COVPCSI TI ON FOR | MPROVI NGDRYNESS DURI NG W RE SAW NG BACKGROUND OF THE

| NVENTI ON [ 0001] Wafers used in electronic devices are typically prepared
froman iwganiwtisg70i s Wst sliced into thin wafers. Wr @CTAsNY/068902 he nost
common met hod for manufacturing such wafers. A wire saw conprises a web of
fine wires arranged using a series of spools and pulleys such that the
wres are parallel to each other at distances of 0.1 mmto 1.5 nm As a
substrate is pressed against the web of wires, a conposition is
continuously supplied to the area. The conp05|t|on general ly contains an
abr asi ve suspeeged in.a ates the interaction

between the W r “W%iﬂ@wag 7%@%‘%%&%@%5%%??’§ﬁ%ﬁ\k}1@re§%“m% substrate is

abraded and sliced into vvgts@q\sjmf,@ngj;« e reobnmatods of slicing
substrates to produce wafers often enploy the use of non aqueous |iquid

carri ers P Rexfrorisdsh eirainsolitisrrithyPney M an ampgpidbi ichist i er s

i ncl ude tR&GUSSE 19k WHRE ke Uing KBEOREDEom B YELY hERRNILYEShe s d
pol yal kyl'ene gl ycols. The viscous nature of these carriers al 7 ows the

abr asi ve vpdgrei 8Ivew spy chepsis panbletipnvitiateegrd osig psvricandsrablsowd t he
conposi ti .P?yk%&qﬁﬁr & | Pesla %epa‘ﬂlfeﬁmoefaci{]cnﬁ&r\ﬁﬁ i&a @Woﬁpg{n% wliNenUbaty ate

which resul't’s in a nore ef raS|_ono t e substrate.
Such conﬁomumuonwsﬁhcbmver the gehef wlrgsya gomtamnn trﬁfxg»hmwnﬁe peppaed orike of

abr asi Ve’dw%nq d(!)’!}? &0 ag i &\1 %Citlﬁm?) z%ﬂn s(?x ﬁ.qg'l k%&tl-:.all?:lx 51t|x¥1{} Jnﬂ@x x‘?’lpt{i SI ve
i &GRS iR t

particles set
rel ati velfyilsetasiit: ume*actt@ndnemgatmhnahk@m 1Hays\ xtehmu rmﬁ émsaibssmabwatbeﬁmdurl ng the

slicing RrOCes abrasive particles to lose slicing
eff|C|en@ﬁmﬁﬂﬁ*%8”@88ﬁ%ﬁ§$5¥@“3?ﬁ%addlt|on due to poor thermal properties,
non- aqueqmﬁu¢GMpaﬁw&m@ﬁsog&mmnahwyumesuﬁmanuhm&kﬁﬁseﬂpanﬁwnﬁsnntmheat

bei ng gener at eﬂ@{%fthe W re saw ng process due to friction, ﬁ@ in turn

i ncr ease IHHRES PEYSFIHES WEAT CBIPERED fPY R Hh P deET E5s é‘”‘t‘r‘]é‘“‘é?‘ rate.

Reduci ng iihi@e ben@lerbil iRafeRNpdiiehmid:@ R BRBAES e @é@}y@&\w{ﬁ@ﬁ\dﬂw ng
smal | er dlaneters which is de5|rable bﬁfause it reduces the anount of
oS

subst r at &t BRI PRECS PHOTYIBE oy papisles kobg speediiyB i ioBwes Aty a
| onger sh@hfs bk E&nPLER 18 &hel Jls pRAsE Sl RgsaRehiior MRGRREasesi red.
[0003] During wire sawing operations, the wire noves at a relatively high
vel ocit y,res\%§ @y more effictent mechanical abrasion of the substeate. Such compositions, however,
generally contain high concentrations of abrasive, and, due to thetr lack of colloidal stabulity,
the abrasive particles setile owt of solution. Non-agaeous comppostiions are also relatively
sensitive to contmminaton by the materials abraded during the slicing process, which causes
the abrasive particles to lose sheing efficiency and to agglomerate. In addition, due to poor
thermal properties, pon-agqueocus composstions generally result in increased amounts of heat
bemny generated by the wire sawing process doe to [riction, which in tum increases the level
of wear on the wire and decreases the slicing rate. Reducing the level of wear on the wire
enables the use of wires having smaller diameters, which is desirable because it reduces the
amowst of substrate {ost during shicing (e, the kerf). Compeositions having a longer shelf
life which can incvease slicing performance are desivred.
[0603] During wire sawing operations, the wire moves gt a relatively hagh velocity, which
causes the composition {0 evaporate ot dry during the shicing process, resulting in the
formation of hard deposits on the wire and increasing the level of wear on the wire. This is
gspecially problematic with respect to aqueous compositions. In addition, evaporation or
drving of the composition during wire sawing operations can redace recovery and recycling

efficiency of the various components of the composition, such as the abrasive.



causes the conposition to evaporate or dry during the slicing process,
resulting in the formation of hard deposits on the wire and increasing the
| evel of weaninTig/he wire. This is especially probl emat iPCTRSRID/0689pLCt tO
aqueous conpositions. In addition, evaporation or drying of the conposition
during wire sawi ng operations can reduce recovery and recycling efficiency
of the various conponents of the conposition, such as the abrasive. BRI EF
SUMVARY OF THE | NVENTI ON [ 0004] The invention provides a conposition for
slicing a substrate using a wire saM/conprising (i) aliquid carrier

conprising at |east 50 w %10 20 wt. % of a polyol, (ii)
30 . %to 60 wt. % of an“gﬁ}?}mg‘t Vé'i%%gﬁgnﬁ%w\}ﬁf\ﬁ@}l quid carrier, and

(111) 0. Zo0d4y Ynd BvdQiowtorXaRE a@-Oﬁ*a}kﬂsﬁiﬁﬁm&rsim[;QQ@@]slrJ@@sxh@’(@ﬂ{% kap al so
provides a conp05|t|on for slicing a substrate us&%?%a wre saM/conpr|S|ng

( i) a | i Gemarieag il BlaubesHe SPRBTHERS Hust S50 uaty b wARHdCGU PR 008 t 0 20
. % of ?(}mn% }O%r{ﬁl\& sakLangl ¥, of bh Ao g’s@x cM:%pé?tJle% ;ﬁﬁn%;u?&qffnﬁ%@@{ AL ve

suspende i'n‘the liquid carrier, and (iii) a salt selected f romthe group
consi st i ng* @ﬁﬁﬁﬁW@a@hﬂéwﬂ@ﬁﬁde amoni um sul fate, aluminumnitrate, and

CO!’Tb! natg i)ti nt?{i}%QI{IOHLIQQﬁﬁJSTIdEEg &xﬂ&)@ﬂﬁ)?& sfi%iﬁt H%bsv?e(t@ggig@é“ﬁe gL hod of
slicing su ate met oa conpri ses |ij contacting the substrate
with eitRRempofing A h(m@usﬁittricowsiiﬁ!&s@ﬁ&abte‘”@ eibovaier fid 9.1 okt acbivigs eive

substr at q‘alaﬁﬁgn pﬁuﬁﬁ)& %Sg{ x\liQa io «{E Wi (}U\Ni!l; ?br%a W au%giifdl 1!1 Qe} W ﬁxgn} he wire

saw, with £ on ¢t 't her VE 10 the Substrate
so as to aadimade»aatse Iceta&t‘mm tiﬂwbmmi}mﬁiimhﬁ caﬁubsxtuhh;tnda taonsiniicesitifae, subst r at e.
DETAI LED ﬁ%} nl'i" qﬁ:ﬁi ﬂ” Iﬂ\lT g\l [ 0007] The invention provides a
conposi t iFORFEP MER TG R §ﬁB?Fr3? using a wire saw and a nethod of

slicing aﬁmmbShéamenmanmgmapmmnms5@M&n¢@@ﬁ8&;$hﬂ%smbatnat@dha}be sllced can
be any suitabl e substrat ui t abl, e rates can b
B b

ot 11 con, SHBBHY LCOG e 0R BRFBE AL B ALHRSITPGArTT G BH BEraR o
Prefer ablcmmé:h@ SRl Bdils Shipbgesh wiPPRYL schhene anpasiihi 0B “Q@rﬁm,l ses a
liquid carrier and an abrasive suspepded |n:the li quid cgrrler o
with the composition m contact therewith, relative to the \ubstmle S0 as to abrade at least a
portion of the subsirate 1o slice the substrate.
DETAILED DESCRIPTION OF THE INVENTION
{00071 The invention provides a composition for slicing a substrate using a wire saw and a
method of slicing a substrate using a wire saw.
[0008] The substrate 1o be sliced can be any suitable sobstrate. Suitable substrates can be, for
example, silicon, sapphire, siheon carbide, germanium, gathium, or ceramiics. Preferably, the
substrate 1s sthcon.
{06689} The composition comprises a liqud carer and an abrasive suspended in the hquid
Carrier.
j80101 A liquid carrter is used to facHitate the application of the abrasive and any optional
additives to the surface of a suitable sabstrate {0 be shiced. The higuid carrier can be any
suitable solvent mcluding lower alcohols (e.g., C+Cy aleohols such as methanol, ethanol,
etc.}, ethers (e.g., dioxane, tetrahydrofuran, efc.), water, oil {e.g.. mineral o), kerosene,
polyzivcol, polyethylene glyeol, polvalkvlene glyvcols (e.g., polypropylene plveol), and
mixtures thereof. Preferably, the liqud carmier comprises, cousists essentially ofl or consisis
of a mixture of water and alcohol. Without wishing 1o be bound by any particular theory, it i3
likely that the use of a non-agqueocus lquid carrier increases the viscosiy of the composition

which increases the ability of the composition 1o adhere to the wire saw and/or substrate,



[0010] A liquid carrier is used to facilitate the application of the
abrasi ve and any optional additives to the surface of a suitable substrate
to be sliweanioiigs7bi quid carrier can be any suitabl e solPCEAS20006b68909 Ng

| ower al cohols (e.g., Cl1-C6 al cohols such as nethanol, ethanol, etc.),
ethers (e.g., dioxane, tetrahydrofuran, etc.), water, oil (e.g., mneral
oil), kerosene, polyglycol, polyethylene glycol, polyal kyl ene glycols
(e.g., polypropylene glycol), and nixtures thereof. Preferably, the liquid
carrier conprises, consists essentlall or consists of a m xture of

wat er and al cohol. Wthout w shing %e bound by any partjcular theory, it
is |ikel yeRHRE R BOFigent ghwyan a%om*em&’é*r g thf«dmaangFm Hebed®es the

Vi scosi t yq@out RG:iE SFRASHIL QB WhE GRrehRARERNB T iRQARI ok thY Ohpdi@nconposi tion
to adhere to the wire saw and/or substrate, resulting in a nore efficient

abr asi on B sk preabadeddiaing g Woipe gpers pedogerakndiibnaiigous | i qui d

carrier, HOWRY el ks hPELEASEHENRHLRLIQLARL -SR] dd Yo Re 4RG:
conposition. The materials that are abraded during the slicing process

aggl omer gfiesigpicy hnd wwdleabr. dyiogdtyathe wk eks mpsprenie daiid catker kavipgipdoicarri er,
whi ch cay Jgﬁqéd‘ﬁseﬂ%%ﬁké&eﬂ@%ﬁi B e ¢ Je{?é%@!j‘keczg %8 fdhﬁﬁ%;ﬂwm%ﬂdmset tie
Iquid carr

out. In a non- aquet
t her mal phopbsitiesthichigridasss: meomwmi leoft SHeat Jerdratiedvdgl of chaf riction

dur | 19 LRI GLGGL (1o URBET 818 o TS ALY &y RALH ST oS AN cGORPY [ se @t

| east 50 g., at

| east 60 withs 0 agibask ast. oAQuwd. . %umﬂmkhaﬁun&ﬁlﬁmm%hamdlueaastuﬁﬁombn% or at
| east 90 % Al tepn i.vel N arrier can
compr i se Bgup SokB i b e BH g Poa Rt fluet Mo Mo 6 ess. 50
W . % or loes8wi. ‘?&\;Wbss Uoa e ). |T&8§ tnﬂrquﬁilavﬁu Yarosonlpgissanvvab@n) of Wik douddee | i qui d
carrier can co €..an, anpunt 3 wat e{ﬁ gqllmd d by any two of the above
endpoi nt ¥ ¢ 1%‘ gﬁp‘f Vet W O g PUEERPE BF Y8YA “UOR ‘r“f’é‘ém?@“‘vﬁ’ Yo'hat er to 98
wt . % wat Qﬁl"ztﬁ(l@ag’\m@ﬁm&ér(tg/@t 80 FDoWh 9YoeE ®fter. 60w (H00B 1 Yowider, Yo Y@t er, or 70
w.%to 95 wt.%water) [0011] The al cohol comprising the liquid carrier
can be aﬁ‘y‘ Y8 i bt ‘e "‘a‘F‘ébhoI Preferably, the alcohol is a polyol or a

nmonat om Go@li§ 9ROkicottNE RNl ¥Rl ihOkqDHRLQ RE:Chadl:C AL ICARD DA R (& aBR BON chai n
of four or nmore carbons and/or a carbon atomto oxygen atomratio of at

| east 2. sicolol iFppoled AP PENAPRHE Yool The aplyRlET Agripie algghokean havedt o ) |
9' y cer ol m&@@ﬁ ek ﬁﬂ%%&&@&b&?ﬁ@ or moc%h:héﬂ 'ﬁ%ﬂu%’@gf@'ﬂ&?ht& BP®1east

- hexane pent aeryt rite, or conbinations thereof
2.5:1. For L\'m}pif, the polvol can be a glycol {7.e., a diol}, glveerod, poiyemyluu. glveol

(PEG), polypropylene glveol (PPG), 1 6-hexanediol, pentaerytimite, or combinations thereof.
The mounatomic alcohol can be, for example, T-hexanol (hexyl alcohol), 1-octanol, 2-¢thyl
hexanol, or 2-butyl-1-octanol. The lipsid carmier can comprise at least 0.1 wi% (based on the
weight of the liquid carrier) alcobol (e.g., at least 1.2 wit %, at least 0.3 wi %, at least 1 wit.%,
at feast 3wt %%, at least 5 wi B4, at least 7 wi %, at least 10w, gt least 15 wi.%, or at least
20w % aleohol). Alternatively, or in addition, the liguid carrier can conyprise 25 wit or
fess alcohol (e.g.. 20 wt.% or fess, 17 wit% or less, 13 wi % or less, 12 wi% or less, 10 wi9%
or less, B wi% or less, 5 wit% or fess, 3 wi% or less, or 1 wi% or less alcobol). Thus, the
liquid carrier can comprise an amount of alcobol bounded by any two of the above endpoints,
For example, the liqund carvier can comprize 0.1 wi % alcohol 10 25 wi%s alcohol {e.g., 0.1
wi % 1o 20 w9 alcohol, 8.1 w9 to 10 wi % alcobhol, T wi % to 15 wt.% aleohol, or T wit%
10 10 wi. % alcohol).

{00121 The abrasive typically 15 in particulate form {e.g., abrasive particles) and is suspended

in the liqund carrier. The abrasive can be any suitable abrasive. For example, the abrasive



The nonatom c al cohol can be, for exanple, 1-hexanol (hexyl alcohol),
1-octanol, 2-ethyl hexanol, or 2-butyl-l -octanol. The liquid carrier can
conpri se WO 20A51870. 1 W . % (based on the wei ght of the I[PCgIisAooeassIer)

al cohol (e.g., at least 0.2 wt.% at least 0.5 w.% at least 1 w.% at
least 3 wt.% at least 5 w.% at least 7 wt.% at least 10 wt.% at |east
15 wt.% or at least 20 wt. % al cohol). Alternatively, or in addition, the
liquid carrier can conprise 25 w.%or |ess alcohol (e.g., 20 wt. % or Iess,
17 wt. %or Iess 15 wt. %or Iess 12 wt.%or less, 10 wt.%or less, 8 wt.%
or |ess, %or | ess, %or | es or 1 wt. %or | ess al cohol) Thus,
t he Ilquﬁ*&“ E“a‘i‘}*‘l“'élr‘“*‘"éh‘ﬁh%’énﬁ’fdﬁé‘éC‘éﬁ“ﬁ:ﬁdﬂ?ﬁ‘“‘6?*"3%"&‘&)t%l‘“ BEEHUEPBY> any two of

t he above,8ndpPalikSeartfcPindgammhelikd NGe hb@uidal Mamb@ra (?@iaﬂzep 1486 0.1 w.%
al cohol to 25 wt. % al cohol (e.g., 0.1 wt.%to Y% al cohol , 0.1 wt.%to

10 wt . % abeehpiticls Bieltobin trsbipivedes ddns h&lt@?%ﬁf tha% 76 1b° swavseal cohol ).
[0012] Th@pi@@iﬁ %@1’;1}4@&& Xﬁla@@nl h&y pii Seidn P&%mi’xi@ Uhé Rt@qm\%m&&f& fron@E @r%'u}f

particles) and is suspended th iquid carrier. The abrasive can be any
sui t abl e cabrai @éwh@@m@xﬁn@h@ond h@mamié@ﬁ avdwaina. ed ntmﬁmmmww@yht heti c,

and can %‘?éf?lrabl%eﬂ}ecf@‘ﬁ'ﬁ\'esxg szﬁ&ﬁe%ﬂi@é ly of, or consist of oxide, carbide,

nitride, carbofundum The abrasive al so can be a pol yner
particle {@wa*rhoaum ep‘aritq?tﬁlt}ﬁmam éﬁ\e?raataw;l o thgickbyadi e ahagepatoless har dness

of at | eai?ltmrjeh%{' %h%;&%r ?§ iyfpmylgyi%l C‘fflllx X)éacé ”ﬁmuﬁﬁ ujﬁqw‘?’é an prlq B\'ﬁ Ei' cles.

Pr ef er abl’ consi st ng Silicon
car bi de, sd't,aﬁmﬂensubbmomae lgl dtéea\ad)ummams axridascbnimmatu l@m*umenﬁom
Preferably, |co 3] The abrasive particles
Cyot car Ty bR Tl b huftbre PORIFRT ot Aoy AP H PR B et or
of 0.5 miey Q}Iﬁ&!\k(}hdﬂﬂﬁs BasGraon s Ln'[hm @Janaswwﬂoﬁmtmieﬂo%mdaﬁmaveman aver age
particle size of at | east m.crons, at | east

1m cron, Hgfm ’é‘éfslf“*sf nr(h i}(l:lf.lé}ﬂgm‘]la&ts TD la%f(mifjr 1[%'\!‘%0?(2?1 m”étm Lé:ag‘[) n%mi'ﬁ O(EI' ons, or

at | east 180, 1016iEQRS Hr leAl 3187 Mtdny 61 Mss) OThidsNihagsthdiveian hihen ;allaﬁc@essueee particles
can have an ayv %rage part| cle size of 500 mcrons or |ess g}ﬁ 300 mi crons
or |ess, PPORIEHPE ABHRYOGH Lieabgye ignofiisr B aPpie SBE AV A ERETW N ess, 20

M Crons Qkerh@SshuiclOsid @N1ORSroR ko L @5Sicrddk (By M GLPAS ©50 MASSK; 6 hlkSs b he
abrasive can have a particle size bounded by any two of the above

endpoi nt 20 npgione $aMpIoss W2REnigsra Sf § 8vigait!p dF escrmpreABn SR agewBa ti cl e
size of LymiGLon ﬁe%xéx@xq R, gﬁﬁgsg&ng 3 mcrons to 50 mcrons, 6 mcrons
to [0 14} The composition can comprise 30 wt e or more {e.g., 40 wi % or more, or 30 wi'ts or

more) abrasive. Alternatively, or in addition, the composition can comprise 90 wi %% or less

of the abrasive {e.g., 75 wit.% or less, 60 wi.% or less, SO wt.%% or less, or 40 wit % or less

abrasive). Thus, the composition can comprise an amount of abrastve bounded by any two of

the above endpoints. For example, the composition can comprise 30 we % 1o 90 wt. % {e.g.,

35 wi % 10 S0 W%, or 30 wi.% to 60 wi %) abragive.

80151 The composition can further comprise a salt. For example, the salt can be caloim

chloride, ammontum sulfate, alepinam nitrate, or combinations thereof. The composition

can comprise 1w % or more (e.g., Swt.% or more, or 10 wt.%% or more) of the salt.

Alternatively, or in addition, the compaosition can comprise 20w1.9% or less {e.g., 10wt.%, or

Swi% or less) of the salt, Thus, the composition can comprise an amowt of the salt bounded

by any two of the above endpoints. For example, the composition can comprise | wi to

20wt {e.g., T wt% to 15 wi.%, or 3 wi.% (o 20 wi.%) of the salt.

0016} The composition also may comprise an oxidizing agent, which can be any suitable

oxidizing agent for one or more materials of the sabsirate to be sliced with the wire saw and



20 mcrons, 8 mcrons to 20 mcrons, or 5 mcrons to 15 mcrons). Any

sui tabl e anount of abrasive can be present in the conposition. [0014] The
conposi t i 208 7e87Apri se 30 wt. % or nore (e.g., 40 w . %POT/USRE0/068909 50 wt . %
or nore) abrasive. Alternatively, or in addition, the conposition can
conprise 90 w.%or less of the abrasive (e.g., 75 wt.%or less, 60 w.% or
|l ess, 50 wt.%or less, or 40 w. % or |ess abrasive). Thus, the conposition
can conprise an anmount of abrasive bounded by any two of the above

endpoi nts. For exanple, the corrposi tion can conprise 30 w. %to 90 wt.
(e.g., 35 wm.%to 50 wt.% or 30 wt. %to 60 wt. % abrasive. 0015] The
corrp03| t ICORPESHPIE (FOF h@fﬂp&erhﬁrwgﬂaz AgEYICan Py PEEHEPEPOYA &F & BElpEeRan be

cal ci um cBh@midex i RAIOMN S Uhd 8li€ringhitit RUBRAEL fr&h %le @éupcc@nmzn;atm ons

t hereof . The conposition can conpri se th % or nore 5w . % or nore,
or 10 wt .hsgeempsreydioperedibongis bleach) geeringt n@vlépfwcmfﬁ% ax ag‘dmthﬂbww he

CONMpOSi iR FAP GO i RfotfWhg Y0eB! is hE&BedoGrefxidel G o AL 35‘441 cpiQr |ess) of
the salt. Thus, the corrp03|t| on can conprise an amount of the salt bounded

by any tweeseft it the uaxbmﬁ@w@nmm wittgble Fopunex Biploawosien ¢ rposiitei idiscan
conpri se O%T g%r%gi: ?5]"‘11 % 68ar%nare. b, (\Mm% tapmlté Wiu@u A e s g 0520 W %)

of the sa e conposition al so my Se an oxXi ZI ng agent,
whi ch canmudse lamysuibabbed u‘i odit momfg oagenty T“OTI!I @‘\menwmﬂ*tnloenmmnnams of the

Subsj[ rat Eimthgml?[t?on c.n'“l gcgygptWGt“U wh hn 0 esx ¢ §aW¥ @P’ b 0? ”Q()%I\t I‘)O 3 OF lc!iori v@xa{rrpl e, the

oxidizin en contalnlng oxi di zer.
TypicalIypﬁthﬁvhxwdkzmngsagémnrEs}sememtedmirdnmnhec@nmmmmcom3|stlng of
hydr ogen per ox ozone, and

;
oot et IBRe RS g AR Yo RBR by B i His R e oo per o de.
The oxi diczimgie. ageemmmaznmbampme@am:a}frf xtth?@ ncan?poﬂssl{b Lomm mamys isuiitabl e

amount. T q,rrposlt can conprjse 0 01 wt.% or
nor e, @gﬁ L 96r “Fm’rgl Y01 St Mg ooPT lrr‘b‘r mg’t‘% V?/t‘“kﬁi’%?” Hf’f% . % or nore,
or 5 wt %o@n7} MRE LmyRX%itidh Zish thaRg@Arise Ah bﬁamahlfye kt}(mx @ﬂndhrta@aéimw on, the

conposition can corrprlse 20 W, % or Iesé5 %or | ess, 5 wt. % or

less, 3 Wtlaygonpaud that iggreagpsghe plslvensys ¢ iiﬁtwﬂl% oﬁ?wé@gz) 8% di zi ng agent .

Thus, th%&z@mpm;mm cHPBE LOMN §8: 1BRRMRURLY@hn Oxdrgi #1R0:-3880h bPgunded by
any two of the above endpoints. For exanpl e, the conposition can conprise

0. 005 wt .digeaaeptolopg & more nglegpisf tosplsiralg type Hped with the wire 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,
platinony, ruthemtom, vhodiam, quinones, 2.2 6 S-tetramethyl-pipenda-F-oxyvi, and
combinations thereof. The metals can be elemental or 1onic i form. The oxidation
facilitator can be present in the composition in any suitable amount. The composition can
comprise .01 wi.% or more {e.g., 0.1 wi.% or more, 0.5 wt.% or more, | wt.% or more, 3
wi.% or more, or § wi.% or more) oxidation facthtator. Alternatively, or in addition, the
composition can comprise 20 wt.% or fess (g2, 10 wt.% or less, § wi% or less, 3 wi% or
fess, or 1 wt.2% or less) oxtdation faciiitator. Thas, the composition can comprise an amount
of oxidation facititator bounded by any two of the above endpoints. For example, the
composition can comprise .03 wt.% (o 20 wt.% (e.g., 0.1 wi% to 10 w9, 0] wilsio 8
wi %%, (L1 wib to 3 wi%, or 0.1 wi % to 1 wi%) oxidation facilitator,

{0618} The composition can further comprise a thickener, which can be any suntable
thickener. Preferably, the thickener is a non-ionic polymer such as cellulose compounds
(e.2., hydroxyethyleellulose), or poly(alkylene oxide) niatenials (e.g., a poly(ethylene glycol,

an ethylene oxide-propylene oxide copolymer, and the ike). Preferably, the thickening agent



0.0l wt.%to5w.% 0.1 wt.%to 3 wm.% or Iw.%to 5 wt.% oxidizing
agent. [0017] The conposition also may conprise an oxidation facilitator,
whi ch carwbeosvy1870i t abl e conpound t hat increases the efPCeaiSee00eswe9 of t he
oxi di zer. For exanple, the oxidation facilitator can be a catal yst that

| owers the activation energy of the oxidation by the oxidizing agent of one
or nore materials of the substrate to be sliced with the wire saw and
conposition. For exanple, the oxidation facilitator can be a netal, an
organi c nol ecule, or a radical. Typi ca}l ly, the oxidation facilitator is

sel ected from the group consisting of “cop atinu rut heni u r hodi um
qui nones i burghes ‘”t‘é%ci‘-é?fﬁ‘f%lﬂ‘ WEIsHER sgrRr i}“’BX‘W}P{} L Wﬁt‘-n%ﬂ%‘“ﬂ“ﬁer eof .
The net a'aﬁieﬁ@ﬁﬂ Beo Bh @MEMEdo098 1 HORICd Nid@NdRer TidMecOikt dalhandidgd kid ator can
be present in the conposition in ana/ sui t abl e anount . ﬁe conposition can
conpr i se fOboRsytiopdes hekenge. e highepeygan bp piesap Pehe uBpoRiionsriorymore, 1wt . %
or more, Mo DRk nﬁ{ﬁ%wm?(mtﬁmv@m {ax{?ﬁmg@ﬁﬁ)m@ l}t%&h_?@{if@-qkl "’; th;%m
Alternatively, or 1n addition, the conposition can conprise % or |ess
(e.g., 10 el G606 moreed sy Y BEORIN0D, Y5 | v &aor lsomth%\@mléé@mtbﬁhlown % or | ess)
oxidatio I : Qs an, TR amount  of

oxi dat i oﬁd{hggﬂﬁ Iﬂlket(g}%ng) S%gmyig Caﬁlgﬁ&%m ol ?:ﬂe hé {ag‘g\r}}e) jEe%g @lq'}]{t 2‘3 yFor

exanpl e, ltshe’* *@tjhpm&s pohm&md@ﬁm\m@m@ VBsvibe %mzms@@n Wity @zal(pet\fg'm 0.1 wm.%
to 10 wt. t % L %% %to 1 wm.%
oxi dati oft" ‘3@%‘ i ) m& 3 “%{5% Ql_th ‘“%‘oéf}{ﬁ r-gﬁp (}I:}%tn 0“tx H'QP %c‘\c[]:&rrprl se a

t hi ckenergpmyxm;m’m c@amb;maaﬁyhsw“b a:blﬁea thilck et érit Proaiiordbly? wthaotiti ckener
|sanon|qn|cp $,ucha eJuo ounds (e.g.,

hydr oxyet'Hyf-<cel Nﬂ"é% )‘M B° E) t:glsk‘y ﬁ{z‘“‘g?r%e) materials (e.g., a

pol y( et hybeme ng: Mﬁmio)ﬂ,noamzﬂhhwien&;]mmdampﬁ@mgj &E‘h& @MH@&H}G@[&G{ wimble and t he
like). Pref erably, t g\elt hi.ckeni ng, a has a nu nol ecul ar

wei ght of‘“‘bfé’é‘f feep 2Ry R PR {'baé ALHDTE }pr*% q?‘“&t“‘ Feast 50, 000

Da (e.d. poBQeORR. 1eefdh D08vPa)iger8d A€ iiQNEIraniiBd z@x@ub@mn\@@h@m jatratigei al s
tend to be Iess effici ?nt as th| ckeners. The th| kener can be present in
§

t he conpd&iEnahE 35niRY DS BicteabiPdMaFHIRRTFLD HHEY SHIPSSTRSh ERIforEB e 0. 05

. % Or R BorkySis8 0,05 Qe $o W 0 5 PR Gt 2 DoronMb (P8 Q2R hfwe. 3 W ¥ QbreOr €, or
51wt % or rmre thickener. Alternatively, or in addition, the conposition

can corrprmir%%“s ) Qg IgY i dsgae pasny. Aliepgtiily. o g afdiden. EEoNPOgE B P ess, 5
- % 0r |88 8sisc0f whWE, 0Pl (e €98 bt BNLOKENRI wi oTRHRss, KRG L QMPQSE L @2, RN

COFTpI’I sSe an
fess) anti-drving agent. Thas, the composition can comprise an amount of anti-drying agent

bounded by any two of the above endpomts. For example, the composition can comprise
0.05 wt.% to 20wt % {2.2., 0.5 wi % 1o 20 wi %, 0.2 wi % 10 10 wi%, 0.5 wi.% t0 5 wi.b,
or 1 wi% to § wt.%) anti-drving agent. Preferably, the anti-drying agent is present in the
composition between .5 wt.% and 20 wi %

{06201 The composition can have any suitable viscosity. The viscosity of the composition
can be at least 20 cp {e.2., at least 40 ¢p. at least 60 ¢p, al east 80 ¢p, at least 100 cp, at least
130 cp, or at feast 150 cp). Alternatively, or in addition, the viscosity of the composition can
be S0 cp or less (e.g., 400 ¢cp or less, 350 ¢cp or less, 300 cp or less, 200 cp ov Jess, 175 ¢cpor
less, or 150 cp or less). Thas, the composition can have a viscosity bounded by anv two of
the above endpoints. For example, the viscosity of the composition can be 20 cp to S ¢p
{e.g., 60 cp to 400 ¢p, 100 cp 1o 400 cp, 150 ¢p to 400 cp, 150 ¢p to 350 ¢p, 170 ¢p to 320 ¢p,
or 200 ¢p to 300 cp).

{00211 The composition can have any suitable pH. The composition can have a pH of 10 or

fess {e.g., 8 orless). Alernatively, or in addition, the composition can have a pH of 3 or



anount of thickener bounded by any two of the above endpoints. For exanple,
the conposition can conprise 0.05 wt.%to 20 wt.% (e.g., 0.5 w.%to 20
w. % 0. 2vaopha7es780 wt. % 0.5 w.%to 5 w.% or 1 wt. PCTaS300040684p9
t hi ckener. [0019] The conposition can further conprise an and dryi ng agent,
whi ch can be any suitable anti-drying agent. Wthout limtation, the
anti-drying agent can be an al kynol am ne or a polyacrylate. Preferred
antidrying agents are methanol am ne and sodi um pol yacryl ate. The
anti-drying agent can be present in the conpositin in any sui tabl e anmount .
The conposition can conprise 0.05 wt.% or nore %.0or nore, 0.5
% or AHFRLe-Gut OlORYR) %‘F‘% hegonpesiign G §pvy wﬁégm‘t £4 b‘d‘f"?ﬁﬁ@‘}é@‘ént
AI ter nat la%&leyend&r;mg nf@@dmw@mw mﬁm@z%p%lﬁat@@gmmG;onnrélcsem’s@} W . %or |ess
(e.g., 20 % or |ess wt. % or |ess, Yoor less, or 1 w.%or |ess)
anti -dr yufﬂf&l‘baé%m *ST‘HU@‘*“ tbheh SERpES 1 ‘Bshuéﬁw%fawﬂ@ts epcaHicaliomnhe lspid
ant i - dr yifgi.AGERE c RRIGAEE. WicRMY (bMRVOk shiignRBAY G @ng,mmhsﬁa Riptssxanpl e,
the conposition can conprise 0.05 wt oto 20
W . % 0. raderably tsocolioudpity 9gbly, mem%uﬂigxdgef\@;ts i%he@us @mom,@tﬂ@ @rwx e%
anti-dryi |Vt t he
corrp03| { ngﬂxcﬁgﬁmm hﬁ) E)ggﬁﬁé‘xb }0’1 a%gﬁéﬁm& {fqigr%’gﬂg%?gﬁnﬁkm c2 mp{i)@;ss?x%ﬁérg% N have
any suit abkming. do o dogiexffiehivinsavpntan dfastvhe cobnposi doil om!@aﬁﬂiﬂ@ifat | east 20
cp (e.g., .40..cp, at. | east 60 L .80, 6P Ll least 100 cp,
o 1 enst “hes "5“% ‘g"“ﬂ“é?q‘?‘e"%’gﬁs“iﬁbf %‘b‘?‘?“ﬁ’i{?‘f‘ 3 *M"“t‘S '%S}?Q%glﬁ)f”tr‘fg%ﬁéfti on, the
Vi scosi t yy hnidct inei dlowpdwi s’udndmmsga?ﬂambémaﬁﬁmccﬁ 20mulseths d’(fkmmg bat@é}map. or |ess,
350 cp or_less p | O 150 cp
or | ebs) congiigiietpLrEBELa B oRal ke GREee SR llin et Ry B Cno” b
t he abOVanéﬂﬁm@hd&hﬁatmﬁ@f p'&l(aﬁi):lnehe, tb}bléﬂ Wil sEs pfaylusodd dy h&lmQWWDQKMsQﬁ can be
20 cp to 50 to 400 . 100 to 400 ... 150 cp to 400 cp,
150 0 ¢ & Be gt Bi iy et Repiuitp o st i rahsogon il OB The
conposi t is0h}) eABsshiaer agal BUlL akl epH [ TTie jeanpoghd {0 #aB-pAYe;a pH of 10
or less (e.g 8 or Iess) Alternatlvel or in addition, the conposition
can have dé“b’ﬁhdf o3 Gpheraugde § 2, g pgter ¥é)ze""1*ﬁ‘l}§“ “%‘H‘é“‘ébh’pom ti on can have

a pH bounged; B anypdiiven efa Jolﬂgu @b@y@%e&dmm 8t oF QhsiOXAIR! Breeding
conposi tion can have a pH of to 10 (e.g., to 8). [0022] The” abr asi ve

desi r abl FORBOEHEpRAP 1 ffpn@*hwewﬁbm P‘dﬁm@ﬁbﬂlé ffpwdng réiand pORACTERE- | i qui d
j6024] The composition can optionally further comprise one or more surfactants andior
rheological control agents, inchuding coagudants {e.g., polymeric rheological control agents,
such as, for example, urethane polymers). Saitable surfactants can inchude, for example,
cationic surfactants, aionic surfactants, nontomc surfactants, amphoteric surfactants,
mixtures thereof, and the like. Preferably, the composition comprises a nontonic surfactant.
One example of a sutable nontonic surfactant 1s an ethylenediamine polvoxyethylene
surfactant. The amount of surfactant in the composition typically 18 0.0001 wi % to I wi%
{preferably 0.0 wi % to 0.1 wt % and more preferably 0.005 wi % t0 0.05 wi%).

{00251 The composition optionally further comprises one or more other additives. Such
additives include acrylates comprising one or more acrvlic subumits (e.g., vinyl acrylates and
styrene gcrylates), and polymers, copolymers, and oligomers theregof, and salts thereofl
[6626] The composition can comprise one of more antifoanying agents. The antifoanung
agent can be any suitable antifoaming agent. Suitable antfoaming agents include, but are not
linited to, silicon-based and acetylenic diol-based antifoaming agents. The amouat of anti-

foaming agent in the composition typically is 1 ppni to 140 ppm.



carrier of the conposition. Wen the abrasive is suspended in the
conposition, the abrasive preferably is colloidally stable. The term

col | oi d rebesw/t7t87he suspensi on of the abrasive parti clP€3/USr00l06890¢ qui d
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 abrasive in a liquid
carrier is placed into a 100 m graduated cylinder and allowed to stand
unagitated for a tinme of 2 hours, the dlfference bet ween the concentration

of partlcles i.n the bottom SO of t he' graduat ed, cyl i nder B] in terns of
g/ mi) and"$Hé TEDFEBHEVER FEIFOSITHRTT € PO PiRciHe (o Ogéﬁdﬂdf sphatgbduat ed

cylinder yidclde, foR ed@ipIBa0ioiBhihost HibG@d 1y a&lhﬁulﬂnbﬁgtxa& aGRNERRILRLA On Of
particles in the conp05|t|on§£[g% internms of g/m) is less than or equal

to 0.5 (itymcallyfy Ble 30 gpm prefagbhx Oy pphe val ue of [B]-[T]/[C] desirably is
| 'ess t hane®i; AN mIQitidn 3an 1B RIRHE LALLM DS 1 8RSud, *ﬂﬁﬂw QN 1%9&51%, to 0.1.

[ 0023] The conp05|t|on can conprise, consist essenti al , or consist of
t he for edopwgiacbmsokidng & ﬂl@%n@mﬂnﬁpﬂvmnﬁamepmwntwml@r@mmwe of the

follown é)c@s' %’;\%mﬁ@%% {;15&101{ agatélane-g&@dg x%h;hféﬂ{é Lgﬁgorﬁgﬁ'tﬁe@ﬁw y

further nprise one e surt s and control agents,
i ncl udi ngn @?@z&g@é:aﬁﬁstt@e gompqwktymw@i}wﬂe@ko@@ﬁtmﬁi\mmtmcﬂediasgems such as,

for examml e HIelhANe. ol WIRLR). 1St abl &, Ul 16t a0k uaal drighuls,. for

exanpl e, “eatT ont c S ‘ani oni € sur oni c “sur actants
anphot er i{e g surfaet amixsmmgem uhze&ubﬂ:uémexdé .etaand t he I i ke Preferably, the

conposi ti npri ses. oni ¢ surfactant. o sui.t abl e

mon ont o 1807 PSR Ba RO Db el if AR b SO AT s Prtiidne. “he

anmount ofansbiafiag taitidicarieh @nd oprfpasizt dvorkidiyipd aahd. yAliesna@vO0Qdr avaPbet 0 1 W . %

(preferabl 0,.001 % and nore preferahly 0.005 w.%to 0.05
o [ Qe B hBLR STt Bador g e Codii BEB SORIBH Chror e

ot her addﬂﬁpb%@& in &@ﬁﬁm@dﬁiﬁ%i W@Bthk a@hu@ezmqw d&h@@l  GAMPnESIdRgveNRn 88 NOr e

acrylic subynits (e. vi nyl acryl ates yrene acrylates and

pol ymer s wéélp%fﬁwmr%n%‘ H%a |$j’<8ﬁ’éim§ “B%‘é‘t"g@fl“ J%ﬁh*%ﬁ?‘fb ke estier [ 0026] The

conposi t ic@Rp&RRCPIRLSBoMNS: 10hre RILR: RRLIE QAMNGIAGR BRI idkhReANt bE 0am ng
agent can be any suitable antiftoam ng k}fb‘gent Sui tabl e antifoam ng agents

i ncl ude, 2B€Rd tAME cABPOTTON & el Eipe deinglboR-BasEreEndonteryleeiir 8281 based

ant i f oam B QULIL Rided B ARHALA bR ihe sticing process begins, during the slicing
process, of after the shicing process is complete. The use of a stable oxidizing agent allows
the oxidizing agent o be supplied i a container with other components of the composition,
sice i is less likely to resct with the other components. This spproach can substantially
reduce the cost of preparing and using the composition.
{0630 Optional components, such as one or more biecides, can be placed in the first andior
second contaners or in a third container, either in dry form, or as a solution in the hquid
carrier. Moreover, i is suitable for the components in the fivst and second containers o have
different pH values, or alternatively to have substantially similar, or even equal, pH values.
if an optional component is a solid, it may be supplied etther 1o dry form or as a mixture n
the liguid carmier. The optional components can be supplied separately from the other
components of the composttion and can be combined, e.g., by the end-user, with the other
components of the composition shortly before use {e.g., 1 week or less prior to use, 1 day or
less prior to use, 1 hour or less prior to use, 10 minutes ot less prior to use, or | minute or fess
prior to use). Other fwo-container, or three- or more-container, combinations of the

components of the composition are within the knowledge of one of ordinary skill 1 the art.



foam ng agent in the conposition typically is 10 ppmto 140 ppm [0027] The
conposition can conprise one or nore biocides. The biocide can be any

sui t abl e WDaeiode187hor exanpl e an i sot hi azol i none bi oci deCTIseo0a/68902 Of
biocide in the conposition typically is 1 to 50 ppm preferably 10 to 20
ppm [0028] The conposition can be prepared by any suitable techni que, nmany
of which are known to those skilled in the art. The conposition can be
prepared in a batch or continuous process. Cenerally, the conposition can
be prepared by combining the conponents thereof in any order. The term
"conponent" as_used herein includes |nd|V|duaI i ngredients & abr asi ve,
oxi di zi nd%&geAbe cHpoEianaro e isgireradedgt g cyneggvgiprich & nfryded g ‘HB‘E‘ldon of

i ngr edi entify fnSpBropri@LEASEN 8 1iNd Hrdd NBoPGBY , nkiCkeRfbdinRhOfde, etc.).
[ 0029] The conposition can be supplled as a one- package systen1conpr|3|ng,

for exanpPBPORLTABRESITHE Carapiigst ehrasarer iamd cang. aapamally praiineieaiizi ng

agent. Al LetP@ldMel % (mif}?;(ns%&r{%%pn‘ﬁ*’!ﬁul%' g &&aﬂ%@ﬁw&%ﬂ aPSoptpplied in a
first container, either ry form or as a solution or dispersion in the

liquid camouerof ligwid cewer, a:bﬁzagw@lenthé Heipgeree te Hecpaposiiamdn o Né‘mmaddl tives
can be 5‘%\99&'@1! £da %;ﬁoﬁm&ﬁ%’%%&@@%@é«@%w Sr%%l&éhm i&l%%ﬁl@% @8@9@

separately from onen nposi t bl e
because umnawhbasuﬁﬂmnmeLMMUUNznn@na@emntmohﬁenaﬁdeg ﬁoﬁmhémeﬂpng|t|on at

any i K] 9 NFuShi S0 BIAERSR R BXATRLEmbR PREd gl Agsnt can

slicing plufmoéscs 111m>n:aa‘ntrem. it dbtesllwidi ;mgippzmpmasso msxa oﬁhxphcét:enuThg use of a

Conta ner i ¢ KOBERE e e S0gr S AR RO 8P 8e ket

to reaCti@hﬁhﬁhﬂeiQ@hﬂmnEDﬁ@ﬂﬁﬁﬂ@&mmihﬁshﬁﬁﬂlmaﬁhw@&@pﬁmbmhﬁﬁﬁu@bmy reduce
t he cost of} g ar i n% fang %.ISI (gr e Co 95|Ia_l an %0030]

conponent'8HIEHE FANEEs HHETH APGRS I R EIngaEent o B UISEMEF 48 & “’f E‘“f"flrhét and/ or
second coMsabN@EmagskilNin el 1 cﬁlmh@dt@@ﬁl,ca&hﬁihﬁr“amhiﬂpxﬁiﬁé’hfu:@xhﬁbi@xé as a

sol ution |n the liquid carri Moreover, it is suitable for o§ conponents

in the figKd ARG BEXShE f%ﬁﬂﬂif% S0P Mherde ol PSS B LheRlrar RF g

al t er nat isuglye dd@uhav8e sURSE AREAIR!dr Yul Bl tmsl}l%d f}&(}a;ﬁﬂ&ﬂ ;ﬁq%bm@{lrinyal ues. If
an optional conponent is a solid, it na¥ be supplied either in dry formor

as a mi xt\iPEoveh teidizigypasnbe e &t curpEd 1@9‘?4“6‘?1&“#" edrpunendet ieah be supplied

separ at el &5 0m LGP LR iquid carier to form the composition such that each component is
present in an amount within the ranges sed forth above for each component.
[6832] The iventon further provides a method of slicing a substrate. The method comprises
(1) contactng the substrate with a composition 8s described herewn, (11} contacting the
subsirate and the composition with a wive saw, and (1i1) moving the wire saw, with the
composition in contact therewith, relative to the substrate so as to abrade at least a portion of
the substrate 1o slice the substrate.
80331 A substrate can be sliced using the mventive composition and method with any
suitable wire saw. The wire saw comprises a web of fine wires arranged using a serigs of
spools and pollevs such that the wives are parallel. The distance between the wires can be
any suitable distance, but typically 1s 0. mm to 1.5 nun. The diameter of the wire can be any
suitable diameter, but the wire typically has a diameter of .08 10 0.2 mm. The wire portion
of the wire saw can be any suttable material, but preferably comprises, consists essentially of,
or consists of iron and won alloys. A substrate is pressed against the web of wires while a
composition is continuously supphied to the area. The wire saw is moved relative to the

sabstrate, and the abrasive suspended in the composition adheres to the wire saw and



conponents of the composition and can be conbined, e.g., by the end-user,
with the other conponents of the conposition shortly before use (e.g., 1
week or |wWe=0pvi7e870t 0 use, 1 day or less prior to use, PROAIS2@V/06898% pri or
to use, 10 mnutes or less prior to use, or 1lmnute or less prior to use).
O her two-container, or three- or nore-container, conbinations of the
conponents of the conposition are within the know edge of one of ordinary
skill in the art.[0031] The conposition al so can be provided as a
concentrate which is intended to be diJuted with an appropriate anount of
liquid carrjer Hr[or to yse. I n suchféﬁ enbodingnt, t he conposition
concent r atYREH IR SHFF RS DaBReR I & of JENTECAF AP P SENHSp B Y eoxi di zi ng
agent  an@f RsthRbAKEREHe kibsANBYRE Qics UGRo thaks upon dilution of the
concentrate with an appropriate amount of liquid carrier, each conponent

will be phEdedbe foophe csuhpe Sirticonesirtamheanpares Wi HichusheheyprBpEi at e

range rechiedeaR0N&{ Qb AGRGOGRRRENt . For exanpl e, conponents can each be
present in the concentrate 1h an anmount that is 2 tines (e.g., 3 tines, 4

times, or S tinmes) greater than thé&Xdntlidntration recited above for each

componentiod g CATRER 090t Dl JRGRLRGGARGE R 1Rl 0l L UL ed wi th

an appropriate vol une : carrier . ol umes of l'iquid
carri er, rSewguaticapghiivvesidobtilfiigguitgricact tewposiopesd equal vol umes of |iquid

carrier, (heSPACtiNglyly (a6t FQTRANGNLN 4 02 JLERENkLY (e compositi on

unt " wi es’ se each 'conmponent .
Fur t her niwérexashwictlividse, anddenstoodebylehospostofonordidnadod iskiclghtebn t he art,

t he concey JLate can. con ai n an 1ap.g_ing%r i?gtwe \,f,r,,agtti, on iolf N het*lxgq!ui,id‘iﬂcar rier
present ih YRE PTERE ‘“é%f%p“‘é‘&%r‘%&hs TROPHEPICE BH e s PREIHE ChBFAS Ve and
ot her suishabl alieddictidyeiisasidodl inl aaktl partially or fully dissolved or
suspended_in the concentrate. Mreqver, the p\x)i__gximz,i)n gent, can be left out
of “he. canthErdl B BoD it S dug o s st B AT L TR URD TR 11 qui o
carrier tu@: {05t Me seYUPRSI dnll a Sitbnit hatsee k. qRIRRALPHulE SnPhesent in an
anmount mtthlngthevrangfs sgt forth above for each}conﬁgnqu. [0032] The

i nvent i orff RECFRETSBF BYTURET B HET FolSohe Srpeefyiy obhes A Pe Mm@t hod
CONpri sesylrd-46ANaAGH falitdIerinubslch ah&mdh s @iCRIPASI:tHA0naa ieses ik bed
herein, (ii)_ contacting the substrate and the conposition with a wire saw,

and (iii EXHBeE Hy daqeabiily anddgdoiii R ¢8#BEsi tion in contact therew th,

rel ative gl Bge SUBSLIAL RsSPasRondiRicARL AUGPAL olsBASE 1o ROFLL AR Qlinddhe

substrate to slice the substrate.
that contained the shurry being tested. The slarry had been allowed to settle in the cylinder for
7 days priov to testing. In this test, the spatuda will drop down to the bottom of the cyhinder if
theve is no hard settling. A visual analysis was done to detenmine whether or not the spatula
touched the bottom of the cylinder, and an estimate of where in the cylinder the spatula had
settled. A large layer of hard-settled abrasive 1s indicative of problems with re-dispersing
after settling.
80391 The settling test was conducted by visually observing the clear hiquid laysr in a slurry
that had been allowed to settle for 7 davs i a gradueated cylinder. The higher the nomber the
more settled the shury 1s. The scrateh was conducted by placing an aliquot of the slury on g
glass shde and then drving. After 24 hours, a cotton swab was used to wipe sway the dried
starry. The sharry drying is measured quakitatively by how easy i 1s 10 be wiped out. The
ultrasonic test was then measured on the same glass slide from the dried sturry test. After 40
seconds of somcation, the glass shde was examind for any remaining shurry. Easy to clean
shary will be cleaned off the plass shide afler sonication. The results are sumniarized in Table
I



[ 0033] A substrate can be sliced using the inventive conposition and net hod
wth any suitable wire saw. The wire saw conprises a web of fine wres
arranged woi2o/gi1geri es of spools and pull eys such that PCHAIS2M09068909 e
The di stance between the wires can be any suitabl e distance,
typically is 0.1lmmto 1.5 nm The dianeter of the wire can be any suitable
but the wire typically has a dianeter of 0.08 to 0.2 mm The wre

par al | el

di anet er,

portion of the wire saw can be any suitable material,
consi sts essentially of,
substrate i s pressed agai nst the webh
continuously supplied to the area.

conpri ses,

or . cons

i sts of

but preferably
iron and iron all oys.
f wires while a conposition is
SWire saw is noved relative to the

but

A

substr at ¢
W re saw
and the g

D

5 and T theTay
andfacilitat|

>U5§¥W&@@°ﬂsd

SN -~ -

Fasive suspe
es the intern
asicplplapt ad

action bet

e Sshilu kN E SEQR¢
the wre of

le af dwast alﬁert

en

Db QA
i of - t§

THEr 68 6 th
the wire s
he Sevilyt rest e

al

C

AW
and

slice it
i nventi or

TReTELTTS:

) Fire
r}seHR %@ | d

anmpre
?rued

orttreT
ds’in an

IIILI}LId.LEb
way Timti

t he
ng

its scopé

B (EXANREE [ (

SR t.ha. ey

O3BPEEhI s e

cfurn r-of--ont

Sé'ﬁ‘até
hlllf\

2ged he eff

and..co

ects 7af var

RAO-BE-a Rt

ous
ties

conponen.
of conpog

CITC TTIY

1 t‘%ﬁ‘%i““’{ 003

I COrCTry

6] gfﬁéﬁb05|

T7T1

éﬁareq

I

ATTU I TV

| ¥that cor

tll’ll& IUPC

1t ai ned 50 wt.

%

silicon ¢
conpositi
A-R) to

as set fo

arpheRived W
on.-\was..di.\vi

1% hyg@r oxyet

G
1

56, af

ent..cda

1§l W

owat era.  The

ons

DEL Dy Llﬂngabl e

» seff| II"ICI

vhi ch varylng

St

nri Lnt.o. . ei.qak
J

fypesgt and 4
aeohh0037] E
(7 _days)

al cohol|

ura teg

GANPOS Iytd
f (7 days

\hrpnci i e)
s and/ or
i

ions was evalwated

NS ((‘nrrpnci t
salts were

hdded
ch

using th
test and
tests wef
how easy {i

t he uItrason

? tHx@ér{ QEﬁEd

|%eb%® sec.)

L ogbder toitgs

i sperse afté

mY)
a&ple denD
m
1teen. diffe
“drop _spat
'r ‘settling

drop

uspendabi

patula at
Jity of
gsCratch ar

), the scra
'd the settl
thegslurry
d the ultra

ng
and
50Ni C

tests wer

étpekmomhed

|MnBFGer to

[ nnoo

Thea
e

IIUWAHg
ﬁgt be con
ngh Was p
Ryl cellul
anount s of
agh of the

test The

t the s
ewanlne th
ul (6] §) cpat

encl earn

|
ut-a LU\.

t-ad +

lability é

and thé dryl

S Ay
rauct c;u, uy

Ng-

ability ¢
dr oppi ng

UGB

r aduat

" hat |

was--€ot

éBntalne(

I the 'slurry

bei ng teg
days pri @

5§ QﬁmpTﬂ‘t@w& u

DL

1.0 anflnf

Nyhehad beer
l-p-t-hi-S-tf-€

1nal | onwed t

st

t-he-spat-ul-a—y

oneettt

@ol N the

il dron
AL L

down-t-0-t-he

cyl 1 ngler tor

bott om of

}fReEnEyE ndd

PEG 300

SO

\-QS

3

¥es

| yes

()

K {(inventive}

3 3% (.d(,.%g

110

| no

74

L. (inventive)

1% Catl

10

| no

7.6

M (inventive)

- 1% hexyl

alcohol

ﬂ

~

N (nvertive)

G PEG

ek
[

O (inveative}

1% Calle, 7
 PEG

34 down

vas

P {inventive}

| 5% ammenium

sulfate

10

| no

) (inventive)

| 19 ammonium

sulfaie

i8]

yes

R {comparative}

' None

10

10

| no

00401 As is apparent from the results set forth in Table 1, Compositions containing polvol

such as glycerol, polyvethylene glveol (PEG), polvpropylene glyveol {(PPG) and monatomic



there is no hard settling. A visual analysis was done to determ ne whet her
or not the spatula touched the bottom of the cylinder, and an estimate of
where i n wheonyd7istder the spatula had settled. A |arge PaYAIS2@0/068909
hard-settl ed abrasive is indicative of problens with re-dispersing after
settling. [0039] The settling test was conducted by visually observing the
clear liquid layer in a slurry that had been allowed to settle for 7 days
in a graduated cylinder. The higher the nunber the nore settled the slurry
is. The scratch was conducted by placipg an aliquot of the slurry on a

gl ass slide and then dry Aft hours, a cotton swab was used to w pe
away thedgﬂ“édwéw utarir‘y\dﬂﬂ%ekéw uﬁlwyﬂlaﬂy\*ﬁbh saltsrasR e umalvigendel y by how
easy it igmntRiResiMaRedoQUbier TRENMILY 88108 Grdi@SEr MBGudnen measured on the
sane glass slide fromthe dried slurry test. After 40 seconds of

soni cation, the glass slide was exam nd for any remaining slurry. Easy to
cl ean slurry w Il be cleaned off the glass slide after sonication. The
results are summarized in Table 1.[0040] As is apparent fromthe results
set forth in Table 1, Conpositions containing polyol such as glycerol,

pol yet hyl ene gl ycol (PEG, polypropyl ene glycol (PPG and nonatom cal cohol
such as 1-hexanol (hexyl alcohol) as well as salts such as cal ciumchloride
and anmoni um sul fate show better cleanability and | ess drying of the
slurry. CLAIMS 1. A conposition for slicing a substrate using a wire saw
conprising: (i) aliquid carrier conprising at |least 50 w.% water and 0.1
w.%to 20 wt. % of a polyol, based on the weight of the liquid carrier;

(i) 30 t.%to 60 w.% of an abrasive suspended in the liquid carrier; and
(iii) 0.2 w.%to 10 wt.% of a thickener. 2. The conposition of claiml,
wherein the polyol is selected fromthe group consisting of glycerol,

pol yet hyl ene gl ycol, 1, 6-hexanediol, pentaerythrite, or conbination
thereof. 3. The conposition of claim1l, wherein the polyol has a carbon
atomto oxygen atomratio of at least 2.5: 1. 4. The conposition of claim
1, wherein the conposition further conprises an oxidizing agent.



5. The conposition of claim1l1, wherein the thickener is a non-ionic
polynmer. 6. The conposition of claiml, wherein the abrasive is selected
from t he Wocop/wewisi sting of silicon carbide, silica, alPOFRUS2009458909
conbi nati ons thereof. 7. The conposition of claim1, wherein the
conposition further conprises cal ciumchloride, amonium sul fate, al um num
nitrate, or conbinations thereof. 8 A conposition for slicing a substrate
using a wire saw conprising: (i) aliquid carrier conprising at |east 50
wt. % water and at | east one additive zel ected froma nonatom c al cohol or a
salt wherein the nonatom c al cohol s present in the liquid carrier at 0.1
%to 20 wt.% and the salt is sef-B&1%8d from the group consisting of
cal ci um chl or ijde, artm&Pansm;l Jirtng sat\ttmemum Ahlifeab @ compdiugonbi nati ons
thereof; and (ii) 30 %to 60 wi.% of an abrasive suspended in the liquid
carrier; 9. THe cohigst t46e tefnmtim#he% ey ejvypier ped %ﬁ«ét ol vdl*e8hol has a
carbon chdlfoibal@dh iRy I 8r 81ANSmA0. The composition of claim o,
wherein the 'nonatom c al cohol having a carbon chain of four or nore carbons
i s 1-hexanol , {i- octfhwb‘tu to 90 et Fyl shelanet suspengdedhinttyd iquicberagiolnd 11. The
conposition o I 6P tom c al cohol has a carbon atomto
oxygen atom rgtils:oa@(;)t’ at % {Sb&im% The conposition of claimS8,
wherein the c@npos”ﬁta @n‘t*bumih@rci'cmrtpnh@eis thaerpodyal e szlerigd ‘&gierth@ @8up The
ggg&o:lt ;[ :’(].tg}ll‘-el m" r%ktbeﬁtﬁcpi\lﬁ\gﬁé tﬂtéls {]83 @lpr QSJHU\?&U! Biﬂﬁk?\qglltlg ur L{)l%[nn:i’j]tg%t %;?ggf
14. The clmmrfsl t| on of claim S8, V\/nerel n the corrp05| t| on furt her conprises a
thickener. 15, The i.tion of claimal14, wherein the thickener is a
non-i oni ¢ pol yner . H%GJTP ﬂé?‘h@dﬁ)%?ﬁst‘}’%* PRSP Oé}%gt'ﬁr‘a‘tagim\ﬁg’l“&? ‘et fod
conpri sestttméh)m@f)mttaa@tl frg. the substrate vvith a corrposi ti on conprising: (a)
aliquid carrier nprlsm | east % wat er. ap 1 wm.%to 20 wt. %

of a pol yol , Based B.nmftwgu 'ftgfmlmfaf P teruiﬂ t%o&tpg&trt?q té}fthu wmpmm an

oxidizing agent.

s, The composition of claim 1, wherein the thickener 1s a non-ionic polymer.
b, The composition of claim 1, wherein the abrasive is selected from the group

consisting of silicon carbide, silica, alumina, and combinations thereof.
7. The composition of claim 1, wherein the composition further comprises

calcim chlonde, ammoniuem sulfate, aluminum milrate, or combinations thereof

& A composition for slicing a sebstrate using 8 wire saw comprising:
{1 a liguid carrier comprising at least 50 wit % water and at least one additive

selected from a monatonyic alcohol or a salt, wherein the monatomic alcohol is present in the
hquid carrter at 3.1 wi.% to 20 wi%, and the salt is selected from the group consisting of
calciam chloride, anvnonium solfate, aluminum nitrate, and combinations thereof; and

{1} 30 wi.% © 60 wt.% of an abrasive suspended in the hiqud carrier;

9, The composition of claim 8, wherein the monatomic alcobol has a carbon
chain of four or more carbons.

10, The conwposition of claim 9, wherein the monatomic alcobol baving a carbon
cham of four or more carbons is 1-hexanol, -octanol, 2-ethy! hexanol or 2-butyl-1-octanol.

11, The composition of clazm 8, wherein the monatomme alcohol has a carbon
atom to oxygen gtom ratio of at least 2.5:1.

12, The composition of claim §, wherein the composition Hurther comprises an

oxidizing agent.



(b) 30 wt.%to 60 wt.% of an abrasive suspended in the liquid carrier; and
(c) 0.2 wt.%to 10 wt.% of a thickener (ii) contacting the substrate and

t he conposDVM7I$7Dh a wire saw, and (iii) noving the WPCEUSaa09/0689%0N t he
conposition in contact therewith, relative to the substrate so as to abrade
at least a portion of the substrate to slice the substrate. 17. The net hod
of claim 16, wherein the polyol is glycerol, polyethylene glycol,

1, 6- hexanedi ol , pentaerythrite, or a conbination thereof. 18. The net hod of
claim 16, wherein the polyol has a car on chain of four or nore carbons.

19. The met hod of c¢laim 16, wherein has a, carbon atom to oxygen
atomratio of lat | Eiggomposlign OfZ(?}“m'i"hg"% ‘H}E}d?’ GRS TORHES SIOHP t he

Conposi t's@ﬁh;:f{ilﬂﬁBhﬁﬁc&Q%’idesﬁﬁcaaélu@;ﬁiadd;@kBﬁbﬁgﬁﬂk{he?é]ai The method of claim
16, wherein the thickener is a non-ionic polymer. 22. The nethod of claim

16, wherein thé cohpusPwbanoT efrdpvers, B BRI e meas EPR B OPPEES 2ammoni um
sul fate, g@luynl,hum nitrate, or conbinations thereof.

i

Ly

The composition of claim 14, wherein the thickener is a non-1onic polymer,
16, A method of slicing a substrate, which method comprises:
{1} coptacting the substrate with a compuosition comprising:
{a} a hquid carrier comprising at least 50 wit.% water and 0.1 wt.% 10 20
wi.% of a polvol, based on the weight of the liguid camier;
(by 30wt % to 60 wi.% of an abrastve suspended in the Hqud carrrer; and
{c} (.2 wi% 10 10 wi% of a thickener
{1}  contacting the substrate and the composition with a wire saw, and
{11}  moving the wire saw, with the composition in contact therewith, relative to the
substrate so as to abrade at least a portion of the substrate to shice the substraie.
17, The method of claim 16, wherein the polyol is glyearol, polyethylene glycol,
1,6-hexanediol, pentaerythrite, or a combination thereof.
18 The method of claim 16, wherein the polyol has a carbon chain of four or
more carbons.
19 The method of claim 16, wherein the polvol has 8 carbon atom to oxygen atom
ratio of at east 2.5:1.
20, Themethod of claim 16, wherein the composition further comprises an
oxidizing agent.
21, The method of claim 16, wherein the thickener is a non-tonic polymer.
22, The method of claim 16, wherein the composiiion further comprises caleium

chioride, ammontam sulfate, aluminan nitrate, or combinations thereof



