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WO 2004/ 071830 PCT/ US2004/ 004150 SELF-M XI NG TANK
This invention relates to the general field of slurry

whaovdo71sgo and nore particularly, to providi ngPCT/US2004/004150

non- mechani cal agitation to a fluid in a tank. Sone
industrial liquids require constant agitation for

r heol ogi cal or processi -MIXAN@TANR pi cal |y, such
fluids are dilatant or t |xotrop| C In nature.

Additjonally, slurries consis sol i d

part fli\rSéQVﬁﬁ@aéﬁla@a tq ee%emrau% m%sﬁ}m@a}mﬂre particularly,
tdﬁ@k}icﬁxﬁ%m&l@dﬁ%al 83ita%eh t@h 1AM inf rider to keep the

solid romsettling. Oten in industrial processes

slurries are stored and mxed in tanks with a

nechggjfeahdus@ehl thqafag re°dﬂlﬁ€ cBfstat RERRRI BF rhebldpfdal 8t ﬂn‘é@essmg
punps then nove the slurries fromthe tanks throug

regseits: i Hwicady, sich ﬂﬁlgiﬂméléat@rﬁ@r thjsotrepie in4pduIe] urri es to
poi nts of use with unused 10 slurry returning to the
storage or day tanks. This invention elimnates the

n eed Additionelyianhirtias cangisting of smalhsalishestigles suspengded in a liquid
%}%ﬁ&hlgﬁ&@é@%@% 1?%1 oﬂqg}?atnoﬂ%% 5%0{521?%? %eﬁs%glﬁl% from settling.

Oftmnn énsicial pestsesasirich erepbdred hn@fnuﬁemlrmttduﬁcs e thhamiedainical
i,tato a ntam nate the fluid. .In

o§ip{Eh o5 oot e EhSatp SanBPys 1 shieipmphe tanks

tia idtridVitiod pipiRCloapy hal detiget tht isRitriesH0 tpdidtO@f use with unused
c ani cal eq UI ment (I | ke nmechani cal agitators) tend
Hétuf%lflﬁé‘}t e'sprage,or dg produci ng a conti nuous

shovver of wear by- products Thi's shower of .particles

poses_a threat of co%@m nafjon particularly in

h
phar rEsvertion eligHnatesdhe saeor grechamcnd peitatets i tp l%fe_rrr%any
ﬂzﬁg@laybfdceséey mlaﬁlaaﬂg ﬂ{exn&%m@aba%hhﬂagrédne ?1t§1' 4 went,

t anks as avvay el T m nat e nechani cal aglta ors.
operetive alaigmmfcﬁmncmt& and tik potpratiak sorithe ngehanical agitaterdo faﬂ and

cglfltfn%nﬂlltcgﬁlle %d t %ﬁhagiﬁr;t o&?%oélqé) %ﬁl{(}a g{en%g%fs%ﬁﬁﬂ{é %gl:c:an%%%amaged by

ralr nnent
nmhaugeeﬂagﬁaphﬁ, reduced energy efficiency and
i neffectiveness at maintaining all but slow settling
solids in suspension. 25 Thus, there still remains a

ne e d Riotating medhiaaiohlesquipinemn (lﬂwdnecélhaik:ial\@itytom) wersite de rather

t dust | fl
S Revigo B ASomiimewy e ohiveioRinfan Bhis shepue of
phitizgtes posdracthadat ¥f cohepedati dfartilatem At yhaithavkdtitaldnd
the need for nechanical agitators. By properly

SEBITORHIOTigdYsHEes: ank' s inl et and outl et

Others have utilized high purity gas bubbling through slurry tanks as a way to
eliminate mechanical agitators.k Gas bubble agitation has its drawbacks including the cost
of a high purity gas, disposal of the spent gas, gas entrainment in the slurry, plugging of
the gas spargers/septa, reduced energy efficiency and ineffectiveness at maintaining all

but slow settling solids in suspension.

Thus, there still remains a need for a reliable, clean and relatively low shear means

to mix industrial fluids in tanks.
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structures, gentle-mxing currents devel op ensuring
adequate agitation to maintain fluids in notion and

WO eoormimss@i n sl urry suspensions. 5 The i nvent i BOT/US2004/004150
consi sts of a round-bottoned tank having an inlet and
an outlet, which together induce determnistic
c i r c Uthéd inventjpatprevidss thhtat spetially dieapked targenihees mixing without the

L RE Lo GaifieR B RebfeePOia Qe ks ARet and oulet

sﬁrﬁéf’ﬁfe\s Staifle-dnik R cheiehis A8veldp ensuHing adeRAtd DMaf6ed @Rintain fluids
an inlet and an outlet. The top section conprises a

in meHen @ad fo mawtanlelu@w@@eﬁ@%%ck wal |, and two
nmut ual Iy opposing side walls defining a rectangul ar
cross_section having a width side-to-side and a width

f r ontthedovsaErn §wt$ it TouRd-bpitemed taskhaving apiialeharndsan outlet,
er}ﬁéi?t g@m& 1hﬁﬁcesde‘9§nﬁ1’ﬁst?d Afcuplbhtbard: Jg@ e gﬂﬁ?@e @9%&&@, effective
secti160n conprising a owest point has a eas ne
nuiginged theatahk ecdtemtsli ng fromthe | owest point to at
| east one side wall of the top section. The inlet is
| ocated on the rounded bottom of the tank at the 15
| owedt opopreferfd antimdimenigibd ibentiomissetatk compifisibg adbgction, a

let to the i d h t ank
iR o daions Rt 4 3 Soch, it Ehds olmpaiesd font wall, an
oiob(ﬁn(ig bwkalvall wh@thé ﬁiihhf(tjaillg)-opb@siifg vitdél gvﬁlly\/déﬂilgng Ih&‘itangular cross-
ou s lo i nsi de above and in ¢
SERSR VA 2 DAL de-tqrpie andph B A ambagh Tt e romi-o-back
Wlﬂﬂﬁé‘ lés@fhaﬁ R 8St-5iBEHidR! e Yol BB’L%rﬁ @Eﬁloh%ohﬁ)%smg a
accorrpany| ng draw ngs, whi are

1q>w¢s@ §Pmﬁh¢9\ﬁg losgt grssaisvagrivall extmcbn@ﬁrgmthe lqveeSf mmbw atdgast one
s}éie%l’ off tﬁé &)ﬁ?@&ﬁoﬂw uﬁ?erlﬁ ePi S%J:elte(P(?n Hl%%gmlrd%dtb%ﬁi)mboef t}ll,I% télrdk at the

raw ngs, ame Teference hUMErars wi
lovmesd pglht)uf the heursled-dotbmsieetivm. dxderiding friemdhs tiétpd theringide of the

ARab RSP PE AL ol Gt s Rl o i R B Fleyrontto-

baxpaidie svafls.0The viiwiOlbcitb@®idsiiMhe tafik @bovebhndSn @losé Poximity to the
vi ew of the top portion of the tank; Fig. 1Cis an

if§er head view of the tank. 2 WO 2004/ 071830

PCT/ US2004/ 004150 Figs. 1D and 1E each show

altern%tw(? Bbé)dl ments of the bottom section of the
t ank Pregpged empadimentsiof the inyentiogiare dessribedhbelaw syifiere{grenge to the
f&WYhE dc ;ﬁﬁ{?ﬁl fwﬁlgﬂi‘are'f&1 s ePaipdREs orﬁ%l Firfroughout

s a schematic fron ‘view denonstratin conparative
t]@q)fqﬂpmng‘@p‘amrg@rence numerals will be used in the drawings, and the same

reference numerals will be used throughout the several views and in the description to

indicate same or like parts.

Fig. 1 A-C shows a tank usable for this invention.

Fig. 1A is a partially expanded front view of the tank;

Fig. 1B is a side view of the top portion of the tank;

Fig. 1C is an overhead view of the tank.
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circulation cells. Fig. 4 is a schematic view
denonstrating use of the tank as a self-agitating hold

WO 2004/0788@. 5 shows the inventive tank used asP@I/US2004/004150
conbi nation hold and m xing tank. 10 Fig. 6 is a
graph showing mxing time as a function of flow rate.
Fi g. Figd. $ Deangriapéach showiatigraivickiabadiintits @8 th Yoot dedtion of the
of tinme at a flowrate of 0.9 gal/mn. Fig. 8is a
tﬂ*ﬁph showi ng conductivity versus tinme at a flow rate
of 1.6 gal/mn. Fig. 9 is a graph showi ng slurry
bl end.test re ults 15 Fig 0 i,s a graph show
sl ur S:;}g'g’o‘ﬁé‘ Spegt fcoﬁﬁ%nta/é%a?cﬁﬁ SiIF SiPROTHOM PR Bwamgnt of the
isletdddotreuspensi on test. In the follow ng detail ed
description, references made to the acconpanying
drawi ngs which forma part hereof, and in which is
showripys MavscRdmattd Mrtradv aé}n&&%hﬁg Eom Tﬁﬁgﬁ’@é SRRtS-rbiting
whi ch the invention may be practiced. ese
cirpletomestiss are described 20 in sufficient detail to
enabl e those skilled in the art to practice the
invention, and it is to be understood that other
enbodiigehis ¢ sebgmaEe e depeastmtiaguheof e tankt asraself-agitating hold
igianges may be made without departing fromthe spirit
and scope of the present invention. Fig. 1A shows a
partially expanded front view of the inventive tank
1 5 Wh k5 &l%wsliﬁélél%\e/]itltg% t?@?ﬁs ed"s %g @ aﬁaﬁ ﬂ%dgemdé'fg\%ﬂgngk.
section 13 is attached to botton1sect|on 15, either

pe CRagon oo pIE e e §AR o HOBRHOICITHR,

subsectlons 17 for ease of construction. FurthernDre

top 1gCh Qo fd%ify LaHMBER gﬁa%' | nCiESH G Aa 180 Ve of 0.9

profil rec angu ar

gabmin.t o i ndicate that the profile has t he gener al

overal | shape of a rectangle but may have slight

devi ations fromthe rectangul ar shape as |ong as such

devi dtig.dnis agwarh showing gumdbttdiyt Yeysus tipexe at flvev fade ofit.6 @al/min.

of circulation cells (as described below). Such

devi ations include, but are not limted to, rounded

cor ndiig Sois atgager shoyingd sltirg blead teshgdselts.si des. Bott om

section 15 has a rounded front profile 21 thereby

defining a curved side wall. Any rounded profile 21

havi rfgg d 0sib n@raphl showysig fhairy vorR8ntaatibas as aifinptiat of éastduring a
concave curved side wall 25 extending from

ﬁl%re§“388‘?sh?n tf§t to a transition point 24

In the following detailed description, references made to the accompanying
drawings which form a part hereof, and in which is shown by way of illustration specific
embodiments in which the invention may be practiced. These embodiments are described
in sufficient detail to enable those skilled in the art to practice the invention, and it is to be
understood that other embodiments may be utilized and that structural changes may be

made without departing from the spirit and scope of the present invention.

Fig. 1A shows a partially expanded front view of the inventive tank 11. Tank 11
has a top section 13 and a bottom section 15, which in this view is shown detached. Top

section 13 is attached to bottom section 15, either permanently or detachably. Top

3
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where the top and bottom sections are attached to each
ot her may be used for the inventive tank. In a

w@e@hoermsed enbodi ment, this rounded profile 21PCHUS2004/004150
designed to approxinmate the geonetry of two,
si de-by-side circulation cells, also known as eddi es.
sbctlonslBClhayabe esthpdsedefisubsebigons ddrfdechsp bﬁéd)ﬂs&uatiorﬁ Hathdrmore, top

B0 T SR e 9, Pt lamenaty

réQuEeA" RAisk@ B indicaRRMAthEBloBllYhasithe gé&r:ﬁ Reefall shipe of a rectangle
Attached to.the front profile 21 at the | owest point

byagmay haye slight deviations drom theregtargudar shansorsilawges such|deviations do
AR PREBEA LAROEULF, BLAR By s

d@tfiatianﬂanm}aﬂb bupgrestodVimifed tdirgunded comeone tppeeingraf e]ab rectangle
Se({ggodl ment, inlet 27 has opposing lines of 20 holes

or'slits 50 preferably at [east one hole or slit per
side. A palr of openlngs ininlet 27 |located at the

per 1 ARt REHF T30 St e8RGrp e Bl flefuih gurved sice

vefip Q&mm@uhdemeprcﬁldm| Imm:gr a Sihgle $ovoéht po@t DBahd RethinddtQeast one
inlet 27 dij ed t owa he curved side wall 25. The
copee et it erW iﬂ‘{b‘é& am;lgwest\priy 24 to a frgpgjtipy point 24

WP R t&ﬂ‘ﬁrﬁﬂ&fﬁoﬁﬁ%ﬁhoﬁg‘ﬁe ditadRl &8 eth JiNE n2RARY 1S f&ﬁtﬂe
be adj usted based qu b the fluid properties. Fo

igyeptige tanky In pprafers dv@emtl, thisroundedeprgfiteraht ledevtgnﬂdjo
r | ul.ds
e S0 e SO .
sgtioan embalimentathevehydedpadfile2d should daslesiphel scethaictht yatiof of the

t,h t 9 ] | o n tank 11
B dhibeta9o el firdio B el ol wipHED oot groximately
tib k@ode(@ De Attaehéd pritké abhigsto St AR ToweMUSJiM2349 an inlet 27. In
ext %ﬁmggﬁss the tank froma 30 bul khead on either

i meak pnlgkd [ comgRisee PIpY 95 gthes like dayee grfgnding across

tholafk FonSi btlkheaﬁy&i &kt dhe ﬂ?ﬂﬁt bﬁtac%%vdtfs a single line
of holes or slits 52 on th , i ke devi ce,

facing 4 WD 2004/071830 PCT/U82004/004150 vertically
upvarsk shbia iR B er itdild ke Emﬁt?(ﬁﬁf‘enh @182 Phas Iphbﬁng fines of

are desi %ned to rmX|mze the circul ati on patte

hols or slifr S0pprgferabdy atlges oae bolger slitaer sidet dppaieef dpenings jn inlet 27
ldida%déc{tl gl?et ﬁlﬂ%pdlﬂtebe{g@g%ﬂﬂg lﬁloﬂ{ ?Iﬁftlga%k vpaﬁlg fdld Edi%%rfogn 2 Well as

over ne Vi ew o
multiplstpans th@dntrrgsr adbe apmshrghmafémlesm tshts(ﬁﬁ) ap¢ nfachiaed into inlet
e front. pro

20 e ot e A0S P S hE Ppchipan BBH 41 Srogice s when a

fhd fs@ungea throtgh feins Tlﬂ diaiétePoftBELPEiIAE @n bb@ttiji\tstea%ased upon
ain |pcated at |owest point 23 with outlet 29

is_a
theg Ll SEPRSERe FoRVBEousTor She sensitverfids thy ameicpenlidc
r8htiedlY farge. For fast-settling fluids that are not shear sensitive, the diameter of the

openings should be relatively small to increase the velocity of the fluid in the jets.

Outlet 29 is located on tank 11 above inlet 27. Outlet 29 comprises a pipe or other
like device. In a preferred embodiment, outlet 29 extends across the tank from a
bulkhead on either the front or back wall. Outlet 29 has at least one hole or slit.
Typically, outlet 29 has a single line of holes or slits 52 on the pipe, or like device, facing
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10 directed toward curved portion 30 of the rounded
bott om shown in Figure 1D. In this enbodinent, there

WO soouppise@l | y not an opposing hole or slit direct/@s2004/004150
toward straight portion 31 of the rounded bottom
Qutlet 29 is constructed as descri bed above, wth at

vegizally Opeardo Mhe @bt ind diad of theRMobRtoa kBR SLAré B&idRA to
of .the tank Ss,hovvn in Figure 2). Fig. 1E shows anot her

max{rgizg s GEsuiaionpattergin dkdanlon 15 having a parabol i c
front 15 profile 21. The inlet 27 is |ocated at the

| owest point 23 of the parabolic front profile 21. )
Agai K18 tiReshews asidergey of fopsectien Hi-illetrajing i zectapgular side
ptéH168127. In a preferred embodi ment of the invention,
inlet 27 is located at the |l owest point 23 of bottom
section 15 to generate the circulation cells with the

hi gh ity : i t cTols

by o Tac ot ap gy Ehell oot becklyn | I HRling P EARRRar cross
sgitipn profilgG3anot her row of circulation cells will form
as shown in Fig. 2. Therefore, when the height of the
tank is 2D, there will be two sets of circulation

cel | Fi84R slpaB aaradte8Bhive 868, prafle 1rfor theitypttomotfectidvrel 5. The

S AR o AR N L G, s tocsted
lowdst pbin293 insthl cmtldatt Z&dlot;iltei al!sdv)el ialkoYR Hﬂﬁif2i7 _lhaIE bﬂ&?; one hole or slit
I OX ty.to inlet, . IS cation I nlef, n )

BRra o it abtional of Wepfelioi Swm o igeatgn s
ehideatnesht, aherb lilﬁtygﬁ:hllz abt a[rﬁé%%ﬁn? Bl or@fit diR&téd towalBdtiaddht

pattern forned the fl ui ets. Each of openings )
ppHiong leaf theiroruaﬁ@dv Beftese-aRiilel i9yls ppuataetediop dencabpdpbove, with at
1681 i nol06: 47 el dREnkdi] © ORISR (ﬁth%%ﬁqgﬁigure 2).

Ccreates a series of pa bstanti al'ly ana
circulation cells. such, the tank provides a

As
5 di : ¢ e }4 = _
L B e
phefdk 2halThe irlet 27ds lanatediat #le lowBst Woir2 Q0 4f GryB8gbolic front profile 21.

PC 2 4150 f erri to Fi.g.,-3, when multiple
Az, AR RGeSy Bt e 3 Tina "B, A and B,
42A and B, etc.), each individual cell should rotate

int ' | {.ecti to. a adj nt cjrcul.ation .
cor | 15 aBRA0 el ot AT v BRGm, B ol Rt oo
28 iof dmittfonnseofion 1 vy geneonsthdefntalttioh tellshirith thd highebtSvelocity. As the

oppos irection of rotati f adj.acent _cells is due _.
hgRRES e sttty BY Al O ARE P 34 Pesantded doram Aipeh in Fig. 1,
aboHEEHW SRvifchlatign aklid WE1 BeMNE dhowRn Figas hTRELARE When the height
cell to flowin the sane direction. However, in'the

of hecpils &L} dhare il bagve etk of elrquiationcgllad 4 Eemds3 h 35B. As
Wi SR TR R 19 i@kﬁé&??ﬁ%ﬁ%ﬁﬂ SSP6¥ cfif’t%ﬁﬂﬁgeﬁs“ll%ﬁ 1%:%3\31ocity

36B have been observed to unexpectedly rotate
thartbe Hiwes coWwoThasudet@ris ncate dimctheaidvenndin ¢lbse moximmty to inlet

245 PhB BRuleR Taei Tt SR LR S BRI R R B RE RLLEHE:
lodavednit itematural return point of the circulation pattern formed by the fluid jets. Each
of openings 50 in inlet 27 form substantially planar circulation cells. The use of multiple
openings 50 thereby creates a series of parallel substantially planar circulation cells. As
such, the tank provides a 2-dimensional flow pattern within a 3-dimensional tank.

Therefore, the distance between the front and back walls is not critical.
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First, the curvature of rounded bottom section 15

results in the relatively strong jets fornmed by inlet
wWQ@7Z00b@e713g0 di rect ed upward in a path general |y per/abioed/004150

to the inside surface of the side wall of top section

13. Based upon observation and testing, sone of the

f | owRefdrrihf o Figt 3, Wlﬁn&hﬁmlﬁleqiaﬁsg»f theul st shecelis i {n@wezmdB 41A

S|mlarfl r each 15 cel] on
BT B3t B RSN R o g oG b e fection fo any
alijasdnt JirbWWG QIBHHsEd @ﬁ&ﬁlﬁlﬁ nfdcBali&khedry ak @Eo&ﬁ" 81 @fe Bfection of

the tank, which creates an overall dowhward flow I n

therparqyscifpictest ingfig. 3.t Brik opprised dm@ﬁmmfaotﬂtlwmdm@nh@éls is due
r
tcE gcééils éﬂﬂé}a@w@ﬂeté@lﬂ §dj£u§%¥ aeg S%% Qms%%e\%lﬁlg& & q;xé Boundary of
eam/a&haqemecdﬂatn Iﬂoizv]muh@ehmendlr@uoncul ation system 20 101
to store and distribute fluid 103 such as a slurry.
Tank 11 has, in this case, a full radius round bottom
wi t h Hoowesst, ippthieritved8ve beif-atixiag tank, 4lbciatidaticat cellowa shie same side

Bt Enoe Bt . Fip el A ior ghserisn TP gpapectedly rotate

in BleSamd Idire&i&ﬁastsﬁmh By tleddivetios bfitheadolwsZfepicted in Fig. 2. The
Pref er . the openings consi st of at |east one pair

?XP&ﬁfﬁa §<Ptﬁ@0%P<’rtte§ﬂ ef adigneascallnés kebipvedioheripertp meopl]ﬂ@ng invention.
Fist HRGusvataie 0P hoRk&Bot@dm 3kt 15'1‘Bsdlt@ Li€ih e%%ﬁaazelg@%ng ets

beén found to be | ess effective than nu irs o
f@p@d.hygglet Fhbeing dirgetp vpwardyin eipath gqnbl@ﬂyparaﬂl@}mthe inside surface

of {ngs 3%51?& t‘%ﬁl licfl]ogﬁ 3\Mﬁa(§gd gﬁ({%hoeo%g@aﬁg cfjt%s 2l Og‘?m% EF the flow

eveloprn esired cire
of ﬁiel Jsts p@rsrsdxﬂlaﬂtg e sﬁl@lvtreél thesby ahposahd zysmﬁlau ﬂﬁwtphttam for each
i nl et

Je t (i 27) .
%ﬂ f'i g%’iia@ ﬁ?ﬁ#%lﬁ a%?g Saf(n‘!a that & lasrpessiite areads created
iciheakaer bﬂh& Mkcefﬁtcﬁrcr@iestah%vteﬁmﬂoma@@ flevaatRSmalle of the
6@iﬁerall downward flow 30 in the middl e of the tank. As

oI Risday s d dlow eyescomsnibmsitriation cslethabfew fraye the center to

tfd i@dvalid on cell's that flow fromthe center to the
side walls. Qutlet 29 feeds outlet pipe 107, which is
in fluid conmunication with recirculation punp 109.

Reci redllsahbee a@h’l‘[@i’natl%qz?evwef' i ey eIh A0 fjﬁ{l&deiﬂ lféo‘?ﬁﬁﬁhon system

for a slurry handling system because the slurry nust
18k testyy® azd ute S0idPOB/ susiz 804 sl003 15enk hehast ai thisdbases a full
t
ré"tglgklsltroc h %gth 1?&8%3{31&5 2?1 I?)loetf "253{?_.{1883’(}3% 8 loweat rpog)nt r%g and is a
pi;ﬁgaxtmdng 1ﬁiouthei tahR3 Openiagy Mot elmwn) uh atlet@v-stoside ifbxUfluio fets

11 V\/nl ch eyent f eeds nI et 27 and reb )
arEetRL s Oridh SRR R, BrekSaRR g phbribde Sifvisl SFteabt one pair
oﬂ-513pdsﬁ1g¥¥h€§/<erﬁ‘Jle% RO FoRdniNIAH jés X ANGh skt 0P h8le®bAERS, in inlet

nk. 11 has_curved bottom section 15 (as shown here a

2? Tt bieadpuad 9 ow afferaye thhlamu#golﬁ BeiEssel qpepimgs.2Bhe fluid jets
eklﬁlngtlnlgtb?‘ ﬁmlrmc&%ﬁl%ﬂo geslf g?j eas %cgé@\%v@&?@ﬁloﬁ?%ﬁdes of tank
111 Weovaepog e depized eigsilationpelsl (iwuiationaeilet @5 witwelly edurn to a
point near their origination point (i.e., inlet 27). Outlet 29 is located such that a low-
pressure area is created in the center of the tank, which creates an overall downward flow
in the middle of the tank. As explained above, this downward flow overcomes the
circulation cells that flow from the center to the side walls. Outlet 29 feeds outlet pipe
107, which is in fluid communication with recirculation pump 109. Recirculation pump

109 would be standard equipment for a slurry handling system because the slurry must be

6
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towards curved side wall(s) 25. The fluid jets produce
circulation cell 105 which flows up around curved

w@@e/omsBd 25 up through top section 13 of thePCEHOK2004/004150

until it returns to a 10 point proximate to the
origination point of inlet 27. Qutlet 29 is | ocated
maieaainem & crastantinotioe finought the slupyiratireofationrdisthibntiaioop.

R DA A LR SRR Db B G oo 11

whidh Slen1lY Seed9iICCA7RM I tRertBEfrRE iR je®N  punp 109 vi a
outl et pipe 107. Al so connected to the inlet side of

recircul ation punp 109 is a source of make up fluid
153, Feg)chhaws eaikaniwed 1rv\?£s%in 15MioGlrovide hRofbiiablod 8f mixing and
conmuni cation wth 09 t hrough piping system 155,
SiPFRESp Bl s pabebRDtic Aiseen dd (8 ot heren il s ot
[
hﬁRggg Ed(':vslfje%g I1§ﬁ2% S%%et b i %Sﬁ'ggg 6?|t156,5 % tﬁﬁl%:“f owest F})omt 23. Inlet
28 \nes etrteasb oneet of atdagst b&o app®b® ppningssd rpwchrhlce :ﬂmd J@tsphrected

tf&#ﬁ?c&lf@é Iié WEIP{%?) 35 n?hg ¥iod [cT%s l]Pg%dur%e &Fﬁébﬁs e?fl]%(gsywhleh flows
upﬁarmllgd Ifcmdbﬂiegﬁl ISOIEI# ’gﬁoﬁgh tﬁpttsftftﬂoﬁg 3@1:%;%%@ lﬂ-lﬁglet ;etums toa
i bl iR s it poht ol SYeb sdocdia e the natura

tdmmbﬁ Sofif 6P Bigc A 1 103218 tHB&y FBRIRIH hdbsutOarlEto
m xed, such as a dye injection, i's introduced from

PEQRALE theyfpumatipnotithe @&qlﬁwnmeﬁl 105 Sl BEPInedd fo decirculation

{ pﬁfﬁ S1'099/ 4 Mtf%\z‘ﬁ%eq@m o%hgﬁ?c?lggthé ?ﬁ@tt s?&eisof regjreulation pump 109

| rcu ation st em and et
ig aamurqelof erS(eAleuldﬂ 6, mldmﬁsedehomzéd wiidr, ddch & in diluphs s

SHIERUIOE SR LGP PAEh SRR By i T S

c&yﬁ:t:emviaﬁ&eéﬁaiyy 1at)sm9f tb @lw SOtlfC? ggghﬁ ‘ﬁt&l plenp ki pbvﬂs&élik n

175 or,.to di | butio Q e inventjve tan
L@ Qg et i 403 dpdgh PP Etepeti)i Whiggymay be a

sl%ﬁfyl &3t8BitionTbaph. NBLuRT flE® S B R 161 fgy E@sé%lbntlﬁ%e split.

expl ai ned above, the di aneter t he openings

One paa}qmsﬂcé@ thecigh e lopie 163 wmqh I@raém@rtttoél@d by aretering valve

185 SPR) at e g%&%f% heGR '(i))hﬂ‘ Vel e b asgégwhgﬁ'gﬁﬁ%ﬁwﬁh&er

be re rge. ast - sett I ng
pHpiRg mterrs ll@hbefomeanHg@ponm@rmuobnﬂve i 6f Thhma@peMorb@szmxed,

| t J t th 7
TSP RS el B 0 AP B 167
Fluéd ﬁassﬁ@ tmgh cbﬁ’tﬁ)llvﬁ}\x}em@\t&nltém fecirsuMBdh syptapl €addflows to

urry handl i ng system The inventive tank
mrlfgtezglaf%é 1of handl i ng slurries that have settling

times in the range of mnutes to hours. The inventive
not be _ab mai nt ai spensi on of

k
Q?Ur A RHmEy gpute ok Trad &5@ i§ 9 @é%%lﬁfe}gg% rgeigpulation gysiemsfh do piping
sy%'ﬂéi’n wa3 ehd th%n £ fﬂl@t%h)ftt'i’rﬁ{ 11NVI8HY i bR &yatedtt 68RLE also flow

for nost applications and industries
through valve 173 to drain 175 or to distribution loop 177.

The inventive tank may be used with most industrial liquids requiring efficient
mixing or needing constant circulation. As explained above, the diameter of the openings
can be adjusted based upon the liquid properties. For viscous or shear sensitive liquids,
the diameter would be relatively large. For fast-seitling liquids that are not shear

sensitive, the diameter of the openings should be relatively small to increase the velocity
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certain high viscosity, sensitive fluids may not be

suitable for use with this tank. For exanple, high
wok@ao%issy fl ui ds require increasing the ener gpCT/US2004/004150

i nparted by the nozzle jets produced by the inlet in

order to formthe circulation cell. However, such high

OEE mlm liyuidin the ﬁma r Asychq diedgeentive tdnlkus orell haa Jﬁb@td useieY 8lurry

e throug he tank depends he fluid or slurry
NSRS t Phesnventiyeda éFaHan“e%ft Topdlsng gugries dhag ﬂaséer settling

tiﬂlé%Lih €nd fange dinutds @6 hb@BK TRE TvBRIGS Bhk Yna$aot BE Q[‘HE ‘96 bhamtam
Thi s prow des for a turn over tine between about

suspsasiop of plurrigsdlat seifle evtiinsseconds; eeoasse Janduend vv@tem
over tinmes may be -used where appropriate for the
fluid. The follow ng exanples illustrate the ability

of t Helthoagh thegingertive yanknis switablexior mosbappdicatierisrand industries,

SIS D5USHSIOL Rt 15 B1 L CURR LGRS i . For
ezampm high vnfemty@uldareslpme inogdfamn\g/abe eyt mbaattedlblyehet ngxzle jets
t,an

of . th ai.d w sual . abser i ons nk
ReB py sl SeP ot i eien SihabioV Ry, Susinidl eherey or
shéardept damapashdHuid set of circulation cells shoul d
format 1D, 2D and 3D. The effective volune of the
-tank was 100 liters. For the follow ng exanples, the
as pe (Ttheftainioerd@tel throllfl thebhnlod @endén MRifEid oﬂilm‘r? @haracteristics.
liquid to the depth of the rounded botiom section
'qurn-é)ver rgses of %(lgr}gpré per mppitew & LD kitgr @pk gq;g:gegy@lly satisfactory.
TIPSOV IRE For'a&mm{lﬁle]oetv%n%ﬁbﬁt@togﬁbht m%{ut&as()f course,
circul ated through the Green was | njecte
highes ot leavepfurpngver tiges mayrbe nsedriege amomatk forrhoflugr to
determ ne the general” flow patterns. Visua
obs erlhgtfblemingreaioptes dlustrate theatsliveridhptaok te achiéve mixéng and

S | ved ckl y. The
RO B PP TRE DS Pl P e B 9808 20 nc
hm@n 8Dtaatshoven ireFilgo2l ]Daﬁngl s&dng @ @eﬂ@hmﬁaeldchted 1f'at e top of the
U|r 0.achi eve tion time for th
kb i SO  rtidin et ha Bl SR B R e ASh that
tn@f:aame& dephie wia'D8 A RENARILHIRHEK 4R sty8ld f&ln?%‘ﬁ) tﬂwaﬁdim The
the side of the tank and upwar ds. The height that the

edipeli yeorplwag of thettank W%ﬁwwodé%n é?eatb@rfom@mg ex@mplescthe ggpect ratio
1ﬂhe§atfkﬁbigtm: Rgifg%ltl& e hgmﬂrio g'}éed; ggle ff th %u'hﬂ&?b&ton} s&e49R '@.e., D).

|ms re urre tur nover

Ca|C' canggle fl o x-emnmnteqU|red for

dye | t sf f t he
O O LB B8
v20804ie6éd B8R0 tHD Wa2DaAa04t&the the emkfiaoeler td‘leetéﬁhhlﬁé the general
re 1 turnover. The m xing ting

en
f@ s o5l PONEYITigHS BTG BALIElS oss BICBEEY i thpank and

mhiRM@IVA dchie§éd ?ﬁlgﬁ!& ek %Eﬂlé?ﬁlsfﬁivpp&t\?e‘f'ﬁse&f thO ;e %fe%nﬁ?lar to Fig. 2.
Wth the tank Iled to a height” of 3D and operating

Agguamtitative mathad wos wsged do detergnige the time required to achieve
homogenization. The time for the first green jet to reach the surface of the water was

recorded. The jets, hence the green dye, flowed toward the side of the tank and upwards.
The height that the dye reached in the tank depended on the flow rate.

At a height of 1D with an average flow rate of 1.4 gpm (5.3 lpm) the time required
for 1 turnover was calculated to be 6.98 minutes. The time required for dye to reach the

surface of the liquid was 12 seconds and to homogenize was 1 minute and 10 seconds.
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Example 2: Addition of Saline Solution to D1 Water

The results of the dye test were confirmed by injecting saline solution and dye into

the DI water flow. These samples were measured for conductivity. The tank was filled to
level 4 which was 99.27 liters and the content was recirculated at an average flow rate of
0.9 gpm. Saline solution with a conductivity of 144.6 mS and concentrated dye were
added to the flow entering the tank. Conductivity measurements were performed on
samples obtained at 4 points in the tank over time. These four points are: level 1, the
inlet; level 2, height of 1D; level 3, height of 2D; and level 4, top of the fluid at a height
of 3D. The results of the conductivity measurements are listed in Table 2 and represented
in graphical format in Figure 7. It was found that in approximately 20 minutes levels 1, 2
and 3 homogenized and level 4 began to homogenize after 1 hour. The reason for the lag
time in achieving mixing at level 4 was due to density differences between the saline
solution and DI water. The density of saline solution is 1.078 g/ml, and the density of DI
water is 0.999 g/ml. Due to these density differences, at a flow rate of 0.9 gpm the jets

did not have enough energy to reach level 4.
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solution and DI water. The density of saline solution
is 1.078 g/m, and the density of DI water is 0.999
w@2eoi/07Bee to these density differences, at a PEDUSI084/6)4150
of 0.9 gpmthe jets did not have enough energy to
reach level 4. 9 WO 2004/071830 PCT/ US2004/ 004150
PRsReeSondiabsl fol BRemper2 Exanple 2 Flow rate = 0.9
al/mn = 3.41 1/mn Conductivity of original saline
QY e orP-Lealiming 341 VoHassure at Punp = 17 psi 5
FRIGHAS dlord aFEali'_ne%ol'utignilQi!(? fgshots of the dye was
added t hrough an AOV programmed to open for 15 ns and
Pe¢sswte at Pompz0l’hpsi Tabl e 2: Conductivity Results at
Q. .10 Time Conductivity (I AS) Tinme
P%S%‘#S?‘??‘@?tﬂg(g%l Time Conductivity (S) Tinme
8Ghothusttthy idyy wak lailed (hrduph dreXOIVipfogiamméed®iebped foRil8)ns and close
Level 3 (min) Level 4 0.05 14.44 0.20 9.47 0.36 9. 36
for Bbrs9. 55 1.06 4073.00 1.19 41, 33, 1.33 22.18 1.46
9.33 2.05 2535.00 2.20 30.82 2.36 23.06 2.52 20.69
3.08 2043.00 3.26 58.88 3.41 24.40 4.00 20.10 4.18
1635. 00 4. 3balge2: SyndusdvippoResults at Flow Ryge 09 GBM
1337.00 5.54 914.50 6.08 39.29 6.23 23.14 6.43
1180.00 7.03 891.50 7.20 22.36:7.39 24.82 8.00

Qhtt. Dn@icthily BB . T Beodducdy B9 | Srir2 | dRadbdviey B5)] 8riR9 2e BQuctivity 1s)
D (BH) D21 LaEI19. 5P (RIB) 45 1EvedD 21.06W) | 12.18@I B67.[5Binl 2. 53 evel 4
D23530 13148 24 1dkol¥. 00924. 84 df. 07 802 50 16027 9.55
V82s3D 1@Go7dd 22| 761920. 374122. 23| 18. B5 726800 191.43 9.33
F 42510 2@s33do0 59 24bo24l. 533023. 29| 28. 50 74%bs40 24250 20.69
/133800 2404360 685.333 B4. 266.885. 2B 34312 688. 5038039 20.10
68121860 336355 684. 4343 5. 237.e86. 12 444118 bo/dd. 50 |4414 21.38
G538 20 453328 666. 9 5. 43, 44. 96 s H£4] 10 6Hd. 60644 23.14
6493 (D 6918960 651. A3 116. 4050162 44k 22.36 7.39 24.82

8.00 1054.00 8.14 978.70 834 | 2984 8.52 19.44

0.18 992.80 9.34 921.20 - 9.52 28.45 10.09 21.62

12.37 867.50 12.53 926.30 13.13 24.10 17.00 21.84

16.07 802.50 16.27 782.30 16.42 22.75 20.37 2223

19.35 756.00 19.53 742.10 20.14 59.24 24,53 23.29

23.50 714.40 24.10 713.00 24.30 685.30 34.20 25.23

33.12 688.50 33.39 682.60 33.59 684.30 45.28 26.12

44.18 670.50 44.40 667.20 45.28 666.90 65.43 44.96

64.10 651.60 64.40 649.70 65.04 651.60 116.46 162.40

115.20 608.30 115.45 606.20 116.20 608.00

Example 2 was repeated at a higher flow rate so that mixing could be observed up
to level 4. An average flow rate of 1.6 gpm was used to recirculate the tank contents.
Again saline solution with concentrated dye was injected into the flow entering the tank.
Samples were obtained from 4 levels in the tank and evaluated for conductivity as
described in Example 2. The results are tabulated in Table 3 and represented in Figure 8.

When operating at a flow rate of 1.6 gpm mixing was achieved at all levels in less than 3

minutes.

Flow rate = 1.6 gal/min = 6.06 1/min
Conductivity of original saline solution = 146.8 mS

Pressure at Pump = 17 psi
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115. 20 608. 30 115.45 606.20 116.20 608. 00 Exanple 2
was repeated at a higher flowrate so that m xi ng

wa@omka71380 observed up to level 4. An average PCDWUSI084/@04150

of 1.6 gpmwas used to recirculate the tank contents.
15 Again saline solution with concentrated dye was
Hredsmceta@ﬁﬂétrﬁ@St-Mquil ow entering the tank. Sanpl es

alnedfr els int nk and ev Iuat
S BeThihe 0% ree pIdRd AR S mti e open for Tk and Close for 20
nkesults are tabulated in Table 3 and represent ed in
Figure 8. \Wen operating at a flowrate of 1.6 gpm
m Xi ng vvas achieved at all levels in less than 3

m nut es. Ei, W. t%‘hﬁuc ﬁgﬂl{s@t%owﬁa&@l’f@gﬁgﬂ S

Cbnduct|V|ty orl |na I ne solution =

onduclt 1 Viidsyo (F [Sk.odl e Ganduct| siby| (Fix10 (N a7 126.20

Rr eﬁsurcenda&mauw Timd 7| cRSductibi) (W 24 RS RAY (1s)| Time | Conductivity (1S)
RCHiYS20045v@04 1500 (mifPr iessbevel 2at || (hiwt | = Revei3- 4| [bmin) 8 Level4
shotis lof tihes dyel was laddezb.so AOV was pr ogrzaomed! taseopen 4.38
flon.1d5 nsated cljogesfior 2€.3ons.| 5.47apl e 131.90 2.01 104.10
Jondacit i Viidapo Resjulzizs jat  Fdoew Rat @sl. 6 GRM.obi ne| 3.08 128.30

Gonduclt | Viidsyo (11Sh.adi me Gaaduct | vlob Y| ( S)izelome | 422 127.60

g

L

evas || (Mo Levels 2 (MigplooLevelsos [ M Ndsdbevel &s0| 12 12600

5788 |0. 24565¢0. 80 78s 43 24R;580 O} 5’@2 36 12510015 136020 126,00

1.79 139. 30 I.47 14190 Z. 01T 1 Z2.19 154. 90 2. 54
130.90 2.51 134.00 3.08 128.30 3. 27 128. 40 3. 46
127.40 4.03 126.10 4.22 127.60 4.47 125.90 5.03
Epample 3cShury Blenddlest 37 126. 20 6. 00 126. 00 6. 14

%gg (83181 garéggwéfgtgst%@ \xgﬁx%gfa%%gtﬂgx% ce@%ﬁrﬂ?%@&g@gﬁ%e& analyzed for

pBrcenblsotéstHSrl’tDéJ& avallalylg SroteHitechi wias hlsed foa gltis szqtemnamg HS-DLS is
5o AL 298, ST PSR L0 G S o
bty_h]lﬂlta)s € DIvendr. Dvingla8diton of teawateothsebhileat ofthy tahRHas
e 0 o S e e B aion
of A WiiéreTA fidp @edeBlip@B¥el @for DD 7UAEK o¥@futed slurry in the tank, the DI
water valve was closed and the system continued to recycle at a flow rate of 1.7 gpm.
After 3 hours the recirculation flow rate was decreased to an average flow rate of 1.47
gpm and after another 3 hours its was decreased to 0.9 gpm. During the experiment,
samples were obtained from 4 levels in the tank as described in Example 2. Percent
solids analysis was performed on the samples. The results are tabulated in Table 4 and
represented in Figure 9. From Figure 9 it is evident that mixing was achieved as soon as

the liquid level reached level 4.

Once the ceria particles were suspended at a high flow rate the ceria particles
remained in suspension even at lower flow rates. Once the flow patterns similar to Figure
2 were achieved in the tank then even at lower flow rates the jets will continue to keep the

slurry well mixed and the particles in suspension.
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recircul ated at an average flow rate of 1.7 gpm
Sanpl es were taken during the addition of D water.

wa@\bdoen71se@chi ng | evel 4 or 99.27 liters of dilBCEUS2004/004150

slurry in the tank, the D 15 water val ve was cl osed
and the systemcontinued to recycle at a flow rate of

1.7 Af t { ' | at | | t
was ggcr:nr easede]ia(ﬁea‘l'ﬁolgﬁf&”htﬁ’]{qe%% ‘%t"g olra]‘1 K% z;gmeand

after—anot h_ar 3 hnl rs |fc Was, decreasnd to 0.9 gpm

DL Dube BXRELNL, v’qo es wdPecabt ai nadebmom 4 | percent

reveleion |t i ik ’io?fmsﬁjn"mgvee "2 SO e |

L os-if are tdBul atl@3397] 10052400412 J1a»p&g@ém :R0p%| 042
; @) |IEr om Figure Q |4 i evident tihat nixing was

achieved ds soon a the liguid level rleached leviel 4

Onclé-f-he geri @9par tio2¥4¥9 AT d 0801280e Adbd 931173 B4 hl K3p: 0.42

| refeeaddingB) deri a par t}i1é): 0% THI% PA! SUIHBRGYS (08 |ehdap0 | 0.42

lat_| ower fll ow rat eq.2:008ge 0thg 2f0R:¢hy PAt t|2r0BE0 |Si0n? | [r04:pQ) 0.42
Figure 2 lwere achijevats || A42 he: 08480k 0#hars:0600en 034 || 3paed | 0.44

fl ovsriated t heoj et 9 3wi$ol} contli nue |to kdep the 25

Sifterapdng e | || m xed grds:gohe opar|t4iogdsds oun |Stespein 940N, 4:05:42| 0.41

WD 2004/ 071830 PCT/|4s28046004145057 [Tabl g sbsaHenaentas025 | 0.43

Solagd-Resul ts aof Camioacodl urry Reci|rcul ati on |Pressjure

atreRadigent| Per cent |BerggnbaPerenemt| okl oveoled e obgpiios:27 | 0.42

Punp (psi)| Time Soljie@g24Ti 081 Salob:0ls Duae] 70056 [d9.471 [2:04 | 0.42

Solids Lgvell Levdlzdodsdvehs |lsevel |4 0ds O-sbo:Sb [18.4D: [B331057] 0.40

1.64 0:05:24 1.12 0:14:00 0.51 0:20:05 0.42 (whilTe
adding DI) 1.6-1.8 20 0:29:40 0.43 0:30:28 0.43

0:31:17 0.42 0:32:00 0.42 (after adding D) 1:01:39
Example 4pShwny Reanspengiondgst 42 1: 04: 50 0.42 2:01: 16

0.41 I?ﬂ{%?e 1@5 sgut“éov?n 9131 %lg)rﬂi%ct%r %ﬂ@gtlcgl ﬁ‘lgnt tRe Ql%rr%%n the day
0.42 3:03 04: 00 05: 02 0.

tak weqlsﬂ.sgt@ie (Oéiﬁlt teme aa?a .sn@ulmp)sum @Bemt @hmﬂmzty (ﬁmnzsxeanmlg 3 was

8 Bl ol g Bimegdloe fodl Posctyipaad/ gy el

radd:iﬂqt;io@lfbo%ra@ofé[w @pehAvu88d.22 0. 42 6:04:02 0.42

6: 05: 59:24 0.41,. 7:00:11 0.42 00: 56

7 02 PRESfoere FE 25 8008 drIngpuEp red 34 fiepgesptigiluring the
eBp&imerf. Ghd @amples were analyzed for percent solids and the results are provided in
Table 5 and Figure 10.

Table 5: Percent Solids Results from Ceria Slurry Resuspension Test

. . ‘ Percent . | Percent Percent Percent
ngfg::'e'a‘gﬁ;) l;n:f;SU{ es?)t Time | Solids | Time | Solids | Time | Solids | Time | Solids
: pp [ Level 1 Level 2 Level 3 Level 4

0.85-1 20 0:00:00 1.06 |.0:00:00 0.41 0:00:00 | 0.42 | 0:00:00] 0.26

0:00:11 0.39 ]0:00:43 ] 0.42 | 0:00:11 0.40 | 0:00:43 | 0.27

0:02:23 | 0.41 0:02:49 | 042 |0:02:23 | 0.40 | 0:02:49} 0.34

0:04:35 | 0.41 0:04:59 | 042 |0:04:35| 040 |0:04:59| 0.32

0:09:32 | 0.41 0:10:00 | 042 ]0:09:32| 043 |0:10:00| 0.32

0:18:371 040 ]0:19:02| 0.41 0:18:37 | 0.41 0:19:02 | 0.30

0:32:21 0.40 | 0:32:51 0.41 0:32:21 0.41 0:32:51 0.29

0:50:36 | 0.42 | 0:51:08| 0.41 0:50:36 | 0.40 | 0:51:08 | 0.29

1:20:48 | 0.41 1:24:20 | 042 | 1:20:48 ] 0.42 |12420] o0.23

12
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Exanple 4: Slurry Resuspension Test 5 If there is a
shut down in a sem conductor fabrication plant the

wa@bkamy188n t he day tank would settle over ti nmeCT/US2004/004150

simul ate such an event, the slurry from Exanple 3 was
left to settle in the tank for nore than 24 hours. To
Thesalspe rstatpkes showr thattheidventive cielfanixaig tinkfdagvich&ve mixing and

of. 0:9 was used. .Sa es were taken as soan as the
AR S o BB G A Sh PSR HaicHe Taphabe f the tank

DU RRE In1& Hozz1E ieaisl8 FPh@SeWeahR i@l A dRe $lodPHLBWn above, mixing
solids and the results are provided in Table 5 and

asqighievadat afiglsvels & thpdankdiftlessdhqnys miee wihen theiecicar ation rate was

' lr.C [ P at .
(B by o R USSR C & botn BE L ke FASBTHESD When density
diffeiehcesiimpagod idsingj mph@dldvd satds comldSbe iisksl tdihomogenize the fluids in
tke&g%l Level 2 Level 3 Level4 0.85 - 1 20 0:00:00 1.06
19'9%- 00 0. 41 0:00:00 0.42 0:00:00 0.26 0:00:11 0.39
0:00:43 0.42 0:00:11 0.40 0:00:43 0.27 0:02:23 0.41

0: 02: WHile theXotkgOitig2es@iption And ArAdn s BfreseitQée plafdired ]l

0:,04: 59 0. 0:04:35 0.40 0:04:59 0.32 0:09:32 0,4

A ?W%?ﬁée Bre5EInVtinn, i Wik be aprsrey to &%@?@ﬁe&m%e art that
Wiid8s SrdinBestahdGnd @ fidatidhs AlaybelRadddhSeROwithou? %é%ﬁl’ti@g fBm the true
0;32:51 0.41 0:32:21 0.41°0:32:51 0.29 0:50:36 0-42

spirg pnd scqpesf the mesebinyentiom: 51: 08 0.29 1:20: 48 0. 41
1:24:20 0.42 1:20:48 0.42 1:24:20 0.23 15 12 WO

2004/ 071830 PCT/ US2004/ 004150 The above exanpl es show

that the inventive self-m xing tank can achi eve m xi ng

and nmintain particle suspension w thout the use of
mechani cal m xers. The shape of the tank and the

inlet nozzle is able to achieve mxing in a short

period. As shown above, m xing was achieved at al

levels in the tank in less than a mnute when the
recirculation rate was 5 0.9 gpm and density

di fferences between the fluids were insignificant.

When density differences inpacted m xing, higher flow
rates could be used to honopgenize the fluids in the

tank. Wiile the foregoing description and draw ngs
represent the preferred
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enbodi nents of the present invention, it will be
apparent to those skilled in the art that 10 various
web@nges3and nodi ficati ons may be made t her ei nP@I/URIING/004150

departing fromthe true spirit and scope of the

present invention. 13 WO 2004/071830 PCT/ US2004/ 004150
WHAT IS CLAIMED IS: 1. A self-mxing tank conprising a
WahKT IS Oe AIBED tnprising: a top section conprising a
front wal |, a back wall opposi ng the front wall, and

Sgu ¥all Q 03| ng. si de ¥£ ! he front back and
Jeltpiing t ng at ‘af?élﬁflcﬁmpélls%s section
h avi ngtop s%tﬂﬁlrbo‘ﬁiﬁﬁnigch' ﬁé&@va@m bﬁclé%vﬂﬁ lapfxss%{g thE %Bﬁ%u and two

such that the front-to-back w d is | ess

si de-mpgily epngsingidewalls, ﬂlfefﬁOUé b@@kmds@@t auémwalls deﬁmng a
conpr ' I t e g

ur Veﬂgéthl\?\%rl% CZI))({QEAS ﬁﬂ%ﬁﬁ(ﬁﬁ? |S§\%g%t% de aﬁﬁsd \}’18&’1 ont-to-back
| eastsuoh ﬁ1a$ ih:dadmmnb-baék witkh isdpswhmt the rs;de-tamdmk/xdth

| ocat ed | nk at .

on ouft 1ep AL ot ook Selbritile anmeflovES it Rt £ 152 ove curved

pr oxiwalt ¥xtb@lih P &oinnthelowedt pdiRetot 3 MasOdnetid Wall o k&Y dection;
ast. two openi ngs, directed at

th |
t hg Icag‘r S&Gf%n{%hlé}%? tﬁw@i@ém@ lgegtipging andaher ei n t he
i nl etanQRRARE RGSteAiRidiehefank aﬁoveT:Hﬁl 1h%m%e%§oy&lnﬁk% fhe DI}let

wherein the inlet openings are slits

of clHiateuk ohelpig h vihseein tys islet eamprisea st lgastéwo apgun@srdlrected at
frontth@?:‘?va’ecli 6. The tank of claim5 wherein the

rect angul ar pro?l le is a square. 7. The tank of claim

31 whérhs tank bicleint 2 excheveih thelmleaols@mgs(a'res kéles. 8. The

ank .qf claim.,7. erein e | et co es two sets
4 oppiaRk sé”gﬁ%“‘é hegip ﬂi?t B’lﬁpﬁl?enﬂrr% ed wal |
2. ThendtanikoPélaied diwRedeiniRIteh BedtiBh hasls y&@hn\gaiak froft Iﬁroﬁle

uarter-circle. 10. The tank of claim9 wherein the

‘nl et Thedapls pEelainy s avheesin Hre regfanguiyrofiledt ¢ sihas- t he
rur Veﬂlé"ﬁfﬂt of dldim i”@@leféﬁ{‘hle%r\%ld%m ik QWRE iRt he

curved wal l |saf7Jarao . The tank of calmll

&her efle tamjeof ¢lhist 7 adwerain ﬁl@snl@h@ommseam@ pehphiepposed openings
di rec&xl%@teﬁtal‘%tl?esu%\%%\ﬁﬂ ved wal | . 13. The tank of claim

1 wherern't 'S in contact with the inlet.

4. Alsdhik of olaing! wdiekeirc thepuisidrvgall is a quarter-circle.

10. . The tank of claim 9 wherein the inlet comprises one set of openings directed at the
curved wall.

11.  The tank of claim 1 wherein the curved wall is a parabola.

12, The tank of claim 11 wherein the inlet comprises one set of openings directed at

the curved wall.

13.  The tank of claim 1 wherein the outlet is in contact with the inlet.

14. A self-mixing tank comprising:

a tank comprising an upper section attached to a bottom section, wherein:

(1) the upper section comprises a rectangular front profile having a first
width and a rectangular side profile having a second width which is less
than the first width;
(2) the bottom section comprises a front profile having at least one
rounded portion and a single lowest point, the rounded section comprising

at least one concave curve extending between the lowest point and a point

14
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a tank conprising an upper section attached to a
bott om secti on, wherein: (1) the upper section

wa@eownises a rectangul ar front profile havi ng BCT/USED4/004150

30 wdth and a rectangul ar side profile having a

second wdth which is less than the first width; (2)

the bott O%fse@l@&hrﬁéht%@%ehﬂ&ﬁu}g)ef k&fibn RA@ frel Ht{BaVddoRvherein
| east one _rounded portion and a single | owest point,

t he roundeie battem sactionfrthey cegpriges 4@%@% omshadeeikatige wall

L

bet ween tf@ctllqzlppﬂofl@cti on and the bottom section

vvhereln ebtto e further c |se
one s d%le OC%S&HS r?{n V\g? f: gk%e E%W%Su P 9’5‘? nfé’e I ‘H’éﬁa bo&om section,
cur vahetinget deiniprisidg bylehdiews oputingd ditddeediouizoadlly S@edrilOMhe curved

pr of i lde, %ﬁan inlet |ocated inside the tank at the
| owestoqSBi flogswalhand gunded bottom section, the inl et

conp rah%uﬂ@t 1@&até@ﬁs§idettmaﬁp GhURGRAGh 6}%@& ﬁl%xhﬁﬁy Pk ﬁhéty
t owards the curved de or bottom wall; an outl et
ISocatlde tﬂfﬂ%q)fdéaltlh]é’r thammatb@wéetamdmmgs @ne(sbts pr oximty
ot I he
167, oo bt saidPra e iy e i IBRRIIGT®,
Wiher dibe tarﬂceoﬁ aiiet 14owheremghe tupesentidt has! aesqhmieq&oﬁlel?

I ai 4. wher he t ecti on. has
10 St ol B e Rodet® st SfonTes b B 7t fipnt profite
1ot t OMhesgild d)ﬂIIDalblalSWﬁeﬁ:ﬁi'Iﬂhe GAIEIGH cadindcfed b ﬂwdaidhbﬁge end9fa
The tank gt claiml wherein the inlet is connected to

the dPLENIALGR IQORLBIPTIHING HRYPR Y| at i on | oop conpri sing

28. PUlhe tdnk QlaitEwhekin @k oﬁilé'l%énn‘é’@t%ﬂ % thelfB& QidtdShe

I's connected to the feed end of recircul ation

rpq;@,glat@gloome tank of claim1 wher e| nthe first width
nd

A A RGOt £hHefi ik SR a3 oo Bl Tl the same

2ConprA sysbgn fa manteindogp flugi ingonséhtandtam, thesystemn comprising:

corrprl si.ng a front wall,'a back wall opposing the

front? oM & wo nutual |y opposing side walls, the

fronta tbp@&t@ﬁ@ompﬁsmg deron@inal, AIBAdknk4lDo osfn@qﬁ@ﬁ@ﬁld Wdll, and two
Cross- sec1|on havi ng a W dth si de-to-side and

th
£ T oneoEslbESIonH SHTAS: (R dront bk 4nd ThR@kd B Bing a
| ess rthapulherbdectiod BivAg M@t side-to-side and a width front-to-back

such that the front-to-back width is less than the side-to-side width;

a rounded bottom section comprising a single lowest point and at least one curved
wall extending from the lowest point to at least one side wall of the top section;
an inlet located inside the tank at the lowest point;
an outlet located inside the tank above and in close proximity to the inlet;
a pump in fluid communication with the outlet; and
a recirculation loop providing fluid communication between the pump and the
inlet.

23. A mixing system, the system comprising:
a tank comprising:
a top section comprising a front wall, a back wall opposing the front wall, and two

mutually opposing side walls, the front back and two side walls defining a

15



a rounded bottom section conprising a single | owest
poi nt and at | east one curved 25 wall extending from
WO b@4loowest point to at | east one side wall of PehES1009004150
section; an inlet located inside the tank at the
| onest point; an outlet |ocated inside the tank' above
and ﬂeetaﬁg@aecrms@ebMﬁ Ma\h@ & hedthBldetto-side apdrpwidth fromtHtd-back

comunj cation with t Iet nd_a recircul atjon
| oopSYsh &Rat &h%f@omﬂawbaclw e Pigmsstdsclors! hEidiinp
and § hRinddPpdtnflectiés corﬁpﬂ'éﬁig 'él@m%l/eslto%’st POk =24 3f RARt one curved

conprising: a tank conprising: a top section

conpwil exignding ifiont thadowest aomm@tMst onsidisvalg of the top section;

fron g side walls, the
fr on%n %@t EOCa g q{ﬁﬁ‘é)theg}ﬁl%‘ ﬂ:léllog%%uﬁg a 15 WO
20044105 BB b cRET AIGRODS t 3k AbD0e amEimt dogprantimity to the inlet;

cross-sectign. havi ng.a w dt. i de-to-side and a wi dth
fron?P‘t‘IBPB%gRld lf?éltontvﬂg"&’?(?mletto back width is

| essa tdeaBulbiiéh pyog @réAdigk %1d/\d:dilﬁlhum@atiméetﬂﬁb bﬁﬂi‘p and the
section conprising a single | owest point and at | east

one Bgtvad wal |l extendi ng fromthe | owest point to at

| easy ,a08s flo %oﬂ@hgin faﬁtiﬂl%t éﬁlﬁnsfﬁﬁ& b(ﬁﬁmuﬁlcéﬁbﬂ Wikthe

Iocate I NSi n | owest point; an outl et

| oc ateentculaﬂmm end he outietlend luoﬂeldammmmlmtlos em]:h thg ireriincylation loop

. B b P TSR B v

comuni cati on between the punp and the inlet; and 10
a bypass | oop conprising an inlet end in fluid

communi cation with the recirculation; and an outl et
end in fluid comunication with the recircul ation |oop
wherein the bypass loop is adapted to permt injection
of a material to be m xed. 16
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