A SAW NG WRE W TH ABRASI VE PARTI CLES PARTLY EMBEDDED IN A METAL W RE AND
PARTLY HELD BY AN ORGANI C BI NDER. Descri ption Technical Field [0001] The

i nventi onwoebayesosso a netallic wire for sawi ng hard angclhrapbdlo®ssves eri al s
that has abrasive particles affixed to its outer surface. The particles are
fixed to the wire by enbedding thempartly into the netal and partly in a
pol yneric binder layer. The fixed abrasive sawing wire is particularly
suited to cut expensive materials where a low kerf loss and a limted

surface or N@%Fﬁced TROR ABRORS VEGPARTICBREEARYNY EMBEDBRBAN AV T e savs

have gradually re aneter rotating saw ng bl s for
cutting expensi vé/llﬁ"ﬁNeWIRIEsAMEd?A&TIeYHﬂ-@ BYANDORGANIC BiRHMIRes of such
materials are quartz (for e.g. quartz oscillators or mask blancs), silicon
(for e.g. integrated circuit wafers or solar cells), germanium (e.g. as
substrat e Degcrptibhi um ar seni de sol ar cells), galliumarsenide (for high
frequency circuitry), silicon carbide or sapphire (e.g. for blue |ed or

bl ue | ed S]%b%tf%a?iﬁs) rare earth nmagnetic alloys (e.g. for recordi ng heads)
and the |ik& the driving forces for this evolution is the desire to

reduce thegkgrf ﬁr@sﬁvérmohh@|a@rsq5%s~aetau.l6%afe ﬂ09§§wmb5'nahﬂ"8ncﬂr5ﬁf¥lb' al |oss due
to the abradl ng away of (expensive) material. Hence, a reduced kerf

| oss results in rgatg@@l@éhat@@é abfasivg Raricles affued énis aelenpiads. Ahaci al

avi ngs. [0003 , ave
been dovel oped (Ansie- a8 Teto bR BELY bRitBIREK ol itk inciand 2
slices (called wafibris)a palymeffic bindgt leyél dok finéd a’attaewleaslawmgwwmmsh anmltiwire
saw, a single met a

confusing 1 grrbiis PR Rt P i B aTE <o one

anot her during Siawedguifacé@onsuissuwabe dlarbm@uwdesurrables not the wire itself
t hat saws, btktﬂ an qagram ve added to the process. [0004] The abrasive can be
added to tBeCKHPWENtihe formof a viscous carrier (usually poly ethylene

gl ycol) i nopbprwed sahs aﬁwgramawphaeeglthé ﬁﬁémardqaﬁh@berlrétam@&awmg
suspension. The brlgdxetsl{‘cr)recdtﬁngcgir!e%sweamastleHgIrs¥hét are hard arnd brittle. Examples
of such materials are quartz (for e.g. quartz oscillators or mask blancs),
silicon (for e.g. integrated circuit wafers or solar cells), germanium (e.g. as
substrate for gallium arsenide solar cells), gallium arsenide (for high
frequency circuitry), silicon carbide or sapphire (e.g. for blue led or blue led
substrates), rare earth magnetic alloys (e.g. for recording heads) and the
like. One of the driving forces for this evolution is the desire to reduce the
kerf loss in the process. ‘Kerf loss’ is the material loss due to the abrading
away of the (expensive) material. Hence, a reduced kerf loss results in a
better use of material and considerable financial savings.
[0003] At the end of the previous century, multiwire saws have been developed
(see e.g. GB1 397 676) that enable the cutting of thin slices (called wafers)
out of single block of material. In such a multiwire saw, a single metallic
wire — which makes the term ‘multiwire’ saw confusing - is guided over
wire guides that keep the wires parallel to one another during sawing in a
wire web. However, it is not the wire itself that saws, but an abrasive
added to the process.
[0004] The abrasive can be added to the wire in the form of a viscous carrier

(usually poly ethylene glycol) in which an abrasive (normally silicon



entrails the carrier that on its turn drags the abrasive into the cut. The
abrasive abrades the block of material while it sticks and rolls in between
the wre wodotdmesosat erial. This is known as '| oose abragcraps@eiosgsso Whi ch
is a kind of "third body abrasion'. Bath material and wire get abraded away
whi ch makes the continuous replacenment of wire necessary. Also the slurry
degrades as the abrasive particles |ose their sharpness. In addition the
slurry gets loaded with the swarf of the material and the debris of the

wire and nust beshgagvedehteasligs déld’r‘f“*rﬁg kRIS c%'ﬂé!él FLAOBP! fhe Wirgues with

it. However, the process I1s gentle to the material and therefore |iked very
much in the seme@éfﬁdlsjtﬂemarrlefdh@ttcrryltsmm draggtiee pbrastyedalpde ciis Tha i nport ant

| ssue. [ 0005] | nanat LEapL, b2 SbidBiALe bhesR FARRYTRRLER ih befasePoen
proposed to fix abrasrve to eWre ina i Xe rasive sawing wre'
In this way the thehatiand thevweterd!. Tes weeowi ae'lcusd abbashe seving wieclo and

hence the wire w || . not de. The.rel ve mJ nt. bet re and
metori ol i e Gouth B B BES gbuRion ik TR ROE Wik et P AU o a
nore efficient sawhgakddtheldonihicus Rbldcbmenbsmsiry Redetsale@nsd thpl ement ed in

di fferent ways: 550006] A first route was taken b% t he technol ogi sts that
were faniliar wisWivIROTALES erythsrabrativg paidicisadese theikstarppesssilvadditon s such

sawi ng bl ades whgg @Fuﬂ %*éfsal%b&-!é‘d mmmecéﬁ&rr of haUAhisMaldiRIMB % bris 8f heeTbedded
in a nickel coating mg el ectroplating or el ectroless deposition out of a
m

ni ckel bath conpyifesa usfabmmew@dtrewleréy wmhéwag@eewrcmrwﬁalrlsw in EPO
982 094 wherein eh”?tk?d év%r\éﬂ}é ﬁroc‘epﬁus Oé@h‘?@' eri%l §ﬁc§iﬁ%lr&8§e filegel wre

is given, is coa use of nickel
bat hs has rai sed/eneranljt:hmﬂmcsermeomctmeurwulstrywtmemmhbswrfdce dapageiican ar

ni ckel salts are_kn wn to be carcinogenic (reference is nmade to the 30th
anendnment of EC'@PP&%’WW%?/ 548/ EEC). [0007] A second route - of which WO

99/ 46077 i®06s] exanpitempt VesliniakRthbye s&isuimMdbldl iShas bedn piopbsad td¥ik he
brazing of abrasjive tooling who applied their know how on abrasive

cont ai ni ng br azdR¢ PRASYEAP thiyWhe i # diXgH@aRrasive sawing wire’. In this way the

relative movement between wire and abrasive is zero and hence the wire
will not abrade. The relative movement between wire and material is
doubled (relative to the loose abrasive sawing) leading to a more efficient
sawing. The fixation of the abrasive has been implemented in different
ways:

[0006] A first route was taken by the technologists that were familiar with the
making of metallic based fixed abrasive tools such sawing blades wherein
abrasive particles — usually diamonds — are embedded in a nickel coating
by electroplating or electroless deposition out of a nickel bath comprising
diamond particles. An example is described in EP 0 982 094 wherein a
metallic wire, the embodiment of a stainless steel wire is given, is coated
with nickel with diamonds. However, the use of nickel baths has raised
health concerns as metallic nickel and in particular nickel salts are known
to be carcinogenic (reference is made to the 30t amendment of EC
Directive 67/548/EEC).

[0007] A second route — of which WO 99/46077 is an example - was taken by
metallurgists familiar with the brazing of abrasive tooling who applied their
know-how on abrasive containing brazes for coating a wire with it.

However, brazing results in a considerable thermal loading of the wire



However, brazing results in a considerable thermal |oading of the w rewhich
results in a loss of tensile strength of the wire (unless very particular
met al | i c wibnes/@s@sused as a substrate). [0008] A thirdpcoureoremssei@ken by
chemcally skilled persons that soughs to apply their know edge on organic
bi nders for abrasives for nmaking a fixed abrasive sawng wire. There are
numer ous exanpl es of which US 6,070,570, EP 1 025 942 and WO 2005/01 1914
are three. Although this results in a cost effective and efficient way of

fixing the abrasjné RBUkIR & 1048 RldnKildBiréldth 6f fhe%iF&(Jn'ﬂ%rs]f\,"e%‘yﬁhér%ulhls not

that strong and the resulting cutting speeds are |ower than ‘those obtained
in the routes nengtalipadreslsos esedhas arsbiasieatel.eat nent - such as coating the

wire with r ' . j: ' ' T

consi der ocCadbEAs L8 ER8RRE BB BYBnEs SRRk Bkind vBY sl o 5Bt e

I S suggested i n thér Kitbvded§32an whyané bintdre fenabrasieeofor anglire@fived e i S
roughened by sandbl astin ri.or_to coating with an abrasiv nt ai ni ng
Feain. The abr adPEs Nsd11e0 e, ThGerRR B Ey Peamics ohay By not i
into a recess ofg,0tEs7T®EF 028 980HhAGKO MD5 11004 o THréstAIBRUYR Efs abr asi ve
and wire is established. A notable exception to the use of a netallic wre

substrate is WOrewis/Daresbelariyernd eivrM¥ay g ixng e Bhiasvenyrbea(r) ,
Nomex(r), Kevl arjethly ﬁ\é%||W\Qir@%éﬁiﬁagﬁ$nmﬁaﬁ§ronb%ﬂgﬁhe Al Rlngat i ve

devel opnent routes t'hat sought to incorporate the abrasive particles into
the skin of the cwiinglspeedsiareloweethap thoseabtgpedamtheapuBsoBant®ged EP 0 243

825 desoribes a RLOORshady PAlARR. Pt BLIARIHE TR ik BHdig 7t art [ ng

froma steel wire ro n € surroun i n between.
The gap is fill edppertdoatingiox toategolithme pamep evidleonsidetedbdeaitagequarini cl es.

The ends are se«ﬂgg O?@g%??he rod is heat treated and cold drawn in repeated
steps to obtain i brasive sawing wire after the outer tube has been

renmoved by et chifigaltdrativaysurfltaweamkentas suddeatedting ey Swsd3damsersiptth@l | ow t o
produce fixed abrasive sawi ng wires of an appreci able | ength (above 100

meters), the terfsITPee St? BIRGOAVIEE istpigchened byisggdblasting prior to coating with

an abrasive containing resin. The abrasive particles — surrounded by resin
— may or may not fit into a recess of the roughened surface. No direct
contact between abrasive and wire is established.

A notable exception to the use of a metallic wire substrate is WO
2003/041899 wherein manmade organic fibres (Dynema®, Nomex®,
Kevlar®) are used as strength member.

[0009] Alternative development routes that sought to incorporate the abrasive
particles into the skin of the metallic wire are EP 0 243 825 and EP 0 081
697:

EP 0 243 825 describes a method to produce a fixed abrasive sawing wire
starting from a steel wire rod and a tube surrounding the rod with a gap in
between. The gap is filled with a mixture of metal powder and abrasive
particles. The ends are sealed and the rod is heat treated and cold drawn
in repeated steps to obtain a fixed abrasive sawing wire after the outer
tube has been removed by etching it away. Drawbacks are that the
method does not allow to produce fixed abrasive sawing wires of an
appreciable length (above 100 meters), the tensile strength of the resulting
wire is relatively low (say below 1800 N/mm?) and the resulting wires are

too thick (1 mm).



wireis relatively |Iow (say bel ow 1800 NNm®2) and the resulting wires are
too thick ( 1 nm.[0010] EP O 081 697 descri bes a nethod and an appar at us
to i ncruswoaowimsossi t h di anond particles. One departs fpomee2odonsseghat is
coated with a copper or nickel layer prior to incrustation of dianond
particles between hardened wheels that roll the wire around its axis
through a repetitive axial novenent of one or both of the wheels.
Thereafter the dianonds are fixed in position by nmeans of an

el ectrol ytjgpap] BEFﬁQ@bH %@7%@& a m%ﬂ?dotarfor S bhSalgab ikr t%%?érﬁntw th

ni ckel and nickel salts (op c application of a nic over coat
necessitates t héilam@md)ﬂat@@lesmm dapmsamm@ wise thadis ¢onted Wltb@rmpﬁabf@rs

process |ine. |&%ﬁ%¥8rﬁ@%rqg r‘fbp%s?at‘ %ncg’tdﬂ'ar%r]? C§B§rtlgl\é§rb§ \&eelneﬁlﬁﬁgn J the line

and the anC|IIar|es precauti ons nmake
it an expensive vﬂmﬂaﬂhabml the mbmwr&i icef a>t|$1tmomgma1 rérmblﬂlvé.]axﬁhe pri mar y

obj ect of the prese entio her to erco t he

o e nown art. PUESEentBY Bt af Babor i WEeSS Tt et s Honiar Bs A et

metal | i c overcoad p@§it|d)ﬁ baféant Of hhelceaslytiedllytdpplied edtebat. ABatthensmeci fic
case of a nickel overcoat it _is an objective to elimnate the overcoat W th

ni ckel as it may @l s withmicss nicke) seHe (e thranpteation afief et i me of
the sawing wire rﬁbke%x‘iér@éathﬁ%'cgééh%téshﬁe%Fd%%bﬂ&w o4 b!aﬁh&%ect-[ﬁ |ht'6°d ease the

useful lifetime of the sawing wre by reducing corrosion of the netallic
wi re. To obt ai n centimissistpreessisrigeplt edes sondiderabledenaidl tethefveealdengtb sur f ace

damage of the i i e { Cl hi gh saw ng
speed. [0012] Kg)tég{rédﬂ?g |ras%fmgﬂgée@%Hﬁﬁh’mg'F%’\é}/ee%%l%%?ﬁog%flggged abr asi ve
sawing wire i s presdutieds makb ittametpeEinkive operatioon whi ch abrasi ve particles
are affixed. The particles are fixed in tw ways: they are partly enbedded
inthe netallic wire and partly held to the wire by neans of an organic
bi ndi ng Ialygaosa'd@eofﬂméntibhat two totally different fixation nodes - one by

fixation in the nmet al
[0011] The primary object of the present invention is therefore to overcome the

problems of the known art. More particular objectives are:

» The elimination of the metallic overcoat as it adds to the cost of the
product.

» In the specific case of a nickel overcoat it is an objective to eliminate
the overcoat with nickel as it may cause health problems.

» To increase the useful lifetime of the sawing wire by better holding the
abrasive particles.

» Toincrease the useful lifetime of the sawing wire by reducing corrosion
of the metallic wire.

» To obtain a smooth sawing process with reduced surface or sub-
surface damage of the material sawn in combination with a sufficiently
high sawing speed.

[0012] According a first aspect of the invention, a fixed abrasive sawing wire is
provided with a metallic wire on which abrasive particles are affixed. The
particles are fixed in two ways: they are partly embedded in the metallic
wire and partly held to the wire by means of an organic binding layer. The
fact that two totally different fixation modes - one by fixation in the metal
and the other by binding with the organic layer - are used is one of the

aspects of the invention. With ‘partly embedded in the metallic wire’ is



and the other by binding with the organic |l ayer - are used is one of the
aspects of the invention. Wth 'partly enbedded in the netallic wire'

i smeant twetwabi2kmast part of the surface of the abrasi verperdionk®ses in
direct contact with the netal wire. The partial enbednent of the abrasive
particles in the netallic |ayer can be achieved in a nunber of ways. [0013]
Afirst way to do this is to electrolytically grow a netal |ayer on a
nmetallic core and at the sane tinme incorporate abrasive particles in the

el ectrol yti cal | YnéHrﬁ‘fﬁht'a@)é%"st PQFBPthTeQ%rfBéé B’fﬂﬁ'e%%ré’srl\%]ﬁé#t Elle(%% fditeet f i xed to

the wire, an organic binding | ayer can be | ayer can be
deposi ted out ofcontachwiti the @JnetﬁlM@feeTb@pa@Iayer@baﬂmeeﬁcpfta@ab@swe particles

are 1 0ating. Oneg e, bt k. BOLF LS| 690818, Srhubbs disiplL | aver can be

thickened in a furt i'nsed and prepared for
coating wi [tomB]heA finsgaay ¢to bo thds izgoledgotmolytic01gtbwA metzd eyenay atroetalict | al | y
enbed the particles ust or i ndent #DB?I%lcles into the netallic

wire. Once the [F8f% ?%cf@ét%grsgrqentagmr]ggrpo[rﬂtgfbﬁ%v IRER Thi¥nd to the wire
by the organic kilguongichiBygown!laeruohed thepLadled are éufmmit@ f&@dd@nﬁe bet ween

two hardened wheels with a sem circul ar groove over the out
ci rcunference. THE: gho¥aNGAEdRI AT Fandes ppied- T@@@Fa'i%hcarh@eram us of

the wire to be 'dé‘é@&?é%doutw?nettéﬂ‘%oﬁfa‘PrQN&éle%ﬁ‘BFﬁé WhEeM ék?ra%é ?grt@@saa‘%éve

particles are fed into g bet ween” groové and wre. I ncrustation
or indentation dloatimg Qimetthela pstugrpasticlesigid ixege Hiegvelgl |atyert¢@ betallic wire

compri ses & Cor Guathdh [ Bthi e ANSALe IHEIAHM kel 8l fea Tge funct [ on

of the core is prina ovl de stre € material of
t he core theref @oetlmgjwtthﬂfm/erganhlwmlm@twete strength at least in the

| ongi t udi t f th The, funct | the sheath is t
rooei ve. andoi 4 oo aatey.n B b EasaRe PR cafds h Alet ST RaFBr BRe be

softer than the meidces iNtethBenethine wildeainbe itise partities atdmdehtad, m@ry@r@an
readily be determ ned in a standard Vickers hardness tes

t 0016
Preferably the dgtheriboundfetherwise BYH’ienoréﬁP'B&'f‘cgrt‘%@Ve%IW%W@{’P forki nds of
steel such as StabRlRSSe abeebsvkf t\wetha?a@%eed«%elémﬁh%eﬁmrmre preferred

over other high tensile wres such as tungsten, titaniumor other high
groove over the outer circumference. The groove has a radius slightly
larger than the radius of the wire to be indented. The two grooves catch
the wire while abrasive particles are fed into the gap between groove and
wire.

[0015] Incrustation or indentation of the particles can be easily achieved if the
metallic wire comprises a core and a metallic sheath surrounding said
core. The function of the core is primarily to provide strength to the wire.
The material of the core therefore must have a high tensile strength at
least in the longitudinal direction of the wire. The function of the sheath is
to receive and hold the abrasive particles. The sheath must therefore be
softer than the core. Whether the sheath is softer than the core can readily
be determined in a standard Vickers hardness test.

[0016] Preferably the core is made of a plain carbon steel although other kinds of
steel such as stainless steels are not excluded. Steels are more preferred
over other high tensile wires such as tungsten, titanium or other high
strength alloys because it can be made easily in tensile grades above
2000 N/mm? or above 3000 N/mm? or even above 4000 N/mm?, the

current limit being about 4400 N/mm?2. This can be achieved by extensive



strength all oys because it can be nade easily in tensile grades above 2000
N mm®2 or above 3000 NV M2 or even above 4000 NNmm2, the current limt being
about 4408oMNbmmBsos¥hi s can be achi eved by extensi vecol dprtemreang/osfess he wire
through circular dies. The resulting setall ographic structure is a fine,
far-drawn perlitic structure. Alternatively the perlitic steel structure
can be heat treated to transforminto a martensitic structure, by
preference free of bainite. Such a transformation brings sone additional

ductil ity 0t Qo fofnlaidiré thrbBEHLFUMYEs ORI Ol AhilioBragh®OL 71 A

typi cal conposition of a gl al n carbon steel for the core of the d
abrasi ve sawi ng shiuclre is adnd, Gar-drawn-peptiticl strasture Atereatebfthe aedivn staehe upper

limt being dep i far.m ire (see
el o) - A manganacire S bR et ieef d T Mhs S DB o o ¢

| i ke carbon - t eréfeeerseficerofbaimitenBach atranbfermatian rrdysadosiee addiioras a
deoxidiser in th nuf acturing of the steel. - ilicon content between
0 T8 to 6. 30 wt oty o B it Bhehiona! Bedlsairioss ALMEBER dur f ng

manuf act urjong7] LA kpicapedrapoditionsr d0plaincariiéi s1askfof the soiré af thelfixedeni ng of the
steel. - Presence of elenents |ike alumnium sul phur ( bel ow 0.03%,

phosphor ous ( bel2WRVEaPYINgMHE i8ap&ollodst to a nini num The remai nder of the

steel is iron and t HRSRIMeR ] ' to
0.30% ), vanadi uth Igs%toﬁf(?g?%.ozg%%)@f ni ckef“ﬂg.b%g{gg&éow\%&&pn%?ybdenum

(0. 05-0. 25%M ) andotber apyingealesentgyfoinipe theewire éseedpetows) | ity of the wire.
Such al | oyi ng enab 0 &OM Lhg in
tensil e strengths %%@%2%@%@&%@%@3@5 2%'8%8% ‘?th% ram%ar\{/ﬁ%?LeggleSHard dr awn

wi res have a Vi ckelike garlcoroh & theedrmir lsairgening lofithebbide Bihdmao od0d8d Pref erred
stainl ess steels cgnt ai.n a m’ni mm of .12% ar%d 2 substanti al anmount of

ni ckel . More pref e75RP G4 Hic0eNWaaying Shl6s3t¢%lons are austenitic

stai nl ess steels aasliBeseontant skl 0 ErEIMWER. Siliben Biweatters. The nore
preferred conpositions are those known in the art as Al SI 302 (particularly

the ' Headi ng Qual i #§PXIqigy theqteg! dypag MaruEgCluEg. &ikg Caregn ishalps to

increase the strain hardening of the steel.

- Presence of elements like aluminium, sulphur ( below 0.03%),
phosphorous (below 0.30%) should be kept to a minimum.

- The remainder of the steel is iron and other elements

The presence of chromium (0.005 to 0.30%wt), vanadium (0.005 to

0.30%wt), nickel (0.05-0.30%wt), molybdenum (0.05-0.25%wt) and boron

traces may improve the formability of the wire. Such alloying enables

carbon contents of 0.90 to 1.20%wt, resulting in tensile strengths that can

be higher as 4000 MPa in drawn wires. Hard drawn wires have a Vickers

microhardness larger than 650 N/mm?,

[0018] Preferred stainless steels contain a minimum of 12%Cr and a substantial
amount of nickel. More preferred stainless steel compositions are
austenitic stainless steels as these can easily be drawn to fine diameters.
The more preferred compositions are those known in the art as AlSI 302
(particularly the ‘Heading Quality’ HQ), AISI 301, AISI 304 and AlSI 314.
‘AlSI’ is the abbreviation of ‘American Iron and Steel Institute’.

[0019] The metallic sheath can be any metal that remains softer than the core.
Possible metals — without being exhaustive — are iron, copper, tin, zinc,

aluminium, nickel. Also alloys such as steel, brass, bronze, zinc-



"Aisr is the abbreviation of 'American Iron and Steel Institute' . [0019]
The netallic sheath can be any netal that renmains softer than the core.
Possi bl e wetalei2sosai t hout bei ng exhaustive - are iron, eopEPLo10053880 Zi NC,
alum nium nickel. Also alloys such a3 steel, brass, bronze, zincal um nium
copper-ni ckel , copper-berylliumare possible sheath netals too. [0020] The
sheath can be applied on the final core dianeter. Alternatively the sheath
can be applied on internediate dianeter wires prior to drawing the wire to

its final di ametgminRAssid a;r-ﬁieeets%tg@%%em@h«eﬁmgﬁbﬁ%@m%&ag res

undergo a thermal treatnent prior rawmng them turther. [0021] The
sheath can be irfe®m or steel with a |l ower carbon content than the core as

t he hardne f eel s i I ) . The softer
shoatn cante2g W et Tetl R Sboled inbroh Bre Bt sE ATeRBuRy e 3”1 g
carbon wre or cheaihecgnlie appliedendoteemadiate digmetee atirespriat tandrawirgther can be

put on the wire hy nmeans of. w ap-goating an iron or |ow carbon foil on the
Wire. As the cofti € ivahig pMeer oSy Hes it Nismedaly OBM&ion,
di ffusion of canber hefkreea thdmal restmnepliér tb UrHRABY thdig M@eher, smDOL h
transition of hi gh carbon to | ow carbon_Is possible in the wire. In

addi tion t 982k dhershgathurasubs Eomphatee! Wilyalows e eodentihan theecosRidi ti onal

advantage that cQrh@phRMess of HBERL pEShHABHAND PeQUafsth cdintat SO Ng use
of the wire. [0022] For this case of a high carbon steel core that is

covered with a Isbeaibaganongsheibe reswhoefa cenislled decargtdsativnefiashigmde here to

par hor apna. 16, 25T 4ee oLOLFy bICorPEERY s o R R R B (AR08, "

par agr aphs 18, as we € e 0 ch-wr
descri bed i n pamatpapteswi® by ondsthsaof evrap-cpating auiram or loiwecarbon &xilcbn thpor t ance

toth (O tion. [0023] At tivel h heat h et . b
chosen not L0 alis AGtTACPIASAAE STl o NiAe bpT Sat THE cHEHE R does not

alloy with the epegrodapetwedecarespasPdatiis @acpsferity L£ancothaginsitiohenever
sone netal couples are known not to forman alloy with for exanple a steel

core. A copper JYIb7ABIN khiext 7TBRN SIRATSRISNRE WS B 3oryBe UsBIhPaN al | oy.
Vhen the sheat h 4k bRAESI)O inahh Qksdhby tHdRIARSRI BRI Mhagiat he sheat h

corrosion is inhibited during storage, but also during use of the wire.

[0022] For this case of a high carbon steel core that is covered with a low carbon
steel sheath, explicit reference is made here to co-pending EP
09152849.7 where the structural features as described in paragraphs 18,
25 to 36 as well as the methods to make such wires as described in
paragraphs 49 to 59 are of particular interest and importance to the current
invention.

[0023] Alternatively, the sheath metal can be chosen not to alloy with the core
metal. Whether or not the sheath does not alloy with the core has to be
assessed on a case by case basis. However some metal couples are
known not to form an alloy with for example a steel core. A copper or
brass sheath on such a steel core will not form an alloy.

When the sheath metal does not alloy with the core metal and the sheath
metal is softer than the core metal and the sheath metal is sufficiently
thick, a rough interface will form between the sheath metal and the core
metal provided the sheath and core have been subjected to drawing. The
rough interface is particularly advantageous as it improves the adhesion

between the core and the sheath by mechanical interlocking.



metal is softer than the core netal and the sheath netal is sufficiently
thick, a rough interface wll form between the sheath netal and the core
met al pr owbpden/b@ssheat h and core have been subj ected toTdipaydongsesiihe
rough interface is particularly advangageous as it inproves the adhesion
bet ween the core and the sheath by nechanical interlocking.[0024] The
sheath can be applied through wapping a foil on an internedi ate di aneter
wire which is a preferred nethod. Another preferred nethod is to coat the

| nt er medi ajooff AMR{eall Eh BY ablIRAIAGUGh viBEANGS 8il BRER brABlibEn metal .
This method 1s particularly suited to Coat ewre wwth zinc (hot dip

gal vani si ng) or dametecwikvdych issuefesedzinatbod! unmi ni um al | oy | ke Bezi nal (r)
coated wire of t preferred
for coating the fr‘ﬁ; égﬁr%fﬁﬂé%?gﬁﬁ&f |soté c%iarf:t(ﬂer?ﬁérrﬁe(]i o o%mgfepw"Jgﬁoé/ ns

el ectrol yti c coatmmigg dutroogh a dadt bf momeranmtaigThrtrmaHrmhmsrpamt&iuadrlyrsmrrted [0025]

O course the c se in, whi.ch po rough interface i s present between the core
ond ohoarh 1o SR8 Eouttnf Mt R REIH cle SaivamS fal e e Ehr SoeTEr bl mo
and pre-treati nerdrhmumémprrkemﬂm@ebafee wikeat Békeert -t or doppBPsta cases
suffici ent adhesion between core and sheath will be obtained. In order to

obtain a snoot h PRP3IRYOr Bt ween core and sheath, the sheath is preferably
applied on the fyadl rérsrréa lfdrvco\ér.r@@%%rr%n QMrrff@ﬁrﬁb%réPcE vRteEGhmelertid

deposition out of a neta ion contal ning bath. [0026] The abrasive
particles are hdlydneangfgdectisariciopaiiyg eelaig b;arbeaeremlnmthsrséeﬁ’@traeraulc W re
and partly by e ment in the organic binder |ayer. The organi c binder

| ayer can be a thernosetting - also called thernohardening - organic
pol yrmer co[r@ﬁ@ﬁ]nd)f o@lutmmatcraseirywhrbe nbi rndgh intexfeee is aresieat lettivieen ol ast i ¢

pol ymer conpound. As thernosettin nce, cured - do, not soften
Bhen the tonper e et aseah et SRRl alided B LIk Noitls sreplrr ca t or

this kind of appidataigd et pleQfehtihgManyoreheoparsesdrorasheagany B, inehoster s are
available in the formof either liquid or power |ike resins. They can be

applied to the 868$ wfec'ﬁm%dheswnth?twr.@ﬁ ﬁgﬁﬁﬁdv%‘eﬁﬁr‘ﬂ’i"&eé%bt@ﬁﬁ%dﬂed t her eon
- by the means Igpgnoightdilg sidoth interface between core and sheath, the sheath is

preferably applied on the final metallic wire diameter by means of
electrolytic deposition out of a metal ion containing bath.

[0026] The abrasive particles are held in place partly by being embedded in the
metallic wire and partly by embedment in the organic binder layer. The
organic binder layer can be a thermosetting — also called thermohardening
- organic polymer compound. Alternatively the binder layer can be a
thermoplastic polymer compound. As thermosetting polymers — once
cured — do not soften when the temperature gets higher during use they
are more preferred for this kind of application.

[0027] Many thermosetting organic polymers are available in the form of either
liquid or powder like resins. They can be applied to the metallic wire — with
the abrasive particles embedded thereon — by the means known in the art
such as leading the wire through an overflow dip tank, or through a coating
curtain, or through a fluidised bed or by means of electrostatic powder or
fluid deposition.

[0028] After application to the metallic wire the thermosetting polymer must be
cured. Curing is mostly performed by heating up the resin above its curing

temperature. Above the curing temperature a cross-linking of polymer



such as leading the wire through an overflow dip tank, or through a coating
curtain, or through a fluidised bed or by neans of electrostatic powder or
fluid depwei2niopnsoss0028] After application to the netal lpce/pre10/053880

t hernosetting polymer nust be cured. @uring is nostly performed by heating
up the resin above its curing tenperature. Above the curing tenperature a
cross-linking of polynertakes place and after the curing a tough | ayer
remai ns. The total heat applied to the wire during curing should remain

suf fl ciently | oaauchabhala b FEC0AR) abudiARETLITBMCOTHE Rgaiece shoul d not

be affected. This can either be acco.rrp?l sh limting the tenperature
and/ or by |imitiapgliecht thesvigethamgtduingishotld semaimt sulliciedlydow saeh giah resins -

©.3; epoxy Tesi i mdlfetlcd alalueh 8 HRe e S AR ASAGHLORA0! NG, Sorre

resins - bl ocked 6ne conpo ur éthanes 10 e n"be bought
wi th the cat al ysither kedciamiliseed bmtionitingy. thd e periatlry @ihdios by himitirgcthevat ed by
application of heat at a chose nent. Alternatively the curing can be
initiated by i rFﬁﬂfi%@qeotﬁ”wnt%eg}?ggﬂ%@%%i ¢ beam such as infra-red |ight,

ultra-violet |iayrtan redihsel gt epdkyresins Didecdn ¢diggst tokeep tRNc@figquat e
initiator - such as acetophenone - that is reactive to the energy beam nust

be used. [0029] MfAEioNgAM% G IEREETINRE TR SIINRRNEST PelyURHENES fPrent

application are HheRY L €ah B8 BBghtRIIE BEI@EIRRINYREY H tRE BoRRBORY. The _
f or mal dehyde, nel am ne phenol formal dehyde or acrylic based resin or am no

based resins |i letakstinhae actvated brlapalcation ehheairatal dhergaeontizoguanani ne
f or mal dehyde, glA}ft%Peri‘i/h&ltﬁé’Eﬂ?ﬁiqdﬁwgginﬁ’[[)a\t&PBf/‘}fra{o‘?aﬁfoﬂ vﬂﬂ}ﬁpgﬁ%/r gfp ne. Least
S e -’ are polyester re

preferred - but nevert ess usea N or epoxy
pol yester or vi gamesichrasonfralréy tighiasied-vidst light oTéreelecson-bsamdut éxhausti ve

o e o e a0 RS bR s b ERF gl St Vel Y S,
hi gh gl ass-transeidtivg tb eigpeiaryy bearnsaystdeeed400C, but preferably above
1000C). Preferred thernoplastic polynmers are: acrylic, polyurethane,
pol yur et hal9829] Most preferred thermosetting polymers for the clrrent application are
phenolic resins.
Preferred polymers are phenol formaldehyde, melamine phenol
formaldehyde or acrylic based resin or amino based resins like melamine
formaldehyde, urea formaldehyde, benzoguanamine formaldehyde,
glycoluril formaldehyde or epoxy resin or epoxy amine.
Least preferred — but nevertheless still useable — are polyester resin or
epoxy polyester or vinyl ester or alkyd based resins.
The list is non-exhaustive and other suitable polymers can be identified.
[0030] Alternatively the binder layer can be an organic thermoplastic material with
a sufficiently high glass-transition temperature (say above 40°C, but
preferably above 100°C).
Preferred thermoplastic polymers are: acrylic, polyurethane, polyurethane
acrylate, polyamide, polyimide, epoxy. Less preferred — but nevertheless
still useable are vinyl ester, alkyd resins, silicon based resins,
polycarbonates, poly ethylene terephtalate, poly butylene terephtalate,
poly ether ether ketone, vinyl chloride polymers. In addition to the methods
mentioned for thermosetting materials, thermoplastic binding layer can be

applied through extrusion.



acryl ate, polyam de, polyimde, epoxy. Less preferred - but neverthel ess
still useable are vinyl ester, alkyd resins, silicon based resins,

pol ycar bomet:esy12pmsy et hyl ene terephtal ate, poly butyl ereTtEPr@phsaB@t €,
poly ether ether ketone, vinyl chlorime polyners. In addition to the

met hods nentioned for thernosetting materials, thernoplastic binding |ayer
can be applied through extrusion.[0031] The organic binder |ayer nust be
sufficiently hard to endure the friction during the sawing process. It is
therefore [BOSHEITHRAbGERL bir¥er Y ARt 66 sameemmé% th 8K8EretARkRiRR 11 1ers
that add to the strength of | ayer or to increase t her mal heat
drain towards t w@rmﬁhﬂ $a\wnwpr@e§arlt ﬁghe@éore[pm@‘equ hasiteapolfiner eftbet o thi s
end can be al um [ C i des,
boron nitride, %mc%m|&? ggﬁtam fa”b%qggr Jgﬂgﬁgé ngé'legfth%?thﬁ 'Q%‘% lf{an(r)lt:&um oxi de,
bari um sul phat e,inease mmltﬂerma‘rhgatem‘amntowsacﬁsihedreetalpoMe&iumn*gwseanat e,

magnesi um hat e Lanmond, grai ps, netal .powder m xture th r eof .

Pao ol ar RSB B EhRET R o GG o aB RO sy Bt bR ot o scal e
particles. Typi galdrfiubl@ageBoFdrchigRiehal®, $IE aaldignwearddnate, 288lM ¥agnd

pr ef erably between to 100 nm Particul arIy preferred corrp05|t|ons are

al um ni um oxi de 'émwmqum DAfiyR isHipbates ZIno\gxide, magegsivRt kydrepdd eF‘eS| n wth
noder at e mass frp%‘féés%tlf%afeehﬁdhegluﬁ%ﬁﬂpﬁé?é &Mr%n@?lé??{‘é TSR Xogangl even
bel ow 3 mass% - these particl ave a benefi ci al fect on the wear

resi stance of t 98 noxiyegstbereesin. The fillers are not enbedded in the
netallic wre. C bilisers
can be added too. JFF%%’% E]%Ir @?ﬁth%%%% grteﬁre]o%d gé?goﬁkoéfﬁaﬁé S%%‘F%am c

bi nder | ayer t o paneleweTgpicaity t\hesepalalcmsmwe szan IdwenlbemiZOCMm ar}cpes of

priners which can eithe e u r..o N nbi nati on are
hor gani o and orBeAIMppeEet S PoRRA™ A TiRLE Bisteest GRS o
i norganic pri ”Eralurﬁmmﬂﬂi)bﬁlae@hdltlwwﬁ@xfdeﬁrdsmﬁelﬁme@|h!oqaé®§sm wite. any

i norgani c oxide of silicon SiOx, phosphates or chromates. Mst preferred

are phosphates $URIFTalS MaATREREOES BﬁB%'BWa?Oe””aﬁér?rﬁM%% BRlWed B‘rasﬁé%
phosphate, the IRkhekIRES AthskBe- iMRSE pBfRIeRHa%E a beneficial effect on the wear

resistance of the organic resin.
The fillers are not embedded in the metallic wire. Other ingredients such
as e.g. accelerators or stabilisers can be added too.

[0033] In order to help the adhesion of the organic binder layer to the metallic
wire, a primer can be used. Two types of primers which can either be used
on their own or in combination are inorganic and organic primers.

[0034] A first type of primer is an inorganic primer. Examples of inorganic primers
are silicates, i.e. any inorganic oxide of silicon SiOx, phosphates or
chromates. Most preferred are phosphates such as manganese
phosphate, iron phosphate or zinc phosphate, the latter being the most
preferred.

[0035] A second type of primer is an organic primer. Most preferred for this
application are primers based on organo functional silanes, organo
functional zirconates and organo functional titanates.

An organofunctional silane has the following formula
Y-R-SiX3
whereby

SiX3 comprises a first functional group;



[ 0035] A second type of priner is an organic primer. Mst preferred for
this application are prinmers based on organo functional silanes, organo
functi onavozoreesdses and organo functional titanates. AoTmrgawobissecti onal
silane has the followng formula Y-R HSi Xs whereby Si X3 conprises a first
functional group; R conprises a spacer; Y conprises a second functional
group. The first functional group Si X is capable of binding to the outer
nmetal of the wire. X represents a silicon functional group, each of the

silicon functional @regpRsisal Ngnidgdependently selected fromthe group
consisting of -OH, -R %”? -OC?:O)P and t he hal ogens such as -d, -Br, -F,

whereby -R is an al Kydompises @rsggbyd &rcliomlgredikyl , nost preferably -CH3 and
(CotB. The secongoHIGLAARAE FolliRoY. £ SoBLEESS B RIS e ceLxge"

material of the bi'nding Tayer¥an 0 or interacting
with at | east orleeirecti onal group of the polyner material. Any functional

bl f, bi ndi to. L Nt ti ith I t hj ti I
O oup of the polErestes S R ghlbugrthiofbe STEBRAT AR onal o oup

Y . Exanpl es comgeéissoding Hdepside rlly @URStc0aM itted G@upicohsistig MOHLRL he
following groups : -IXIH2, -NHR , -NR 2, an ungaturated term nal double or
triple carboncar®-GE6TUPR ard ﬁ’@l’%"i’&e.,”sr%?hé’érﬂi"ér, alci ‘Mh@"PB).prW its

met hyl or ethyl @8 &frsferadiNa Cit} alRfl, MBSGHERAIKY AEQYBng &cjHli ocyanat e group
and an epoxy groups. The structure ‘of zirconates and titanates is simlar
but in stead of Thesiecanefunctopalaroun ¥ dhdirected tawards Hieerajyroeipmateriph efsent .
[0036] If an in i i I i : i ic primer
is always on t hgﬁgng{[’ﬁgﬁ'ﬂnggeera%r?gé t@ﬁ@él%? ggtﬁlﬁg{nar@r?lgrﬁ]?%ﬁcﬁrgﬁwwg{%ggq nor gani ¢
pri mer. | nor ganionedunaiogahgroupiof thermlyraer roetesipplAng durootiob blegroep adpabde wi re by

eading e WD idbholTiR Pl eahL o el o 3R BB et
material can be considered as second functional group Y. Examples
comprise functional groups comprising at least one of the following groups
: -NHz2, -NHR’, -NR’2, an unsaturated terminal double or triple carbon-
carbon group, an acrylic, methacrylic acid group and its methyl or ethyl
esters, -CN, —-SH, an isocyanate group, a thiocyanate group and an epoxy
groups.
The structure of zirconates and titanates is similar but in stead of a silane
group a zirconate or titanate group is present.

[0036] If an inorganic and an organic primer is used, the inorganic primer is
always on the metal wire and the organic primer on top of the inorganic
primer. Inorganic or organic primers can be applied on the metallic wire by
leading the wire through a dip tank e.g. filled with a zinc phosphate water
mixture or in an alcohol-water based silane mixture, followed by drying.

[0037] The abrasive particles can be superabrasive particles such as diamond
(natural or artificial, the latter being somewhat more preferred because of
their lower cost and good grain friability), cubic boron nitride or mixtures
thereof. For less demanding applications ‘normal’ abrasive particles such
as tungsten carbide (WCQC), silicon carbide (SiC), aluminium oxide (Al203)
or silicon nitride (SisN4) can be used: although they are softer, they are
considerably cheaper than diamond. When using the latter category of

abrasive particles one should take into account the hardness of the sheath



[ 0037] The abrasive particles can be superabrasive particles such as

di anond (natural or artificial, the latter being sonmewhat nore preferred
because oWotomimsisswer cost and good grain friability), pcuwhireotoosssso nitri de
or mxtures thereof. For |ess denanding applications 'normal' abrasive
particles such as tungsten carbide (W), silicon carbide (SiC), alum nium
oxide (Al2A8) or silicon nitride (Si3N4) can be used: although they are
softer, they are considerably cheaper than dianond. Wen using the latter

category of abr%ﬂﬁ@rg??&ll%ﬁi}@ﬁm ¢Hie tﬁé‘BHritiﬁlg%SaE?Phﬁ&%n%&%Btin tHeesHaaginess of

the sheathof the netallic wre In case | Icles are partly enbedded in
the sheat h t hr odfieugh dwuientatioorirathertther depeailingeheri thraughtanestectraidisgh an

el ectrolytic pr Drocess). F%?%uéﬁ’&@ra@%Eb%‘rt)’c‘?espé}{etayﬁ@%aﬁ{]}?a?é Qidg.dmierial s such
as tin, alum nidmand zinC are noreé appropriate as they are consi derably
softer than e.g.alumiokeh and\zinoardatale abp@iphiatsl dd they ashcdrmidenably spéert | cl es

upon indentation., O all abrasive particles the nost preferred is

RSP B Pl P e L R A e TN S S
particles, siligederg@iod OF ail Sbidse/emeticles Bleahbstdbrefefdd arfinciasdiz@ond t he
abrasive particles nust somewhat scale with the dianmeter of the wre.

Det er mi ni ng t he 3Siitig thmbadirap & e PRENParREENE Partices slliGrs cargidg it Mehni cal
field in its owmsdiGhrerrdg the particles have not - and should not have - a
spheri cal shage, for the purpose of this application reference will be nade
to the ' si[P833flhetrizeelrthe ebeasiveapaiticles Mwst soreewhatdicalesviéh the(digmatedi anmet er
inplies a spheri : hZ & Qf i .S | ure
(expressed in moﬁ?rﬁ)eﬁ@{?%ﬁ?étgrerﬁgﬁlﬁﬁhéglz yangjns&% Eé)ghfel %aahﬁ%% H%d erll\{)%mqgi n the
field and is al wagshrscaidiettbinatsiawrbrghiets thehgarticdag haveohott-hend shoeildpomnect i ng

the t i nt th tic farth and the length of th
e connect | ng TANE bRt ioBh, PR eRippRr B ang B e
anot her. [0039] pEhfage zethefsipeiior il gstielvy rapgetiah eeit BRnidtxethsadr asi ve

sawing wire fall into the category of 'mcrogrits'. The size of mcrogrits
can not |onger KH2DRIEEIMRIISE® IRNeEEAFIEPE) dNEWZSPBRATHFIG IR IN®ATCh are

oo Bute' Sl LB ot g0t hek USRS B AR Dy R

resi st ance or known in the field and is always somewhere in between the length of the
line connecting the two points on the particle surface farthest away and
the length of the line connecting the two points on the particle surface
closest to one another.

[0039] The size of particles envisaged for the fixed abrasive sawing wire fall into
the category of ‘microgrits’. The size of microgrits can not longer be
determined by standard sieving techniques which are customary for
macrogrits. In stead they must be determined by other techniques such as
laser diffraction, direct microscopy, electrical resistance or
photosedimentation. The standard ANSI B74.20-2004 goes into more
detail on these methods. For the purpose of this application when
reference is made to a particle size, the particle size as determined by the
laser diffraction method (or ‘Low Angle Laser Light Scattering’ as it is also
called) is meant. The output of such a procedure is a cumulative or
differential particle size distribution with a median dso size (i.e. half of the
particles are smaller than this size and half of the particles are larger than

this size) or in general ‘dr’ wherein ‘P’ percent of the particles is smaller



phot osedi nentati on. The standard ANSI B74.20-2004 goes into nore detail on
t hese net hods. For the purpose of this application when reference i s mde
to a partwol2eiwizz®s the particle size as determ ned by the/Hrasensseso
diffraction nethod (or 'Low Angle Laser Light Scattering' as it is also
called) is meant. The output of such a procedure is a cunul ative or
differential particle size distribution with a nedian dso size (i.e. half
of the particles are smaller than this size and half of the particles are

l'arger than thi Sth?r\e ‘40T th 'Perﬁgl'ﬂﬁ{gadart @dBo-Phs- &t be’%g I&%@P@i%d ®fant he

particles is smal an t t he remaining part 00-P) percent being
| ar ger sized thalmIS[M40] Superabra3| ves are normal ly i denti fied in size

angee ) o foBfor B Berased sl ARBEAEINRlndd AL A aRLEY By B Rended. L o

particle d str rons in m cron ass ave
bet ween 20 m cr (sltmtdezrd (ath@rthémsybleaamuﬁr(bem E.gopatiele distrieutiond irsthe 203d | ess

th 1 10 t be Dbet
500 LT 3. 5 orO e daase DS st oS e B TR BN e ol 4 b

smal l er than 1/ 64 aﬁ'fd Jowicormeteniies. engpand Idsbent igel inooe,ovepag pref erably
should be smaller than 1/1 2th the circunference of the netallic wire in

order to acconmougiodstuleas megiasssizi o napstiogdaieen -0 iZr2Mi&PNt he ot her

extrene t h@o@fﬂr tAsCA Rifle eAMhuRt) tr#éembefan%%l kh&fid bBeMIBEtHERL BE aﬁ theenoval
rate (i.e. the amount of naterial abraded away per time unit) becones too

| ow. [0042] The drgvjtarercs/efrthe stachwnire, vpre prefesably isbpeld be smaller thed ar ea
covered by the 319{23f$ﬂh\éecur8%frér8h oﬂh¥'n¢{f%|||9%|ry?r‘?o q%tr‘?é a&éorn?rHHEdaeté?ﬁé' al area
ng on e materi a S

of the netallic wre oné 1 nten to cut, the
cutting speed onmrtvmenatwelt on trmmlataﬂic wiree Ad tid afher €xtrersé trengarticlas san o obt ain.
The i nventors hav und t bes saw ngp erf ormance

fo e fort et ok S smalias el BE Miterdl soRbralial e dReEels hoen

shoul d be bet weenatdrigbrad¥d awsy E@{tmuma BeRoRR%t6 lowen between 2 and 10%
[0043] Like the netallic wire, brasive particles can be coated with an

i nor gani ¢ 9P48h Thiedarset cpreraes r%‘P B drhpardgies aﬂieetherﬁfﬁaéﬁ}’%reﬂrqyﬁ@$ s are

reactive netals &Hﬁ’\/@éarhbléé'al\hﬁ@d 5y thbG&Bl cu?duhﬁ@r%‘nHHlaréé'Bgﬁ{eerﬁetaﬁlﬁr om um or
iron. They tend to form carbides (i'n case of dianond and silicon carbides)

whi ch gives a goy aalﬁieﬁewn@ﬁnttmn]@é@rtal ene indenps toqut, éhmwﬁtm@spe@dwe
one wants to reach or the surface finish one wants to obtain. The inventors

have found that in order to have the best sawing performance for the
materials envisaged the ratio of particle area over total area should be
between 1 and 50%, or between 2 to 20% or even between 2 and 10%.

[0043] Like the metallic wire, the abrasive particles can be coated with an
inorganic or an organic primer or both. Suitable inorganic primers are
reactive metals such as titanium, silicon, zirconium, tungsten, chromium or
iron. They tend to form carbides (in case of diamond and silicon carbides)
which gives a good adhesion on the particle side. Alternatively the
particles can be coated with copper and nickel. Although not reactive with
the particle, they give good heat conduction and offer a good foothold for
the organic counterpart that can be the organic binder layer or the organic
primer.

[0044] Above the inorganic primer or on the bare particle itself an organic primer
can be applied. These are the same organo functional titantes, organo

functionale zirconates and organo functional silanes as discussed before.



particles can be coated with copper and nickel. Al though not reactive with
the particle, they give good heat conduction and offer a good foothold for
t he organwo 0ouns@spart that can be the organi c bi nder Ipayapr2em0/053%80 or gani c
prinmer. [0044] Above the inorganic prigner or on the bare particle itself an
organic primer can be applied. These are the sane organo functional
titantes, organo functional e zirconates and organo functional silanes as

di scussed before. The prinmer on the particles ensures an inproved adhesion

of the abrasive mardintdiesh the phhfIy Sabids M M&Bvé@x@ﬁesi&rp@ﬁﬁé abhRidept h of

enbednent allows for sone inventive nodifications of the fixed abrasive
sawi ng wi re. | n partdlessto the efganicekinderdayércati on, the abrasive particles are

deeply enb int j i -] esent = lic
aheath. ‘W DR SR SprhBLaTbimb: MohE (6 oy LB FETRba e TR | (5
t han two t hirds fiaéd abesider sesvivgwiyar Iniacfires prefacidam odifizations thendiedsieel i n t he

netallic wire. [004 Thi s can neasur.ed maki ng cross-sectigns, of the
Wre and pol | shiFRIGIRAFREoRY TECHAR g e M 8GP Zpm U ErULs 8etf on. As
t he abrasive parhétglieshaestd. NWeHON&shlY @B it i$ fldafhatllbhnige QV@rb%g@g and
polishing (as they are too hard to polish) the inprint of the hollow wll
be observabl e i m PAE thap e thirdsof Sprrasivp eartissn Msdiadeyte renbrddgdshape -
taken fromthe tj e melaficBFe than 2/3rd of the distance fromtip-to-tip,
the particle is considered to have been enbedded nore than 2/3rd of its

si ze. The [@8p6h This earbeeasyred bysnakieg erosesseiipnsrof die weaend 2olistung ows. The

aver 20e Lo b g s HenRiI LUTRLLApUERCE 8 LA TRESH fagpbecon

depth. In this pr nment ness o e organi ¢ bi nder
| ayer is | ess thpanticlgs3are removée fromdihain hpows dlirngscuting amd polabtngdest his i s

preferably less than 10 flpci enlt bindi ng,at least 1

mm,In order to have, su
Py of organi . bithaierre g Bt isoTRE e aBafift S R Glogui oo ARl e
needed is rel at itn@Formt dfial)-shaps. Whan nalabié depeoftthé Ukhabet-nakeeftbmthearticl e
size. By preference it is thicker than 1 mmto provide sufficient binding.

The particles at®Smdgimaje HEAG/BY of Hie disiaree pmdlsiortie. direeaticigdt al . [ 0047]
I'n another pref gbh&deRANEHaTE Been RbeBBERFOfE AT 3/3C |8 s 878, THE Yesthal | owly

of embedment must be assessed on at least 20 hollows. The average to
be taken is the arithmetic average of the measured embedment depth.

In this preferred embodiment, the thickness of the organic binder layer is
less than 1/3 of the median particle size. In practice this is preferably less
than 10 um. In order to have sufficient binding at least 1 um of organic
binder layer must be present. The organic binding layer needed is
relatively thin: less than about one third of the median particle size. By
preference it is thicker than 1 ym to provide sufficient binding. The
particles are mostly held by the underlying soft sheath metal.

[0047] In another preferred embodiment, the abrasive particles are only shallowly
embedded in the metallic wire. The larger part of the abrasive particles are
embedded in the organic binding layer: the thickness of the organic binder
layer is at least one third of the median size of the particles. The particles
are only marginally embedded in the metallic wire: the indentations on the
wire are at the most half of the median particle size and preferably at the
most one third of the median particle size. Such an embodiment has the
advantage that the embedment of the metallic wire at least provides a

hinge point for the abrasive particle, while most of the particle is held in the



enbedded in the netallic wire. The larger part of the abrasive particles
are enbedded in the organic binding |ayer: the thickness of the organic

bi nder | ayeroimgi2aiss| east one third of the nedi an size ofcrhepanticss es. The
particles are only marginally enbedded in the netallic wire: the
indentations on the wire are at the nost half of the nedian particle size
and preferably at the nost one third of the nedian particle size. Such an
enbodi ment has the advantage that the enbednent of the netallic wire at

| east provides andiengsianioliai @l bh® SBERSIUIR!dthe oMb @RS of ¢ he

particle is held In enore resi |ent bi ndi n el ieved that by
such a confi gur aerush effechearsipe oetainesit Ie@dmgﬁ@ adbora gendle quimgithgnto a nore

gentle cutting to%?é(]né)cg\%\/ﬁh "?r?e plxg\/ ons epr?oo% %ﬁtous enbodi ment. [0048] When
e

produci ng the fiX rasive sawn means of indentation of
particl es, [0048] p/s(hem pdoelﬂcmgmhé)’éxapabraeideeawtrigemreebwkﬁeauswf ingleniatibowt any

organi c blnder followed b oati ng, and re tlvelythe
e en o bR the RarfiOR LAY of ApRied By M P e R AR ESS ¥ Ehe
latter case it icsgdiiebroeemlbRed by%bam@énd&ﬁn@reteaédreCAmrh@nMytﬂnean organic
bi nder Iayer foll owed by a slight curing, followed b}é i ndent ati on and

finishing with Pariigs Qﬁrbb%ﬁﬁafél'eéfaﬁleﬁg‘ec‘éféﬁi"ﬁé’”iq?r8?‘8 pep gupbeVeM® snudgi ng
of the indentat '|é1fbr\efa]§@|it$s Srlé”rérF&i {oTeoat trfmnet%|r|ac%refm%hr&g£{b of Figures

in the Drawi ngs [ 00 gfure la shows schematically the cross section of
the fixed abr amweﬁéﬁMenfp haived biyra $ligbt ewang, @'ﬁwﬁ@yfIW%tQ@Waﬁ%t preferred

embodi ment) . 95%11 r’%ﬁlwgcagpﬁ%ﬁggﬁrﬁ%fﬁﬁgure CIn %ﬁ@é’?"t(ggreq;e 93@ ng W re

according a secon rawi ng
of the saw ng W|crfﬁwamdemtdtmgwaeelb|dwdngnrhtedtamm. [ 0052] Figure 1d shows a
schematic draw ng of the sawing wire in a fourth enbodi ment. [0053] Figure
2a and b shows netal | ographic cross sections of the sawing wire accordi ng

the third prégabsraption 61008dres i ey Bradvisdows t he conparative saw ng
per f or manc[%o%] tFr?geur\éM1raesshow|\s/bsccj:ﬁérsn)at|£aollg/ tkcl:gzzrro)éls ggct%nt ofttﬂg fI)I((I;C}/ gg}alsf\)/g
sawing wire in its most generic form (a first preferred embodiment).
[0050] Figure 1b shows a schematic drawing of the sawing wire according a
second embodiment.
[0051] Figure 1c shows a schematic drawing of the sawing wire according a third
embodiment.
[0052] Figure 1d shows a schematic drawing of the sawing wire in a fourth
embodiment.
[0053] Figure 2a and b shows metallographic cross sections of the sawing wire
according the third embadiment.

[0054] Figure 3 shows the comparative sawing performance of the wires.

Mode(s) for Carrying Out the Invention

[0055] Figure 1a shows the invention in its most generic form (first embodiment).
A fixed abrasive sawing wire 100 comprises a metallic wire 12 and an
organic binder layer 30. Abrasive particles 20 are fixed to the metallic wire
12 by means of the organic layer 30. Characteristic about the wire is that
the abrasive particles are also partly embedded in the metallic wire.
Figure 1b shows a second preferred embodiment wherein the metallic wire

comprises a core 14 and a sheath 16 and wherein the abrasive particles



[ 0055] Figure la shows the invention in its nost generic form (first

enbodi nent). A fixed abrasive sawing wire 100 conprises a netallic wire 12
and an orwenbm/hsmider | ayer 30. Abrasive particles 20 arerfipz&d/osmsé he
netallic wire 12 by neans of the orgamwic | ayer 30. Characteristic about the
wire is that the abrasive particles are also partly enbedded in the
nmetallic wire. Figure 1b shows a second preferred enbodi nent wherein the
nmetallic wire conprises a core 14 and a sheath 16 and wherein the abrasive

particlesare pargd ﬁaﬁlgté?r%}%gieﬂ i EH%@&WQ@%@ b8 BPMQQNIF%)I e Makcby the

organi ¢ binder |ayer art es are enbedde t the nost One third
of their nedian b¥ides |3M$r6ﬂeTi$¢19@lﬁlh|eB@y%ﬂmbﬁd@ed @frﬁierﬁmﬂt opeitligg ®fdbeid i n t he

organi ¢ bi nder | . wher ei n
the interface ben?gmogée%sghgry{sq%e%}%ﬁﬁq%v%n '%Ireﬁ ag%% tﬁgj\nrgqgﬂﬁge%%'ﬁ
roughness. Hereki]r’rmarnmﬁet‘i cles have at |east two th| rds of their median size
in the sheath. urth preferred, enhodi t _wherein the
changeover from't ﬁgqursgowﬁ aﬂ@r&@g&gq@%gﬁ] bpgin ?Wﬁﬁﬂ’ea'ﬁ‘ge%gs not show a
shar p i nt er f ace befW&rbiheAheathdi d18nd ﬂheaccfréa matsh@wb@chemmrogbhﬁé& Hewention, a
hi gh carbon wire rod (nom nal dianete wi th a carbon content of

0.8247 W% a rré'h@ﬁﬁ%‘§@scf@ﬁ?é‘ﬁ{eaé?t"‘@ %@dwwek& ngdizngEe fbivesheats 0. 20 w %

and with A, P gl 1%%6%%%9%%Yéf@rr@&e%éﬁ%@eﬁwt%%%uﬁ%é YhdtReeaded
accordlngtothe met hods known i1n the art wre was dry drawn to 3.25

mm pat ent ed androaytiercae yi4de étwsfteﬁitfﬂﬁss @fﬁﬂuaﬁl apdines nobabewig shee i cron

t hi ck or about A}Atg geam per kil ogram of coated wire was el ectropl ated on
this internedi at gl anet er, which was subsequently drawn to a final overall
di anet er 0of0028]0 AumnrdTﬂrgatotmflr(skemsdmferttb’éth«eopmmohag'blghmsbdmmeajmbut 16 mm
The breaking | ogd of i S W re_was N. _The tensil [ h_of the steel
core (neglecti ngn?rﬂgaw'?g}‘?&rrﬁ%HPW}W@?J?|°8W°&anﬁ%qt8g8§é49é’ﬂéa?h) is 3771

N m2. [0057] Drﬁéﬂyuﬁeﬁébbht@hle@‘%:k W, ﬂ%ﬂib@mcémtéﬁt of@s20 Wk adg. vatrfmn

(di0=15.1 mm d90=4 in entoed into the copper sheath t wo
pairs of roller \Aﬁ%ﬁscov\ﬁnltﬁ Qelﬁ’é(toc@ﬂ W s cr@mlgﬂyéiresaelgg@gcgplqgge, us 109
mm  The two the methods known in the art. The wire was dry drawn to 3.25 mm,

patented and again dry drawn to 1.13 mm. A copper coating 169 micron
thick or about 440 gram per kilogram of coated wire was electroplated on
this intermediate diameter, which was subsequently drawn to a final
overall diameter of 210 um. The thickness of the copper layer was then
about 16 ym. The breaking load of this wire was 96 N. The tensile strength
of the steel core (neglecting the strength contribution of the copper sheath)
is 3771 N/mm?,

[0057] Diamond particles with a median size ‘dso’ of 25.3 pm (d10=15.1 pym,
d9o=40.6 um) were indented into the copper sheath by two pairs of roller
wheels with a matching semi circular groove of radius 109 um. The two
pairs had their axis perpendicular to one another. Hence, the particles
were indented deeply into the sheath and on average two thirds of the
particle was in the sheath. A sample was taken for further testing (‘Sample
Bare’).

[0058] Subsequently the wire was electrostatically coated with an epoxy powder
EP 49.7-49.9 from SigmaKalon based on Bisphenol-A (BPA) with curing
agent. Subsequently the wire was cured in a run-through oven at

temperature of 180°C for about 120 to 540 seconds. The amount of



pairs had their axis perpendicular to one another. Hence, the particles
were indented deeply into the sheath and on average two thirds of the
particl e wle0iom250s8 sheath. A sanple was taken for furt pen/sreshiorssq ' Sanpl e
Bare'). [0058] Subsequently the wire mias el ectrostatically coated with an
epoxy powder EP 49.7-49.9 from Si gnaKal on based on Bi sphenol -A (BPA) with
curing agent. Subsequently the wire was cured in a run-through oven at
tenperature of 18Q0C for about 120 to 540 seconds. The anmpunt of organic

bi nder | ayer Ca'?)r@@hlc‘fﬁv\ggﬂla%r Ve B e, VArDRgIRERE specd: 9 wériliﬂ‘é speed

col l ects nore epoxy powder and hence the "bindef layer 1s th er, a faster
| i ne speed resulspsed ﬁOLteoﬁﬂwl’n@rﬁeep@iymdelrayémenmesl@m@ﬁré@yw thigkencuced:

I _Sarrpl e Thin’ (l\ﬁ%étgr Iﬂ1e2gﬂe%|qtﬂa£[ﬂgrinlaqxﬁmer@l ger IW&%PEEH% wﬁht h a thicker

bi nder | ayer). a cross sec in and
figure 2b shows moduceﬁs Sseqdle dhin2Mithod tlﬁabmbler [ahen land Tham plerTenidkl dwitrs

di scernabl e as wel | e sheath 21 Not e t hat the, di are out of
Che T emantes 505 hiekBoibiS: BES T o de e owki 4 Oks SEion TR S d0E, °'% The
dark, thin |ayermh38nd Aig@as® Qfom@aamb@sé%tranm@ dfisangdle anick. Theesrenabl e
Iayer 232 in case of Sanple Thick. [0059] The three wires were conpared on

a single wire r&dfgs gssemphls %Sa‘()(ﬁlhﬁ%merﬁi‘e?yb%m Dldertid the diampegsget ogy

CT800' . Half of o%t%ft'ﬂ@'r@cé’és%@?b |§Wh|c‘ﬁQHey3ﬁ/€}e REIY AT IR &%a%n%fblrmer\{! yerh and
46. 6 nm hei ght was sawn by each of the sanp éhround corners viere sawn

| ast). The rrachumwewbagkdb@rlay@c?&onn'camgf.aampbo inpaétheseleardt 3, the wire

tensi on was kepty; &%ﬂ%b@kg@2§?ﬂ%s§ o?"Sa@ %“I’?Izkw re was cycled (thro and

fro) in 7 seconds @l Vving an average spee x30/ 7=) about 8.6 m's. \Water
w t h an ad@0bdVd hedbregseicesasera munemed on [2056§)¢ wilegecibtamahiat seesul ts are

bt ch e saw nd 0N VB dOPBRRBS R B KR LAE ot o0 S OB e The ond

of the curve is sieen skhesgadreld® 125 nfrawidthiimew®E6 mhhaeitt was BaWK®g Wi th
dianonds () is the result obtained with the Sanple Bare. Initially it shows

a hi gh saw ng s 5860 of Mg saplek ('pUBHSH SRIEsEVEIESaNE B$d ThedBagiineWrasi ve

particles. operated in ‘constant bow mode’ set at 3°, the wire tension was kept
constant at about 8 N, 30 m of wire was cycled (thro and fro) in 7 seconds
giving an average speed of (2x30/7=) about 8.6 m/s. Water with an
additive was used as a coolant.

[0060] The obtained results are reproduced in Figure 3 which shows the sawing
speed —i.e. the speed by which the sawing front progresses through the
sample - over time. The end of the curve is when the sample is sawn
through. The curve marked with diamonds (¢) is the result obtained with
the Sample Bare. Initially it shows a high sawing speed that quickly
diminishes due to the loss of abrasive particles.

The curve marked with squares (m) is the sawing speed obtained with the
‘Sample Thin’ with a thin organic binder layer. Although the curve remains
somewhat below the Sample Bare the sawing speed is more constant at
around 0.8 to 1.0 mm/min. Apparently the diamonds are better held and
keep on functioning during sawing. The sawing speed is acceptable as it
reaches 100 mm?/min and more.

The curve marked with bullets (e) also shows an improving behavior of

sawing speed, but the overall cutting behavior is too slow. Clearly the



The curve marked with squares () is the sawi ng speed obtained with the
"Sanmple Thin" with a thin organic binder |ayer. Al though the curve renains
somewhat welow/tk@sSanpl e Bare the sawi ng speed i s norepcoEpb@oissso ar ound
0.8 to 1.0 mimn. Apparently the di axsonds are better held and keep on
functioning during saw ng. The sawi ng speed is acceptable as it reaches 100
m2/ mn and nore. The curve marked with bullets () also shows an inproving
behavi or of sawi ng speed, but the overall cutting behavior is too slow

G early thebi ndefinderYSfer ifhili 'tﬁé aBrtb%w%bda’f‘ﬁdlé/setoFLQ{ntté&k@wBR Bl Bfly the

wor kpi ece. Only when t'he bin | ayer abrades away, the saW| ng speed
i ncreases. [ooamhanrthabyébbiﬁyeem@deﬁeway taezsawrmﬁne@ppwe@mt hed core

i re (SOr eobgR T £0BHA BRRRAIN. D590USoHRerardliag, Lhe SAE oL oreSsT g

route as i st e was pro wer e deeply
i ndented into thencoptey 25@M)|mgdmd|amcbmguhe$hm¢rodém rouldhes mo

i ndent ed di anon I S ated in a t, chem cal route ('Sanp|e t 1').

o S end o mng hisF el BRrGal Sias el S iSO a ot S ebodEMRegRt,  nabl o

from Sd- West mehee@ﬁm@bhtuwésmtaécnkst%ddaurﬁéhtemh@bomtwf butyl

al cohol . The sol uti on was wet agﬁdél ed to the wire and subse%t%entlé?drl ed
te

(for solvent evzﬂ%?‘érﬂq e waseogtrdn a Wercherteal revtakiSag)platV At ure of

1800C for 120 seggn aséohwaﬁgw Sadtb3085 |a ?ﬁé‘r‘icﬁﬂ&:‘?gaﬁ%Ednﬁ‘ébl@froﬁﬁbou'f 9 mm
thick was obtai ned. The obtained wre was tes under the same conditions

as mentioned pr &H%W@BS/CMIFIG&S@?FFHBHE)OM%Q@Iﬁ$0|mﬂ/\l,n%%@@d)mscﬂ}"b%”t| me, 30 m
of wire) but wt i I s cut
now. The cutti ngahcmogg re@%esg @R%\&Etﬁ% Oltﬂﬁgﬁt% 8l g%%éﬁ %’e\&?oss of
cutting effici er(toysolrvent gvapofatios) armdjtur'ehe(fowtctsisriigkmgkeda (e:mrmramlreow dt h of
125 mm) was 1. 45 ich for he second ved to 1.50
i The cut (G el Seeends dharEpaSherarelt senierel Coalitd praolt

enbodi nment . [00@2|]m|tlﬁicléiw1'ablobChnﬁé@Q%Wfémecﬁw&@deme@@F@lﬁﬁeﬁﬂh@@ah@ (sheath
t hi ckness 25 mm) core wire produced accordin %qthe samnme processi ng@route as

in the first entoafiaRR a%\H’:,e”Ei%@ﬁ pEyioual A §H0aroReSIARIROVE &N I dent ed
into the copper GERUMMYE 385 ioPwWirBEblt Wil a GHRIUH SFENtN. ARSI BedPbe 2aagonet

coat ed
mm? was cut now. The cutting was repeated three times without any
substantial loss of cutting efficiency: for the first cut the cutting speed (over
the width of 125 mm) was 1.45 mm/min which for the second and third cut
improved to 1.50 mm/min. The cutting speed was also more constant than
in the first embodiment.

[0062] In a third embodiment, a 300 ym copper sheathed (sheath thickness 25
pMm) core wire produced according the same processing route as in the
first embodiment was provided. Again diamonds were deeply indented into
the copper coating as in the first embodiment. The sample was wet coated
with an alternative material: Bakelite PF 0361 (a phenol formaldehyde,
obtainable from Hexion) was dissolved in butyl alcohol resulting in a 50/50
dry residue/solvent on weight basis. After wet coating the wire it was dried
and cured in an oven for 60 seconds at 180°C. The resulting coating had
an average thickness of about 8 ym. This is ‘Sample Wet 2’.

[0063] A comparative sawing test to a nickel coated sawing wire (‘Sample Bare’
coated with a nickel overstrike: ‘Sample Nickel’) on a 1 inch (25.4 mm)
sapphire ingot was made with following machine settings:

- Machine DWT CT800 (identical as in the previous tests)



with an alternative material: Bakelite PF 0361 (a phenol fornmal dehyde,

obt ai nabl e from Hexi on) was di ssolved in butyl alcohol resulting in a 50/50
dry resi duesolnsiss on wei ght basis. After wet coating trlhe/npmmee/osissnas
dried and cured in an oven for 60 seconds at 180Q0C. The resulting coating
had an average thickness of about 8 mMmm This is 'Sanple Wet 2'. [0063] A
conparative sawing test to a nickel coated sawing wire (' Sanple Bare'
coated with a nickel overstrike: 'Sanple Nickel') on a 1 inch (25.4 m
sapphire ingot waschR4sntMdmbak! KW 96t tgeehi ne settings: - Machi ne DWE
CT800 (identical as in the previous tests)- Constant bow node, bow set to 1
; Constant wire -t eheigiantofiregtension @ My of wire cycled to and fro at average
speed of 8.6 n's; 5 , r_ A PR ted tests were
performed with the%ﬁ?@@glgn%\fc\é&ftﬁ o J@‘?a oeg%%eséseet%hde? 'urﬂ]é ility of the
wire. [0064] As -shOwolanthwhsdylvethl arbediditive t he ' Sanpl e Wet 2' perforns equally

well to the 'Sanple N ckel'. The tabl ws the tine (i in) needed to
cut through t he REPelEsRFaeTRABIOM e B LR WHE SeliPE et REestime. pi ece. of
wire. The resul tise guRBOi oftthe wirdea of the invention that the nickel coating
can be replaced with a resin coating without a |oss in saw ng perfornance.
Tabl e | O alOR§%H ASstomeen Tabledhelaw sthai $amalerde S msrosTh gaualeral toithe vi r e
and abrasive pargh6hbRNicReH FhaRisIe sHEw e frhik B nig] AdleddtBEulMra@Hd.
metallic wire with an organic binder |ayer characterised in that said

abr asi ve parti clteg Tagaprilirednginn sybseqenfowds with the seme pigiceiof Witier &he 2. The

fi xed abrasive 1 i - i : i Ld. i e further
conprises a cor Zg%ur@gsg%ﬁéﬁ legg?Flgﬂaeﬁﬂ\@ﬁ{orﬂgﬂ%tﬁﬁ%glcggf%Jal(t:lhgg% sbgi d sheath
havi ng a | ower hepldoebwith haasis @odtimpweholB.a [0beinfdaxnény perfasianeesawi ng wire
of claim2 wherein[said corejis.a in carpon _steel wire and said netallic
sheath is one out \‘s:’“ltHng?E) D ngﬁﬂgﬁchﬂ steels.an?ﬁ%w\ét@opper, tin, zinc,

al um nium nickel, |brass, bronze, zigic-al um|{nium c@pper-nilckel,

beryl | i um copper ol—any—othetr—atoy—thereof-

2 10 16
3 12 10
4 14

5 20 21
6 21 21

Table I



4. The fixed abrasive sawing wire of claim3 wherein said netallic core and
said netallic sheath is made of plain carbon steel wherein the carbon
content olo2aiodi2slse i s hi gher than the carbon content etrameioskass h. 5.
The fixed abrasive sawing wire of claom 4 wherein the carbon content of
said netallic wire gradually decreases in an outward radi al direction. 6.
The fixed abrasive sawing wire according to claim3 wherein the interface
of the nmetals of core and sheath do not alloy and have a rough interface so
that said gRifsand sheath mechanically interlock. 7. The fixed abrasive
sawi ng wire according to any one of the clains 1 to 6 wherein said organic
bi nder | ayér A Bxed athesine sevngnyrepedprisinoameidllic weeqndaprasivpparsring,

phenol i, resichiq #200L oL ALIR! dsliyfle geLaginspisnlbomdciuingr

acrylic based?resi Ao OF Pam am ne
f or mal dehyde layeechagctnzed methfabsardlarbedmchepargtlgsareual'sd) phdlyremhiskslaleden or epoxy

resin or epoxy.am ne or. polyester resin or epoxy polyester, vinyl ester,
al kyd based Féé‘ﬁﬁ‘ P(ﬁ§ ﬁeﬁe fi xed abrasive sawing wire according to any one

of the cl apnsrhk ﬂx@d@bV‘éW@dWﬁ@We@T@MhCl Whe&eer sdis nietdInewireplraslr sel ected
out of the group conprising acry ol yur et hane, pol yurethane acryl ate,

pol yani de, poPYIRiSER2EREGNd Mﬁ}ﬁ“l%b%@th S&rrRV'&fj'P%§P'H§°r%ﬁai%%1?aﬁhsed

resins, pol yq%a,p,%r@k%r hg,an)ésgméyllmcé@repht alate, poly butylene
terepht al ate, pol'y ether ether ketone, vinyl chloride polyners.9. The fixed

abr asi ve s&quﬁ@ figed @bsasis @vagg M@reaqwlam@ whereinasaid zorgris 8 phkiecerbensai d
organi ¢ bi ndeged gyar, Jurt eg{et éaﬂ?% ef %det So?{hselsﬁagg‘:ﬁ@ﬁr =ing hg%fed Ne group

conpri si ng alum ni um oxl I con car um oxi des,
boron nitri deronntmxagerttai a;nccalbmlmunncalcbeinhrtaes, raote, rz,inocélamjnlmmt ani um oxi de,

bari um sul phat e ZI nc nesi um [ 0X gfassiumtitanate,
magnesi um sul9RBEENIC ;%Wﬁu’&r%ﬂ%ﬁgr orn@?ya%ﬂﬁr @\Jc?e\ﬁ@er%P m xtures thereof. 10.
The fixed abragifikedsdvdIg YdviRg AGeaTdiang 3 Whévln i€ nftalid drétand da@l 9
wherein said netallic wire further conprises an inorganjc priner coating

sel ected frofMetAlc§help ieBIRgRIcE Y §@rppeaﬁe@éwhsf%%m%aé%°rbﬁorﬁﬁ'ﬁ%t es. 11.
The fixed abrggj ¥feS@NGRAE: tWhh thPEBbALHRch oY) gRgtef claims 7 or 10

wherein said netallic wire further conprises a primer coat selected out of
the group S The fixed abrasive sawing wire of claim 4 wherein the carbon content of said
metallic wire gradually decreases in an outward radial direction.

6. The fixed abrasive sawing wire according to claim 3 wherein the interface of
the metals of core and sheath do not alloy and have a rough interface so that
said core and sheath mechanically interlock.

7. The fixed abrasive sawing wire according to any one of the claims 1 to 6
wherein said organic binder layer is a thermosetting polymer out of the group
comprising phenolic resin, phenol formaldehyde, melamine phenol
formaldehyde or acrylic based resin or amino based resin like melamine
formaldehyde, urea formaldehyde, benzoguanamine formaldehyde, glycoluril
formaldehyde or epoxy resin or epoxy amine or polyester resin or epoxy
polyester, vinyl ester, alkyd based resins.

8. The fixed abrasive sawing wire according to any one of the claims 1 to 6
wherein said organic binder is a thermoplast selected out of the group
comprising acrylic, polyurethane, polyurethane acrylate, polyamide, polyimide
epoxy, vinyl ester, alkyd resins, silicon based resins, polycarbonates, poly
ethylene terephtalate, poly butylene terephtalate, poly ether ether ketone, vinyl

chloride polymers.



conprising organo functional silanes, organo functional titanates or organo
functional zirconates or m xtures thereof for inproved adhesion of said
organi ¢ bodero/hsgssr to said netallic wire. 12. The fi xedralpe@siossssaw ng
wire according to any one of clains I2ito 11 wherein said abrasive particles
are selected out of the group conprising dianond, cubic boron nitride,
silicon carbide, alum niumoxide, silicon nitride, tungsten carbide or

m xtures thereof. 13. The fixed abrasive sawing wire according to claim 12

wherein sagd T%rf%ﬂ‘é%ré%ﬁ\?é $EWiRG \Aﬁ#*éeac%er%‘ir?gfto%ﬁy*bn% é%’%?én‘n”)goroy’é/thFelﬁ he group

conprising titanium silicon, Zirconium sten hrom um 1iron, copper
or nickel . 1zsaldr¢reaﬂlp>berweamy§sfurt’ﬂesmﬁnngswa ||%t§@tﬁctﬁd1@-ltt0fﬁthﬁ @ionp13 wher ein

sai d abrasi y%oﬁ@rri%irnégaﬁ%m%w& Iaﬁldeg OWollnSC%r@}dgg 'sﬂ%é o%%g Hrli of the

group conpri si unctional anes, or ano unc I ona Yahates or
or gano funct initnidé, rmicactaiateasivom carbmhaneetsadl|Ineclapft|tém0m|mﬂe)\badumdhem on of
sai d organi c bi rp\ﬁf layer to said abra |v parti es 1ge. The fi xed

abrasi ve sawiSHP R & ¥ MAgEs UTh(YERd %’fpoé"f’sﬁ'% gl RAESM™ sai d
particles hawgiphate:didhomPgraing, Metdl powaBe @TmixRISStesbii nto said netallic
wire up to about one third of said nedian particle size and said organic

bi nder i s 1% dRdieE PRAASHRSINNG WiIracsarciNa AN PSR GMe 7P AaWharsin The
fixed abrasiuaicmpidle wid Rriereaflbites!ah ABIARSRordablifs sdiob@alfbrither ei n

said particles have a nedian particle size and are embedded into said
met al | i ¢ wi r dhelerguptepmisising sileeteshiphasphatesser ehrameiesn particle si ze.

11. The fixed abrasive sawing wire according to any one of claims 7 or 10 wherein
said metallic wire further comprises a primer coat selected out of the group
comprising organo functional silanes, organo functional titanates or organo
functional zirconates or mixtures thereof for improved adhesion of said organic
binder layer to said metallic wire.

12. The fixed abrasive sawing wire according to any one of claims 1 to 11 wherein
said abrasive particles are selected out of the group comprising diamond,
cubic boron nitride, silicon carbide, aluminium oxide, silicon nitride, tungsten
carbide or mixtures thereof.

13. The fixed abrasive sawing wire according to claim 12 wherein said abrasive
particles are coated with a coating out of the group comprising titanium, silicon,
zirconium, tungsten, chromium, iron, copper or nickel.

14. The fixed abrasive sawing wire according to claim 13 wherein said abrasive
particles further comprise a primer coat selected out of the group comprising
organo functional silanes, organo functional titanates or organo functional
zirconates or mixtures thereof for improved adhesion of said organic binder
layer to said abrasive particles.

15. The fixed abrasive sawing wire according to any one of claims 1 to 14wherein
said particles have a median particle size and are embedded into said metallic
wire up to about one third of said median particle size and said organic binder
is thicker than one third of said median particle size.

16. The fixed abrasive sawing wire according to any one of claims 1 to 14 wherein
said particles have a median particle size and are embedded into said metallic

wire down to about two thirds of said median particle size.



