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CHEM CAL M XI NG APPARATUS, SYSTEM AND METHOD Rel at ed

Applications This application hereby clains priority
woOQpoesaneisb ncor porates by reference in its enti PETRS2@4/041053

U S. provisional patent application entitled CHEM CAL

M XI NG APPARATUS, SYSTEM AND METHOD, filed July 8,

2004. Field of the Invention The present invention

rel at es CHEYHGALAMIXINGAPRARATHSUSYSIE# ANDIMETHEhod

for mxing chemcals. It nore particularly relates to

such an apparatus, system and nethod for m xing

ingredients in a preci se manner in accordance wth a
Rylaied AuslicafionsBackgr ound Art This section descri bes

t he background of the disclosed enbodi nent of the .

pr es@his applieatidrorereliyeleiang rriafdy fonpBad ncemoratestyreference in its

S ' 1.ed, ; [ ed

e?‘nﬁpe{tﬁ.asu%. gr&ﬁéubﬁ% d)éaltt%tagglﬂ%tlaﬁ%mﬁngﬁ/ﬁéAg MISHNG

IS Section nstrtutes prior art. There
ARRARATES, 8YSAEMANDOMETHOD: fitas July Be200nd ki nds of
apparatus, system and nethods for m xi ng ingredients.

. -reference may be made to the foll ow ng

F_":. .O? vEntidd d patent application, each of which is

I ncorpor . e [ thod
ent i TBRFEE SeRyCh et rEiRes b Bn dpbaratus, system and metho
foremixingectidmicals e ltahorel peniitedhrlyrelsitestio stichaosippacatgs, tsystem and

e 8B i oRBBo i BRe DR F aded ol isiven

rggips. the i nput chemical control devices to achieve the
desired m xture, then the mxture is tested in |ine

gor accgpgtr?bl e use. In sone cases, an external

o i nstrunment or l|aboratory is used to confirm
t he ended m xture. .In _sqne ot her, cas -
e oSk b0 SO G g ARG se Bl or e
P8sEHHRRAGON There is AGENtanUN, elltéranprdss admplia, thatlthe y
of process, they each nm ,enPI OP{ unw?pt ed and
W@r@upﬁ@r@d@@s&@ in ihis st%;gon egally constitutes prior art.

There have been a variety of different types and kinds of apparatus, system
and methods for mixing ingredients. For example, reference may be made to the
following U.S. patents and patent application, each of which is incorporated herein

by reference in its entirety:

Patent No. Inventor Issue Date
4,363,742 Stone, Milton 12/14/82
5,340,210 Patel, et al. 08/23/94
5,348,389 Lennart Jénsson, et al. 09/20/94
5,522,660 O’Dougherty, et al. 06/04/96
5,632,960 Ferri, J.R., et al. 05/27/97
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test fails,

subsequent to the test
i n unaccept abl e del ays,
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be ut id9 1200

b are_fl ow

chart 5 240,38t her f
nay be utilized wit

ract i grhiakj étlalm xi ng
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) nmet hod9/1di0th
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Is axpdpokosheagr am
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with the system of

ch is ermgsl/zr/ed

FIG 1. Detail ed Des

cription of

Certain Enbodi nents of the Invention According to

certai n enbodi nents

of the invention,

there is

pr oviglerkndy syahe maantboieringquioadssé requiratthe gsea oblaleoted

SREPL SoRReoh B el B

t

et

a?g;?hf-&e? ‘i%fir‘” r S%{C.gssl'he

nts

IgdRACAlly, Gfeseibléhid amigditont hate tbgertatondhe &peit chemical

det er m ned,

and a ratio of a

eratrel devieas toAChieNE togidRsiradymix

aé,gﬁérp gﬁgﬁ%ﬁ% ig %s*el?jein line for

ARBpRBIENe. | B oLEhsREeah eXiBmanandlyitsdmesirlnedt ot laBératory is
Ingredient to be admtted to the adm xture is

useddalcantian the Mandedmixiyg. {meomaotar casmhEntiy-ing tgghen the
@ﬁb&&l@hg&h_r atio to determne a corrected quantity.

e corrected quantity of the ingredient
of anot her i ngredi ent
reome #RpPlige
und&5iesste SERPS. If the
| et ed

to the adm xture

%Iih{}cgrp?géeeégt

y repeat e

i and a quantit¥
i s adihile these mathedmeray REFHIECATSTH

Fﬁg&/%abﬁ

unt i

3
s s

is admtted

tp jagpure

tasclailelidngining anermefiling dreiwimislit subspaue Hectest asults may be
Feaﬁirrgd.' SRy rﬂ\é\&/ ?j&%lt&}n unacceptable delays, additional costs and additional

cycle time to the manufacturing process in certain applications.

Brief Description of the Drawings

The following is a brief description of the drawings:

FIG. 1 is a diagrammatic view of a chemical mixing system which is

constructed in accordance with an embodiment of the invention;

FIG. 2 is a diagrammatic front elevational view of a tank being filled using a

fractional fill method in accordance with the system of FIG. 1;
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fractional fill mxing apparatus, system and net hod
for mxing ingredients. In one disclosed enbodi nent,
woOheosfnesspbi onal fill apparatus, system and net ROTUS2004/041053
i ncludes a container for holding ingredients, an
in-line analytical instrument for measuring the
concentration or quantity of ingredients disposed
wi t hFIG.thie actiow ehart of a fradtianal filhgibded @ethosluppiop reanbe gtilized
irlgpensing ingredients into the container.
“H%é%§?¥&€%égfﬁ§ Eperatively connected to the
i ngredi ent supply control device and the analytica
| nst Fl@@rt andhare dawrcharte of anptherdraciinpaldiigniging method, which
61 198k i the 388K SRS pragim i ng at | east two
container to a fraction of the ful
volune for a desired batch. According to certain
embolIGrehiss bipck Hiagramy eha icomiroligr.adiie il areplogsdwii & system of

Ftlﬁ fractional fill mxing algorithmto cause an
illal fraction of the total volune of the container
to be filled in the filling sequence. This fractional
DatdilgadDescriptien ptGedaain Enmbodimenis ©f e eiiOfeous

m xture, and the in-line analytical instrunent

det ehl e gl B eRAMSEhBAENENRRT tife Rledtith, Heté W Ro@Bed a system

conmmruni catl ng that 1 nformation regardi ng the current
amdxnezthedpf)fqrmllaélﬁltarQﬂtﬂéﬁomwﬁ&ng:@ﬂ?ﬁ%iltW@Hng.*ﬁ‘é'émsr nd€a

lrtg%@&léhl en% b i ’Jt?dqoxé Ecg'}tgl 8P \ﬁéggauyﬁr‘ﬂllhﬂﬁﬁh% (idb‘?ltlhes of the

con n a mann
mglredlent in tee comislrimeavaa@etetnhmefacamdaa rajiglaf @daeget quanity to the

esrbgjﬁjq c\élﬁlgeu ?qu%)lfﬁtgy ?o tag]l g{iﬁe ln@onfoli'%ﬂ%gﬁ&ﬁla{eﬁa eq{&t
duantity tof ﬂgath’ngi'édienstotﬂeeacdmﬂed artheiadmixteresisdatonlated by multiplying
ddi t | d. f L, i QRS.
the amet gt e Eale AR 1 ar TR Lo SR QiR The
cbﬁeEt'e@unantltfyhﬂ fige ingretiishinis @drﬁﬂttéd td Oﬁaaédrfubddre rdrxii anguantity of

E@r?{;g%é@gaj Ig @%tgﬁt%&a@ ﬁlgﬁ'l?xtlb% tg %5 F @@eq{?por[g ion of ingredients

th FEER dééi%rnﬂﬂé‘tldﬁ” sk Stebsafay Be P@Q@a‘td@uﬂﬂ theb&tch is completed.
Ingredients in a tank or cont ainer 12. An anal yzer or

anal ytical instrupent

14 i t
quanﬁCP‘Pré’é‘ﬂ%tP GeHgm ?rﬂﬁ?‘B@PBﬁt ?Iﬁe PN@”%%SF% trés(ra pffﬁ'%em
fiafé%ﬁé?llﬂﬁ rﬂﬁ.xr‘ﬁg %bﬁréf@‘tsyﬁbm%}d rﬁ@th‘ébqwmgtﬁfgelhgﬂeldlemd In one

, control i spenses two or, nore in
dlsﬂ@eﬂr@mb%mﬂ t%ﬁ@%ﬁf}ﬁakﬂ"@paﬁ%&.%yaﬁeaag%ﬁi eftodincludes a
container for holding ingredients, an in-line analytical instrument for measuring the
concentration or quantity of ingredients disposed within the container, and an
ingredient supply control device for dispensing ingredients into the container. A
controller is operatively connected to the ingredient supply control device and the
analytical instrument. The controller further employs a fractionall fill algorithm for
admitting at least two ingredients to the container to a fraction of the full volume for a
desired batch.
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supply control device 16 di spenses ingredients through

a plurality of ingredient supply inlets, such as first
wongreadesant supply inlet 18, second ingredi ent PeUSL04/041053

inlet 20, and third ingredient supply inlet 22. Each

i ngredient supply inlet 18, 20, and 22, are connected

in fluid communication with a plurality of ingredient

suppPceerdingde csHeinrgmbatimenisriif thg @vertiane asoplsllarigxecutes the

fl%lCH@%l 'fl )3{'1% g%g%%‘éa%geertlﬁ g(glloﬁl?)tf rfé%@%lxlolum%of the

control he T ngredi en then rom-t
coatziferlta ba4illedirt the fkﬂngtwqumcelzr hls!\ﬁ'a@mﬂhVOlumsllﬁeCZpulated to

aéﬁlé%fquWﬁgg%.ﬁgouggW%%6$ G{Eé rﬁﬂ}% ir%l){tlcamléﬂrllﬁlrgent determines the
copsitaémt partses itk aixtirel andecopimomeatiriy thhbnfdrmahd)m tggaodlng the

i ngr ed| ent 0 be m xe as |n i cated.b

CHTRN GNP SR FRITEUP RS Gt Trcenep L JAgtener il mixing
diguiiten! afugs mes mgrem@tt sﬁﬁﬂy\&bﬁﬂﬁolaiem%élnﬁi e@harvr the cofrects
one of the in ients is present

efrorabelyegn ige iU vabigsoaic bR desred M@U%%‘ﬁ?ﬁfﬁ'ﬁwr? Ke
uBBkqubht rr§cﬂJﬂ%rbrfpbﬁfdhbsQﬁ Hd totdl wbﬂuﬁfé éﬁhé alixile. hTHWIERUIting

two or nore fractional artial filling sequences,
blensl is dheipesic radine and mrﬁaﬁd@n@ueaﬂngzézewm opEmeNY and
azagﬁcato%pe‘:t ively. As indicated in FIG 2, for

, a fractional filling sequence generally rray
conprise four fractional filling sequences vol Fra
vol FRetering ppwta 8w drigwindsands mole PRiticdRBYIta FhE- Mb@'&? is

sﬁwlaﬁrh d #&t&)ﬁalkﬁll%lxg%@ﬁaﬁﬁﬁ?} Ly %?é&n h@V\ﬁh@H W Ebddbted in

ume capacity a l'evel point 212 (not
a@mmapce wiban eneodimght ofdbe prqs‘»@nwﬂvm@m A whichds uped to mix

tw8\6? bndr8 %%r%llar"ntsl?ﬁ ta%&rh& ?N&%téf?ﬁ&‘ﬁé g grl'ié\?%érggﬂﬁhaif hé:%h

quence not necessar |
IMDUnmJThMaspadamtpd &b melasutesthé& quantitias of Bamirignecmwmln the

S o) B AR ST bR e
disp@neds em or inord ihgreﬁldmﬁﬁlr}treme]tank or eorftainet 12nTlod irighedient
ner vol une .f or

f ul desired batch. The .
{;{&gm R %H%@selswégragllgﬂttsﬁﬁroggﬁ&fpehérgﬂ O-F ingredient
éu?ﬁfy&ﬁib%nbuctmaé et PRI UPBIS IrMéEoNd) sgedtrr inblediant supply inlet

.. The quantities of g RH«iY ?s Séj
300 and éhicingreadiesyt sYpPIvetse- .En%%é?@s en @Fﬁ 18 20,pnd 22,
a?it%ﬁﬁﬁ%cté;ﬁ’ inViRlid! BBmmURAR0BH DRH atdigmlif ‘er@dl@ﬁt duplies (not
shown). The manifold 24 receives the plurality of ingredients from ingredient supply
control device 16. The ingredients then flow from the manifold 24 to the container

12.

As shown in FIG. 2, in use, according to a fractional fill mixing algorithm, the
tank or container 12 initially may contain a residual volume of one of the plurality of
ingredients to be mixed, as indicated by volLowLev 200. The low level of the tank is,
therefore, indicated generally at 210 when a residual volume of one of the

ingredients is present in the tank 12.
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the target quantity for the desired mxture to the

determ ned current quantity for at |east one of the
wongreadessnt s as neasured in block 30. This st epCrAS2004/041053

generally shown in block 32. As shown in block 34, the

nmet hod then cal cul ates the next quantity of at | east

one ingredient by nultiplying the tar %J)antlt of
t he iARgPEdingietamgmppdiment Pbthednvamtign eut@ﬂ 1%isKhep fragtionally

fﬂl@ﬁesreﬁ?ﬂﬂ C’sﬁroﬁg E\@&B?ﬁ]o?éjﬁ'ﬁéﬂc}n\élo RAGMAG 's@ Qér‘}’é‘é& # volume

Irects the I ngredient SUF contro
ef@acbera hdicatetiat 202, R84 c2i6, @od é@Sqmneqztw YofAgindicated in FIG.

L A
folincpserjueaces mgan evnIFrtaOZadeEmt:Btdmj \m1EJ]ao4t ltehoold b:emnted that

R o Rriahe st gl HadE sag o Blyni rappbAl 86 HEEh tevel
dmet Zi(not siedwri)s muh ttd High lehel pdérs i2n g thdigees tHeylewd| tmdrtamu be

batch. When the gcontajner 12 is fil]ed t he d
et hﬁﬂr@cﬁ%naé%h s e i swpel Ritot Becssailgiicate

th8 rRdeslintdapabinsi Heramg1now t he nmethod as j ust

descrl bed in greater det a|I and with reference to

FI G t he term ni desir
fractll}‘q).ﬂ}Qwr\:lp IE g t&gg rrwgg]meltqg%ﬁbqgms mebqock 27. The

ff'é(ﬁl@hélqﬂlafhlerid rhéthb@ aGmltB%ﬂ fééfsﬂﬁ\ﬂ) m@@’che?ﬁsﬂimh@,coﬁlaﬁer 12to a
shows a tank 12 that will contain the adm_ xture and

fractiopsf éefull wenﬁain%ﬂ 2 yelymepter pdesiied baiehc (Tdgraethed dgn
(%cﬁgm'ﬁﬁ a'nﬁne@oﬁé%n@feﬁﬂe\%f Althé YoXbinePhby %ﬁodvﬁ‘é@hérally in

or su%sequ fractional " fill sequences. In
heelc3hit Tb&an@ntéiesmaﬁch mfﬁdl@ﬂ@ﬂe&ﬁum inghe é@@i@ﬁ'@ééz aray be in
a
dchR BALGEEH pditenl by \%m%r g@ggﬂa@é?é tldl 2 A8 B o of
theltanget awardityofien theydesired nz&@reatodthte meiﬁrvmaqiwrre@t quantity for at
t
Iég 12 oqfqlg%ﬁgYeocJ {rﬁ?%s l‘g(%a-gn P IﬂLbfi: & dBJ 'h{ %¥@k3qg§ghe§rﬁlly shown
i ddlonk&SZasL\s sitbwraindxdodky34y cbrhé_malﬂmd tﬂeﬂ calfhlatesdbe aheal quantity of at

R e e iy et Hlon L FENEIORN 67 rat
mqn%éd:w bblemmadte_rriﬁheraewrmcd tet ql{l’?ultw QAs Sifoven in block 36, the
resi dua VOl U ,,as | epe S On e I .

o e HrestS Hiedhregiant SHERS CantEP! gBvichd b tn gy th copcted

duimitylat the indPEdiBht!tY tR8dmRiRe iMBleadntiiieral®. ot MbtHdaeas
Ingredients that will formpart of the current batch

sheavnsia derk 38 e aaits @ HPPntftY pf %nqth%r ingriedienk i adiyst the

proportion of the ingredients to the target formulation. Steps as shown in blocks 30,
32, 34, 36, and 38 are repeated until the container is filled to the desired quantity of
the batch. When the container 12 is filled to the desired quantity of the batch, the

process terminates as shown in block 44.

Considering now the method as just described in greater detail, and with
reference to FIG. 2, the method includes determining a desired fractional filling
sequence of quantities of fractional fills to be performed. For example, FIG.. 2
shows a tank 12 that will contain the admixture and ultimately the final desired batch

5
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addi ti onal 25% of volunme as indicated by the area 204
where the volune for this fractional fill is

woemeasesshed by vol Frac 2. The third and fourt RCT/US2004/041053

fractional volunes, vol Frac 3 and vol Frac 4 indicated
by 206 and 208, respectively, each fill the cont ai ner
an additional 12.5% until the container

tapprosatedfrenytheunethad. FKH Zshas @pltﬁalﬁbw \wilzme Tayels for

L[)gl&ide?ﬁ' ﬂ’%cﬁ'ﬂayﬂ?ée $§r @ﬁgé ?9&1%&11[ Ey?érpr%lg foh?ﬁa&ro‘?]al filling

ur ose
séqsem@@ are ttabhlpevfermai i 'ﬁmasfnfst fractiogpab@lingseapengs fillg the

ent
BRET B UPRSOTEE of i Wit sribfipfthf areb202 ang this
vbhm;t@}sfmducaﬂedml volfrh¢ i n§ he gepuiéat €k solame! id ehealde éﬂ%mdhle
eac ractio u euen ul,d includ 06-0r .
AP e P st ST Tt e & Bise it B Vg 20857 RE resiaual
vf&ﬁhﬁ@et %fthewamaieeomiemduewlngmmmtalrda@,cpmsémns thaf tahkd 2 before
ractijo

| ] f
the FiapHenes Bl Disteacl® CTRECRd: Thetknpy s mepi ot PR3 Tesidlar

v%ﬁﬂh’@ rH‘th dé’@n’ﬂ‘s% the uded legbirerfents! The r5§l&’gle§1fvoh.hﬁa dfahal
batch vol une, the second fractional fill 90‘% uence
t

ingsegieatindaniyil 2 is peymady ihexsame inaredientasn digrgs that
V\‘?Ipﬁ)'{r A rga g c@ﬂ'gntf t?éﬂ':ﬁ h ﬁh%%kbl‘?@ﬁfbctfdﬂa\ filngIsIRE %Slﬁ‘t‘éﬁfér an

Frac 4, w | each contain 12.5% each
agiditionel 2% &if Vblaﬂ”tﬂ"ﬁwlﬁﬁ@ﬁ@ddé’ the acea %%Wbﬁ@vth@ NQIUWG for this
T
f@{é:ﬂ?%egléfﬁﬁse k ?{5@ nﬁé& W‘\?ola& I#@{h &h dnaﬁl&g’rlf]ﬂ E%ﬁg)rna%lurﬁes
v(o\erathamlwolF recKFfndicataéd by\266 FﬂndCZOz respetivelt eacly il theac

S .54 R 550 BAGARENE AP o

drepw gsznts the total volune of the first ingredient
i nt he batch. chenRTot al Vol represents the total volune

?epr ﬁgﬁfasc Pﬁ%l rr?e% p%rﬁeﬁt?ﬁe@@gfﬂecgg d%dfg?gyé?hple

duyposesl dnty died oasuld ed mmi:fmrd asdesiedtto aVolleuewamus fllling sequences

shoyl d be not ed at di d t t_hi

Sl geae Sona b ety KL GR AR ed fERa Bl i ddour

fﬁHHoﬂélfT$rngl mued?@mlthré@ #rhctichalifiiihg sehuencee cpad beafset here
bat c 0 sa of clarity for sub uent a s, the.

eI isAPTaIgRee srcenee e Sl 3P S ohe JRLP! €8 aprimate

GRtdiRgd Aimb e FBOsARLF BRER Pl EHI R HuBBE Ut dls‘ﬁ@éﬁﬂ(ﬁ%\fﬁflthe

the third ingredient of a desired batch, so ar

fractional filling method will utilize four fractional filling sequences he first

fractional filing sequence, volFrac 1, will be equal to 50% of the total batch volume,

the second fractional filling sequence, volFrac 2, will contain 25% of the total batch

volume, and the third and fourth fractional filling sequences, volFrac 3 and voiFrac 4,

will each contain 12.5% each of the total batch volume as described previously.

Thus, the total volume of the batch in container 12 is represented by the
variable totalVol which equals (VolLowLev + volFrac 1 + volFrac 2 + volFrac 3
+volFrac 4). totalVol may also be represented by (chem1TotalVol + chem2TotalVol
+diwAddedVol). chem1TotalVol represents the total volume of the first ingredient in

6
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when di wAddedVol and Vol LowLev are conbi ned, the total
volume of the third ingredient results. The fracti onal
woi2bde/onsssd ng net hod then begins by filling therPCT/US2004/041053

container to the first fractional fill percentage in

t he sequence. In our exanple, this is 50% as

represented by Vol Frad 202, as best shown in FIG 2.
thehbatabt chemBbiaivol oépresents ihestotal MoltE®i @fiihe secansidngredient in

igeékﬁ@;‘ BROAGd qggoégéb‘%ﬁa{té vofIJrﬁgU‘ fm%.ré Hﬁltreog«?ﬁ’cuﬁ/%ﬁlly

al cu o ume 1rs repre
delwiﬂedl%vaﬂeh/rmlddedltneanLEwae\X/olt sheulédpaaiotedntrrahdmﬁﬁdedvlobl

BHE e 5, 555 RS B 05 e TR B0Pb b g over
w@f@cﬂiﬁhﬁhaﬁi@%esﬁb@ 2be ﬁaNOf thleSbaI(&H cTib ahledofugarity far subsequent
cxEPlasy e TPRGHBLNAUATS e arefiepkncaariaifey, s 48Tndl as being

tHe?@érﬁé %r@é’ithaé?Blﬁmd'ﬁ@&%lele thigdn &@re'rdaérﬁlovgl ddsired bhichesb that
as chem X where x is an internediate vari abl e

when AT 250 MG are SRBRINGRR e JOIA Lol ame e ot i
r%{qr@@f@ﬁh%)sulté:hem Rati o and chenRPRati o are defi ned as
tthe ratio of the volune to be filled for the first and

d di ent t | di ,
e ek ik 05 el B e
frE%ﬁonYé? I rﬁ%rc%fntéié/ﬁnttﬁlé §é’qdeﬂ9é e aitexads thie lé@d)%%\\élLeV

to obtal fined as di wAddedVol whic
repreaented dywWikrag1 208, as l%ﬁt sbowen Fithe. f?%@qt%dplwﬂq pf the

fﬁgt)fﬁré}gcf‘hgﬁf Q%eé‘tetﬁé rédg}gje%‘ﬁ foft I%%@Fén‘?ﬁa&ﬁ%a‘ Al 8&duence is

one | ngr I ent ase he target
tmn miemlaied Bhéshdblnae isitapoesantec lmectmjp‘p?ryc\é@ln@éﬁmﬁfacélwl is

quat h!gﬁ?lr'f%gal\?glfo ewl.ggpﬁ ﬁjaggjhegéj ?@]ﬂl{%ﬁ FPJcV\g .%efr]actlonal fill

peeddniast @thé giRamil sBatdree, intthd Ghesent ¢xanimbes0% Rabéem2FracVol is
+chenPRati o di wRa v@% Where chem Ratio and
C@H’é'}?é%t’?'ﬁgé‘rﬁﬁmﬁ?r W8 represent the ratios of the

yolune.to be filled for the first, second, and third
I ngr @éﬂ&ﬂﬁtsonkﬂﬂﬁ@&ﬁél%h&ne (f)fdhe filed irgredient méistdieén beablculated

fill sequence. Bul kCheni se _suppl ,
BSGRBAASER B R Ehm LA p sho SP?&W@H SHied 458 Ratio + x
WHERE |§ ¥? HtetrbiAENBHabIBI% S SHe ﬁ'?otﬁﬁ/'o@“' SHePih REtioN

sim ormul as where the nunerator of
chemZRatlo + diwRatio). chem1 Ratlo and chem2Ratio are deflned as the ratio of
the volume to be filled for the first and second ingredients, respectively. diwRatio is

a ratio of the volume to be filled for the third ingredients.

The volume of the third ingredient added to VolLowLev to obtain totalVol is

defined as diwAddedVoi which equals (diwRatio e x) — VolLowLev.

The fractional fill mixing method next includes calculating the target quantity
of one ingredient based on the target volumetric blending ratio and the supply
concentration of the ingredient. The target quantity of one ingredient is referred to

as concChem1, which is defined as (chem1Ratio e bulkChem1) + (chem1Ratio +
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above equation is replaced with the ratio and

concentration of the bulk ingredient supply fromthe
woespaaéisye i ngredi ent being cal cul ated. Now t hat/ush®ai41053

FracVol has been cal cul ated, chenRFracVol and

di wFracVol are also cal cul ated as just described. At

this point in the nethod for fractional fill mxin
caemaRdiimgdivdratinp Wtiselchemt Raffo ancherndnalioand dkdatio

f
r%éréﬁéﬂt tﬁeaFattlﬁg '?)Q.ns \P(ﬁt%g ¢ pg f@%ﬁoﬁ' g}é @é’{/ %gg&%%{“(@ Ghifk
|r¢§r§c§leml$ resbbetived), tftbrﬁhefcurremrfsad:tlemal fitl qua@met eBulsZhemdni

F th d I
eRspsRs s Ry ensapendnya e i ISRty GRS huanty of the
otrraﬁ w\(\ﬁé@lﬁﬁts@‘re ehrUiatl uaisg sienaekenuild where ihenansfator of the
at the first fraﬁ‘lﬁl onal

bV BAIALIORLS TP CASHLRR RIS R EenesIRteT ol theBhEEgient

SUH|§|§/ fildfh ﬂﬁ@' repeiiofd ipsdiastBeingeehiéfatean Now et dh"em‘Tl'R?racVol has
ormthe remaining fractional fill seque

bea@aalcuﬁéqﬁ ehemRFEravobaNnd diwEraQo! prealperelcH 'aff‘rdZ%S Jughy

ﬁbﬁ jcul ated. An ideal chemical fraction may be
ca‘fcu ated for each ingredient to be admtted to

bR o R SR o

rﬂ St Yipd m(/&ﬁ’tfcﬁs ﬁﬂat first fgetibRtSporel WyRofirolldt@6fdending a

|ngre|ent to neet the requirements for the current
sfgnat toi ingredient smpmueqmtrm devirel 19 v Aisporsnibie; @l of ingredient

%ﬂs{%§&ﬂ&8 %ﬁ/ chB ARG RV tl'fe'n tb d{%ﬁéﬁ&i‘fh@ lirRe bP@ P?G%’éfﬁ nce.

si nce ISIS e second correction fill
rsp;rqsemteé by pnbemlﬁ@azx\/@t and finallydo disRapse theo@!ume efclrmical as

ual i deal chemical fractions may also
r%;%eg%lntggl &F%{}&each i ngredient by using a simlar
formul a V\/nere chem Total Vol is replaced with the total
vol uNewdthat the fiostieactiomay fik e heen apmiteshialcgataingr 1Regybsequent

R D ke TR L o815 B P Sl 2 1o
padtm ite rsmhaining tfedtioriy fluvayqun‘ncexaarplldeal aheeical fraction, such as
FAEPAEREIE Bl SIS AT BHES0N i FiBh e e
fbSedd®n C%@alé‘hed) by agiifd tbicactdiver Wi Gy ey cm‘@‘xarr@d)b as
iéeaIChem1 Fracis deflned as (chem1TotalVol e pourUp2Frac) where

chem1 TotalVol represents the total volume of the first ingredient to meet the
requirements for the current fractional fill sequence and pdurUpZFrac is the
subsequent fractional fill percentage in the sequence. For example, since this is the
second correction fill sequence, pourUp2Frac in this example would now be equal to
25%. Other ideal chemical fractions may also be calculated for each ingredient by
using a similar formula where chem1TotalVol is replaced with the total volume of the

other ingredient being evaluated.

Next, the actual volume of each ingredient to meet the requirements for the

current fractional fill sequence must be calculated. By way of example, the actual
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concChem ) chemMal where chem Val is the neasured
guantity or concentration of the first ingredient in
woOheoswaéssh. A simlar fornula nmay be used to catTwiSaiog/ 041053
the actual volunes of the other ingredients to be
added to the adm xture during this fractal fill
sequence where the theoretical quantity/concentration
votumeef thetiest ingrgdieat terinest thel eequirememtscfar ther gskang fractional fill
and mea
S S U R S
caRtOREMf JE t:h@mvamhmemeahwl Btth@ ghelabaredi cfdaetl’@mre

CORGPBERIENT Pvnirat inGreEiATT e diasy A aBtles MY Bk e used t

c%k%‘(@ thd QMRIIVERMEEThe bR mgT&ﬁeﬁt@l’!@ bé @bl & the atkeisture
the second ingredient to cal cul ate chenRFracDelta

owsmg @lsfrgc@bﬁlu%@qwap@ whefethedBeorefieal cEguity/eppeRérajen of the
otti'?@r lﬁ@%P%PE: fJe%FEHé?ﬁ‘n@él ff’écltlbn?%‘d%&é‘%@é@qué’rﬁﬁbs/cgncentratlons

chem raction. The actu vol unme of the th
nmangbe i pdanedtio theeappropdate egitionsres thesaliye fomaulaur r ent

fractional fill sequence may use a different formula.
di wFrg gYﬁ’étBe(? fuﬁﬂmlé@'i%d&e%%wﬁ%ﬁgm duﬁ@@ﬁ&é’%ﬁvé&b thé ideal and
chem Frac chenRFracDel ta where di wAddedVol is

actual volumeeofdhe fifsé ingredienti idisigicalsulaigd by suh?tﬁctas\ﬁa%mﬂ BracVol

AP B! VB s R W il P bEhy pRedons

aa&:mlia&e ehem2EmeDetis Udinglits\astuaimolumet theness thearageiremests of the
d en ' t ch

e EpERFionAC CPRhe St el i en B0 e ean the

i deal and actual volunme of the first ingredient and
cherrﬁrﬁeam:mal valuine afdieé thid ingretiest i meeltaa cequireniasenfor the

ﬁrgg Prlaﬁwﬁspfﬂ\;ag%hgﬁ&e M HEE o (ﬁlffé ﬁt ﬁ)%ﬁ‘%d dﬂ\ﬂﬁfa%ﬂ}hﬁgtequal to

serves’t0 vo rica
(Eiﬁ\mijdédvgl upd)urmpzmm) HmenulFralﬁleltérm‘telmﬁﬁbcDeltd where

FaaSaR s Be NoRand ety ot SLAS aY By bE R SRR e
Volurf®tatithe fiﬂﬁaﬂ{lﬁr\é@ieﬁmhlgl awgleasbdel absvel %fssmés amt VolLowLev,
d| wRatio x - LowLev where x is defined

{0 EAPRter ERRFICRBIOTIE 1 DRERARITST 5 diRain dygreciprt as the
thfli'c\jl\)@aéci@%rﬁr hBRd Fidtdeltd igGERHYds thé diRgeddeVSatween the ideal and

actual volume of the first ingredient and chem2FracDelta is defined as the difference
between the ideal and actual volume of the second ingredient. Thus, diwFracVol
serves to volumetrically fill the remaining volume for the current fractional fill

sequence.

As previously stated, diwAddedVol represents the volume of the third
ingredient added to VolLowLev to obtain total volume. diwAddedVol is defined as
diwRatio  x — VolLowLev where x is defined as (TotalVol + (chem1Ratio +
chem2Ratio + diwRatio)). If it is determined that diwFracVol is negative, diwFracVol
is then reduced by multiplying the first ingredient volume to be admitted to the

admixture for the current fractional fill sequence by ((totalVol — VolLowLev) e
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is then reduced by multiplying the first ingredient

volume to be admtted to the adm xture for the current
wonemwioieasal fill sequence by ((total Vol - Vol Le@®kais)004/041053

pour Up2Frac) (chem FracVol + chenRFracVol). The

vol une of the second ingredient is also reduced by

multiplying it by the sane fornula. It should be noted

povayp2frac) a@em tfuacial tychemmac ol r B witme op theszacosd

afeBRAF B ratnalo 8P oo PRk BB Tould 1, " o

exanpl e, concChem , by exanple, may be nodified as a
f unc i shouist bes petedfihat the tarpetyquaptitmsiongiimaredingt represented in

fol I
L e e R
ls@ea}eﬁhmbbaicm Honvéabinple, sGheCiEmetB)y eMaenpie, comcihemidified as
et trat
oAl Tt EA v or Sd st Plinurb3uetneRdE e
(EREMTREES « DOKOBEHAN sGRRIERBRAY i §(chenmd Ratib ieaQravCiigm 1) +
volume to be filled for the second i ngredient.

(dhevraRato r§G¢raré>hem2)b+d«ﬂlvwﬂaéovcﬁqrmé@wn%)ewmerplcem%@m1 is the
tg%%é [ NaTRe q}tﬂaﬂgﬁ Sffh%rfﬁ’st n%ijeggh? Thelnd RGHE ISS%F&NO@ the volume to be

SNt | Agredi ent ..
fidled dorGhe figst irggBediedh mem:zaaneseatraume‘ the efeluumectogxea‘uledjor the

the fi.rst,
FRopIvaRgt G PRERDG e e b o R LE B for he i,
ingnedlemt.uBatCeh lem’ecmpipl‘)adzcmd:ebtnéﬂomdfem Gk mgr&ﬂnmﬂ I y
P Ret e SRR L BB B S8 Bh By or e s
é‘é@bﬁulmﬂhtraﬁreﬁednemel mbems/ewn conjunction with the
met hod for perform ng fractional fill m xing may use

Guanth Sheubt B pdted St aie e B metsRlare e UFAT P coRbontrated bulk
c@féﬁil?ﬂel h@rrﬁél{yfﬁavlmg:thg c@h@mtl@ﬂbn snezplised |ﬁ\|ptaEUenaby welghi
T'hr%rgwéa :jﬂ%h%gfp? 0 & e a ﬁwny@sﬂ%ﬁqd’ I@%%pﬁ\f@n conjunction

W ERNhERbH 96 pib’rfo@thh@rfré‘cﬂﬁﬁéi 1 raiking mnépa@efe(tjma@ﬂtby welght
val ues may be used in_sone C|rcunstances ependi n

qqﬁ@engv@;prbqis T@ﬁéneﬂqug%for,qﬁgpw Qe Hie contempplgted. mgredle ti m the
%ﬁ&ﬁ{a&aem orfnftgétcg g,lal $idply. SA?I%%ﬁQt%ﬁ/ # @théh&fhtemplated

to the adm xture in container

12
asinyes hfaergbwmeotemﬂtlaelruﬁanqrewmlqaeét@delndwmﬁ@welume

concentration or other concentration measurement values may be used in some

circumstances depending on the type of analytical instrument 14 in use.

Subsequent fractional fill sequences are then calculated and added to the
admixture in container 12 using the same formulas and methods stated hereinabove

for the foregoing examples.

In one embodiment, the fractional fill mixing apparatus, system, and method

may be used for chemical blending or mixing concentrated chemicals for use in the
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for the foregoi ng exanples. In one enbodi nent, the

fractional fill m xing apparatus, system and nethod
woaysmacsssed for chem cal bl ending or mxing PCT/US2004/041053

concentrated chemicals for use in themanufacture of

sem conductor wafers. Therefore, one of the

ingredients to be mxed in the adm xture may be NHACH,
nidrOFgctare ¢izemidynduaior slaferkaherforehenabbite ingradienisdd be

Rt SRR R B SRR SRR oyea. For thi s

exanpl e, assune that it is desired to create a batch
t hat By ovatyaifrexatriptes éhe apvedhenticned Bogationssmay @e used to

PRy P AR ol o WSR3 AR e
adelixnwlzneik’glzadt Imgectl Ebd:reartelc aﬁb]ﬂdh (H=d n:lrﬂ]tzamsﬁbreaeempiiee;;s. i The first
i reg BB atr remedjee (AL e e nenp R ssBed B Rpident). The

tm@amgf@uentwm Be delzed vidier ablveviategy (ediwe)nt sorba(abimdmlm be

SIS 0 Bt DT PSD Pt A0 or e

pﬁﬁﬂfs@§%‘ﬁﬂﬁ§* elR¥mpleeit WAddsal %&hl@éﬂng@ﬂerﬁs bk ferrieg@angkther so
ingredient forns one part represented by the variable

thaieneaiamebicdatio oht 1di0R herghisved yvhese the et ingecieat fims one
p‘éﬁﬁ%ﬁ%@@ﬁ%@ t%ythé Raridsé 'cﬁ&ln‘FRQilc\!\mé b@con’ﬂ%gr‘éﬁleﬁt forms one part

exa tank 12 conpl etel y

repriesentedibyrihe Mariabig ﬁ@@ﬂ%ﬁ@t@ amdwthem“y f@r p%{i&,%fefﬁae batch
ré&eaéﬁgg g/fthékléﬁéﬂlé( wJFiEﬁB there is no residual vol une

W present e cont ai ner. Therefore the
variabl e Vol LowLev will be equal to zero

equafpoHs exaepleod 40, W@Imdn@nbﬂ 2w bB&PHW'Q@Ylﬁ@eQ: W@BF*&I
I I
H@'ﬁ&l@ﬂ{%?g lrl“\}g %xgﬁﬁgteh%&\{x ﬁ)&’/ (%_ 85(?%\/ thaﬁth%ﬁéj% notr@sidual

wher e
voherm ofrd:Waprmmnrsthelmnttamen T\h@refe@ gfe atiabte V@LowLev will be

thﬁEzeg? r}%lgcgfstég %ﬁggt}o(ﬁg T%Q‘?%T?%%g%f trﬁ:%étgﬁ td B @lleated is

I 'ngr edren
rémsemteﬂmyttbe frariatilé éothleotik egodl tdi(oredE€tbialVoi € cham2TotalVol +

ql"éééjﬁi Vgné%\yiger]etcﬁ?\ Fﬁga %ﬁ@ﬁs %eﬁatalrvw @eeg&gl&enﬁrgpn%ge%ient for the

beddie Urihe2 TavoTigtied Ml velupheeof th&attend uhgrmwnvm meet the
ré&g%?gﬁﬁ?g}érq[h; g(ﬁ:{hcg%gaéi\}vxdge&)o\{\@at%e(\))o?ume 01JJ (g\% tg %e a%ded to

VolLowLev to meet the requirements for the batch.

Thus, the equation to calculate chem1TotalVol = chem1Ratio e (totalVol +
(chem1Ratio + chem2Ratio + diwRatio)). Plugging in the numbers from our
example, chem1TotalVol = 1 (10,000 + ( 1 + 1 + 100)) = 98mL. Using similar
formulas, chem2TotalVol = chem2Ratio e (totalVol + (chem1Ratio + chem2Ratio +
diwRatio)). Inserting the numbers from the present example, chem2TotalVol = 1 e
(10,000 = (1 + 1 + 100)) = 98mL.
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exanpl e, chem TotalVol =1 (10,000 ( 1 + 1 + 100)) =
98nm.. Using simlar formulas, chenRTotal Vol =

woherw®iResspo (total Vol (chem Ratio + chen2RaPCoD/US2004/041053
diwRatio)). Inserting the nunbers fromthe present
exanpl e, chenRTotal Vol =1 (10,000 ( 1 + 1 + 100)) =
98ni. di wAddedVol which represents the vol une of diw
be adireddesiVighwhisiirepresasisihe volgre of diy 1 ke afded @r‘ﬁ@JngLev
1a% @%@&Kgglffg@%qtt@@nﬁ@% Qi:b’é‘)'un%’?t %Haeereg{dugl(\)é&hérﬁnetoh@w\; rﬁ"iﬁe tank
heatiwRddedVal =d<iiinattiD o)(lotalVeolot (chemd Ratip risthem3RptichediwRatio)) -

fg_rrb rs fro ﬁ\gpri@%%% fr%@atggé)é%sfﬂt W)'?‘a(lj;ﬁ@gvg Sﬂ“@déa}?@ =(100 ®
(‘gglogma +t1he1b@)t)cb Mg@miequal s total Vol al so equal s

cheni Total Vol + chenRTotal Vol + di WAddedVoI)
Insertln t he nunbers fromthe esen

L o; SiTvsrterey Gisolime 9§ e baicBblsmenuals {6SER eispeayas

(cRerh B al\VAf +5dhéﬁ12qfotéIVGI -ﬁ@iWA@UB&\VOI 2InsBaihg\Whé huMBers from the
conpletely filled to verle%t hat t ecalculatlons are

REPeIE eKamplee t‘ﬁ@%"’r‘ sd98mkiiBnds + PEEM)ntl.000. 19,9§0mL is also
thE Q%Qﬁ ¢hd Ié?rftglﬁer geheh Wllpl?éjcérﬁplefelypﬁfefdQB%ﬁfyﬁﬂéﬁ thBRalculations

relative f percentages to accornpany eachfil

aegawacte. The nunber of fractional filling sequences

and their relative percentages of fill are chosen by

t he qyero%%d nthbEaéf #s&ﬁnélqmn@ ée'&@énéé"i‘s&hé‘f?&@l@ﬂn%@ﬂlfé be
or sone applications with four filling sequences

pﬂﬁ@rreed medfthe srlatvedillarecesrtagasdo mseomprnyapardy fligeaupaee. The

rﬁﬁ‘@e?v of ?lggtlér%rl ﬂﬁ%ﬁg \égéé%gm:eggnﬁ :ﬂ% Tgt’lklgtp%#e Ik fill are

alue 1s ass rac. cond
cmqere by éhd operatarhét hasme@n meundllzawmmeﬁwdvormweﬂ fargome

vol une f ' [

PR S il IPuE BRSO E A b g A1 skuiRE SR dhtainer 12

witH 50% loé tlwtargntwemmeZofelhe tmompidhedmlﬁ%eoﬂ’ Hisvealt@isgaesigned to

e co eted m xture. al

ug T, SR eropsaEra i G o 2 WS g fproet

vales oﬂtﬂ@rﬁdrﬁpl@t‘écbi Ghixiure.| Tlﬁig |§@sugm@ets vanablé lpeurUpZFrac The
rcentages may be sen

Rk Ard EaTiosestbages fITBe cpatinds 42 a2eh otz ath or T terget volume

SPHREEbBREEY nBflure. These values are assngned to pourUp3Frac and

pourUp4Frac, respectively. Other quantities of filling sequences and their

percentages may be chosen by the operator and may be modified to obtain

improved results through experimentation.

In the next step in the method, the concentrétions of the bulk supply for each
of the ingredients are determined and will be added to the admixture. For this
example, assume that the bulk supply of the first ingredient has a concentration of
29% by weight and the bulk supply of the second ingredient has a concentration of
30% by weight. diw, being pure water, in this example, is assumed to be 100%
pure. These bulk concentrations may be printed on the material data sheets for the

chemicals or ingredients.
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In the next step in the nethod, the concentrations of

the bul k supply for each of the ingredients are
wdeomronsgsed and wi || be added to the adm xt ur ePCE@IS2004/041053

this exanple, assunme that the bul k supply of the first

i ngredi ent has a concentration of 29% by wei ght and

t he bul k sug of the second ingredient has a
conc dhertarde ﬁOQﬁenH@U@er heifigsttwaingregiantsds hep<algiated. The

fhéﬁti&ﬁél%m%&ﬁ% Bf tH.ée%MEWu L@erhst c}&@&rr{%ﬁé{é%e theR o achieve

concen ations nmm rlnte on t mat eri al
the targshesicsntrationsiod thehe |$f aracli seenndjingjedignisnt Shesretarget

A PRS0 AR by Wb oS BB rSuner
?ﬁg@pgmhgfbﬂcegﬁtgteh@target domceniration df tiee firat inpredierd@hideve
doRgrbarETPeSTiE e PbgRruntalfp iR diaent. he
tah@?t gér?;dnadtldnyot tiey iy abt adrhesly calcalhezinas diwde geﬁ&mﬂj& used fill the

em resen et conce
PRGTer O VDRdel SRPCR Bl ben tipELypARaRINR 2R ded to
thakafiixiGRN oM that teitedtratibremag denfeasigs®ds anrfuantig@r in percent
target concentration of diwis not normal|y cal cul ated

Qi/sW@!QW PrevolEne WAETS CINGE 3y 99 usaddn R MRYES: of vol une

for a fractional fill when the first two ingredients

are agdedribBlelddfcersinttisiten diutatédBy theololemihy dbiua
may be neasured as a quantity or in Eercent by wei tht

QﬂnCQbﬁmr‘re- (sherd Ratie neulliipnbl «cBemil Ratiha hefiiinals.
%ﬁé@aﬁlogblﬁe%ﬁ‘éﬁ@% ﬁehb?@?‘féﬂldé}éuiﬁt@djb?%etﬁﬁowmg fc))rmula

oW n a conc Rat1 o bul kCh
c(omhe@herﬁatq (@hem@Rati@ RbuikEhend) erSiremil Batio ¥ memaﬁaab He

lgﬁgfhlESEF? %btcﬁkﬁtﬁﬁr %fﬁthe fO||OWI for§H$m1_ .
n}ggﬁawm to®e0BBaYd d ch’fd:'%en@' ﬂqgl.rw%) heq + 102)

rs fromour exanple, cpncChem = /?
0.294%00Note Ibatia ARt sw&méﬂ@cmngre@enem not agtated injo this

el;lcﬂ%%mn afd 9k Bsshik 16 B@teqhgﬁo%@%rf dLehdhgrétient. of each

edi'ent was not factored into this equation and vvas
assumsd to be equal to one for each ingredient. In th

pres émhee&réﬁﬁ?téxaﬂ'rpée e nextsigp indhe methrdt isdel crlsulate the
tﬁé&%ﬁbﬂyg é@lﬂﬂ%o&ft ehe ag#{%&tlegf’l?'otté"%ﬁjeﬁgt? ?g&ﬁnkﬂ@rfeﬂih%rfﬁst
fractional fill sequence where, in this step, chem1FracVol represents the actual
volume of the first ingredient to meet the requirements for the current or first
fractional fill sequence. Chem2FracVol represents the actual volume of the second
ingredient to meet the requirements for the current or first fractional fill sequence.
diwFracVol represents the actual volume of diw to meet the requirements for the

current or first fractional fill sequence.

To calculate chem1FracVol, the following equation is used: chem1FracVol =
chem1TotalVol e pourUp1Frac. Plugging in the numbers from the present example,
chem1FracVol = 98 mL e 50% = 49ml. Chem2FracVol = chem2TotalVol e
pourUp1Frac. Inserting the numbers from the present example, chem2FracVol =
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fractional fill sequence where, in this step, chem
FracVol represents the actual volune of the first
wongreadessnt to neet the requirenments for the cBRCTAIS2008041053
first fractional fill sequence. ChenRFracVol
represents the actual volune of the second ingredient
to neet the requirenents for the current or first
oBrrd.ce HOIbat 49mnl.| Fs”@dm,merach{AFdWedN@bf pawhipd Frage Inserting

(B BRSOt prepp LT el B BT § 3% 4oB%mi

cal cul ate chem FracVol, the follow ng equation is
used Thehﬁﬂho&bﬁm\&émbomhmmi BstravModst shown UpFIG. scat step 28, the

R e R o P S8 SR aer vl

fGl*lﬁEﬁlTﬁtﬁ%lc‘t(%al le@éf;chFﬂﬁms breaplej thg doheaimari2ds ghen filled

romthe presen FracVol =98 %
ity AP eyt o RRIREL oI Ol s e B Gl of .
Jrﬁ@ﬁfstt rraet.drlé?fnns@az%rnéeﬁsmaw&bm pegsent exanpl e,

di wFracvVol = 9804mn 50% = 4902m The nethod of this

mbod
e lapeate e g aerh S el fo ygngovea

thé ashtr&IRr 06 ridiedivel the eaphIRicostrol\yaliee® 6fto fdls‘pbﬁsé tHesfequired
fractional fill sequence. In this exanple,

SERRHI OR EIGraGients UBHESURADIE £qURMEARTAiD aéfpumﬁé qrigrayity feed
dl%wn ge(j]l%\{ic#?éﬁ1 flompéoﬁtlkbﬂen%e&%ﬁ’erhnGB?ﬁurﬁB;% foréhni18 2hb

irst fractional fill sequence is now

neiomysrof strokRspefrite pRymermanbe C@W“@M'M@ké‘!ﬁ"%b)/ fNgppanyroller 12
y K

a%?ﬂ‘é?:e § tﬂﬂfﬁélﬁcﬁfﬂ&sin%ﬁw geﬁgcdééd%gsﬁgri@fé;@é be%%ﬂmlonally

catylated ty dmocorttrodiér 12gr edi ent s usi ng sui tabl e

equi pnment, such as punps or gravity feed di spensing

devi ges rfe(?( slfe WAL %I?’%r esotﬁg g ugﬁﬁtlé%%%enﬁéifon of
HhE e the iy

exanpl €, stro s may
aaahmgredmnainl te adhm@lurattmddeigrmmed cAmanalytl@aI lrmrumﬁmt flémay be

av fed dis

FhE ¥ 00 uloRBRR! 7 St hErassbp ERE BnaDSes igrent 14
c'éhﬁméﬁﬂre $Hie%@uarnltlé£1 ef @th’mdreH(ént eqhe radmlxthmmpleecent by weight

uantities/con ntr ent
i o St B NEYcoRGPrIAIPY (4 Earh ITido bk EAigyated in
ﬂ@&’el‘h%yﬁél@htz ﬁ%r erJrlJr"ebeﬁi elp@ll‘ﬂmﬁ @assime tlﬁahltlse eeanied,
assune at the anal yt
guantity/concentration of the %( rslc l%gredlensftlsr r%ggguregi at 0.210% by weight which
is assigned to variable chem1Val and the measured quantity/concentration of the
second ingredient is measured at 0.294% by weight which is assigned to variable

chem2Val.

As shown in FIG. 3, step 32 in the disclosed example of the method, the
second and all subsequent fractional fill sequences are prepared and, in the present
example, the ratio of the target quantity/concentration to the measured
quantity/concentration of each ingredient in the admixture is required to be

calculated. In step 34 of this example, the next quantity of each of the ingredients is
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can neasure the quantities of each ingredient in the

adm xture in percent by weight which is why the target
waquenstoiéises/ concentrati on for each ingredi ent PET/US2004/041053

cal cul ated in percent by weight. For the present

exanpl e, assume that the nmeasured

guantity/concentration of the first ingredient is
aatcadaied By multplging debiprgetiagantityiy dre ratioasiuiftedfar @ach

ra%%‘ ct?ip% sﬂ/}gg&%g?{ﬁh g%bdsé s FH%I‘?T‘?IH& &%orr gctleﬁi q,uaatltg That corrected

oncen 1 0h 0 he 'secon
gueatiyrfedeath iDg2eueit is/ther iadtied mwhheradlnsxmﬁl ghed to
vari abl e chenkval. As shown in FIG 3, step 32 in the
di sc
subs e FRE RN Hept e ARpler abdinaRERBHRIAA |
dafculdtieger sermtofemaamesa ideeﬂr@heraﬂ Fnacorﬁeal%emﬂFgm which represent

SRR RSB B R ISR, oo, on

dMiiRtaxl/or which regreseritae torrduted adalondeatoemgrédierstttbat Dl bk added

t he next tjt f h the . :
tp s aBiTe o cbitpellia pud BES ki e lrefPRe o he epgerts in the
fariurd sorle blveeritatacel ﬂlﬁh@dﬂe@b@éﬂ Thuis, @aa4ble aspEClidverrac is
[ ngred| ent in step 32 to determ ne a corrected

definad s peimoreiuat i ehast Eetai{aht Py UpsFrasadtsingjedinengrs from
tfg)(? g‘éeee%?t %@Qﬁw&l«%ﬁ’qéﬁéﬂi‘h’é urfalml:rt@ GEL Eﬁ%nﬂ_f T variable

exa or acconpl 1 ng t I's 1nvolves
i¢e8IChemRFrag & csemPEstalyfol vaoumpiz&ac i dsing (ﬂeemumlﬁeracfr,om the

i deal Chen®Fr ac ch re ese te vari abl es
RIBSENtEXARPE: | ﬁ%}éﬁrﬂz%ﬁ qatgg% gﬁg racVol , and
di wFracVol which represent the corrected vol unes of

| ngr edvetiat idealCrEned fradan@bdaiCHem2rec Advé kéen ealtWated,
correct the 8uant i ti es/oioncent rations o

gy EdrefRl §nPeheme FRfvckaigrBeR 6rIctRE S W@hk%rrr\éér%rqua' to
(]yeHChcé?ﬂHﬁrQ G%on@@Hérm V-aEhet Pall dPak GG tHe Renibets from the

I ned as e| ng equal’ to chem Total Vol ~ pour Up2Fr ac.
dusserd exbepiey n‘ben'ns Ffacwm ¥ (4. pnb adh284% hrPl 29 0% d&8l (Onlem
Frac = 25% = .24, The var j.abl .
PERAr e sl e (EHSEmRTEE T SBRPORBR) s chemayal Ths. using
tﬂe‘ Wgﬁfb%rg fr@r‘ﬁ‘ th@%réﬁeﬂﬁé@m;ﬂé%ﬁé‘n@ﬁé&hﬂ"@hﬁm 80.294%) +
. Now t hat ideal Chem Frac and

Q%%‘Teh%ﬁm‘-ac have been cal cul ated, chenmi FracVol and
chenRFracVol are then cal cul ated chem FracVol is

equalndwPthat chem1FracVol and chem2FracVol are calculated, chem1FracDelta
and chem2FracDelta are then calculated and represent the difference between the
ideal and actual volumes of the first and second ingredients, respectively.
chem1FracDelta equals idealChem1Frac — chem1FracVol and chem2FracDelta
equals idealChem2Frac — chem2FracVol. Thus, using the numbers in the present
example, chem1FracDelta = 24.5mL — 33.1mL = -8.6mL and chem2FracDelta =
24.5mL - 24.5mL = OmL.

In the present example, the variable diwFracVol may now be calculated.

diwFracVol is equal to (diwAddedVol e pourUp2Frac) + chem1FracDelta +
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(ideal Chemi Frac concChem ) chem Val. Thus, using

the nunbers fromthe present exanple, chem FracVol =
WO02docintss9 0. 284% 0. 210% = 33.1 nmL. chenRFr acYol/uiS2004/041053
equal to (ideal ChenRFrac concChenR) chenRVal. Thus,

usi ng the nunbers fromthe present exanple,

chenm2FracVol = (24.5n 0.2949% 0.294% = 24.5nL. Now
cham2F codelta FTavyolisiag theohenesrs iclis|egaiptions Aiwiagy el (9804mL e

m JF _ n2FracDel ta are then cal cul at ed
2§n/ +r'(§p$r§§%'%¢ﬁ%2f IFence bet ween the ideal and
actual volunes of the first and second ingredients,
r es pradapedancehwitti therexsmsimantey the invention asering-faibe present

e%Q%nL ng{gag\{@qt@&&ﬁ%%g?\'/:&l%% hf @acfl”ﬁ_ﬂglle%llénqj R tﬁeh BiHREHacC

usi ng present
frencamﬂl il se@&nceﬁreafemelena:alculbﬂeﬁ ey are:mimttcd_lnio tr@ @inhixture in

henPEr a 4.
%F%@%H‘?e Qéﬁgqu éﬁfmd %%W g!a n H\%ﬁlﬁ? eV &rg%mplr% 35@?1& of the
figaali b@bﬁﬂls adidef 1@ théohdrhistues] e 5rhlo of tﬂ’levc@rtdadﬁr’tgredlent is added

g’pu %Erglar%)ﬁﬂcefég %%Eﬁggﬁllaté?%oo#wde g%Fr acg%glx?ure?orutﬁe current

f.(a%ﬁgﬁ)ﬁﬁge wS%e. + -8.6mL + Onl = 2442.4m _. In

accordance with the enbodi nent of the invention

di t t t
T o ltiald ot B Que R PRy esn e cre b1 SR sppmi Frecvol
dnbiadehrabcVdl kkcsrnneveRiniafoe tHieg et fratticrize i sédl&:%ce In this
are admtted into the adm xture in c?ccgrdance

sfvialinn, shemn Gragy ohand RagiR<iiaCYel@re & %Qéﬁwe\gheﬁ"ﬁt
vglumé)fortﬂﬁ?fr étfomt é&lﬁ%‘#ﬂa@l@tls fe?iué@@'ﬁ?rﬁ dﬁlﬁﬁg RESNF iy thiee,
4.5m of the second ingredient is adde

falthwing fraetjora(fidtatalz- miLoMtevdrwou@JpaaFgap)ad@é@mEraq‘v/@l +

ngm tur for the current fractal fill sequence. It
not ed that if diwracVol was | ess than zero,

t hen chem FracVol and chenRFracVol exceed the vol une

for Shep 42ms shown imElG.chdgtemiings 'éémmfé@'nerl ig filled with the

| tu 1, Fr E

FhF bl BREFaRl BEXR, o7 BR PG BRI, 1 GolRdkER when il
of gid Abdtenakfill sstweadedgremonplgtedi oot ttbeh theblyent fractional fill
sequence is begun at step 30. If all of the fractional fill sequences are completed,

the method terminates at step 44.

With reference to FIGS. 4 and 5, there is shown another embodiment of the
present invention which includes a fractional fill method incorporating self
diagnostics. The method of this embodiment begins at step 46 as best shown in
FIG. 4. Stored user-defined parameter values are gathered by the controller 12 for
subsequent use within the fractional fill method. These user-defined parameter
values may include the number of fractional fill sequences to be performed, and the
relative fill volume percentages. The user-defined parameter values may also
include information such as concentration information regarding the bulk ingredients

to be added to the admixture.
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30

following fraction ((total Vol - vol LowLev)

pour Up2Frac) (chem FracVol + chenRFracVol). Step 42
wamlowsdi n FI G 3 determines if the contai nePCTAIS2004/041053

filled with the desired quantity of the total batch.

In the present exanple, this would occur when all of

the fractional fill sequences are corrgl eted. If not,

t hen Thieenexestepfin et metfigd, as shoveriueer 60 GrIQHRIGH the proper

: f i fil ;
Bl E0rblechbts Blnd 4Rt Ak bl SEGHRTGppRl
seglienencEhase irgE8ients anedhen adéed © the adhintkrearfrassiéack from an

di t th s ' ' i ncl .
FPRaEaURauert U RaTE Phal e et gL Proyies the B,
ipecgzeti od pefcenbbg weighb,brmenderid by ivalsimet catcepirat®nas other, of
Sep I r%@qq% B W%igt@ RO 0 95 g AoRBF S & fractional fil
sEdsrEs! eRldetisRNVS tiiinmbdie whethet trenakthiodlis witkinttbel first fractional
e tse b b PRhATE! SlepiEhies. Ts s Lo inostos
é}gqhémge,f&h@i, ve fill volune percentages. The

user-defi ned paraneter values may al so incl ude

S B SR Beb S LAy petnod o tre
S@MpI tHed: MBIt h&thePor Mottt firseiracidnapll sdtience Was

step 50, calculates the proper volunes of |hr;?redi ent s

o eteadtibwas sompietadhe Letarpineden isyaade Woether QE PG st
fgé(ftibnféles%ﬁﬁgﬁ(% d%ac B8 stofdE TheMspRa@BnbPrlf Ruence

m xture. Feed _froman analytical instrunment such
deltatvaduesmamprise dhe differenssdietwaen hediearetical Nelumesmfiths)
ol . { oht
BAREETIFH 200785 Eenliy WL gyl RFC B oL
\dheme dori att ingrediend thed may hehadmitiad td thef agimixhiee e & a variance

@ﬁ&%&ﬁéggﬁeegriﬁ%{’th%g%%@ﬂ@%{‘h%d? (r:]IeS:‘ ?Pslt Sfltrggp i gﬁgf fill

sequence or the second fractional fill sequence. If
t hi s li those frecticnel filledi dajtaosiuessaranet alreadyséoreds thedonisglier 26

B2 Bt Gt OB 52000l 20 e
robkewod debisiohiat box B6 asthieshstiown inl F16e§@ed ceterednes whether the
second fractional fill sequence is complete. If not, the self-diagnostics method is
terminated at step 74 and the method then returns to the method as shown in FIG. 4
at 76. If the second fractional fill sequence has been completed, step 68 is then
performed where the second fractional fill delta values are captured and the
differences between the first fractional fill delta values and the second fractional

filled delta values are then calculated.

As shown in box 70, according to this embodiment, if any of the second
fractional fill delta values are greater than or equal to the first fractional filled delta
values, then step 72 is performed which stops the filling sequence and displays an

error message. This result occurs when the fractional fill method is unable to correct
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complete. If it was conplete, the determnation is
made whether or not the first fractional sequence
wdebdsnissab ues are already stored. The first fracrivsmmh/41053
fill sequence delta val ues conprise the difference
between the theoretical volunes of the ingredients
t hat shoul d be di spensed into the adm xture co
ahy davietion eidgredientreoricentration ApeeartishpetwRaR t%WnE%aCtlonal fill

ssgﬁ%rL %hot ?lets% or?odﬁéé{o%faﬂl%é%f%ﬂc?f Ma[ﬁose dgeﬁ E‘Eibgﬁtlon or

I AStr unen ract i onal
deith EMSctﬁlet@d Madnyeff ttee mgrestierds fardiay fisst Gaetipnat filkand then a

trolle t t.h I
SRR 2 e e 1 BB A SBerce
268 tiedt ieib dixeysvéatd dsatlies tle\‘abm?mon deltEIdBlan? olfal’ldr@ lngredlents did

ractional .fi

roROBBER PeeRn b (1St FRGIECE] 1 QGRS o 2D hegoral i

sb&uéﬂd’éat IRdhaticasé &Re TracBdlhl fihmetmidiethdrhésemed tu s ubable to
the met hod as shown in FIG 4 at 76. |f the second

cpmitate drarreation okiBgdested Ralshbeen conpl eted, step 68
is then perfornmed where the second fractional fill

dﬁ' t f{e\v@rhﬁgga@{ ® dRpicH esk 2ndn Fe, Siilfférefcﬁnh@sed‘mto\/fmItional fill
t he I rst

ractional fill and econd
cefiaveiuonare ol SreRAAnRAUALS s Bt et bl Feleibss hen
tﬁ«? S4f. 1 diagnBSHes Thethad EarfHa18s hOstbi7a apaheEiERLthe frbcamal fill
e second fractional fill delta values are greater

n¢thad @5 sbawalontfdGt A@t¥Prst fractional filled delta
val ues, then step 72 is perforned which stops the

i 1] iRRgerfiRG HBWAS FRO U, diceRictYISoxeTB e\vamtemﬁéat@ethemaﬁded
result occurs when the fractional fill method

conaliflents@re entareehny alesrivarisihe analyica diskHment t T4 analyzes the
o@%ﬁﬁ&”é&%&h \ﬁéugﬂt“g Fdewb;b@élgﬁ%fbohaéntfdubﬁfortafrfé?tcbfqnéll

guenc second actional fill sequence
dwarrmd;ah\ epnstituerds deperdinteon tie @@mple irethe admixigies dbiheyage not on

t?rigp %];qr:] gﬁrectr})q{ 9 &aﬁc&lgtredtfgretpg fsl[lﬁ% c{)erﬂFfré&%%I fill

acorre [Vé part I ngr edi ent s
seguanicteds tesdribed sptmmuﬂyf r'létm calnalbtion islpesierued gxstep 80 and step

GE TR 8l RS B Lt BN BB e

to etape8NWhBR fhe rvstunfersafot ea)rﬂﬁlhgifeldlidnt amqihlen calcalated foe the
second fract

In that ca
SBRERIRARAITA Mhaedsop STPRL vty Sors 8RB i oriso.
conplete the creation of the desired batch.
The method of the present embodiment, as shown in FIG. 4, then proceeds to

decision box 84 to determine if the fourth fraction is complete. It should be
understood that if the stored user-defined parameter values in step 48 call for less or
more than four fractional fill sequences, decision box 84, evaluates whether all of the

desired fractional fill sequences have been completed.

If the fourth or final fractional fill has been completed, then the method of the
present embodiment terminates at step 86 where closed loop control of the
admixture in tank 12 may begin.
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Referring back to decision box 70 on FIG 5, if any of
the second fractional fill delta values are not
wgnremtoasssbhan or equal to the first fractional PETIUS2004/041053
delta val ues then the self-diagnostics nethod

termnates at step 74 and returns to the fracti onal

fill method as shown on FIG 4 at 76. Referring nowto

FI G Considetng how thefradt®nelfl miingsanmesatne of theedigfieirged

r r

AR S S ol it AtrorD 1FRE 1 Wbl dondraea process
ppeTc@s mayybenasegiio, remctdeﬂetth@yﬁgmxﬂlelmiﬁ i tmdéhk i ét@ gehigye

h%hﬂ:{%%pg& %1I 1?:% é'ﬁlgfgjg]é.xf é&lﬂﬁ f§8t|§%9&%’(19812%?9%@?@{%&% a

saraanerd vHlve 84 teatsbomceiod atrhxedecmiessmrat &tlodems puhyp 88 may be air

BREIFO iR 0o AR ot ik POICTGES ADGE Bl gmpounos
aﬁﬂdn@b@@n&mayfoetfbwldy tarulgd puens8s.t Reotess pumpd@8 is connected in

target, t hod i nmedi &&gb tranfc,fers to.s

Tl CarinunBRRon Bt Y Totie SHORIR P o BATeRFECE HEAT O ay be

i ﬁié:fé,hﬂtcﬁ@ hakudl RaIvE ¥rSRaMRNY pbFfamhingRigdinih ldpeftigrs from the
wi t hout having any error correction applied. The
cRBeHb800f the present enbodinent, as shown in FIG 4,
then proceeds to decision box 84 to determne if the

f our ial¥iifer @6tis 8RpoSedinNBk Qlitd. thé busiped withe thmﬁ&rrsdll@md] line of
that if the stored user-defined paramater Y% ues

te Egcebfilbamping apparalys 18y anhp SOPHAhOF GaNedis Rk 86 to the
ﬁity b%ZﬁgWa\teg LWy PAlvd P2 Bloonfkaleddh R r‘é’ﬁkﬁﬁchl%ho@hrhe

esired fractional fill sequences have

betmeerethechunp 88 lsad ftlafilias 9§rV|6F thqeaﬁonfikl&é’ﬁ: torharmiti ﬂw rﬁh@@lzed
\Apaqn%nfr&ﬂ@%&ﬁ@éjof SRzl SvdtEt Lh%r Bledslf 1Bré?ﬁ@rr’[he conduit 98 for

termnates at step 86 where cl osed | oop
tio® purpoise off fluslingdui the daetional lekaIuszam@ratus 10.

begi n. Consi dering now the fractional fill m xing
appa, aé—'th%ly%l\fehﬁoqé arbhe mqm%{h"fﬁgtvalv@ 1@?@3&)@let draining
detail wth reference' to 1, an air operated

hetweesbaiohep B8alvayl 0dds a@e@omecﬂed i lineuwigh thetvgdve 102 for

F{eﬁfghﬁgiﬁ éell\ @ﬁ nﬁd%@?‘g%&g {ooer’ﬁgp he clﬂBﬁ'Qg‘ﬁWﬁklE% aBbaratus

I'S oper a |ve y conn
ohr/ Gghayavalve €0 cohneateddn ﬂand@msmuaﬁm diwrastream déthe filter

%r 058l efg"?'g[?%ffﬁi fpgjg J@r};ﬁg %95%%/ gbtgn g& (t)(? B Ird?efé\geq%clﬁ Qia 2 conduit
m&m&beewmbﬁif(not shown) for utilization of the batch.

A conduit 108 connects the filter 96 in fluid communication with the valve 106,
and an analytical pump 112. A valve 110 may be a solenoid valve which permits air
under pressure to drive the analytical pump 112. A conduit 114 is connected in fluid
communication between the conduit 108 and the pump 112 to re-circulate the

mixture from the tank 12.

The analyzer or analytical instrument 14 is connected in fluid communication

with the output of the pump 112 via a conduit 116. The analyzer 14 may be a high
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and ingredients nmay be flow ng through punp 88.

Process punp 88 is connected in fluid communication
wonods/oiessik 12 via a conduit 90. A mai ntenance BHCRIUS22/041053
may be in the formof a manual valve for manually

perform ng draining operations fromthe conduit 90 A
filter 96 is disposed in-line with the punp 88 wt

nrecisipe chemigahepngentratien Bronitere A exanaple of FUChH dpvge | IS the SC-1

ﬁrﬂ@)}[r ?rﬁ%fﬁj}‘écg%reaxﬁ/ BoRMBI YA miiki05 88 %ogeﬁ RS. (§S'm%1 8 hO

arr operated 3-way
ammhealtlesirumemtm analyeén tuissohoected ﬁefltb@pmewmmomwﬁh a by-

praé_s ?%%F(%Lﬂa’ﬂ%{;gn%’ tglg%v\)éaa a gcgrﬁ%tgp Lo g thg %alveq ee{;(?lhtat fae
rhiRtles igreesisutated threughevoth e arahyher ti 4%1dftbe by-rpasp oonhstet 20
S N9 e 5 RS e B R 20, o

ity isli@Zifcolaned 18 the digiifdion®s.bet ween batches. A val ve
104 is al so connected inline with the vaIve 102 for

I t
Pr ac MR 24 < cHiae f3 i ShrBl G oR & e Pb Gl Syrpyy
@ﬂptaméxg% %éhefréllly ﬁgemmanl 16 atal tarea:lmmgsts*rmrre@fanuges
ilter 0 selective t t
L
dehrieBepe( nog ardnavo) EbEK cblﬂitrdl ldéﬂbe Wcaqfabteh@f dvaliedtely Bispensing
conduit 108 connects the fil

ipgraeentsciEem PWik BUPRIN &0 §h%n)1'ﬂ@ thﬁlﬁ\aﬁrﬁfﬁ'da% lpgredignt control
RHMRs 423, 128 ¥AH Y80 afe éQcWﬁMeﬁ%d@nﬁW%rﬁ tN@ln\gﬁed{@Ht%Upply

permts alr under pressureto drive the anal yti cal
toloesp14,120, and @8nthspectively. i Manitoith 34 issepringcierdn guid communication

\,ym%mﬁtgg A)g(%,x(]&ﬁn]ztzhe conduit 108 and the punp 112

O re-circulate m xture fromthe tank 12. The
anal yzer or analytical instrunent 14 is connected in

f I ui dhedngradiephedrdrol devipes 16, dgBplR0 Ry breanyUHMber f control
q:%vgﬁqe%rsgjgtﬁglg g&lnﬂ(ﬁé%al\;g)‘ffe%g?g&éﬁ{s ﬁélw%xtrglf‘eré‘ or oltAI?]er

entration nonit
exanpl e of such a device is the SC1 m)nltor

manuffelegaieetb bheaiothaingesienigwitein de tenkgd o balg. temperature
Sontroer 17 Tﬁéﬁu@p@ tﬁe Ine&Her 186 td HERRRYI tffér ﬁﬁﬁ)@lré(téf?er oftfle bEmixture in

connect e comuni cat I ons ass
teek ¢2r Thk dethotenmenatuie cAR®|ler b?chmeeﬂdes ﬁhﬂlﬁmﬂe@atﬂf%()f the

é’oanki re 916the§§nl§ Pf‘(/lataht%mperature probe 146.

Ingredients supply control device 16 and its individual ingredient control
devices 126, 128 and 130 are controlled by the digital outputs of the controller 26 via
a cable 188. The controller 26 may be placed in a communicating relationship to a
host computer 168 via a cable 188, or indirectly via a master controller (not shown)

when a distributed network is desired.

In operation and with reference to FIG. 1, the controller 26 receives a series
of recipe parameters from the host computer 168 that describe the desired

~ quantities of each ingredient to be blended together in tank 12. The controller 26
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m xture is re-circul ated through both the anal yzer 14

and the by-pass conduit 120 until the delivery valve
waQecisesaet uated to deliver the batch via the eonasRi04/041053

124, the mxture is re-circulated to the manifold 24.

Mani fold 24 is connected in fluid comunication to the

i ngredi ent supply control device generally indicated

taen p6riginas & liirst éractorclifil séqize,ncé&é preniousBBdedanigeediTbatcontroller

f#g&lé%‘l Cg’ﬁ?t %’64‘?( tpgﬁle 3&/‘% gétnc u Y CEQQO{ (ﬁed" %{%@%ﬁﬁnse the

SOpér hodle\of dyrédiestsfanthe fipdt f@cmrremﬁml Wiiinsthisrosicorg, the

|nred|entsfroma lk s t sh to
GCR! G0 dPRGP etz 130 DS pea bt St iparedients
fict ti%lﬁreggéﬁlvbfbﬂmplﬂ@t&midt)éuﬁyﬁiésf ﬁ@tfﬁhbh/ﬁ? maghedommts 18, 20

u s 18, 20, and 22, respective Mani

t
Ser &%ﬂ&uqcarﬂBIVnEﬁpmrwr%%ﬁmﬂ@at IRENREE | m o the Eﬂéﬂ@o 324 through
ﬂﬁli%oﬁdgw 434 2nd 186 TH&rn%?éo%Hts afé%érﬁbuﬂﬂ}kba%mb%ﬁold 24

control devices suc

anshiben Sgprdtﬁidtty tln@t%wks%fhmh congvit ¢3at ABer f@eélrstéfacﬁonal fill

%(ﬂghi%é J&ﬁ@}a% ﬂ-'en‘per a%ﬁ;jégs%dnt r éﬁ@'rﬁé‘é r e ul at EW

¢dmehwtoewrofw©htoebtrtemhmmcaltdmeshteﬁﬁenratr@rasinmxtumétored in tank
m xture in tank 12. The bath tenperature controller
O nmeasures the tenperature of the adm xture in the

tank 12 via a tenperature probe 146. Ingredients
supplTe amomptish thisitbe pudpaeds iactvatediioedtirellate thegnixtige from

t
BB EDE)2 BRHISETS ob 4 sl 8 DY whitt) Phe Y ddthixif Bibrad  tan
The ffoenthreldhethe 20nduiys Qﬁaalpxﬂ a8 ddough meo‘tbﬂenﬂﬁiaodtthmggh the
S B0 Py B i TR b b e Bt S =
Be drgih Valvet19d, fh%t\XWdﬂOZBardEmIerv@dJe 1|cr4 Ofre afiveo t0GIschlso closed.
with reference to FI G Il er ﬁ%recelvesa

1,
The admixgire frog) Fé‘kﬁ%“élﬁ%%'ﬂtg‘“?? ‘P‘M "RUgR MednpRRs congyit 120

hhRlghdRE Gidriidt eastephEEifitaMaRanK 1 BSTi reeafdmanon ﬂow of the
I ngredient to be bl ended together in tank 12.

@@nvm isegenzealyeshopar ByoruReharow 4641 IS sqaNd: th pdmixture
%gﬁﬂ?&kaﬁz ;d%h@%éﬂ PHrARPGRE b&\%us-rdbﬂdgﬁ’éﬂfd Al tB& adfixture to

conman to the 1 ngredient sup Y control device
qreateaa ohospHbPrvegenrous admlxture before the analyti

measures its concentration. The analytical pump 112 is then enabled through air

cal instrument 14

valve 110 which pumps some of the admixture from the conduit 108 to flow through
the conduit 114 through the pump 112 and through the analytical instrument 14
where the concentration of the mixture may be measured. The admixture then exits
the analytical instrument 14 via the conduit 118 to flow through the manifold 24 and
into the tank 12 via the conduit 122.

For subsequent fractional fill sequences, the same general method as just
described is performed again. In the present example, before subsequent fractional
fill sequences are performed, the process pump 88 and analytical pump 112 are
both disabled through their respective valves 94 and 110, although for other
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proper anmount of ingredients for the first fractiona

fill. When this occurs, the ingredient control devices
wa2606/01&89 and 130 begi n accurately di spensi ng PCT/US2004/041053

ingredients fromtheir respective bul k ingredient

supplies (not shown) via the conduits 18, 20 and 22,

respectively. Each ingredient is then dispensed into

amﬁica’mﬁsftbéyjnm nohbe igabtede Sudsdgierd td 81, coh@detiamef all the

AP SELEOL lT RE bt ife FRRRL 0 may
He?énad}é@ ﬁf cdrhlébl fher Isdatér €50 todrak trfei édmlstemlm preidgtermined
zer. 14 is enabled to

conpl et e, e an asure t .
EimRras. TS aoN B AU S TR A aseauenUse in a
rﬁaﬁ%bﬁmﬁﬁtp%de@sbh@tr@dm@aegéar plrpbssl i n tank 12. To
acconplish this, the punp 88 is activated to

re-circul t he f the t

e el gk aaqbettes e samblaten el Beaisfnd for
SO ap Ildaﬂoiﬁé RVt AridFeruBd atieti@rentoret i 9@ tanid19& & prsuegh
the filter 96 and throu%h the conduit 108. Duri ngw%hl S

jsenkari(Bet shows)- mhhafeRnAe acermplishgd by firgt epswing
rﬁ§m¥ n‘éé@'réln‘%hé’@lo&@@ Thdranh ¥§ isldigscanthd Ibﬁfll)éw\)éﬁ/e 102 is

The valve 106 is al so closed. The admi xture from
leﬂd apd e pitrogern valu%é 0¢ és als@@losad.oliyihis ier.tipweyes the valve

' I
RN iy O, EBLE T BRI haB oGRSl pumps
thermeimzikibige Edrowe mnkcidrthexlighrthe wondit 90, the pirsp ﬁégﬁnecpondunt 98,
t%uggiltégg(%} éhé’ Eoc ’[(l)’l% %E?glt L188t aé&taége \/%V& I1 O | er?t%m?gg rtﬁ% ggmixture
then éloive mmgagle gaise admamtj threuple ther eortdui 12Aavhere @ dd delivered to the

i nst r unent asures its concentration. The

RSP ¢ b nﬁ.’fige?@’%tﬁgn enabl ed through air val ve

110 V\/nl ch purrps some of the adm xture fromthe conduit

108 tArddiainy drhlncﬁﬂgby vaiee d40 dudispdskdl hietwerrgbonduis pladfoand 142,

11 h h |

S febhiearsMBa o YA o3 bt anlERd pdgtliRiRa) B8

reRinéd irto tH&t@nEXB&}?rotJble tcﬁmtahtjsﬂlwedndl it throvghtval4 Mica It
ow rou

t he conduj t t h i fald.24
st o6 80teg R o clnef Ree AN ot edmctpes T GaSig Fstem 10, the
rerSFSé?ﬁ'd%lﬁ'vafvb'MOS@H@WI‘?%OSEHG same general nethod as

_In operation the controller 26 communicates to the bath temperature
controller 70 through a serial communications line 160 under the RS-485 protocol.
Likewise, the controller 26 may also communicate to the ingredient supply control
device 16 and its individual ingredient control devices 126, 128 and 130 through the
digital serial line 188, or through an analog signal source, if desired. The controller
26 may communicate to the host computer 168 through another serial connection

186.

Considering now the controller 26 in greater detail with reference to FIG. 6,
the controller 164 includes a controller package 180, which includes a plurality of
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30

described is perfornmed again. In the present exanpl e,

bef ore subsequent fractional fill sequences are
woeodoonensg, the process punp 88 and anal yti cal poumS20b1/841053

are both disabled through their respective valves 94

and 110, although for otherapplications they may not

be di sabl ed. Subsequent to the conpletion of all the

digitet tripoita diditial dutpeigusariadpords, AHD aheheelst antee PLEBUBaOne

L L)

he adm xtur
Sucmeec«aﬂmllaeﬁommmitwndamsT hibt 170p domtrolierUisdeandfay OP 7100

Cfﬁ?FgE)é Sﬁieref”ofsgc g@?%ﬁgr%%ggg 180 Pl BHLARKHT 182,

WHidls brovitids F&$ kB2 @emmmmOas betnaeplties eontrdllerm&o hed an

desired for some tjons to t

R P ey e R HAN Rl n OB /& Seta seriabagrt 186
droQbes B@’r\‘\ﬁ*)unlc-ﬁlﬂ@ﬁs F&Webf R 661l S N8Tlafy tHel Hast computer 168, or
ensuring that the maintenance drain 92 is closed.

telegnastedoonteoller (s ghowme Anihirg|sggal RoLT 128 is@lsq %m&'ﬂe% @a the
@l J&ké@e@% ?é@b?’(ﬁnd]eg‘hé‘a 288lcomnslrieRbns thehath

step, Howev val ve 106 is now open. Process pu
te@peEattiectongiolith v a&beﬁhghowapoéz@ﬂ wirostiollippskagee1 80 also

A8 UG8 a0 ol 500 S48 81 bbby
amndcmetj td O8rioBemanpeandyaleesi@fehe frantionad filk mixinghapparatus and
fl
SoRaint! oA abe e Qi AUBHyEBYS ¥ Redfty B QI Saokage
ﬂmaélb@boma!rﬂtﬁﬁ_edlglth%s*tpum%mm geerallyl as tcwhich pfbwm/dlgltal input
©3he Forraliet RechatR abfider iR TRl Beteid teel KBS e other.
SRHY# lewdl sehEoxiswhewan 6. resllavarsdnsortiGdtdoantaed tirdugh

rough conduits 138 t hrough val ve 140. It
@%%I’QP%B”%&?%BOihﬁeﬁonﬁﬂ'?eéﬁ%%ot her operations of the

fractional fill mxing system 10, the reclaimdrain

val ven 8@ bus is alsaaidiyded witetthe dontrofeemaickage 18(Eand shown
controller 26_co ni cat es & o the bath tél‘ﬁ?

GERAIB A501 927 0T P L OHS &TERRIER (191D (R oA PRSP PR 489 46 @
REYOR! cabRCaitPsdiRcRE Pios Plurality dfasktéitsion devicRNblicH dssn 26

may al so communi cate to the 1ngredi ent supp contr ol
erpangien19 devisei 194, pwdiary aerdal Oiu&zyft eav'eﬁ?oéo%Pf%Phanne' device

1 RS PLEBus1#EVidWdiditd ifgif GHEBUI® control of these accessory

devices from the controller package 180.

Expansion 10 device 194 provides additional digital outputs which may be
used to control additional components in the fractional fill mixing system 10.

The auxiliary serial output accessory 208 is also connected to the PLC bus
192 and provides an additional RS 232 communications port used for data logging
and chit-chat used primarily for monitoring and software development. This RS 232
port shown generally at 210 may be also connected to a recorder 212 for recording

and monitoring operations on the controller package 180. Software for the controller
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digital serial line 188, or through an anal og signal

source, if desired. The controller 26 may conmuni cate
woOaodslecdsost conputer 168 through anot her seri &CT/US2004/041053

connection 186. Considering now the controller 26 in

greater detail with reference to FIG 6, the

controller 164 includes a controller package 180,

peckage 1| 8@ mayessabelaadel| if gesifedi firowgh ihind8 £32¢oginaenications

poﬁlﬁtf s, serial ports, A/D channels, and a PLC BUS.

anpl e of such a controller is a Z-Wrld

controll er under the nodel No. PK 2600. Such a

cont Talel A dqceasay W8P lisladditinralin soanerted troibe Eb&t s 194 and

183 .and_an ' . 1 i

P AndPo ik B8] BioR8 ohBBhlnB BRE rafonay il mixing

apipiaeatup aod isgeiemRE) S%Rvrcgemarallyoat Fighs! . @neveash ¢dneponent that

SRab6 EonEneca PRmuAtoRaston L ey e T aipft § R bontrol
duvinésdes, ¢asmatnizoals welsadibt weetpst d8armbnt4.00ptonallgla AAKVTOI
t he host conputer ter cont{gsql | er . (,not

168, or to
acvaoRY M oReatratpodpind 18 EPE oBreBRp fkontart U 2nalog
Vdt8gé 80U frérh theakadtodB(boand @U@Miyiﬁ%uﬁénﬁﬁ?nals. These
communi cations to the_bath tenperature controll

r 170
aureptsignalierrates biile TAKVEDhas@ssel {fddrayee e I &iye various
EEFHE PREHR, £ 5] §'a PACRHREIRARMG Hfapids ol SEatbheI0

unps and val ves of the fractional fill nmxjn .
b ppareEnialeSRskans 100 alsAIdkHaRPIH 2 S FRels to monitor
a;f‘zﬂ'féty of PRSrRtiol F¥hfBie ¥actidhis fiff ANkihg syftemPRE kegeexd ée, the

so contains 16 digital inputs shown generally as

0
tvaimadicounde sdeh as Glertipralpaiple $46 (i Ce dhiaybeciouplegka gae of the
&o/ﬁ?%t{ﬁ%gféz]dﬁéqstg\%aﬁ%l coﬁﬁaﬁé?rp%ckiféakadjﬁtag?ﬁ(gﬁit%r ﬁﬁqlem perature

sensor i's shown on 1 as level
afdhe admbSdrec dnadditien, thiAd ghaniels maly alspuonitenveriossfilew

GofigRid o Eind AnatuhisPanat Baflh 8 (e SRRt W gine

sMstenPi@. bus emanates fromthe control |l er package 180
as a ribbon cable and is attached to a plurality of

ext enst.on. i LSUC [ '
o P UREIBY B ED A8P8 SRARAFLONy [ e o
ttle\contollkd PacRine FROCthoaigghpa switathesstdiagietragdia spch aaadompact disk
é)dét \BHitch %89 arinosI thgffratcﬁgﬁc’aﬁ3 fiﬁlgfg:g%ﬁt%% ¥r method thereon, or loaded through

the RS 232 communications port 210.

While the present embodiments of the invention as disclosed herein have
been particularly shown and described with reference to particular embodiments
thereof, it will be understood by those skilled in the art that various changes in form
and details may be made therein without department from the true spirit and scope

of the present invention.
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devices fromthe controller package 180. Expansion 10O

devi ce 194 provides additional digital outputs which
woayoshacsssed to control additional conponents PATHUS2004/041053

fractional fill mxing system 10. The auxiliary serial

out put accessory 208 is al so connected to the PLC bus

192 and provides an additional RS 232 conmuni cations

WHIAT ISs@HAMMEDdSt a | oggi ng and chit-chat used

primarily for nonitoring and softvvare devel opment .

FonndiTiie Adoimails 8565 Rrbtidles ol o hna” o

moni ooy R‘%oﬁ’ﬁﬁﬁgtdt Ra%%t é}g fétt{) 9 f}éo s%cdﬁﬁ%n%rgf@ a fraction of

Sof t ware for contro age may al so

| oaddbe fullfco@amere\d),lumﬂhnﬁgtﬂﬁ&lrhd@a% 232 communi cati ons
port 210. The D/ A accessory 199 is additionally

conn tot thiti rfé“tﬁ Bdnitied Pk ﬁﬁ?e(ﬂé}ﬂliﬁ%e container;
out put?ésfto con??tgF oué cgnponents 0 "
fractional fill m xing apparatus and system 10 sh

gene;séﬁp ¢:on Featculatingdhe raftiaof t%ﬁ@fgﬂﬁgH@thﬁg{thﬁg@eH@med current
CO”” ﬁt?f@ﬂatﬁ?é;st%é\o@%e Féfd)’en!s% may be the

|ngre supp control vices 126, 128, or 130 as

wel |l as the punps 88 and 114. Optionally,
accesden ' nay sricypinathe 8ext Mn‘ypyegf the @hgaqg; Rne mgredlent by

acce A 198 ingRédidsteny? YhiB Uafio fté QU

t he Zﬁ@g X@g %géﬁj& qhQﬁT g:bg |t)|/ﬁ©gf Icur r)gntl Si g%a l's. ermine a

Thes@owcwdrﬂuasltl’qnal s created by the TAKVTO accessory

201 may be used to drive various netering punps as

part frac fhle! dorrBEsl Rt AP BF MeUSgraBidnB1Ih& Blimixture
TSE%) Eont ro%?@?mpgacﬁagg 180rdaaso9| ncl u@ges elng mixtu

12 biin thy prd@inemnel s to nonitor a variety of

information fromthe fractional fill m xing system 10.
For e, themit bé?ﬂl%f%nﬁhﬁhm dih€to adjust the proportion of
t her mal'coupl e 146 m;({ga be cog% led to g)ne ofp P

t he Angvedieatsrioltee mgetsf@rmmiamort, Wadcontrol | er package
180 may monitor the tenperature of the adm xture. In

addi tgQne. t he &?@aﬁ RAGIsSB TR UBh O URBNhkOdontAh&0lSTilled to the
flowc ntroIIer et ering punps which may be part

of a degised quamtityef therkatch.i I | ni xi ng system 10. A
fractional fill algorithmor nethod may be | oaded in

she forauRfa RebEMRY © didim 1, further including determining a desired fractional

filling sequence of quantities of fractional fills to be performed.

3. A method as recited in claim 2, wherein step A further includes filling the
container to a first fractional fill percentage in the sequence and each cycle of repeating
of steps B through G further includes filling the container to subsequent fractional fill

percentages in the sequence.

4, A method as recited in claim 3, wherein the filling the container to the first
fractional fill percentage in the sequence includes totalVol which includes
(chem1TotalVol + chem2TotalVol + diwAddedVol) where
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the controll er package 180 through a suitable storage
nmedi a such as a conpact di sk 206 which contains the

wonemtoieasal fill algorithmor nethod thereon, ecTiusamed41053

t hrough the RS 232 comuni cations port 210. Wiile the
present enbodi nents of the invention as disclosed
herein have been particularly shown and described with
r ef ercbeod TotalYelri¢ adefbbyolenbd of arfissttingretienteof , it will
be understood by those skilled in the art that various
chan rein
e L s S S e
the present invention. WHAT IS CLAIMED IS: 1. A nethod
of f ofathavdiaviigagesidvalivolusomisyingicagiaingiep A: adnmi tting
at least two ingredients to a given size container to
a fraghiisthe a1 Yotihe o9 Bicbaten; aral une for a desired
batch; step B: determ ning the quantities of each
i ngr edient in the container; step C calcula
rati ¢iwhddeqyal g gaolummAt Artlid oot th 'EQW'T’%’HP obtain
? jty for at least one of the ingredients; step D
cul ati ng the next quantity of the at |east one

| ngredient by multip the t ar get ntity of the
§-ngr uMeR1disHp regied i s% B WIeTBrBITHE 2R cligBs (Phe1 Totalvol
,qwbhtlyr &?%QFGE admtting the corrected quant ity of

gredient to the adm xture in the contai ner step
F: admtting a quantity of another |ngredient

to

adj usahetrﬁgr@frv@bdﬁta@na@ﬂah MeWE® ehtthet trst Hagrediegetto meet the
51%),{., ﬁpa ps B through F
'feg{"' ?ﬁ%q%%otgtéggﬁéﬁ I ﬂﬁ%ga{l%@héﬁ(ﬁem red quantity

of the batch. 2. A mathod according to claim1,
furt mgurwmbﬁra@i&ﬁgfra@mﬁmllhwge@aa%ef thedirstll sepienge-

filling sequence of quantities of fractional fills to
de pepftidiRt redtedin E‘Féirh gattseih %ﬁérhqf‘ﬂot’al‘l/oﬁ'n@lhﬂbg( chem1Ratio e x)
wherein step A further includes filling the

where x includes (totalVol + (chem1Ratio + chem2Ratio + diwRatio) ) and where

diwAddedVol includes (diwRatio e x) — VolLowlLev where

chem1Ratio is a ratio of the volume to be filled for the first ingredient for the

current fractional fill sequence;

chem2Ratio is a ratio of the volume to be filled for the second ingredient for the

current fractional fill sequence;

diwRatio is a ratio of the volume to be filled for the third ingredient for the current

fractional fill sequence;

diwAddedVol is a volume of the third ingredient added to VolLowLev to obtain

TotalVol; and

X is an intermediate variable.
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container to a first fractional fill percentage in the
sequence and each cycle of repeating of steps B

wohowgésss furt her includes filling the contai RET/USR004/041053

subsequent fractional fill percentages in the
sequence. 4 . A nmethod as recited in claim3, wherein
the filling the container to the first fractional fill

Der cénnglwdiascerinade glaimdefuriner ingidingsetarmsingihe gyantity of each
IQQI%A%(#@ w&%%aédrégtgﬁ%aé%r%{ lg%l\?/%;@-mbéllcgﬁf by" welght

is a totdl volune of a
first |nﬁred| ent; chenTotal Vol is a total volume

&ecordme aiiging tyslain i fEherdngludingdelemninipg Fhﬁf@rqe.t]volumetnc
k{)at C thﬁ‘i ﬁe idoPddr¥Qlko bé aﬁﬁﬁtéootb%e ‘é&j\tﬁﬂﬁ%r Of t he

and I wAddedVol is a volune of a th
i ngr edl ent added to Vol Lovaev to obtain Tot aI Vg
%ret hdumethadsacaosding #p elpl & Whetgiepachingrashignt i@ ex?ermﬂed to the

ddﬁ@é.H&%s@hﬁawn I@gpﬁywcenﬁgmwpl Frac) where chen

FracVol 1s an actual” volunme of the first |ngred| ent to
neet the requirenents for the current fractio

b quéndethogiasepisinaipiclap Seturtberingludingicgleyfatipg r]',e target quantity of
dife Gidteaidnt CBCasEH‘eorﬁ 'tﬁét terddt! v&@%@ﬁl&c%len@mg”%thp%nés’éhe supply

recited 1n claim5 wherein chem Total Vol i ncl ude
aineantr@tian ¢ the ingrediette x i ncl udes (total Vol (chem
Ratio + chenRRatio + diwRatio) ) and where di wAddedVol

{Ncl YdpRHJl é(@%“dlﬁ’g td(élai'm Ye! \M%’Vb%"kh%ﬁfc@laﬁbﬁchIlJ%"s'dé)ncChem1

IS aratio of the volume to be for the first
whigh éndiusies (Elem  ReticcubulsGheni )aft( pmmﬂ Ratiq + cefgRatie - diwRatio)
‘& Ratio is a ratio of the volune to be filled for

€ second ingredient for the current fractional fill

sequence; diwRatio is a ratio of the volune to be
fill ettefrdRatings ariatie Ofthﬁé@jur@ﬁttofhﬁrfllbﬁébbhherfﬁﬁ&lngredlent for the

C{L{glae%hrgg@na hlllj;d@%gpgnce di wAddedVol is a vol ume of

ngre 'added to Vol LowLev to obtain

chem2Ratio is a ratio of the volume to be filled for the second ingredient for the

current fractional fill sequence;

diwRatio is a ratio of the volume to be filled for the third ingredient for the current

fractional fill sequence; and

bulkChem1 is the supply concentration of the first ingredient in percent by weight;

and
concChem1 is the target quantity of the first ingredient.

12. A method according to claim 10, further including modifying the target quantity of

one ingredient as a function of the specific gravity of each ingredient in the batch.
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Total Vol ; and x is an internediate variable.7. A

nmet hod according to claim1, further including
wdet@rorsasbng t he quantity of each ingredi ent i RCThS2004/041053

contai ner neasured in step B in percent by weight. 8.

A method according to claim1, further including

determ ning the target volunetric blending ratio of

t3he Anmetideadcsrding teeclaicni 2,tvderein the @al@ulﬁg@n instudeg copcChem

thod accordi n . cl aj er ej Lwngr.edi ;
RSBt SRchont)“F oA SER A g5l oo «
SCRBGCREM S + QtherdtRatd NEGROCGham2Prd{dgRAD €6@FavChem3) where
further including calculating the target quantity of

one ingredi ent pbased on the tar val unetri.c bl endi ng
ot GodrenaE s B el Sanenr T Sring et B ont
11. A nmethod according to claim 10, wherein the

cal cighaini1Batid ch watisoftion edheei to ki fitlad ifordhel fiess ingeerbent;
Ratio bulkChem ) ( chem Ratio + chenkRatio +

R s ATy B e R

fractional fill sequence; chenRRatio is a ratio of the
vol uiwRatidie & rialtib of tHeorolurhe tasbe Gitrfl fon frecitlire ingredient he
current fractional fill sequence; diwRatio is a ratio

of t ol i ot i aeHredi ent
For - RGPy PR ForcEfieq e I it reciey
bul kChem is the supply concentration of the first

i ngr s@rayehem1 jrea speificgravie ighthe fipldng@dietheni is the
target quantity of the first ingredient. 12. A nethod

ac corgdirBgchding ih Bpddic dralityRF tHedcedd Nyreameht ¥hag t he
target quantity of one ingredient as a function of the

specific gravity of each ingredient in the batch.13. A
net hé&ra Qﬁrﬂ?’l‘@a?Be"dﬁ‘%grﬁY'E}g{or a]‘?etp‘g? NIredeta) cul ati on
i ncl udes concChem which includes (chem Ratio

| k@henéthos Giavédied in) claim (3;hehéreiRathe fillingr theChenthiner to the
(chenRRatio sGravChenQ?ﬂ) + (. di \ARati 0 sGayv
percentages 'in the s

sMRegguent fractional fill equence inc uge”g)calculating an
idealChem1Frac which includes (chem1TotalVol e pourUp2Frac) where

idealChem1Frac is an ideal volume of the first ingredient to meet the

requirements for a fractional fill;

chem1TotalVol is a total volume of the first ingredient to meet the requirements

for the current fractional fill sequence; and
pourUp2Frac is a subsequent fractional fill percentage in the sequence.

15. A method as recited in claim 14, wherein the filling further includes calculating

chem1FracVol which includes (idealChem1Frac e concChem1) + chem1Val where

chem1Val is the measured Quantity of the first ingredient in the Batch;
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concChem is the target concentration of the first
ingredient; chem Ratio is a ratio of the volune to be

woizbdemdedsor the first ingredient; chenRRatio i BCHUSAL04041053

of the volunme to be filled for the second ingredient;

diwRatio is a ratio of the volunme to be filled for the

third ingredient; bulkChem is a sup %/ concentration

of t kel FE&CVIOthe@ﬂ @ﬂtualsvglam%ef'nlhES Irgt dp@redient to meet the
raV| .8 ChenR is a
Sl B bt By ta B s ERencB R O anc

sGavChenB is a specific gravity for the th| rd

i ngr edne@hem1is tha targeh@uaniily ptibetlisst ingredieat-m 3,

wherein the filling the container to the subsequent

e ac%} ABHod 4 r]ec ﬁg&% wHardi \Aﬁ%éﬁﬁh’&ﬂﬁﬁef %Ud@@%alculatmg

caI cul ating an em Frac i ch 1ncludes (chem
cﬁetrﬁlFWﬂDeroumcjpBEMJ@)E (idbalCbemd EdachehemFrgeVpl wirgre
i deal volunme of the first ingredient to neet the

r equisfENRRERDe ?5 Lﬁa E?@Fédc@ 'B@twéén' the id2eand. Qétﬁbl%ﬁurﬁéoﬁhe first

total volume o rst ingredient to neet the
ingrgdientioemest the requieeneants ‘?@mtha‘ eugeant bregtiopal Kill seqHeRee;
and pour Up2Frac is a subsequent fractional fill

178! C%nrﬁ:%%d' 45 felifed E\Ué{'%ﬂwcﬁ \A}érelr‘?‘tﬁ@ﬁlhl@@fuﬁ‘ﬁxef ffelUded chftulating
cI aim

wherein t [1ng further includes
diwiFreaclat iwhjche hielidedr 4divaddedival he i prsirdpiefsrac) deghemdhiacDelta +

Fra Ch cherr | Val where chem Val is the
F%Cgﬁ%?\&lﬁ%y of the first ingredient in the

Batch chem FracVol is an actual volune of the first

i ngr edliemtVolds aeactuahwlunee)ofl o third ingsedient te meet therreairements for

ract i e; and concChenmi is the target
Efng'ir?ﬁ\?aaocft'opﬁlg'"fsl %ggﬁ]‘fcengr edient. 16. A method as

recited in claim15, wherein the filling further
i ncl Mbdsovdavds baesidgalookmie iRrthe Centaimewhi ch i ncl udes
(i deal Chemi Frac - chem FracVol) where chem

Frac @%@d%ﬁ/oﬁs@ JdiGhe 8P§th98§ﬁ’§?§(ﬂeﬁllb%db9 ?@VolﬁﬁﬂLé\Plb%'tam total

vol u rst 1ngredient to neet
vobgoe;r enents for the current Fractional F|II sequence.
17. A nmethod as recited in claim 14, wherein the

P i Agmi e didita 196 aHRFeh e Motk & thB%ieal and actual volume of the first

ingredient to meet the requirements for the current Fractional Fill sequence;

chem2FracDelta is a difference between the ideal and actual volume of the

second ingredient to meet the requirements for the current Fractional Fill sequence;

18. A method as recited in claim 17, wherein the filling further includes calculating
diwAddedVol which includes (diwRatio e x ) — volLowLev where X is (totalVol +

(chem1Ratio + chem2Ratio + diwRatio) ) where
chem1Ratio is a ratio of the volume to be filled for the first ingredient;

chem2Ratio is a ratio of the volume to be filled for the second ingredient;
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di wFracVol whi ch includes (di wAddedVol pour Up2Frac) +
chem FracDelta + chenRFracDelta where di wFracVol is

wano@axesab vol ume of a third ingredient to nmeePCrhs2004/041053

requi renents for the current fractional fill sequence;
Vol LowLev is a residual volunme in the container;
di wAddedVol is a volunme of a third ingredi ent added to
Vol LalwBetia is aotatiaif the velameve bariled iridne thirddegerieati s a
di fference between the ideal and actual volune of the
first ' [ t irGthe [BRtainer;
cur t o B e Pl e it ERDlen rne cBRtainer
di fference between the ideal and actual volune of the
secorietal e s fdatvolgneebthediaich; @agdi r enent s for the
current Fractional Fill sequence; 18. A nethod as
reci tygd ahfintetraédiafe/varigbry ei n the filling further
i ncl udes cal cul ati ng di wAddedVol whi ch incl udes
di wRati 9 Vol LowLey . (t I .
{€hors mediackadomiRostR {1 BhRPlfing ddmiThad dwFracvol i

mfdtife |wheteih#diRFRIcVHITE nkgatvaRhd Polt@elof {He&dstﬁ@grediéﬁt is reduced
first ingredient; chenPRatio is a ratio of the v

momudtiptying e first ingrrdient vsline tngbe anBitedioniea Pwrﬁ?@%@cﬂona' fl
e%tgu'eﬂcé B{}' Y&%%P LoyBgolléd egi f rUﬁ@:rEB rd gchem1FracVol +
I ngredr en d h

LowLev 1S a res al vol une of
d;HﬂnnZFram\ng)adhelwt in the container; total Vol is a total
vol une of the batch; and x is an i nternedi ate

var ! blafol 19 I TlIAE opaRailing Lo claim 17, further

inclu etermning i i WFr acVol is negati ve,

wherein if diwrFracVol is negative the vol une of

fi r stpauridpdRe ita fractiopal flegrasytags fey the Wﬁenttff?&t'@nﬁ* E'! sequence;
i ngredient volunme to be admtted for the current

fractdh@palFradvdl seaHeagBabYolutieotorl el first vi Vﬂgglle@v&lrﬂivto) meet the
pour Up2Frac) (chem FracVol + chenRFracVol) where

reguisgrventsifer thetcyirant Wastiona! flfsedHentaflA; pour Up2Fr ac
is a fractional fill percentage for the current

fractd@ralFrddVdl iSesH@BERRAI volume of the second ingredient to meet the

requirements for the current fractional fill sequence.

20. A method according to claim 1, further including comparing the current ratio of
the target quantity to the determined quantity for at least one of the ingredients to the
previously measured ratio, wherein if the current ratio is larger than the previous ratio an

alarm signal is asserted.

21. A method according to claim 1, wherein the quantity of each ingredient is

determined by absorption spectrometry.

22. A method according to claim 1, wherein one ingredient is NH,OH.
23. A method according to claim 1, wherein one ingredient is H2Ox.
24. A method according to claim 1, wherein one ingredient is HyO.
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chem FracVol is an actual volunme of the first
ingredient to neet the requirenents for the current

woneaemtoieasal fill sequence; and chenRFracVol i sPamus2004/041053
actual volume of the second ingredient to neet the
requirenents for the current fractional fill sequence.

20. A nethod according to claim1, further including
2onp& icogputes readakdatmeditimp haying rséortedrtgeteoau@@mwtﬁr teyecutable

PG dR R THE Y et RerPaEEl o r et o, wher i n

if the current ratio is larger than the previous ratio
an alsiemAsi gnaddmitingsateleasidwozingredigntseicha @ivedcdzel corjainer to a

L, Sficlbdor HBIELohERE: RiaRkibYa BLaiRRALNIr oo 0, 15

det er sorption spectronetr ‘A net hod
according to claim1, wherein one i ngredl ent is NH OH
23. AtereBhod adeterdiniyg the qupaiities f eapleineredientdn the container;
ingredient is H2Q2. 24. A nethod according to claim1,

wher es‘téh]@ne ' nSéI@lﬂé\‘ﬂ’\t{thﬁatld?@tl?eStarg{'ét%G%H? RIthé @éﬂl@ﬁ’ﬁin@d current

medi u avi ng stor hereon co er execut abl e
i nst queniityrier atdfﬁa%@f‘ﬁ@tfiﬁen@glﬁdmfhod conprising: step
A: admitting at least two ingredients to a given size

;:SPt %‘t%gf) to acél&ﬂgﬁdg)meoﬁeith@d‘dﬁw of Y ﬁt R%rst YAk UAGredient by

sl red batch ep B: etermnlng
quantylfiglyingfthe derge ﬁga@t&v @hthe inarederiony aalﬁe'ﬁtlo 4 glgtermine a

C c e ratio of the target quantity to the
det e?ér%ﬁlr%g%%(ﬁrpgt quantity for at |east one of the

ingredients; step D calculating the next quantity of

the atep Bast onemitingBaicerects ananﬁtvpf\ﬁprﬁr@prew@ntfart@%@dmlxture
guant; ingredient by said ratio to determ ne

a cor'*é%et(ggdq%ﬁgrhtlty, step EE admitting the corrected
quantity of the ingredient to the adm xture in the

cont asiterel; st epdipittingameantivef angiharingregiest togasdishike proportion of

itﬂgrﬁgérgagntsqoqg% ][;Jtnf?ﬁ%lﬂéwrahaon of ingredients to

step G: repeating steps B through F until the container is filled to the

desired quantity of the batch.
26. An apparatus for formulating a batch, comprising:
a tank;

at least two chemical dispensing devices, each chemical dispensing device
having an input and an output, each input coupled to a chemical supply and each

output coupled to the tank;

an analytical instrument for measuring the quantities of one or more ingredients,

the analytical instrument coupled to the tank;

a controller coupled to the chemical dispensing devices and the analytical

instrument for performing the following steps:
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step G repeating steps B through F until the

container is filled to the desired quantity of the
woavwhic®6. An apparatus for fornulating a bat eaT/US2004/041053

conprising: a tank; at |east two chem cal dispensing

devi ces, each chem cal dispensing device having an

i nput and an out put, each input coupled to a chem cal

supplsiepphd eacthe conisoiter cauging thetahetrfical digh&nsingdevices to admit at

anal . ytical .i [ f.or ' it d :

7 o iBrub ey Ol <oEATotp Srlin SR Kt iffer volume

fopsldksited batthie tank; a controller coupled to the

chem cal di spensing devices and the anal yti cal

i nstrunent for ' [,oW . : L
the GO Pol | or "ESELRHSH Rt e Pl R ot Bordliont n the

dontaiokert t at [ east two ingredients to a given size

container to a fraction of the full container vol une

for desj red tch: . f ;

det etfftrng. ¢ HCGEAoRr e Aol bR e othe et gyantiy to the

daterhdned cyrratepadity foreat deast poe loéthefiogred®intul ati ng t he
ratio of the target quantity to the determ ned current
quantskérﬁ’Df or %Flc%ﬂﬁblllé)rrf r Aicdl PRt GMriity 5t FR dPleast one
the controller Tor calculating tife next quantity of _

ingredint by emsittiptyite the targeli quantityyf thel ingreHignthy sdidratia tadatermine a
uant | of..the ingredient by said ratio to determ ne

cgwrrggferdé%q atyquantity; step E: the controller for

admtting the corrected quantity of the ingredient to _

t he atep Et ur e fhe cohtrolleshersdneiting sheegorrectadhquandint of dine imgredient
for admitting,a [ty of another ingredient to

tsgﬁ"%gamf’ﬁ‘é’%’?ﬁ}fo&ﬁ?%h%f ingredients to the target

formul ation; and step G the controller for repeating _
st epstép Ehr ougtheontmolidr faradmitting aiqnantity ef aniofhesthgresliertiéo adjust

’cﬂl(ee Spir&?odrti&ugﬂ%rte%ie%ts ttorlﬁe ?aarbgtr]fbrmulation; and

step G: the controller for repeating steps B through F until the container is
filled to the desired quantity of the batch.

27. A system of formulating a batch, comprising:

step A: means for admitting at least two ingredients to a given size containerto a

fraction of the full container volume for a desired batch;

step B: means for determining the quantities of each ingredient in the
container;
step C: means for calculating the ratio of the target quantity to the

determined current quantity for at least one of the ingredients;

step D: means for calculating the next quantity of the at least one
ingredient by multiplying the target quantity of the ingredient by said ratio to

determine a corrected quantity;
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27. A systemof formulating a batch, conprising: step
A: neans for admtting at |east two ingredients to a

wgivmnieisgze container to a fraction of the ful PCT/US2004/041053

contai ner volume for a desired batch; step B: neans

for determning the quantities of each ingredient in

the container; step C neans for calculating the ratio

of tlIsteptBEr get meang for pdindtinghihederrectedmpiantity of thetingredient to the

quantity for. at lLe ne of the ingredients; step D
rrean?df'ﬁ)ﬁu{:edpgﬁ? 8?%%@‘3?% next quantity of the at

| east one ingredient by nmultiplying the target .
quantstepyFof t hmeamgfoeddmitingg asantity ofanetheningesdiantigadjust the

cor  ehgaaitan, dHTRiepiebie" bl FrgPARANERy R can ure

in the container; step F: neans for admttinga =
quantsigp/Gof anwehes for repeatingsteps B thigpgl £ untildhe container is filled to

EL3pZ@%bgée%fﬁdgﬁg{yfoqitﬁ@55*05° the target fornulation;

or tepeating steps B through F
until the container is filled to the desired quantity
28t e mmthadh of Zgmulatingt Adebtei of & desitad Aganith&f droredients in a
desi.r ed t LY ' I i ] i
CREH o TR, oL RBOCEHTE Sng R kRS Secfbences,
domprisfreguences, conprising: step Al retrieving stored
user defined paraneter values for a plurality of
Sftée[?%i onal fill percentages; step B: calculating the
required quantity of each ingredient to admt into the
adm xture in the container for the first fractional ) )
fill reisieviggtstered afsendefinssrparemeterwalugssor aiyralityef ifiactional fill

psetrgéjntééess,t ep C

step B:

calculating the required quantity of each ingredient to admit into the admixture in
the container for the first fractional fill using the defined parameter values retrieved in

step A;
step C:

admitting the required quantity of each ingredient calculated in step B to the

admixture in the container;
step D:

retrieving feedback from an analytical instrument for determining the quantities of

each ingredient in the admixture;

step E:
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admtting the required quantity of each ingredient
calculated in step Bto the adm xture in the
woanicaiessp; step D retrieving feedback from aRCT/US2004/041053

anal ytical instrunment for determning the quantities

of each ingredient in the adm xture; step

E:determning if the current fractional fill sequence

i s eidetemining iff thesturisnt eciional fill sequeneel isfeither the first or second
equenGs:; [tioning to step Fif it is the first

fiqc%?ﬁglgfﬁldsebpgﬂﬁ,onal fill sequence; and transitioning

to step L if it is not the first or second fractional

fill teogiiening;tostepoF [t igldteclirai ori segond frapiéonel filkgequence; and

fractional fill sequence is conplete; transitioning to
st ep t3nisitioh g thistetf | [fftq€ hbOR&irdtlok se SGRLPAGEBNAISII sequence;
conplete; and transitioning to step | 1f the first
fractional fill sequence is not conplete step G
feP&inining if the first fractional fill delta val ues
are already stored; transitioning to step | if the

firstycidfitihgmahe firdt \‘ra%rﬁaﬁfil)’@é#&;@ﬁc@@ccﬁh;ﬁlé@?y st or ed;
|

transitioning to step Hif the rst fractional fill

del ta val,ues are not alrea st or step H. .storin
Che fraraiionnadp sismap e FrilipEtony i edengh i Sompi; and

transitioning to step |; step |: determning if the
seconghnkltiaaingaoated i if iheifisstGrarnbredl 6l stq@erketis nol cagnplete.
step L if the second fractional fill is not conplete;

a%ndpt_ransi tioning to step J if the second fracti onal
¥R i s conplete. step J: obtaining the second
fractional fill delta val ues;conputing the delta
bet weketerttiging ifrts¢ fifst frattiomabfill delta \wlvwed aresalraady sioeed,;
second _
transitioning to step 1 if the first fractional fill delta values are already stored;
transitioning to step H if the first fractional fill delta values are not already stored.
step H:
storing the first fractional fill delta values; and
transitioning to step |;
step I
determining if the second fractional fill is complete;
transitioning to step L if the second fractional fill is not complete; and
transitioning to step J if the second fractional fill is complete.

step J:

obtaining the second fractional fill delta values;
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fractional fill delta values; determning if any of
the second fractional delta values are greater than or

weaquwlo1éssot he first fractional delta val ues; PCT/US2004/041053

transitioning to step Kif any of the second
fractional delta values are greater than or equal to

the first fractional delta values; and transitioni ng@s
to steopputing thegelin betrearciberitistiragtionaimigtagvalyes 9nd fnessecond

@ﬁ%ﬂgtf.u%%t\%me*shan or equal to the first fractional

t'a val ues; step K= stopping the fractional f||||ng

sequence; and conmuni Catll’gﬁf[an error nessage, ste .
conp&ieterining ifray ahtheisesershiraienalisito valigs arer&fﬁﬁt?ﬁﬁmn or equal

nd iRy HEstd aerahilby. of [ngredients: calculating an

error correction for t em cal control device if

the conparison fromthe analytical instrunment to the
desi r sansiiinning tosstep K higneaf Hiersecapd figgtional gglta Values are greater

tﬁéh%Ple&&élriStﬁé‘ﬁrsf ﬁs&ldnﬁﬂdélﬂéé\)éﬁdﬁaﬁé each ingredient

to adm't into the adm xture in econtainerforthe
next fractional fill using the calculated erro

cor r d@nstianingde &tepi Lnf Ay pihe ﬁ%:oppﬁrgqc‘u@qa&{g@gt%ﬁ%{peq figynot greater

tﬁﬁﬁléfaﬁﬁal'tétr‘r‘é)ﬁﬂ% ﬁé@uon‘éf@é]@'\la'l@%‘ ng to step Eif the
I na ractional fill sequence is not conplete; 29. A

uter readable medl um havi ng stored thereon
fePput er executabl e instructions for performng a
nmet hod of fornulating a batch of a desired quantity of

i ngr %%pﬁmdg?trierfrébtléﬁé‘[tfﬂilr?@eqblémdé@ aAdcheni cal control
devi ce and a series of fractional fill sequences,

conpr|S|ng e retrieving stored user defined
par arfeMEPUNSE tu%sarf%qrordnsﬁﬁggi ity of fractional fill
per cent ages; step B:
step L:
comparing the feedback from the analytical instrument to the desired quantity of

ingredients;

calculating an error correction for the chemical control device if the comparison

from the analytical instrument to the desired quantity of ingredients are not equal;

calculating the required quantity of each ingredient to admit into the admixture in

the container for the next fractional fill using the calculated error correction;
determining if the final fractional fill sequence is complete;
transitioning to step E if the final fractional fill sequence is not complete;

29. A computer readable medium having stored thereon computer executable
instructions for performing a method of formulating a batch of a desired quantity of
ingredients in a container using a chemical control device and a series of fractional fill

sequences, comprising:
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calculating the required quantity of each ingredient

to admt into the adm xture in the container for the
woizomto1égsact i onal fill using the defined parameCemUs2004/041053

values retrieved in step A, step C. admtting the

required quantity of each ingredient calculated in

step Bto the adm xture in the container; step D

stepp At evi ng feedback from an anal ytical instrument for

determining the quantities of each ingredient in the

admi )féllrjigﬁpg ?s‘ﬁ?r?d EisePALRIdY Bérgﬂwe h%SCfPF b&JMirality of fractional fill

fractiona sequence 1S elt ar I rst or “secon
geremritagesl fill sequence; transitioning to step F if
it is the first or second fractional fill sequence;
&&ngransitioning to step Lif it is not the first or
second fractional fill sequence; step F: deternining
if the first fractional fill sequence is conp

t r ansetculaing §ha eagrepaentity Qfﬁ’édﬁ mgqulwté%@iiranmtomq gdmixture in
tﬁﬁ%ﬂﬁ@ﬁ%r?@ tHO TRt Fla tl?rzr"el”'fill Eélﬁ $d diéfmeﬂ%afré’méfe?ﬂalheé fetrieved in
e first fractional ot

seq ence IS
sgempPl ete. step G deternmining if the first fractional
fill delta values are already stored; transitioning to
Q% 1 if the first fractional fill delta values are
ready stored; transitioning to step Hif the first

fractional fill delta values are not al readé| st or
st ep adMidipg the gequiiedrquastity afrach dngredient palgdated in Step B to the

Yese irethe Cfop%rﬁértl oning to step I; step |

etermning it the second fractlonal fill is conplete,;

step D:

retrieving feedback from an analytical instrument for determining the quantities of

each ingredient in the admixture;
step E:

determining if the current fractional fill sequence is either the first or second

fractional fill sequence;

transitioning to step F if it is the first or second fractional fill sequence; and

transitioning to step L if it is not the first or second fractional fill sequence;
step F:

determining if the first fractional fill sequence is complete;

transitioning to step G if the first fractional fill sequence is complete; and

transitioning to step | if the first fractional fill sequence is not complete.
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transitioning to step L if the second fractional fill
is not conplete; and transitioning to step J if the

weeswndedspacti onal fill is conplete step J: obParniSnw4/041053
the second fractional fill delta values; conputing the
delta between the first fractional delta values and
the second fractional fill delta val ues; determ ning

ﬁtﬁpzﬁfy of the second fractional delta val ues are
greater than or equal to the first fractional delta

val uegstefdnfiaingiitthe fird Sratiorid @R dKitd {alaey aefaltcaay sepeqd
fractional delta values are greater than or equal to

the first fractional. delta values; and transitionin
o sUBRIIOPICIAG T it e S bARIons U PB4 AR P SlaatDesiored:
are not greater than or equal to the first fractional
del t ararsitioag te stap HAf tedfvpl fregtibme fifl daled vanned arkinbt lfgady stored.
sequence; and conmmunicating an error message; step L:
%%HW'?{“ ng the feedback fromthe anal ytical instrunent

tHe desired quantity of ingredients; calculating an
error correction for the chem cal control device if
t he cxbonr the dinstfirastional dill debd yaluesilandnst rument to the
desired quantity of ingredients are not equal;

cal c tng: uired quantity of each ingredient
to a h?%h?ﬂp r{tsr?{eé?)gldm'xture in the container for the

next fractional fill using the calculated error
#ePlection; determining if the final fractional fill
sequence is conplete; transitioning to step Eif the

fi nalydigfikihg Fahe 5bbdndSRALHBRSISIS cORpletB P! et e;
transitioning to step L if the second fractional fill is not complete; and
transitioning to step J if the second fractional fill is complete.

step J:
obtaining the second fractional fill delta values;

computing the delta between the first fractional delta values and the second

fractional fill delta values;

determining if any of the second fractional delta values are greater than or equal

to the first fractional delta values;

transitioning to step K if any of the second fractional delta values are greater

than or equal to the first fractional delta values; and

transitioning to step L if any of the second fractional delta values are not greater

than or equal to the first fractional delta values;

step K:
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“stopping the fractional filling sequence; and
communicating an error message;
step L:

comparing the feedback from the analytical instrument to the desired quantity of

5 ingredients;

calculating an error correction for the chemical control device if the comparison

from the analytical instrument to the desired quantity of ingredients are not equal;

calculating the required quantity of each ingredient to admit into the admixture in

the container for the next fractional fill using the calculated error correction;
10 determining if the final fractional fill sequence is complete;

transitioning to step E if the final fractional fill sequence is not complete;
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