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COMPOSITION FOR lMPROVlNG DRYNESS DURING \VIRE SAWING 

BACKGROUND OF THE INVENTION 

10001] Waters used in electronic devices are typically prepared from an ingot that is first 

sliced into thin \vafors. \Vire sa\ving is the n:1osl common method for nrnnufocturing such 

\vafe.rs, A \\>ire sa>v c:oinprises a \veb of fine wires arranged using a series of spools a11d 

pulleys such that the wires are parallel to each other at distances of 0. 1 mm to 1.5 mm. As a 

substrate is pressed against the web of wires, a composition is continuously supplied to the 

area. The con1position generally contains an abrasive suspended in a liquid carrier \vhich 

facilitates the interaction bet\veen the \·vire of the \vire s<nv and t.he substrate \Vherein the 

substrate is abraded a11d sliced into wafers. 

10002] Current methods of slicing substrates to produce wafers often employ the use of non¥ 

aqueous liquid carriers in the composition containing lhe abrasive. Typical cmTiers include 

the use of mineral oil, kerosene, polyethylene glycol, and polyalkylene glycols. The viscous 

natme of these carriers allmvs the abrasive particles to be suspended .in the composition and 

alknvs the composition to adhere to the \Vire of the 'Wire saw and/or the substrate 'vhich 

results in a more efficient mechanical abrasion of t11e substrnte. Such c.ompositions, however, 

generally contain high concentrations of abrasive, <.md, due to their lack of colloidal stability, 

the abrasive particles settle out of solution. NmH.lqueous compositions are aho relatively 

sensitive to contamination by the malerials abraded during the slicing process,. \vhich causes 

the abra.sive particles to lose slicing efficiency and t.o agglomerate. In addition, due lo poor 

thermal properties, non-aqueous compositions generally result in increased amounts of heat 

being generated by the \Vire sawing process due to friction" \\'hich in mm increases the level 

of \\>ear on the wire and decreases the slicing rate. Reducing the level of\vear on the wire 

enables the use of wires having smaller diameters, \:vhich is desirable because it reduces the 

amount of substrate lost during slicing (i.e., the ked\ Compositions having a longer shelf 

life 'vhich can increase slicing perfrmmmce are desired. 

[0003J During wire sawing operations, t11e \Vire moves at a relatively high velocity, which 

causes the composition to evaporate or dry during the slicing process, resulting in the 

fonnarion of hard deposits un the \Vire and increasing the level of wear on the wire. This is 

especially problematic with respect to aqueous compositions. In addition, evaporation or 

drying of the composition during \Vtre smving operations can reduce recovery and recycling 

efficiency of the various components of the composition, such as the abrasive. 
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BRIEF SlTtvfl'v1ARY OF THE INVENTION 

(00041 The invention provides a cOfftposition for slicing a substrate using a \\'ll'e sasv 

comprising (i) a liquid carrier comprising at least 50 wVhi water and 0_ l \VL'l.··;, to 20 wt'\) of a 

polyol, (ii) 30 wL'~'<) to 60 \VL':/;-, of an abrasive suspended in the liquid carrier, and (iii) 02 

\Vt~/;.; to lO wt.(:.·o of a thickener. 

(00051 The invention also provides a composition for slicing a substrate using a ·wire saw 

comprising (i) a liquid carrier comprising at least 50 wt.'~'~ \vater and 0.1 \\'t.'h, to 20 wt.% of a 

monatomic alcohol, (ii) 30 \Vt%; lo 60 \\'t:.'}o of an abrasive suspended in the liquid carrier, 

and (iii) a salt selected from the group consisting of calcium dlloride, ammonium sulfate, 

aluminum nitrate, and combinations thereof. 

10006] The invention farther provides a method of slicing a substrate, which method 

comprises (i) contacting the substrate \Vith either of the compositions described above, (ii) 

contacting the substrate and the composition \Yi th a \:vire sa\\', and frii) moving the wire smv, 

with the composition in contact therewith, relative to the substrate so as to abrade at least a 

portion of the substrate to slice the substrate. 

DETAILED DESCRlPTlON OF THE INVENTION 

10007] The invention provides a composition for slicing a substrate using a wire sm.v and a 

method of slicing a substrate using a wire smv. 

(00081 The substrate to he sliced can be any su.itable substrate. Snitable substrates can be, for 

example, silicon, sapphire, silicon carbide, germaniun1, gallium, or ceramics. Preferably, the 

substrate is silicon. 

100091 The composition comprises a liquid carrier and an abrasive suspended in the liquid 

earner. 

10010] .A liquid carrier is used to facilitate the application of the abrasive and any optional 

additives to the surface of a suitable snbstrnte to be sliced. The liquid carrier can he any 

suitable solvent including lmver alcohols (e.g., C 1-C6 alcohols such as methanol, ethanol, 

etc.J, ethers (e.g., dioxane, tetrnhydrofornn, etc.}, 1vater, oil (e.g., mineral oil), kerosene, 

polyg!ycol, polyethylene glycol, pol.yalkylene glycols (e.g., polypropylene gl;ycol), and 

mixtures thereof Preforably, the liquid carrier comprises, consists essentially of or consists 

of a mixture of water and alcohol. \Vithout wishing to be bound by any particular theory, it is 

likely that the use of a non-aqueous liquid earner incI-eases the viscosity of the cornposition 

which increases the ability of the composition to adhere to the \Vire saw and/or substrate, 
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resulting in a more efficient abrasion of the substrate. The ionic properties of the non-

aqueous liquid carrier, ho>vever, also increase the colloidal instability of the c.omposition. 

The materials lhat are abraded during the slicing process agglomerate with the abrasive 

particles suspended in the liquid carrier, >vhich causes the abrasive particles to lose slicing 

efficiency and settle out In addition, the use of a non-aqueous liquid carrier having poor 

thermal properties increases the amount of heat generated due to frictwn during the slicing of 

the substrate. The liquid carrier can comprise at least 50 wt.%~ (based on the weight of the 

liquid carrier) water (e.g., at least 60 wt''.··o, at least 70 \VL 1~Ji,,. at least 80 \VL'}6, at least 85 

\Vt'%, or at least 90 wt.'~--;; \Vater). Alternatively, or in addition, the liquid carrier can comprist~ 

98 v..-'U·-Q or less \vater (e.g., 95 wt.1% or less, 90 \vt.'h, or less, 80 wU'i) or less, 70 \'Vt(~·<) or less, 

or 60 \Vt.% or less water). Thus, the liquid carrier can comprise an amount oJ\vater bounded 

by any two of the above endpoints. For exmnple, the liquid carrier ctm comprise 50 \\'Lt~.;i 

water to 98 wt.O..··;) \Vater (e.g., 50 wtO.iQ to 95 W't.O,.·;i ;,vater, 60 \\'t(~-~) to 95 w·t.f~··o \Valer, or 70 

wL'i.-;) to 95 \VL~·o water). 

10011 I The alcohol comprising the liquid carrier can he any suilahle alcohol. Preferably, the 

alcohol is a polyol or a monatomic alcohol. The polyol or monatomic alcohol can have a 

carbon chain of four or more carbons andior a carbon atom to oxygen atom ratio of at least 

2SL For example, the polyol can be a glycol (t.c, a diolL glycerol, polyethylene glycol 

{PEG), polypropylene glycol (PPG),. 1,6-hexanediol, penlaerythrite, or combinations thereof 

The monatomir alcohol can be, for example, l-hexanol {hexyl alcohol), I -octanol, 2-ethyl 

hexanol, or 2-lmtyl-1-octanoL The liquid canier can comprise at !east 0. 1 \VLL~1(1 (based on the 

weight of the liquid carrier) alcohol (e.g., at least 0.2 \VL%>, al least 0.5 \VL'}<), at least 1 'Wt.'};), 

at least 3 vvt.<%, at least 5 wt.'~--;;, at least 7 wL(~/o, at least 10 \vt''.-ii, al least 15 \vt<}<.1, or at least 

20 \vt<% alcohol). Alternatively, or in addition. the liquid carrier can comprise 25 wLt'.,(i or 

less alcohol (e.g., 20 \VtY··o or less, 17 \VL'i<1 or less, 15 1-vt.1!-·\1 or less, 12 we•;.~) or less,. 10 wL~·;j 

or less, 8 \vt?.;i or less, 5 'wt.'1/0 or less, 3 wt.r~{, or less, or l \\'t. 1% or less alcohol). Thus, the 

liquid carrier can comprise an amount of alcohol bounded by any two of the above endpoints. 

For example, the liquid carrier can comprise 0.1 >vL '}!1 alcohol to 25 w1,•~,.(1 alcohol (e.g., O. l 

wt~};) to 20 ;vt.%} alcohol, 0.1 wt.'~-·!) to 10 wt.%i alcohol, 1 \VL%i w 15 wt.%1 alcohol, or 1 wt•}'(i 

to l O \\>t<h.> alcohol). 

10012] The abrasive typically is in pa1ticulate form (e.g .. abrasive parncles) and is suspended 

in the liquid carrier. The abrasive can be any suitable abrasive. For example, the abrasive 
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can be natural or synthetic, and can comprise, consist essentially oC or consist of oxide, 

carbide, nitride, cnrbonmdum, or the like. The abrasive also can be a poly1ner particle or a 

coated particle, Prefornbly, lhe abrasive has a !\fobs hardness of at least TS. The abrasive 

typically comprises metal oxide particles. Preferably, the abrasive is selected from the group 

consisting of silicon carbide, dinmond, boron carbide, alumina, and combinations thereof 

Preferably, the abrasive is silicon carbide. 

(00131 The abrasive particles typically have ai1 average particle si1e (e.g., average particle 

diameter) of fL5 microns to 100 microns. The abrasive particles can have an average particle 

size of at least 0.1 microns (e.g., at least 0.5 microns, al least l micron. at least 5 microns, at 

least 1 Omicrons, at least 20 microns, or at !east 50 microns). Alternatively, or in addition, 

the abrasive particles can have an average particle size of 500 microns or less (e.g., 300 

microns or less, ] 00 microns or less, 50 microns or less, 30 microns or less, 20 microns or 

less, l 0 microns or less, or 8 microns or less). Thus. the abrasive can have a particle size 

bounded by any two of the above endpoints. For example, the abrasive pa:rtides have an 

average particle size of l micron to l 00 microns (e.g., 3 microns to 50 rnicrons, 6 microns to 

20 microns, 8 microns to 20 n1icrons, or 5 microns to 15 microns) . .Any suitable amount of 

abrasive can be present in the composition. 

(0014] The conrposition can comprise 30 wt!i,.;, or more (e.g., 40 wL;h, or nmre, or 50 \Vl. 1
)1(, or 

n1ore) abrasive. Alternatively" or in addition,. the composition can co1:nprise 90 \Vt.'!'~; nr less 

of the abrasive (e.g., 75 wt.% or less, 60 wL(~/o or less. 50 wt.(~·~) or less, or 40 wt.t% or kss 

abrasive). Thus, the composition can comprise an amount of abrasive bounded by any l>vo of 

the above endpoints For example, the composition can comprise 30 wt'~.{, to 90 \'VL'\·;:, (e.g., 

35 \\>t.t\, to 50 wL(~'o, or 30 wt.% to 60 wL(~/o) abrasi'>-'e. 

10015] The composition can further comprise a salt. For example, the salt can be calcium 

chloride,. ammonium sulfi.tte, almninum nitrate, or combinations thereof The composilion 

can comprise l\.vt.%. or more (e.g., 5vvt'}Q or more, or 10 '\Vl.'}I; or more) of the salt. 

Alternatively, or in addition, the coir1position can comprise 20wt.'~··;, or less (e.g., 10wt%i, or 

5wt%i or less) of the salt Thus, the composition can comprise an amount of the salt bounded 

by any two of the above endpoints. Fur example, the composition can con1prise I \Vt. 'hi to 

20wt.'~-(, (e.g., 1 wt.thi to 15 wL(~,;_i, or 5 wt.(~·;.i to 20 '"'t.t}o) of the salt. 

10016] The composition also may comprise an oxidizing agent, which can be any suitable 

oxidizing agent for one or more materials of the substrate to be sliced \vilh the wire sa\v and 
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composition For example, the oxidizing agent can he a per-oxy compound or a halogen 

containing oxidizer. Typically, the oxidizing agent is selected from the group consisting of 

hydrogen peroxide, percarbonale, bleach, chlorine, perbmmate, 01.one., and comhinations 

thereof. Preferably, the oxidizing agent is hydrogen peroxide. The oxidizing agent can be 

present in the composition in any suitable amount. The composition ca11 c.omprise 0.005 

wt%i or more (e.g., OJH \Vt.'% or more« 0.05 \Vt.'!-·!1 or more, O. l w1.!;,.;, or more, 05 ·wt'!,.(1 or 

more, 1 \Vt.!i1;, or more, or 5 wt.ii,.;, or more) oxidizing agent. Altemalively, or in addition, the 

composition can comprise 20 wt.<h, or less (e.g., 10 w1.. 1~{, or less, 5 'Wt.'};) or less, 3 wt.'}~ or 

less, l \Vl.% or less, or fl,5 \Vt% or less) oxidiling agent Thus, the composition can 

comprise an amount of oxidizing agent bounded by any two of the above endpoints. For 

example, tlie composition can comprise 0.005 wt.'!·)) to 10 w"L%J (e.g., OJH wt.'!·)) to 10 wL~-{\ 

().01 \Vt% to 5 \.VL'};), O.l wt.r~,<1to3 wt.1:/ri, or l \\'l. 1~{1 to 5 \Vt.'l,.-;,) oxidizing agent 

(00l7J The composition also may comprise an oxidation facilitator, which can be any 

suitable compound that increases the effectiveness of the oxidizer. For example, the 

oxidation facilitator can be a catalyst that lo\vers the activation energy of the oxidation by the 

oxidizing agent of one or more materials of the substrate to be sliced with the \Vire saw and 

composition. For example. the oxidation facilitator can be a metal, an organic molecule, or a 

radicaL Typically, the oxidation facilitator is selected from the group consisting of copper, 

platinum, ruthenium, rhodium, qu irnmes, 2 ,2,. 6, 6-telramethy ! ~piperidin- .l ~ox yl, and 

combinations thereof The metals can be elemental or ionic in form. The oxidation 

facilitator can be present in the composition in any suitable amount. The composition can 

comprise 1.HJl wt.'Y;, or more (e.g., 0.1 wt.':/(, or more, 0.5 wt.'Vii or more, 1 \.vt.'\;i or more, 3 

\Vt.'% or more, or 5 wt.'~·-;; or more) oxidation fi:1cilitator. Alternatively, or in addition, the 

composition can comprise 20 wt% or less (e.g .. I 0 \Vt(~_.~) or less. 5 wtY,.;, or less, 3 wL(;.-~i or 

less, or I wt~-·;) or less) oxidation fi1cilitator. Thus, the composition can comprise an arnount 

of oxidation facilitator bounded by any two of the above endpoints. For example, d1e 

composition can comprise 0.05 '>Vt}1{i to 20 wt.% (e.g., 0.1 wt.'1.-Q to JO wt.(~·o, 0. J wt.(~·<• to 5 

wt%i, 0.1 wt%i to 3 \Vt(:·o.. or l.U wt.1% to 1 \vt. 1h .. ) oxidation facilitator. 

(00181 The composition can farther comprise a thickener, \Vhich can be any suitable 

thickener. Preferably, the thickener is a non-ionic polymer such as cellulose compounds 

(e.g., hydroxyethylceHulose), or po!y(al.kylene oxide) materials (e.g., a poly(ethylene glycol), 

an ethylene oxidi>propylene oxide copolymer, and the like} Preferably, the thickening agent 
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has a number average molecular weight of greater than 20,000 Dal tons (Da), more preferably 

at least 50,000 Da (e.g., 50,000 to 150,000 Da), since lower moleculaT 1veight materials tend 

to be less efficient as thickeners. The thickener can he present in the composition in any 

suitable amount. The composition can comprise 0.05 wl.'~··I; or more (e.g., 0.1 wt.1l."f, or more, 

0.5 \\.>t,'h) or more, 1 \VL 1~·i1 or more, or 5 I ''"tY"(, or more) thickener. Alternatively, or in 

addition, the composition can compnse 30 'vt. 0
,-;, or less (e.g., 20 wt.'!/;, or less, 10 >vt.Q,"ij or 

less,. 5 \Vt.(~·o or less, or 1 \vt.'}ii or less) thickenec Thus, the cornposition can cornprise an 

amount of thickener bounded by any l\VO of the above endpoints. For example, the 

composition can comprise 0.05 '.vt.'!--;, to 20 \NL'% (e.g., 0.5 \v'l.'l,·;, lo 20 \VL~,.(), 0 .. 2 \VL~,.() to 10 

1vt.'hi, 0.5 wt.'% to 5 -..vt.'%, or 1 \Vt.'}·~) to 5 wt~';)) thickener. 

10019] The composition can forther comprise an anti drying agent, \vhich can be any suitable 

anti-drying agent. \Vithout Limitation, the anti-drying agent can he an alkynol amine or a 

polyacrylate. Preferred mmdrying agents are triethanol amine and sodium po1yacrylate. The 

anti-drying agent can be present in the compositin .in a:ny suitable amount. The composition 

can comprise 0.05 \\'t.'Vii or more (e.g., 0.1 wt _0,{, or more, 0.5 wL t\:i or more, l 1-vL 1!{, or ruore, 

or 20 wt.(!.·;, or more) anti-drying agent. Alternatively, or in addition, the c.omposition can 

comprise 30 v.rU·'G or less (e.g., 20 wtO.··Q or less, IO \'Vt C>,·Q, or less, 5 wt.%, or less, or I \:vt~·o or 

less) anti-drying agent. Thus, the composition can comprise an amount of a11li-d.rying agent 

bounded by any two of the above endpoints. For exan1ple., the compos.ition can comprise 

0Jl5 wt.'}(.1 to 20 wt.% (e.g., 0.5 vvt~·'o to 20 wL'?·ii, 0.2 \VL'}<.1 to 10 wt(h_), 0.5 \Vtc>.·;_) to 5 \Vt. 1~··;,, 

or 1 wt.'% to 5 wco..·;)) anti-drying agent Preferably,_ the anti~drying agent is present in the 

composition between 0.5 'Wt.'}ii and 20 \Vt.O.,.ii. 

(00201 The composition can have any suitable viscosit.y. The viscosity of the composition 

can be at least 20 cp (e.g., at least 40 cp, at least 60 cp, at least 80 cp, at least 100 cp, at least 

130 cp, or at least L50 cp). Alternatively, or in addition, the viscosity of the composition can 

be 500 cp or less (e g., 400 cp or Jess, 350 cp or less, 300 cp or less, 200 cp or less, 175 cp or 

less, or 150 cp or less). Thus, the c01nposition can have a viscosity bounded by any tvm of 

the above endpoints. For example, the viscosity of the composition can be 20 cp to 500 cp 

(e.g., 60 cp to 400 cp, I 00 cp w 400 cp, 150 cp to 400 cp, l 50 cp w 350 cp, 170 cp to 320 cp. 

or 200 cp to 300 cp). 

10021! The composition can have any suitable pH. 'l11e composition can have a pH of 10 or 

less (e.g., 8 or less). Alternatively, or in addition, the composition can have a pH of3 or 
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more (e g., 5 or more). Thus, the composition can have a pH bounded by any nvo oft11e 

above endpoints. for example, the coniposition can have a pH of 3 to l O (e.g., 5 to 8). 

10022] The abrasive desirably is suspended in the composition, more specifically in the liquid 

carrier of the composition. \Vhen the abrasive is suspended in the cm:nposition, the abrasive 

preferably is colloidally stable. The term colloid refers to the suspension of the abrasive 

particles in the liquid carrier. Colloidal stability refers to the maintenance of that suspension 

over time. In the context of this invention, an abrasive is considered colloidally stable if. 

when a suspension of the ahrnsive in a liquid carrier is placed into a l 00 1:nl graduated 

cylinder and allowed to stand unagitated for a time of 2 hours, t.he difforence bet\veen t.he 

concentration of particles in the bottom 50 ml of the graduated cylinder ([B] in tenm of giml) 

and the concentration of particles: in the top 50 ml of the graduated cylinder (!Tl in tem1s of 

g/ml) divided by the initial concentration of particles in the composition GC! in terms of 

g.iml) is less than or equal to 0.5 (Le., {[B] ··· ITHi!CJ S 0-5). The value of! B HTY!C! 
desirably is less than or equal lo 0.3, <md preferably is less than or equal to 0. L 

100231 The composition can comprise, consist essentially of. or consist of the foregoing 

components, alone or in con1bination with one or more of the following optional c.omponents. 

10024] The composition can optionally further comprise one or more surfactants and!or 

rheological control agents, including coagulants (e.g., polymeric rheological control agents, 

such as, for example,. urethane polymers). Suitable surfactants can include, fi.)r example, 

cat.ionic surfactants, anionic surfactants, nonionic surfactants, amphoteric surfri.cl.ants, 

mixtures thereof, and the like. Preforahly, the composition comprises a nonionic surfactant 

One example of a snitahle nonionic surfactant is an ethylenediamine polyoxyethylene 

surfactant. The amount of surfactant in the composition typically is (l000 l \VL (~_.(, to l \Vt. 1~··(, 

(preferably 0.001 \\·'Lt~/;) to 0.1 ,.vt5·(, and more preferably 0.005 wt.~·';) to 0.05 \Vty .. ;,). 

10025] The composition optionally further comprises one or more other additives:. Such 

additives include acrylates comprising one or more ac1ylic subunits (e.g., vinyl acryhues and 

styrene acrylates), and polymers, copolymers, and o!igomers thereof, and salts thereof 

(00261 The composition can comprise one or more anti foaming agents. The anti foaming 

agent can be any suitable a.ntifoaming agent Sui.table antifbaming agents include, but are not 

limited to, silicon-based and acetylenic diol-based antifoaming agents. The arnount of a11ti­

foaming agent in the composition typically is IO ppm to 140 ppm, 
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100271 The composition can comprise one or more hiocides. The biocide can he any suitable 

bioc.ide, for example an isothiazolinone biocide. The amount of biocide in the c.omposition 

typically is I to 50 ppm, preferably I 0 to 20 ppm. 

10028] The composition can be prepared by any suilahle technique, many of1-vhich are 

knov,>n to those skilled in the art The con1position can be prepared in a batch or continuous 

process. Generally, the composition can be prepared by combining the components thereof 

in any ordeL The tenn "component" as used herein includes individual ingredients (e.g" 

abrasive, oxidi1ing agent, thickener, biocide, etc.) as well as any combination of ingredients 

(t~.g., abrasive, oxidizing agent, thickener, biocide, etc.). 

10029] The composition can be supplied as a one-package system comprising, for example, 

an abrasive, a liquid canier, and optionally an oxidizing agent. Alternatively, for example, 

the oxidizing agent can be supplied in a first container,_ either in dry fbrm, or as a solution or 

dispersion in the Hquid carrier, and the abrasive, the liquid carrier, and other additives can be 

supplied in a second container. Supplying the oxidi1ing agent separately from the other 

components of the composition is preforahle because it allmvs for lhe oxidizing agent to be 

added to the composition at any time during the slicing process. For example, the oxidizing 

agent cai1 be added to the composition before the slicing process begms, during the slicing 

process, or aJler the slicing process is complete. The use of a stable oxidizing agenl alltVvvs 

the oxidizing agem to be supplied in a container \>..,.hh other components of the co1:nposition, 

since il is less likely to react \Vi th the other components. This approach can substantially 

reduce the cost of preparing and using the composition. 

100301 Optional components, snch as one or more hiocides, can be placed in t11e first and/or 

second containers or in a third container, either in dry forn1, or as a solution .in the liquid 

carrier. Ivloreover, it is suitable for the components in the first and second containers to have 

different pH values, or alternatively w have substantially similaJ, or even equat. pH values. 

lf an optional component is a solid, it may he supplied eilher in dry fbrm or as a ruixture in 

the liquid carrier. The optional components can be supplied separately from the other 

components of the composition and can be combined, e.g., by the end-user, with the other 

components of the composition shortly before use (e.g., l week or less prior to use, l day or 

less prior to use, 1 hour or less prior to use, 1 O minutes or less prior to use, or J minute or less 

prior to use). Other t\vo-container, or three- or more-container, combinations of the 

components of the composition are within the knowledge of one of ordinary skill in the an. 
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100311 The composition also can he provided a.s a concentrnle \vhich is intended to be diluted 

with an appropriate amount of liquid carrier prior to use. ln such an embodiment, the 

composition concentrate can comprise abrasive, liquid carrier, and optionally oxidizing agent 

and/or thickener in amounts such that, upon dilution of lhe concentrate \Vith an appropriate 

amount of liquid carrier, each component \viU be present in the composition in an amount 

within the appropriate range recited above for each component For example, components 

can each be present in the concentrate in an amount that is 2 times (e.g., 3 times, 4 times, or 5 

times) greater than the concentration recited above for each component in the composition so 

that, when the concentrate is diluted vvith an appropriate volmne of liquid carrier (e.g., 2 

equal volumes of liquid carrier, 3 equal volumes ofliquid carrier, or 4 equal volurnes of 

liquid carrier,. respectively), each component \vill be present in the composition in <m amount 

·within the mnges set forth above frir each component. Fmthennore, as 1-vill be understood by 

those of ordinary skill in the art, the concentrate can contain an appropnate fraction of the 

liquid carrier present in the final composition in order to ensure that the abrasive and other 

suitable additives are at least partially or fully dissolved nr suspended in lhe concentrate. 

Moreover, the oxidizing agent can he tell out of the concentrate to be later added in a11 

appropriate amount \vith liquid carrier to form the composition such that each cornponent is 

present in an amount \vi thin the ranges set fixth above for each component. 

(OlB21 The invemion farther provides a melhod of slicing a substrate. The method co1:nprises 

{i) contacting the substrate \Vlth a composition as described herein, (ii) contacting the 

substrate and the composition \Vith a \Vire saw, and (iii) moving the wire sa\v,, with the 

composition in contact there\vith, relative to the substrate so as to abrade at least a portion of 

the substrate to slice the substrate. 

10033] .A substrate can be sliced using the inventive composition and method with any 

suitable \Vire sai,.v. The \Vire Sa\\' comprises a web of fine wires arranged using a series of 

spools and pulleys such that the wires are pan11lel. The disttmce between the 1-vires can he 

any suitable distance, but typically is 0. I mm to 1.5 mm. The dian1eter oftl1e wire can he any 

suitable diameter, but the \Vire typically has a diameter of 0,08 to CU nun, The ·wire portion 

of the wire strw can be any suitable material, but preferably co.mprises, consists essentially of, 

or consists of iron and iron alloys. A substrate is pressed against the \veb of wires while a 

composition is continuously supplied to the area. The wire saw· is moved relative to the 

substrate, and the abrasive suspended in the cornposition adheres to the wire sa\v and 
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facilitates the interaction bet\veen the wire of the \Vire sa\v and the substrate, so as to abrade 

at least a portion of the substrate and slice it into wafors. 

10034] The following example further illustrates the invention but, ofcourse, should not be 

constrned as in any \Vay Limiting its scope. 

EXA!v'IPLE 

(00351 This example demonstrates the effo.cts of ·various components on the rnoisture 

retention,. cleanability, and settling properties of compositions. 

(00361 A composition was prepared t.hat contained 50 wt.%1 silicon carbide, 4 wl.O,·;i 

hydroxyethyl cellulose, and 46 \Vt.'}~1 water. The composition \Vas divided into eighleen 

difierent compositions (Compositions A-R) to \vbich varying types and amounts of alcohols 

and/or salts were added as set forth in Table l. 

10037] Each of the compositions was evaluated using the settling test (7 days), drop spatula 

test (7 days), the scratch test and the ultrasonic {40 sec.) test The drop spatula and the 

settling tests \Vere performed in order to test the suspen<lability of the slurry and ho\v easy it 

will re-disperse afrer settling. The scratch and the ultrasonic tests \Vere performed in order to 

examine the Cleanability and the drying- ability of the sluITy. 

10038] The drop spatula test \vas conducted by dropping a spatula into a graduated cylinder 

that contained ihe slurry being tested. The sluny had been allowed to settle in the cylinder for 

7 days prior to testing. ln this test, the spatula wil.l drop down to the bottom of the cylinder if 

there is no hard sett! ing. A visual analysis \Vas done lo determine whether or not the spatula 

touched ihe bottom of the cylinder, and an estirnate of \'<·"here in the cylinder the spatula had 

settled. A large layer of hard-settled abrasive is indicative of problems \Vi th re-dispersing 

after sett.ling. 

10039] The settling test \vas conducted by· visua1ly observing the dear liquid layer in a shmy 

that had been aJlovved to settle for 7 days in a graduated cylindec The higher t11e number the 

more settled the slurry is. The scratch was conducted by placing an aliquot of the slurry on a 

glass slide and then drying, After 24 hours, a cotton s1vab \vas used to wipe m:vay the dried 

slurry. The slurry drying is measured qualitatively by how easy it is to be \:v·iped out The 

ultrnsonic test \\'as then measured on the same glass slidt.~ from the d.ried slurry test. A.tler 40 

seconds of sonication, t11e glass slide \vas examind for a.ny remaining shmy Easy to dean 

slurry will be cleaned off the glass slide after somcation. The results are summarized in Table 
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Table 1 

PCT/US2009/068909 

·································································································································------------··------·--············································································· 

Con1posit.ion 

A (inventive) 

B (inventive) 

C (inventive) 

D (inventive_) 

E (invenli\.·e) 

F (inventive) 

G (inventive) 

H (inventive) 

Alcohol/Salt 

ls~·.) glycerol 

5(~·6 glycerol 

l~-~, PPG 

alcohol 

alcohol 

5~·~) PPG 

Drop Spatula, Scratch Ultrasonic, 

7 days test 40 sec. Settling Test 

no no yes 73 

yes yes yes 7.5 

yes yes 7.5 

no yes yes 7.2 

yes yes yes 7.8 

yes yes yes 6.7 

yes no yes 8 

no no no 
.., .... 
/ •• > 

f-----------··------------------------··--------+--------------··------------------------··--+---------------------------------------+----------··----------+------------------------------- -------------------------------------------

1 (comparative) 

J (inventive) 

K (inventive_) 

L (inventive) 

:tvf (inventive) 

N (inventive) 

None 

PEG 300 

l'l.·1; CaCb 

Ji;·.) hexy! 

akohol 

7'~1; PEG 

0 (inventive) PEG 

P (inventive) . . sulfate 

1 (:·o. ammonium 

Q (inventive) sulfate 

R (comparative) None 

no no no 8 

yes yes yes 6.5 

yes no no 7.4 

yes no no 7.6 

yes yes yes 7.7 

yes yes yes 
,., . .., 
1.L 

3/4 down yes yes 7A 

no yes no 7.2 

no yes yes 7.l 

no no no 8 

10040] As is apparent from the results set forth in Table 1, Compositions containing polyol 

such as glycerol, polyethylene glycol (PEG), polypropylene glycol (PPG) and monatoruic 
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alcohol such as l ¥hexano1 (hexyl alcohol) as '>veil as salts such as cakiurn chloride and 

ammonium sulfate show better cleanability and less drying of the slurry. 
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CLAIMS 

PCT/US2009/068909 

1. A composition for slicing a substrate using a wire Sil\"/ comprising: 

(i) a liquid carrier comprising at least 50 wet:{, water and (L 1 \Vt%, to 20 \Vt.'Vi, of 

a polyol, based on the 'weight of the liquid carrier; 

(ii) 30 >vtl~·;_, to 60 wt.'h, of an abrasive suspended in the liquid carrier; and 

(iii) 0.2 wt(:·o. to 1.0 \Vti~.~. of a tluckener. 

2. The composition of claim l, wherein the polyol is selected fron1 the group 

consisting of glycerol, polyethylene glycol, 1,6-hexanedioL pentaerytluite, or co1:nbination 

thereof. 

3. The composition of claim l, vd1erein the polyol has a carbon atom to oxygen 

atom rntio of at least 2.5: l. 

4 The composition of claim 1, •vherein the composition further comprises an 

oxidizing agent 

5. The composition of claim 1, \Vherein the thickener is a non~ionic polymer. 

6. The composition of claim l, wherein the abrasive is selected from the group 

consisting of silicon carbide .. silica, alumina, and combinations thereof 

7. The composition of claim l, vdierein the composition further comprises 

calcium chloride, ammonimn sulfate, aluminum nitrate, or combinations thereof 

8. A composition for slicing a substrate using a \vire saw comprising: 

(i) a liquid carrier comprising at least 50 wt~,.;) 'Waler and al. least one additive 

selected from a nmnatomic alcohol or a sah, wherein the monatnmic alcohol is present in the 

liquid carrier at O. l wl.r~,<1 to 20 w1.1:/ri, and the salt is selected from the group consisting of 

calcium chloride, ammonium sulfate, aluminu1r1 nitrate, and cornbinations thereof and 

(ii) 30 \Vt(~·o to 60 \Vt~~-{. of an abrasive suspended in the liquid carrier; 

9. The composition of claim 8, \\··herein the monatomic alcohol has a caxbon 

chain of frmr or more carbons. 

l 0. The composition of claim 9, 'Wherein the monatomic alcohol having a cmbon 

chain of four or more carbons is 1-hexanol, 1-octanoL 2-ethyl hexanol or 2-butyl-1-octanoL 

.I .I. The composition of claim 8, wherein 1he .monatum.ic alcohol has a carbon 

atom lo oxygen atom ratio of at least 2.5: l. 

l ! The composition of claim 8, vdierein the composition further comprises an 

oxidizing agent 
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13. The composition of claim 8, wherein the abrasive is selected from the group 

consisting of silicon carbide, silica, alumina, and combinations thereof 

14- The composition of daim 8, ,,.·here.in the composition further comprises a 

thickener. 

15. The composition of claim 14, \.vherein the thickener is a non-ionic polyrner. 

16. A method of slicing a substrate, \Vhicb method comprises: 

(i) contacting the substrate with a composition cornprising: 

fo) a liquid carrier comprising at least 50 \\'LS{~ \Valer and 0.1 wt.~!~ w 20 

\Vt'% of a polyol, based on the \veight of the liquid carrier; 

(b) 30 \vt.'h) to 60 wt% of an abrasive suspended m the liquid carrier; and 

(c) 0.2 wt. i>·~ to 10 wt. (;,.ii of a thickener 

(ii) contacting the subslrnte and the composition \.Vith a \.Vire smv, and 

(iii) moving the \Vire smv, vl'ith the composition in contact therevvith, relative to the 

substrate so as to abrade at least a portion of the substrate to slice the substrate. 

17. The method of claim 16, •vherein lhe polyol is glycerol, polyethylene glycol, 

1,6-hexanediol, pentaerythrite, or a combination thereof. 

l 8. The method of claim 16, \vherein the po1yol has a carbon chain of four or 

more carbons. 

19. The method of claim 16, wherein the polyol has a carbon atom to oxygen atom 

ratio ofat. least 2.5:1. 

2(» The method of daim 16, \\··herein the cornposition further comprises an 

oxidizing agent. 

21. The method of claim 16, wherein the thickener is a non-ionic polyrner. 

22, The method of claim 16, \Vherein the composition further comprises cakimn 

chloride, ammonium sulfate, aluminum nitrate, or combinations thereof 


