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planarizing a surface, typically a wafer surface, such that it becomes smoothed

and flattened. Generally, the CMP process utilizes a chemical slurry in
combination with a polishing pad to achieve the desired surface finish.

20  Typically, chemical slurries useful in CMP comprise a solvent and plurality of
solid, abrasive particles insoluble in the solvent. In the CMP process, the slurry
is applied to the surface to be planarized and moved about the surface due to the
motion of the polishing pad. In this manner, the particles in the shurry abrasively
planarize the surface in 2 manner similar to sanding. Desirably, the CMP

25  process is carried out at a known polishing rate to get planarized surfaces of
desired thicknesses.

Inasmuch as the quality of the CMP process is determinative of
the quality of the planarized surface produced thereby, variability in the CMP
process is undesirable. Variability in the CMP process can be introduced as a

30  result of variability in the quality of the CMP slurry. Thus, maintaining
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PCT: TUS99/ 0924(,1volatile solids, or component assays, have been proposed as useful indicators

20 of slurry quality. However, for a variety of reasons, none of these measurements
are optimal indicators of slurry quality. Specifically, measurement of percent
nonvolatile solids, which involves an evaporation to dryness and subsequent
measure of the remaining weight of solids, requires application of high
temperatures in order to provide the desired efficiency and repeatable results.

25 However, many slurries contain dissolved solids that decompose at the high
temperatures required by this procedure. For example, many tungsten slurries
contain dissolved solids with low decomposition temperatures that completely
decompose at the required high temperatures. As a result, this methodology

often produces erroneously low values for percent nonvolatile solids in these



slurries. J. P. Bare, "Inproved Anal ytical Technique for Metal CWP Slurry,"”
Proceedi ngs of 2nd CMP-M C Conf erence, February 1997, pp. 405-408.
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proposed of f - I35 neonesatated sury cerponent havs alsechesn used|ay indisgters of shamypl i ng and

subsequent anal ysj s,.outside of the manufacturing prace .an hus, do not
provide a real -t iq@ltyhg-lﬁ%'aqogrco Oﬂcﬁmpﬁmd\gﬁﬁsﬁ ?.%nfgﬂme% atlor_lgrhle Thus,
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nore attractive, as providing the desired real-tine I'ndi cation of

slurry quality. Pbiriesqemsineproprietarny ihatesients, yThys,compositiersandagingmtration li ne.
However, neither .of these. on-|inhe.apprqaches hayv raven. be.an opti mal
i ndi cat or of sl ur'rrl{?nagt}&n%? Vg'f‘sgrspuér\}%srl ?3‘?}?‘"8?"?3‘2&%5%&%@@&%&\% gY‘ﬁV’,ugt he

neasurement 20 ik infbtndtion, thé1esE of SbmpPérieht 2654V ¥is A RlechiisA oR foHA G
i ndi cator of slurry quality for chem cally buffered slurries.

Furthernore, everflutfy qualityfif challenging if@oteampletely impossible. finallyeaplaofthel es can

|l ecti vel ef | Einally, t li.ability of H
2s an i ndi cat o’ JForfef HEHRE oo RRRL cbhifles heod BBl B Jorhlta B oo "
preci sion aabsequent asadysis cuidef theafinubddtiriigPrscend) amt e€do @b | i ne. That

is, standard pH 25 _ probes are prone to clogging of the porous probe
menmbr ane by the %‘f‘ﬁear&al'ﬂmﬁm@ﬁ@%s‘ﬁ?ﬁgﬁﬁg-i n a slurry. Thus, frequent

regul ar mai ntygnance of th Iasb?rrlli?eyﬁ‘gag{nremggﬁgavégeeﬁggb%io%?g%fa%therrmre, in

order to ensure nmaxi mumre accur ese
i nstruments, fregossiderehgenerally more atactioe| s hediding the desired real-time The
measur enent of den(fi ty a c{ t he r.errg; nder of aqn-1jne 30 measur enent
t echni ques al so f3{'f24°8 °gF BUY Qealifty, ooz sramele, ‘,"nda‘&‘éﬂ?ya‘{@ e peaswed poof
g CT/ US99/ 09 ZX\? 99ine6 il%%/ever, neither of these on-line approaches have proven to be an optimal
mdicator of slurry quality for a variety of reasons. Specifically, the measurement
20 of pH of a chemical slurry may not be an accurate indicator of slurry quality for
chemically buffered slurries. Furthermore, even in unbuffered oxide slurries,
silica particles can act collectively as a buffering agent. Finally, the reliability of
pH as an indicator of slurry health is adversely effected by the limited precision
and/or resolution of most pH meters when used on-line. That is, standard pH
25 probes are prone to clogging of the porous probe membrane by the small
particles present in a slurry, Thus, frequent regular maintenance of these
instruments is required. Furthermore, in order to ensure maximum reliability
and accuracy of these instruments, frequent calibration is required.
The measurement of density and the rematnder of on-line

30  measurement techniques also fail to provide the consistent, accurate indicator of

3



slurry quality desired in the CMP process. Specifically, although on-Iline
measurenent is attractive in that it provides a real-tinme indicator of
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Accordi ng to tguelitysresnyrenalytical instroments aee nob eastly edgnied towadingisgmplinge
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THAL UFEio GORBRT b kltitidn® HRINOLAE systom and

content. By nonitoring Vity on- e’mxin m cal
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I nvention may be used to ) . .
: components, the process and system of the present invention provide an
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exceptionally accurate, reliable, easy-to-use means for monitoring and
maintaining the quality of a chemical slurry.

20 Generally, the process involves providing a reference conductivity
value corresponding to a reference slurry having certain desired characteristics,
e.g., characteristics indicative of when sufficient amounts of at least two
chemical components have been combined to form a slurry with the desired
composition. The at least two components are combined, and, when the

25 measured conductivity of the combined components corresponds to the
reference conductivity value, the slurry is ready to use. In preferred
embodiments, the conductivity is monitored as the at least two components are

combined.



generate two-conponent slurries. In such slurries, one of the conponents,

l.e., a first conponent, typically conprises a first solvent and the
ot her conponent, i.e. .a second conponent, conprises a second sol vent
and a plurali tyW9%Ila9d 5 particles. A reference conducti vPEJUSHINMT| s
provi ded indicative of when sufficient anounts of the first and

second conponents have beep, aﬁ%#) gt? gﬁ:cessofthe Xﬁtqﬁveﬂ%ﬁ]“ﬁrﬁgemeg
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conponents are t lpeneratewbeenpotitnt Sluiries: mcm&ma:tuearbnebfﬁepombments i.e, &l ended
slurry, has a neasured conductivjty value that corresponds to the 10
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present invention |s a on of slurries

conpri sing thrsee pamd]nsre&xefeemwabmh:oﬂmtywehmsprbﬂdéd\méxcatweof\aénii)odl ment of

the invention, both a predete%értb gd order for conbining, the %’g Hl urality
¥ e to

of components, asuiHaiqnt gounty ﬁ&@dc%mwpmpw Beqngio |
combining step. aéQWg%h'm asRRhi bitihh e quaiiRRORTRRLT TR dor s

provi ded in mhlc ity o conponent s ar e co In a
series of sﬂndpeconahmnpomtsmﬂiemmmﬁim&@tittl'ercombmpmn‘ aenthd, the

conmponent s orr onﬂl ng to ea 5&%&&%%%05 sEtlgpl %he measur ed
conduetivity_20 e
associ ated wifg t réﬁg d?l'u&gn value ﬁ{}tﬁﬁ ma“h@rnregdfrﬂgwﬁggflé‘s‘ﬁ@@bd]idgg st eps

have been conpl ete I S manner, tant  slurry 1s ready to
use. content:sprddncem eferred enmbodi ments, the rate of addition of

D SO che 2o oA RoR bbb e B RRLEAEY on vey
sl owed as the MeagilRbion of slurrk? eauﬁﬁsnyg fh¥eedP RIcPEMHRTcal Bémponkats ERCEis

conductivity val ue,” and ceased when t measured conductivity of the
bl ended slurry cm@slpmmjsf the lttmatlmeb@;hemc@etermmed ouatifoc combiningdhd ue. Thus,

in these pref re e lments, the process of t . resent invention
provides a re P@%Pga%awhféo‘?ﬁ‘? as 8%5’5%6 ?06*5“%%’ f’?)lﬁ? f?é %%‘ and/ or
pr oducing ¢ hs‘\g g g&/ogféa!itggé 5t8)S -are provided. More specifically, a predetermined order is

PCTI US99i 09247  provided in which the pluralityrefecompenents arg to/eeraombrined|in 8 s¢sies of des a
cheri cal i xiNg SYSLORLLOL, cach colfBilra¥ds'10pRTHE, B Ains! U Ty haVing a
corresponding to each step are combined until the measured conductivity
20  corresponds to the reference conductivity value associated with the combining
step. When all of the combining steps have been completed in this manner, the
resultant slurry is ready to use.
In preferred embodiments, the rate of addition of the component
comprising a plurality of solid particles may be varied in response to the
25  conductivity measurement, i.e., the addition may be slowed as the measured
conductivity approaches the reference conductivity value, and ceased when the
measured conductivity of the blended slurry corresponds to the reference
conductivity value. Thus, in these preferred embodiments, the process of the

present invention provides a real-time, feedback control process for monitoring

30  and/or producing chemical slurries,



qualification range. Generally, the chem cal m xing systemconprises a mXx
vol unme adapted to receive at |east two chem cal conponents from at | east
first 5 and second supply sources. Additionally, the system conprises a
control- syst@egseisot hat is responsive to a conductivity npegusegmy of the

resul ting conbination as the conponents are added to the mx volune.
More specifically, the control system i s capabl e of generatl ng a
control signal in respoﬂ?&?"@%"'ﬂﬁ’éﬂ%‘@ﬂﬂ%ww e a chemicglmixingsyptam fon| ch, in
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i nvention tak@?FWR?BFHtﬁﬂ%FpG?‘F“\RAﬂEWi Tume e 5‘;‘8’?&‘6 i ng,

wher ei n: ble o E}aﬂH g Qnthﬁ LA Vesdbd i esentative
process capabl eter?lscapa e duci n% g sl urs)rﬁil1 1a¥/¥|} Eg a sfﬁei%gg&ggﬁiyent Wi t hin
a qualificati mﬁeaswragentlwhxch in turg contral stheadditiph of btdeqst ereoofithe cheaidal on;

Fi gure 2A|s a gra hlcalh ﬁﬁ oi‘)lon f,the rel ations ?llbbet.weefg

conduct i villy SAEPPRSALS 19 Lne ks Yoly J??H’&“Pﬂew PR S FAMPEANRR O t wo
conponent 25 cﬁerchchoB{#Bﬂ&ﬁ@qeaMQidﬁgsﬁxﬁytﬂh%aVc%H&&ﬁ%@émé/e process of
Figure 1; Figure 2B is a graphical depiction ofthe

rel ati onshi p Ivetrespending to thecefﬁ&mqondutywamdalue,rthe additropifther s deagitomieng  t he
preparation of ,a fo slurry produced according to the

representat i vé’hf)‘m?@g%o?p(?f' i'ﬁmedl;
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PCTUS9109247 BriefDescnptmnofthangurEs gure 3 is a graphical depiction of a
conductivity/solids con calibration curv
Figure 4 i3 a diagram oﬁ ahoyp meationed.an Qtlﬁﬁé‘fﬁa@égesrﬂfili‘we?%tem

invention, and the manner of attaining them, will become more apparent and the
invention itself will be better understood by reference to the following
description of the embodiments of the invention taken in conjunction with the
accompanying drawing, wherein:

20 Figure 1 is a flow diagram of a representative process capable of
producing a slurry having a solids content within a qualification range in
accordance with the present invention,

Figure 2A is a graphical depiction of the relationship between
conductivity and time as monitored during the preparation of a two component

25  shurry produced according to the representative process of Figure 1;

Figure 2B is a graphical depiction of the relationship between
conductivity and time as monitored during the preparation of a four component

slurry produced according to the representative process of Figure 1;



capabl e of producing a slurry having a solids content within a
qualification 5 range in accordance with the present invention;

Figure 5 is a partial cross-sectional view of a preferred conducti vi 5%
probe suitabl e MR9(EWB% n the systems of Figures % 8 and 9; FCTUSIN9247
Figure 6 is a block diagramof a programmable | ogic control (PLQ)

system for operating the L5 2 fhohicAldepitRbEiS oRvilyRolids Sumas 4. 8 and
9 in 10 accordance with tclﬂ pr esent inveeg%élﬁon; by _ Figure
7 is a flow di agrdibrafonauvseni cal bl endi ng program execut ed by the
control systemshown in Figure 6; .. . Figure 8 is a diagram
of a second representati veﬁgw&ﬁ‘éﬁfhaﬁfam?f@m?resef‘wé‘gffﬂ‘m&ﬂ’é’ﬁ%gs%fx‘.
producing a sl ur g dbiy/dfigoduciigal siirydfaling Alsolds'dahfnBwiltiin a @alFchfidrat i on

range in accordance with the present invention; Fi gure
9 is a di agr afm ofrangetinaccdrdangs vathdiret presentanvehieom cal  nmi xi ng system
capabl e of producing a sl uLr avi ng. a sol 'e%fo ont e w.thin a, ...
qualification range in acg%'?%'ﬁgésea%%}aﬁ“f’ﬁés géé(fﬁ”?r}tﬁ\?éﬁﬂegﬁfmd“mmy

Detai | ed Descri ptydha stitableT8r U3 B tRE syStemSHIAQLlirdRN S andS) The
enbodi nents of the present inventidn described bel ow are not i ntended

to be exhaustive or to |inFigurelds 4 bockrlidgmm ofta programmaklé ogicicontrat (PLC)

di sclosed in the foll owi ng detail ed. description., Rat.h th iments are
chosen and descrisﬁsg‘?ing"éc’[’%gl"’gélw prt nggyﬁewsﬁoygpﬁ{%ﬁﬁag%%%pate and
under stand the pracérdambswitdhd pRia¢invéafien,0f the present invention. 25

The present invention represents an inprovenment in nonitoring t he

qual i ty of and/or produci nEigerednss v diagramef a chegticaliblerding programiexested o
qualification ra . Spegifically. . | i cant has found that by providing a
ref erence conduc@%ﬁ?gﬁlwwaﬁé@g $€8f when a sufficient amount of a
first chemi cal conpopigide § is a ARGRINNEL sebérd repre@aaide alaiitd alixiagmponent
and _ _ T WO 99/ 56189
PCT/ US99109247  system gapablenfiprgueing a sty havips aselidsgontent withing t he
conponents of,@a ¢ 1 cal sl Q] . produced with a

sol i ds cont enlt5 W “%ﬁ]ca?ﬂ%§a&§éaw¥?%rgﬂ°8?‘@éﬁ]%é&eﬁ?ﬂvgﬁf(?& ti onal conponents
can be added in a simlar Fg6hisosadEgenpeRsbiit reprasemativeithemical thixitgg provi des

a process and systemthat are capable of easily and accurately
system capable of producing a slurry having a‘solids conteni within a

qualification range in accordance with the present invention.

Detailed Description of the Preferred Embodiments

20 The embodiments of the present invention described below are
not intended to be exhaustive or to limit the invention to the precise forms
disclosed in the following detailed description. Rather the embodiments are
chosen and described so that others skilled in the art may appreciate and
understand the principles and practices of the present invention.

25 The present invention represents an improvement in monitoring
the quality of and/or producing slurries having a solids content within a
qualification range. Specifically, Applicant has found that by providing a
reference conductivity value indicative of when a sufficient amount of a first

chemical component is combined with a second chemical component and



5 nonitoring and/or producing slurries useful in applications wherein a

real -tinme I ndi cator of slurry quality is desired, e.g., as a chem cal
mechani cal pol i shing process. ’ Advant ageously, the
process and wosssssef the present invention of fer a hipglrarsosimsgarce of

resolution than currently available on-line nonitoring 10 techniques, that
rely upon pH or densitongetr asur enent For exanpl.e, . , typical pH
instruments c &P%ﬂ%?@ggﬁé‘ﬁﬁgnpﬁ i) f’?@ﬁ I°9m_89rff‘t3\/ﬂfia(9kfem‘°al é‘i‘%f’ r esponds
to a change i gs@dsicds bs?fudﬁsédw&has&?&lcen@ﬁk Willifl theSullfifidatiah thnge 92%0 in

a tungsten slurry. Additionally, although typical densitonmetry .instrunents
can meas Jydditisinalepmponentsi canshe added in0a mtlanfashion. t Thespresent ipygtions to a
change in 15 _solids,content of, 0. 16%?1itn an Oﬁii dﬁ sl.u . 75%in a

Caa Y &8

rry and
tungst en sl ur fgPS Brgyides a process,and system that, arg capp %EYF{'A/W“W e can
neasure Chgng@r&ﬁtﬂriﬂ?ﬁ%ﬂr&dﬂcﬁlﬂurﬂes usefifl i AbplidEidnE Wherehila R41-8ReS! Urry or -
0.01 in a tungsten slurry which correspond to a change in solids
content of 0. oxhcasercPfclupy muplity dsdastred, e \as athemishlgnechanical polighing t or i ng
conductivity V\@oecns{)repari ng an oxide slurry can result in an 20
| mpr ovenent of? uﬁ 0o as much as 700 tinmes better resolution than that
at t ai nabl e by nMDNAHGritARGowkY) She proceBEh Py stIUT SuaTadtt Mberttint © as much
as 900 times better. resolution than that attainable by nonitoring pH
As a resul t, cbf§rabighendagragofsepolution thapcumpniinaveidable on-linemonitaingve snal | er

changes inRath I r han _either pH or
density m@gs u?%%eg'%hgg ﬂ%&?@l}e{?ﬁonoﬂHﬁr Héngﬁﬁg%pe%eaﬂxreék? &2§°éﬁ)%"??esmenat ically
show how t he pypitut pH ifistrudients can méakere phagesin pHvkdtly 00, whithbe used to
nonitor and/or produce a chemcal slurry Wth a solids content within
a qualificati GRTPIRBES §H geméeb%cﬁwm ¢519.6% pgjan oxide slggry pnd @ B2%t abl e

b i . i Vi f th
S 3 s A S B S BSOS o, 5, 1"

slurry. Because t princ t 1nven own 1 n 30
Figures 1, 2A méBurerbangesincdensigdofl 000 pgfini ¢ thid evriesponds td ai¢hagege, t he

. grggzggtsg 15  solids content of 0.16% in an oxide slurry and 0.75% ina tung%ten slurry. In

PCT/ US9909247 contrast, atysBAlicBRauBRYitPfrobd 6 Aisieflanddl th d@dliasy ogont rol
systens and net hodol ogi es when preparing slurries for use’in, e.g.,

-cheni cal mech&AWanSisal inghiomige slurrymr §d Is e sungFien slurmy ydneh ¢omesprndde may al so

be used on-line,or off-lLine fo o t o, contr.ol es to ensure
that chenical %4'GP8S 1850%% %QIeB{ %‘dea% aﬁ%g’toohé’sfef%e&{weéy'%%g%fefi cations.’
Addi tional |y, rhénitsrihg cheiudidfi whénOstepanag an dkids Ghugry cwh Fe3ult @l 4 i on to

20 improvement of up to as much as 700 times better resolution than that attainable

by monitoring density, and an improvement of up to as much as 900 times better
resolution than that attainable by monitoring pH. As a result, conductivity-based
feedback control can resolve smaller changes in the solids content of a blended
slurry than either pH or density measurements.

25 Figures 1, 2A, 2B and 3 schematically show how the principles of
the present invention may be used to monitor and/or produce a chemical slurry
with a solids content within a qualification range quickly, economically, and
with repeatable accuracy based upon measurements relating to the conductivity
of the slurry. Because the principles of the present invention as shown in

30 Figures 1, 2A, 2B and 3 are readily applicable to on-line usage, the present

8



Figures 1-9, the process and systemof the present invention are described
as addi ng a second conponent conprising a second solvent and a
plurality of solid particles to a first conponent conprising a first
sol vent, “t'he i nY¥h®56¥onot s0 10 linited and the conponents HESV¥&%dtHed
in any order. This concept is further illustrated by Exanples 1 and 2
in which the fir : [gg)% k | n | ed to
t he second conpozﬁgr?ﬁf?%e. tlﬁg on%)egl}lﬂelﬂ{éég%dﬁ%r%lggtfor%sy%e H%%llldl?r%g %tgy-of
solid particl es when preparing slurries for use\by eg.s¢hegiidal ombhapicaFpadishieg 1 i | [ustrat es

generally, by flow diagram 15 .100,. a process acgcordin . the present
Prventi on’ by whi BIPOEYGTHATHEGRAAYeRtion maY 8iseBs yaerieg 15 of oiFizs 17 B & own at
step 102, an anmoughirdd uﬁ»of;é_srté EnspR R A8 hical slurries ﬁeYr% ;S'ré‘éa!réﬂ médfkdireiNg a
first solvent, e.g., deionized (D) water, Is added to a m x vol une.

The first conponespecifigtiomused to recircul ate/ mix through the nix

volunme at step 104. Wile first ¢ onent r. bl ended s| ur conti nues
to 20 be recircul ated/ m'ég‘gt,m B! Bﬁ%&?ﬁ?@%&@tﬁgg‘gﬁgéﬂmﬁ{%%fb% at
step 106. If the pigyres 1-5,&?@%@& m%waw M&ﬁé?rés%nﬁkl@éﬁi@ﬂ%ie@ie&&ib@&lﬂﬁl to the

ref erence conductivity val ue step 108), the slurry has a solids
content within thddiggalsédond senponenigogiprising aisscond solventandlg plugalifyeofisobidl as
shown at step 110. | he_neasur ed conductivi,ty i.s nof equal to the
reference conductpiamc[eﬁg‘?/%ﬁ{fé@r%ﬁ?nﬁ’?%ﬂﬁ‘?“ﬂ?g ﬁﬁg‘%é‘lﬂ‘a’t’é{%ﬁgm?,“%%_?pi cally 25
conprising a l%ecmtea%&ﬁﬁtcoﬁaggn&ts%%rb%'ddﬂyd iﬁfan? Bides! THIE édxfég;ﬂ%s furtheradded to
t he volunme (step 112). Steps 104-108 are then repeated until the
measur ed c dbiustrated by Exaraplbst and 2 @l whick the fiest gomgenentcanyeisingfadirginc e
conductivity value. . Fiqure_ 1 is als enerally

Il ustrative of CRECT SRSt s pocnpd parpshent i< the opedoal BRI B A ¢ a
slurry with threeg,mg]ityaf@,]igm&gnts. That is, if a slurry 30 wth three

or nore conponents is to be prepared, a predeterm ned order for.
9 WO 99/ 56189 More specifically, Figure 1 illustrates generally, by flow diagram

provi ded, as el 11092 S8R BieBftile S o ikt BY SRRATNP SBhBRR 2 v i ng

step. Then, for ehef rgHifomid Hsehowi Bisstep 102, 81 S8AMS o4 fifst aigdndntywoul d be

carried out. That is, steps 104-108 and 112 of Figure 1 would sinply
be repeated each tynisally spmpriving 3 firshsolvephsgndgionizad (BD dgaddediqamiksul t i ng
slurry. Fi . : of
conductivity ver Svglgm%el. r'r%‘e ﬁrstcb@@érﬁepﬁ@c%?%g%m%%@&p%ﬁ{l?e?%\:/xent i on

i | lustrated genernalume dtBtefril 04ir While the first cbipbneat (of bienbed stiny)\cohtinwesfos fill ed

to a desired 2|0ev %le rxi}cgla%GIn?iggdl,J ?}}e c%IndudcitiwlziltJyeirs] tmeasureo:l as shown at step 106. If the
measured conductivity is substantially equal to the reference conductivity value
(step 108), the slurry has a solids content within the qualification range and is
ready to be used as shown at step 110. If the measured conductivity is not equal
to the reference conductivity value, an amount of a second component, typically

25 comprising a second solvent and a plurality of solid particles, is added to the
volume (step 112). Steps 104-108 are then repeated until the measured
conductivity substantially corresponds to the reference conductivity value.
Figure 1 is also generally illustrative of the process that would be

utilized to prepare a slurry with three or more components. That is, if a slurry

30 with three or more components is to be prepared, a predetermined order for

9



(step 102). The diluent is then caused to recirculate/mx through the m x
10 volune (step 104) and conductivity neasured (step 106). During this
peri od, curve region 202 of Figure 2A rendins flat. Once the second
conponent i swoggseisgsaused to flow into the mx volume (stePCIAE)Y47a
general ly steady fl ow rate t he conductivity steadl ly rises (or, the

conductivity cou d de endi n on t.he second
conponent . Forc® gifgft?'f’ﬁgwpﬂlf Steps \ﬁ/@&"é’ﬁd“dtﬁ condé'agl vity will

be assunmed to doﬂ@&c%@ﬁ?vém@ﬂ)r%& cRRbRIAL nforle&h%ﬂfb(ﬁubxg step, the f rom t he
time that the second conponent is |n|t|al Iéig added until the addltlon of

t he second corgymmfﬁ*lsurstlowé@ibﬁ earrigdoyte Fhatis, stepy 100403\ H29f0\ of t he

second co on t [ lu
r emai ns w %‘H@ ﬂ?‘b‘?gg}%‘{ anx{%ﬁeagew{dn\éaéég@éoéﬂe@oﬁ#&%g I's gre:lgr ally
flat. Pr efgratgd\dedfohge?&umﬁgewng)f t he second conmponent will be stopped when

t he measured conductivity of the bl ended slurry is_ substantially
equal to the reference EFtgwri2Aishowsa pigttegourye 200 of condpetivityyrsis tissg

Fi gure 2B sho plotte | F I me for
“the process o&ﬁﬁﬁ?pﬁﬁceﬁs%tﬁgér\é&nﬁ&e c?&qﬁ‘ggra%{eh éhég%] gr@ gtlas descri bed 25
above with re'l%'itiaﬂ? th@mint golae 1s filRditoa dbﬁreﬂh@ehﬁdhhnmoudt o ddeentent r at ed
slurry nponent, the neasured conducti rresponds to curve

regi on 210 and(stel? 102). Thegfb‘r‘lé‘i"‘d?ﬂ’?“f’?‘&? m"% gﬁ ®SMXnce a first

concent ratg?jl s) lf Ssge%fnﬁﬂgv c(;n:a g reg@g@étgpqog% %ﬁ%ﬂ,stﬂgﬁogn X vol une

at a gener rate
conductivity Sé@aaregsbnrzoammgm 2A'ré1m1mﬁhtt Dmnetbrbsedwdcmmpelmt @mted 30

slurry conponent is ceased (curve re ion rticular nd, with
ref er )éncerrp caused to flow into the mix volum; (step %1]2% atagene ysteahljﬁ_ oW ra%e %e VO

99156189 steaﬂ th ducti uld decrease, depending on the
PCT/ US99/ 09247c°mhmtlmy iy rljsreg(or, '?ﬁoen éxddwln%ylcgn of the copncentgrat ed sl urry

- conmponent i s casearecdfdtrcsecorticcomponent rBoi purpases cbﬂumnpw,uhoyvew, thebst antial | y

equal to the reference c uct|V|t val ue or ,the st re 1,
step 108; F‘?guF%“dE “éfgqf %%easer%e"o‘f‘%ﬁ?f%d wmponeg u%&éle%ﬂs t hen
al I owed to rec%ﬁﬂhéhﬁleﬁhaf tﬂé%%cﬁldﬂ!éﬁip@ﬁ'er@is ihitiaBy 4dded unt! the additiun dfo4) 5
during which the neasured conductivity renmains %ener ally constant, and

t hus, . cuthesecangicomppnent issstoppad faurveregipp 204). Once the flow of the A
SO M e et R TRBRRT b a5 AR e sy i © T
gener al I'y cons garrallyaiofstasit]gndahug varve yegion Z!IG is gmdﬂlbmedhsfanbﬂyg thet ead| |y
rises until 10 the addition of the lﬁ%gotr(l)d é:donﬁeeln&ggltegsolllresi arr ctfv?rrponent is
ceased (culQe flowifithe second component will be stopped w. ty
of the blended slurry is substantially equal to the reference conductivity value, y-
axis point 208.
Figure 2B shows a plotted curve 200 of conductivity versus time
for the process of making a slurry with four or more components as described
25 above with relation to Figure 1. Prior to the addition of a concentrated slurry
component, the measured conductivity corresponds to curve region 210 and is
generally flat (Figure 1, step 102). Once a first concentrated slurry component is
caused to flow into the mix volume at a generally steady flow rate (Figure 1,
step 112), the conductivity steadily rises until the addition of the concentrated

30  slurry component is ceased (curve region 212). In particular, and with reference

10



216). Preferably, the addition of the second concentrated slurry conponent

S ceased when the neasured conductivity is equal to the reference
conductivity val ue for that conbining step (Figure 1, stEe;_F 108;
Figure 2B, y- axiOPUi6MP 224) " After a period of mxing BGFURYS%f ch

no concentrated slurry conponent is 15 added (Figure 1, step 104; Figure
2B, curve region g Hure & thdhddiiGTaRd Condériidted slurry cdinpbiieat KRERRA B tHRY be
added. As the third concentrated slurry conponent is added at a. -
general | y const anmonitored condectiyisy thisubstantially eduat fodhe refanérice nonductivityedlue
slurry will steadily ris curve regiaqn 220y unt.il .t i tion of the
third conceﬁ?lf f“&ﬁﬁfa?@%ﬂ iy Stfgﬁrg%ﬁinégﬂre %’ %ﬂ%@ﬂ?trﬁ?g?&%?ﬂegt he
addi tion of the Fshk_hrhdis&%nallsﬂa@&%éiﬁﬁﬁ@e/ﬁl%fﬂfmlﬁ%t@igﬁmcﬁ gpdoghen the
measured conductivity is equal to the reference conductivity val ue
for” that conbihi riprivgayhi¢irthe measuted condyetivity remaing@endrally gopsta®, and-thys, s poi nt
226) . curve regio l}u? err‘éranﬁiﬁzlnes of the present invention can be
descri bed nore c%n‘c'? SI5 W 3h_ respect to one exenplary enbodi nent of
a silica based W 25 sl Wdé&orﬂ%h@dn&hi@@slﬁﬁr‘d&hﬁ&ﬁen@ﬁxﬁ%&ﬂ b&addeliel ght %
a

silica particles. This kind of chem c slurry is widely used to
manuf act ure seni c&iget.clepddd). chsthe serond goncentrated:shamy eomponentis addadigt dhe

formed on denand endi cancent rat.ed sl urr omponent (e.g.,
30% by wei ght si |£°\é’8 AL, |s%ﬁte%te?ﬁ'e§au&eu§f?%p%ﬁléesu§ﬁﬁﬁdﬁw 8& HISes UMt (<19 by
‘ﬁi ght KOH) SI\:/?D Ugﬂsgg%dliié%ﬂ 6F the decbrid conbRARARIunGREMPbIAnt R cBisedl RABVe rdgibh I St
PCT/ US99/ 09247  216). Brsfeyahiy, thecaddition g thersecand cppasairated slumyiermapaseitdet i ve to
Gual i 1 cat i on T angared vhen'the easured oBndiBllifts G Gthe WiSricd ek, o e
slurry conponent vaiefot thet combiniti step(Riguee Wty 108} Rigue@B] yGkis\polny 224). t he

bl ended slurry will tend to_ increase as _the 5 concentration of the
concentrated siljd8eraneped efmixing.duringwhich ppconsentiated shwtysamponent iswhi ch is a
conmponent of e e, ( L NE, - (onversely,
t he conducti vﬁsy,ﬂgg&Qgé'{rgg’sg?@edéég?éfl%?ﬁégﬁl?g%?gf&{(;?lsﬁaﬁazg%? T 8%}1' STurr y

will tend to decrshasecorsponentenayibetalidedu| Asthpthird condeptrated slady esinfonehtie
concentrat ed rry conponent In other words, the conductivity of the

-

I ds, .
bl ended slurry | sadded o & generellt rappreat e, figpnqugtiyi®) of therepulting hlendsd  ds
content of the blWgﬁ%%&gﬂ%'?se(cuwereg}ﬁsﬁﬂ)’ﬁﬁﬁllt%a}dmﬁwmtﬁifdthe

conductivity of t urry 1s a function o
concentrated slurry component is ceased. Preferably, the addition of the third

20 concentrated slurry component is ceased when the measured conductivity is
equal to the reference conductivity value for that combining step (Figure 1, step
108, Figure 2B, y-axis point 226).

The principles of the present invention can be described more

concretely with respect to one exemplary embodiment of a silica based CMP

25  slurry containing 12 weight % + 0.3 weight % silica particles. This kind of
chemical slurry is widely used to manufacture semiconductor devices, Such a
chemical slurry may be formed on demand by blending a concentrated slurry
component (e.g., 30% by weight silica particles in aqueous potassium hydroxide
(<1% by weight KOH) solution) into a first component comprising at least a first
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the solids content, the conductivity of the blended slurry may be nonitored
as an I ndirect way to determ ne when precisely enough of the
concentrated slurry conponent has been added to the ultrapure water
to provide awsJogiskigowith a 1 5 solids content within the pgwaispdigogat i on
range. | ndeed, if one were to determ ne the
conductivity for blended . slurries of at |east a [i r;} COW}E{%RGH'[ and a
second conmpon&PiVeiee. . WatHR BRFoISF ampents effective iy prawide 3 hieaded sipmy Wi es il t ant
bl ended sl urry,..f L eRa: of a =
conducti vity/ égf"f*%?&gfgﬁ{‘gﬁﬁﬂgﬁﬁ?ﬁ'g‘%?‘%},‘@?ﬁ‘r@gﬁ‘%o of Figure 3 would be

obt ai ned. 20 Cal i br at When blendiag #(coatdntrated shwerysomipdsentento thet i n a bl ended

slurry to be i ckly and easily, deternd ned as, sopn .as condyctivity
for the bl endgrf“aé’}‘{?r‘?’%}e’i’g‘er?ﬁﬁ '8’&°P/th°§lt°“ s‘gﬁ’a‘ﬁ‘-z]itg‘,‘ NP ERtEd slurry

of the aboye hirBfh dfitheSdoneARAAGca®Biponent, and BERRIELIKRAL BSiknt WaS
determ ned to have a conductivity of Cerr], calibration curve 300

shows that t hevhitheis dedmpbuent pf the sondeatraiedisluwy cetspanent, éwwreasds. SCi . 25

The ability tqg,correlate canductivity of, a bhl.ended sluyrry t lid
cont enlt :atl ?/o QNS %?‘fﬂ%@%%' tP”I %/slh"ééhp?ség%???'df‘ ngtﬂ'sclf#{‘? %leﬁ‘ged?s I r;s)or at ed
into a RLARYGRAGK d8itBistas s bfithe GIRaHIre watet 3 R1Aed & the bet@hiegtes heni cal

slurries. For exanple, Figure 4 shows one preferred enbodi ment of a
syst em 400 f orslurry comppnentaln ethercerds, dlaa condugtivity of thablendedisluny isds cont ent

\i\’izt hin a cl'dal I%%%ﬁ%f@% \Sfélated to the solids content of the blended slurry.

PCTI US99/ 09_24bonsequem?3'ﬁfh§ﬁhéh’as tRY ol of 1% iR Sluffy s & fiindfiéh g2 whi ch
conprises m x vessel 62 and recirculation | oop 428. System 400

further conpr itbesplids content: the pongductivity of thechlended slurry may heqeenitgredasani cal

conponents (e..gs: Lluen source
424), a cont rdﬁd‘?fg‘f"%‘%&é’?’?‘%n ue??ﬂf’?%"?{*@ %@E@ﬁﬁﬁt t&éﬁ@%@%ﬁé?%s 412, 416
5 and 444. phipofidnt hxsheamadddd tb tisepiltaisuré walenfoqirovitie asluagryithisi ng t he

measur ed conductivity of the conbination of conponents and generates
control silgnalseligs gantent withinthe,qualificaian{anssy and delivery of slurry 446.

More specifically, dil Uﬁgﬁeé%&q"é};ﬁ) Jteﬂ?ninetﬁe%ﬂd%@ﬁiﬁ%orfgf)@%idsourCe)

is fluidly coupled to d et inlet 410 of mXx vesse | uent supply

line 420. 10 slurties éflabieastfa fitsi aomponentiand asecond ssrapont@Rastdfuoctin ofdlppl y |1 ne

él(Z)(gnlecs:t goggrnggqggqg%&ﬁ @ethg\é%{xl\gl%tﬁl]é%deds&}?y? ternarg exgems'.é cllgtar,}/n t'hglfc?r;[n 04}23,6 fluidly
conductivity/solids content calibration curve 300 of Figure 3 would be obtained.

20  Calibration curve 300 allows the solids content in a blended slurry to be quickly
and easily determined as soon as conductivity for the blended slurry is measured.
For example, if a blended slurry of the above described first component and
second component was determined to have a conductivity of C;, calibration
curve 300 shows that the blended slurry must have a solids content of SC;.

25 The ability to correlate conductivity of a blended slurry to solids
content allows the principles of the present invention to be incorporated into a
feedback and/or quality control system for blending chemical slurries. For
example, Figure 4 shows one preferred embodiment of a system 400 for

preparing chemical slurries having a solids content within a qualification range.
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recirculation line 428. Flow of concentrated slurry into recirculation |ine

428 is controll ed by valve 416. The contents of m x volune 442 are
recircul ated by punp 432 through recirculation line 428 and mix
vessel 402 ReciW@p¥t8%n |ine 428 has 15 intake.-end 440 andPrdrasmsye end
438 coupled to mx vessel 402. At least a portion of

an internal surf rg& €{ iR ref.er . C.ONpr.i ses
corrosion resi stg‘%%e%g et a ?6sucﬁé%génﬁﬂ‘gﬁuﬁr}%ﬂg&wg}W@ﬁt‘mXVWd202 .-

pol yet hyl ene, a fandesciraulition 1gupl 428 SysteRrDA00 ey bodiiRisesed ekt TRt il sebbiar € of
and the i ke. More preferably, at least a portion of the internal

surface of nix voPvees ofshemigal componsnts (s diluent saywgerdd 8 and ¢oorepirated shush as a

per f 1 uor oal koxy fgﬁé“‘){ f il uor i nat
et hyl ene propyl e%, po 43}’\/%??3‘/’??1 ne %ﬁé%dg%{'?{&%%lﬁﬁyﬂ"gﬁ Ves‘ﬁz 4‘?9
tetraf | uor oet Ity eand 444:hCarmot fyktbin406 aepdngds Rikfofkaticn Bdthgiing BRSndaleed Of .

Liquid | evel sensor; 43,4§g_nd 422 are at positions on mx vessel 402
effective to gendPEFUSHRE thespmbingtion of corapangats gnd generpipveepniolsigaal(shte anount

f at | t 25 48., dil t f di | t
of a eas & 1%&&@&&@&9&9??9&‘%3%49 il uen rom di | uent source

418 or concentrated slurr om cdnponent source 424, has been added

to mx vessel 402. In thi sMorsupetificallidiluent sourde 2B &RQ h firsPéonshohet Bdurahpd/ or
concentrated sl ur,ré to mx vessel 402 may be controlled by control

. : b : .
system 436 in redpBndly cogpled to diuent intet 410, of ws vassel 49 by difyent supply ling420. Opt i onal
Pt POl ! S 30
when i x vesed i BV dfifeobint Az NaSH 469 udlih Btk i BnBBRERL D) i

13 WO 99/ab8 488 Concentrated slurry inlet 426 fluidly connects component source 424 to
PCTAUS99/ 09247 . concentrated slurry and/or blended slurry from m x
vessel 402 may bé’e“dﬁﬂlﬁ?‘&c]?“éézg ﬁ°wﬂ§°%'ﬁ%1@f?gs@%mﬁeﬂ%hpwlﬂ’@§%ﬁse to a

si gnal from sensqbndiféd by valve 416, 'I‘het_:ontentsofmixm\ﬁﬁe@%r&g%%ﬁﬁ{eﬁf)g@gtﬁﬁm rated

slurry inlet 426 to recitculation Iine 428. Val ve 'S ed in
recircul ati on | i rf82426ughatcirsulation line 428 and mit 0&ssel 402.t Rexirbulationdingé #28hasi de of

punp 432. Valye 4 described.herein ig_simlar to th di scl osed in
U.S. Patent 41,587 m ,nﬁpaﬁ?ﬁﬂzﬂddwgﬁf%%?@@?ceﬁféﬁmmeﬁ%g q}prat ed herein by
ref er ence, DUt - modl 1 Al Bide 4R urfaod BEHEYoluneleS pfdlrify " UCC

dead spots that can otherwi se result in quiescent quantities o
concentrated sl urcognprises a corrosion resistant material,|spchead dighinaodectilar whightat | east one

sensor descri bed abo cont rol tem 1 436 further.copprises at | east
one conductivity pg@géﬁlswaﬁgwqﬁ?@\é?_ Fragcﬁ%opyﬁme, CORBRHRC E\gﬁef’éa“alﬂl?pes 414A
and 414B in reci Ml Motd]ﬂefeiaﬁl?,ﬁ?egmh@oﬁoﬂéftﬁéin?érnah‘ﬁﬂfa_&%f‘nﬁxvolumemrCU't
bet ween m x vessel 402 and valve 416. Thus, conductivity probes 414A and

414B measur e 4%ne comprses e fluprinpted polymer yrleasdadribiowalkgxycpalymerat i ng t hr ough m x

vol-une polytetrafluoroethylene, fluorinated ethylene propylene, polyvinylidene fluoride,

ethylene tetrafluoroethylene, chlorotrifluoroethylene or combinations thereof.
Liquid level sensors 434 and 422 are at positions on mix vessel 402

effective to generate a sensor signal indicative of when a desired amount of at least
25  one of the components, ¢.g., diluent from diluent source 418 or concentrated sturry

from component source 424, has been added to mix vessel 402. In this manner, the

transport of diluent and/or concentrated slurry to mix vessel 402 may be

controlled by control system 436 in response to a signal from sensors 422 and

434. Optional sensor 458 is positioned on mix vessel 402 at a position to detect

30  when mix vessel 402 is substantially empty. Thus, the transport of diluent,

13



442. Conductivity probes 414A and 414B are interfaced to control system 436
15 which is responsive to the conductivity as neasured by probes 414A and
414B in a manner described further hereinbel ow. Conductivity probe
414A, .whi ch Gaglooagise ~identical to probes 414B, 814A, 8é&Bnshirgyeare 8),
914A and 914B (Figure 9) is described in greater detail wth
reference to Figure 5. Referring now to Figure 5,
conductivity eutsatraied slurry andforblerded glurgy;from W”&Vméﬁ%g‘%?S cPRfrled of  PFA,
PVDF or ot her ,materi.al ' : QS| t he bl ended Slurry.
Housi ng 528 hggcggtﬁ%ln s.rt%xﬁ?,?/é%:@l‘l%%pr? ??%ggi%%%g&nmﬁﬁorg% and t aper ed
end wal |'s 522 provi di ngVélvé 416 @andces coneeptrated sharmhinles426go regircwationding at i on

i ne 428, 828 or 928. The nature Qf the materi.al fraom whjch housing
528 is fabri cé‘?@dvalve4161%]|‘?ﬁa‘?‘£‘§’%°%‘gﬂ?“ﬁlﬂﬁékWﬁd’%‘é"%‘?ﬂ“ﬁ#%‘ﬁ? 518 tend
to mnimzeg thg cal ' . S d26 cRHBRI P8 sihliGr 13 Qe BislloRed it he E
bl ended sl grrr&ﬁﬁbgﬁsdg?ﬁg‘?@gﬁzoug .245 d s Condﬂct ilvi ty probe

414A i ncl udes aSsParent 5,927,829, thedisolgsuréofougth ia incorporated hersinbyi rafgreptaig 502.
Mounting plug 502 is wel ded or, K otherwi se secured,to shaped

T-

openi ng 526 i rPukEadifipdtopeactupied, a%ﬂ%@ﬂ%ﬁéﬁ’ﬁ%d%dﬁﬁmead 506

on the end of &mé%ﬁul%tﬂe&mﬂ&s%ncé&%&ﬂ&rﬁead 506 is annular in
a

shape 30 an as a centr openhing 508 axially aligned with the
centerline 510 of housi imaddition to the at least one sensor described above, control system

14 WD 99/ 56189 . . . 4141 .

PCT/ 1599/ 0t 47436 further cappprisesgt leagt.one eqndpetiyity asseibly 414 ineUBeai8,si ng 528

therefore flowghl $d3Q14A and 4198Th FlrcMRRATIAG4ZOR aPhralElNPEradlict A as
wel | . Probe 414A al so 1 ncludes a tenperature sensor 516 which is

coupl.ed to contircoit betwsenamixagSek492andvalvied14. Thwp eonguetivity proercet1 4A and
representative

of. the t erat ur. the bl ende Lur ray f ' ough the
probe 5 414‘}13.453 messure the condbiotvity e b%é"r%%dl sﬁugrg'h%acgl a}ll%l-p M“&‘%‘L can be

nol ded as -an i 42 @oRhuddWity probes 414A bkt 1AB/re itiéHacedto dnftrel system 436
corrosion-resistant material. A pair of coils %leﬁnd 514
[~

.and
associ at ed1d eawhigh tsaesponsive te fswpndugtivity gs measyyed L&A BN em 504

are enbed 1.5l ' ei ng

mol ded. Coil's %%%‘%gésmﬁéaﬁ%gh%%??%déﬁgﬁéeﬂgP}rggfh?ﬁ%ﬁ%‘a%a’ggpof head
506, As with hjdesticalgo prbbes 414B, 814A, 814B(Fegurag), PT4fnandttildB (Bigwe9bB4 and head
506 are fabricated and theds ot.h %%Jﬁrfaceﬁ. _ of these conponents

i ni i zes the 6PRkedin gRates "gé’“ﬁ‘d eRe P18 he 414A as the bl ended

slurry flows through anqle@éfnﬁ%' RetoFlgfe 5, conductivity probe 414A is mourk@Nt r ol system
436 used to control the operation of the enboditrgnt_s ) _
20  within a housing 528 formed of PFA, PVDF or other material resistant to corrosion

by the blended slurry. Housing 528 has a generally cylindrical outer wall 518, and

tapered end walls 522 providing fittings to couple the housing to recirculation line

423, 828 or 928. The nature of the material from which housing 528 is fabricated

and the smooth inner surfaces 520 of wall 518 tend to minimize the collection of gas
25  bubbles on the housing as the blended slurry flows therethrough.

Conductivity probe 414A includes a stem 504 extending through a

mounting plug 502. Mounting plug 502 is welded or otherwise secured to a T-

shaped opening 526 in housing 528. Probe 414A also include a sensing head 506

on the end of stem 504 within housing 528. Sensing head 506 is annular in shape
30  and has a central opening 508 axially aligned with the centerline 510 of housing

14



15 of the chem cal m xing systemshown in Figure 4 is illustrated in nore

detail in Figure 6. Although operation of control system 436 wll be
described with reference to the enbodi nent of the chem cal m xing
system shown i nwogaseessd, it is to be under stood that tRETA9N9247
principles of operation wili“apply to the enbodi nents of t he chemi cal

m Xi ng systens s | n . Fj qur 8 d 9., 20 shown,
control system 455%@? ﬁ@ﬁﬁ@%%m%mu%ysamgeﬁmﬂowsgggleﬁlﬁgq ed nenory
604. Conducti vi tyceﬂwbg&izéls%o bAHAR as el WBlobe #51A also inchédes h BsipRALIAJ
tenperature sensors 516A and 516B (not shown), are interfaced to

m croprocessor 602nond ulich is spuptadity contlbsystern 136 Beoiderndespgaurevighales 416, -
412 and 444 are al.so.nterfaced gdirect 0. hhe. m,croprocessor 602.
An operator can JBPFYH Ye‘f°§gbet%"ﬁ%ﬂf#‘%ﬁ%%ﬁf%ﬁyh%mnhfr%'{%ﬁheé’r?eerrri nal
606. Data represefqiyang I nformation indicative of conductivity

set points, process control values and/or a slurry bl endi ng control
programis stored i n nenor Seswg head 596 apd gere §8brande molded as andntegrat wdt t he

chem cal m xi ng cgnt rQdram as a functi of .the conduct iy t
set points, proces °n3i5ﬁ%\’rwgﬁotr?é%%%'ﬁo&lopﬁgs’%ag‘gﬁﬁt@wv&p?rHg%ogl%rggin%ﬁts 4matde by
30  conducti Vit Yanda5:06ikted ledd diresXfi6l showi RINAIRSS veHid ixteAd fomlsREEIV4\R Ve 4\1/\16)

to regul ate L ) _ 15 .
99/ 56189 embedded within head 506 and the stem while they are being molded, Coils 512

At ernat i vl y10 o8P 5 kgl SencEPRESAL 0¥ Ghell 6 Ko bth ok 228,487 0

regul ate the fl ovngtbridlFromerHich sindS0U hd KB are fabrictéPand BssndtiSutfides
conponents can thus be quickly blended to the desired concentration
with a high degr ¥ thspe epmnonenisminimizes the collection of gas bubbles opprobp difkAas the

her ei nabove, con Y] qu{ﬁ é;ﬁﬁ are interfaced to
m croprocessor 60 &{dh?%)l{]féhﬁ%na y‘zl rs ggg%‘é%gﬁ%%& respectively.

Anal yzers 608A and 608B dr Cestrqh syateari34 Ldell ta Behtrdl#Bopeatidn af the eabaliaads

signal s received fromthe sensqQrs to_generate g%gi,tal output that is
subsequent | y Kentofily chemical mixing wa in Fgure 4 agHysirated o raore mg08A and

608B are well kn d e ¥l L 3o g1 de . b

manuf acturers sucﬁEas@GAietg?ugEgEes of Ingtrurren%vg gf&' waukee, ©

W sconsi n. to the embodiment of theRshermichlymixiap eysteit showr incFigure 4, it istqeobe 414A

illustrated in Figure 5, cojl . .512 js energj.zed by an AC drive signal
from anal yzer 608‘%‘%F‘3tc’{3ﬁi Mtbe sapeiPrncieles ‘?fjé’peramn "941 iaBﬂﬂ-‘ﬂt." %@"qoﬁﬁ'ﬂﬁ‘,‘fsi“ge field
establ i shes an el g€ tidnfical ik sterils dhbem B B slaw ry flowing 15 by
sensor head 506. The nmagnitude of the eleclric current established in the
bl ended 20 As shown, control system 436 includes microprocessor 602 and

associated memory 604. Conductivity probes 414A and 414B, as well as

corresponding temperature sensors 516A and 516B (not shown), are interfaced to

microprocessor 602 through respective analyzers 608A and 608B. Valves 416, 412

and 444 are also interfaced directly to the microprocessor 602. An operator can

25  interface with contro] system 436 through a terminal 606, Data representing

information indicative of conductivity setpoints, process control values and/or 2

slurry blending control program is stored in memory 604. Microprocessor 602

executes the chemical mixing control program as a function of the conductivity

setpoints, process control values and the conductivity measurements made by

30  conductivity assembly 414, and in response opens and closes valve 416 to regulate

15



slurry is directly related to the conductivity, and therefore solids

content, of the bl ended slurry. The current established in the
bl ended slurry i nduces a sense current signal in coil 514, and the
magni t ude of se current signal is also directly pCThRh to the

conductivity of ‘the blended slurry. The sense current signal 1s digitized
20 by anal yzer 608A to produce an unconpensated digital conductivity
val ue. the flow of concentrated'slasiry/intrpix60Rvneadd. AB8Bataelyomicroprasdssost or ed

conductivity a jch rel s the | tor conducti vity-values of
the bl ended s%@%WYPBe“t%gQiQB?Ya&‘?'ﬁE%reg@ﬁtﬁrf]g%wo‘ffﬁﬂgmgfrg‘h _ ry at a
predet er m ned 448 MpRY Hemical dofpdnents’dah s be Ghickty BlRnded to the'dedielii onshi p bet ween
the conductivity val ues generated by probe 414A and the actual 25 sol i ds

content of theotdepmation vathahigh degreglofaccurapiendent upon the tenperature ofthe
bl ended slyrry. Anal yzers 608A and 608B therefore als refe |y include
t enper at urg conpensat i oﬁsﬁ’g?téo“@ﬁ FEOP Vf’ﬁﬂ%’%ﬂépf‘%eﬁ%‘)}‘%hm%i‘ﬁ Sneen
conductiVvity interface & xﬂﬁﬁpﬁicegs&%mmag}%urym GUB AN GD3B tespeaietyCt i vity

e

data is established, and . actual ftenperature of the blended
slurry. The urfvalypensSeiAandfi0§Bdaive prohe AltAand §14H) and alsg precasssignabicessed by
igal yzers '608A, megrgand,ig'(éﬁgbes GRS argt%ng%rtll ¢ dx%gtaltorll&m&ﬁgtslsusruggequenﬂy sentto

PCTI US99/ 0924 fnicroprocessbrdiR € AnhlyZers sabh hd 608 Al 00 €688 &k Well kndwWhlarde t enperat ure
conpensation data to Igenerate conpensated digital conductivity
y

val ues. 10  commercially available figrm:¢ wnbes eErganufasters sieh 8 Great lakes onduct i vi ty

val ues gener at ARLkdLe 414A and 414B to each other, and
perfornms a devllga |§Hts§?1§ﬁﬁy3| sgt‘gﬁ&gg&émni tor the operation of the probes.

| f probes 414A and 414BBaefy, brd With feférérice Bfprobe 414 Afithesarated §h Figlre Sgfiduct i vity
val ues generated by these probes wi|l generally be substantially

b
equal to one aﬂ@tl?_fmef%eﬁh)’ﬁnécrﬂ"éfﬂé'gﬁﬂl menalyzes §08/to qels axipdistive 1t he
conductivity rtﬁe?tﬂ"ﬂﬁém{u&?@ﬂ@&%ﬁﬁlgﬁ* é%@ic%ﬁﬁmt% fhe BRHA shﬂng%@zi ot her
e e (0] e C

W t hin t pre erm ned range viation, mcroprocéssor 602 wll
use the corsductyisensoyhead 506. Theanagnduderifthetelectocimeit estibdisldan theblendaf ni xi ng

D 08, 1 B e B S AR B %
range of devi afjified slufrP MHeQLurreM ShtaNsHein WelblendédPilurf induces a selieRfBAti Nue the

operation of mxing system 400, and provide a correspondi ng error .
message on termgﬂnahilncGtD614,m&ﬂinglasmmdénfﬂmm@mntwﬁhsdsoglwﬂbm 436 can

e e I e ey A5, TSt 10 ¢ o
bllend di | ugnt ¥y dnbllysd BOEA 0 prbdifte 8 tiidoihpeisal tightsl cohdidiag valer ry having the
Analyzers 608A and 608B also include stored conductivity data
which relates the monitored conductivity values of the blended slurry to the solids
content of the blended slurry at a predetermined temperature (e.g., 25C7 C). The
relationship between the conductivity values generatéd by probe 414A and the actual
25  solids content of the blended slurry is also dependent upon the temperature of the
blended slurry. Analyzers 608A and 608B therefore also preferably include
temperature compensation data characterizing the relationship between conductivity
values at the temperature for which the conductivity data is established, and the
actual temperature of the blended slurry. The uncompensated digital conductivity
30 valueis processed by analyzers 608A and 608B as a function of the measured
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desired solids content can be described generally with reference to Figures
4 and 6. The m xi ng control program executed by mcroprocessor 602 to
control the 20 operation of valve 416 and valve 412 is stored in nenory
604. Al so storedybdossigs NMENDry 604 is data characterizi ng apewnesioons
setpoints, i.e., reference conductivity val ues and process_control

val ues, used by the m xing control program The set points and process

control val ues arempepe fhe blgnd %@&%WF@‘W%@WH?F@H%WWW““@F urry

bei ng produced by %d Y@‘t’l eg ON the type of diluent dnd 25
concentrated sl urry and t m X1 ng I gor| t hm bei ng i npl enented by the

m Xi ng control prongcrofffﬁeesﬁﬁsmdmlmeaﬂﬂcmcmcm@vduestgmérMI ues nmay
initially be input b an operat or |ntoterm 606 .and y.be either

in terms of condu%?mé'letpyobﬁ'f’”d‘ﬁ‘\%’él"ﬂ&'mm °‘H‘Fa dRuatipp Rlurry.

For - pur poses t IS‘B%I" ol
val ues w || b(cag dligétigugg%tokﬁ'&%o&o%@e cor%%c?%&?ﬁg Zﬁng\r?(?or%ocont ol

17 VO %bﬁ@&ﬁﬁe conductivity values generated by these probes will generally be

PCTE US99/ 09247 gram execut ontr ol sy tem 436 descrj ped

herei n nakes use %‘Ps‘?"ﬁ’élyeq t?Bﬁl‘f g“"é\é‘l rﬁ?&%@é@?%‘ﬁht}#ﬂg

val ues. H 2.
Upper Qualificati on ?%mé' ol n Hﬁ&’&ﬂAHMRE% eﬁﬁ&?&é&m%%no ?arlvfl |ncat i on

Range Set poi nt ﬁle predetermmed4ange ofdaymnaenﬁﬁr@mb&rmﬁwﬂl use the conductmty 5.
Fi ne Bl end Set

oi n Co centrat ed Slu | nj ection
Constant 10 10 measure‘?'emsto W?}ébﬁWFfﬁjK@Hr} g e AR0: 1 af any ne

The Desired Qual i ficahi@lor st iicfinksthal ik SbhfacthiRVEREIH R ediaf oS! T ed
or nom nal bl ende urry conductivity. An operator will typically enter

the Desired ox(ttx&ﬂxépleé&tmmﬁwg@oﬁdewamrmcomnl systen'e%%tveﬂrstdﬂar t hr ough
IR VT TR M PRSI ST T R
Qual i fication Setpgisiie ontERRREENSY Miking sfiiin J0BRMESLRtroIGstem 436 can then be
- 15 serviced to identify and correct the fault.
The manner by which control system 436 operates mixing system
400 to blend diluent with concentrated slurry to obtain blended slurry having the
desired solids content can be described generally with reference to Figures 4 and 6.
The mixing control program executed by microprocessor 602 to control the
20  operation of valve 416 and valve 412 is stored in memory 604. Also stored in
memory 604 is data characterizing a number of setpoints, i.e., reference conductivity
values and process control values, used by the mixing control program. The
setpoints and process control values are dependent on the specific type of blended
slurry being produced by mixing system 400 (e.g., on the type of diluent and
25  concentrated slurry) and the mixing algorithm being implemented by the mixing
control program. The setpoints and process control values may initially be input by
an operator into terminal 606 and may be either in terms of conductivity or of solids
content of the blended slurry. For purposes of illustration, the setpoints and process
control values will be discussed in terms of conductivity. The mixing control

17



qualification range of solids content that is desired. The Upper and Lower
Qualification Range Setpoints can be progranmed directly into control
system 436 through term nal 606. Alternatively, a conductivity error
val ue-or ot hWo%ESﬁb“ cation 20 describing a qualificati QarhRbE@Hf
accept abl e bl'ended Slurry solids content val ues can be programmed
into control system 436, and used by the control system 436, - al ong
with the Desi rpeapriphakdchfied by camtroBysternidd6 destrbed dwerein reakebeseldfther and Lower
Qualification nge Set poi nts. The Coarse Bl end
Setpoint is a%ﬁ@?%%ﬂ%%ﬂ%ﬁﬂgﬁ slurry 25 conductivity that is
used to control the rate of initial injection or addition of

concentrated slurry into the recirculation line 428. As is described in

greater detail 1. beDesired QuelifigtiorhSetpamtt i al period i n which concentrat ed
slurry is added to.dilugnt .« .copcentrated slurry is preferably )
conti nuousl%y addedzto tﬁép?&ﬂ%‘tﬁ'aﬁoﬁﬂwf"n 8128 to qui ckly increase
t he conductivity ofithe ph ifibafioh Raffe Seafht 2s the conductivity 30

measur enents provi ded by conductivity probes 414A and 414B indi cate that

t he 4. Coarse Blend Setpoint 18 WO

99/ 56189

PCT1US99109247 > bl gﬂ'ﬁ?&mglsﬁppwconducti vity is less than the Coarse
Bl end Set poi nt. The, CoaCeficentrated Slufi{EhjcoférPCbridtant her ef ore represents a

conductivity which is sufficiently |ess than the Desired Qualification
Set poi nt skfch that % he Bilventinieqtion Congtasht i nuous addi tion of
concentrated slurry will cause the conductivity of the blended slurry to

appr oach, but 5 not exceed or overshoot the Desired Qualification
Setpoint if the additi oTheDesired QualificaticreSeponitarh wluerépredentingithpdesiedrnen t he
conductivity measurenents provi ded probes 414A and 414B i ndicate

b

that the bl end&donng P@“@éﬁ@ﬂ&@‘\ﬁ“?‘?’){%aéﬂP%%M‘@‘Ymmthe]?mfe%arse
| . . . e

Bl end Set poi nt%ﬁi@i@au%ﬂ%feﬁmﬁmnmtsg&éggks%ugg i 51606 2The/Upper T ang

determ ned by serving e operatio C Xing system

then 10 i ogiawerdhalifitatiorc Rarige Setpoiptstacabletidéd sitwrypembludtivityvahees a6,
Typically, the ar se . end Setpoint is about, 5% bel ow the Desired
Qual i fication %W?Desmd%“aﬂgmmg oint, resPeﬁtW@EﬁPﬁéerﬁ?s&W\g"eSet point is a

val ue repr esengiafflcafioR lBpE6x oRdsohtént that is de§iRAd YRS Uppdr¥ndhbwdt i s greater
than the Coarse Blend Setpoint, but |less than the Lower Qualification

Range Set poi nt QualificetionRangsSetpantsranthe pSgraserned ditegtly intocantd systespddfed, t he

rate of additign of, K conc rated slurry i,s preferably adjuste .
accordingly, i'?‘é".“,gIl feﬂgmf’gbgt ?@/Wvggh?% Sgﬁg‘%mrﬁgﬁor%mwcg\c?%orned so as
to be 20 | N§RErBingd £alifiitioRtdnSeé Sakcéep@ble blenaat shitidhdsiddicht valhesBY be

mai nt ai ned at a sl ower rate. Once the Fine Bl end Setpoint is reached,

the rate of adeintbeprogrammedintorcantral systgmA36eandused by the control system 436,
along with the Desired Qualification Setpoint, to compute the Upper and Lower

Qualification Range Setpoints.
The Coarse Blend Setpoint is a value representing a blended slurry

25  conductivity that is used to control the rate of initial injection or addition of

concentrated slurry into the recirculation line 428. As is described in greater detail

below, during the initial period m which concentrated slurry is added to diluent,

concentrated slurry is preferably continuously added to the recirculation line 428 to

quickly increase the conductivity of the blended sturry as long as the conductivity
30 measurements provided by conductivity probes 414A and 414B indicate that the
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second time. The Fine Blend Setpoint therefore represents a conductivity
which is 20 sufficiently less than the Desired Qualification Setpoint
such that the rate of addition of concentrated slurry will cause the
conductivity of ¥R9¥6WAded slurry to approach, ‘o but not BEREIULKG/09MT
overshoot, the Desired Qualification Setpoint if the addition of,

concentrated slu | . v enen provi ded

by pr obes %&%&%&%ﬁﬁ%ﬁ@?{i{# El%tn %e{@cté}gstg B\tgél"rg#ﬁ{ég%g me@a%%nduct_i vity
has increased t oBléad SetpeinFiharefdd epdsehntapohductivityevbidhiesuBlicentdy Bed thai thé can be
enpirically determn d programed into .control system 436 through

ed. .. .a C e
terninal 606. Typt% ?/“,al’ﬁ??ém!:gﬁ%"mt sach thatthe substaatially; captinugusaddition 0B bel ow
the Desired Qual '&ﬁ&ﬂ&&%\ﬁ?ﬂﬁbﬁfseﬂie condugtivity of the blended slu;ll_:?ﬁ) a@%ﬁ&%l&at ed
c cterrzing the

Slurry Injection Constant 1S a process val ue ara
relationship et websxceedpaoeenshbaty the Desited QuelificationSefit if deaddio®o30 that can

be controlled by control stem 436, , and cor.respondi ng changes to the
19 V\Dy ggchmsu%yls stopped when the conductxvi[t)y mwsur%ments pr%vided

PCT{ US99/ 09247 W8 Inlicak tlah Eﬁ&ﬂ e t. di nent
of chem cal mi Xi ﬁgbglggg?n&?hhm%ﬁescr !eEie gﬁg%&#ﬁ’&%@ﬁcﬁﬁﬁgd
Slurry I njecti on ti@PmrsaBiend Setpeint. €EheTloatse Blend Setpoint cat beemysiticdlly onshi p

bet ween the | ength ofti hat, val ve 416 i s opened, and associ at ed

changes (i ncr easgm‘ﬂe‘{g{@_i’m% a°gqf%5&°w¥\§mb@m&symﬁ%av%@u! ar, the
5 i SonCeNt T Abed pRighinied Pl @i RoehNB Mty st Pboie 15RBAACHEChad © of the

reci procal of the rate of cHange of the conductiv ended
slurry solids peBlendiSetpoint isiabait 5% belowthe Desived Qudlifsation Sefpeint. The

Concentrated Slurry Inject.jon. stanht can be enpirically. determ ned
and programred into contro e?&’%?ﬂ%ﬂ?&ﬂﬁﬁef?FW%a lendediglygy As

described in greabguctiil WhichhEdrombr tzAMe Garss BRA b@vles8 R pidpdat e the
10 Concentrated Slurry Inj géca:%ri on Constar?{ on-lin otﬁ ?tge , asfﬂsé of

noni t ored changed-oer Qualification ReugstSetpoiny. QuceitireCanedlendSeponthadbygerof ni xi ng

syst em 400. .. The Dilu | nj.ectjio nstant is a
process val uésché?aglbe.[de?*ﬁt%gafiﬂgm‘%0“w?@?%§#%#§w5*1@ﬁg’!§%§ﬁe‘fhe length of
time that valve Mrdi@ggneméremﬁdelﬁmmﬁsedaiﬁonmaybela&éwd?s%aém eases) in
the bl ended slurry conductivity. I'n particular, the Diluent 15 Injection

Constant is a valii@maient ecaliempivelyccapfinyoue additionmay bg maintainddat a sloweradte.change

I n conduct il r i . 1done .t val we 2.1s . Jhe.Di | uent
I nj ecti on Const aptﬁcé%e@&e(%%dtggﬁ é‘%lfﬁa%}éep%eﬁgﬁoé‘?ﬂﬁ%%sgﬁ%&oa&Pﬁmd into
control system 43&ohdtimelgThe Fine BleridSeffoilit thefefidte repfesBdchMlviywigaaat er
detail below,_ control system 436 can al so update the Dl uent

I nj ection Cor8t aftfigipntlyiless them theResirpd Qualifigatiom Petpaintauchthet thesate pfaddition
of concentrated shurry will cause the conductivity of the blended slurry to approach,

but not exceed or overshoot, the Desired Qualification Setpoint if the addition of

concentrated slurry is stopped when the conductivity measurements provided by

probes 414A and 414B indicate that the blended slurry conductivity has increased to
25  the Fine Blend Setpoint. The Fine Blend Setpoint can be empirically determined

and programmed into control system 436 through terminal 606. Typically, the Fine

Blend Setpoint is about 2% below the Desired Qualification Sétpoint

The Concentrated Sturry Injection Constant is a process value

characterizing the relationship between a parameter of chemical mixing system 400

30 that can be controlled by control system 436, and corresponding changes to the
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20 conductivity to increase the accuracy of m xing system 400.
For exanple, at the start of a production run to produce a two-
conponent slurry, valve 416 is open while valves 412 and 444 are cl osed.

Mx -- vesggboddigo is thus initially filled with concentraépsovlostiasy from
concentr-at ed slurry source 424. Wen the | evel of concentrated slurry

reaches a |l evel such 25 that the concentrated slurry can be detected by

sensor ‘434, seemductiyitylofitheblgnded slurry.glthe embodiment ofchemicalomixing|systsrst em 436

woul d, in turn ner, | l;'llgml . fectj.yve op .t he flow
of concentrat eﬁmg(%ﬁ%bgaﬁvg&ctg‘g?% val've %P%I."J ur?gé%’%%m'srep}ege\ﬁgaélvgc’{ hen be
activated and ivewdiglionsHtip bedweenthelenith bfdreithad valve #16 i3loper@H afd sskeuiatdi00

via recirculation |ine 428. Control system 436 woul d_then generate a

control 30  s¢hgnges (ingreass)in the bleadedishurrygonductvityndu pattiewlaidhee t r ansport ed

fromdil ue S A . .. . 20
VO 9915 6188§ 88l ehitrated Slurry Injection Constant is a value characteristic of the reciprocal of

PCT/ US99/ 0924 7the rate of chédge of thertbiducdtyif thé Biendsd shury sBlidsyrtnivefting be
combi ned with concentrated slurr In this manner, the diluent woul d -

be nixed with ﬂwﬁtevabfsﬁééi&qpa@-eﬂwﬁéwwatesSbar@aeie@onCOnstarttﬁ@hﬁ ended slurry.
Once the condugt j.vi !g% R g?ﬁfmﬁ | 'gs#'ﬁ%gqﬁ : ; 5 414B
is within the g‘hgl%llﬁlg’ca |onéf%lﬁg)g? con%#cégbﬁle gen{ell ates a control

si gnal .t 668, Ad des@ibed il greatet Hetail belowhiontrolaystean 43GcanlaBadpdhtesthelr ry with a
solids content within . qualification r e i s_produced by chem cal

mi xi ng syst®m Q@Bc.e““ate‘fls‘myhlecg‘m &°“s"a“t°"5’lll"§r?&3€e 1§ P ypomipaged e8M 400 i s
delivered to a.gR&vitolo i %’@asﬁﬁﬁtaoc fﬁh%&mr‘;@@[gh di scharge line 430.
In the enbodi mgnt gh’(‘)tgm,l ischargeur?c?r?e 430 1’s 10 coupled to recirculation
line 428 at a point bet EeDijwenginégidn Lodstant is arewesd vali@haracterizingthé ve 444 is
used to control .the . discharge .of blended slurry through |ine,430.

More speci fi caﬁl?‘,"nﬁ‘%‘ﬁﬁ‘@@q@*@@ ﬁ'etf’?%'gﬁ&?txjﬁf‘g%’l’éﬁmﬁaén‘l f‘ss‘_’c’m??r eferred

met hodol ogy 706hfbed (BEerddsQF Rithe bISNRA ML cdridudhitg NnGafdulal iéDitedtat @ 1 s

used as a feedback control to accurately provide a blended slurry having a
sol ids 15 1&onimertionhEConttantistahveluejohasactensiee afshaecipyoeal of the rat¢ efichmpede

Set poi nts. Thus S, . t | & GRK OCESSOE begi ns t he
m Xi ng proc essc%ri/ﬁgtb%tx Pﬁrgm\ﬁgﬁi\?@e%%‘%%é?ﬁ%@e §n| flfeq%i‘&m@%%egﬂeqn%ta% th a
desired amount c&f beinipiriually daamilridand pdglasinied Gitb dontrol systenetB6 khrehs or  434.
Once m x vessel 402 has been filled to a level detectable by liquid

| evel sensor A4faminal g dsidessgibedip grsster detall brlav comten] systeqs s el i s
a1 e DLORA88 i S SO LA AR Ml 1 11
I S then acRoat eshductivitytd intreaselthe accuracy of mixing system 400.
For example, at the start of a production run to produce a two-
component slurry, valve 416 is open while valves 412 and 444 are closed. Mix
vessel 402 is thus initially filled with concentrated slurry from concentrated
slurry source 424. When the level of concentrated slurry reaches a level such
25  that the concentrated slurry can be detected by sensor 434, sensor 434 would
generate a signal. Control system 436 would, in turn, generate a control signal
effective to stop the flow of concentrated slurry by closing valve 416. Pump 432
would then be activated and would motivate concentrated slurry through system 400

via recirculation line 428. Control system 436 would then generate a control

30 signal to open valve 412. Diluent would thus be transported from diluent source
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recircul ate the diluent through m x vessel 402 and recirculation |ine 428,

as shown at step 704. Before initiating subsequent steps of the

m xi ng nmet hod shown in Figure 7, punp 432 is allowed to recircul ate

t he bl ended sl urwgogsmssi ni tTally, only the diluenty 25 for arpoTe&E®08244 ned
| ength of tinme to thoroughly m x the diluent and concentrated ‘ slurry

and generate a ho eneous nded slurry. . . fter the
m xi ng operation ﬂ?qu@bvwﬁ _ W§%M%WPV°&§’W@m_Wn°3“%ﬁM sl urry
Wi thin mx vessel, #idmaidr, HRAIN&H WBhId BB rikdd With4ke doRcdiRAL SMrBfto Pioduce
conductivity assenbly 414, This nonitoring activity is shown at step 706.

The 30 measur edhelenfigdsloy.ty is then conpared to the setpoints including

E gg / ggi |8r9ed Once the conductivity as measured by conductivity pro%)%s 414A and w
PCT1US9910924%  414B isviMih tHeGailifleRion®4nge) dohitrol HRRAT 438 endr¥d cofdedlisighdtcat i on
Range Set points, and the Coarse and Fi ne Bl end Set points. This

conpari son is i ndhatsloses vlye 412 dn thixgmanmer, a blended glurrg with a solids content within a
| f the conparison fornmed at _step,/08 indjcates tha he bl ended 5
slurry conductiviqlgﬁﬁqu‘l"gggge‘t‘ﬁ%‘ﬂ&'f b‘ﬁ%ﬁ?’é“ﬁi'ﬂxgﬁ&y@ rnt (step 710)

(e.g., at the begi NNBRAJH shirfErofi systéd ADEHk deliVefed 84 PEMDE Qe (A2 i t her
opens val ve 416, or keeps valve 416 open, to continue to add
concentrated sl urshgwnlshiongh disoharge lieat30; frethe ergbodithéns shown, dischargp lines43hown at

712 in Figure . and results jin th } xture of the ad concentr d
Surry wich o SRCRBER iRt a2 Batofs B P A5 RESRE L
704-712 are 10  tVgve 41 hssd @ushiol iRtk Foleataunlythrbigiling 430.unt i | the
measured conductivity of the bl ended slurry reaches the Coarse Bl end

Set poi nt. The continuous i Masesreefically, Figure 7 shows e flomadiegtamiofiprsy in this
manner wl | Causepr%ﬁe&%gﬁzﬂﬁélgé’% ’{]deb o\(l}gliletl}te}gsem iﬁv&%ﬂ? 1;’:1 d‘” i;c;N {:él&ehue%vi datads

rel atively quickl’y i ncrease represen arse

Set poi nt . used as a feedback confiol & ackiratelQprpvide & blandedrshryiadingta selidsp 710
I ndi cates that_ the 15 conductivity of the blended slurry has increased to

a val ue whi chld s ¢onteat ketwesn ke pper and Lowey Qualidiciion Rangsyetpointss Thwe asset poi nt
but | th £l . nod Nt e
ut 1ess than og g ggﬁ%ts %"2’ %E%ﬁoﬁf%g%%ﬁz %&rﬁ%eﬂhmng gbuie{s%g‘éﬂenyg%e

m cr opr ocessor val ve Cr opr ocessor
cal cul at es t he | etigttdnfilbinixt vesse] 402avith/edesieedbhfoustod dilubnt) as degeted by ligquiddd enough

Uy 20 - conddEte ¥ aod O ik NESaHEhbesSerGlets AL Geeiy THHE. shown
e 2oy M o0 RSl BV Bl 9,1
Set poi nt and 2the mbsipravessertil2nCamtrnl gystemt436 fwohkiein turn, generate a control signal
' which causes valve 412 to close. Pump 432 is then actuated to continually

recirculate the diluent through mix vessel 402 and recirculation line 428, as shown at

step 704. Before initiating subsequent steps of the mixing method shown in Figure

7, pump 432 is allowed to recirculate the blended slurry (or initially, only the diluent)

25  for a predetermined length of time to thoroughly mix the diluent and concentrated
slurry and generate a homogeneous blended shurry.
After the mixing operation at step 704, the conductivity of the
blended slurry within mix vessel 402 and recirculation line 428 is monitored by
conductivity assembly 414. This monitoring activity is shown at step 706. The

30  measured conductivity is then compared to the setpoints including the Desired

21



bl ended slurry conductivity at step 706.. This difference is then multiplied

by the Concentrated Slurry Injection Constant to conpute the I ength
of time that valve 416 25 shoul d be opened. As shown at step 718,
M Cr opr-ocess@o fafddish Nen opens val ve 416 for the conpeirg@es/9zds

concentrated slurry injection tine in an attenpt to increase the
conductivity of the blended slurry to the Fine Blend Setpoint. Upon the
conpl etion ~  Qualification Sespoints Uppes mapbowe QuelificaionRempe Setpginty; endtbpeat ed_ unt i |

t2f216 Fine Ble n%%%%%%@hfend Setpoints.r TS Qgigpa?irsone'é fh%?c%g b&%*?%?iao) o

r PCTUS99/ 0924 Figyre 7. I f the conparison perforned at step
722 indicates that the conduct i vi tex is within the qéaHe{'\i cation range
wi ndow (e.g., greater t¥H4hecompansen perfeymed at step; 798 mdigates that e plended: | on Range

Setpoint byt |gss &R&f&n&@ i§ihar e é&?se%gﬁf S(ftgoli'né (%%’@P} {)e'fgc,%i the@n Range

Setpoint), "the m’Xing process 1s conplete an 5 bl ended
slurry is qualteginfitig bPthe BibeRiE)anitropmeesas 602 elitteadmets alvesd I8pork@dps

| f the conparison perforned at step 722 indjcates that the bl d

slurry conduct‘f‘ﬂﬂi‘*t“g6 PEe"s‘t"icP!"ﬂfl“éé%a‘ﬁW&W%e 0 FggHPylation ‘E’Pﬁf?r? %\‘ﬁ;e

Set poi nt, ] r ' al lyme t hat
uﬁtegq%)%{o% aP ?&(?Fﬁ) Z?%’gé)t?aﬂ rbdultSiA tl‘(?)é’tjnﬁchfe bftfe %cﬁ@@ béholHtrateld

val ve 416 sho 0 Inject or add enou concentrat ed
slurry to recighaty with theblended sHin§ withinttBe retinmiatosindt 428. Btepn @7 ae ry

conductivity to the Desired lification Setpqint Thes ..Steps are
shown gene]ra;l | herpgontinipugly; gep {’ ég“f?$}“|%ﬂﬂ%ﬁ"??aé‘tff“g?‘?“dﬁ?"v§¥ 734

mi cr opr ocesSormé%&ggpgg?%fﬁég?ﬂ%sémge@%m Jo%u%ﬁh{ea%n of

Qual i fication e nost recent neasurenent of the bl ended
sl urry conduct éontémratat slatrgin this manneéf 961l canisé the dorfdietivitn ofthe blendedislunylita i pl i ed

by the Concentrated Slyrry Injection 15 tant.to the length
ofti me that valeiBv %“‘é%%?’&a%@%ﬁgagﬂ@ﬁe%ﬁ eCoarse%i%Bﬁeﬁme?%, |
m croprocessor 602 then AREMS c¥paRortdfobméd 4t Bep ¢ RImcaes aakent r at ed
slurry inject time to increase the conductivity of the blended slurry to

the Desirets condudivily ofitheblendsd sigay hesiingreasedso g veluapihichiivgreater thanos 736, t he
bl ended sl ' ' t ' : ' | engt h
of “Time (st ep Bl e ot B SoBLEH oBliths M 5 cdy oo ¥iB BIoRH SUBEA, | 1D, 0

bl ended sl urry(skp318), SRidsPi6deisor 602 clbsedwalvetdn 6. Microprocpssr 602 tham i on -r ange
w ndow. I arison perfornmed at step 722

indi cates that @Wﬁ%ﬁs‘ﬂ?@dﬁé‘?&g@éﬁgg& shopld\peopened €e¥EENn the Upper
11 ot o0 SARRmEL o BB ASRSS b pn thy calcU  Lhe
20  conductivity to the Fine Blend Setpoint. These steps are shown generally at 716 and
718 in Figure 7. In particular, at step 716 microprocessor 602 computes the
difference between the Fine Blend Setpoint and the most recent measurement of the
blended slurry conductivity at step 706. This difference is then multiplied by the
Concentrated Slurry Injection Constant to compute the length of time that valve 416
25  should be opened. As shown at step 718, microprocessor 602 then opens valve 416
for the computed concentrated slurry injection time in an attempt to increase the
conductivity of the blended slurry to the Fine Blend Setpoint. Upon the completion
of step 718, steps 704-710 and 714-718 are repeated until the Fine Blend Setpoint is

reached or exceeded (Step 720).



25 enough diluent to recirculation |ine 428 to decrease the bl ended

slurry conductivity to the Desired Qualification Setpoint. These
steps are shown generally at 726 and 728. In particular, at step 726,
m cropr ocessor BO9B6WPut es the difference between - t he PSEEV§9/99247

Qualification Setpoint and the npbst recent neasurenent of the bl ended
slurry conductivity at st hLiplied by the
Di | uent 30 I nj ection Coﬁlg{hé%?m?a]:ﬂ&? ew{n{e&{aﬁ !| eiﬁg?%&?%ﬂﬁlne that the -
val ve 412 shoul dcéigluctivity is within the qualification range window (e.g., greater than or equal to “ 23

WD 99156189

PCT/ US99/ 09247 ﬁeW%QéﬂW‘OAM%%ﬁ‘P%“E&%“’FQS‘ cqvplde Bi5 BPFssor 602 t hen

opens val ve 412 S%Q] ﬁtg&%'ttﬁ'é% fetd dnlBhe YatcRBf at tenpt to
decrease the conducti vi ty Fes %’Hgﬁ&gﬁs y togﬁh g& red
Quatificati on5Seblmdedtslunl;dp@quahﬁﬂfoﬂubmumtusstaemdﬁﬁed by step 7241 he bl ended
slurry is recircul ated an redeter Ien (step

d df d
5 730), and steps 722 aﬂg{n?gg'nﬁ’gg%ﬁ? o ?Sieaé ?4‘1"‘“913 L’ﬁﬂé‘gesl urry
has:a condleh Yirdbctir sl TRngHAL L bivé Shiafiial ag&mf om

The accuracy of em cal m xiI ng procedure perforrred by 400
and control systm@ﬁemsmlxmm@mblwdmmwmmhmm ated Slurry

I nj ecti on Constant d/ or t he | uent 1 njection Const function of
the actual 10 %’ﬁg F‘}‘P‘ Pélfé‘f‘?"\?*’?'ﬁ‘sﬂmé'é’“ ?H?Bgﬂe%t?he
inj ection of 1@0”9&%5@61 Eileﬁdel‘lrsfuﬁy conductwﬁ}' tostﬁéelﬁélr&i-éuah?\]:ﬁxoﬁ@gtpgﬁﬁ esdl he

I njection of diluent at step 7 By wa exanpl e both before and
after the injectiseps ayéslmmncggnﬁrﬂhrtaEE@ndr'IB@'mdhgm'édn?m;:ulamatswpﬁ%ct ivity

fthe bl ended | || d tep 706. tem 436
Cherefore . cumbebeeior S FERRI ecreein pevest bt RutEREr conct ant
by taking the re%&ﬂ?ﬂd tHemost Rlcerlt M&éxﬁeﬁf SFHLHIAEIRHTY dohuctrig S sgs]

conductivity values before and after the i njection of concentrated

slurry at the as§©@|"&tlediﬂ‘snewlmnmhullﬂMﬁhq@WﬂnSbmﬂmwwm fference by
the |l ength of val v dto
conduct |gw ty i ha%@“ﬁfg qwgwﬁéﬁégg%@?%ﬁﬁwgeﬁ%ﬂoﬁxge peied. As shown

The current val ugt@ép 13@%%@%6.860@%%9%%@4@&tﬁ@c&%%d@eﬁcea@ated stored
in menory 604 can then be updat ed by control 8gstem 436 as function of

t he curr entsluy‘y injest e tpainerease fhg censduptivaty oftberplendsd skufry @db¢ Desired

Concentrated Sl ur S ul ati on can
be perforned as a'%] m#ll onétg(?"t ﬂ?%ﬁnéﬁ%mP%%’mév@?{;#ﬁg@ﬂggerages of t he
just-cal cul ated eédireslsted endepizedfor & pleddlerilined length/of G/t (stp 738), and stepaszant, the
currently stored vaI ue of the Concentrated Slurry Injection Constant, 25
and any nunbéf ofangy 7%%@9?&?%‘8@%]?@}!%?&%4“%% dhf s
Pr ocedur es of al so be used to update the Concentrated
Slurry Injection q&’)hﬁc%k t%‘"e'r%%)Qv

If the companson performed at step 722 indicates that the measured

conductivity is greater than the Upper Qualification Range Setpoint, microprocessor
602 will calculate the length of time that valve 412 should be opened to inject or add

25  enough diluent to recirculation line 428 to decrease the blended slurry conductivity
to the Desired Qualification Sefpoint. These steps are shown generally at 726 and
728. In particular, at step 726, microprocessor 602 computes the difference between
the Desired Qualification Setpoint and the most recent measurement of the blended
slurry conductivity at step 706. This difference is then multiplied by the Diluent

30 Injection Constant to compute the length of time that the valve 412 should be
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the performance of step 712,718 or 736, and to update the Diluent Injection
Constant after the performance of step 726.

Optionally, the control system 436 can cal cul ate the Concentrated 30

Sl urry -l nj ectvomessdisse at steps 716 and 734 using a "target Pcrassgsta7at i on

| ess than 24 WO
99/ S6189 i :
PC17US9910924 Ppened. As shownigt sten 728, eyictprreqesser FOg thenonsps yalvasti2 forthe et er ni ned

amount . Thi s apRpRa¢Sient injed tifte'th &Patelperodaeresss thel dAduchiidréle SySt em 436
wi |l "overshoot" the Upper Qual i ficati on Range Set poi nt when

perforning coblesded siurrydo thedesiged(Qetllification Setppigt. Upon cpmgletiortof 389 728onver sel y,

trol t 0 | he, Di t 1nj i Const ant at
Step 726 el niperiedrl BprCruRisie o8 mied RE pref i et ot S
Qual i fi cat 50n 756y Al sidps 732 admEIS? areepeardd anm diiblehdedshappiagach wil |

mnimze the .chances that control system 436 will| overshoot the Lower
Qual i fi cat i on chadvgtivity within theqyalifieationrange pndowr ni ng di | uent addition step

728. Referri ow 1.0 .Fi gure there i illustrated a
second enbodi nent 10 E?°%°Wﬁf@§|°ﬂ%“>%§‘ﬁax@g£{°éﬁﬂ?‘§%ﬁﬂ“§cb V&HhRce with
the present i @00akd &htrol system 45Paskibeiiordabdd by tipdating teyCdnoeAtafid Shelr esent s an

enbodi ment of the invention wherein 2, 3 or 4 conponent slurries may

be prepared. HReiattionGongantgydierdhe Bivenilnjestionenstant as a fangtien pftheatal and/ or

structurally shm f. Ei.our

i denti fi ec}bi ns“ﬁ"&%f%“@%’bmf@ﬁg@%ﬁ@%E“?gleei‘]’q’?’r‘%%r“é’r}‘%“g’ é’g%ﬁ%&dﬂuﬂ. . inlet
426 of 15  Fiagsteps 742) A 8iand 736 d¥ e ifffection@if ditueh) at 312pl 728. | By wayt oferarfiplg,cussed
further, except as _in relation to the operation_of chem cal m xing

syst em 800.  both before and after the injectiomef; fopeenirated shurgy 2 viep 218, Swrondistiibovi ded
oY it o . . . e
.thereon, In aga?'tﬂe' Bl Psturry will be ARESr&P £ 915!?. ﬁ%&&h@%%ﬁéﬁ%g@g%ﬁﬁgg@wr elation

to Figure 4, urry conponent su whi ch
are each conf icgmpeid ah effirtivé ConcshtyataiSlarecingedtidnoCaiStant byaakingrthe weeipeopalr ces of

I ts,.324, 846, d 852. Sl . t ply Ii
326, Bas A%d Seiegideie Bouisephe mergied soi ety S RBE Yore cabate o o ves |
- 816, 850 and aﬁﬁcﬁoh%?ﬁﬁﬁéﬂﬁﬁﬁ%}i)é}uﬂﬁﬁhéﬂd%&&édﬁéﬂﬂ&&Uéﬁd]@plﬁh@ﬂ@ed slurry

recirculating rough line 828 is neasured, and valves 816, 850 and
856 cont r ol | ediifférencefy thedength of time thet vales 4 loowasepenediiearhieve thet at i on to Figure

4. -25 .. | n eration,. then em cal m xing system 800
woul d operate @Bd“mwwchﬁ?%fgﬁ%gtﬁeﬁﬁ?a‘s‘gﬁﬁ’o%@t chenmical slurry as foll ows.
Val ve 816 is opened, whiTh@current valuéd iR ToRdehtrded SRAY f&bion Condidnpsed. M x
vessel 802 would initial Iéqbe filled wth concentrated slurry

conmponent 28 f rsarediomaseary 64eaqn dhen be ypdatndidy sertrol aystes A36as a function of the
currently stored value and the just-computed effective Concentrated Slurry Injection

Constant. This update calculation can be performed as a function of running and/or

weighted averages of the just-calculated effective Concentrated Slurry Injection

Constant, the currently stored value of the Concentrated Sharry Injection Constant,
25  and any number of previous Concentrated Shurry Injection Constants, Procedures of

this type can also be used to update the Concentrated Slurry Injection Constant after

the performance of step 712, 718 or 736, and to update the Diluent Injection

Constant after the performance of step 726.

Optionally, the control system 436 can calculate the Concentrated |

30  Slurry Injection Time at steps 716 and 734 using a “target” concentration less than
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824. When the | evel of concentrated slurry conponent A reaches a |evel such
30 that the concentrated slurry can be detected by sensor 834, sensor 834

woul d 25 WO
99/ 56189 - wosesy o PCT/US99/09247
PCT/ US99109247 generate a signal that is transnmitted to control

system 836. Cont il p&yrsd B3k HPsY elrth ntrol
signal to close valve 81%HMPUr71§m8sf?fgowoulagpred Mﬁ‘gﬁmggpactl%gﬁ’agp ..
noti vat e concent maniodzsstherchgncesthpenss syﬁteniﬂﬁéurgm“ovemhoot”thewppmrre 842

i ncluding mx ve recigcul atji o ne 828 a nduc lVIt

assenbly 814. Cosé"f%fcag% g%@ WEW#' ﬁ%’ﬁ“’&?‘?@?’e&i ‘gqﬁ"&fﬂd%l to
open val ve 88and 1865 R, 6RBERDIERUOT A chbdlde HRTIRBRM; eﬁoﬁr Om
concentrat ed slurry conponent B source 846 to recirculatiCon I'ine 828.

Wit e the contdi n&bﬂﬂmtﬁﬁwﬁ?émmsﬂmmmm@lmme&ﬁmdre
recirculating thr r.ecLr.cul | ne 82 the conductivity of the
conbi nation is no(glfaﬂg ?P%‘?‘?a nWo tsgh’ampfgaf W‘@\W@H’"{zﬁﬁ‘
conductivity of tohﬁxo@@ﬁ&'cﬂﬁ%lWS%Eo%hB&mrQuahﬁchﬁbnakaﬁgé erence

conductivity value for the combining step, control system 8 woul d
generate a Si gnalSetnomWh@Momns&mmaddmonstep728 Cont rol system 836
woul d then generate a sig 856, , t hus .addi n
concentrated slurry como@@@?‘?‘&&%@ﬁﬁ&*ﬁ?é@% We"gﬂﬁgﬁﬂtent C
source 852 t qoni %fY GheAilBal ffhdng 88300 InhRcdr@Meith the biesédt inbtfion. conbi ned

conmponents recircul ating through mx vessel 802 and recirculation
line 828 is noni tSpeafically l@b‘ﬁﬂ%ﬁnﬂmymm gmigditmentiifdire inveatigowhierein i vi ty

of this co n o onen SyLeaghes a referen ductivity
val ue for the fs 0%?’5 r?ﬁ?\négl f)ma% RTPRST 3 ‘gj g@d‘"@g}h%’rcate a
signal to close \fa.hwenaﬁamd/aestmc@myrsﬁhu@y@ﬂﬁsa SE3Pst¥R ¥bol of PigreaPpe Vval ve
812, thereby adding diluent from di l uent source 818 to m x vol une

842. The conduct iidsniifiedm Higwre Bdyithesamgmpper incrementediby 400 (.oxinlet 436 0f t or ed
b duct |
o contuct il S 0 8 T  rpr OR BLA,

t he conbi ni ng steaatlmtomaﬂumnefmnmfmﬁy@mwnm vvouI d generate a 25
signal to close valve 812. Thus, a slurry with a solids content within a

qual i fication range woul d %’éew%aumasyswm%hasw%m@n Bradditieate, t hen
opens val ve 844 ttﬁ)osg%{)ﬂ)ﬁ@eﬁ%?xﬁ&é&’éﬁo@@gn r3latbs %o Iglgurglié?ﬁerﬁl ofiehf (not

shown) t hr ough now to Figure
9, there is ill ustppy lees 826, B48 ashdSiondiichend eaol configured to be fluidly connected to

20  respective sources of sturry components, 824, 846, and 852. Siurry component

supply lines 826, 848 and 854 also are coupled to recirculation line 828 by valves
816, 850 and 856, respectively. The concentration of the blended slurry recirculating
through line 828 is measured, and valves 816, 850 and 856 controlled, in the same
manner as described in relation to Figure 4.

25 In operation, then, chemical mixing system 800 would operate to
prepare a four component chemical slurry as follows. Valve 816 is opened, while
valves 812, 850 and 856 are closed. Mix vessel 802 would initially be filled with
concentrated slurry component A from concentrated slurry component A source
824. When the level of concentrated slurry component A reaches a level such

30  that the concentrated slurry can be detected by sensor 834, sensor 834 would

25



30 a chemcal mxing system 900 in accordance with the present invention.
26 WD 99/ 56189

PCT/ US99/ 09247 Specifically, mxing system 900 represents an
enbodi. ment olyg ddsispvent i on i ncl udi ng conponents that peaypsegioeernal |y
be enpl oyed in chem cal m xing systens 400 and 800. Features of system

900 which are functi onal I%aa,nd/or .Struct urall |y éi mlar to ég]ose of
syst em 400 of Senegatea signakthat ig Earsmittedto;canirel gysiem §36,, Confeel System 830 ynber

as Figure 4 i : | h?&“ﬁgﬁ?ﬁ Lixar -

Inlets 9112A %@gﬁé@gfg}éﬁ%&%ﬁol n@es‘g)&éir?jdtg%?g?gﬂnect e 0 2sdlfvurry

conponent supphen be aetivAdbtotnstivat conednirated Siitry Aompanedt AMBrougkemect i vel y, The
flow rate of slurry conponents thro supply.line 6 can pe.r.egul ated by

orifices V°b‘1‘1°6343nﬂ‘°§'95’&m’é‘13?§etg&9 iﬁﬁ%@’\/‘éﬂe\é%ﬂ §° ¥®hnected in

series with o NQE SRl §3find 88AWSIY HenlgbRGatd h28nPdIQIPAL] BlopEd ce 9116.
Oifice 9118 i%gseg:r%r%?%ured too% r egul atggg d?ffergnt gagra]lgl tyogi cally

| ar ger fl ow ofvable850ytheoaddigaohcértmatedshinfyi componieng B from concehteated al ni xi ng

t em 900 t her ef i okl fi b| endi ng, . :
Gt erent sl arsiu SRR ELsoy ok EEER e AP oV Bl e rRne ¢ e same
slurry. %ﬁ%ﬁ&m%ﬁ%&s $348: 848 ate rBERYMIng BFoddrSRcibduldtiag! uded to

expand the con ration 15 ranges over which system 900 can operate.
Chemi cal i xi rliped28; therc@sidctivitytdfdhe eonhindtion ¢s omitaredyl@ndugtivith

coupl es a source qf s pitrogen to mx vessel 902 by suppl I ne 9104.
Process 1 %%qubgﬁfﬁ&f?e% : i°8ﬂ§fwtt’b%ﬂh§‘é?fne§§e4 ?‘Pé?‘fonf%tﬁ ﬁorﬁ%gérﬂ% gas and
to provide a khank@tence condudiViyakRFer thé Esmbiliig Rlep ciattobdystemys36r om air to
prevent the unwanted reaction that 20 woul d ot herwi se occur between the

bl ended sl ur r ywould gesierate 8sigpahclosingevalveRp0. i ncl udes aregul ator 9106 and
filter 9108. An exhaust ?é’lf‘gg‘(fg’gtgr% B%étv%rt]x?dgth];& genﬂe{gté(aﬁg%%ég%a‘%&e%z to vent

excess gas fromm x ves esser 974

~may optional | yggethak addifeSoricentrR&d slGrdy édnhpbitehti @ffom concenbdfedishi®di at el y
downstream from punp 932. Val ves 976 and 9100 are_al so, 25 . included in
recircul at1on ¢amponsgtd” sqyreeRS2itp mix velmed4dnhHsannths corfucliyiafdhs ni xi ng

Syotem 00 Sogipfpankiontil alin R s R e 012
recircul ati on lingB28 is monit&2@ by conductivity assembly 814, When he conductivity of -
. this combination of components reaches a reference conductivity value for the
combining step, control system 836 would generate a signal to close valve 856.
20  Control system 836 would then open valve 812, thereby adding diluent from
diluent source 818 to mix volume 842. The conductivity of the recirculating
combination is monitored by conductivity assembly 814 until the monitored
conductivity value corresponds substantially with the reference conductivity
value for the combining step, at which time control system 836 would generate a
25  signal to close valve 812. Thus, a slurry with a solids content within a
qualification range would be produced. Control system 836, on demand, then
opens valve 844 to deliver the resultant slurry to a point of use (not shown)
through line 830.
Referring now to Figure 9, there is illustrated a third embodiment of

30 achemical mixing system 900 in accordance with the present invention.
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PCTI US99/ 09247 Afilter line 984 may optionally be
connected in parallel wth valve 976. As shown, filter line 984
includes a filtef?8¥™and -val ves 978 and 982. Valves 97 8CTNF*8H ar e
positi oned on opposite sides of filter 980. A drain and

sanpl e col | ect i nggpkéifiaull) IRixiNg bysait 900 ajrbéntd 8 GRBHIRRLLEE the invirioh e il ter

l'ine 984, and includes valve 988 and valve 990. A first outlet port of. -
val ve 990 i s conriedyding compgnentsthatimag optipmallybesmplnyed inchemicalpaixing siistesial ve 990

IS coupled t e ttIeQGg&g ociat ed ain,line 998 through
sanpl e |ine 994. &Ogg%eﬁbe%ﬁeﬁgﬁsg%% C‘Hﬁ’?ﬁaﬁe@@"&oﬂﬁbﬁg{“m{ﬁ 0 can
connect the drai i t6Eee 6f system 400 bf Bightetark id2ftifhin Figued § Bpediatn | i ne
992 or sanple line 994. 10 Inlet 972 is also connected to a

source of di | Pentnugbgr asFigera dlinatemented by 500; ansi widluiohbe discusseddui®s. t hr ough

diluent |line 960 and val ve I can ,be I dentical .to val ve
916 (descri bed above) and ?@%%&ézISlg%‘F?ﬁéﬁ&%%Pgm@W?f’é’ng’?@%du"y
between val ve 91Gofipendatisippl§ Sine 926 thidGeoviRRSIOTBALand DOMIB, reSpdealy/ Athee 958 is
posi tioned adjacent to the suction side of punp 932, diluent from supply

line 960 15  wi |flowsate@f slumay eompenenisthrough supply fing $26ccan bgregnlated benifice058 i s
open. Val ve 958 i

.ing. the, fl f
diluent into recigrié%?%dt%lé%‘aﬁﬁﬁiée Q}%We%fd%eéerg%glh% °?e(531\tNeoof this

flow can be ef@pi ranothbrand ded shifibline 4122 around orifice 9116. Orifice 9118/RlcyEigdrd tand
orifice 962 are included in diluent line 960 to control and regul ate

the flow of dil udpgulatee differeat apd ypicallydargen flowoof slusy compangetdkanprifies i 20

964 coupled to lige Bﬁk%@ hflce 962 umm 964 is
connected to a drai n?ﬁglprrx}e ﬁgﬂggduégéﬁﬁgerzﬁq?r?ggq‘gg%ﬂeﬁ\nﬁ%w%@%@d‘%l um 964
can be per idifféren bluiyy eopidoRentSinddiffirént cahictrigtiin raixges PERE Sghe\siinye 970,
t her eby nai nt ai ni fresh supply of diluent wthin columm 964 for

ng. a . :
subsequent additi‘&%*%a‘ﬁh@t!w@r(@éahown can algo be igelydad fosxpand thenopesntratione 928
t hrough val V615953mg&+\?ef@§1'oﬁ¥ﬁ{e}ﬁ9 oo \Befifte, CAN b€ 25 continuously added
owe

to colum 964, and al to overflow'in order to mnim ze bacteri a
gr owt h. Chemic) enxingdystam 200 firthprsiomprised @let 98D whigR0 and t he
associ ated control l(stem 436 offer. consi:?%gr abl e, advant ages. In

particular, the é?gﬁlﬁsr?s“’ﬂ'ﬁg,x REeRSSS We"mm'xv‘”&ﬁ‘ PKF‘@R{YA‘%gH}“e E%p%bl e of
qui ckl'y bl endi ng rﬁ&dge;mawnaﬁm%aséd%ine&tmgiagﬁ%sg?an&e?b}o%e%mt- The

control system 436 can be programred to blen
28 which separates the blended shurry from air to prevent the unwanted reaction that

20 would otherwise occur between the blended slurry and air. Supply line 9104
includes a regulator 9106 and filter 9108. An exhaust line 9102 extends from mix
vessel 902 to vent excess gas from mix vessel 902.

Surge suppresser 974 may optionally be provided in recirculation line

928 immediately downstream from pump 932. Valves 976 and 9100 are also

25  included in recirculation line 928 in the illustrated embodiment of chemical mixing
system 900, Specifically, vatves 976 and 9100 are in series with one another
between surge suppresser 974 and the discharge end 938 of the recirculation line
928.
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WO 99/ 56189 _
PCT/ US991 09247 conponents to any of a wi de range of conductivity
val ues. Furthernore, batches of chem cal slurries can be blended to a

very hi.gh degessseiggaccuracy. Exanpl e 1. Preparati orpcafussemnsia de
Slurry - . A CW slurry, CAB-O SPERSE SC-1, will be

prepared using the chemcal mxin s tem 400 di spl I'n Figure 4.
Specifically, a 55 gal | 4 filter rp e 984 WA, PRA W@@%ﬂ%ﬂf
(concentrat edggd pA% éﬁo%%lfé?lm ididdes Qﬁlter 980, an@%l@&@g aﬁ@nghqfa?ﬁt em 400.

A pressurized su trapure de-1onized water be used as
t he dil uent semsmm&remmnmommdamffmasm be 1 vol unetric

"ass Chan 19 KCH) o 1.4 ST BHSBPE ChURFHaRpfonp mayaptongybseopndid’ ' L 1T

yiel d a bl endggslatt e 9R4TRAd MRdes?RRE 088 SvaIvE 938 %A st WhHeBPdrt oF | | Ca
particles with a conductivity of approximately 0.825 nS/cm (the Derived

Qualificati onvSseﬁQmeénnedihtétosi&Ipbmﬂ% tAlrmponNduﬂettperto’éYﬁélvq%()lm endi ng CAB-O
IEErESSEt Sg]: 1 slut r%jni?) samp e%ﬁ%ﬁr@%{g&%gwaﬂﬂﬁeﬁ% ﬁx:rough sample line 994. Set poi nt -

Set poi nt * WidnRited by contrdRéy§teth 936, vslve 990 can connlect the drain and sample °

Silica Coar se Bl end Set poi nt

Fi ne BI end Setcpﬂncung line 986 to either dramimemorsample lm@99i196 Lower
Qualifica 99 e Set poi nt
Desi r ed QJQI I fication 11%972 1saIsocorTEctﬂbtoasourceof%lugggndxscoup S

Set poi nt recirchiBRGH 1irf@9a8 thrduph ldil@dht line 9690%and valve 9581 ¥/ahR 958 canbe 0. 831
Range Setpoint 15 *in terns of percent silica The

punp 432 wil | identieal td valvedt 6 (describad ehovahiand g Ipcategiin recirenlation Jine 928

concentrated - O SRE d ce 424 into
the m x vessel Lﬁ\%eagg ?[mﬁggfqvmttﬁf eéagﬁ‘%g m Sﬁl&@%ﬁ%ﬁ\‘}%l ume of 100
liters. 20 \{ﬁlsi’bieneﬁfhajam“o th@sﬁcnmetcsfphap em;rdnlmtfrbmtsh@w Jimpgied in the mix

vessel 402 rises . to vel sor 434 at whi cht.i neval ve416 wil |
cl ose. Apﬂr ox i Willibe pgpvgnnqolrgcgpglauon%me 928 wﬂen valve 958%open alve 58as

capable of accurately regulating the flow of diluent into recirculation line 928 when
opened, and the rate of this flow can be empirically determined.
Valve 970 and orifice 962 are included in diluent line 960 to control
and regulate the flow of diluent to valve 958. System 900 also includes a column
20 964 coupled to line 960 between valve 970 and orifice 962. Column 964 is
connected to a drain line 968 through orifice 966. In practice, column 964 can be
periodically replenished with diluent by opening valve 970, thereby maintaining a
fresh supply of diluent within column 964 for subsequent addition to the blended
slurry in recirculation line 928 through valve 958. Altemnatively, DI water can be
25  continuously added to column 964, and allowed to overflow in order to minimize
bacteria growth.
Chemical mixing systems 400, 800, 900 and the associated control
system 436 offer considerable advantages. In particular, the systems 400, 800, 900
and system 436 are capable of quickly blending slurry components to the desired
30  solids content. The control system 436 can be programmed to blend these
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of CAB-O SPERSE SC-1 will have entered the recirculation line.428 and m x
29 WD 99/ 56189 ,

PCT/ US99/ 09247 W 6X§SSG| 402. Valve 412 will then open allow ng

ul trapure de-ionl28@ Water to fill the m x vessel 402. VARCUUSRO9243; | |

cl ose once the level of the fluid in the m x vessel reaches_a | evel

detectabl e by t heohpsitnt tb Wa%&%&[ﬁe@&ndﬁﬁm

et [ f
TR A

water will have entered the m x vessel 402. Punp
circulate the 5 chemicalistieriessanbeblended forayetythéghalegmielof dcomadyi mes t o pronot e
m Xi ng. After four mnutes of recirculation, the

conductivity of

Gl £1.08

assenbly 414. Val

(12wt % si | i ca?

of CAB- O SR drss de 0.
val ue exceeds thesgggr s&g%ﬁa ng %%IS

aration o%'la rdiﬂ%é‘u e neasured by conductivity

in open as long as the

measured conductivity is | ACMP sy ABS®-SBERSE SB=1, Reiil bk prepared ubih@ R0 W %
silica, 0.766 nﬁlcggg ich is 90% of the desired '
. I%ﬁm.symd%éﬁsww i Figpeeds

ual i fication set point 10

ecifically; 289 galload additi on

B SC-1 (coneepgfSy Sy SR PR Wi b 6

NS/ cnm), val ve 4lGtiihet tethesystenf0ErA beessurizbdstipply o iltrapure deli@GbddGadtat | on,

the conductivity g

concentrat ed
conductivity of

the blended slurry will a

conductivity assdftiby usedas thefiluen) sousps di$n F

R et PABEO SPERSEIR

an

PLEREhtAS

cond

in be nmeasured by 15
ejired mixratic will bad at e a

) . S
g@ﬁ@[‘%&%&@%e? t han t he

Fi ne Bl end SdOpoipatticleAsn fessthard B2 KGH) 101108 Aelumbtik parts water. Phlmisd tefic open f or
the cal cul ated i Q{z ct'kji)n t[ié‘giaﬁ?nd al | ow CAB- O SPERSE SC-1 | .
concentrated sl ur ’6 el 2.bie UpTY\FETREFING apPrevmatel iV e by weightsilidane 428.
Valve 416 20  Wighliofdk Q3@ aoh&lct b L ECE ] i d punp 432

w il again mx tf?(%}ugont ents & %?fﬁyﬁﬁazgggﬁﬁﬁgﬁﬁ%ﬁgg rcul ation
line 428 for fouualification Setpoint). The setpoints that will be ded ircllaxitptGABIOL of the

bl ended slurry w | e nmeasured by . conductivity assenbl y414.
Control system 4%%3%‘3&5ﬂ%ﬁ%€%ﬂgﬁf@bwm?% ty to calculate an

I njection tine gffect adj] u NORGLEVE T es 1ded slurry
25 to the Desined ng?!tlsﬁlgation %%fg%&:g? h l\ginp 4 nlhﬁl&rv(i}kn ng, valve
416 wi Il open for the cal culate injec&iﬁ'ﬁtirre(é'hszc'ﬁhlom
CAB- O- SPERSE SCH—eereentfated sHurry—Paebnt i 402 and
recircul ating | i-ng‘%qﬁﬂﬁi‘&gmm widd cllosel®$G oy 0.766he i hj ection time
el apses and pun_4fpe Blend Sefpointn inj x he dont &h4& off ni x0.1%ssel 402
and recircul ati ¢n LaweeQadBichtan flour 9% nut|es. 11.88 0.820
Range Setpoint
Desired Qualification 100 12.00 0.825
Setpoint
Upper Qualification 101 12.12 0.831
Range Setpoint

15 *in terms of percent silica

The pump 432 will be activated and valve 416 will open to draw
concentrated CAB-O-SPERSE SC-1 from the concentrated shurry source 424 into
the mix vessel 402. Mix vessel 402 will be sized to a working volume of 100 liters.

20  Valve 416 will continue to be open until the liquid in the mix vessel 402 rises to
liquid level sensor 434 at which time valve 416 will close, Approximately 30 liters
of CAB-O-SPERSE SC-1 will have entered the recirculation line 428 and mix
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PCTI tj S999N47 The conductivity ofthe blended slurry

wi |l again be nmeasured and t he neasured conductivity used to determ ne
i f anot.her i Rypelsefyd of concentrated slurry i s needed.pdrfushieereasur ed
conductivity is between the Lower Qualification Range Set point (11.88
wo sol i ds, 0.820 rrS/ C and t he. Upper alifjcati Range _Set poi nt
(12.12 wt % solvewel 408, ¥alve A3 fhf""rﬂi""f‘aﬁgJ &5&‘?&‘284 5 centrat ed
slurry woul d %x@@s%sl%z g ?ci’osweﬁue%éaem bHENLiQ irlnd mA st e

contents of miX vessel 4 recirculation l1ne 428. The conductivity

agai n woul d reachesltmevebm& Hyytheloquit ievel m’sgr:'ﬁa% SApprbyimately &Mltﬂrlgﬁr 242

correct percent soljds content . e, thi suf.enent. e

woul d be opené’&“‘%’fﬂi gﬁ‘@ %ﬁ?ﬁghﬂ@“dﬁess?@@tzn? 6§2€'§€°§’81m‘i? c'\yﬁ')%?eoa{%e

transf er red ¢ Qugupliy A Red dlich RS oAb Rt woul d shut once -
reac

the level in t e tan lTquid | evel sensor 8. Exanpl e 2.
Preparation of a Tungst Al&eﬂbunmtymt&s of recirculation, the conducﬁwyaf/ﬂ’leé)lmdw

SEM - SPERSE W A400/ 400, epar he ch cal m xing
system 800 di s‘Bl"éWé‘EEF rb<¥°8“ “§€ |afﬁ°5‘§1yl4§4 Xalg?adi@»w't“go&’lm? supply drum
of SEM - SPERSE.Mi4Bth 4sd merxaéame&bdm&wvﬁpmymﬁ Cerse Blend S&pdife 824)
will be attached to system 800 Addi tional |y, 55 8al | on supply, drum

or SEM - SPERSE(IGEOM% s(lm@déﬁmsmsdnlsﬂuwg)%@ﬁﬂv ifisatianseteat wi | |
0 sl C
Source 852 | E2ih St bR, Eotapeiisd Sﬁc&%&%& et R e 1 e

mx ratio w | lchB-d-sPeRspstrxi.c part SEM - SPERSE W A400 (6% by wei ght
alum na particles) to 1 volumetric part SEI\/I - SPERSE FE-400 (0% by
wei ght al uni na particl eéﬁerﬂlhp@\dmtwntya@lu@exmdsﬂm%eglendSetpom ended slurry

conprising app r“g

conductivity o@%?%&y ?égwgg%ngaézl%w&ggege Oq"?s use(f i n bl endi ng

SEM - o SP,%B&E]%&M::EM% ofitheblendad ﬁu@wum:gmﬁ b badupddblywi ng t abl e:
15  conductivity assembly 414. Control system 436 will then calculate a concentrated

slurry injection time effective to increase the conductivity of the blended slurry to a
conductivity greater than the Fine Blend Setpoint. As pump 432 is running, valve
416 will open for the calculated injection time and allow CAB-O-SPERSE SC-1
concentrated slurry to enter mix vessel 402 and recirculation line 428. Valve 416

20  will close after the injection time elapses and pump 432 will again mix the contents
of the mix vessel 402 and recirculation line 428 for four minutes.

The conductivity of the blended slurry will again be measured by
conductivity assembly 414. Control system 436 will use the measured conductivity
to calculate an injection time effective to adjust the conductivity of the blended shurry

25  to the Desired Qualification Setpoint. As pump 432 is running, valve 416 will open
for the calculated injection time and allow CAB-O-SPERSE SC-1 concentrated
slurry to enter mix vessel 402 and recirculating line 428. Valve 416 will close after
the injection time elapses and pump 432 will again mix the contents of mix vessel

402 and recirculation line 428 for four minutes.

30



31 w -99/56189

PCT/ US99/ 09247 Set poi nt Per cent of Wi ght Percent
Conductivity Set poi nt * al u

(mS/lcn) -~ CH¥Q8¥S6H%nd Set poi nt 110 e 3.30 PCTNS”Q’Q”%
Fi ne Bl end Set poi nt 105 3.15 29. 47 . Upper
Qualification 101 smry

Set poi nt Desired QJ cat?@dtheblended %llag%nla%measm'g@ -30.-70
Set poi nt hba/meas@edbmﬁductamyused to det@ine if another injection @F concentrated ~* 30. 95

Range Set poi nt *in ¢ t.alu

Punp 832 will be Siisngedsd. ié‘gs %ﬁ E‘BJ]“WW‘WISB%EWW the kowgr Qualification
concentrated SEM gégo i GefRoment A S
source 824 into rrli{aégge ?N(ggZ I\{%Hgggs%g%%gﬁ)\%qdﬂew grl Zed t&g a wor ki ng
vol-ume & IRhge Setpoist. (12/32 Wit 8dlids, 0331 mShem), mufarthey abtionsefi unt i | the
liquid in the mx vessel to liquid l.evel. sensor 8

which time val ve 9eenipted ﬂ%‘é’%‘ﬁgge hecdsd; SPB‘?P%’?{E{P@&S@“WVB fgx B‘Pdgﬂ‘e

SEM - SPERSE W A40&Pm bfﬁﬁé%ss%mwaﬂ@lr&i?&lam line 428C IThE &nd@hidiQfly ddaldSyddkB and
m x vessel 802. Valve 850 wll then open allow ng 10 SEM -"SPERSE FE- 400
to enter reci rcuIlmmam@b}@oadl&hwvasmb@%4m¢ﬂsmch@smbmmtsohdsconhet | evel

f the fluid in t | 80 hes .l evel i cator. 822. .
RoDr o ety 40 M Bt WA OBl pe obeied S BBt B e o
vessel ’P2. &Qﬁ@%&%ﬂﬁ%&eﬁe BpbifteE ubOn6i éhswb)at\ﬁﬁl\khﬂ%%@mded

slurry during these dition tines to pronote mxing

After four ninut @utﬂnce’éeﬂweluhﬂleltmkrewh%llqwdéhwltsmspI%SOf t he bl ended
slurry will be neasured by conduct|V| ty assenbly 814. Valve 850 will open
and remalnﬁp conductivity is less than the
Coar se Bl end ' — 28.25n/cn) which is 110%
of the Desired A CMP slurry, SEMI-SPERSE W-A400/FE-400, will be prepared

using the chemical mixing system 800 dispiayed in Figure 8. Specifically, a 55

15  gallon supply drum of SEMI-SPERSE W-A400 (concentrated slurry component A
source 824) will be attached to system 800. Additionally, a 55 gallon supply drum
of SEMI-SPERSE FE-400 (concentrated slurry component B source 846) will also
be attached to system 800. Concentrated slurry component C source 852 will not be
utilized to prepare this slurry. The desired mix ratio will be 1 volumetric part SEMI-

20 SPERSE W-A400 (6% by weight alumina particles) to 1 volumetric part SEMI-
SPERSE FE-400 (0% by weight alumina particles). This mix ratio will yield a
blended slurry comprising approximately 3% by weight alumina particles with a
conductivity of approximately 30.70 mS/cm. The setpoints used in blending SEMI-
SPERSE W-A400/FE-400 slurry are shown in the following table:
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Qualification Setpoint (3.0 % alumnum 30.70 nS/cm. Conductivity

I ncreases 20 Wi th increased addition of SEM - SPERSE FE- 400.

After the neasured conductivity val ue exceeds the Coarse Bl end

Set poi-nt (3. o ywdasl umi na, 28.25 nBS/cnm) val ve 850 will cl oserusdbiheyr f our
m nut es of recirculation, the conductivity of the blended slurry wll

agai n be nmeagured—by— . : 32
WO 99/ 56189 Setpoint Percent of | Weight Percent | Conductivity

PCr/ US99/ 09247 conduct i Vi Seneinttnip| v shuminaCont|r o| (mS/emkem B36 Wil |
t hen cal cul at]e CoarseBlend Setpdintd 1181 urdy i nj38®ion |ti me282F ect|ve to
I ncrease t he |[neBaeBiadSewpomct i vi t M0ST t he bl gmded stay7y tph a

conducti vi ty |gregh&Qualifdatiée | Fl nqoBl end Set pisnt As| pump 4832 16
runni ng, val e 8 ¢didapen for the cofresponding ijpjection tipe and al |l ow

SEM- 5 SH : %@ﬁl | y CqggENtate %mocut erfm ;\?qr]@naci 802 and

recircul ation I'ine Val ve 850 |w | | ose te I njpction tinme

el apses and puﬁ&w—l—e@« s—of mx vessel 802
and reci rcul gt i beweriQualificatioq o ' : 30.95 The
conduct i vity lof t Hange Setpniut S| | i gai n_be neaslured by

conductivity &andennk gf@icent dhimibhe neasured conductivity is greater than the
Fine 10 Bl end Setpoint, control system 836 will use the neasured
conductivity to cal cul ate an injection tinme effective to adjust the
conductivity of the bl epgadss) WiNne dfvatdd®ind valve 81655il1" | fication
Setpoint. As punp 832 is rﬂnni ng, valve 850 w ?Iagf)'er?s%otrgﬂt e

cal cul at ed i njcontentrated SEMI-SAERSE V34486 fomIiehéestratedsividPcomiponént Aconcent r at e

to " enter m el. 802 circ [ line 828. , Valve 850 will
cl ose after tH8Y Xsy“eﬁ?"éﬁ?‘i"ﬁeﬁaﬂe&@f ‘Ié???gg&‘a}l‘(g{hﬁ#ﬁg%w‘aﬁqng V\é’g‘ﬁlen m\'Mx t he
contents of nmgr1yefiRAl V%Rr@816willcoﬂﬁn%ét@ﬁééﬁdﬂ'xﬁﬁlitﬂéﬂiitﬁd‘@ﬂ@nﬁix‘é@ i our

e bl ende ssr'

m nut es. _ o The conductivity of t urry will
agai n be neasf02dis¢pyto liquid level sersord3dat which timervalve 8Bilwillohaget he neasur ed

conductivity used 1o 1 Ne wnjpection of concentrated
slurry is neecfgp(f o%?aﬁedﬁtgeil%§3‘§#\gﬁ?lﬁs§a@g%5@%ﬁﬁ% eé'ff’red BDwer

Qual i fi cati on rRARgRISEIRSG2S and RixVessel 8022 Malie850 w8 opeR/alekingnd t he

Upper Qualification Range Setpoint (3.03 w% alumna, 30.46 nb/cn), no
further 10 SEMISP FBd0e esHaation dine 828, \ebve 830 will clessanceiue to i x

the contents Gfe oyl of tdlifi P38 hix Bcel 802 rchBiih lebllidtidaBlt sby N 828. The

conductivity wou en agal n t0o ensuré a correct percent
sol i ds cont entAppiftimately 4D siterseef SEMIFSRER SE/EE-460 w1l hav8dnteradtik ehibeesspened and.
the contents of _t m x vessel 802 wouyld be transferred to a point of
use (not showfP2 ?9‘&“18@@‘W@&P’EF’%‘HE&“’GH’@@“EWW@@WM’H@W%M reaches

addition times to promote mixing,
15 After four minutes of recirculation, the conductivity of the blended
slurry will be measured by conductivity assembly 814. Valve 850 will open and
" remain open as long as the measured conductivity is less than the Coarse Blend
Setpoint (3.30 wt% alumina, 28.25mS/cm) which is 110% of the Desired
Qualification Setpoint (3.0 wt%e aluminum, 30.70 mS/cm). Conductivity increases
20  with increased addition of SEMI-SPERSE FE-400.
After the measured conductivity value exceeds the Coarse Blend
Setpoint (3.30 wt% alumina, 28.25 mS/cm) valve 850 will close. After four minutes
of recirculation, the conductivity of the blended slurry will again be measured by
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liquid | evel sensor 858.

33 WD 99/ 56189 )

PCT/ US99109247 Q her enbodi nments of this invention will be
apparent to thod¥P&8E%%%d inthe ~ art upon consideration oPCIHF®/09247
specification or frompractice of the invention di scl osed herein.

oL, O SR ks, COM BRI ] S 10
5 departing fromshury ijectien Smepfiectivedo smraasetthexheashed condectivitpof tdblerdded s
I ndi cated by the slu rrytggcl:ol 8uct1v1gy clal IE—‘nsa'n’rheFineBlend Setpoint. As purnp 832 is
running, valve 850 will open for the corresponding injection time and allow SEMI-
5 SPERSE FE-400 slutry concentrate to enter mix vessel 802 and recirculation line
828. Valve 850 will close after the injection time elapses and pump 832 will again
mix the contents of mix vessel 802 and recirculation line 828 for four minutes.

The conductivity of the blended slurry will again be measured by

conductivity assembly 814. If the measured conductivity is greater than the Fine

10 Blend Setpoint, control system 836 will use the measured conductivity to calculate
an injection time effective to adjust the conductivity of the blended slurry to the
Desired Qualification Setpoint. As pump 832 is running, valve 850 will open for the
calculated injection time and allow SEMI-SPERSE FE-400 slurry concentrate to
enter mix vessel 802 and recirculation line 828. Valve 850 will close after the

15  injection time elapses and pump 832 will again mix the contents of mix vessel 802
and recirculation line 828 for four minutes.

The conductivity of the blended slurry will again be measured by
conductivity assembly 814 and the measured conductivity used to determine if
another injection of concentrated shurry is needed. If the conductivity is between the

20  Lower Qualification Range Setpoint (2.97 wt% alumina, 30.95 mS/cm) and the
Upper Qualification Range Setpoint (3.03 wt% alumina, 30.46 mS/cm), no further
additions would be needed and pump 832 would continue to mix the contents of
mix vessel 802 and recirculation line 828. The conductivity would then again be
measured to ensure a correct percent solids content. After this measurement, valve

25 844 would be opened and the contents of the mix vessel 802 would be transferred to
a point of use (not shown). Valve 844 would shut once the level in the tank reaches

liquid level sensor 858.
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34 WD 99/ 56189

PcT/ Us99/ 09247 What is clained is: 1. A process of making a
slurry having a solids content within a qualification range, conprising
the steps .of wogoseise (a) provi ding a reference conducti PCTAS940243

i ndi cative of when a sufficient anmount -of a first chem cal

conponent is conbined with, a . . _second chem cal co nt to provide
the slurry having %@’m@m’%mmumw%\ﬁmﬂmﬁ%&ﬁ%%ﬁ Bht_%‘?on_ range,
wher ei n: art upon considerhtioh of {HEspbdifiSihiofs BSAnt Blactice UPMB §RventfoAPr i Ses” a first
sol vent, and (i) the second chem cal conponent conprises a
second disclosed hereino [Vagines cmissionsphedifications, a11d charigesitohe pringsiples, wher ei n

t he conductivit . . of. a combi i on he, fiyst, apd second
chemi cal co_rrpﬁ?fg‘ﬂ?l%od’mems described hemnmgﬁmg% %Fﬁhg‘_{ ’3?’?%{‘3@? ly more of
t he secondsch@glapiiilg from the true scope and sERIBPAE Mverition GAHRIigIAGICHE] By thore first '

chem cal conponent;
following claims.
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(b) conbining the first chem cal conmponent with the second chem cal

conponent to form said conbination; (c) ceasing to conbine the
first and second chem cal conponents when the conbination h 2
measur ed "‘conducY#¥5189a| ue t hat corresponds to the rBFEPER @gu
conductivity val ue, V\/nereby a slurry having a solids content within
the qualificati mw*‘ xovi ded. 2. The process of claim1,
wherein the step o prOV| Ing a reference conductivity val ue conpri-ses
the steps of: 1. (a)Aprmmfmakgigasmmaymgfasblm dontegt within@i cal

conponent; fg provi di ng ﬁ t he second chem cal
conmponent, wher ejg¥alific mnrang%gpta ’é"’é% SE’ ©Mr cal conponent is characterized

by a ratio indi Cat've%ag garﬁﬁ%n@é%ﬂﬁctﬂ‘i?%l{xéﬁldﬂﬁﬁ*t'déﬂvﬁfenlan the
second chem cal conpo re ative he anount of second sol vent
in the second chemi calsufﬁaaqncanmuht-ofaﬁrstchemx(;aj):ompmmsngmhme@mhm of the
first chem cal conponent

e.seco cal
conmponent under condi f‘?"Bﬂ‘i\n"}?HB??TFWHPmFWew pr°w‘ije%e 38‘6%5%.‘8‘?& ?/f"?@ S?n%?“he
resulting reference s such
fe soberence Within¥th€ GilalifRat iR AMCHh & BH:
PCT/ 1 US99/ 09247 t@ipt  tthefirsbéhemécat corpanentycompeises adfiskti syerfoandent
within the qualification asurln t he

conductivity of the referéfide @%’rﬁ"?}%ﬁgﬁﬂmal °°mp°§m%té’fmp"fﬁ§| f or mati on

conprising the conductivi t%}%@&i&rﬂrﬁa ify df Solid particles dﬁéremh@ebnuhaw&ﬁf erence
conductivity val ue. he process of claim 1, wherein the

conbi ning step further cooﬁn¢®é8natlh30§ﬂle@$stemd$mmd@1eml eqrepangRtduct i vity
of the conbination as the onent. ,and sec em cal

conponent are conbi ned. me*‘*"“’atbh%wmes a&fﬁggﬁ] B of e sepon e ci)'grg“"%erei n the
conbi ni ng step conpri ses @&ﬂbdﬁgntaacaﬁmmwmthbhr@stamadoeh@ama,l component

to an anmount of the first chem cal conponent.
(b)  combining the first chemical component with the second chemical

f-P

component to form said combination;

(¢)  ceasing to combine the first and second chemical components
when the combination has a measured conductivity value that
corresponds to the reference conductivity value, whereby a slurry having

a solids content within the qualification range is provided.

2. The process of claim 1, wherein the step of providing a reference
conductivity value comprises the steps of:

(a)  providing a supply of the first chemical component;

(b)  providing a supply of the second chemical component, wherein

said second chemical component is characterized by a ratio indicative of

the amount of solid particles in the second chemical component relative

to the amount of second solvent in the second chemical component;

(c)  combining an amount of the first chemical component with an

amount of the second chemical component under conditions such that the

conductivity of the resulting reference slurry can be measured and such
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5. The process of claim 3, wherein the conbining step conprises adding
an anount of the first chem cal conponent to the second chem cal

conmponent . 6. The process of claim4, wherein the conbining
step fwther wmmlssses the step of varying the rate at V\hlpm-,ﬁ@goﬁepond
chem cal conponent s added to the first chem cal conponent in response to

the nonitored conductiv The process of claimb5,
wherei n the conbi nlﬂ?f’b f@}ﬁrws?%lwa'has&ﬁwm@%w»@tﬂwbngfwam ng the rate

at which the first m cal conponent is added to the second chenical
conponent in respons€ to the nonitored conductivity. 8. The
process of claim 1(dMemhsurihQ&&onduoﬁvitysoﬁheMa‘eﬁaIslumjeeiﬂdini cal polishing
slurry. WO 99/ 56189

PCT1US99/ 09247  (©)  using information comprising fhe ewliuﬁwy MFREREMENESD d f i r st

cheni cal conponent db@mﬁghﬁ%ﬁp{eﬂu%ﬂdﬁ@ﬁ‘ggwﬁgueous ferric nitrate, aqueous
hydrogen peroxi de, aqueous potassiumiodate or conbinations thereof.

10. The process of claim9, wherein said second chenical conponent is an
aqueous sol ution oB-a Imcmefelmﬂawmqnﬂmmmmsmﬁmﬂm assi um

hydr oxi de, ni_t assi,um i odat.e

t et r anet hyl a%ﬁ‘lp% y%l%tg ggnoé?tg%%@ie ‘i‘{?hg‘%‘#gfl%%‘}mb fation a8 the 11.  The
process of cl &irﬂlchgmldél'l@fnﬂioﬂeﬁ&hd sédohd ahérhi¥al omPBhdnt aft@ohibidedS cCoONpri ses
an inorganic material.

4, The process of claim 3, wherein the combining step comprises
adding an amount of the second chemical component to an amount of the first

chemical component.

5. The process of claim 3, wherein the combining step comprises
adding an amount of the first chemical component to the second chemical

component.

6. The process of claim 4, wherein the combining step further
comprises the step of varying the rate at which the second chemical component
is added to the first chemical component in response to the monitored

conductivity.

7. The process of claim 5, wherein the combining step further
comprises the step of varying the rate at which the first chemical component is
added to the second chemical component in response to the monitored

conductivity.

8. The process of claim 1, wherein the slurry is a chemical

mechanical polishing slurry.
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12. The process of claim 11, wherein said plurality of solid particles
conprises silica, alumna or ceria particles. ) 13. The process
of claim 1, wherein said conbining step conprises conbining the first and
second cheni cal YQMHents whil e causing the conbination to PEEPPIP4 e
within a recirculation | oop. 14. A process of making a slurry

having a~-solids contegt i nr&r%%&ggrggfedl&ﬁti%e; 4 bfrgt%g%%caj %l?nﬁgﬁgnﬁg eps -Of:

(a) providing a predeterm rirnwhic em cal
conponent s are t celbaedomiwatet, aquecusenricadtrad, aqueohs njdnages peroxide paghesim
the slurry, wherein at | east one, of .the ch?.rri cal conponents conprises a
plurality of sol PAtasypiQdaer combinationsthgreol. b i ding a reference

-

conductivity value associated with each _ conbi ning step, wherein
each reference conducig.Vvi t'Phe\rbdess bfcldimd, GhkieltBsaid second chethichl @mpdnent
sufficient anount of chem cal, conmponents corresponding to each step

have been combi ndsian aqueensisplution of 28 deastanecondtipnent seiected ffigmy gotassium ~ af t er

the series of cogbini st e i amnl et ed; .and S ) for each step
of the series of Iﬂtg%%fiargfl aﬁ‘gmésjtﬁ%rﬁz‘y&m o, ot niefHE potassium iodef2)

37 VO 99/ 5Gifhethylammonium hydroxide or combinations thereof.

PCT/ US99109247 (1) conbi ning the chem cal conponents
corresponding to the ?t_ep; and | . . (i IH? ceasi ng
to conbine the chenicll coMfsdresssof claim 10, wherein said piyrality ghsplidpgritclss cach
step when the conBipaldsaR ifdasnit AResalr ed conductivity val ue
that corresponds to the reference conductivity val ue

corresponding to the step; whereby a slurry having a solids
content within the qud?ifithetprenesy efredmimiId, phereingaid plurality of solid particle¥he
process of claim 14 .V\,her].ei nlthe step of providing a reference
conductivity val ﬁgmgg?ﬁﬁrsﬁ 163 24rmiRa gt Geria pacies. (a) provi ding a supply
of a first chem cal conmponent corresponding

13.  The process of claim 1, wherein said combining step comprises

combining the first and second chemical components while causing the

combination to recirculate within a recirculation loop.

14. A process of making a shurry having a solids content in a
qualification range, comprising the steps of:
(a) providing a predetermined order in which a plurality of chemical
components are to be combined in a series of combining steps to form
the slurry, wherein at least one of the chemical components comprises a
plurality of solid particles;
(b)  providing a reference conductivity value associated with each
combining step, wherein each reference conductivity value is indicative
of when a sufficient amount of chemical components corresponding to
each step have been combined in amounts effective to form the slurry
after the series of combining steps is completed; and

(c)  for each step of the series of combining steps:
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to the conbining step; (b) providing a supply of a second

chem cal conponent correspondi ng to the conbining step, wherein

sai d second chemi cal conponent is characterized by a ratio

i ndi cat4 ve owaddsemeaount of solid particles in the rRIasaoesren cal
conponent relative to the anmount of second solvent in the second
cheni cal conponent; - . ﬁé}%&? . conbj ning an anount of the first chem cal
conponent with an M 4 ing ﬁiéméﬁ%di‘?ﬂ‘p%eé}tﬁ %esm%&%me under
condi tions such that t - and conductivity of the resulting reference
slurry can be neasured and such that the reference slurry has a
solids content within t(i@® queshsifgtozombine the chemical gemyponents (d)

measuring the conductivity of .the referen slurry.. and ) usi ng
i nformation conprising ?“ﬁés%%‘ﬂﬂ‘ég? Fﬁ‘&?"?&ﬁ%&f&?féﬁ?‘g&P& hafg a meastrget er mi ne
the reference conducti Vidndustivity 9alaé SRE tatedponds tdithe hefefentdédndigtivity '
st ep. 16. The process of claim 14, wherein the conbining step

further  conprises thevaluegorisspaondingtto therstep; wherehna slutry havipg apolidse

conbinati on as the - chgl Cal kO RORGHRafiniabfy T pRSShed

PCT/ US99/ 09247 17. The process of claim 16, wherein the
conbi ni ng step furtber Thopmedssefclainel4;ivdrered theatepiof gravivking ateferahcenhi ch at

| east one of the chem cal conponents is. added to the conmbination in
response to t FENduSHYEY ‘éP""(‘,‘Eﬂr}gﬁsc B §iepsof: 18.  The process of

claim 14, wherein g e S*"‘%"{fﬁ“é ﬁ%@?gwmtﬁﬁlcherﬁﬁﬁl%mp‘égémB%&%Bﬁ&lﬂg.S: urry.

19. The process of ‘cla in at | east one of sal hem ca
conponents i s sel etd the combmungatte;, aqueous ferric nitrate, aqueous hydrogen
peroxide, aqueous Rt ass i O cupply oF a S80ond Hhemida component.
corresponding to the combining step, wherein said second chemical
component is characterized by a ratio indicative of the amount of solid
particles in the second chemical compohent relative to the amount of
second solvent in the second chemical component;
() combining an amount of the first chemical component with an
amount of the.second chemical component under conditions such that the
* conductivity of the resulting reference slurry can be measured and such
that the reference slurry has a solids content within the qualification
range;
(d)  measuring the conductivity of the reference slurry; and
(¢)  using information comprising the conductivity measurements to

determine the reference conductivity value associated with the combining

step.

16.  The process of claim 14, wherein the combining step further
comprises the step of monitoring the conductivity of the combination as the

chemical components are combined.
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20. The process of claim19, wherein at |east one of said chem cal
conponents i s an aqueous sol ution of potassium hydroxi de, anmmoni um

hydroxi de, ferri itrate, potassiumiodate, tetranethylamonjum oxi de
or conbi n'ationé&?%éﬁﬁésc‘)’f. : 21. The process of clai rrf‘fﬂ,"g%ﬁézr‘ in

said plurality of solid particles conprises an inorganic material.

22.  The process of ¢fai NTRelprodd3S6RdlAmSKS, thhereiartaé tdmbifihg SRp ifghtRAr ti cl es
conprises silica, alumna ariceria parti cl’es.' el 2%. The process of
clai m 14, wher ei gomprigesemiefivgryingdhe wtme hicheat leaghage of thg chemiceheni cal
conponents while | . iqgﬁ ? -1 O | te. . 24. A
chem cal m xing §§®P gljrl#% o'% andae‘é?%g’ea S ﬁlrgtrlé/n 1ﬁé€sﬁ§]ﬂ6§e§$’g%§ 0rﬂ(]atgredsol I ds cont ent
w thin a qualifi ¢stduetiviignge, said chem cal m xi ng system conpri sing:

(a) a mx volune suitable for preparing the slurry fromat |east first
and second chemcal c ongnts, wherei.n at | east one of the chem cal
conponents conprises ig& u %HR’PSFS%?{‘SGN @’ Hglf’rﬂ“é"% urry i@ chEmical n the ni x

39 WO 99/ 56]8Ranical polishi
PCT/ US99/ 09247 anie eglllsu%sllusnyédapt ed to receive the chem cal
conponents fromat |east first and second conponent sources,

respectivel y; 19.0) Theproenss eflaimyld whencimap trastione of srid cHeoricahit | on

conprising a nmeasured . conductivity value of the slurr wherein
sai d control systcgﬁpﬁ%%&srlif%%ct%fﬁ?om W_a&’r’ a@éﬁ‘i"? 8‘?"‘%?‘3#& a‘%“S"‘@o‘Wﬁ‘F"&F“t he
addi tion of at | qafdxideNgyuebus foeassibRbdatd or combinationk@R&EsFENt s to the nix
vol ume when a slurry is prepared so that the addition of the at

| east one chem cal conponent can be_ceased when the .slurry has a
measur ed conduct i vit y2%al uEhespeesspfiaimnly, whereineat feastong g aid chemica

conductivity; an : Jo ?gﬁ. in the chem cal
m Xi ng system at %gmponents s %é%ﬁe?ﬁsﬁh@?tgg??%g}ﬁ?l oﬂ’r%ég{ﬂﬁﬁ’g e %ﬁiélﬂlarmunt of the
at | east one cheriydmkide, ferric nitrate, potassium iodate, tetramethylammonium hydroxide or

combinations thereof,

21.  The process of claim 14, wherein said plurality of solid particles

comprises an inorganic material,

22.  The process of claim 21, wherein said plurality of solid particles

comprises silica, alumina or ceria particles.

23.  The process of claim 14, wherein said combining step comprises
combining the chemical components while causing the combination to

recirculate,

24. A chemical mixing system for making a slurry having a desired
solids content within a qualification range, said chemical mixing system
comprising:

(8)  amix volume suitable for preparing the slurry from at least first

and second chemical components, wherein at least one of the chemical

components comprises a plurality of solid particles, and wherein the mix
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conponent added to the m x volume, wherein the at |east one control

valve is actuated in response to information conprising the valve control
signal generated by the control system - 25. The chem cal m xing
syst em-of cl siowséisowherei n the control system further cooprisse®24it | east
one sensor at a position effective to generate a sensor signal when a

desired amount of at | east, one of the . chem cal conponepts i s added to the
m x vol une, and wh¥elume 13 aarted 1 regeivethes Pﬁ'ﬁaﬁéwggg"t%ﬁematmlffm _si gnal
in response to infgtdRkbicontREdtSbitded) MsPedtitelymeasured  conductivity and
the sensor signal in order to generate a control signal in response to

sai d sensor signal (b) acontrol sy3@m resppinsive heinfarmiation sampyismngst measufedc| ai m 25,
wherein the control a first, sensor at a

position effective® @“%‘?‘@S’Q"\%/{% 5 ?‘g&’ Whergin said cohitbl FHsTAIEA S Re of the

chem cal conponent gorftio] sigAfdo béhtfol theBdditiéR lof BHleast one of the cHelhical 2
conductivity probe at a position effective to detect when a

conbi ned anobunt of cormponshtsio thelmixyriyorecowhen dslery iserepersdsedhat e ds
cont ent

.. _ 4
| 1111111 111211 2139908 it atfgast one chefgjal ymponce car be ceased when the

PCT/ US99/ 09247 slurry ha?d measufédecofiBdtivitpalid ¥arBpsndsigRioiiad refdrética 24,
wherein at least a portion of an internal surface of the m x vol une

conprises a corroscomructwtysentht material selected fromthe group

oo oer "I oo ol e BRYNGEH ol e BAPhth prul LOT 21 o
clai m 27, wherein pbsiticoéffeiivemn regitste Hetdniountibfthe ai ledss ofe dHertidal nat ed

pol ymer sel ected fromthe group consisting of a perfluoral koxy. pol ymsr',
pol yt et r af | uor oet hyPapenent addsd to\the &yx ypkwnesyyberein the at least one control -

valve is actuated in response to information comprising the valve control

signal generated by the control system.

25.  The chemical mixing system of claim 24, wherein the control
system further comprises at least one sensor at a position effective to generate a
sensor signal when a desired amount of at least one of the chemical components
is added to the mix volume, and whereiﬁ the control system generates the
control signal in response to information comprising both the measured
conductivity and the sensor signal in order to generate a control signal in

response to said sensor signal.

26.  The chemical mixing system of claim 25, wherein the control
system comprises:;

(a)  afirst sensor at a position effective to detect when a defined

amount of one of the chemical components is added to the mix volume;

(b)  aconductivity probe at a position effective to detect when a

combined amount of the chemical components has the desired solids

content,
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propyl ene, polyvinylidene fluoride, ethylene tetrafl uoroethylene, and

chl orotrifl uoroethyl ene. :29. The chem cal m xing system of claim
26, wherein the m x volume conprises a mx vessel. 30. The
chenmi cal nt xi ng WQ8¥HMO%f clai m 29, wherein the mix volune fEBFT/HEP/09247
conprises a recirculation |oop. 31. The chem cal m xi ng system

of claim?29, wherein e f4q ‘4 Egﬂ ,;,]hﬁ g sel .

32. The chem cal m g?'ng g@iﬁ%h%%éf&g l%\% s};s%g‘c(ﬁtc ar,;g?’n t télﬂkil(lreg&{?asensor_ -i's
| ocated at the r qottiondfah imemblaorface of the mix voRiifne coniprisesaiveniosiah resistantg
system of claim29, wherein the conductivity probe. s |ocated at the m x
vessel . mgienial ?ﬂ@c@rﬁ[mémwmqw%fémugw highmpleadar yHehtei n ¢ he
conductivity pro ' t ikt ' e oop. 35. The
cheni cal m xing g)sytegﬂeg%’aacfﬁ%ln%gap&?ﬁ%%WC%&np&%%ng a plurality of
pressure vacuum vessels operationally coupled to the chemcal m xing

systemto notivate th@8cheFhechemmshponegisysteminfolagh 27 hwehergin thamorrosion
41 W 3091561

9 . . ..
PCT1uS99/ 09247 resistant mategial is a fipgrinated polymer sglected from fhe group ponsisting o6,
further conprisi ngpedluorslicog ittt johRetf@uolobMisd, Hhbrittddhyidner ry from the

m x volume to a point of use. | )
propylene, polyvinylidene fluoride, ethylene tetrafluoroethylene, and

chlorotrifluoroethylene.

29.  The chemical mixing system of claim 26, wherein the mix volume

comprises a mix vessel,

30.  The chemical mixing system of claim 29, wherein the mix volume

further comprises a recirculation loop.

31.  The chemical mixing system of claim 29, wherein the first sensor

is located at the mix vessel.

32.  The chemical mixing system of claim 30, wherein the first sensor

is located at the recirculation loop.

33.  The chemical mixing system of claim 29, wherein the

conductivity probe is located at the mix vessel.

34. The chemical mixing system of claim 33, wherein the
conductivity probe is located at the recirculation loop.

35.  The chemical mixing system of claim 24, further comprising a
plurality of pressure vacuum vessels operationally coupled to the chemical

mixing system to motivate the chemical components through the system.
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36.  The chemical mixing system of claim 24, further comprising a

discharge line for transmitting the slurry from the mix volume to a point of use.’ )

ULk
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