﬁgo' n a material having

Pomeri ¢ properti es not occur with
t her'Sepheasttd tlﬁnn&f;hemmmnerb aluaed ivreinsredarsin the stibrelass of

hq%]l%&%gtzqs gel)i,!,nlpt t\é]ng]’f etﬁl:?pg; pcﬁ{gp}alg?{pé !%r%zlgﬁjreactlon product of a
hl@'{] &{iﬁ?\ratlén%ve ht ng@l?ﬁﬁx@ﬁb&ﬂ <’i&lnontohf‘e? RS £idw 9@11%15}9%&% gwhen

heir non- en state) d which are described in
potyrfmcmonalavsonomwnSegments@ gwenolddstlcmiassng@m ateguteferably the

cog qngfiﬁeg{plsr%acttljg)g r];)rrTcPchcffjl a l%gF eaﬁltvglrergtr\ic'/elght polfi%gé{e onaFmonomer having

an average functionality of at least 2 and an equivalent weight of at least about 350, and a
low equivalent weight polyfunctional monomer having an average functionality of at least
about 2 and an equivalent weight of less than about 300. The high equivalent weight
polyfunctional monomer is capable on polymerization of forming a soft segment, and the
low equivalent weight polyfunctional monomer is capable on polymerization of forming a
hard segment. Segmented thermoplastic elastomers useful in the present invention include

polyester TPEs, polyurethane TPEs, and polyamide TPEs, and silicone

10
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i nclude "hard segnents" which associate to form

crystalline hard donmai ns connected together by "soft"
woOamg/072d3exi bl e pol ynmeric chains. The hard donBCwusa®4/a40382

mel ting or disassociation tenperature above the

melting tenperature of the soft polyneric chains.

Thernopl astic el astoners, are further described in U S.
elaptgmer/Rplyimidg djockggpelmeric dPEg W)th thelewandihigh equivalent weight

ro PG Rt A0 SR MBS B P 1o

el adthe megmentatTBEep&&gmmmmducmjlchemteatendhe’f op nadedutar weight
el ast oner s, seg nt ed oI ureth t her nopl asti c
(typically bawing an sy ?ﬂt&ﬁlﬁﬁ ?vﬁé EPRBIS haging about 2 to §

actﬁlempdé%ﬁsfun&lloﬁﬁlﬁg 2 Weﬁ %%%%' if 16l POt QA 'Pﬁrtﬁ'[lﬁrly preferred

astic pol yners, i'ononeric thernopla
exahpist mohids cthybng nemied amh daﬁrhlmrmdtql c el astoner”

used _herein, refers t he spyb-cl ass of Ias
o SO IBRBIREC prERP RS aLOReRn P IBieJh8 SO Gl #Tﬁg@qni@tw
ela%tg yg—é BRePbR e pcﬂifmérsr(icﬂllam%?é’}' YSH B Bd b lastic elastomers are

unctional nononer and a I'ow equi val ent wei ght
comppbseflod ¢wod onaloravideroite polyBeayivaahaimd boed twgpthesatiagplurality of

PoRHGRISLIOBE Gk G DsHnil a0 BHCTp Oy TIREID GHRAT by co-

poRRREPR o'V RHctRshaBYERS REforh&NGHh SN lekihit lﬁlfsatﬁltatéderﬁ§ﬁonger or
and an equival ent wei ght of at |east about 350, and

dlrb@\m@cq@mma@nn ofe pgflﬁvm;ﬁdl pplymer iGaneaxyinbirstienalizad i |1m@mms are

oo Tauist GorgRPeitioB e ol B hisTReils Sefiofapenc, styrene
an&ﬁﬁiﬂéﬁh@-ﬂion‘bﬁie@ﬁ‘ﬁy Ped-paldivatéd- pﬁl?heﬂiﬁﬁtwﬂ? ITHeSesidabéobiner is
merization of formng a soft ment, and the | ow

gew%ﬁ/m‘{aelﬁble\ﬂét@rﬁeeﬁéwmm GaphgIneHE fto the degrsgisieirashwith
me?eﬁl g&ﬁ%&?d@@t rh&gl etaEe%r gﬂ(f@mﬁaﬁbs%lﬁtg %qgg’%@tof 1&?&1{;@%§9ry and

astic el astohers use resen
paﬂeﬂmempﬂoometlhmwg@ ¢oal. ygsLat-2¥PEs, pol yur et hane TPEs,
and E_ol yam de TPEs, and si]li congﬁl ast gmer/ poI i mde
bl ocRbeEHRIsHe PPYIEREST IR 't 45 YSRE hPSH, ?FdaWPth miting definition

thaRdH gé{e?ﬂtdef?ﬁ'tlgmwﬂ% ¥ %Gﬁﬁleﬁél%n&?&%‘ﬁ& %n@ﬁb@ﬁhﬁ&h application

appropriately to produce the respective TPE
of pmgsmmamxﬂhéﬁPEsit piledEeaideybe maliagd ehdt dP&is meek therpdeersl definition of

R R, R R T

to Q@ﬁ‘ﬂoi/ees YidHcQ8 82 cfeﬁﬁﬁfo'nQﬂa{HehMQplﬁﬁQ” WY tRE p%@sé@ Q@\ﬂﬂs ifvention.
the TPE art. Particularly preferred exanpl és include

"Thermpptastc disarstdberaimgdmeans- hmetgriebivhbich flowsmpae pplication of
pre{stﬁg{e %@ }1%33; l%ug wﬂi&xs&o%gggts ;;osgeesfs A eridic prép%?‘uecs otan ePastomer when
below its melting temperature.

Blends of TPE and TP materials are also within the invention, allowing even
greater flexibility in tailoring mechanical properties of the abrasive filaments of the
invention.

Commercially available and preferred segmented polyester PTEs for the present
invention include those known under the trade designations "HYTREL 4056", "HYTREL
5526", "HYTREL 5556", "HYTREL 6356", "HYTREL 7246", and "HYTREL 8238"
available from E.I. DuPont de Nemours and Company, Inc., Wilmington, Del., with the

11



10

15

25

30

el astoners based on ionic polynmers (iononers).

I ononeric thernoplastic elastoners are conposed of two
wonroesmz36 | exi bl e pol ymeric chai ns bound t oget ReT/US200a/040382

plurality of positions by ionic associations or

clusters. The iononers are typically prepared by

copol yneri zation of a functionalized nononer

th
mast prefgired 1gﬁl§é}@1{gr}§YEBEh§ﬁ%@éﬂY TBELfi556cqnd HY TREL 6356 A similar
fupltf BR8P R A BRI FLEX (Hoechs
Ceﬁhrfe@&@o@@rmhy ngtill Aatheonsei]l patyeyicr TPEE afmhb@dmmkwinmnder the

acid with eth ene, rene d si nomers b
trafl designagiops| Eée(’a rﬁweﬁ(?f%fl? @H?mfﬂ%Enggm InggKingsport, Te
"L%@@Py MBS m! FerSi %‘ie%ltljicyc ﬂyaﬁltf%géﬁl MSs [ ¥ SeNER O Iﬁom DSM

i C o't he t

can be neutrali ze egfee desired Vi
Engateated abtioxiadd SBEXHCGY " fromtlat Bent. dincthei wsefid polyabtesTPEs

e i ew of {ononegy s.is ided in
ing! O&avaﬂabqe aforLQ@@%im%ﬁE mpﬁ%%v?eef 1@31\1%%% Extey), Pa.
" TP Cﬁ%‘l@ﬁ?gl BiHle sé'gﬁfen?edwvﬁalﬂlﬂmEg Shdidel tﬂb§e' K¥9wn under
t ha e genéral definition a materia
thennadehlesighateors"PHRAX] ant"RIDSAN ppith ewtilable fodm wrteshfm Ic., Glen
I«ﬁ@gw eat." It wll of course be realized that TPEs
the general definition of TP, since TPEs w ||

al S(Ccflhﬁ@fc‘l’d?%v@ﬂﬁﬁlé sl A dol Rirenatl EPBNHch@8thost knd®n under
t hus necessary t be nmore specific in the definition

thebtfradetdﬁewn@tpmas‘iSMNE'b ravalieélqoﬁimp&é% Gyfodriph,$Clevelanst Obip. Other

" t | which
seqrpaed Bl esfes BRpHE s RARLun R Rt Shafinsi o
"PHDEE THANIEQ S5 SB GHA ST aﬁéﬂl@h@ﬂmﬁf&)hﬁﬁg 0bmpBny, Midland, Mich.,
el ast omer when below its mel ti ng nﬁerature Bl ends

ang thopplneie wirgter thg Eadeadesi oaateonall\é@’ﬂw fram; Mertpi (aamiaghDivision,
MELEHPRIPHE MSRLE bl SENRALL Il Bl M Ao
hdnﬂB%ﬁEHDﬁpoﬁhﬂﬂEfCialIy avai | abl e and preferred

segment ed, pol %/est er PTEs far the present_invention
i ncl Redamerifowategiglswincidingr T ife aneaygidatie with yatipehysical

pro ég%r f‘f’lg%al cux‘zé}é%a?s%% [eblF 5%3-'1 é)%?égal’p[rcggﬂég%clude

35 "HYTREL 7 and REL 82 avai
mdHihg p@nPdimbmdg pilantardnessn d)u@bmma,rtmttlémss, anf\tHentikeg tFon prush

SRR, 5Bl I DR T5om AL 8 A PR Folhitye Bardhess, reported

as B‘Slh}éFeSD RhrdhB&S s a'i léb.h’taelbbﬁlbé FardNfehotdBatl B HEIA rT?ependmg on the
"Rl TEFLEX" (Hoec st Cel anese Corporation). Still

paftignian epnsiietion oforustessigmentTHES paeferred vange Kordhmhardudess is about 70

to %9 %hore D. Shore D is sometimes referred to as durometer.

Abrasive Particles

Abrasive particles 26 in brush segment 10 are silicon carbide abrasive particles
typically have a particle size of about 1 to 1000 micrometers, preferably between 50 and
500 micrometers. The average particle size is typically measured by the longest
dimension. As used herein, the term abrasive particle also encompasses single abrasive
particles that are bonded together to form an abrasive agglomerate. The silicon carbide

particles are preferably present in the bristle at a weight percent (per total weight of

12



10

15

20

30

trade designations "ECDEL" from Eastnman Cheni ca
Products, Inc., Kingsport, Term, "LOVOD', from
waemsriatoskl ectric Conpany, Pittsfield, Mass., PARNSIHHL/40382
from DSM Engi neered Pl astics; and "BEXLOY" from Du
Pont. Further useful polyester TPEs include those
avai | abl e as "LUBRI COMW" from LNP. Engi neeri ng
mofiladbde ptdxmemddﬁgama abugsivABRIGIckes) §f aboRl mt@us 8¢ wsighepercent,

R BT RO RS VPR P R e S fpotude oo
or AloBEH1£4¥ IfRilicon ChididRdedsivepadticlésommer ci al | y avai | abl e

segnent ed pol yur et hane TP%&NI ncl ude those known under
t he Bridhcesment Yhaey sieludegraiienal tRegiof aBragiveparrotss i addition to

mh@&?%rbﬁl% Tgefeva%fdﬁquxae five %ﬁ@lés ﬁlﬁggg %ﬁuc Qr 1n(()jr anic.

urethanes 1 nc ose nown u
Exdmples bﬁkultablie 1n5&%hhiE'5bh9d‘dE)e,paﬂw¢bs ThSORL AT ind sratuihanDeside,
Cor ni_ng and those, known. under

(suchas ﬁ%ss%l élqué%HUE ﬁameoheat %?t% gfﬁsd APRATROR d5n CERBIA wninum

LV
Bh llle%{ ﬁ‘ ted(\j/glglfnglnﬂla{%— :8'(\)%‘%? é‘ﬁ%‘%‘ﬂrﬁ dlLbAoﬁlrﬂg ﬁl@%ﬁ%ﬁéﬁeﬂﬁ $8f8Hd, boron

caxﬁﬁie_poaraﬂ; alominiRn Is;m:etes cubitterorahiside, painet sthiga, FRESomdIimtions
the?%lq};h’?ek%l%?cﬁ%lts%hg ngéﬁg O%E%SI CE@ g:Fos g{é%iagfﬁ&q%g%rlglally pretreated

by FxBREEIIE @ohﬂﬁh&' AonARLh A8 POLR Wasfﬂn &l Mﬁls@b&?o Mmerals Corp.
har dness, toughness, brittl eness, the lik Fo

Prdfemlshcewgweahmmnmm @odmlmange partlclhemgheisémseldnscé’rbted omU.S. Pat.

Nogiity B4 B FARnce: S8 8he) TR sl A6 5 3y s0s: ana

5, e &4 adpe UbntBkts oPRIP8NIhIG a8dink oﬂﬁ’éd lhe#&ih@y reference. Other
construction of brush segnment referred range

exfroples pepart¢lanesséulifer téitfdut/errmnmhgb @Ed 2daspsplstiess bolltw glass
spl%ggse Eéﬂ%iﬁh daf I%oei{a ég %@1&%% bq%lg ll%ates l'irﬁﬁ‘fu%?trf gﬁtalteé Sﬁ&; mullite.

I've par brus are

car lprgsniabbrasivy pardialet saikddte foy psecsilutcm dagbide abipaiv e parkieles within
size of about 1 to 1000 m croneters, preferably

brys@saepentdl asgerebueblirifemsddiom a thermaplastis %@élnﬁ%mq/ %
the}?%getfngg %M?ﬁglal b aﬂﬁ%ﬁsﬁgg}aﬁlcﬁ&%ah LY eddﬁ‘@ Iaﬂlém'roplastlc

Fe term abrasi ve part
magertad mgcsqm}&arb@hetea;bmmhmnmmmdl}adsm pdiﬁstmylrcfhldmied ed

m t]%%%}lgg,rmtet y{metmcr}l;]lat%brgo ?fétﬁ}%er?eg %o yrsrl?lrfc?l{eepol-glgt(}efresnle acr)(fiomtrlle-
butadiene-styrene block copolymer, polypropylene, acetal polymers, polyurethanes,
polyamide, and combinations thereof. In general, preferred thermoplastic polymers of the
invention are those having a high melting temperature, e.g. greater than 200 °C, more
preferably greater than 300 °C; or, have good heat resistance properties. The organic
abrasive particle may be a mixture of a thermoplastic polymer and a thermosetting
polymer. The organic abrasive particles should have a higher melting or softening point
that the polymeric matrix, so that the organic particles are not substantially affected by the
manufacturing process. The organic particle should be capable of maintaining a generally
particulate state during brush segment processing, and therefore should be selected so as

not to substantially melt or soften during the manufacturing process.
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particles are preferably present in the bristle at a

wei ght percent (per total weight ofnol dable pol yner
wanwsmryani ¢ abrasive particles) of about 5 torPabmwszood040382

wei ght percent, nore preferably about 20 to about 45

wei ght percent. Brush segnent 10 may include two or

nore sizes of silicon carhide abrasive particles.

)i de |, :
Br udhprtegied prsande shigsiynipdriicle 1seietal anhimold ¢laanipg plastic blast
C s o ! e addid i : o L d
el B3l Pnllfi A O b e oh MaRB RS Bl Bouth Bend,
Ind. Jevaiiabiée evithExangikatc obatimyg) hulprefeiabyrpsmeaied alhaS$ME' media is a
articles_ include alumna or al.um num OXipgquﬁ (such as

99Yumelamae fRyRudeRide Fendeisale. 30 WP NTIHORT Pt num

OXi ; : &

ot 00 A e WA o g L e nape o
calbbe regalarlyiod eandoarly shapad.uBkauptes pf suchitlese dondnisonbbshapes
. nitride, garnet, silica, and gg}n‘}zl nabi ons thereo the 1i
m IPFABIS RS L FANRRSPRSIPH BLO Ry i itfe PP g RS, and the like.
BB i CORTR et sl By e s
sedtlonalrshhse Ooh ps aBiaafiend; ewss; eirelei wlanglenieptangloxiquere, oval, octagon,

brasive particles include ghose described in U. S

peiapch kB, potsecionnd e HES SRRETA0555E pyBPics pdsmihads of
makireShefSdre t4hgBbth B83PaONGd. slod0s36; 3Nd521165284877;tahe

contents of all of which are incorporated herein bé
5,378f680 cthe eontemth of alkkphwpichgromcpmerated kaseindefraferdnse. Bhapsd
A P R 07 B FRES P Bcp b U Rachings of
theSU1S. Pai 8%, 5300075 UPrdcidelyStapte Padialbs abd Mdtigod ¥ gakihg Same"
~abrasive particles suitable for use silicon carbide
(Halmesst ¢lo), phichiie incerporated hergindyHefsegnt 10 are

prefer f qr . . . +.6:pol r LOF

B e 3Bk TP bR HEIRPh AP b SR o AT
suifaoe) haybe tirewdd fwitnecaplihg agenp tashhanceatlessical tosudior dispersibility
in v :p)éf}%%eglf)cnq%étfeih aﬁ%ﬁ ?égl%agi,%re :pgllft)‘% S ﬁge? 1%1%2?%}1?1%@ égp 8|e %Xilfcr)]r)rllllly dispersed
in BRI Fé dn€ 06, %LRQ'uéﬁH}nfl ﬁﬁgersﬁﬂlrﬂﬂ b€ more consistent abrasion

acrylonitril'ebutadl ene- Styrene "bl ock copol yner,
chpettypstepy| ene, acetal pol yners, pol yurethanes,

pol yam de, and conbi nations thereof. In general,

preferred thernoplastic polynmers of the invention are

t hosgphayitng a high nelting tenperature, e.g. greater

than 200 0C, nore preferably greater than 300 C or,

hav&ogBoB dpphications, 1Stsamferrpc{ theempldable pphanesrZ§antlyde a silicone

ARSI TSl TG PouRal AR i o
theABHsHS Ic¥BtaBdidl the REuiSPSHAl SurlfR¥ e TRiste@RRE tH¥RIchi fheftited when
ref?n?rflé :i?dl 1‘régucpe(s) Itl?ef presence of "smear". Excessive heat may cause the brush
segment to leave residue or smear on the circuit board or to otherwise harm the circuit
board.

An example of a preferred silicone material, described in U.S. Pat. No. 5,849,052,
entitled "Abrasive Article having a Bond System Comprising a Polysiloxane" (Barber), the
description of the silicone material being incorporated herein by reference, is a high

molecular weight polysiloxane. Another preferred polysiloxane is a polydimethylsiloxane.

14



10

15

30

that the polyneric matrix, so that the organic

particles are not substantially affected by the
waoamsfoaai3er i ng process. The organic particl e shouiud2de/040382

capable of maintaining a generally particulate state

during brush segnent processing, and therefore should

be selected so as not to substantially nelt or soften
POkYaiﬂCimge& are amiablcinmanyrigieationss.£- Sr dsthe pampetylitficf or as a

cofitafferEafibl & Fubldths oA (LB FARE o B Afpdinded

1ncidd@'ﬁolﬁ%d)py$é1@spolbaﬁylenﬁmlﬁtﬁamd pollyaldldes,aptﬂydcatall ecivléditrile-
an antistatic coatin but preferably untreated. The

butaignc-iyene (ABS), DIRORIESERPHEOMSE, 7 Ay ar&aﬂlal@}%@ﬁlév

avaéfﬁP%mSnl?co'hQ LIRS HRTRE & avdi ﬁ%l@%ﬁﬁéﬁéﬁll@a&@t M:}iﬁ)sé)lO" from
el ther inorganic or organic, can have any precis

Dosh@p@iny Ceiparye 'pr[(fagyj cmrm;lemrallyamddﬂbﬂqccshannﬁades may contain a
Exanpl es of such three di nS| nal es incl udes:
¥

polygiloang at a wyighhprapat ragigsiro dp ég %’@k?ﬂy percent is

i
acd%g raggﬁ@g pu ?%S%Fgﬂsé %gﬁlt o@la:s ztfr%aa% tH«IEJiéé r|e<g1 ?%aér?]{tj gﬁlgélgt in the final
pr adluotS&nSbembhleVm ISLhm'mems pndfelablya:ad ba mmasdnt in tlosmpldable polymer 28

. circle, trian tang r al
L W T LT W e
coﬂ@ﬁtf‘sa'nﬁ %reﬁ@traf)lyclll QR 'am%ﬂgt iﬁ%hgg g?l?%, Hﬁifdn%% rﬁ&%'@r 135 ghay be used
as 5¢sme4 477 Cand 5 372 626 the comtents of all of which

are incorporated herein by reference. Shaped

t hernosetting organic abrasive particles can be nade

in @@ggﬁggnce with the teachings of the U S. Pat. No.

, B , "Precisely Shaped Particles and Met hod of

Bk wdsdmolymenp messeread 2§ may, fukhérdnelide ontiosrbasidatives, such as,

for egf[aﬁllpgel gﬁer(s Z{ngfu%r}l n-ﬁl'he %Hg’)f %eg%fa%gétggc QEJ 1?'32 EXt?%XMants

pr(ﬁz%sﬁri:g?:ﬁ)ls Ry stﬁ&li&éx@ﬁﬂzﬁde witdrbartq Ubhricagtspgeting agénts surfactants,
enhance adhesjon to and/or dispersibility in

PigmANSTEY 5 CoRIling RECTthP st ESTS AN AR andingsiesps. ﬁ 8? amounts of
thegs_gmék)elrjnt%g 498 ctéﬁ%o&ﬂBﬁhX e ﬁ@[ﬁé,arﬁgsddésﬂecp rush segment

a uniformdispersi y provide nore
consi stent abr aS| on characteristics. Lubricant For PCB
appl i cations, is preferred that nol dabl e pol yner 28

|ncﬁﬁﬂé—ﬁiéﬂﬁLcone | ubri cant ni xed therein. The

Pr €X£8185H10 ol?ﬂei’i@ Eﬂa@éi’fhtl 28 TaRQhTBE o ERPIBEUEET td Hﬁ‘prove the bond

friction o bristle contacting the circuit board
betsweeh doehinddriand thedlbeassyet faetidiesatExgorpdesaifedchwémaipling agents suitable
for this invention include organo silanes, zircoaluminates and titanates. Preferred silane
coupling agents, typically amine functional such as gamma-aminopropyltriethoxysilane,
are commercially available as A-1100, or 1102 from Union Carbide Corporation, New
York, N.Y. Abrasive particles 26 may be pretreated with a coupling agent prior to being
mixed with moldable polymer 28. Alternatively, the coupling agent may be added directly

to moldable polymer 28.

Fillers
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refining and reduces the presence of "snear"

Excessi ve heat nmay cause the brush segnent to | eave
woesistaz3er smear on the circuit board or to oPOEBMUSR®E/040382

harmthe circuit board. An exanple of a preferred

silicone material, described in US. Pat. No.

5, 849, 052; entltled "Abrasive Article having a nd

sy s t\eidaapelysieng matpinl y§imaydasiude p Bilen eE’}aleF’FeOf uscful fillers

t I e

1nccl|1%§ orglétgfr %at%]%ﬁ;es (Qlﬁh%g chl‘aﬂ ecrsegﬁ{):rgarté fclhaﬁ% %:ﬂ«giﬁe mallrlé E:ra ertme
maﬁblle@hﬂ lip®kypat), oxlainen mAgt&tshm cpbedss, rsedhupoctay&_bﬂawg amg_nemm

cambghgiel I B of BYa SRS i RO RRp G Sots ) Bcates
(su%ﬁ §teﬁ€ B%Fg @Bﬁnorﬁf&%[)fgj FidPhar, 121 €a,RAlY LPH gﬁlcht@t QIAHCh

xane can oun i nc
mqmaxhlyqata; pqdlema,lummbylhtzity,l sedm;m pbitats), yretal eyl fged Qsaa:h aescium
ol yacetal ,  acr i | eQut adi ene-, st ene
sullg YPyRegiuEt sudfals f B sulfpe, Bmigpine ppoiing % %Sﬁ&te)
gygs\{.fi\‘l 'v%ﬂjm%u ifal Hb6@ ﬂsmmaﬁh{lh@rﬁ tﬁP{Jd%éle éa?b&h%!aél@%e@al omdes (such
nmrer ci al y as 010" from Dow Com ng Conpany

as ¢3lpinomdtige (lnmimdumualm yxmiv,atnthmbimdlomdc)a abd aieed smﬁﬁyes (such as
cont ai pol ysi | oxane at a wei ght percent ranging
°3¥Pﬁﬁ§%g€§o 50; however, any weight percent is
acceptabl e for purposes of the invention as |ong as
the desired weight percent in the final product can be
ach&hnﬂhmaéuhricants preferably can be present in the
nDI Ie oI 8 I n unts of at .least 2 w -% and
> Eoh S ZoprLoBRt b Ragr SheuEAlefstl G dn” o
gn‘ﬁ@ g s, defifél Hér@ﬁqfh"s abbhaterid) tiddadMBIHG £ valioh hada §i8nikidardeffect on
al t h nore or |ess be used as desired.
thmmwfﬁ agd Rhysmb p@cwpwé}hr@dlmwérqhafpsws lmpmmd pryformance.
L [
In#)lgli? cHél(rA{SS, ? :gtﬁ)c |d ﬁlgﬂ%raltﬂné:iﬁtae gﬂg(ﬁﬁ)ng% | ﬁf elﬁfé?ﬁ? d@%re’tise the

friagiaitiedwedinthe aknadlaa particles ane griohigunibdad Hdiﬁgsdbadaietu @%prevent the
flame retardants, lubricants, wetti ng agent
abrasive particl gomp p@pélpﬁ ‘sle. cw%vsenf @S@bpmﬁﬁ es HoRt léecommg welded to the

to;% S%hd eréﬁ{?espa[rﬁags %W&%P&b@%e AAEHHS te%@@rtaﬁﬂ@liéﬁw%emhe abrasive

hese material s are ‘selec provi e properties
patiesisrtbelworkpiguk) mq4)0g®nﬂas¢\/ﬂie®mldmgrfotopsreEkm1ma$ ef ¢heimi@B groups

i ncl ude .a co t I npr e bond
of BB R GBI o, Do iy PamRPBn g, 4 LS A metals and
thdX ARk O nﬁb'&ll'laﬁéﬁﬂ@ lo}iAGin8 ARRSC1S4HE AR Srganic sulfur compounds,

graphite and metallic sulfides.

Injection Molding

Brush segment 10 of the present invention is preferably injection molded; injection
molding techniques are known in the art. Segment 10, is produced, by the following
general procedure. A mixture of pellets comprising moldable polymer 28, abrasive
particles 26 and any optional materials, such as lubricant, is placed in a hopper.
Alternatively, it is possible to mix abrasive particles 26 with a pellet form of moldable
polymer 28 and load this in the hopper; any optional materials may be separate or mixed

into the polymer pellets. Any of the materials may be dried (e.g., by heat) prior to feeding.
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for this invention include organo sil anes,
zircoalum nates and titanates. Preferred sil ane
woauplormge agent s, typically am ne functional sSBCHI/US2004/040382
ganmma- am nopropyl tri et hoxysilane, are commercially
avai l able as A-1 100, or 1102 from Uni on Carbi de
Corporation, New York, N Y. Abrasive particles 26 may
Thg hoppastieedsitbeimpuitite iatocuppYtLsd 858 Rereprinisetor genssalhyhaving an
I
au 63@&1Watbgrrgﬁtﬂ%gd ngg%gg{ egé}e\éféﬂe‘éf&ﬂdl cféaagllo‘iﬂg for passing
thepeaiftgned m2Gurehnlol £radbsegatehemphl. yTi'earbaCrehBt}&aﬁealto ARl
nclude a filler. Exanples of useful fillers include

POlyBIeAIC TRAPHnaRdIGe FRlRlE BRECERICEFI MCRPYIRAR &1 EFesTiRD of the
{é)g't fbdSe. TR du elt s Y& rbb%?i i SBAP ltc?mw BR8N he softened

I ci'um magne &Fum car onat e, sodi onate,
miragnase themald hothatde3ir edsp1 bisue. (4 gahisgenepady hmintginad between the
beads ass bubbles a ass fibers),, silicates
outich en! ofhg et 388 HyogAS AT RRIIG RN Heh BEmIEred material

WHRIFR mof Bl &idih)) the GREE. cal cium nmetasilicate, sodium
al um n03| [icate, sodiumsilicate), nmetal sulfates

(sudheasold abntammca\utlésawbl,ch lrer the m@uslefodttlm desored bmsh segment

i PR R IR e

coﬁﬁéd?@tﬁbrﬁ'n@ﬁhmgrfﬁé ke od &85 o(1BM6R 0B erft derum PXithRtles 18, and
[Tme), alum num oxide, titanium dioxi and net al

0p§maﬂ latt@cém(eslunwa@ssuehas:mﬁﬁuml Pite). Gi ndl ng Aids
i ncl ud

o RS B B T P i R PRl s

byadlte iajdvEbe Erloﬂdlerteh@lcﬁyédl the @enfodfuritncdT biash RgmeBiN(, bfd@ite
effect on the chem cal and %ysn cal processes of

comppyHPh el WRldehlemobimaerd8jandiahiastye dartisdasi2or fa e profgred method,
thé’t@ar}ell ?elillllgp%rratalle of tl? s%?%\%ﬁ gc?c_)trl i BEeIi}gra@lr tab{){%]taio t(r)] ?tSO (ﬁ“ The

I ndin ecrea

tel‘ﬁ)[%i AR bt R ﬁ?‘ré&@raﬁ%}refbbﬁi SPtoard AN erid dyelé ttm®QBE me from
bei ng abr aded, prevent the abrasive particle from

inttagapipigrie mixtues. 1n1prtb@/ samew wtrader pﬂaommm$@1efmaidt¢>mvie ttige molded
ded t asi ve

e et Enor s 1080 ERRR Bt RSk EhSTinb B scoonds. The

mJ@&r rmu&%ﬁdéala%uttd@@ tVBI0D IkPE €10000 104D peigGh&RIFpitAE about
rin forces. Exanpl es of chem cal groups of

F%%ﬁ%? 21 (860 tontl0usd- waxes, or gani c hal i de conpounds,
h_al ' 11’7’ "élét foh rﬁgl‘a &glte%vlﬁd% g‘ldtl.ﬁn% Ico%;po%{tlon and the brush

m scel 'aneous grinding al e su organi
seghkbit Ubnﬁ@ﬂmﬂ ds one preferred embodiment for making a brush segment, the
moldable polymer and abrasive particles are generally homogenous throughout brush
segment 10. In such an embodiment, there will be a single insertion or shot of mixture of
the polymeric material 28 and abrasive particle 26 to mold brush segment 10, including
center portion 12 and bristles 18. Alternatively, bristles 18 may contain abrasive particles
26, but center portion 12 does not. In such an embodiment, there will be two insertions or
shots of material. The first insertion will contain a mixture of moldable polymer 28 and
abrasive particles 26 to primarily fill the bristle portion of the mold. The second insertion

will contain moldable polymer (which may be the same or different from the moldable

polymer of the first insertion) without abrasive particles to primarily fill the center portion
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graphite and netallic sulfides. Injection Mlding

Brush segnent 10 of the present invention is
wonrefs@raidby i nj ection nol ded; injection nol di ngCT/US2004/040382

techni ques are known in the ail. Segnent 10, is

produced, by the follow ng general procedure. A

m xture of pellets conprising nol dabl e pol yner 28, )
anchmoammenﬁ)%& of diegroldali ﬁ\&lsar?yn@bp%wm12rmf1§mis%¢551,8 §g)é pontain

| ubr.i v odi$a Pl ' g ivaly . it

abrig BRULES 26; whis BoBgFthey Bo? LEARPElnar Al AR W iy
insk@ions 6f shaobfimbleeiap Ol ynxst idBeraow wild achithini asmixpure RE moldable

hopper; any qptional mat eH' S n% be separate or |,
polyingedS prd BPresiEe pRtiglee Lo K @%f‘sbr_ls ;ﬁngf“«e@tﬁ@%tw?lypgs of the
y . .
e e oy i, PR A g8 AidlEay b e same
or dififeesmit Gonoihe erdddbte pelyinagofathe fivgy emsevidnh kanpambaiyrfél the

©The output end of the rew i nject i ncl udes a nozz] e
At 4B BRI orSR SINE B TSI} B G loep s BB aNe 4oL to vary

_ rrek ; , .
o o B D o MR LRpblg o use
thresorttheredho®cfor enarnpletone et fputherboaiés cenfbrepaatige rand sttachment
then noved linearly to inpart the "shot" of the
Me&Rtt ened nmixture into the nold at the desired
Pr e3HYF Frjectiofl o1l IRE A coRidb 3bRAE, DEt¥KI&bIé PSlymer. The
out put end of the auger and the nozzle to provide a
mol¢ balhésoare thenesaparated ¢d eléove tenmyiebed mbldgd brushissgment 10.
injected into the nold. The nold contains cavities
whi ch are the inverse of the desired brush segnent
conivigh s i Refinidd Prihfed CiRuH Bbasi gn nust take into
account the brush segnent configuration includjing the

si z&sglirguessambems atqldgﬂﬁi typshessgment Kband laﬁsln@,selbblwg@p@gcording

o 308 BB SRR St by ShEll s o)

| nj Buiking themMbaefctareo PRy acomttr ket Bdamiyaedttd @omposite
insHing ARG 5 s SPORY I PIB. QIS e o prescribed
lo Q&?ssi}]\ﬁ?e RfihdiC! ?ﬁogt? 'S%‘lkégq%? n&ﬁﬁfa_@fuhﬁg rst?E,hPﬂ’ %ttah‘ﬁgﬁ lilurrs

arrel tenperature o e screw I nj ect s prefera
froabihe tdril B step BSRn®Ced Findkthaethp swdiaered tiof canyeosite boaril $s

preferably about 50 to 150 OC. The cycle tinme (t
o Aepmein B ER: onr s Ry RS e BRaregp e PCB
suidade! HASImp RiRPE Bt et g B ikt POB SIS hEPCBEGrface. Brush
brush segnent) is usually 0.5 to | SOseconds, nore

segmett &0,aifl the ftyentiors reno 68 thedpwrsdsourirthe drilled holes, and does not clog

or plug the holes, with brush or bristle material.

A plurality of brush segments 10 are generally assembled to provide brush
assembly 100. Individual segments 10 may be placed on a core or shaft, and then secured
together to form brush assembly 100. Alternately, a plurality of individual segments 10
may be ganged together and then slid onto a core or shaft. One preferred method for
assembling and mounting brush assembly 100 is disclosed in U.S. Patent No. 5,327,601
(Nakayama et al.), which discussed making two halves of a brush assembly, on a core, and

then clamping the two halves onto a driven shatft.
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i njection pressure ranges about 690 to 6,900 kPa (100

to 1000 psi), nore typically about 2070 to 4S30 kPa
wO0203/00203¢00 psi). The injection nold cycl e w PCTASp®MA40382

upon the material conposition and the brush segnent

configuration. In one preferred enbodi ment for making

a brush segnent, the nol dabl e pol yner and abrasive o

par Refareng i BGyén e sehiamptis dinggen 63 methash ofiieiming apstmted circuit
soBRRFRD, HE 4 R uroRerLmaty fo0B0Rattld PR Bonence 30

A toh86h alacKiBe asedl RPPAB frgisliiiag bi elfiaindGs b CPEBI StritsbisghiMachine",
se%nent 10,.. incl.uding center pofrtion éz and br.i stles.
avaifgblenfrera dvhik iyt Maghines¢orapanyg o hdgpans op el Hhmashing js\available for

usegﬁfftfel %%?g%ﬁéﬁ’toﬁy %01&851 taﬁFl [hQ@ﬁé Lo 1w oL 1WPlated %ﬁrgitfé Botor.

ere’w e“two 1 nsertions or
Botif "1indad! mad "4 Hdad" friackines msdmnbwanndvatd cooonomi n a

m xture of nol dabl e pol r 28 d rasi ve partjcle
26 tpowﬁﬁhﬁmlveSfl?thg?r&%gﬁ ﬁpéﬁqeg%ﬁ&ﬁtq%ﬁ{ 1\3}0 E&ﬁ 8-3:1%%6?68 (for
Nl j iyl j oo
bruSfi s A f0d BEAfE HbAR 1AL inRANAAS), PRIGAN, DA KIREES, ¢
pol itre PCH istfbbthiroughtthe REBr $draringvMabbine abisEeeid wé 0.5-10 m/min,
ticles.t rjmaril ill the center ,portiognand rao
usBbt S et TRk et 0d oncsined T Gh B Ib i By T9tble

A REdr 1| 65 thd B2V G880 1605 860 {holiSh Bhédor |
Sp%ﬂl’?e rroo% 2t0l n%lglanot. In this con??lrlﬁ%ti ol%ﬂlt%ere rprVFrSpeedS

caipbe tised ais dssiredi diypical rogdteom speedsdore PEB.Scrihwifig Machine are 500-

rasertion w Ll ..contajn m xture of e _pol y.nmer ,28
sob % B8 ety A PRRT bRl TP R0 EPB0 B i Bhadfiood
thet @Y 181atiPO Eide@ MeRch PUB siefact BE af®@behsh T wiR @Bél the surface finish
insertion will contain only a nol dabl e pol ymer (which
obtpniedbe the sane or different fromthe nol dabl e pol yner
of , , L . . , ° o
at ¢ AR el SRR EHb e B ARE bt LR kB0, fordeburring i

abPRIS0P} ehidroniete RADpefdrisin 00ne.2 shictondder\Rd. YThdwsualdugace finish
of different portions of the brush segnent if desired.
degired; for elpapng e t1dsy filn lanaingtigrels Od)S-Ord meiciompier R, greferably

0.(%’-(@@#3@891%&?@%!1 for the bristles, center portion, and

attachnment neans. After injection nolding, the nold is

coolAdsb dsallastateti yFIGh6, brostd Bl wilbotatee footphiat 'Y ehich is the

hal ves are then separated_to allow renpoval of. nol.d
g A Sl Tach e0 POer BTSN |5 FORATISRIING . AriCh der o e, the
intBeaEHAD Al Wﬁﬂoﬂ@lﬂgﬁ brisRk A8 & RN VBL R UMRBY 1£kArBONB0 was

brush assenbly 100 according to the present invention
notpresans e fih¢se brshidysamive (e réladensbip ketpednnnedferdince, fpotprint and

pre%gl?rre)daf{‘elzc)@e'surface finish provided by brush 100.

EXAMPLES
The following non-limiting examples will further illustrate the invention. All parts,
percentages, ratios, etc., in the examples are by weight unless otherwise indicated. The

following abbreviations listed in Table 1 are used throughout the Examples.

19



During t
| am nat e
wanosmaxs
prescrib
subseque
fromthe
of the c

he manufacture of PCBs, a copper layer is

d to a conposite insulating board (frequently,
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ed locations in the lamnate. Prior to

nt manufacturing steps, it is vital that burrs
drilling step be renoved and that the surface
onposite board i s #A¥Edughl y cl eaned. Brush

ASBiF ace,

”‘Jﬁ,rmf‘r ons—by Tenoving a portiom of the PCB—
J?[‘lj'f“f;l(j’élpﬁ?‘Hbarting a surface finish to the PCB

TPENd cleﬂ
i nventio

and does
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gener al |

M PE ohiendP6BI1§ uidirbR frdh WS De@gnedd Ndouref t he
n, renoves the burrs around the _drilled hol es,

Wolmington, BE, widgytherwdp dpagnatign thY BREE 546, having

teriak, A rality of brush segnments 10 are
9%1§§§%%Fg81?%yprovide brush assenbly 100.

TPEdI vi du
shaft, a
assenbl y

af PE.eerRMr&iall) av@Elabhefrdh @dnoOihdRr GRrteaderdesignation
nd then secured together to form brush

HYGREA @386nhavang/hardness $pareil? 93 of i ndi vi dual

grents
TPEC-%Of e 0

and noun
Pat ent

TP e R T e i el R Facon
HYTRPI LB capsendharddée Sheredd 92! osed in U S.

TPHi4scusse
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shaft. Re

5.327 601 (Nakayana et al %, which
U

AT Addomgnareielli ay sl leotor Dybleshingss dhetrade dgsigaation
380 oL AR} g Rghdg ldssaont o @ driven

a Schemati ¢ di agram of a

MBBbhod o
is illus
at surfa
or refin
fromlsh

Fa p&fetiéd) Shadtephdtct @tnpdstiioul donkistaieto {IOGHEY, HRAREL

trated with brash assenbly 100 contacting PCB .

c@59and A0ayhmpelyeitaxans Bbpsay, qripinerom e fiomng
In

gy, EER LIRS Uiyt o

SOmchi ne
source,

not or .
and are
sur face

B

siliéonadaltibé sbrasive pHeiclsh,t ANSI 2@0e ¥@0 (avp@ge particle size
and having a 2.2 kWor 3.7 kWrated_ s inﬂ%e
pRbput 22 pacigmetsry availapdeempyashingen Nils isstia

res between PCB

g]gﬁqggrgas g;gé‘g{]ﬁ%lg%%ﬁgg’o- anperes (for brash

SCagsenbl y
preferab
PCB Scru

dikébnheitide alfrasive patizkes, FRIYe grade #4)Q (average particle
0.5-2 anperes, The PCB |s fed through. the
@ﬁ@éﬁ%ﬁow.@@ww

AGsuarty
can be r
t he rang
or | ower
rotation

3000 rpm pi@yFep® i nch di ameter brash),

1500- 200

' %ﬁv%%%}m@%eteag lls
RS YFEPN ofide

Y.

b

l - f i . ¥ .
T PP PR 0l PO il

esigd atanods miG@Ometerd5yaildle from Erbibachey KChhingdehe

eeds _c b sed as .desired.  Typica
Hlekeior §agh phpstap g g Ui fsTaatipn AL SE2OR
usual | y about

D rom It is understood

COLORANT

blue colorant, available from Clariant Corp., Masterbatches Division,

Minneapolis, MN under the trade designation No. NE54642490

Examples 1- 6

and Comparative Example B

Molded brushes of Examples 1 through 6 and Comparative Example B were made

by injection m

olding the compositions shown in Table 2 in a TOYO Ti90, 90 ton injection

molding machine from Toyo Machinery & Metal Co., Ltd in Hyogo, Japan. The mold

provided 1 cavity to produce radial brush segments of 15.24 cm (6 inch) outer diameter x

1.27 mm (0.05 in) thick x 7.62 (3 in.) inner diameter. The brush segment had 394 bristles
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that the rel ative speed between PCB surface 30 and

br ash

100 wi ||

affect the surface finish obtai ned. The

wa0alo7s3sf ace fini sh or roughness desired on PCBUS2004/040382
is about 0.05-3 mcroneter

surfa

Ra, preferably 0.1-0.2 mcroneter

ce 30, for

“deburring"

surface finish desired for cleaning prior_to

evgndyrspiaed aneund thy Resphery. kadiyidual tapstipgversrled esm
an gvqugeoo f]05<14g3 ﬁl\rclzmﬂ lwl%eee[t 1

Crea

Ra. The usual

ot

wekdéﬂagianyalhspbgadsabbﬁmhepaﬁpwnﬁre bristles 18 contact

surfa

usfERERPEY

ce 30. Int

SVE {AGR3017

e rel ations

his footp

7SRy

ntFara

v 112 brush sempens werqmweﬁe PR & pheno lmovwd
iRGBE8E brullh €$Re Bit3SA finish

erence,

ween I n

thel

ter

3

erfer

film
in) long, were

as@laﬁ a?%l;e%dln{) @ﬁ)t'gfﬁ qﬁﬁ}}t 'ct:l%: lﬁisﬁe tlé) and

nce
g\e; to the core

perffanigpee,nhe buush gyressios @he Ma‘ttexmshlp fhetveaen firsteiterenc, ﬁlrotprint and

rOVI
preﬁaﬁe)
i nven

gﬂ@f fi¢

tion.

parts,

y hbrash_100. EXAMPLES T
lé&%fﬂl@én% VIS

per cent ages,

%o

ra

ol]owi n

tios, et

] 73G9 ¥Rt he

C., In

t he exanpl es are by wei ght unl ess ot herw se indi cat ed.
The foll ow ng abbreviati oné‘ablies?t ed in Tabl e 1 are used

+ hr o1

cnhout + he
e

Tahl

\I"\I‘m Fa¥al

n vy arnml

o

Ut

rauvl

J. AT

G-—and
}JI \ A\ T
Exa@gh:p r%’?‘a%eExanﬁ]’ &R ded %Fé'ﬁees mllﬁga‘ef Colorant
t hr ough, fcjand Conpar ati ve Exanm £, made iy, wi%
injection nolding the conpo<|t|ons shomn in Table 2 iln
d TOYO TiS@Al 90 |t on TRE &ct i on r&@lel ng m9c952| ne f59)513 0
Touvun INhehit naryvy Q9 Nt Al Co oan
I\.ly\.l TVEXCTLI TC y ks LAAYAY Ily u.|~ ull
rol d pro@i% cawﬁ;ﬁ?ﬂ pno U‘gé“r dL r0'6$u<h 6213 0
egnment s b 4 Crpdp3 i nch) ogtRr di apgser (X g.gy 1M o
0.05 in) thick |x 7.62 (3 in.) inner (dianeter. T]he
r ush se@fext had 39PH4i stlesdadl y [sphcddl ar othdl t he O
—pe;—i—plhery. Frdi-vwi-dual—bristhes—were—3-27 ¢cm 5—+)
I50ng, werEHn aver a 0. 040 2iyybrﬁ@h Wi dé g th eggog‘ge 0
nd tjapergdh4 0 J. 02 haf t T P, €
;%adi ally |sposed ag%Plﬁgt he pe??pf}r?rerv ﬁolgéi br u:(??lzwe 0
CompdBent s wed e nound2d ThEla pherd8lGOc clor #4.60d | addted®@d 3
to the core using %{10 _er[ﬁ)ggg/ adhesive tlo make a 17.78 ¢m
(7 inch) w de brjus 1% =tuff and finigsh performance,

10 i nter

f erence,

the brush dynam cs (the relati onshi p bet ween
footprint and pressure),

performance were neasured for each exanple.

Comparative Examples Aand C - E

and deburring

The brushes of Comparative Examples A, C, D and E were commercially available

brushes as described in Table 3.

15




10

Tabl e 2 Conparative Exanples A and C - E The brushes
of Conparative Exanples A, C, D and E were

woansmrzidal | y avail abl e brushes as descri bed i RCTAiSk@®4/040382
3. Tabl e 3 The Exanpl e and Conparati ve Exanpl e brushes
were subjected to various tests, described bel ow Cut
and Finish Test The Cut and Finish test denonstrated
t he abi I|ty of each sarrpl e IBPl§sh to recondition the

pllﬂ P UShEs
/vere%?r% Té’? on a %rgféggeagﬁm% ne (ti%shli Hy oKi
Vaehipna Copiaey, J ap@mr maudlagBﬁmaBﬁBh’eré ihch, FERA\ glage
bl ectric|current dr known as "pressure" in the art)

inder var|i ous | oacH£4OQﬁé2C¢?CBVPl9ifB?fﬂél\4T€€WPW \ﬁéé’?@thN

rotate ne _test
J?T)pre |BrcEl|t boar& s%é-@sllhnlgn ©
thick having an an{aWsSokrddel36 SUT), kiir@deridili @@Igﬁutlﬁewmx
board, wds fed twi|ce consecutlvelé)tthrou h the

scrubbi ng machi ne | d6-220bfaingd o R epmpary; dapan

b nn [ e; g o B e R o P SR gede
pas measyred using saoswc)‘ &ﬁxﬁ 1Ergttg hove s 13@ 81680 xNsdemm,

5V- 600 frlom M tsuto ¥) i‘ Test results are shovvn
n FIG 7 (cut) an@ 'Fﬂ\‘TGd Qr éc%"uﬁlilﬁ:iomﬁ’)'mbﬂfhléandata

] W{ﬂ) er ! “SCO VA4 s D6S-1 3 ¥
eSults flrom runnilng a sim1ar tes, .

cm (1 i ngH)apwi de B6as Reks. 2uneh, obtaradi fign Shaitoa®UNI 4 iféted,

esul ts abtai nedwhen Exanpl es 3 and 4 and Conparative

Exanpl e E were run 1 [9KY9:HAPA est with 2. 54 cm brashes.
The Cut—and Finist test shows that EXanpi €s 5 and o,
havi ng silicon abrasive particles wth an average size
of dihelxaiiplearck Companisye ramplelbrisharwareanbjucttd totarious tests,
%ﬁn@ Ies 1-4 provided acceptable cut results, as

de tgfﬁﬁératlve Exanples A, B, D and E. The surface
finish results fromthe Cut and Finish test show that
Exanples 1

Cut and Finish Test

The Cut and Finish test demonstrated the ability of each sample brush to
recondition the surface of a printed circuit board.

Sample brushes were mounted on a PCB Scrubbing Machine (Ishii Hyoki Machine
Company, Japan) having an ammeter to read the electric current draw (known as
"pressure" in the art) under various loads. The PCB Scrubbing machine was set to rotate
the test brush at 1800 rpm. A pre-weighed printed circuit board specimen, 150 mm x 200
mm X 1.6 mm thick having an array of holes drilled through the board, was fed twice
consecutively through the scrubbing machine at 2 meters/minute. The electric current
draw was recorded. The printed circuit board specimen was weighed again and the
surface finish (R,) was measured using a Surface Roughness Tester Model SV-600 from
Mitsutoyo Company.

Test results are shown in FIG. 7 (cut) and FIG. 8 (surface finish). The data shown
for Examples 5 and 6 were extrapolated based on results from running a similar test,

however with 2.54 cm (1 inch) wide brushes and comparing the results to results obtained

oS
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t hrough 4 provided the snoothest finishes. It was

expected that the | arger abrasive particles, in
waxerspase5 and 6, woul d provide a rougher surPataS2004/040382

finish. Deburring and Hol e Pl uggi ng Test The PCB

speci mens used in the above Cut and Finish Test

procedure were exam ned under an optical mcroscope at
when Bxamnalgs Bfand dtand G onmeerttii Exeswplal meropmen hridgstarith 2.54 cm
anF%ﬁined subjectively for relative deburring

8Pf%cti veness and the presence of plugged holes. The
hol g%he\®tdhald BRiishibdt gheds thiat Exargplesls ard beavinpesilicanl dbyasive
or conpletely, with material fromthe bééqubristles.

pattislsa vailican avietags 5126 9f abQ AATHSEIRETS BAY! $7 WR@ts of cut.

! . _ . L
el PTBRGREANE PRI 1 RUANRN LRSI EEsiilueh. b
E. Exanpl es A through D and Exanples 1-6 showed no

residual material in the holes. Al

ac c dpeaprfycedanigyrerdts fFomm i Cniand F&‘:“F]gi(ﬁ%%g’a éﬁé’?a%?iéles 1
thr{nﬁ%tul gﬁvﬁcfrcreglrﬁaée %ﬁ%@ﬁ&v ﬁﬁis?%}.( a5k e (?hg%% 'tl'i(%la;l—g%? bb28W

rushes anpl es '1- nparative
parfix kepinéExampdasd &) amadubd probidestrbeghsr ssifes findnpar at i ve
Exanples C, D and E) provided sufficient deburring and
non-cl oggi ng of holes in the PCB. Conparative Exanple
F. the nonwoven fﬂe@mrhﬁg%hd HEIE PRIAGEETEAD!
Footprint Test T | est denonstirat ed

r el dihie\RERIspramans siséd frtbe sbafe (@rehd Exmshplest bragsdnrammsne

urged agai nst .t he .surface a_copper,. pl gt e, under _a
ex A uP a4 oplital TESiosehe e AUNAmREnT FrisG: dpI R g were
talleRQhP bk hined sibj&tRENSTOr FHtive debiweing ERBCctHlehbds@ind tiEpresence of
bristles, the smaller the footprint F, due to |ess

pluggadihelgs.oThe hedebwpeldigebplaagedry clegged. amdrex pastighly o eompletely,
.t he bristle t he the interference depth "D
Wlm%tfn?lhttéorg neebnﬁsr%el%rgszlr%se' or | oad. Sanpl e brushes, 15.2

cm aiicarsudh anab&opit ekdmdnatiohybaked xfinsHedevitli Qo@parative Example
di aneter ( e nounted on the

6" 7" 3" PCB
E shona oAy nvaenunbin e duisbeionovats Rk vk Camparative
Exarleh 4550 D B LRAfiolRt. dRBTM B i dhyR R RIZhe hORL. Al

Exsmpletrusigs aeepiably deddlaredithe ptietet coomdbédrdns. For each
test_condition, the. 150 nm

pr i rthedeglts fign th &qbaﬂwa%sanéﬁ@ég Q&gemélmxgsfés{ﬁ s Gee Frglded

brushes (Examples 1-6 and Comparative Examples A and B) and all bristle brushes

(Comparative Examples C, D and E) provided sufficient deburring and non-clogging of

holes in the PCB. Comparative Example F, the nonwoven flap brush, was unacceptable.

Footprint Test

The Footprint Test demonstrated relative dynamic stiffness of each example brush
when urged against the surface of a copper plate under a known load. FIG. 61sa
schematic illustration of the footprint of the brush during use. The stiffer the bristles, the
smaller the footprint F, due to less bending of the bristles during use, and the stiffer the

bristles, the less the interference depth "D" under the same pressure or load.
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(1800 rpm test brush to cause a predeterm ned

el ectrical load. The contact tine under these
woandior2sns was t hree seconds. The | ength of t ReET/US2004/040382

resul ting abraded contact area on the board was

nmeasured and the results are shown in FIG 9. The

results fromthe Footprints Test show that Exanples 1

and S@rrkpé%rushqsymzrpm atteridigraeter x il il car wids % h&rcnpimner diameter
P {
(6 zgsr a) Y enrg I‘EQ(II ?ﬁ Fl} n}z(g]g S@mbﬁp%ﬁg%ﬁqe%%})gé at?’ov%rﬂq the Cut

sim
an@[mgfmsltve Exarrpl e E. Conparative Exanples A and B
have a nmuch |l ower stiffness, indicated by the [arger

f oot Bicilpad wakmpasyraderia AR ﬁl@meﬁel dhatiadieated the sfactrirgh Surrent
de?&qcf BﬂheX’C?S §<§ El&ﬁé n% H@E ’unh d[hcc sEhn%ioRs SPEY éa%ﬁ test condition,
ootprint, 18 W Eh

ove testing was don
theal SUbm#h X PO fni ¥ ¢ 16)mahi thmqﬁmtdmycnﬁ’ut&oam Wak urgﬂhaga\msﬂ €he rotating
For such a brush, %@8 est e 150 mMm wi de

( §®§%@ Aeshprysi fo gause g H@détf‘?ﬁp Cm%floaiit %h%go%@éﬁlme under

thé%%%@ﬁdﬂl%ﬁ eﬁnﬁltseetg\%ﬁmﬁ?i*l‘%%f%l{g@%&'@%éu{éﬁul 18% g o%lécﬁ%cﬁltﬁc‘? area on

thdsassd was measvfrel anicthe réSnks sicishbed in RIG.Ie art wi | |
rea e at. al the_s stiffness b S ar )
(oo tege R opt et SairbisT o Sheut MabERgRPIer hand g Beps f fynamic

stlfiﬁébgtsﬁmlf Qb th‘%%( 8ebs ar%tlg‘QE)%arﬁlﬁPeg ¢ dnAEN)and kl@éﬁﬁ&%pfé’é @%‘ﬁd 4
has a desired footp int [ength of about 4 to

haga 8ywami¢ 8tiffmesh pindizanethat obCowhalative Bxatesle ﬂEecComparatwe

f { th of b t { .1 { .
EXe@PIR L R TAGE G (RS HERFR: DisAReS (e T SetBriftn During
refiifiRg H"&m@heﬂcfﬁ@%ttn@g& g@ﬂwlﬁs‘cﬁfﬂl bakheindRAkd bsEhBReM@otprint,

reater than about 5% may be suitable. In still

is Qﬁﬂ‘@d}er errbodl ments, footprints I engths ranging from

abo € teglpno%%s cg/c% Wltlf)g t1 54! chi?l ig%}%)\%gﬁﬁetglsﬁy il'.;lg £ (t7 inch)

Wear hf ere ive a wear

wibé bﬁlBESFMMBh 8 bBysacbeflg tegtedionll B0amenide tsesample (1 e. the contact
conditiaons. The results fromthe War Test provi

widbihhassan deterpiacd €1a5t116\ﬂé51mdoféawnr lengthas eﬁ%lé\@}l@h\éwch is
o396 Y512 5 Sl AL 1 ! O Yoy IS i
that IaﬁhMlg’tthhé sanacdtdineky hridtles egrosod, s th@lﬂusimlm dﬂcﬂtetm s@awill the

Fl Qor and Robot, Tester. machine (avajlable fr ,
oo BROKET GNP TGRIBEE, 295 (4 D) dlaete: Geishas passitediootprint
lerfofh 6 dbbSt & BE16 &3, ab’rO‘:'?&hﬂg 1% iabRBr bR Ha8 8 WBkired footprint
applied a known
length of about 8 to 19 mm. Depending on the refining method and the specific brush
used, footprint lengths at least 0.5% may be suitable, and lengths no greater than about 5%
may be suitable. In still further embodiments, footprints lengths ranging from about 1% to

about 3% may be suitable.

Wear Test
The Wear Test compared the relative amount of wear in test brushes when
subjected to simulated end use conditions. The results from the Wear Test provide a

comparison of the relative product life.
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downward | oad against a 76 nmx 127 nm x 0.8 nmthick

copper plate workpiece (G 100P, tough pitch copper).
woheoswopper plate was urged agai nst the test bPAsSE@®4/040382

achieve a load of 5.0 kg while the plate was

oscillated in its long dinension at 2.25 mmn along a

75 mmpath for 30 m nutes. The brush was wei ghed agai n

an d A hes-Wpighed wacusiasSY mavewedliametsedr in) wea rmme’séiﬂe (11in) x 76
ﬁllilertd%al tgrné Ig)g consostgfg\%f g%?ndlg Hﬁalqgﬁ§fm% Qe\é]r%gqtn s, Yas mounted

as now pee cri erence

onelilest Dah¢ snd Reb@festel hRchias egailatde dehaToletku Denki Tekko, Japan).
description and exanpl es have been &lven for clarity

Theftesy ﬁ@@h@ﬁa‘f?@ﬁﬁfgtomvy thavgst awded 2967 o Fhe testen ﬁﬁplbﬂdeﬁ known
oo QAR NETE1P i ] RS GORALAIL o e

(Cil ﬂoom eo@h’qm?h ﬁﬁma) dEsa:crdpbaq:lmt\m wi gediexpainisi mfg tdsk Bmsh to
the s e of the jnvention. eSCOGOt
achicgea adlorﬁééhltg Bhile fsulefe wgs Oﬁféﬁmﬁasﬂrt lésjl% dtm@lsz%?é@ 25 m/min

1 £44 Sin h%g%?% _described herein, but rather by
¢ e stru%res scribed by the | anguage of the
CI aiThe, brashdv ashecighed agairemtdsthefliffdrame vatsrewtrdsdes. webine Wear Test
ove speci.f tjon, exanples and data provide a
re%g %%W&é%ﬁ‘? {Q on of the manufacture and use of the
abraS| ve article of the disclosure. Since many

embodi ments can be nade without departing fromthe
spi rihe pagrdnisiovprgionfhas hewdicse Hesstibed withl refhencatoeseyerah,

eri ARl T et UsBirRlienand 8 PBfon g been given
foﬁd}lﬁxfi@‘%ﬂ‘ uﬁﬁer@taﬂdlhgfoﬁgf Nd GiHcke DI nitdthas ARIDBE understood
conpri sin (a) providing a brush conprising: (i)

thgyetieml it \yﬂldfe anpiaesnf osthpserskilediin yhermft detmany m@g@mmrlml made in
th$ gxglfbd)aql[n]ﬁeglfs d%&%blg{i l(J&!'l]l’ou‘} Jleg)raltgf’nlgl I¢ )?g ﬁhee ﬁ%ﬂ@ tgng‘lvegtﬁ%n. Thus, the

ernoplastirc po

scspd (bftthmpl%@d‘nb llrii%nﬁ@’( ﬁ&iu‘llcEndl&iétlinﬁl@&o tlief@(atwm%d%trh&ures
| ymer having a Shore D hardness of 55-90; (ii)

demrlheammteyl St ofties by dhe Fagtures deserhegttry the I@g@@@ﬂtlﬁtﬂalms and
thd ?qu}v.ﬁedtpg hodSaRt Sglctl ng the brush with the surface

finted circurt board conprising a copper surface
and "lhﬁ\abnge speeificati@s ckihaples mddegdprovide a complete description of the

manufacture and use of the abrasive article of the disclosure. Since many embodiments
can be made without departing from the spirit and scope of the disclosure and the

invention, the invention resides in the claims hereinafter appended.

o
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(c) refining the surface to provide a copper surface
havi ng an acceptable surface finish and to provide

weacespralbe apertures. 2. The net hod accor di ngPCO/USk@i030382

1, wherein the step of providing a brush conpri ses:
(a) providing a brush comprising a plurality of
bristles having a length of 0.25 inch to 0.5 inch. 3.

Wiaiés efeidesld according to claim 1, wherein the step of

providing a brush conprises: (a) providing a brush
having bristles conprising a thernoplastic polyner

. havixnmeto3hdiihHasaiiessf aprinted@cud bodidetheehdibel comprising:

according to claim1, wherein the step of providing a
br ud® coRpIIdiag a brush eopYFSEBhg a brush having bristles
conpri Si 2- 0 ' &%ﬁﬁ ' . .
nmet hod accor dlzaﬁ)glﬁ‘%agtfi alr%%ﬁi%ﬁ erg{ﬂg&? Eg@gt{heapég}rzﬂ?ortmn of the
provi di ng a brbusdh, therpistleesmpisjngahemtaplastic obmus polysiloxane
havi ng bristles conprising 5-15 w-% pol ysi | oxane ,
| ubricant. 6. ?maggtaﬂiaﬂlg%wgﬁdﬁgb{asﬁemaﬁmlef,, thgsrapoplastic
the step of Pravitlfiay e stk PHIRISEsE Ao pr ovi di ng

ri

a brush havin stles conprising 20- Wt -"% si |l i con
car bi de p@iti cheplurality Fhleristies hadnga tangthi oft0.0@2 Scinelh tn 15 inch;

wherein the step,o ovj.din brush ¢ rises: (.a -

o o b G OSaF S halbh S e Syrfese ol printr s g o tpprising 2
0.01 to QofRrisiGhtc¥indhatig aeriked efiti@sugmich high. 8.

The net hod according to claim7, wherein the step of

pr oMEdi ngetining thetsudfaerpioipsesde & adpnsr owifatiehgviamglanas¢eptable

havi ng br sftl ﬁs Vi" t Iata cr o(is-sectti on 0.025 inch w de

and 0. 025"'%& "H?]gﬂl. § PI9% e??é?%‘a‘eﬁe%‘ifa?-ng to claim

1, wherein the step of providing a brush conprises:

(a) Tﬁéovi ding a brush having trapezoidal bristles. 10.
pesodhaccerding iy alaintcl. avheran theéereefiprenidingtahyugf comprises:

cur 1 Bbo - Pho i B R5E SRR Sy (bR 46s e o025

m cr onet éfich to 0.5 inch.

The method according to claim 1, wherein the step of providing a brush comprises:
(a)  providing a brush having bristles comprising a thermoplastic polymer
having a Shore D hardness of 70-85.

The method according to claim 1, wherein the step of providing a brush comprises:
(a)  providing a brush having bristles comprising 2-20 wt-% polysiloxane

lubricant.
The method according to claim 4, wherein the step of providing a brush comprises:
(a)  providing a brush having bristles comprising 5-15 wt-% polysiloxane

lubricant.

The method according to claim 1, wherein the step of providing a brush comprises:
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Ra. 11. The method according to claim10, wherein the
step of refining the surface conprises: (a) refining
woheosgardace to provide a surface finish of 0.RCTWSS02/040382
m croneter Ra. 12. The nethod according to claiml,
wherein the step of refining the surface conpri ses:
(a) refining the surface to provide unplugged _
apefa)ur eproviding Thuishberiog basidesrcamigising 20-41 wi-16 silicon carbide
wher ei n tq% gLep of contacting the brush with the
surface BY§ Brlnted circuit board conprises: (a)
contacting the brush with the surface of the printed
circuit board to create a footprint that is 1.25%to

7. 5. 7856 BrethpdcaceedifEn GHAR JoMWIEFN BEP GlnrPVIinESCPIHe comprises:
W d%a)C On%)l%%dl% 3 Rish having bristles with a cross-section 0.01 to 0.05 inch

wide and 0.01 to 0.05 inch high.

8. The method according to claim 7, wherein the step of providing a brush comprises:
(a)  providing a brush having bristles with a cross-section 0.025 inch wide and

0.025 inch high.

9. The method according to claim 1, wherein the step of providing a brush comprises:

(a)  providing a brush having trapezoidal bristles.

10.  The method according to claim 1, wherein the step of refining the surface
comprises:
(a) refining the surface to provide a surface finish of 0.05 to 0.3 micrometer

Ra.

11.  The method according to claim 10, wherein the step of refining the surface
comprises:

(a)  refining the surface to provide a surface finish of 0.1 to 0.2 micrometer Ra.

12. The method according to claim 1, wherein the step of refining the surface
comprises:

(a)  refining the surface to provide unplugged apertures.

13.  The method according to claim 1, wherein the step of contacting the brush with the

surface of a printed circuit board comprises:
(a)  contacting the brush with the surface of the printed circuit board to create a
footprint that is 1.25% to 2.75% of a circumference of the brush with a 150

mm wide contact width.



