;edem@r< 6 T  CONDUCTI VI TY FEEDBACK CONTROL SYSTEM FOR SLURRY BLENDI_NG

Field of the Invention This invention rel at m ss and sy;‘.tl»e[}ﬁ'ffmz

maki ng -a sl ur ko hsgigy @ solids content w tﬂmm M"lm”m"mmcati ONp-B0§R/094B " €
. o

~particularly, the invention relates to a process,gpd systemthat utilize a
reference conductivity value indicative of when a sufficient anount of at

| east two chemicals are conbi nGONDUCPIVIEY FEEDBACKI t h t he desired
solids content. By noni tehNTRGP SSEFEM FOR SLUYRRY BDENDING cal s are -
conbi ned and conparing The nonftoread conductivity value to tne reference
-conductivity val.ue, e_process and system of the present invention are
able to easil yaﬂa%‘ﬂégﬁlg‘(e&t!}‘“mni tor and/or provide a slurry having a
solids content within a ' el atd [ rnqémqg- e
| nventi on 1% Chem cal nec aém{n?at pol }afééﬁﬁﬁté“?%\‘/{ﬁfaﬂﬁ?%‘gﬁe arll egélgh?i al
process in the Havingucddlids cofitentnitigin atqalificattom tange. QMBre partitdarly, dleess of
pl anarizing a surface, typically a wafer surface, such that it becones
smoot hed and f [1gYentigadelates tRp arqopss andesystem thaibadizs areference sopduckiziy cal

slurry in conbinati.on. wi.th ol I shi-n ad t chj eve the desjired surface
it sh 20" Typi e et pEuRens SrPRoP ettt ik b e RERISAR o ent “and
plurality of solqgnth; KV "tl.h',q],, i i : the CwP
process, the slc%lj;rn?b;mﬁsjﬂb p%?/liag§§{o th?gﬂmgg@%@%gog{éﬁ%ﬂ}z*g,g;tgrﬁ’gg]mved
about the slirf amaddetevityovhilectheohemicalsfare bempmed ahd ngmparthg the mdmiteredanner ,

the particles in the slurry abrasively planarize the surface in a manper
simlar to sandioRguctiatyivalistp the referengs 02935%\6@s@l+esﬂ@é}rweéa%wsw known

polishing rate i 2 j i : snmuch
Bs the qual 1y SEPRREnERAARRAREAHES BER9 o0l aLERuERinb el SRERF BRydT T
pl anarized surfgdery RaviAg 6 6lidsWnedy withi & dbditddiqualification reh. process is
undesirable. Variability in the CMP process can be introduced as a 30

result of variability in the quality of the CVWP slurry. Thus, maintaining

1 4 0 CT 2002 Beleypend 96 tiednvestion 09747 consistent slurry quality is
crucial to i ntai ni ng of -t he. consi,sten of .th roocess and thus, to
mai nt ai ni ngf%onsi st ent mﬂﬁ?’ﬁ@?@?ﬂﬁ“kﬁﬁféﬂf&"%ﬁmg% bfﬁ?mgtanzflssfe,“g%m
Qvervi ew of Cur@%eéss!aﬁa;eeﬁm ioBle'i'ﬁt‘e’gr-EEéﬁr@&ultE! EMp (ahe gﬂﬁ@iseo?’ )

Proceedi ngs of the First CVW M C Conference, February 1996, pp. 13-19. To 5
this end, sl urrplagaréhng y surfactetyprcally ¢ wafei suofaeel shoh det tdesemehemeubed bil ity
that slurry is a pgjor contri bﬁtog to CVP vari albi Iitﬁ. M)L§ specifically, a
slurry to be us afteged Pepergtndae GP PEposss whiizes GREMIFALYMEY 81 | ed sol i ds
content, i.e., i opaent r ati. i LG en slight
variations in syc')%%gg%%nn gﬁ?‘ ‘f:@‘%’“@gﬁ’gé t?jfgéﬂrlrg‘fein@gygﬂegtssluﬁéiﬁxﬁﬁ the rate
and qual it y20f Pepically BBemichl dlerries DidfaY indEWIPr cophpstisk habivetarid ploralinel
stable, i.e., the slurry should nmaintain consistent polishing performance,
whil e al so resi salid)gbrasive paritdasaysadible rethsspivent. elo the CME pragess, thelurry
agglonerate. It.is additional desirable that a chemcal slurry used in a
P pr ocess. sholAARPBES L8 Bryate/ome Lty Zeh RS Howa Rout dos STk uf 9 B¢ eo,

carbon di oxi de, 4j%Bhof fRe ﬁhﬁg‘ ﬁntxﬁaﬁmam@r, Méﬁm&eyﬁ&h@mggfabgk%@rem

i nstrunments and/ or net hodol og ave been proposed for nmonitofing slarry
qual ity. For explanheze thesutfadceannmaantiee simmls to saraling) SDdsrabiyt, yhedCMPpeci fi c
gravity neasurenents, neasurenent of percent nonvol atile solids, or
conponent ad2ay Procksiis cpmied qut aybkravm polishing rate teget plappeizerosusiaces of r y
quality. Howevereghfe Mthi vasrgsety of reasons, none of these nmeasurenents are
optimal indicators of §H‘ﬁ rsy ‘qual ity. Specifically, neasurenent of percent

nonvol ati e sol i ds, whi chIhdkN 85 I RKBRSH AL CMIP bibddsyR@Eerision b equent
measure of the remai ning wei ght of solids, requires application of high

t enper at ur es i ntherqialityt of the plandezadurfies prazhiced fhiersbyneariabndy iretheEMBI e
results.

process 1s undesirable. Variability in the CMP process can be introduced as a

30  result of variability in the quality of the CMP slurry. Thus, maintaining

R
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25 However, many slurries contain dissolved solids that decorrpo‘sge ﬁ ﬁdze
hi gh tenperatures required by this procedure. For exanple, many 8 5$ n
slurries co in_dissolved solids with | ow deconposition te r hat
conpl etely Q@@d’%g@g at the required high tenperatures. As a &t@kﬁ%{(’sﬁ%i S
met hodol ogy often produces erroneously | ow val ues for percent nonvol atile
solids in the AL : 3 ; 4 bes. J.
P Bare, | mpeavEieASLnl Rl it letiniid o gy o e e i o
of 2nd CMP M Brdoestf @idehas to frizkxitaifting cbASistenianieturiBoutpatd Philiposdiry

conponent assays, i.e., assays that measure the concentration of dissolved
sol i ds ( pot as¢f aAlm“Asdaveryiemeofrquerent Issues @nd deture) Trends ind"MP Ceomsumablgs.8d

slurry component, have al.sa.b s jndic rs o | urr ity. The
nost common cg’mﬁawssszgfé&'rszwzﬁ é?'ﬁfé’ef’lc‘fj'l&gf“@ﬁ’ 1909 > PRy 3§E€?‘F‘Pi c

di ssol ved sol | ' g I HERLE ' slurries
contain pr%pr :ﬂg? gﬁiqﬁ nér%"gil“(taynlt S. il’aﬁbrsr’n%ér’rrggy ti o%sgkﬂ coggfnlgg#rﬁfﬁgfi on

i nformation f eluriytieaengbreontrittutdrsto CMPluatabilignd not readily avail abl e.
Wthout 10 this information, the use of conponent assags as a nechani sm for

noni toring slurry qual i torespedifieallyngplury to be nerd i orGVIRIPsPgess phsaddi bl e,
Finally, each,of the propgsed,off,lin asurenent techni ques,necessarily
require sanpl have %th@%f) ﬂf°‘é4?aﬂ°§7§ﬁ"g‘%6pt‘%9‘_ °8‘Fcel"ﬁ8" ?lﬁﬁoz&‘gt uring
process, and hHRiesas Bith ERMditichd iRblidd EBtndr dhf GARE ddnatlc AlafURl T 1Y
15 Thus, on-line nmeasurenents have been proposed, and are consi dered

gener al | y100r én el tatecdridvqualigsofipolishig n is Rathaedesirablertihatithd slomy badi cat i on of

slurry quality. For exanple, pH and density may be neasured online.
However, nei t iftablet e, thesdumy shouldmabap sendisfen pplishing performange, whileopt i mal

i ndi cator of slurry gquality f L et f _reasqns. cifically, the
measur enent Z&Hsgfreéﬁ%& h& t;%rﬁig ycgﬁtﬁgi)hxﬁcyesg%% ?)?u 158 agﬁﬁgg’gﬁﬁ?'a 8% i ndi cat or
of slurry qualadiiitiohally 88@mbleahita dheini@l SRingluded meascrvﬁv,isﬂob&rs_@ﬁaad pgven in
unbuffered oxide slurries, silica particles can act collectively as a

buf f eri ng agemelatively fitee\of coftarmaneinisa forbignpadiclgsiHcaxboradiokidej ioatcor of slurry
health is deersel y. effecé)ﬁ_ld % the limted precision and/or resolution of
nmost pH r’ré er SoppamHnAts and e li%se. That is, standard pH 25 probes are prone
Lo clogging of ‘the porougyaraDGe AR HuinchenfIiR etk ol A BbESFNt 1 1

a slurry. Thus, frequent regu mal nt enance of t Instrunments 1
required. Fur tgrepeset or monRoriiey slindy quality cFomesiample, befHirhnedsuyensents, accur acy
of these instrunents, frequent calibration is required. The measurenent of
density and t Huch esrdensiyror specsfic giamity Bigasusersentaraeasuteasnholpaseed| so fail to
provi de the consis t ccurate indicator, of 3 1 ~~ 0 CT. 2002 WO

501 56189 PC TRSSP BRI ER AP iRenPTt S Ry SeVE e prPRasedp s amd catort

Speci ficaboy, & JiiRrqlalfy- HoRRvereast Wvaieh ofiréasthd, hefhd bF et mbidterhdnts
provides a real-tinme indicator of slurry quality, many analyti cal

i nstrument s araeoptimahidigatars apsleny tjoalan- Specficalypieayrenient bfipemente, as i s
the case with pH neters, other_ on-line instruments also 5 require rigorous
mai nt enance arkPrvalatile selidspwhichapolvasian e vaperaien torflfynass aad sthspqueshd

i nefficient ”%Q?s%?e of th%'rgrﬁxrgi}éniﬁ\g& B J:f”s%hdggrgilg.ietg Qﬁ‘?‘?"a&@?ﬁﬁ%ﬁd for an

efficient, easy-T0-USe SYs Iocess _ areal-tinme
indication of girpefaturddd bidér toptaHEE YheDdesirbe effRYe) bfdrepeatable 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



10 According to the present invention, the above objectives and 02 Hﬁf 200
obj ectives apparent to those skilled in the art upon reading thik

di scl osure ar ewﬁ%/@%n@f’d by the present invention which is draweqagsed/09247

" process and systemtor meking and/or nonitoring the character of a slurry
having a solids content within a qualification range. - More specifically, it
i s an obj ect of sluitiespl e Bure, IImproved tAmlytical Teclmigoefor MétalcESEP StngySyst em
that utilize conductivity to nmonitor solids content. By nonitoring . - -
conducti vi ty onPrecsedings afe2nd GMRMEG &ienfezence Jinboiasnd 897, PRedPr-48%ss and

t f th t i i d pt i | | t
el abl 6, easy. oo use momAdHOr B TBPTALESAE Hel AEASATGERE ity of a

chenical sl urryfo,?cgn{;ﬁ{a%r&*di pnvwgoms%gggsxdrnmaveg?erﬂ&%a@é,rea:ﬁnrtﬁé.erence

conductivity value corresponding to a rence slurry having certain
desired charsct esncehirated sleng.compbaénchaveialsbibean usedias aidisators fof wineny
sufficient anounts of at |east two chem cal conponents have been conbi ned
to forma sl urrguality.nTh:mogicagmraen sompenrsnt ass#y, is 7 offaling tigattondaptheonponent s

are conbi ned, and, . n the 25.measur.ed nductivity of the conbined
component s cor + SO elvERRs I BRAEE PRI T SorbmelriinGRatater 1 s
ready to use. | gupi&f@htaffpRphRedymBtdients) Thad Rk pokitibh ¥nd Sonditch@ded as
the at | east two conponents are conbDi ned. 4 140CT 200Z WO 99156189
PCTNS99/ 09147 Finfoamativplfor thebeslpmries éssotdhowh engpnetsreadilyi avadatile oWitteoyt be used

to generate_ two-conmponent slurries. In such slurries, ane of the
conponent s, 19 . e this ifermationc teyiss efieompensntassayy ag 8 mechanism for mpgitorang vent

and the other c o . Se q i d

ol vent and a pruPSeRyy g ten@ind i HRErTRON Habos IET Findflz, BREPRL", oy e
i's provided i ndipgaios¥Eof@flinetifsastrehiehtiechtiqiineddssarily rdqufte shrplingagt second
conponents have been conbi ned to provide a slurry wth a solids content

wi t hi n t he qual isabseguént analysig eutsidieof the manufanturggcpradessandshesde nat e t hen
conbi ned until the.conbi patian, i.e.,. .the blended slurry, has a neasured
conductivity valPi&V ‘T’l%lfeagﬂm"égf)‘fi?fﬂgofﬂuﬁﬂuﬂﬁ"r ef erence conductivity val ue.

0 this manger. a SLUrTY haunG relRslaRtha e ealipludicanl guced. | The

process of t sent invention iIs also surtable for e preparation of
slurries conpri ongjdéred genaraliymore athradtivepas provighageing desirkd réaHtisnec nbodi ment
of the invention, both a predeterm ned order for conbining the 15 plurality
of conponents, dsdigatian ofslugry @mlibve FQr examplecell and dersity geayitsrmeassred i ni ng

step, are provided. re specifi &AL, ined er 4s vided in
wni ch the pl ur any HPeSeh el e oprB ZBRShEl A% pRYEEln bRty
Then, as each cQABicRLNSE SaRP qhdlity BrfDFRE) of réBok0 IBHREFTARY, 4R¢ RERPAHAERY t O
each step are conbined until the nmeasured conductivity 20 corresponds to

t he referen2® codfdpidtofia chemicdl shirygpanettbednwceunate hedicasomofislyrgy guadity forhen

all of the conbinin t have heen.c leted in thjs..nmanner, the
Cesultant sl urryoREEGADY AP Eer A BuTIs P haIpieotyen 1B JAPHEAEQ oxidh shihes of
addition of the g L Si | i (@R y be
varied in res ponésﬂgé%i%;ﬂes %@rggg%(gheggﬁﬁ%yhg%gh‘ée%ﬁﬁ%bgg’p ﬁ{etﬂﬁfemgﬁtgirgt?i on
may be sl owed aspH lagamiriscat@bfclundiladalthiis advapply effetres by ki litited pieeion

conductivity value, and ceased when the neasured conductivity of the
bl ended slurry ctd/agpwhiion of mest premetesnwhencusadigatling; fpatigy siandaghpd, | n

o roal Lt o2t oo R E Biep cRBsBeRETREplont pBRF FRE e PR Bl ol ng
chem cal sl urri egarticledpréséhttn 4 sSKFY2 THRs I qRbrt 3t MBRARKARE L these
mstruments is required. Furthermore, in order to ensure maximum reliability
and accuracy of these instruments, frequent calibration is required.
The measurement of density and the remainder of on-line

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

3



The present invention also provides a chem cal m xing system fgr mninhfri ng
and/or making a slurry having a desired solids content within 4

qual i fication ran Generally, the chemi cal m xing system co ises a. m X
vol une adapte 01989‘?6‘@%& ve at |east two chem cal conponents frgﬁi)&%&?’@&ﬂ
first 5 and second supply sources. Additionally, the system conprises a
control syst emyhatubify HESHRANA MECMP Sroe@RIBpEATLAYy, ARASHEIFSRRAe Of the
resul ting conbn.lsng?ﬁgnﬁgs tﬁg conponen]tgrs are gdded %/yé théﬁgm'x vol une. More
speci fically, hieswweanentds ateuctiverinitisat Gieprebides atealieines midicagrafshwntyr ol  si gnal
in response to the conductivity nmeasurenment which, in turn, controls the
addi ti on of at qualifytmanyeanalytical snstrataniseare 1ot easty edapted tq en-ine sampling| une.

In this manner o V\Een t he copbi nati.gn ﬁf cthem'téal cgngon nts, i.e., the
bl ended sl ur ry FURBEMOre, a5 IR HIE cg5e {tk, BH RCtets, PRELARENR NSNS 3198 e ence
conduct i vity valjifre ragBfoudtitinteRhcBlnd BEliRbSERSpepitfons RelleAiRk tATBAGNT i
ceased. Brief Description of the Figures 15 The above nentioned and 0t her

advant ages of theéineffasemmethodsnffishuny momitdring. nanner of attaining them will
becone nore apparent and_the inventi oa itself wll be better understood by

reference to the fol | owi hEusIBEs isiinesA for an efficienh sasyriariae gyptemand nvent i on

taken in conju i L{ih 1 Ng: 1 erein. 20 Figure 1 is
a flow diagr am%g cegsncra\é%lélgsogﬁﬁﬁ @%%?%%‘ﬁ%@%%ﬁ%?gf%l%r%aﬁtgl ng a slurry
having a solids content within a qualification range in accordance with the
present invent iSufimMmtydfthe PAvéntion Jr aphi cal depiction of the relationship

bet ween conductivity and tinme as nonitored during the preparation of a two
conponent 28 slurry proddceatdmgdothi prgsens investiomphe sboneoh)ectives andethenf

Figure 1; Figure.2B is a graphi cal i.ction of the relatiponship between
Conduct i vi ty° ameri v appauiBbs e lER A A o isacing Bis BipPete
conponent sl ur ryai i t Ohi 1 K f Figure
NG o R S T T K R s S

depi ction of a makisiaid/ofirhyriteingdke claarhaat ofcadluty haviag acolidecortergure 4 is a

di agram of a representative chem cal m xi ng s%,stem capabl e of producing a
slurry having avgun payalgfinetienrange: Meorespeqifically, #4s anabicr afithe presertccor dance

ith th tod ti ;4 Fi 51 i al. -sect ] l. Vi f
B err o dSno beDPE P b0 bGPt P Bt bl SRPEBERLIGPSh, o °
8 and 9; Fi gur &ofidd Sorferk! Bg'&&ﬁﬁﬁhg_’&bﬂéucﬁvﬁ{rQﬁﬂﬁ\@mwﬂiﬂﬂgﬁh&ﬁﬁw ol (PLQ)
system for operating the chem cal m xing systens shown in Figures 4, 8 and

9 in 10 accor danoponeith, thépropessaadtsystemaditheopresent invention provide an

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.



Figure 7 is a flow diagramof a chem cal blending program executiefdypy ifhe
control systemshown in Figure 6; Figure 8 is a diagramof a second

represent ati veyghidiged! M xi ng system capabl e of produci ng a Sheynigheldddh NY

a solids content wthin a 15 qualification range in accordance wth the

present invention; Figure 9 is a diagramof a third representative chem cal
.m xi ng system capabl e of Fprexdngleghapsicessrof theapiesentaneantion snaydetused toni t hi n
a qualification range in accordance with the present invention. Detailed -
Descri ption of SeRdaietwoompenenishHTIae ninsush siprdes RRS f thefomnepenthd.-epesent

i nvention descrd hed | o [ I Nt t xhaustive or to limt the
invention to tﬁéﬁﬁpg&%g%rwfgpﬁgﬁﬁ%%% %Sgeggqﬁ'ﬁt s‘(%ﬁ%%f %@%ﬁ%ﬂg@&gﬁ f‘ée)n L,
description. Rafdagdnd dienmeRd LompliSesd RcoiiPvent BAd dPhirhlity @4 sSid t hat ot hers
skilled in the art may appreciate and understand the principles and
practices of5 t hpartjmiess eénteferaneendandnctivity vBhe ip pesaded indicative ofwhapr esent s an

i nprovenent in mpnitoring the quality of apd/or producing slurries having a
sol i ds cont ent Sﬂfﬁq*ﬁqﬁaﬁ‘°ﬁﬁtélo§ﬂlecfg'ﬁ%‘f¢§°& components haye|bgen ppbmEd Iy has

found that by fW%?Lgﬁfr?réiﬁI g %&%%oﬁ%ﬂ%ﬁkln%{a%u&ﬁh&ﬁ%)k @Q\&%@F’li}ﬁq}rgf when a

sufficient anoun em cal conmponent 'S conbl ned®w a second

chem cal conpongdisectnd compoderits BreGhdn 26HBINKDLARY the LethbfaliohSH/ 189247

moni toring conductivity during mxing of the conponents of a chem cal
slurry, slurri ddersizd shheryphaschmeasurgd ¢ondugiavitydealusothatenrrespondsito thee

qual ificatign rapge. Additi.onal .conponents can ke added in a sjm/lar

fashi on. THY priEtEemice ANV VEIHE s PGP AmET, Sy bating Adesed 6 hat ar o
capabl e of easi ﬁw;: tely 5 nonitoring and/or producing slurries
useful in appl iégé%e?g%sﬁs ergi n areal-tine indicator of slurry quality is
desired, e.g., as a cheniThelprosehenihepresend insétivg ipalxosarablédorahé ageousl y,

the process and system of the present invention offer a higher degree of
resol ution tharPreparatan ofislyvigs pempisipg threger merg ehemiea) comporentsi his, t hat

rely upon pH or_densi [V, r t For_.ex e. typi,cal pH
nstrunent 5 carcREape B isipYERRHL BRE SrsapBiv RE BRIt sor e GROMss 1o o
change in s i dslufafii) &Monfonént8 XsiwelPak Hreféiendd didvciie, Va2 fér kicha t ungst en
slurry. Additionally, although typical densitonetry instrunents can neasure

changes i n denséambiningGtepparegrotided. hMore specdsplindspredetarminedgeder is 15 sol i ds
content of 0.16% gn Oﬁiﬁ’?'e sl urrha d 0.75%in a gungséen slurry. In
contrast, a typPe¥ided shwtichithe plprality gEcompongpisare do b samhwed in g seipsof i vi t y
of 0.001 nS/cmi.p.a i de . 1.1 whi ch
correapont t o warTR, &%alh Hofbirile el petfb i LSRRG,

respectively. Tegfeapériding t0such Steplage Eombmed uniil the WiBuiet @padudigitan oxi de

slurry can result in an 20 inprovenent of up to as nuch as 700 tines better
resol uti on Zhancartespondstta theaisfasensy copduatiyity yglugassdaiated sifh theicombiningenent

of up to as much as.900 ft.i bett.er resolution than that. at.tainable by

moni Lo ng_ ph. - Heb 2 e all,of e St Bing opauire Ry etiialeledin s Bienteiniieosol ve
smal | er changes dspdn Sluf9lit adg ANt of a blended slurry than either pH or
density neasurenents. 25°Figures 1, 2A, 2B and 3 schematically show how t he
princi pl es of the presentlIn prefented embodimées, uberht¢ of addifidroof thedbmpopsnoduce a
chemcal slurry with a solids content wthin a qualification range quickly,
econoni cal |y, afeMmBRsing apPualityof eolutrarngley meydeyargd in FRsERMRELAENt s rel ati ng

to the condygtiyj : ¥ - | NGJ f esent
i nvention aggs héé’/\'/%d\)ﬁf:{rg'l 0Jﬂ I gtér%és&{’ll; ‘P;%\?géﬁuéﬂgwgmaersgb?é‘g% ﬁ‘)?’ 1'Jj'igr}gllnl%cabl eto
on-line usage, tHRIURLGHEIPpréaches 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.



140CT 2002 - WO 99156189 PCTNS99/ 09247 invention may be i ntdrigdrmled
into feedback control systens and net hodol ogi es when preparing slurries for
use m. e.g., ] mechani cal polishing processes. The pre i tion
may al so be Ji@g%ﬁﬁ ine or off line for quality control pur pgcg@@sstg@\ﬁg sure
that chem cal slurries being prepared neet desired 5 specifications
Additionally, it will be’rHﬂg&a&kmnaaﬁmsoi}amésch[bhw&lhﬁkﬁglsgaemoﬁ gures
1-9, the process and system of the present invention are descCribed as . -
addi ng a secomsionwonrghamt/ocmaking aishgrehaagndesied selids contknawithiral i ty of
solid particles to a_first conmponent conprising a first solvent, the ,

i nvention not aplificatiomrangg. Sieacraly the phrsnieal IxRE systenhenTeRrISeR a MY or der .
This concept is,further illustrat . EX les 1 and i n | C he first
cormonent  conpralith gazpe el e ftatbs SHARST comRBtectiatin Hishdainne | e,
the conmponent gonuEhsd ROutba |Adifbna0) the PR IcLhBRsS GrfBPgisldntal | V.
Figure 1 illustrates g%‘?’él ly, by fllov? d|9’agra 15c10 , sa prgcesgsysaccordi ng
to the present thanisesdpomsiveyto aitonductivitymeannpaestdf tisd tesuliingraymbmafio aed. As
shown at step 102, an anmount of a first conmponent, typi caIIK conprising a
first sol vent,the cgmponentsare added by thegarcyolume. Mpre spactficallyithe ponttpde. The
first conponen{ is caused to recirculate/mx throuagh the mx vol at step
104, i1t et SRR R s bl st Hamie M EondetiiRy
recircul at ed/ MnehretBRt WRIRHURtLM, Edntidls m%aaaartﬁila ot RAGWRe JF el PRmidp. | f

t he neasured conductivity is substantially equal to the reference

conducti vi 1§ vebmporfstem the®)ix vblumes|lnrthig neamen vehehithis camsbinatndn offi t hi n t he
qualification range and is ready to be used as, shown at step 110. If the
measur ed condu€k§micalcqrapnsntse el etbger\dﬁé shigive haseondbetirayevaluet y val ue, an

 plurali ty of ‘OB PRGNS e cierBcTohty i VAR B afaRoR BE G SR 2

104- 108 are t hehRemhRAE&SAonent islcehded. 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 nore &Bsigfdeseriptiontofithe Kigures a siurry 30 with three or nore
conponents,is to be prepared, a predeterm.ned order for 1 4 OCT 2002 -
WD 691 56185 PCT/ USo0! 00247 BAES ReRioIeAg Aiver oy ghtages S s aners steps is
provi ded, as WedJenfidn Barldethe nBMAEr FOMAHGNG thehn Wil lbeSorh@mo aFeR R dHHRY
step. Then, for each conbining step, the process of Figure woul d be
carried out. Thatentien itselfmall bebettGtindecstdotibyakfdrenperte the folbodvihgsi npl y be
repeated each tine an addjtiopal. conponent was 5 added to the rgqs]ul ting
slurry. Fi gur e dgscriphioncofhe embodimentsaf shomyeniontgken wigonungtiewith dhe i ne

accompanying drawing, wherein:

20 Figure 1 1s 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 1s 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 1s 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;



for the process of the present invention illustrated generally im Eiggpr@zl.
Initially, the mx volune is filled to a desired |level wth an anount o

di luent (step e diluent is then caused to recircul ate/gdpmy h
the m x 10 volvtaj'grré;/f@sltzgp 104) and conductivity measured (step 106).§9%Jb%*gg
this period, curve region 202 of Figure 2A remains flat. Once the second
.conponent is caused to fI|FgareBtiva graphical depiofionaf alcohdrietivifyAolids contapener al | y
steady flow rate, the conductivity steadily rises (or, the conductivity -
coul d decr ease,cahbmﬁmplm@e;on the nature of the second conponent. For

. purposes of illustration,_.however, . .the 15 conducti vi hénvm | 1. be assunmed to

i ncrease when the second UBWSSHS Adigstam of a fepresentafive cREmiCRl IXINENSBRe second
conponent is i ndbbatel g&gﬁ hirv b bitd etglgn onent is
st opped (cur veruraég?llgr?f f 4 .Hl&l%}emxjt%e%%gvgﬁdsgﬁg@rsﬁe‘ggﬁa%c npgﬁ%{nutﬁphas
stopped, the& caoaflgein ascondade viithethbpessethventionf y renai ns general Iy constant,
and thus, curve region 206 is generally flat. Preferably, the 20 fl ow of

t he second component wi | | Fiparestipp partial\gress-seqiionatiew facdrefonerd eandyetivtyof t he
bl ended slurry is, sub ially.equal to.the reterence conductivity val ue,
y axis point ngpb‘:FFlB%f’%r}lﬁrélsgHﬁ%g%g?eﬂso%?ﬁé%‘r%sufvgmggo of conductivity
versus time for the proceg; @fs'ggbio@gdaﬁé}dléfray irhimbBd SO (FLponent s
as descri bed 25 above vvithﬁlrlel alti on to Figure p1ra.5grPri or t%gq"%%e gdgji ;Uiygn of a
concentrat ed sl systesn fooopevatmgtthe ¢Heenicabmixing systeosdhmin ni Riguresd, Badénds t o

curve region 210 and is generally flat (Figure 1, step 102). Once a first
concent r at e s #cpidap thepresentanNsadRN.t o flow i nto the mx volune at a

generally steady flow ratg. (Eigur . . nductivity stqadily
rises until the addition g'igg{ét@ggglﬁévedﬁ a gé%%%g@%%ﬁ}eg&g%#ﬁomfx?cg{e eased
(curve region f),ecbﬁmn@ygté',ﬁgﬂﬁninqw@r%;th reference 10 140CT 2002

WO 99/ 561 89 PCTNS99/ 09247 to Figure 1, the addition of the concentrated
slurry conponent is ceaseHigore®istadiagram ofcy sedorsdnepiesernitativieychemicalibssiagt i al | y
equal to the reference nductivi.ty value for the ste Fi.gure 1, step 108;
Figure 2B, y- ax?y§t%F?'Ra%g°Z%]Pr°éf‘FFé"%? SHEY a§‘|“ﬁrars9‘?ﬁiss°°f‘ %Wé "bhed to

reci reul at efgn Xol QbR iPhodokdicd GifihEprbsent ifi@nddit) during whi ch the
nmeasur ed conduc?|V|ty remai-ns generaf y consPant, and 1 us, curve region
214 is generally flat. A Fiaendicodiagahr 6f £thirdlreprésentacinp oh@nicalixingen be
added (Figure 1, step 112). As the second concentrated slurry conponent is
added at a genesysteny capable efprodugies a siyey benmg@solids gontmni withibeended sl urry
steadily rises unti&l g.lo t he addi ti%?’gof %rl}g secorgd 00ﬁcentrat ed slurry
component s cedSHIGEHAP FahBedn ASGPrdanss With tae RISt INVEPHON. 4 i t i on of t he
second concentrated slurry conponent is ceased when the neasured
conductivity i spReiiRd Déctipfion 6f the ProRrfed Embbdiieats val ue for that
conmbining step (Figure 1, step 108; Figure 2B, y-axis point 224). After a
period of m&ing during whielsmbodimeamntseafithe pragentimnention dessohethbelow ate S added
(Figure 1, step 104: Figqure 2 curve regi.on 218), a third concentrated
slurry ‘conponenf‘%fé‘;‘)e%i@gé?iﬁ%@a‘aﬁmf% t ﬁﬁ’f‘tjth&é'h"(?ém'}té’ttgﬁpﬁclff’ 9 nponent
is added at a g tor UR kb M ; lting
bl ended si urry" o TIOEt xR oA APhng Blafled WRrBRBEU SIS h cbolitferk B, | 0ot
the third conceshosencthddestribedconhaotiers skiliebmikelart agbpprebiate aridhe addi ti on
of the third 20 concentrated slurry conponent is ceased when the neasured
conductivity i subgersiand she prenciples prdpractioss @f the presept pEgniionf or t hat

conbi ning step (Figure 1, .step 108: Figure 2B  y-axisS point.226). The
princi pl es %$ t he present ﬁ‘r?\f’g?ﬁeﬁg‘lﬁv%%% 1{2?’&@%‘&%’%8&”?98“&“&&%‘?@?%% with
respect to one W@q@m} Bf EPAYrOBinDSluties Habing aRBR@dnbéRs Svithbn 1 1Y
containing 12 weight %+ 0.3 weight %silica particles. This kind of

cheni cal sl ung igealificaion rasged Specifwally, Applcentdesfamnddbattbyprovadinges. Such a
chem cal slurr be forned. on demapd b | endi ng_a. concentrated slurr

conponent (g. g?l,"eg%ﬁ}ﬁcﬁf°m"é‘mty§P‘|“F¢'P£R‘iﬁ§‘f‘%i°2V@§“%ﬁgqﬁ!f§6ﬁ‘§°B@t§ fighn u. Y
hydr oxi de_(<1% iy UGl 9bmiSGhlnt SOIHBARY witR aSeorld chihicaP ERAPGHn: £8P | S NG

at least a first
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[/ "f VU~ LWL WO 99156189 PCTNS99109247 sol vent, e.g., water, in precise
anmounts effective to provide a blended slurry with a solids cont&t(Gd% 20p n
the desired qualification range. Wen bl endi ng the concentrated sl urr%(
conponent i iM% t rapure water, the conductivity of the HFEHHER 4 ry
will tend to increase as the concentration of the concentrated silica
conponent, an t i : b j .

concent rai ed STorAsme aRaRi BBl kikhe UL R TANREEL G, | o
wel | as the salirfiss canbeptbdudet wittea bolaisdedtent within the lqualificiiohqagi@crease as
nore of the ultrapure water is added to the concentrated slurry conponent.
I n ot her wor dsAdditienal sauipendnts gap heraddpd irbd similag fashian: yThesprgseng invention
characteristic,that is related to the solids content of the blended slurry.
Consequent |y, PHEGioNids ABrEHS B RIEm Bt e SO DILo LRSI uaRa SRR, o o
function ofs t %oﬁ%rix%n%%%ﬁucing% Qé‘déé?ﬁl'i}{:lz\a}: 1i£§tioh£‘§zh’%fe?ﬂ%é’al-°t{?‘r€ ry may
be nmonitored as an 1 direct way o determ ne n preci sely enough of the
concentrated sindicator 00sRANqBalith Bsddsired) exfldaxch éheniibal rhiédhaniedl solishingr t o

provide a slurry with a 15 solids content within the qualification range.
| ndeed, if onePRe§s8. to determ ne the conductivity for blended slurries of

at least a first conpone and a second conponent as function of the
solids content in the re&éﬁ@%ﬁ?‘“ﬁfyeﬁ}be ogfsﬁraf‘g_,sysﬁ?{gﬁf ?%‘Fé"ﬁ%é"vﬁ_&r‘%"i n the
form of a CO”dHﬁéﬂaVﬁi%Nér%Bbﬂeg%ffé&BﬁfﬁBhtﬁeﬁ’]étﬂfef?:ﬂ QVaifabl 6n-BRO nnifbhiggr e 3
woul d be obtained. 20 CalTbration curve 300 alTows the solids content in a
bl ended sl 10 r ytetlnilpeesqthatielyupmng it as dénsitdmiety measreaentso dor @gamplegduct i vi ty

for the blended slurry is neasured. For exanple, if a blended slurry of the
above descri be@¥pral R inmpmsAtscan Measue charBes hpbrafranngd , Whiehy ni ned to have

duct i vi f G i i.on ¢ 0 hat. .t he bl o5
st have a soffiEPRMREneRaTecbRoi it B BN ¢ Bigh M BTt V) 1y
of a bl ended s|jH fiMghten Sk dAJGRIONEIN, althb@Stybie8] drisEMBIrG tstlundelf dahesent

invention to be incorporated into a Teedback and/or quality control system
for bl endi ng cineasuretchaiges midessityFefi0.8&bgmils, thisicgmesponds hwashange ipr ef err ed

enbodi nent _ of a system 40 r .preparj ng chemn o Slurries having a solids
content wi 1hi noaidsantont e | ¥ i 5 BRide ey a5 3% o tsstens oy b o
PCTNS99/ 09247 General.ly.. . i Gl ' 442 whi
conprises m x vesseﬁa °§§§@§8?&’2&#"§’? icﬁﬁfegg%r@ﬁgg@ §§§F%%A%8W ﬁft her
conprises at | @91 m$/emlinandxileShepnst GOLircefunghtes BRiFyOWhich eofrespontiso (€. 9. ,

di l uent source 418 and concentrated slurry source 424), a control system
436, conduct i viarchangssiosblids contentefi0.03Veand 0801 Y% arespestinaly. Aherefarsnt r ol

system 436 responds .to infornation conprising the nmeasured.conductivity of
the conbi nat | o BHOEBRSUTLATEDANEEERBRARE R BSHE SR TS A8 cont r o

bl endi ng and dehprReheRl oftipth BY nfth as YOO Gnfl ®ettér reddihidion HahiRAlaraRublee 418
(i.e., afirst conponent source) is fluidly coupled to diluent inlet 410 of

m x vessel 402 bgynatifoniapdessitypind dn imgprd@inert ©f Theo A muchfas 8D0 neres bettéro i x
vessel 402 throug supﬁly line 420 is controlled by valve 4%2.,Cbncentrafed

slurry inlet 4Zeoftigndngn thavaiiinableRynpentorngeils ééyw;u\worl petrelytbasehn
1 ne 428, Pl oW slanGOpcsital BhEAsabE LhidrEnlnb &Gh i o RBnteht'Se £ piEndc

controll ed by valve conten of m are recrrculated by
punp 432 t hr ouglurfyaBihn either pHOST dehsiey hédsupdiflenits X vessel 402. Recircul ation
line 428 has , 15 intake end 440 and di scharge end 438 coupled to m x
vessel 40225At | east a pdiugureml,@A, 2B and kschematicalivashovohowitie ponciples 9f 2
preferably

the present invention may be used to monitor and/or proauce a chemaical 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
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conprises a corrosion resistant material, such as high nol ecul ar Y‘Qi[ﬁmt 0
pol yet hyl ene, a fluorinated pol yner, polypropylene, conbinations thereozf0
and the like. Wooesfikef erably, at |east a portion of the interpetrnsisobage
of m x volume 442 20 conprises a fluonnated pol yner such as a

per fl uoroal koxy pol yner, pol ytetrafluoroethylene, fluorinated ethyl ene
_propyl ene, pol yinventionamayebefihcarpoxieed 1etorfpedhack centralf systemsent yhetihedologies
chlorotrifl uoroethyl ene or conbinations thereof. Ligquid |e ,eJP, sensors 434
and 422 are at VB! pepHingslurpes foraise ), efochemical meg a‘E‘Sa‘dE’X‘é B8e a sensor

signhal indicati A - I
components. o, Proodises At s fitb Al A dsobe fied GPfihe eooinell iy
from conponent Woﬁ?\nﬂgébs td efsube At bafifalsturfitbéifs pRipafidmedtidebifdds

manner, the transport of diluent and/or concentrated slurry to mx vessel
402 may be cont speeifieatidng control system 436 in response to a signal from

R e B AR bR S T AR
. di 247
the transport ofydidsuetine decestaBydent of A2 1HPR RGP RCENGRRY

concentrated slurrg an en Ssturry mmXx vesse

control l ed by coddif@h s&x¥id 8ofnfiSient BomBaSRE & 8edondBobiealand & pRIFIREBS §ilid}53.
Val ve 416 connects concentrated slurry inlet 426 to recirculation |ine 428.
Val ve 416 is | opatields tore figstcomapenent compriisieg 4 fisst sekveate theninyentiwogwit sd02 and

t he suction, side of ,pu 432. Val ve 4l 6 scribed herein is siml.ar, to that
i st osed 10 U Bt Bl e sogpongisy may g sffetingey osdar i toerkt ' itbor at o
herein by ref er apgRare by ERBAbIL $Enk2 iR i RELUTRbrisnh fikn t O
reduce dead spots t%gt%an oif)lrf?er\%nselr eskﬁﬁm?n %u%g@en%t@quanﬂtmﬁ?%)éeg}sgf
concentrat ed sl sslwght id atided b thegacdnd dogpoatnt, eathe ovpSasiR comPesiag iabed

above, control system 10 436 further conprises at |east one conductivity
assenbly 414 i ngby@ty of sohg resifdscti vi ty probes 414A and 414B in
recirculation line 428 i arald e drayl.j,c circuit het n.m.x vessel
402 and val ve 416, Thus, VORARePITealy HPURdd fepiésatperel T Al Hideric
conduct i vi tysof jphe ;%é‘é%gS&o?diH%Edtlﬁ'p?édéhﬁh‘v&ﬁi&an&hrH Bvo/nkiBheit? 2.
Conductivity probes 414A and 414B are interfaced to control system 436 15
whi ch is responsiuny may telfermserh dis showint 3t step 123 sniaswuby ofa fitet sompdrennd 414B

in a manner descri bed further hereipbel ow. Conductjvity probe 414A, which
can be identi caW@ﬁﬁF%Egs‘H&&&m@?ﬁ’ﬁf‘t’ s-&:sieml@&*r@%y,a@m&dawéwng

Fi 9) is d [ bed i ' i L. Figure 5.
et or 1 ng. now ¢GOS, ribedtsiohiboBbatichalica i e EGRARERSMNTEHSE, 01
housi ng 528 f or RBRnf at B¥ep.1 0B VRFhity the finclcoffipoaéntdbr brRAHEd slafry) €ongimuésxsi on by

t he bl ended slurry. Housing 528 has a generally cylindrical outer wall 518,
and t aper ed2@nd bgasdirsulsred/mxed, the ggnductivity tsgneasured gs| showneat BispdPAg I the

i | ati [i 428, 82S. 928, . T t f t teri,al,.f whi ch
housi g 028 1's. FRBRIELFRRTE: B SSLTMEHY S o B el sto S art iy
tend to mnim Z?stElp?OﬂoihE%ﬁfr}yq{thfsoﬁassc&ﬁerﬁ%miﬁﬁ'\eo diffRati ' SinB8 aRdist he

bl ended slurry flows therethrough. Conductivity probe 414A i ncfudes a stem
504 ext endi ng t hrealygh baussiuastshognpt sigp 30Q.. Ifithe Meamgred lcongdiddinty $s netleqeal or
ot herwi se secured to a T shaped .opening 526 in hgusing 528. Probe 414A al so
i ncl ude a sensi g thedaterengs conduckiyity ¥ajuganaraeHnt 0f aREeand FomneseRy tpsally
Sensi ng head<506_ [ s _.annul i . . s . i 08
axi a1y ol Ghed EREPRS BiondhoNARE B pRP T plF ANERL, 19BERLIY hE

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



14 140Ct 2002 WO 99/56189 PC TNS99/097?st7 528. Bl ended sl qr%gcf Izm\n ng
t hrough housing 528 therefore flows through the central opening 5 0

probe 414A as\%ﬁ!){sm robe 414A al so includes a tenperature ser}%qyus@,@”\gdpi ch
is coupled to control system 436 to provide a tenperature signal
representative of the tenperature of the blended slurry flow ng through the
probe 414A. Senrgmbehiigak FlRfalANEF Sonfpined steps idsrotidledess vasll & rdefdr@weal uni t
from PFA, PVDF or other corrosion-resistant material. A pair of coils 512
and 514 and as<soodudtoutyivelne for eah dombinisgestep. Theikifgueashombimiogstepttbed from

stem 504 are enbedded_w thin head 506 .and t stem whi | e they are being
mol ded. Coil s ?I%eEEOEﬁd@“B%Lh“Qﬁ‘?B%ﬁH“F%Q% aﬁmstsa%h%ba%@%i b ‘ffgad 506.
As wi th housing,: : ihal ich stem & are
fabricated and q:tlﬁ'é §sl IT‘%Q@H %&l&ab%erg I:%a?&i %@é gpr(':eo&rpp%ar@ %‘s? ?%&lﬁ?ﬁ%ﬂ%\gg{s he

col l ection gf gadedtdieessubtihgéleR9. 414A as the bl ended slurry flows through
and by probe 414A. Control system 436 used to control the operation of the
embodi ments 15 of the chdiigual2Arshowsp plpied nuryh 800 of nofdugtivity versus time
illustrated in re detail .in Figure 6..Although operafi.on.of control
system 436 wi | IfopedEqesss phthegresent wventignd UGS BSYe o1t he

chem cal m xin i i dakibad . at the
same princi pl egng%ﬁg,gtg’?g{]?\yéldvrﬁ T Pfg%ﬁ?/%tdgkl%%del%‘é%ggf %Heﬁﬂgﬁrg%?? ﬂ%&{ghem' cal

M Xi ng systens (sepwo2).nThe dilieds iSthan Gaded Edrebircii@ix thvigh e mikSt em 436
i ncl udes m croprocessor 602 and associ ated nenory 604. Conductivity probes
414A and 4148, wiume(stepE0D@ndaopduetivily measyred 4step 20&)e M3wmg thsdariehd 516B

t sh , interf d ' 02 th h ti
fnal yzor o B0BA SLE TSBINE SULPVREUETH PRSI, Ippe e SiPas cPApORRLiSe ]
o | g . .
irectly tot ecf%&{ ﬁm&w S te ﬁa%?volﬁﬂxggglﬁﬁ %:11?); ét‘"aaé*ng@“gﬁ%?% ﬂ’tl&‘\ﬁ ][é%,tthe.

control system rough a term nal repres ormati on

i ndi cative of cenductivin steadigtrizes (drsthe pondiesivitg onild decreadelidspendicls oh the
slurry blending control programis stored in nenory 604. M croprocessor 602
execut es the cheatireaf the sacapd comppagnty Foypuineses of ifustretipn hovevernthe

consie 1 Sy B RGO Tk AR e
and cl oses val vRohkRe tithe/tRStUha@sEcohd combofierit ignﬁia:f@%dm&%/tﬁém%on of

PCTNS99/ 09247 the flow of concentrated slurry intdo mx volune 442.
Al ternatively, theseapdomaysmentidtapped (ueve wegibncd0ds3.e Onae the floof ther equl at e

the flow of diluent into m x,volune 442. The chem cal,K conponents can thus
be quickly bl entfSand GOMRENGIL bias éfepe%g*&ﬁqngp%\ﬂmfttbﬁ blep "%rﬁllaagﬁeg@"@r

accuracy. 5 As ?;3;3 i i v bV |t 4B are
interfaced to crg%%ggsogggg?g%h%ﬁgﬂ&gﬁg ?/éz/lesrg\sé “gfrg@g?%}]f%@gﬁw thel
respectivel30 Aflew\ofehé sézofidcamponéitByill bie\stoppesd hten 4HdMeasutedicohBuctig al so
process signals received fromthe sensors to generate digital output that

i s subsequent | yoktapblengdediskirops sulsiantialip gqual s teyeferenceeonductivitoedluand 608B
are well known and 10 rcially available froma nunber of nmanufacturers
such as G eat L%’ﬂ@g(’Vﬁ?ﬁmnts of M I waukee, Wsconsin. Briefly, and with
reference to probe 414A i t L L EH A 1 i .zed by
an AC drive signal from aﬁgﬁflégrg %‘ggz%tﬂgét%}deﬁl{% %orz\pél)#nc ugtg?tb’z'y?“? %P%{."ﬁ?he
i nductive fi el dfershéptdcetsast makiag asluriyowith fowrdr more cbmpbhenmsissciesdribedy
fl ow ng 150&331 sensor head 506. The nagnitude of the electric current

n

est abl i she abrvepvith selation o Figufesl. gPrierce the additiarcef 2 eonchrtrateshsluwmy i vi ty,

d ther ef | f .t he,bl.end | _ Th
astabl | shed i n- EREPORETIbE Meesled BRAREE Soudinbhld o ¥ “Eh D s w0i
514, and the nag&i.érwqgeﬂgef(ﬁ%.lﬁ\ea,egtaﬁ 102). 'Gide SfiBNadndefitrated Stufty rc_eﬁ.bbllyer{ted at ed

to the conductivity of the blended slurry. The sense current signal is
digitized 20 by cause o flowsdrtheonprwiurne atmgenerallystersiytiiodv citeyFigire 1,

ductivity val ue. 608A and 608B al.sp incl ude stored
Conduct1 vi 1y daSipUHRbnY GORMSEV SR 1555 U0t LD AIOKIOD of eyantrstrasd ¢ ne
bl ended sl i ds. .

or cdet er mi ey t Sy RrRnefis (8aleg Tbu: ridiin TV A IR BRI v etorpace

conductivity val ues generated by probe 414A and the actual 25 solids
content of the blended slurry is also depeﬂ&ent upon the tenperature of the
bl ended slurry. Analyzers 608A and 608B therefore also preferably include
tenperature conpensation data characterizing the relationship between
conductivity values at the tenperature for which the conductivity data is
established, and the actual tenperature of the blended slurry. The
unconpensated digital conductivity 30 value is processed by anal yzers 608A
and 608B as a function of the nmeasured 16 140Ct 2002 WO 99156189



14 0CT 2002
PCTNS99/ 09247 tenperature of the blended slurry and the tenperature

conpensation data to generate conpensated digital conductivity val ues.

M cr opr.ocessor ares the conductivity val ues generated

- probes 414A anﬁég%iﬁgﬁ each other, and perforns a deviation a&g ys’@g%%’ 5
nonitor the operation of the probes. If probes 414A and 414B are both
.operating propefo Bigurehe teqididition ofithe cotitehiested elveryaioftpohynttih eced badeetie W | |
general |y be substantially equal to one another within a predeterm ned - -
range of devi at monitored conductivityliscubstantiallyequaligshe referepeentraduativity vahe 4148
are equal to on not her within t pL.edetermned ra of..deyi at i,on,

M cr opr ocessor &5%‘%@?&dggeﬁhéteegﬁﬁa%ﬁvﬂﬁﬁYI@“F:B%‘&E%%M%}{H‘%SMro| t he
operation of m % .ng; ; anyix il X 1 6 gher m ne
that the conduc??&?%im?/gmé&gﬁoek%?ﬂaetqualf( %{T&g@@ﬁ@g@ggﬁﬁé,%ﬁ 5
predet er mi nesl r divrz whicHahé mieasundd condattivity repmimgeaAsaliwicbhstaitogndahus,

di sconti nue the operation of m xing system 400, and provide a correspondi ng
error message ofurversgiom?léomenyally flgl syst em 400 and/ or control system 436

can then be I 5 serviced o identify and, correct the fault. .The nner by
whi ch control system 436 %68?%%&‘)" niraiy! éwgmng%eqtgnaglté%b%ﬂ%gm with
concentrated sl ytEYrel10 sRBI13HY k¥ ' o i
content can be (Ej{l‘el \\(I:rrgilt’)g Bég%};rg%%%\?mg?ﬁér@f e?tg%%{(leg?gygisggrsés t%ﬁgh%ﬁme
m xi ng control pgemegaliynconsiniraey] thecomductoptyadfebes blendd@Pslomy steadiiyatises hatil20

operation of valve 416 and valve 412 is stored in nmenory 604. Al so stored
in menory 689 i thedddiionnithgseepnd F?Rfea“ﬁﬁﬁ‘é{!‘l"ycﬁo"%%’t“%ﬁ if ceaseqd (qurve regia®r ence

conduct i Vity vabyes ARl BTSSR b e YAER ootk i W libsi i SNt !

program The se nt's "and’process co val'ues™are’

specific type oteddb@nmied tifd Méésﬁréﬁdﬁﬁuaiﬁg%@du&){o fHerefeferte ThRERAMY (€. 9.,
on the type of diluent and 25 concentrated slurry) and the mxing al gorithm
bei ng i npl enent aelubyortthat combiimgg stept(Fuurep i ogem h08; Fhigure @Bp giaxisspamd®2d).ocess
control val ues m i niti gl t%wge ingut y .an operator into term nal 606 and
may be either i Wiespperiad of Giipe dpong ywhigh ng congenyeted shymy cOMPONEHdS b| ended
slurry. For ypur Lhl A t L onhr ol

val s wi 11 'Bo. Grasr(Ekurt;t, MBS 181 3gure 210 cBReRRIh 2 RE S MR TERAERRL] ©)
140 CT 2002 éhinyYontpbaenthdy bésitiledO A4 the tiigheoneemeatedslulry compbhient issyst em

436 described herein nakes use of the follow ng setpoints and process
control val ues. addedea)iagenerally cppstentratsthecopdpaitvity of theyesultpg blepdedat i on

Range Set poi nt 3. Lower..Qualdfication Ran t poi pt 4. .Coar se. Bl en

Set poi nt 5 i ne B EWGV UG e Lol RRRAT 2B ) 5 SelRRESR R Bt ane 10

7. Di [ uent | nj ectdoRientraftdishitty ddiepdnRat isReasedalpréfefably, ok SRARA Sithé thid val ue
representing the desired or nomnal blended slurry conductivity. An

oper at or wi 120 t ypneemitdatedeshirer caniyponBetis cease@uveliant the andasuredeombictivity 13t o
control system 436 through term ngl 606. The, Upper ag,d,lS Lower

Qual i fi cation R&AYY tadhgysfarenceopdustviyaglue fongiat sombioing ster (Kjawgdsstsbove
and bel'ow t he of ifLeati poi nt, respectively, that represent
the qualificat P(E))‘?i)lgfg gl;le %’%%’ﬁ?hg&g%n ent that is desired. The Upper and
Lower Qualification Range Thetppiciplés cfale prs@itagvention danl be deddribed Rioge cont r ol
system 436 through termnal 606. Alternatively, a conductivity error val ue
or ot her speci f iaoaeretaly withaespeet thiong exemplary embadiment phasiticabased MPabl e

bl ended sl ur solids conte val C be ranmed..i.nt a.cont rol. system
436, and us@? by iReoRriRpngl 2y et £ 03 sl AN B Ranicip oTHigiind of

Qual i fication Selhagiidi siub iSRRI BsedB nhiREAcr@R dePdRlulMRldib&ASuER 2 RaNGE
Set poi nts. The Coarse Blend Setpoint is a value representing a bl ended
slurry 25 conducdhemida) shingtmaysbefoetied on demiand lbytbhendirad £ caricentrated slurry
injection or addition of concentrated s|urry into the recirculation line
428. As i s descr{ORRPIERt (§iZeat0ep byavesght sicapRrtiches inaguegus notassiug) hyseexidel i n
whi ch concentr at urry.i ed to.diluent concentrated.slurry i

brefor abl'y cont i neLeY yelas BOET et o Aot orBRSTEPh &SthBaside B ke e

i ncrease the conductivity of the blended slurry as long as the conductivity
3 0 neasurenents provided by conductivity probes 414A and 414B indicate
that the 18 14 0CT 2002 WO 99/56189 PGRNS99/ 09247
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bl ended slurry conductivity is |l ess than the Coarse B | end Setpoint. The
Coarse Bl end Setpoint therefore represents a conductivity which is
sufficiently less than the Desired Qualification Setpoint such that the
substantial |y Wo/56k88us addition of concentrated slurry wll BaHSYIR47
conductivity of the blended slurry to approach, but not exceed or

overshoot, the sired Qualificati.on Setnoigt if the addition 0 .

Concont ot ed oI TRTSAY €EctRIOT RRERE PHERS RRte o0 BPVREAYPMR Iy Ml deo
by probes 414A audi AARAMiGH heldidied foiBkaNdEdngd U 1y conductivity has
i ncreased to the Coarse Bl end Setpoint. The Coarse Bl end Set poi nt can be ,
enpirically determ ned by Véheeslendigg theccoapantmatddasiurof conygonientintorivei ng syst em
400, and then 10 programmed_into, control sgstem 436 through term nal 606.
Typi cal |y, the oitapyee wpiehthegonsyctyity of the blendeshslumy will tend toangreasg as the

Qual ificatiop Sefpai . The, .Fine Bl et point | al r ept. ting a
bl ended ol urty  CORIBEROR P s fernelid ST ot & RinkE ¢ SBifs o
Set poi nt, but | ¢aicH RaAcdniiSorlet ST th&ddandehira@d siufryBBRpBneR! iRleRses. ONCe the
Course Bl end Setpoint has been 15 reached, the rate of addition of
concentrat ed sl onyerselypthefoendudtivity casjwell adthe salalsationght of thedlendeldesturry
relatively continuous, addition may be altered so as tgo be intermttent, or
alternatively, ®8Htendtedeceaaes a5 parapfitheuliapurervateras addedfothecpncentsated Once

t he Fine Bl end ojnt i C , f..addidd on i neferably
adj usted a secol Q'B'iér?ép‘lﬁ%g{'g?r?gﬁ Iv%éﬁgg’ééﬁa%og}dﬁf“\q eorflé %gr;llg"?eégsrhé%’ghsﬁd S a
conduct i vi t yoWhichhraberidfic fHat {s relafdlth Yhe ©%3s toritentidFehd BlehdeRdhigaal i fi cation
Set poi nt such that the rate of addition of concentrated slurry will cause

t he conducti vi t [Capsequeatly] imasteethsdsihecorslugpyityoefdhe blendedwadurre iscefuicion of
overshoot, the Desired |ifjcation.Setpgjnt. i e addi tion of
concentrated sl Eﬁ? $plids cgﬁgﬁ'a &WH"?‘HQ’ ‘@%ﬁfa‘e{'é?ﬁm% ? SHRIHCEed A ded
by probes 414A (Walel o een jvity has
increased to 25t Ee%éﬁi%g tﬁﬁgﬁﬁﬁ@gt poi n‘% Qﬁsl%e%%g og:t“é{%%gé{t%%g%ﬁgtw@n be
enpirically det epofipaaenttizd beew gddodrts the ultrapwre Materl to pysiidea slafy Withoaigh

term nal 606. Typically, the Fine Blend Setpoint is about 2% bel ow the
Desired Quallpfi calidoeorsentpuithin therqualifisatseniiangg.ed Sl urry | njection Constant

i | h terni zi th | at i hi.p bet { f
cheni cal mixing syst em 4007485 Haedisre fo Segmppg e amaycia fotileddid cn a3e,
and corr espondi ngurHBRBHSSIehAR alfi?& chbthpondnt‘hnd alsedorddnpHR-RHs26A&ion of the

PCT/ US99/ 09247 conductivity of the blended slurry. In the enbodi nent of
chemi cal m xi ng selids eontéMlindbsesulked bleaded siprry therCrefieremder datzenh the fionmyof a

of i that  valPBdudiHEoUs Aetienhali REUBr PuMEdOL PRAGRRS ) MUl LBEeRpTEA. (e
bl ended sl urjgy C@{\%H‘&tﬁdr}’ Eive 308 ﬁﬁ&% th%%ﬁ?s c&rﬂ&tf’% SBnna0d £l§{-:rg|?o g‘% didckly

I'njection Constant 1Ts a value characterirstic o e recrpr “the'rate
of change of t heanduagil tétetrhine@bs sdin 43 condedlivity for the SRhHEEsIBAY isMkdsusdd t i me
that valve 416 is open. The Concentrated Slurry Injection Constant can be
enpi rical | y det eferiexampdgdf p blegdedhstudy ohiths above describgdsfirsheargponent andyh

term nal 606. As desc¢ribed in greater.detail bel ow cantr system 436 can
b S0 Update i he FESRLHRBRORSIE ot GPISTteR 15 BeYS S TEIHERRIA Cinca PG+ he
basis of nonitored c S i nduct, yi to I ncrease. the acc of

m xi ng system 40‘(‘2}’.""%'3@6]%&?‘%{113?%?%@4%ﬁ}"égﬁ'g't’%ﬁ?"‘f 3 solidscaptgnto %e
characteri zi the rel ati ogship,.bet ween, t he |.engt. i t hat val 412
i s opened arftf associated ¢ ﬁa@gg’(taecgpgglgee% ndf’ﬁ&ﬂ’e"?@"@ﬂ%ﬂ SB'\rﬁ'rtf’foﬁgs
conductivity. | negiédtialidbhdithe bfifciplies BEMNe plesent il&RHIONAD bEMEDIFthteli $nid aval UE
characteristic of the reciprocal of the rate of change in conductivity per
unit of tine thafeedbdckeandlld qualityentroll$ysteth fos blending chemmicah siGamest aRér can be

enpirically determ ned and programmed ipnto control system 436 through
termnal 606. AsethmRple; Beurg 4 shpwsene pratermsd embediment ebasyssm 408 f@fm 436 can

al so update the Dl t lnjection. Constant -line.on,the basis..of

nmoni t ored chang egef)#gg% °ee ntf%t{l?’ vlle%?‘a‘f’gg e ﬁ@%%oé’ RaivY 'teg'(%ﬁ ﬂgé@c(?*lo'ﬁf?}gﬁ o]
system 400. For exanple, at the start of a production run to produce a
twoconponent slurry, valve 416 is open while valves 412 and 444 are cl osed
M x vessel 402 is thus initially filled with2concentrated slurry from
concentrated 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, sensor 434 would generate a signal. Control system 436 woul d,
in turn, generate a control signal effective to stop the flow of
concentrated slurry by closing valve 416. Punp 432 would then be activated
and woul d notivate concentrated slurry through system 400 via recircul ation

AN ~ i T AN~ o o, o o o o ”~ o




WD 991561 89 PCTNS99/ 09247 418 to m x vessel 402, where dil uent Wzﬂ@e}ﬁ&ﬁ
conbi ned with concentrated shiny In this manner, the diluent woul xed
with the concephbekgde S! Urry to produce the blended slung. OngRyhiR89/09247
conductivity as neasured by conductivity probes 414A and 5 414B is wthin
the qualification range, control system 436 generates a control signal that
.closes val ve 41Generallyf yisermddnaciydes alnhir ndlechest4Q whychwiotriprisessmilkiveisselcdl?t ent
within a qualification r_an%g i s produced by cheni cal mn xi [}g syst em 400.-

Bl ended sl ung fandieciteyiatian loop 428. dvsteny 40Qrther comppsesat least firat 8nd gseagmdwn)
~through discharge_ling.430. . 1n the enbodi.nent sho dj schar |line 430 is
10 coupl ed to- rRuTee B el e (g ATRRt soing 47% b Shecs ekl x

vessel 402. Va'%ﬁr&%@,%cﬁﬁ@&s&s@eﬁmﬁ&ﬁd&ﬁﬁ?@smm b valveswiedasd ung
through |ine 430. More specifically, "Figure shows a fl ow di agram of one
preferred nét hoaohdl4dgy Coafrolslysternd 36 respemls to mf@mntaiiomcamprisingdie measdredt i vi ty

data is used as a feedback control to accurately provide a blended slurry
havi ng a sol i dscoﬂéu%tW@ﬁﬂ‘eﬁeﬂ‘iQ@éW't?f@WB@"w BERRFRIES gpquasr@f(ﬁh '8n Range

Set poi nt s. Thus(:or?g%l @P&ﬁﬂﬁ%? %t]ig%ﬁ)?ﬁm&nm oprocessor 602 begins the m xing
Y 0 m

process by opent % 10 vessel 402 with a desired amount
of diluent, as detected byfold spetificdligVdilueftantirRe 4480 ., DFeR componeAbsRtcef02 has
been filled to a level detectable by liquid |level sensor 434, liquid |evel
sensor 434 geneisdluelly couplagitadiludnaiiniat 416 otmsvesseb 402 by dildentisuppiphnc4sor 602.
Control system 436 _woul d, in turn, geperate a control signal i ch causes
val ve 413"t ol BRETIOw S HiluesDiniaminiuesbeb 207 diouah SRS 90 qoyﬁ‘é@mycm ate
the diluent thr ' dég%.nuq i [; ' ' wn at
step 704. Bef org&iﬁ?ftﬁl'a ?‘ﬁg%%seq ﬁ%ﬁ%@%@ﬁ@%’?ﬁ&ﬂ%’?ﬁg?gEtgwn in
Figure 7, punp dditcilation linewes. Flow efdoncentrated siubie intd eosiedatohline 424 3

initially, only the diluent) 25 for a predetermned length of time to
t hor oughl y ni x eantrolied by valvehid. ddwe cententa ebmisyalyme 442are rpsiseylated bypump

h bl I ) ter 1, Xi. i ) h
condact ity of MhtraaitdisuGhir ing 4 A iR e B0l Rerstaidh e et o s o1
i ne 428 i 51410NjkNeld M0 SANENSHakdw e 496 SRIMM0 hfvesidliaBz MONi LT i g

activity is shown at step 706. The 30 neasured conductivity is then

conpared to the setpoi nt s At leastiadiortgntdien Deenalesdrfad of mix RolOmE442 gRHRabdD

99/ 561S9 PCTNS99/ 09247 Qualification Setpoint, Upper, and ngr

Qual i ficati on REPTHRAISSEASEITAIQN registant Speastveh melseulay weightset poi nt s.

Thi s conparison_js_4ndi . 0 j e ] £ rison
8%1?!%21%% %&ﬁg?ﬁéecfé]ogﬂngrh OIQT%%H&’ ?@HIIIIJIIOBMCI% A'the

performed at st I'Adi ca _ urry conductivity is
| ess than the CuRé SRIoR frefbrabf), Bledt a p&itieR of the intérfal Gurfacdtof ki volume 442

20  comprises a fluoninated polymer such as a perfluoroatkoxy polymer,

polytetrafluoroethylene, fluoninated 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, e.g., diluent from diluent source 418 or concentrated slurry
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



begi nning of the mx cycle), mcroprocessor 602 either opens val I/éUﬁIGUUZOr
keeps val ve 416 open, to continue to add concentrated slurry to
recirculation line 428. This step is shown at 712 in Figure ? and results
in the m xtureW8P6$8% added concentrated slurry with the bl endBHTAISH9347
within the recirculation line 428. Steps ?04-712 are 10 then continuously
repeated as sho i I I . b\(]

bl ended slurry %g%ﬂé{t&?#é%ﬁg%ﬁlﬁ%%?l%gﬁﬁﬂ&%g&CQ%J%HQ u%éaéorft%?lggt i on
of concentr at edbptatiebl isPstdr 436 fHEreSsIns¥td 4 sigAslFeorh Rensopadgcti vity of the

bl ended slurry to relatively quickly increase to the val ue represented by
the Coarse Bl end Set poi nt Valw¢ 4kérconhestseompentiatedisiysarihlet 426toaecisuigtion lioe

i ndi cat t hat t ducti vj.t f th I d sl y h ' dt
e ch e SRRl R Bt bl B st BB, | 2.
than or e t he Hi {1t a 17 : . 602
cl oses vaf]\ljgé 41 CEEh?glrﬁ%gf%@epg%r %%%I%edﬁgﬁ%gﬁgafrgﬂ@ S‘FWSP foé’tﬁétfcﬁ?ci%&{i |mrre

that valve 416 $/'®WPafenb$o7NII%eMe discieitte of GUh i€in06pDEatedl Hefei by Féf¥rehee,
recirculation line 428 to increase the blended slurry 20 conductivity to

the Fine Bl end butmedified tobeestuated by)s pagumatin pistonge meduge Headsspotstatganl 718 in
Figure 7. In particular, .at step 716 m craprocessor .,602 conputes the

di fference bet mB&ﬁW‘ﬁ%’eﬁ‘?l?quHe%qutqé@f"ﬂlﬁs Q%’W&“W%J * recent neasur ement
of the blended slurry con N d kSl £ R&frd n
mul tiplied by the Concent 9‘2@2{‘3‘*‘2%‘}‘?3“?&?2&%@?’ h‘gjtbgtrl\tti’%’corrgtlj?yes{e?ﬁe

length of tioe #BGfurihet venptibés of feastions condretivipensinblpg 14 mestpordtingt ep 718,
m cr oprocessor 602 then opens valve 416 for the computed concentrated
slurry inj ecti osondugtvis piebes #i4hprd 4148 wdedylation ne 42R1na payalie) hydraylie

bl ended slurry to the Fine Blen t pQi nt . t he conpl.etian tep 718,
Steps 704-5 10 siepiiervedigmizenr 408 Rl oFF Phrs FrilBBr TR e A4 RiaRE, ¢
reached of exceqdfg ke it educivty oftneblthdsd BuA el AR Inix volume
PCT/ US99109247 1f the conparison perfornmed at stép 722 indicates that the
conductivity is 442t Conducheityqueties #l4AndAl4B aganterfackduo Centepl systered3@®r t han
or equal to the Lower Qualification Range Setpoint but |ess than or. equal

todt hﬁ uEperleJ?wmtfhléaﬁ)@rﬁim@écs&%w t3s meawer Oy pryept it 3ad f R Bl et e
and the batch ofy, g#géaﬁféégﬁdr&@:ghérémﬂéf@&! gfé)ﬁ&uéﬁ% %B‘g’?é ggg)g,'%igﬁ Qaf'Be

i ndi cated by step e comparison orm i'ndrcates
that the bl endeddéndaliny pfobesiiaBi 8144, 815BKFigule §)eSIIA MBITAEB?:E@M\QQ) is

Qual i fication Range Setpoint, mcroprocessor 602 will calculate the [ength
of time that valdescribedinsgreaierdietad vothaaterence ta FigerstS. or add enough

concentrated slurry to regjrculatiopn line 428 to.10 incr e. t he bl.ended
slurry conductivity to thgmgr%” erFisc‘é?r}dE}ﬁmgé(tpﬁ&%@%irﬁé‘%%‘ eps are

shown gener gl y githid 3hofd: 28%0r %‘gw.a\epvnﬁ&dﬂ?érwﬁeﬂa@fesis%tﬁ;&ﬁozi%f}
m croprocessor 602 conput the difrerence between the Desired
Qual i fication Seiyahe biendeddhirycHomsiig 528danh gemaally glirdricabbutehwalb b £8) dadl

slurry conductivity at steg 706. This difference is then nultiplied by the
Concentrat ed Sl uArprechensowalls$22 prowising fitings to ceunlp thecdhoupiag taregireplatfontlinge t hat

val ve 416 shoul d, e e : ho at_step.736 1L.Cropro S 602 .t hen
opens val ve 416 ‘}23,Bﬁg@gn{m\ﬁ%ﬂfg\g’?@&@g@?&w% PR "é%sffisgébrf? °d _
i ncrease the congidGhé sthboth Rhert siffadtls 300 8ftwall §1Dteh td RnifRA the EolfdRbn bf gadt | ON
Set poi nt. Upon conpletion of step 736, the blended slurry is recirculated
and m xed f &5 a bblksioartind hvesing asthe blended slurey flowsthefe88dpyughand st eps 722 20

and 734-740 are repeated until the blended slurry has_a conductivity within
the qualification range WWIWWPH@C(?(%%%&WIWW6947@8‘3'&4‘“&%"@@8%2‘2

i ndi cates that t syr c YR [ )t e

Qual 11 cat i on R GuVREHASo” VAEiEhb bioks025: WHABA & o Bt BRET: | cnge
of time that valsRpddapenit@isd idiouRing3e8. Probeil 24l indlade 25%enSiAg ket sbd uent
to recirculation l1ne 428 to decrease the bl ended sl urrgﬁconductl vity to

t he Desired Qual ¢ thegnd ofist@nS@bivithin hpheing 528. cpensmgdieadh S0misqonulaninl shapet 726
and 728. In rticular, at step 726, m.cropracesser 602.conput t he

di fference we@'ﬁﬂfzﬁé‘ cepizal P%P@Jégi%%ﬁﬁﬁ&?%%ﬁbﬁFﬁ?“tﬁwﬂe gﬁ@° MEecent
measur enent of the blended slurry conductivity at step 706. This difference
is then multiplied by the Diluent 30 Injectidon Constant to conpute the

| ength of tinme that the valve 412 should be 23 WD 99156189 1 4 0 C T 2002
PCTNS99/ 09747 opened. As shown at step 728, m croprocessor 602 then opens
val ve 412 for the conputed diluent inject tine in an attenpt to decrease
the conductivity of the blended slurry to the Desired Qualification

Set poi nt. Upon conpl etion of step 728, the blended slurry is recircul ated
and m xed for a predetermned length of time (step 5 730), and steps 722

— N o~ N o B e




The accuracy of the chem cal m xing procedure perfornmed by system Ado Enain?
control system 436 can be increased by updating the Concentrated Slurry

I nj ection Cons%/%nt nd/or the Diluent Injection Constant as a function_of
the actual 10 BOG&% sl urry conductivity changes induced by t RV %n
of concentrated slurry at steps 712, 718 and 736 or the injection of

diluent at steps7g8g) \W'ZI%“W hB& £ i nj ection
of concentrated s ﬁl?laﬁiaé{i step 718, tﬁghc%ﬁc%tﬁfrg cﬁ?ﬂ?ﬁgﬁﬁﬁgﬁrﬁ% slurry-
wi || be nmeasur edemial gpeging 508 of robé 4 DIA a3/\wélE Préb&4 RN alsh dichides steaperitire an

eff.ective Concentrated Slurry Injection Constant by taking the reciprocal
15 of the diff esenserelpathihan coupledie gonirad systesn 4310 prpYide ¢ igmpesatyre signal and

after the injection of. congcentrated sl.yng,at e _associ at ed ep 718, and
Ul 1 plying 1 hi SPORRRENERE e R EPIared AHEY TRt B PePTiER opened
to achi eve that 4¢p0ductivity change during the associated step 718. The
current value of the Concentrated Slurry Injection Constant 20 stored in
menory 604 can then be upSensing hbad $06rdndatensj®Bi eambédtoldad as dnlimegriabumiof t he

currently stored value and the just-conputed effective Copncentrated Slurry
| nf ecti on Const &M PFhPYREerather caresionstesisianimatenal. depainehrods ak2 andiidct i on

of runni ng and/ I t.ha. | ust- cal.cul ef fective
Concentrated Sl (é{’c} §§+%€f@?®gﬁg@§&§§ , l{i]ﬁlgu%ugr)r\gkﬁf]fégﬁgé%ﬁ%@ va %d_e‘" B the
Concentrated Sl @hb¥ddediwithin 1RAd SO6\EAPRE steranARAhe) e BERB fholddd, IRV 5P2!S
Concentrated Slurry Injection Constants. Procedures of this type can al so
be used to UPdatasd § HesuGomxtthe certtratiorkinung 508 lof heat 5060 ASowith housirgf 28y thehe
performance of step, 712, 718 or 736, and tqo update the Diluent |njection
Constant after (PAFIZPH P ?‘@3‘%@8669&? nd thesmaoth susfacesy st em
436 can cal cul at - . i i i 716
and 734 Usi ng a ¥ HereoiRRERL ilhiEerlhe Skt LELRThONS 8 BRpul AR,
99/ 56189 PCTNSO®ldadedslurhyoviethioughl akdiby pobe4t4on Set poi nt by a

predet erm ned anmount. This approach m nimzes the chances that control

system 436 wi || "over shoofontrelsystgn436 unedito eontead theropeeatign ofhe gabadimentsn
perfoming ncent,rated. sl urry additjon steps 718.and 736. Conversely,
control sys gm ﬁ%g‘e bﬁmeglpeleﬂrétsg ?’Hé*‘mﬁb‘”ﬁg"'ﬁrﬁ‘ét@ﬁ%?{e MBS 1t~ st ep
726 using a tar geburEoNARMIURRpEAGH S BhtrbIGier /8 6 DRA ik Adsdribal ivith FébreA
Set poi nt by a pre%luét erm ne(?qtgr%ourllt. Thi's :i%proach Wlﬁ|| rﬁSni renéze fﬁ% chances
that control sy3bémedbodiment oftheciehcd mikiag kysveet sigwal infHigare dpmisabege

Set poi nt when perform n& di luent addition step 728. Referri ng now to_Fi gure
8, there is ill deraoedithat the sameprnciRien choreration will appiyiorihe embodinens ofy st em

800 in accordan b F - | { b hfically, mxing system
800 represents gﬁeéﬂﬁygﬁ?ﬁ@?\{%%&%?%g’n ’80n5§%§§21 n 2, 3 or 4 conponent

slurries magobe prepared. Asehéwh on@bl sjsterh 386 HAudeb infidropfoRedstigiRiafgal | y
and/or structurally simlar to those of system 400 of Figure 4 are

identified in Fiagsaciated mgmary 604 sGenduehprprobesddAdrand 4 18B, aoeel(as. e. | inl et
426 of '15 Fi 4 is inlet 826 of Fi 8 i |1 not, be .di d
furt her - excapt TeIRBE SErmmsratg sensod ) A AN SRR thotbAVEL A e 8 ot em
800. Chenmi cal mmic@rﬂébﬁéoz&%u PesPECVE %ﬂyie%m%ﬂd dbsdddivedd16 % 1phose

conmponents di scussed above I n refation to Figure 4 urry conponent Supply
| ines 826, 848 aamd 48%4re aldoiinterfaved devectly to dhiefrnigtopestelsor 662 f Aniogenitoe camnect ed
to

25  interface with control system 436 through a terminal 606. Data representing
information indicative of conductivity setpoints, process <;ontrol values and/or a
shurry 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
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20 respective sources of slurry conponents, 824, 846, and 852. Slir @h

conponent supply lines 826, 848 and 854 al so are coupled to recir é Ti P

line 828 by val ves 816, 850 and 856, respectively. The concentration of the

bl ended sl ur r ywooe/s6180l ati ng t hrough |ine 828 is neasured, andP@BUISS093456,

850 and 856 controlled, in the same manner as described in relation to

Figure 4. 25 In _operatjon, then, chemnm cal i ng system 800 woul d operate
Shane e e

;[Nﬁ Ipr epalr e a fothe fk’b‘h?ﬁﬁ?gﬁﬂnﬂ'éﬁérﬂ% IntQ|mxyo maWIYﬁéT‘G'Pqucgssﬁrlpleneg
i val v 81 850 5 i
1 ed \?\Atﬁscong% pB i siesR S TR renllof SRR ARER B Bt 'Y

component A Sougg nohE1 Bifip 6@1‘@%9%&%%&81@[(1&%‘&%&40%6c‘l’esﬁépronent A
reaches a | evel suc 30 that the concentrated slurry can be detected by

sensor 834, sensericefifationonithch kigh degree obaccuricy’ 00z V\D 99/ 561 89 PCTNS99/ 09247
generate a signal that is transmtted to control system 836. Control system

836 woul d, i%h turn generaﬁé“%F"@def}éﬁfe@@t{j’ﬁalcot‘@}lcélmob‘?ﬁlﬂémé41‘?’%#‘6 832

Id then b d th h
T vol ume 842 HRERem o RRrRIbSRL S0 AR rh s Bt i SRERGSRgly' " 01
conductivity aS%@.BQEéfs@MA a@eﬁmunsyﬁrbsésmﬁ éf@ﬂhl’Bta{?ﬁrhl%%&’eé’stﬁgrﬁlscom rol

signal to open valve 8S0, thus addi ng concentrated sl urry conponent B from
concentrated sl myﬁﬁm&enﬁms&s&t@gcmated@talmumthaUsBuhseqmantly seat ®28. Wil e

t he conmbi ned conponents fr sources 8 are recircul ating through
recircul ating | fHErORPGESSPY %wmrwéy&ﬁ%%mgéeﬁﬁ.%w Ihknoven apdhi t or ed by
conduct|V|t

conmponent s correspwhpoa%é?%é&?@n%@%%ggg&?ﬁ declttﬁrer%Il g}’f 5}tq‘rt%ﬁetgcon’ol ni ng

step, control sYsduRmeRRGf MilWsLkes Wisbssi@ Si gnal cI osi ng val ve 850. Control
system 836 woul d then gener ate a signal to open valve 856, thus adding

concentrated slurry conporsefl ,@rtdnmmmmmobd%%ﬂmamdmmmmﬂc
source 852 to m voI une 2. t.he ,conduc of the co

conponent s reC| QPSRRI Y&&Qﬁém‘%"?&%@gﬁ "Bﬂ'?} cf’loﬁééPPEe&?eéPl'gﬁ'cT'Y%e 828
I's monitored by fondiflihfidive ﬁﬁla"e@&bb{sh@;é}\ elwiﬁ@cﬁr%ﬁt nAREbehded s %y?for ‘%Ene

conbi nati on of conponents reac reference conductivity val ue

conbi ni ng s8p, bysaisbphealIO6E ThE dfagnitudebiglseedriccutrent @tablished itthe bended ve
856 20 Control system 836 would then o(gwg val ve 812, thereby addi ng dil uent
from dil uent sowhur igdgeatly relpted farthgeen wtyrnad@erﬁfnyesqlmspwtqﬂ,qme

recirculating c tion noni enbl 814 until
he moni tor ed cANTAEE YRy ThePHEs Sradisfs IRCHFidel oo e g it
reference CO”dU%‘ign‘Al ﬁ%oﬂ%'llﬂeanﬁ%ehﬁ&:ﬁﬂ%fﬂie%gns%fcﬁﬁent% 1%&85&)&&&2&’1 control
system 836 woul d generate a 25 signal to close valve 8I2. Thus, a sI urry
with a solids caorlaedito ﬁuetdonducmvmaaf the bleadedsiuma rithe senselcdrrimt s;gnaids:dlgmzed
Control syst on denmand, t en opens val ve, 844 to deliver the

resul tant sl rrﬁma&a‘aﬂﬁcﬁoﬁétepr e A YRCOMSRER ‘ﬁ%‘@b@?ﬁdﬂlf’%‘é tyyaye. Referring

now 10 Figure 9, there 1S Abluats @l il dhoSRURN 504 cHladfig hc c

m xi ng system 900 in accor resent 1nvention. 4 0CT

2002 WO 99/ 56189wIncH heRgad ﬁ@ZﬂxtS&amohdetyvalmwfﬂ@ biended BuRPEd thepslRisent s
an enbodi rent of the invention including conponents that rraésgtl onal Iy be
g0

enpl oyed in chenmmntM&ﬂh@nﬁ%&lmmemtemws €).eFhe00
whi ch f unct t RY t 00
of i gure 4 ar e TIERRIH B B gl Yot Boncfived Brirope Sufk wil g Sohal

i ted 5

L ncr ement ed 8y 5Qf4s At F{herb@éndléﬁsﬁx S 80 depkhiehf on thilepErafigd dinand

9112B are each i ndepen y connected’to slurry onent

t hrough val ves O8léddedangryd AnhRzerse0BACANd\GOBR thersferefdlm\/préfefablyoﬁclﬁdeng

conponents through supply line 926 can be regul ated by orifices
temperature compensation data charactenizing the relationship between conductxvxty

’1

values at the temperature for which the conductivity data is established, and the
actual temperature of the blended slurry. The uncompensated digital conductivity
30  value is processed by analyzers 608A and 608B as a function of the measured
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9116 and 9118. Orifice 9118 and valve 9120 are connected in series W Qp79pe
10 another and in a shunt line 9122 around orifice 9116. Oifice 9118 is
configured to | ate a different and typically larger flow of ur r
conponent than{@ﬁ%ﬁ%@@ 9116. Chem cal m xing system 900 can tthijlyg?gé&/gﬁg’
qui ckly reconfigured for blending different slurry conponents and different
concentration r Jf % 516l Sty bild tn@ o232 oo BLRbridrl Ao gRraieh Ow)
can al so be included to expand the concentration 15 ranges over ich - -
system 900 can opmpersated Qigital coabiuctivity nguesy st em 900 further conprises inl et
9110, which couples a source of process nitrogen to m x vessel 902 by
supply line 9104. Process Micropegessongl? epipass e spnductivitisvplegs gepespied + ank

ar o provent e bRpEs 1 PA AR TR Bk SBCARl t ey SR Bl e oen
the bl ended gl U"rﬂdﬁit@f‘ﬂe%i:érati@%é’pﬂob&? @ﬂr@ﬂesiﬂflh%ﬂal%mﬁat%%06 and

filter 9108. An exhaust 1 ne 9102 extends fromm x vessel 902 t'o vent
excess gas fr omproperlyabé edbndutidnty Salugegeneratddynsse probeswill geptiatinbe | y be
prodded in recirculation line 928 i mediately downstream from punp 932.
Val ves 976 and Sulstantially equabtomge apetheryathin ﬁpﬁeéetpmmdamwﬂden@g@zéf the t he

illustrated enbodi t..0 hem cal__m Xi 90 eci fically.,.valves
976 and 9100 ar pEh gt Rﬁ_gﬁ%{ﬁ%ﬁ@?@%%qﬁ@gmr (ol 674
and the di schar gge Fﬁ@&t&%ﬁnéﬂraﬁ;ﬁ%ﬂd@@hﬁ&ﬂhﬂ&bﬁ@c&hmoﬁzﬁﬂ usethe candhevify T
2002 WO 991 56189 PCTNS99109247 A filter line 984 may optionally be

connect ed i h0pamadabwementsito eaxitrobth® Pperation of muwing sfystérnh d90.| If acar@8uineé ncl udes a

filter 980, and val ves 978 @ng] 982. Val ves 978 .and 982 are posaLéi oned on
opposi te si des GRICIOPIqcesson§Py deterpungs that the cg WHERYCE aeinoh equahd €986 nay

optionally be c : I j 9 i ve 988

and val ve 990. %ﬂ f&?ofe;tﬁggéfi %tg?’glg%dr{ah%% &{/dglt’{\?g&gg%%?gﬁ%%ﬁﬁqutk gﬂﬁfi tgi%lf ain line
992. A second oufidcehtinethe ferativh\of nfififg bysteaD40u, and providd ApbeespOidihEerf6 and
associated drain |line 998 through sanple line 994. Wen actuated control

system 936, val VeessaRg andemainal 606 Mixiag dystanh4Qhandéerepnteol systana 436 eag thenke 986
to either drain line 992 or.sanple ||n 94. 10 Inlet 972 is al so connected
to a sourcelgf &FNF:SHE%H?B‘?@"@B%?%@"&?}S& ecirculation |ine 928 through
di | uent |ine 960 and val V%ﬁ%gv%wﬁhi%%omsﬁﬁeﬂm'efﬁésrﬁi%n\g%bécén%fi

(descri bed above) and is | ocat I I

inrecirculation line 928 between val ve
916 and punp 93210010 blead ditben withrrbnedntaed slBimy teobtaih blen@édShirsy hvymigithoned

adj acent to the suctjon side of punEFéQSZ, di luent frogm supply line 960 15
will be drawn i rflegirgdssolids content san bg descrned saperalivwith tegenge taFigyes 4 apd bye 958

is capable of a I [ J Fgﬁ i J ircul ation
| ine 928 when og@ﬁe@?‘ﬂ% n? ﬁ@r?éjpgxg%% c{wcgéﬁrg%%%ggé%@&toﬁ@gﬁ y

det er m ned. 2dal Vépefafion a0 ¢aloé 416 &l VA2 4D 65 stdted iiaembry 604 | Adtstdrédi@ 960 to
control and regulate the flow of diluent to valve 958. System 900 al so

i ncl udes a col urmemoryd84 is datp chedactenzingrmddRr bEseiweanis, v.a., teferem@ candiictvityf | ce
962. Columm 964 is conpected to drain |jne 968 .t hrou orifi 966. In
practice, colum’ 3aE‘éﬁ’Q?SS%QP?‘gdP@ﬁf’I“?edrt@'&b%m"g%@ Ot Progiafm, by
openi ng val ve 97, | Il Pl iLAI N
colum 964 for su giﬁéﬁéﬁo?ﬂrgg%h@ é@lr?'i‘ ltv%]g%sﬁaéé %@E%ngﬁrs%mﬂn%ﬁl}l%ﬂ&ggti on
| i ne 928 t hr oughslwey being pibdudddibymnixing\spstsim 400 (a\g\} e the sype bedifentandt | nuousl y
added to colum 964, and allowed to overflow in order to mnim ze bacteria

growt h. CherA>al capcsntratedsshamg gad theanixggaizogton heigs tmplemenied bythe aniibat r ol

tem 436 of f i der abl.g ad | ticylar. th t. 400,
800, 900 and sy<tanoReREy EadisRiRE R hroceds S Ll ay Pl R IRE ke 5
to the desired 3th grrdtdSintPRiRiNAL 606RRd HRYbE elthe? S {eA dRBn&RAVREIIFRGRA e
to blend these 28 140CT 2002

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
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WO 991 56189 PCT/ 11 S99/ 09247 conponents to any of a wide range of 140CT 2002

conductivity values. Furthernore, batches of chem cal slurries can be

bl ended to a very high degree of accuracy. Exanple 1. Preparation of an

Oxi de Slurry AWOMP/S618rry, CAB- O SPERSE SC-1, will be prepar ed PGITURII 0P 5

chem cal m xi ng system 400 di splayed in Figure 4. Specifically, a 55 gallon

T ached ot he FQERBAKHREES b1 P SRS B QOO0 ASTo FRReF o €. | oni zed
water will be u;@% idic| 4. The desired mx ratio will be
1 volunetric par @Bgé&g%@ﬁgggég%gg%ﬁén%%fe (30% by weight silical O
particles in less than 1 % KOH) to 1.8 volunetric parts water. This m x

ratio will yield a blended slurry conprising approxi mately 12% by wei ght
silica particles wtH. a cddesued Quahfigation Sefeinsxi natel y 0.825 nS/ cm (t he

Derived Qualification Setpoint). .The.s oipts that will be used in

bl endi ng CAB?O SPERSE- SC- w%eﬁbwgi?t@"?{%‘&ﬁgfewowﬁe fol | owi ng tabl e:

Set poi nt Per cent of Weigght Canaiis DudifickRst R4 tg*egﬁment (nS/cm) Si li caCoar se
Bl end Set poi nt 9010. 800. 766FI nedﬁ%ﬂend Set p(%gnt 51 1 .400. 796Lower

Qual i fication9911. 880t. 820Revarse BiaidRetpoirdesi r ed

Qual i ficationl0012. 000. 825Set poi nt Upper Qualificationl10112.120.831Ran a
Setpoint 15 * in terms of %qu@ndsgtwm:a The punp 432 will be activated and
valve 416 will open té) dra(\fv co Ce? lateﬁi‘. B- SPEIt?SE SC-1 fromthe
concentrated slurry source 4% TREMYEYOR, &M 402, M x vessel 402 will
be sized to g workingy vol Usgyef Injeeflord Céritaht 20 Valve 416 will continue to
be open until the liquid in the mx vessel 402 rises to liquid |level sensor
434 at which tine valve 416 will close. Approximately 30 liters of
CAB- O- SPERSE SC-1 wilt have enter e&t g,e recirculation line 428 and m. x 29

1 4 0 CT 2002 WO 99! 561 89T hecHesipeshQueldieation Jatpaint 13,8 yalug/pgpyesenting the desiieflen

open al |l owi ng ul - oni tQ. fl i 402 . Val ve
412 w11 ¢l ose. ondRPHhA HECLPIupP Ry, Rnlcbiraot Wi Bpltaltf i d Pesirdf

I evel detectabl eQBxifidafion Sétpdift it \Contrdt System 4?@@1;0!1}&%&?@%06.' ThéWpbkitids of
water will have entered the m x vessel 402. Punp 432 wll continue to

circulate thé 5 bbwenfQualificatiamRange Setpointsaseblentisdisluory condustivitovalnesaboue
AR A NSMTEh T N
Coar se Bl end. et T meAefi B Epmt o R R Mt 8l L6505 of “the
desired qualifi cQ@ualificatieh RasieBetpbiht dan\ble Yraprammed dledti®intatobawdl.system 436
Conductivity | ncasgl?g%iet\%iggl Gbg.ckletgigtﬂreﬁr?g iccEnidggtivci)tfy error value or other specification
20  describing a qualification range of acceptable blended slurry solids content values
can be programmed into control system 436, and used 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 in 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 slurry as long as the conductivity
30 measurements provided by conductivity probes 414A and 414B indicate that the
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CAB- O SPERSE SC-1. After the conductivity val ue exceeds the Coar se1 EPEMUUZ
Setpoint ( 10.80 wt% silica, 0.766 nS/cm, valve 416 will close. After four
m nut es. of rec] Lon, the conductivity of the blended slur i in
be neasured bwaéwégﬁ uctivity assenbly 414. Control system 43%8%/WF+J/({9% n
cal cul ate a concentrated slung injection time effective to increase the
.conductivity of plehfeddi@RABA R E i¥ 1dsPthn HRT B BIbAYSEpSAL eThelCikset he Fi ne
Bl end Setpoint. As punp 432 is running, valve 416 will open for the = . -
cal cul at ed i nj eBiendrBetpome tharefiore rdpraser@A\BcISRERSEVIECh @5 soffroosntly less than tHeur r y
to enter mx vessel 402 and recircul ation |line 428 Valve 416 20 wi |l close
after the injec e@ﬁq(gw%@tﬁbgé@m&ﬁﬂmbMﬂ‘&ﬂbwqa"hﬁ%tﬁuﬁﬁ@d@lﬁ@“@gnt ents

conduct ity of SHENEHEN ety el A sty Spfhe bilndt PG UBIGER BIE, |
assenmbly 4145 Caa@é@éed%f_%t,&moﬂg@e\@éslred@aanmi&es&y&ﬁ@ifq@mﬁbhv{ft y to

calculate an injection tine effective to adjust the conductivity of the
bl ended sl urry 2éndeotratérbshiesis stoppeduetianithecindoct vg mpasurements ppvrded 682 i s
runni ng, valve 416 wi|| open far. .the catbggl:q? ed injection.tinme and all ow

CAB- O- SPERSE SCPIobebhtdhirdA148 mdicats that Py coduetivity as mprgased to
recirculating Ii . 6 L QL ect ] tinme

el apses and punp z(%%?%l?l?ﬂa%egqoﬁrﬁml’ﬁé tb haergézgﬁiﬁ cel%gsp%(f)r*ﬁb%f?(é éué@gltg# 402 and
recircul ation | ideRmAid8d bpsbsérving the dpetatidn oBhemidal 4nifing systell @D0,\MRd #¥h56189
PCT/ US991 09247 The conductivity of the blended slurry will again be
nmeasur ed andOt h@regsammed ttaeontrolotystomdgo threush termaiaaledtei Japically thetCaarse

i njection of congen ted.slurry is needed.. If. t measured conductivity is
bet ween t he Lom@eﬁéﬁ%‘?q’?té%ﬁbpwrﬁé/éaﬁge@%ﬁﬁ%ﬁeﬂtQ"(agﬁf’%ﬁ’“%é%%l ids, 0.820

ns/ c and the Upper Qual kfl gati I . 0 i ds,
0. 83? ns/cm, nop1l‘ourt her %%F@F%d§e§§o%§eﬁﬁ%gg&géﬁs£%% a%e eeded

and punp 432 wouwbndutivity which is@restex than thd OearsedBierd Sétpoint, uklessethaethe 402 and
recirculation line 428. The conductivity again woul d be neasured by

conductivity asdemsr {Qualiication RengeSstpaint oPpescthe foppse Rlendpetprinthenbesn . Af t er

thi s measur nt al ye 444 al d nd the t.end: f the mx 10
vessel 402 %olgﬁl de%\ée‘#’ﬁaenrgﬁgé’?%@dén%no@o%%ﬁﬁﬁg%gu&_glesRrﬁofarg"syh% - Val ve 444
woul d shut once dcb&dingNei e. ithe felfivélpOdntinBashdditibh frtythelaftRl s6 asode 458.
Exanpl e 2. Preparation of a Tungsten Slurry A CWP slurry, SEM - SPERSE
\é\f A4PO/ FE— 400 - wnﬂehnlgexggorahngWe}nynum? adgwm'l lulaiy bmmalmlgmsq st aash»\fﬁﬁcrate.

i splayed in Figure 8. . ifically, a al l.on, su r

StEl\/I - ﬁPERtSE W At e&&ﬁegﬁ?ﬁ?&mﬁyﬁﬁﬁﬁﬁﬁﬁdﬁfﬁf a&‘*‘&%‘fﬂ%@?ﬁ?*\aﬂsﬁ“ﬁe
attache 0 Sys 1% , - ‘o i
SEM - SPERSE FE- Asggen concent r}::'iidtecei%} sci %er%a%orreprg%enﬁgﬁgéggr g‘é é‘gg%‘gjvwflfh lasl so be
attached t o 2y stsffickénly lésohaethe Diseel QlalificytianBausvintsuck timothecate 3Batidnidnl  not
e e 1o bl v g e e o ety (o 1
vol unmetric par | , o]
vol unetric part ,SEM. SPERSE FE-40 % b Lght .al Wm na ticles) .. This
o fat 0w 1 T Paﬁmaﬁ%@ﬁaéﬁs@fg Fﬁ?ﬁfﬁgﬁ%ﬁgﬁcﬁtﬁ%ﬁg&gﬁ? f;lg%"t%_r\é\ei aht
alumna parti cl €gnbéritrated igdgpedl PtheeBRA entPprEFded b e
setpoints used i nnbl endi r?r;ﬁgEM g ERSEeW ,2400/ FEE,%O sl trJrry are shov% in the
fol | owi ng t abl e: pr8lies 41AAand 448 khdicaiaGhf thedgdiied BTy d50&d9ity Kas increased to

Set poi nt Percent of i ght Per cent Conductj vitySet oint*al upmin / cnCoar se
Bl end Set poi 11'83#5@%’3?%@55@%@1“3 lenst SobeinFan be gmpigaliy fetermined

Qual i ficationl01 oRat ﬁﬁ& I i . - -
Qualificati onloo%d%ggﬁgggp\ 5§Fn LE%# %iaﬁf“%ﬁ%ﬁt“?’%‘h SQ%{EH’_’@},‘&;}PF gme

Set poi nt * in t eBl¥ad Sktpbit & abdut 2V4 eI tiRUDGRiréS QuunlifidatiBs Segbin¢at ed and val ve
816 will open to draw concentrated SEM - SPERSE W A400 from concentrated
shiny conmponent A 5 sour celtgQonicentrated Sluvekyastios Canstivtis apecess valde wi | | be

sized to a worki vol une i . . .
charactenzing 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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of 100 liters. Valve 816 will continue to be open until the qut11i4opEiTnmgzhe
m x vessel 802 rises to liquid |evel sensor 834 at which tine valve 816
will close. Approximately 50 liters of SEM - SPERSE W A400 wi || have entered
the recircul atWom9s6182 828 and ni x vessel 802. Valve 850 will POENSHNNA47
all owing 10 SEM - SPERSE FE-400 to enter recirculation |line 828. Valve 850

will close once e |evel e fluid m X ve 802. reaches | evel
i ndi cat or 822. Q&S‘BP@WM@T@I eg FIPEVs]Ib@eSEE/Pd‘SPE‘:@%i?‘E‘CﬂUG'WHW Sttlve .
entered the m'x e
bl ended slurry dur| ng ?%g%rem%?l on ?%%%?u&h@?%&&%ﬁ%%%ﬁ%é@ﬁfk?

four mnutes of theeelatisrshiptbetioen thcelength @f titnke What Yaloé 4161 operRddad assbeisted Wi | |
be neasured by conductivity assenbly 814. Valve 850 will open and remain

open as | ong aschangesfaaseases) ircthe blended sluyy canduetsaty: rapartidwar@bar se Bl end
0, 0,

Qual 11 cati o SLOBSIRSM RIS S AR S chpamshe S e rerpor of

. 50 Wi

oasured conduct R ot S R cbn Mgy ol eiohidNionsafidther fhd B¢V, o

al um na, 28.25 nﬁwmem 1% @p&ib OThe Concehtesed Sitiry Bijedtion CoRstanticas bef
recircul ation, the conductivity of the blended slurry will again be

measured by 32 empuicallydeterpoue ar@pgw@emxmwmw%édbmubwmmay

oy ecti on Ui o 8P% cRe AERDE s s A SR R R R PR U
bl ended sl ujgy mn@erf&‘a&‘a@ﬁ%}e&n&'i @%ﬁéntbﬂ@x‘ﬂebﬁ%\é‘_ﬂa&%o %Hﬁor@@&l%g&tm

punp 832 is running, valve open for the corresponding injéction

time and al | ow ShiduchviGRoRiredséthe@cwhey ofimemgeesiem40@. to enter m x vessel
802 and recirculation line 828 Valve 850 wll close after the injection
time el apses and punp 832 TU\!FP’“&@‘&IPMW%( 9%%6mmme§swuerﬁhﬁray@§§é$ﬁeoz and

| | f _the bl ended
SFurry i | agarnaisenipehyed s el e JAF yAGEALA S ofeant 488 pls0FRRd [ooc i e
conductivity is gaRakeleckddss) fhhﬁeﬁbﬂ&dmrﬁl &nduc'ﬁei tP Oln/ParticGRB th@Dilfeag t em 836

w Il use the neasured conductivity to cal cul ate an injection tinme effective
to adjust th& cdmectan Qorsiantis atvlahxetchmacledstslotﬁﬂreyempro'cﬂ@fﬂ’esraue@ﬂchange n

Qualification Setpoint, As punp.832 is ru ng, Ve enfor t he
cal cul ated i nj e@PP‘g‘fF“N%Ee'é\‘?HngPF\Sé‘%ER;‘IVCE R@E%%g ?P"EB %Wat e
to enter m x vess | ose
after the 15 inj éﬁh g’&l &%@'& aps“gésa%ﬁﬁ%%'%ngﬂg‘%”ﬁ%‘éﬁfﬁ%“‘%%ﬁ
contents of ni X tuaGsdl6080Asdbstribed i gredtert detiil Yeldwe, cBrtbol fs@stenh @86 cali st es. The
conductivity of the blended slurry wll again be neasured by conductivity

assenbly 814 andwpdate theeRiuent tnjection Gonstant ap-lineam the bagis of mantferedichanges e r

| nj ecti on obgcongeptiated, LUl SoclRRYSFimiklg 4ACRRIUCT I Vity 1's bet veen

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 siurry 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, éenerate 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

20



20 Lower Qualification Range Setpoint (2.97 wt% al um na, 30.95 nft/ cimd 08hd(0?
the Upper Qualification Range Setpoint (3.03 wt% alum na, 30.46 nS/cn), no

further additigns | d be needed and punp 832 woul d conti nue ]
contents of m%@&@? 802 and recirculation line 828. The conh%@(‘{ggﬁ’
woul d then again be neasured to ensure a correct percent solids content.

Alter Uhis measyremnioveid] a0, ShefiiubhloLiPBe SRAIRE HiodidenfRRRRYS Of

the m x vessel 802 wou be transferred to a point of use (not shown). .

Val ve 844 woul dirsthistmannere tHeltdiiubstwaduld be tiveedtvathithe eacerisatéd suriydo beddate sensor
858. 33 140CT zZOOZ WO 99/561 89 PCT/ US99/ 09247 O her enbodi nents of
this invention thelblended slwpar ent to those skilled in the art upon

consideration of this spegifigcatio r. frompractice of the inventio

di scl osed herein. Vari ousBBYﬁ é’g Fgﬂcgfcgmaqsﬁe@gwigt‘%‘fongﬁ‘&“@%8?&8%&%6‘ ?‘"ﬁe _
principles and gdm vitM ﬁleq]rﬁﬁl‘?ﬁdaﬁﬁﬁiréﬁ@é,%ﬂtrmysté?ﬁ4@@@&1e?3£es%rb%n§$‘1'si_ghﬁd in
the art without 5 departing fromthe true scope and spirit of the invention
whi ch i s indi cathaticlbses vilee #12.] Imhisgnanher, ablended slurfy witifa 6blills 26¢ht WhBH 56x89

What is clained is; 1. Cancelled 2. Cancelled. 3. Cancelled 4. Cancelled 5.
Cancel | ed 6. Cafedificagpnrangeispeaduged by chemyrabmpang systeexd{e| | ed 10. Cancel | ed

11. Cancelled 12. Cancel | gl }dy (@ HS S %bb WRAIERE 2 point of use (not

shown) through discharge line 430. In the embodiment shown, discharge line 430 is
10  coupled to recirculation line 428 at a point between pump 432 and mix vessel 402.
: Valve 444 1s used to control the discharge of blended slurry through line 430.

More specifically, Figure 7 shows a flow diagram of one
preferred methodology 700 of the present invention in whicir conductivity data is
used as a feedback control to accurately provide a blended slurry having a solids

15  content between the Upper and Lower Qualification Range Setpoints. Thus, as
shown at step 702, microprocessor 602 begins the mixing process by opening valve
412 to fill mix vessel 402 with a desired amount of diluent, as detected by liquid
level sensor 434. Once mix vessel 402 has been filled to a level detectable by liquid
level sensor 434, liquid level sensor 434 generates a signal that 1s transmitted to

20  microprocessor 602. Control system 436 would, in 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 shurry (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 slurry. —

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
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35 140C1 2002 i~V 99/56D89 P ~T/1J S99/0924 7 14. A process of naking
a chemical mechanical polishing slurry having a solids content i 8CT 757
qgualification range, conprising the steps of: (a) providing a predeterm ned
order in whichWO6t8 ity of chem cal conponents are to be coR&TAER99247(
series of conbining steps to formthe slurry, wherein (i) at |east one of

th hem I t i | i .of id i i ticl :
(1) Wherern at PERERpseont Vel Qbificaen Renes SSRPRE: @B om t ne.
gr oUp COnsi St | NG hsdifilt¥ine BIBHESUZoiAE! ThiS oithpirab s iAdiLABY By biuslyonan

per oxi de, aqueous potassi um i odate, aqueous potassium hydroxide, agqueous

ammoni um hydr oxiEguredqueous t et ranet hyl axnnoni um hydr oxi de or conbi nati ons
thereof; (b) providing a reference conductivity val ue associated with each
conbi ni ng step, wherein edéthecemparnsae geréamed at sten 708 ipdicates that the hleaded ve of

have beon conbr AT PiapiY & 6P IR CoS g SeRunCRRP IS OB e e sor o
of conbining st %?ia@cgg&m rﬁbﬁ‘&bﬁﬁﬂﬂﬂéﬁ&c&s@& GGQQRhe?to?QnsOJal\tehﬂas&rl&e%gs of

conbi ni ng steps nbi ning"the chem cal conponents corresponding to the
step; and (ii) cehsi4i§ dpen,aosdritmee toadd chvoehirated siomproredicilation lias g281dTing t o
each step when the conbinati on has a neasured conductivity val ue that
corresponds to t#ep isshavratdd2aFigue apdassulininthe mppuepitherdded eencenteated ep;

wh | havi i o thin th il . .
whereby & SLUT LA 8L SR SRUER S ARk Sefioengaoe 1o
claim14, wjerejhbn EHRinBbeR; repeafdid 'sl‘tiﬂginEFi%lﬁé ?LAAGRe AfRAANES dondbidtivitgloge

conprises the steps of (a) providing a supply of a first chem cal conponent

C(r)]rr_esplondi ng tothbblandedrﬂumm;_gcm&p;Coﬁts)szmdnbﬁe_tﬁohg. ahsuq:mhgaoun_‘injrcﬁ@goﬁld .
chemi cal conponent corresponding to the.conbining step, rein. said secon
chfam'dcal ;:prr}aone?R“CF%“ %Ut‘@ﬁ?‘i@ﬂ’. “t?j}wé}ff‘aé‘??@eic%‘f‘{?ﬁ?‘ifwgtg?blﬁﬂ@daﬁlfﬂlmt 011:
solid particles : unt o
second sol vent i}ne'i%"h'glg@%&ﬁg'q%%gnmctg%g%gﬁgﬁgd t{y?#@?gé%? jﬁ?eﬁgr%ﬂj%ﬁamrmunt of
the first chem cal conponeAfiemhé Borpariserpeifordéd atliepSHOaNd cdaRhtaRd

conponent under conditions such that the conductivity of the resulting

reference sl U rycosuctiatyrof theihlended slurmg bashnereased torsevalusf which esegredtentharners a
lid tent wthi h [ fi,cati. - (d i i

o Sontent UL R e LSS0 ) TR U s

the conducti vi ty(ﬁﬁ@g;ib%ﬁg{ahﬁo&&oﬁmzw&m\khﬂsr g@g{@g&ﬁ&?@@%&v' ty value

associated with t g step. 16. The proc alm 14, wherein

t he conbi ni ng st egcilaes thelengthgfitinsecthat tvhlve 41 @ ghonid eospened toegdteheugh
conductivity of the conbination as the chem cal conponents are conbined.
37 140 Ct 200wenzedsypmpipgecirealption krptl§de merqase theblendedsligy of claim

16, wherein e conbi pati.o .e un : i ses .t ste v i.ng the
rate at whi 0%6] at c?@'gﬁwb'ntg Iabefsél?‘ﬁgre% g%ﬁé‘&f O@é%é)%?ésr?f é;‘gloéma%(?g’%“y %{‘%llr?eag’d
conbi nation in resPHEiGuied. IR ParfiBilal AsRE 708 MlHShlotkdsir 6028comiesRh@Ccess of
claim 14, wherein the slurry Is a chem cal mechanical polishing slung.
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 shurry injection time mn 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).
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19. The process of claim 14, wherein at |east one of said chem cal
conponents is selected fromwater, aqueous ferric nitrate, aqueohéﬂﬁw(m@gen
per oxi de, aqumkﬁg@ats@ssi umiodate or conbinations thereof. 20pT{)€&oRoPHESS
- of claim 19, erein at | east one of said chem cal conponents 1S an aqueous
sol ution of potassium hydroxide, anmoni um hydroxide, ferric nitrate,
_potassium iodate, tetrangfihelcampivon perfdhned aidtéte722 indicatbd thatthens t her eof .
21. The process of claim 14, wherein said plurality of solid particles . -
conpri ses an i n@mdactivity isavithin the.quafficatidnerangeowmdewdé.gc preater than onkguation sai d
plurality of solid particles conprises sili g%b alum na or ceria particles.

23. The pr ocessthefomerQuzlificationRange sepaintbyt fsphan o equabis the Mppeses

Feci roul ate ssoudifcdio  RAT3ERD Ry ki BEHZARR L REufAT RSB BB,
chem cal ni X3 ngblexdedSMinfyqs quaiikied\br sutR@ightalse BEmbiRBles BY step724hi ng sl urry

having a desired solids content within a qualification range, said chem cal
m Xi ng system conpri si ng:If thesspmpamson pedormed atsten Z33 indicates thatthe blended he

slurry fromat |east first and secqnd chem cal onents selected fromthe
group gonsi sti nYumy CMQWWéﬁﬁgiﬁéaﬂﬂﬁq@WﬁrM&? ‘Sﬁ%ﬁ?gﬁ%}%gen

per oxi de, aqueo s 'ﬁn?eﬁtﬁ agqueous
anmoni um hydroxilﬁ%&%gqueé&gbt et %%?%@Pmnﬁlm y :Ué]m ﬁeggfr% cgb i nations

t hereof , wher ei gpeakd trigfett diadd ehough corhstfdtebdlurepidnediftilation BAP42S®RS a _
plurality of solid silica, alumna or ceria particles, and wherein the m x

vol ume is abpt wdrease the blehdes slurey condueputy to demBentred Quialifieation Sewatt. Thesst and
second comnponent, sour ces, respectiyel y; coptrol syste e nsive to
i nfor mati on conﬂ?‘?ssqrﬁé‘wgg'%ﬁ%ﬁ 7?%%%@%@%}"3; ifbpaé'i’é/“?q{eépsshﬁ’?% . wherein
sai d control  sygh&eahdeRedA00 SoRphiediht QifefdnddBltwkéh e Mekitld OS] | on of

at | east one of the chemcal cohponents to the mx volune when a slurry is
prepared so thaSethtnat adithé most redent theasatemertafitheslendeld ahinyabndunipanatitepcan be
creased when the slurry has a neasured conductivity val ue carresponding to

the reference co®RiubRs %ﬁeﬁ"%ﬁdhe(“d‘)‘“‘ﬁﬂ“eﬂé’éiéhe GrnsentEatedSlymy yedtion n t he

hem | 1 Xi L t it ffecti te th t of
Che at | east oo GOtRRHTR BimBul R na b it tFr 2R P R SO ATRIRM e ot
| east one contr gl sigAt36emiicoptoéedstr 602 then bgégg%ﬁSHOfdr'ﬂﬁ&édﬁdtémc&@émfaieﬂi ng

the; valves control signal generated by the control system 39 w 9915689
140 CT 2002 sy inise 8me9I0 icreass th canduetonty ofithe blended)sleryy toethe BYesicedai m 24,
wherein the contyol..system further conprises at st,.one ,sensor at a

posi tion effecth)“éjlf"iix‘@%s@‘i’ai“é Pog*e“r?gﬁeﬂgwﬁ%w %‘eablﬁfé@fils dfount of at
| east one of the.hetiedahd HRREAGHE] PreddisimattdathaliPofthfe (L 748

wherein the conterco ?;g'?é% gener ates tﬁrg contro °st|n’3‘?1 in ?’35%8‘3 e tzo

i nf or mat i on206onmand 334340are hegehted ontil she tdehded sldtg hava éghdachtylveittse tieor si gnal
in order to generate a control signal in response to said sensor signal.
26. The chem ca|quahf;ga4@wgwmd9w claim 25, wherein the control system
conprises: (a) a first se r at a _position,effeciive,t tect when
defined amount of one of ?ﬁtﬁeg%ra%ngarrpecoonnﬂ%g ?C%z "&‘Hﬁ@?ﬁﬁaﬁﬁ%mﬁr ol une;
(b) a conduct i VichyqiiFis gfeafer BfaA tHel peLOUAN datiéh R&q%é@eﬁﬂint,"‘ﬂ?d?oﬁo@é&@' ned
anount of the chem cal "‘conponents has the desired solids content. 40 14
0 C T 2002 V)~ %92 w6Hasicilaienizoedgio aftin@that Ve 41Bshowld lbe openieddo syext enadalf

| ai m 24, i t |.east tion. of i nt I f f the m

Vol U comp oS o el A6S B AP RUAIR e ‘AR scmRo e blnge S P TL
e conprt _ il _ gBup

ol ymar . and poly beseeel et s rlle dUl KR DR Mner i) 12508

wherein the corrmsi tpdri&ilat arstepT86 ahicprdcessar 602 Eumpiadsalie ditieydies b&akact ed
fromthe group consisting of a perfluoral koxy pol yner,

pol yt et r af | uor odhPesired Qualifieation Selpambandthe mesireesny meassremesit pi theybléndede
fluoride, ethyl es?u%c%%aggtljwutyg Eltos(taép%%? Mis dﬂ?ecrlen%re] lisot{lgrE rrnlu[t:pﬂgé 83(? %h% iuncgt'

30  Injection Constant to compute the length of time that the valve 412 should be
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29. The chem cal m xing systemof claim 26, wherein the m x vol une
conprises a mx vessel. 30. The chem cal m xing systemof claim 2p4 %(ﬁl n
the m x volu f r conprises a recirculation |oop. 31. The che

m xi ng’ s-ysteﬁlgf#[é%‘g?m 29, wherein the first sensor is |ocat ed’CJ{Uﬂ( ﬁ"fx
vessel . 32. The chem cal m xing systemof claim 30 wherein the first

sensor i s | 0Cabféhed! ASliodn?sl ddpi28! iRRodrB0Rsortn dApEROveA 12Tbheg syst em
of claim 29, V\hg%eelan the0 condqé?tl vity péo or ocat at the rrrrlbx vessel .

34. The cheni ceabmpited dmmymjammélm&mua@%todd&%meh&&iuamqmﬁal vity
probe is |ocated at the recirculation_|oop. 35. The chem cal mxin system ,

of claim 24, fblendest slemniortheDagired Quahﬁaatxonysemmr}ir Elpen cemplgtionief sieps

ti |1 th h t th

chem cal - compolthierded sy i e e g iged for ¥ e Fng GefFiyerer
]PC Y NS991991470)36nd &aﬁ 72DGHE 996790 %k RepeARATMAIE bieRl& RrffhasaUr t her
conprising a discharge line for transmitting the slurry fromthe mx vol une
to a point of uemiuctiﬁtyvhﬂﬂnﬂ:{elquéﬁﬁ&tnénﬁm@@%ndow

ALCALLALU. Anl L A(LA CAELA LA A

Aar. A3. Af. Al Ay. A(Y. A AahmcmmAf mAchgzmcpé myxingrpracedyse perfegmedapy system
2. A@F-. A<Si Z

| vvql gb] X] Ica]glca]‘tcaf'c%foggr\?fygﬁega? a‘iﬁj‘é’ﬁ]"&"é‘?ﬂsﬁ"aﬁ’%‘r%‘]aé'g% E!'§]Cc°£f?§ﬁﬁa&°§]sé‘éffyca] cal ca
] caU] ca] ca] ca] qgkarhd@drsah 4@/ddlit Dilsehfinjection Constant as a function of the actual
aOrc} Jj J$qCHXds({vgke [ V] ca] ca] cal] cal] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] caPpc a]bdm]i&h]luay]:mui]xcmhi]y@hmlf veluced byathe ajection of éoncentrated slurry
I #V#####$$#$$& 2 p

*{x%4H zupkf a\ A 7&9%1—5 g 138108 Q]ed%lfﬁté{]"c%f]dé'é!f'?}é‘} B %28 By Y‘,@] Q%RZ‘PE‘QBJ cal ca

]z‘éq‘é‘ééihéil@éiihﬁb@@%&&k%ﬁ%ﬁ 8 SRAGRE DGRt sy g 520 708 X BAANY =7 2
glpgglgga/] fCaU] calof #etMdriiel glahg alilk b ﬁ@hﬁ@&@a]sre@lﬂosabbair&aiyét’éﬁ&@b 6@6&1@%?0%
%

Pl pityen 2””“‘““&“"'@"””“]@“‘]"‘”; ool ?“ﬁ?““ﬂm“@i@wwﬁs% ELes

calca] ca ca cal.cal ca

Fr FFGbGGGH\ ?M‘?Jﬂé\ww&ﬁ%%ﬁ%’]@&ﬁ‘h éﬁf ]’lc‘gﬂ qre ap % M%a] cal ca]
MWK

K&] sl ca] Ca]lﬁ SSSATTU V- V<VE —Y v léﬁgﬁgggf%gf‘?a{f@gfgaﬂi cay cg/l]vgua

] ca] ca] ca] ca] c differprce] yahe rhgthjof ainealjat ahlve Hidwas ppered ad achjevalivat] cal] ca] ca] ¢
=YsZZ[ I\\\\ F] ] ~annan - aa(cZccc@ddeef " f gg} xsni d_ZU] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca]©afucivity Fhanpe dwnrg:the agocrmted step|7d8a] ¢

The current value of the Concentrated Slurry Injection Constant

20  stored in memory 604 can then be updated by control system 436 as 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 Slurry Injection Constant,

25  and any number of previous Concentrated Slurry 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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a] cal ca] cal calca]ca]lca]ca]ca]lcalcalggggi ViiijpjjlQIlllmmknno\ oppp ﬁg g t
ss{uoje [V]]ca]ca]ca] ca]cal cal] ca]ca] ca] ca]ca] ca] ca] ca] ca]ca]ca] ca? fl @?
a] ca] ca]ca] calwabwssisn] ca] cal] caU] ca] ca! st Muuu: vr vvWSXXX#Y qQyy Zec1alsoa/09287 h %
?| wngb] X] ] ] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca) ca] cal ca], ca ca] cal )s17FR nSUC$*9T{vql fa\W]]ca]ca]calc
a] ca] ca] ca] ca] dbé Pagired Qta} wpind by & predptennived ampens UFhisaperagaha] ca] ca] ca
ca] ca] ca] ca] cal MO

] U:} % ]40 1{ upj] e'P W’%&ﬁﬁ%ﬁf@f?&@&&fﬁ@lﬁﬁlﬁff 430 Vil coershpRta e RBEf ca] ca] ca] cal
-ca] ca] ca] ca] ca] J)l?:f"'lvﬁéll afeldgddopetralelhurry addition steps

[{vqgl gb] X]]] ca] a ca a] ca] ca] ca] caJcal ca] ca] ca] Ca] ca] ca] ca] ca] ca]
ca] ca] cal] cay CHBcaa]iGa]S Cabm&]sely] carjtsoh ystekn 8Y0 cap aleplefeakd/PDilhem Jrjectiom] cal ca] ¢
a] ca] ca] caU] ca] caJ ca] ca Sca] caj] ca] ca] ca] ca] ca].ca] ca] ca] ca] ca] ca] ca] cal] ca
Ul ca] ca] ca! P a#sosteni &t: ep7 6 using atarget concentrafion higher than the Desired

1 1 A MR ikl o

7 {val gb] X] 1] calkcsk ek E&lﬁﬁlﬁ&]ﬁ@i@&llpﬂéﬁb&%&%&%ﬁ%&@]mkéa] ca] cal c
a]J ca] ca] ca] ca] ca] ca] cal ca] caJca] ca] ca] ca!

3) t 4&wW6+06E_5{ \/Sﬁtp}bht\ﬂzl]ehqmtﬂ)mhgd]lna]taddlna] stey} 728 ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] cal] cal ca] ca] ca] ca] ca] cal.ca! 5Ks 06EQaI ] D' 5=P\u
~xsmhc Yl gb\ W 1]] ca] ca] c% eferopg apwAaoFasyre &) therp isdilesipted peggand|embpdimenty] ca

:J] h(r:l} ’? Lg%ﬁ%awﬁcgéﬁ\ﬁﬂﬁﬁ%% a%ca %(}& %é‘ tg]ﬂ(':ea']rg "]”%‘é‘ %“é ca] ca]ca]ca]c
a] ca] ca] Ca] ca] cedeed | Giiikihg sfdein RO eprdsems Qlﬁérﬁ@ddiﬁéﬂt of thé ifivéntion wherein
] CH~ytbj e [ V]] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca! caj ca] ca] ca] ca]ca]ca]caJca]c

a] ca] cal] cal] ca}.Gajrd&ompanerd slosnesinayjecerbraaed §¥8IgMX800 which are

o i R a);]ég@%] AL UGS o i 58 o0 oo
ca ca ca ca) o) AR ER AR PR FaLRAfRL RIPRAPRIPPAFTA B RCSRLE1 02)

+++, 191 %@Qﬁ@mn@awoﬁn@w 8) abwi] mabe alieajsed fomher pdxeapteafcal caj c
a] ca] ca] ca] ca] ca]lca] ca] cal ca] ca] ca]h a) ca] ca] ca] ca] c%]oca] cal ca]calcaU]calt 66
666| 8889999: *: | relation to the operatlon of chemical mixing system 8

::::b 27?7 c&al c
a]e§;]<c;] (F:)a] caj z;]>ca] g] ca é%?%%ﬁ?ﬁ?k‘gi B‘!f]vcdfﬁg‘g{rgél] céf@gﬁ@l@)] iy
- T10% & %
10% & () - f(@%logﬁ% ()&gﬁ%%e%%%sga%%ﬁ & fe)léam g ligies ()r)W Tt ) gl
dE| 310% & () - 18@pylir(es-806,848 6354, Whitldategiah) coufigwedtatbe Juidlyioo@edia ) - X

ub@6Y"10% " & M 9% 10%0& 10t
@ °20 ( )respectlve sources(o sluny components, 824, 846, and 852. Slurry 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 1n 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



10t 10t!910% & ()-,610% & ()- | @10% & ()-u s zX9b@ 10% & ()-! pb4 0CT 2007
10%w&' () -!as

10%h& () - LOYQR: £k’ LOYRRE' () - M Y" 10% r & () - MaGO} A?b@110% 2408 (
) - 1k3( 10%06@%-’5‘? | 10%08 ()-1Kk L1 10%r & ()-& FLO%O& () - ﬁéﬁﬁ‘%@&
10% & ()-3 &S10% & ()- ! V&$109%9" 0" & ()-9%0% & ()- 100 100 100

Y: 10%0& () - Jj dEgenéPteS Sighak that 1s1Panstied fo cbRfoi&ysem3B3H) %0 dutfol system 836
S10% & ()-10% & () - J$dE~ @ 010% &' ()- ,,/10% g ()- Y(10% & (g & 10% & () --
109 & () - &10% &V@Id;j;qwlngm agontrgsignal to close valve 816. Pump 832 would’

10" 9s10% & () - 0% & () - F61096 & F431006 & () - 2@O% Hxds ( dEYNC
1092& )0 3 100 a‘Lt&’f mof1v §§ opptratest sy )@)&‘R‘ﬁ“"% @E’&S@)‘ migg F

?Flvi#Zé‘éi/ﬁ%' Hiy fﬁ? el RIS b RATRAIPIEES s QU ()
109Z& () - ##8##HESHM183 4 0 Wohtkol systemlEHH W1 thetidknbrabela tontrol 8ignal to open

valve 850, thus adding concentrated slurry component B from concentrated

slurry component B source 846 to recirculation line 828. While the combined
components from sources 824 and 846 are recirculating through recirculating
line 828, the conductivity of the combination is monitored by conductivity

10  assembly 814. When the conductivity of the combined components corresponds
to a reference conductivity value for the combining step, control system 836
would generate a signal closing valve 850.

Control system 836 would then generate a signal to open valve

856, thus adding concentrated slurry component C from concentrated slurry

15 component C source 852 to mix volume 842. Again, the conductivity of the
combined components recirculating through mix vessel 802 and recirculation
line 828 is monitored 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 1s 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.

Referning 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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Inlets 9112A and 9112B are each independently connected to slurry
component supply line 926 through valves 9114A and 9114B, respectively. The
flow rate of slurry components through supply line 926 can be regulated by orifices
9116 and 9118. Orifice 9118 and valve 9120 are connected in series with one

10  another and in a shunt line 9122 around orifice 9116. Orifice 9118 is configured to
regulate a different and typically larger flow of slurry component than orifice 9116.
Chemical mixing system 900 can therefore be quickly reconfigured for blending
different slurry components and different concentration ranges of the same slurry.
Additional shunt lines (not shown) can also be included to expand the concentration

15  ranges over which system 900 can operate.

Chemical mixing system 900 further comprises inlet 9110, which
couples a source of process nitrogen to mix vessel 902 by supply line 9104, Process
nitrogen may optionally be used as inert tank makeup gas and to provide a blanket
which separates the blended slurry 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, valves 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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5  to the filter line 984, and includes valve 988 and valve 990. A first outlet port of
valve 990 is connected to drain line 992. A second outlet port of valve 990 is
coupled to sample bottle 996 and associated drain line 998 through sample line 994,
When actuated by control system 936, valve 990 can connect the dramn and sample
collecting line 986 to either drain line 992 or sample line 994.
10 Inlet 972 is also connected to a source of diluent and is coupled to
recirculation line 928 through diluent line 960 and valve 958. Valve 958 can be
identical to valve 916 (described above) and is located in recirculation iine 928
between valve 916 and pump 932 in the embodiment shown. Since valve 958 is
positioned adjacent to the suction side of pump 932, diluent from supply line 960
15  will be drawn into recirculation line 928 when valve 958 is open. Valve 958 is
capable of accurately regulating the flow of diluent into recirculation line 928 when
opened, and the rate of this flow can be empirically determinaed.
Valve 970 and onfice 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. Alternatively, 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 contro}
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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5 chemxcal mixing system 400 displayed in Figure 4. Specifically, a 55 gallon

supply drum of CAB-O-SPERSE SC-1 (concentrated slurry source 424) will be
attached to the system 400. A pressurized supply of ultrapure de-ionized water
will be used as the diluent source 418. The desired mix ratio will be 1
volumetric part CAB-O-SPERSE SC-1 concentrate (30% by weight silica

10  particles in less than 1% KOH) to 1.8 volumetric parts water. This mix ratio
will yield a blended slurry comprising approximately 12% by weight silica
particles with a conductivity of approximately 0.825 mS/cm (the Derived
Qualification Setpoint). The setpoints that will be used in blending CAB-O-
SPERSE SC-1 slurry are shown in the following table:

Setpoint Percent of Weight Conductivity
Setpoint* Percent (mS/cm)
Silica
Coarse Blend Setpoint 90 10.80 0.766
Fine Blend Setpoint 95 11.40 0.796
Lower Qualification 99 11.88 0.820
Range Setpoint
Destred Qualification 100 12.00 0.825
Setpoint
Upper Qualification 101 12,12 0.831
Range Setpoint

15 *interms 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 slurry 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
29
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mix vessel 402. Valve 412 will close once the level of the fluid in the mix vessel '
reaches a level detectable by the liquid level sensor 422. Approximately 64 liters of
water will have entered the mix vessel 402. Pump 432 will continue to circulate the
5  blended slurry during these addition times to promote mixing,

After four minutes of recirculation, the conductivity of the blended
slurry will be measured by conductivity assembly 414. Valve 416 will open and
remain open as long as the measured conductivity is less than Coarse Blend Setpoint
(10.80 wt% silica, 0.766 mS/cm) which is 90% of the desired qualification set point

10 (12wt% silica, 0.825 mS/cm). Conductivity increases with increased addition of
CAB-O-SPERSE SC-1.

After the conductivity value exceeds the Coarse Blend Setpoint
(10.80 wt% silica, 0.766 mS/cm), valve 416 will close. After four minutes of
recirculation, the conductivity of the blended slurry will again be measured by

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 slurry

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
shurry 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.
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the measured conductivity used to determine if another injection of concentrated

slurry is needed. If the measured conductivity is between the Lower Qualification

Range Setpoint (11.88 wt% solids, 0.820 mS/cm) and the Upper Qualification

5 Range Setpoint (12.12 wi% solids, 0.831 mS/cm), no further additions of

concentrated slurry would be needed and pump 432 would continue to mix and the

contents of mix vessel 402 and recirculation line 428. The conductivity again would

be measured by conductivity assembly 414 to ensure a correct percent solids content.

After this measurement, valve 444 would be opened and the contents of the mix

10 vessel 402 would be transferred to a point of use (not shown). Valve 444 would

shut once the level in the tank reaches liquid level sensor 458.

Example 2. Preparation of a Tungsten Slurry
A CMP slurry, SEMI-SPERSE W-A400/FE-400, will be prepared
using the chemical mixing system 800 displayed 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 | 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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Pump 832 will be activated and valve 816 will open to draw
concentrated SEMI-SPERSE W-A400 from concentrated slurry component A

5  source 824 into mix vessel 802. Mix vessel 802 will be sized to a working volume

of 100 liters. Valve 816 will continue to be open until the liquid in the mix vessel

802 rises to liquid level sensor 834 at which time valve 816 will close.
Approximately 50 liters of SEMI-SPERSE W-A400 will have entered the

recirculation line 828 and mix vessel 802. Valve 850 will then open allowing

10 SEMI-SPERSE FE-400 to enter recirculation line 828. Valve 850 will close once

the level of the fluid in the mix vessel 802 reaches level indicator 822.

Approximately 40 liters of SEMI-SPERSE FE-400 will have entered the mix vessel

802. The pump 832 will continue to circulate the blended slurry during these

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 1s 110% of the Desired

Qualification Setpoint (3.0 wt% 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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' slurry to a conductivity greater than the Fine Blend Setpoint. As pump 832 is
running, valve 850 will open for the corresponding injection time and allow SEMI-
5  SPERSE FE-400 slurry 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 slurry 1s 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.

33



fS 110%!~& ()- S 1109%)"f& ()- SF 110% & ()- f 1109%6"S& ()45
10%v& ()-SBvUA | SL0% "' & ()- S &10%"' & ()-10"10"010" S 10% & () ) 2007
109 & ()- | WAOwseshes()-0q|[:vU4 | S S3f10% "' & ()-S S| yGLO% péefubdensaer
S,10%"" & ()- SF 10%!'& ()-m SF L10% "' & ()- S$10% "' & ()-q JU[:vU4 I S
S (10%"' & ()-S S@! 10%"' & ()- S 10%"' & ()- S@10%"' & ()- S 10%"' & ()-
S| m0% "' & () - U={] [OtitsniboSinsiadfais trvéhtion SilEbdaibasnt toghdse skilled in the
S31410% "' & ()- S 210%" & ()- S.0s10%"' & ()- SSS/ 10%"' & ()-"#$%, vU4.! -
#1001 & ()-  +Rlomen congideration gf thigspepii waioel)orfsmm%mwe(lpvqmm 10" 10

fo%w& ‘(&) f) l_‘q‘iﬂj%?%he(f?m @an %/%‘%g‘gl%t}s Slg'l 19N, ané ghanges 16 %%%%‘%mﬁ

S '310% #: & () é@%&%@%ﬂb@d et ivEy e madehyl Srlel oMt Mithe art without
f1s! 1096& ()- S@ 109F"M& ()-cv|[:bUd I' S S10%#: & ()- SF 10% #: & ()- SF
10% #: & () - S Separtng frod the truSKbPSand sirit)of 1R1BYertiod Whietgs jrididztéd by the

following claims.
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‘What is claimed is:
1. Cancelled
2. Cancelled
3. Cancelled
4. Cancelled
5. Cancelled
6. Cancelled
7. Cancelled
g. Cancelled
9. Cancelled
10. Cancelled
11. Cancelled
12. Cancelled

13. Cancelled
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(1)  whercin at Jeast one of said chemical componcents is sclocted from the
group consisting of water, aqueous ferric nitrate, aqueous hydrogen peroxide, aqueous
Ppotassium iodate, aqueous potassium hydroxide, aqueous ammonium hydroxide,
aqueous tetramethylammonium hydroxide or combinations thereof;

(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 componcnts 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:
() combining the chemical components corresponding to the step; and

(i)  ceasing to combine the chemical components corresponding to each
step when the combination has a measured conductivity value that corresponds

to the reference conductivity value corresponding to the step; whereby a shurry
having a solids content within the qualification range is provided.
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to the combining step;

(b)  providing a supply of a second chemical 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 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
that the reference slurry has a solids content within the qualification
range, )
(d) measuring the conductivity of the reference slurry; and

(e) 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 claim 19, wherein at least one of said chemical

components is an aqueous solution of potassiurmn hydroxide, ammonium
hydroxide, ferric nitrate, potassium 1odate, 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 cena particles.

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

recirculate.
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(b) a control system responsive to information comprising 8 measured
conductivity value of the sharry, wherein said control system generates a control
signal to control the addition of at least one of the chemical components to the mix
volume when a slurry is prepared so that the addition of the at Jeast one chemical
component can be ceased when the slurry has a measured conductivity value
corresponding to the reference conductivity; and

(¢c)  atleast one valve disposed in the chemical mixing system at a position
effective to regulate the amount of the at least one chemical component added to the
mix volume, wherein the at least one control valve is actuated in response to
information comprising the valve control signal generated by the control system.
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response to said sensor signal. ’

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

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

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

(b) a conductivity probe at a position effective 1o detect when a

combined amount of the chemical components has the desired solids

content.
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comprises a mix vessel.

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

further comprises a recirculation Joop.

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

18 located at the mix vessel.

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

1s located at the recirculation loop.

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

conductivity probe is Jocated 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 1o a point of use.
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